INSTALLATION

Westinghouse 1.L. 41-133.3E
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE IRV DIRECTIONAL OVERCURRENT RELAY
FOR PHASE PROTECTION

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

APPLICATION

These relays are phase directional overcurrent
relays which are used for the protection of trans-
mission lines and feeder circuits. Both the time-
overcurrent and instantaneous overcurrent units are
directionally controlled.

CONSTRUCTION AND OPERATION

The Type IRV relay consists of a directional
unit (D), an auxiliary switch(CS-1), a time-oyercurrent
unit (CO), an instantaneous overcurrent unit“3l), an
instantaneous overcurrent unit transformer, “and two
indicating contactor switches (ICS/1) ‘and (ICS/T).
The principle component parts of thé relays and their
location are shown in Fig. 1 and 2.

Time-Overcurrent Unit (CO)

The electromagnets forftheWtypes CO-5, CO-6,
CO-7, CO-8 and CO-9 units have,a main tapped coil
located on the center leg of an ‘‘E’’ type laminated
structure that produces aiflux/which divides and re-
turns through the outer légs. A shading coil causes
the flux throughdthe left leg to lag the main pole flux.
The out-of-ph@se fluxes thus produced in the air gap
causes a cofitactfclosing torque.

The electromagnet for the type CO-2 and CO-11 units
have a main coil“¢onsisting of a tapped primary wind-
ing and a secondary winding. Two identical coils on
the outer legs of the lamination structure are connect-
ed to,the main coil secondary in a manner so that the
combination of all the fluxes produced by the electro-
magnet ‘result in out-of-phase fluxes in the air gap.
The“out-of-phase air gap fluxes produced cause a
contact closing torque.

SUPERSEDES I.L. 41-133.3D

*Denotes change from superseded issue.

Indicating Contactor Switeh Units (ICS/l and ICS/T)

The d-c indicating,contactor switch is a small
clapper type device. A/ magnetic armature, to which
leaf-spring motinted contacts are attached, is attracted
to the magnetie core"upon energization of the switch.
When theSwitchieloses the moving contacts bridge
two ,stationary|eontacts, completing the trip circuit.
Alsoduring'this operation two fingers on the armature
deflect) a“spring located on the front of the switch,
whicéhyallows the operation indicator target to drop.

The front spring, in addition to holding the target,
provifes restraint for the armature and thus controls
the pick-up value of the switch.

Directional Unit (D)

The directional unit is a product induction cylin-
der type unit operating on the interaction between the
polarizing circuit flux and the operating circuit flux.

Mechanically, the directional unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and a
molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
the lower pin bearing is secured to the frame by a
spring and snap ring. This is an adjustable core
which has a .025 inch flat on one side and is held in
its adjusted position by the clamping action of two
compressed springs. The bearing can be replaced, if
necessary, without having to remove the magnetic
core from the frame.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another, two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
mounted on the frame, with respect to the upper pin
bearing, which is threaded into the bridge. The elec-
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TYPE IRV RELAY

I.L. 4141333E

tromagnet is secured to the frame by four mounting
screws.

The moving elemegt assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet
and the magnetic eore.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing isheld in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral spring

Instantaneous Overcurrent Unit (I)

The instantaneous overcurrent unit is Similar in
construction to the directional unit. The time phase
relationship of the two air gap fluxes necessary, for
the development of torque is achieved bygmeans of a
capacitor connected in series with oné pairyef pole
windings.

Instantaneous Overcurrent Unit Tfansformer (I/ST)

This transformer is jf,the, saturating type for
limiting the energy to the 4nstantaneous overcurrent
unit at higher values ofg#fault current and to reduce
C.T. burden. The primary \winding is tapped and these
taps are brought out toma, tap*block for ease in chang-
ing the pick-up of the instantaneous overcurrent unit.
The use of a tapped transformer provides approximate-
ly the samefenergy level at a given multiple of pick-
up current for @any tap setting, resulting in one time
curve throughout the range of the relay.

Across the secondary is connected a non-linear
resistor known as a varistor. The effect of the varis-
tor 4is to reduce the voltage peaks applied to the
oyvercurrent unit and phase shifting capacitor.

Auxiliary Switch (CS-1)

The auxiliary switch is a small solenoid type

d.c. switch. A cylindrical plunger, with a silver disc
mounted on its lower end, moves in the core of the
solenoid. As the plunger travels upward, fhe disc
bridges the silver stationary contacts. A tapped re-
sistor is used to enable one to use the contactor
switch on a 48, 125 or 250 volt d.c.¥system con-
nected per Fig. 13. The operation of the CS-1 switch
is controlled by the directionaldunit (D) which in turn
directionally controls the“time=evercurrent unit (CO)
as shown in Fig. 15. When sufficient power flows in
the tripping direction, the CS8-1 switch operates and
bridges the lag coil@ef thesime-overcurrent unit (CO)
permitting this unit to operate.

Another gontaet of CS-1 sealsin its coil through
the break contact of the I unit, in order to relieve the
make confacthef D from carrying the CS-1 coil current.
Thefbreak contact of D breaks this seal by short cir-
cuiting“the“@S-1 coil. The break contact of the I unit
also breaks the seal of the CS-1 coil to prevent trip-
ping omreversed faults where the directional unit was
preclesed on load current.

Instantaneous-Unit Torque Control

When the make contact of D closes, it permits
the I unit to operate. It connects capacitor C3 and
one pair of I-unit coils across the output voltage of
the saturating transformer I/ST. The full-wave bridge
in this connection and the rectifier in series with the
D contact serve to isolate the a-c and d-c circuits.

CHARACTERISTICS

The time characteristics of the directional over-
current relays are designated by specific numbers as
indicated below (e.g., IRV-8).

Time

Characteristics Designation

Short Time 2
Long Time

Definite Time
Moderately Inverse Time
Inverse Time

Very Inverse Time
Extremely Inverse Time

- O o g0 Wwm

The relays are available in the following current
ranges:
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Trip Circuit

The relay contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of thejindi-
cating contactor switches will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicating contactor switch has two"taps
that provide a pickup setting of 0.2 of 2 amperes. To
change taps requires connectingpthejléad located in
front of the tap block to the desiredisetting by means
of a screw connection.

Cylinder Unit Contacts

Fig. 3. Internal Schematic of the Type IRV Relay in the
Type FT31 Case.

Instantaneous Overcurrent Unit (I)

Range Taps

0.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 470
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40

20-80 20 30 40 48 60 80

Time Overcurrent Unit

Range Taps
.5-2.5 0.5 0.6 0.8 1.0 1.5 2.0 2.5
2-6 2 2.5 3 3.5 __4 5 6
4-12 4 5 6 7 8 10 12

The tap value is the miffimum current required to
just close the relay contacts.

The time vs. current characteristics for the time-
overcurrent unit are showngin Figs. 4 to 10. These
characteristics give'the contact closing time for the
various time dial settings when the indicated multi-
ples of tap vdlue current are applied to the relay.

The time vs. current characteristics for the in-
stantaneous “overcurrent unit is shown in Fig. 11.

The time“'vs. current characteristics for the
directional™unit is shown in Fig. 12,

The moving contact@assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set scréwhin each stationary contact has
been shop adjusted for eptimum follow and this ad-
justment shouldynotibe disturbed.

Trip Circuit Constants

Indicating Contactor Switch —
0.2%mpere tap — 6.5 ohms d-c resistance
2.0 ampere tap — 0.15 ohms d-c resistance

Auxiliary Switch (CS-1)

The auxiliary switch operating time is approxi-
mately 5 milliseconds.
48—250 volt d-c relay
d-c resistance — 1165 ohms
24 volt d-c relay
d-c resistance — 110 ohms (note that series re-
sistoris a fixed 100 ohm resistor).

Directional Unit

The IRV relay is intended for phase fault pro-
tection and the directional unit has its maximum
torque when the current leads the voltage by approx-
imately 30°. The directional unit minimum pickup is
1.2 volts and 4 amperes at its maximum torque angle
for the 4 to 12 ampere range relays and 1.2 volts and
2 amperes for the 0.5 to 2.5 ampere and the 2 to 6
ampere range relays.

The directional unit should be connected using
the current in one-phase wire and the potential across
the other two phase wires. This connection is com-
monly referred to as the 90 °connection. When utilizing
the 90° connection the maxiinum torque of the relay
occurs when the fault current lags its 100% P.F.
position by approximately 60 °*. See Fig. 15.

-



TYPE IRY RELAY I.L. 41-133(3E

ENERGY REQUIREMENTS

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT - 60 CYCLES

tt P Tt [
AMPERE RANGE TAP VA AT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE &
5 .37 39 24 46
.75 .38 36 13
1 .39 35 8.5 4
52 1.25 41 34 6.0
1.5 .43 32 4.6 31
2 45 30 2.9 28
41 36 9.0 36
15 .44 32 5.0 32
.47 30 29
1-4 2.5 .50 28 27
3 53 26 26
4 .59 24 24
2 1.1 49 48
3 1.2 43 ) 42
4 1.3 3 2.1 37
28 5 1.4 35 1.4 35
6 1.5 1.1 33
8 1.8 0.7 29
4 1.5 51 2.4 51
6 1.7 1.2 45
4-16 8 1.8 40 0.7 40
9 1.9 8 0.6 38
12 2.2 34 0.37 34
16 2.5 30 0.24 31
10 1. 28 0.43 28
15 21 0.27 21
20 16 0.20 17
10-40 24 15 0.15 15
30 : 12 0.11 13
40 11 0.08 12
20 31 0.40 31
30 3 24 0.25 24
w0 @ 20 0.18 20
13.5 18 0.14 18
15.9 16 0.10 16
19.2 15 0.07 15
CONTINUOUS RATING ONE SECOND RATING
(AMP ERES) t (AMPERES)
5 100
8 140
8 140
10 200
1040 10 200
0-80 10 200

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the
square of the current.

@ Degrees current lags voltage.

1t Voliages taken with Rectox type voltmeter.



TYPE IRV RELAY

ENERGY REQUIREMENTS

TYPE IRV-2 TIME OVERCURRENT UNITS
VOLT AMPERES t t

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING?t FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

0.5 0.91 28 58 4.8 39.6 256 790
0.6 0.96 28 57 4.9 39.8 290 851
0.8 1.18 28 53 5.0 42.7 308 1024
0.5/2.5 1.0 1.37 28 50 5.3 45.4 348 1220
1.5 1.95 28 40 6.2 54.4 435 1740
2.0 2.24 28 36 7.2 65.4 580 2280
2.5 2.50 28 29 7.9 73.6 700 2850
2.0 3.1 110 59 5.04 38.7 262 800
2.5 4.0 110 55 5.13 39.8 280 920
3.0 4.4 110 51 5.37 42.8 312 1008
2/6 3.5 4.8 110 417 5.53 42.8 329 1120
4.0 5.2 110 45 5.72 46.0 360 1216
5.0 5.6 110 41 5.90 50.3 420 1500
6.0 6.0 110 37 6.54 54.9 474 1800
4.0 7.3 230 65 4.92 39.1 268 848
5.0 8.0 230 50 5.20 42.0 305 1020
6.0 8.8 230 47 5.34 44.1 330 1128
4/12 7.0 9.6 230 46 5.35 45.8 364 1260
8.0 10.4 230 43 5.86 49.9 400 1408
10.0 11.2 230 37 646 55.5 470 1720
12.0 12.0 230 34 7.00 62.3 528 2064
::;":' TIME OVERCURRENT UNITS
) VOLT AMPEREST t
CONTINUOUS ONE SECOND _ 'POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATINGt/"VFAGIOR TAP VALUE TAP VALUE TAP VALUE  TAP VALUE
RANGE TAP _(AMPERES) _ (AMBERES) ANGLE ¢ CURRENT _ CURRENT _CURRENT CURRENT
(0.5 2.7 88 69 3.92 20.6 103 270
(0.6 3.1 88 68 3.96 20,7 106 288
(0.8 3.7 88 67 3.96 21 114 325
0.5/2.5 (1.0 41 88 66 4.07 21.4 122 360
(1.5 5.7 88 62 4.19 23.2 147 462
(2.0 6.8 88 60 4.30 24.9 168 548
(2.5 g 88 58 4.37 26.2 180 630
@ 8 230 67 3.88 21 110 308
(2.5 8.8 230 66 3.87 21.6 118 342
3 g 230 64 3.93 22.1 126 381
2/6 (3.5 10.4 230 63 4.09 23.1 136 a17
(4 11.2 230 62 4.08 23.5 144 448
(5 1205 230 59 4.20 24.8 162 540
(6 13.7 230 57 4.38 26.5 183 624
(4 16 460 65 4.00 22.4 126 376
(5 18.8 460 63 4.15 23.7 143 450
(6 19.3 460 61 4.32 25.3 162 531
4/12 1 20.8 460 59 4.27 26.4 183 611
(8 22.5 460 56 4.90 27.8 204 699
(10 25 460 53 4.60 30.1 247 880
(12 28 460 47 4.92 35.6 288 1056

¥ Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the
square of the current.

¢ Degrees current lags voltage at tap value current.

Tt Voltages taken with Rectox type voltmeter.
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TYPE IRV RELAY I.L. 41-1333E

ENERGY REQUIREMENTS

IRV-7 TIME OVERCURRENT UNITS
VOLT AMPERES? t

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING 1 FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

(0.5 2.7 88 68 3.88 20.7 103 278
(0.6 3.1 88 67 3.93 20.9 107 288
(0.8 3.7 88 66 3.93 21.1 114 320
0.5/2.5 (1.0 4.1 88 64 4.00 21.6 122 356
(1.5 5.7 88 61 4.08 22.9 148 459
(2.0 6.8 88 58 4.24 24.8 174 552
2.5 7.7 88 56 4.38 25.9 185 640
(2 8 230 66 4.06 213 111 306
(2.5 8.8 230 63 4.07 21.8 120 342
@3 9.7 230 63 4.14 22.9 129 366
2/6 3.5 10.4 230 62 4.34 23.4 141 413
(4 11.2 230 61 4.34 23:8 149 448
5 12.5 230 59 4.40 25.2 163 530
(6 13.7 230 58 4262 21 183 624
(4 16 460 64 4.24 22.8 129 392
(5 18.8 460 61 4.30 24.2 149 460
4/12 (6 19.3 460 60 4.62 25.9 168 540
7 20.8 460 58 4269 27.3 187 626
(8 22.5 460 55 4.80 29.8 211 688
(10 25 460 51 5120 33 260 860
(12 28 460 46 5.40 375 308 1032
IRV-8, ZIME OVERCURRENT UNITS
IRV-9,
VOLT AMPERES? 1
CONTINUOUS ONE SECOND, POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _(AMPERES) (AMPERESYY ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

(0.5 2.7 88 72 2.38 21 132 350
(0.6 3.1 88 71 2.38 21 134 365
(0.8 3.7 88 69 2.40 21.1 142 400
0.5/2.5 (1.0 4.} 88 67 2.42 21.2 150 440
(1.5 59 88 62 2.51 22 170 530
(2.0 6.8 88 57 2.65 23.5 200 675
(2.5 7 88 53 2.74 24.8 228 800
(2 8 230 70 2.38 21 136 360
(2.5 8(8 230 66 2.40 21.1 142 395
(3 9.7 230 64 2.42 21.5 149 430
2/6 (3.5 10.4 230 62 2.48 22 157 470
(4 11.2 230 60 2.53 22.7 164 500
5 12.5 230 58 2.64 24 180 580
(6 13.7 230 56 2.75 25.2 198 660
(4 16 460 68 2.38 21.3 146 420
(5 18.8 460 63 2.46 21.8 158 480
(6 19.3 460 60 2.54 22.6 172 550
4/12 (1 20.8 460 57 2.62 23.6 190 620
(8 22.5 460 54 2.13 24.8 207 700
(10 25 460 48 3.00 27.8 248 850
(12 28 460 45 3.46 31.4 292 1020

twThermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the
Square of the current.

¢ Degrees current lags voltage at tap value current.

tt Voltages taken with Rectox type voltmeter.



TYPE IRV RELAY

ENERGY REQUIREMENTS
IRV-11 OVERCURRENT UNITS

voLT amPEREST T

CONTINUCUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATINGT FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE  TAP (AMPERES) (AMPERES) ANGLE¢ CURRENT CURRENT CURRENT CURRENT

0.5 1.7 56 36 0.72 6.54 71.8 250
0.6 1.9 56 34 0.75 6.80 15.0 261
0.8 2.2 56 30 0.81 7.46 84.0 298
0.5/2.5 1.0 3.5 56 27 0.89 8.30 93.1 330
1.5 3.0 56 22 1.13 10.04 115.5 411
2.0 3.5 56 17 1.30 11.95 136.3 502
2.5 3.8 56 16 1.48 13.95 160.0 610
2.0 1.0 230 32 0.73 6.30 74.0 264
2.5 1.8 230 30 0.78 7.00 18.5 285
3.0 8.3 230 27 0.83 1.7 84.0 309
2/6 3.5 9.0 230 24 0.88 8.20 89.0 340
4.0 10.0 230 23 0.96 9.12 102.0 372
5.0 11.0 230 20 1.07 9.80 109.0 430
6.0 12.0 230 20 1.23 11.34 129.0 504
4.0 14 460 29 0.79 7.08 18.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 17 460 22 1.02 9.18 101.4 378
4/12 1.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 111 124.8 480
10.0 22 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 720

t Thermal capacities for short times other than one second mayybe calculated on the basis of time being inversely

proportional to the square of the current.
¢ Degrees current lags voltage at tap value current.

tt Voltages taken with Rectox type voltmeter.

ENERGY REQUIREMENTS - 60 CYCLES

DIRECTIONAL UNIT OPERATING CIRCUIT BURDEN
VOLT AMPERES t t

At At 3 Times At 10 Times At 20 Times
Continuous One Second Power Minimum Minimum Minimum Minimum
Range Rating Rating f Factor Tap Value Tap Value Tap Value Tap Value
Amps (Amperes) (Amperes) Angle ¢ Current Current Current Current
0.5-2.5 10 230 34.5 0.03 0.23 2.8 11.5
2-6 10 230 34.5 0.44 4.08 48.0 182.0
412 12 280 0.48 4.62 53.6 216.0

@ Degrees current lags voldage at tap value current.

t Thermal capacities for short times other than one second may be calculated on the basis of time being

inversely proportional to the square of the current.

t1 Voltages taken with Rectox type voltmeter.

DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

The burden at 120V, 60 cycles, is 12.5 volt-amperes at 15 degrees. (current leading voltage).

s
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SETTINGS

Time Overcurrent Unit (CO)

The time overcurrent unit settings can be defined
either by tap setting, and time dial position orgby tap
setting and a specific time of operation,at some cur-
rent multiple of the tap setting (e.g. 4 tapysetting, 2
time dial position or 4 tap setting, 0.6 ,8econds at 6
times tap value current).

To provide selective circuit breaker‘eperation, a
minimum coordinating time of 0.3 seconds plus circuit
breaker time is recommended betweengthe relay being
set and the relays with which c¢ootfdinationis to be
effected.

The connector sérewspyon the tap plate above the
time dial makes connections#o various turns on the
operating coil. By placinghis screw in the various
terminal plate holes, the relay will respond to multi-
ples of tap value currents in accordance with the
various typical time-current curves.

CAUTION ¢Since, the tap block connector screw car-
ries operating, current, be sure that the screw isturned
tight. In“erderto avoid opening the current transformer
circuitsywhen changing taps under load, connect the
spare,_connector screw in the desired position before

16

removing the other tap screw from the original tap
position.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be initiated immediately after a trip by
the CO contact, the time of the opening of the contacts
should be a minimum. This condition is obtained by
loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring.

Instantaneous Overcurrent Unit (1)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-
nector screw in the desired tap, the relay will just
close its contacts at the tap value current.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is
turned tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before re-

P
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Fig. 12. Typical"Tiime Curves of the Directional Unit.

moving the other tap screw from the original‘tap posi-
tion.

Directional Units (D)

No setting is required.

Indicating Contactor Switch1CS/1¥and ICS/T)

The only setting requisedson the ICS units is
the selection of the 0.20r 2.0.ampere tap setting. This
selection is madépby eonnecting the lead located in
front of the tapdblockito the desired setting by means
of the connecting Screw.

Auxiliary Switch (CSAT)

No setting required on the CS-1 unit except for
the selection of the required 48, 125 or 250 voltage
on thestapped resistor. This connection can be made
by referring to Fig. 13.

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 two mounting studs
for projection mountingor by means of the four mounting
holes on the flange for the semi-flush mounting.
Either of the studs or the mounting screws may be
utilized for grounding the relay. The electrical con-
nections may be made directly to the terminals by
means of screws for steel panel mounting or to ter-
minal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the studs and then
turning the proper nut with a wrench.

For detail information on the FT Case refer to
I.L. 41-076.

The external connection of the directional over-
current relays is shown in Fig. 15.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon

17



TYPE IRV RELAY

RED IDENTIFYING | 2 3 4
DT —— kg
%
¥ Q ‘% O teao ()
o—6) —
POSITION RATED D-C RESISTOR
Lean (1) VOLTAGE RESISTANCE
2 48 300
3 125 2700
4 250 6500
NOTE . RELAYS ARE SHIPPED ON THE 125 VOLT TAP
184A316

Fig. 13. Selection of Proper Voltage Tap for Auxiliary
Switch (CS-1) Operation.

receipt of the relay, no customer adjustments, other
than those covered under ‘‘SETTINGS’’, should be
required.

Acceptance Check

The following check is recommended to insurée
that the relay is in proper working order;

Instantaneous Overcurrent Unit (I)

1. Contact Gap — The gap between the station-
ary and moving contacts with the relay ingthe 'de-
energized position should be approximately .020’’.

2. Minimum Trip Current — Theg Dyjcontacts
should be blocked closed when checking the pick-up
of the overcurrent unit.

The pick-up of the overcurrent unitycanbe check-
ed by inserting the tap screw in the desired tap hole
and applying rated tap valug current. The contact
should close within * 5%)0f tap’ value current.

Dirgetional Unit (D)

1. Contact Gapyh—+ Thesgap between the station-
ary contact and movingleontact with the relay in the
de-energized position should be approximately .020’’.

2. Sensitivity — The directional unit should trip
with 1.2 volts and 4 amperes at its maximum torque
angle (current leading the voltage by 30°) for the
4 to l2pampere range relays and 1.2 volts and 2
amperes) for the 0.5 to 2.5 ampere and the 2 to 6
amperéesrange relays.
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3. Spurious Torque Adjustments — There should
be no spurious closing torques when the operating
circuits are energized per Table 2 with the polarizing
circuit short circuited.

Time Overcurrent Unit (CO)

1. Contacts — The index mark on,the movement
frame will coincide with the ‘‘O’’ mark®™on the time
dial when the stationary contactyhas mowed through
approximately one-half of its nocmal deflection. There-
fore, with the stationary contact/resting against the
backstop, the index mark is, offset to the right of the
‘‘O’’ mark by approximately .020**. The placement of
the various time dial positions/in line with the index
mark will give operatingytimes as shown on the re-
spective time-current curves:

2. Minimum' TrippCurrent — Set the time dial to
position 6 with the auxiliary switch (CS-1) contacts
blocked closed,palternately apply tap value current
plus 3%"and tap value current minus 3%. The moving
contact sheuld“leave the backstop at tap value cur-
rent plus, 3%%and should return to the backstop at
tapvalue ‘eédrrent minus 3%.

3."4Time Curve — Table 1 shows the time curve
calibration points for the various types of relays.
With the time dial set to the indicated position, apply
the currents specified by Table 1 (e g. for the IRV-2
3 and 20 times tap value current) And measure the
operating time of the relay. The operating times
should equal thoseof Table 1 plus or minus 5 percent,

For type IRV-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial
position is 54.9+5% seconds. It is important that the
1.30 times tap value current be maintained -accurate-
ly. The maintaining of this current accurately is ne-
cessary because of the steepness of the slope of the
time-current characteristic (Fig. 19). A 1% variation
in the 1.30 times tap value current (including mea-
suring instrument deviation) will change the nominal
operating time by approximately 4%.

Indicating Contactor Switches (ICS/1) and (ICS/T)

A) Close the contacts of the CO and the direc-
tional unit (D) and pass sufficient d.c. current through
the trip circuit to close the contacts of (ICS/T). This
value of current should not be greater than the parti-
cular (ICS/T) tap setting being used. The operation
indicator target should drop freely, bringing the letter
‘““T’’ into view.

B) Close the contacts of the instantaneous over-
current unit (I) and the directional unit (D). Pass suf-
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times pick-up current at an expected operating point
for the particular application. For the £5 to.2.5 am-
pere range CO-5 and CO-6 induction unit use the al-
ternative test circuit in Fig. 16 as these“relays are
affected by a distorted wave form. With this connec-
tion the 25/5 ampere current transformers should be
worked well below the knee ofgthe saturation (i.e. use
10L.50 or better).

All contacts should beyperiodically cleaned. A
contact burnisher #182A836H01 is recommended for
this purpose. The useloffabrasive material for clean-
ing contacts is notyrecommended, because of the
danger of embedding small particles in the face ofthe
soft silver andgdhus“impairing the contact.

Calibration

Use' the following procedure for calibrating the
relayif the relay has been taken apart for repairs or
the adjustments have been disturbed. This procedure
should ‘not be used unless it is apparent that the re-
layjis not in proper working order. (See ‘‘Acceptance
Check?).

Instantaneous Overcurrent Unit (1)

Fig. 14. Diagramof test connections of the time-overcurrent
unit.

ficient d.c. current through the trip circuityto close
the contacts of (ICS/I). This value of currentshould
not be greater than the particular (ICS/I) taphsetting
being used. The operation indicatery target should
drop freely, bringing the letter ‘‘I'’ into view.

C) The contact gap shottld“be approximately
.047"* between the bridging,maving contact and the
adjustable stationary contacts. The bridging moving
contact should touch bothi stationary contacts simul-
taneously.

Routine Maintenance

All reldys shouldybe inspected and checked peri-
odically 4o, aSsure#proper operation. Generally a
visual inspectien Should call attention to any notice-
able changes. A'minimum suggested check on the re-
lay system is to close the contacts manually to as-
sure that thérbreaker trips and the target drops. Then
release the contacts and observe that the reset is
sméethyand positive.

If an additional time check is desired, pass sec-
ondary current through the relay and check the time
of operation. It is preferable to make this at several

1. The upper pin bearing should be screwed
down until there is approximately .025°’ clearance
between it and the top of shaft bearing. The upper
pin bearing should then be securely locked in pos-
tion with the lock nut. The lower bearing position is
fixed and cannot be adjusted

2. The contact gap adjustment for the over-
current unit is made with the moving contact in the
reset position, i.e., against the right side of the
bridge.

Move in the left-hand stationary contact uitil
it just touches the moving contact then back off the
stationary contact 2/3 of one turn for a gap of approx-
imately .020’’. The clamp holding the stationary con-
tact housing need not be loosened for the adjustment
since the clamp utilizes a spring-type action in hold-
ing the stationary contact in position.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the moving
element assembly, The spring is adjusted by placing
a screwdriver or similar tool into one of the.notches
located on the periphery of the spring adjuster and
rotating it. The spring adjuster is located on the
underside of the bridge and is held in place by a
spring type clamp that does not have to be loosened
prior to making the necessary adjustments.

Before applying current, block close the con-
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tacts of the D unit. Insert the tap screw in the mini-
mum value tap setting and adjust the spring such
that the contacts will close as indicated by a neon
lamp in the contact circuit when energized with the
required current. The pickup of the overcurrent unit
with the tap screw is any other tap should be within
+ 59%o0f tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

The directional unit is the lower cylinder unit.

1. The upper bearing screw should be screwed
down until there is approximately .025’’ clearance
between it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in posi-
tion with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Advance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move in the left-hand stationary contact
until it just touches the moving contact. Then back
off the stationary contact 2/3 of one turn for ageon,
tact gap of .020’*. The clamp holding the stationary
ccntact housing need not be loosened for the™adjusts
ment since the clamp utilizes a spring-typelaction in
holding the stationary contact in position:

3. Insert tap screw of overcurfent unit in highest
tap. The sensitivity adjustment is“made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring'is adjusted by plac-
ing a screwdriver or similaf tool into one of the
notches located on the periphery of the spring adjust-
er and rotating it. The spring adjuster is located on
the underside of the'bridge and is held in place by a
spring type clamp thatf{doesénot have to be loosened
prior to making the necessary adjustments.

The spring is to be adjusted such that the con-
tact will close as imndicated by a neon lamp in the
contact circtiit when energized with 1.2 volts and 4
amps (cugpentWleading 30°) for the 4 to 12 ampere
range relayssand 1.2 volts and 2 amps for the 0.5 to
2.5 and)2 to"6’ampere range relays. This can be done
approximately using current in phase with voltage by
inereasing the pickup current to 4.6 and 2.3 amperes
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respectively.

4. The magnetic plugs and core are usgd to
reverse any unwanted spurious torques that may be
present when the relay is energized respectively
on current or voltage alone.

The reversing of the spurious torques is aecom-
plished by using the adjusting plugsgand_core in the
following manner: tt

Apply 120 VAC 60 Hz to terminals 6 and 7. Re-
lay contacts should stay open. If9the contacts are
closed rotate core by means offadjustor located on
the bottom side of the cylinder unit until contacts
stay open. The core assembly Is held in position by
the clamping action offtwie compressed springs. This
allows its position t@ be changed by inserting a non-
magnetic tool intemtheWslot on the bottom side of
the unit.

Short cirenit theé voltage terminals and apply
currentgto the, operating circuit terminals as per
Table 27

Plug adjustment is then made per Table 2 such
that'the spurious torques are reversed. The plugs
are, held in position by upper and lower plug clips.
These, clips need not be disturbed in any manner
when/making the necessary adjustment.

The magnetic plug adjustment may be utilized
to positively close the contacts on current alone.
This may be desired on some installations in order
to insure that the relay will always trip the breaker
on zero potential.

Time Overcurrent Unit (CO)

1) Contacts — The index mark on the movement
frame will coincide with the ‘‘O’’ mark on the time
dial when the stationary contact has moved through
approximately one-half of its normal deflection.
Therefore, with the stationary contact resting against
the backstop, the index mark is offset to the right of
the *“O’’ mark by approximately .020’’. The place-
ment of the various time dial positions in line with
the index mark will give operating times as shown on
the respective time-current curves.

2) Minimum Trip Current — The adjustment of
the spring tension in setting the minimum trip current
value of the relay is most conveniently made with the
damping magnet removed.

With the 4ime dial set on ‘‘O’’, wind up the spiral
spring by means of the spring adjuster until approxi-
mately 6-3/4 convolutions show.
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Set the relay on the minimumgtap setfing, the
time dial to position 6.

With the auxiliary switch (@S-1)ycontacts blocked
closed, adjust the control pspring, tension so that the
moving contact will leave the, backstop at tap value
current +1.0% and will refurn to®the backston at tap
value current —1.0%.

t+ Plugs should bg aty*“fully screwed in’’ position
prior to adjustment of core.

3) Time Curve Calibration — Install the perma-
nent magnety

Apply the Indicated current per Table 1 for perma-
nent magnet adjustment (e.g. IRV-8, 2 times tap value)
and measuregthe operating time. Adjust the permanent
magnet keeper until the operating time corresponds
téthe walue of Table 1.

For type IRV-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial
position is 54.3+5% seconds. It is important that the

1.30 times tap value current be maintained accurate-
ly. The maintaining of this current accurately is ne-
cessary because of the steepness of the slope of the
time-current characteristic (Fig. 19). A 1% variation
in the 1.30 times tap value current (including meca-
suring instrument deviation) will change the nominal
operating time by approximately 4%. if the operating
time at 1.3 times tap value is not within these limits,
a minor adjustment of the control spring will give the
correct operating time without any undue effecton the
on the minimum pick-up of the relay. This check is to
be made after the 2 times tap value adjustment has
been completed.

Apply the indicated current per Table 1 for the
electromagnet plug adjustment (e.g. IRV-8, 20 times
tap value) and measure the operating time. Adjust the
proper plug until the operating time corresponds to
the value in Table 1. (Withdrawing the left hand nlug,
front view increases the operating time and withdraw-
ing the right hand plug, front view, decreases the
time.) In adjusting the plugs, one plug should be
screwed in completely and the other plug run in or
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out until the proper operating time has been obtained.

Recheck the permanent magnet adjustment. If the
operating time for this calibration point has changed,
readjust the permanent magnet and then recheck the
electromagnet plug adjustment.

Indicating Contactor Switches (ICS/1) and-(ICS/T)

Adjust the contact gap for approximately .047"".

A) Close the contacts of the CO and the direc-
tional unit and pass sufficient d.c. current through

the trip circuit to close the contacts of tiie (ICS/T).
This value of current should not be greater than the
particular (ICS/T) tap setting being used. The opera-
tion indicator target should drop freely bringing the
letter ‘‘T’’ into view.

B) Close contacts of instantaneous overcurrent
unit (I) and directional unit (D). Pass sufficient d.c.
current through the trip circuit to close contacts of
the (ICS/I). This value of current should not be great-
er than the particular (ICS/I) tap setting being used.
The operation indicator target should drop freely
bringing the letter ‘‘I’” into view.

Auxiliary Switch (CS-1)

Adjust the stationary core of the switch for a
clearance between the stationary core and the moving

22

core when the switch is picked up. This can be done
by turning the relay upside-down. Then screw upsthe
core screw until the moving core starts rotating. Now
back off the core screw until the moving core ‘steps
rotating. This indicates the points when the play in
the assembly is taken up, and where the moving core
just separates from the stationary core screw. Back
off the core screw approximately oné turfigand lock in
place. This prevents the moving,core from striking
and sticking to the stationary _coredbecause of resi-
dual magnetism. Adjugt thef contact clearance for
3/64’’ by means of the two,small nuts on either side
of the Micarta disc.

Connect lead (A).to proper terminal per Fig. 13.
Block directional unit (D)contacts close and ener-
gize trip circuit with“rated voltage. Contacts of aux-
iliary switch (CS-1)%should make as indicated by a
neon lamp imthe’contact circuit.

RENEWAL PARTS

Repairgwork can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.
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TABLE |

TIME CURVE CALIBRATION DATA - 60 CYCLES

PERMANENT MAGNET ADJUSTMENT

C)O

ELECTROMAGNET PLUGS

TIME- TIME CURRENT OPERATING CURRENT OPERATING
OVERCURRENT DIAL  (MULTIPLES OF TIME (MULTIPL TIME
UNIT TYPE POSITION TAP VALUE) SECONDS TAP SECONDS
2 6 3 0.57 @ 0.22
5 6 2 37.80 1 14.30
0

6 6 2 2.46 .
7 6 2 4.27 @ 20 1.11

N

9 6 2 20 0.65
11 6 2 & 20 0.24
* TABLE 2
DIRECTION ALIBRATION +
Relay Rating Current Adjust Adjustment
.3 to 2.5 amps 50 amps If spurious torque is in the
and 2-6 amps contact closing direction
(left front view) screw out
right magnetic plug until
P O direction of spurious torque
Magnetic is reversed.
Plugs If spurious torque is in the

4-12 &JO amps

t Short cirguit t

contact opening direction, screw
out left plug until spurious
torque is slight contact opening
Recheck at 40, 25 and 10 amps
for the lower range units and

80, 50 and 20 amps for the

4-12 amp range relays.

voltage polarizing circuit at the relay terminals before making the above adjustments.
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INSTALLATION e OPERATION o

Westinghouse |.L. 41-133.2C
MAINTENANCE

INSTRUCTIONS

TYPE IRQ DIRECTIONAL OVERCURRENT
NEGATIVE SEQUENCE RELAY
FOR GROUND PROTECTION

CAUTION Before putting the relay into service, re-
move blocking from all the moving parts. Inspect the
relay and operate all elements by hand to be sure no
damage has occured during shipment.

APPLICATION

The type IRQ is a directional overcurrent ground
relay in which the directional unit operates on neg-
ative sequence current and voltage, and the over-
current units operates on residual or ground current.
The negative sequence current and voltage are obtain-
ed by means of self-contained negative sequence
filters connected between the directional unit and the
current and potential transformers.

The relay is intended for use at locations where
the present equipment or system conditiohsy,dof not
permit the use of the conventional types of‘directional
ground relays operating entirely on residual™eurrent
and voltage.

At an ungrounded substation on grotundedfsystems
where only two potential transfermers are available,
or where the potential transformers, aré®on the low-
tension side of a wye-delta or delta-wye power trans-
former bank, the type IRQNrelay§is applicable for
ground protection.

CONSTRUCTION "AND OPERATION

The type IRQ reldy /eonsists of a directional
cylinder unit (D) operating on negative sequence quan-
tities, negative-sequenee current and voltage filters
an auxiliaryy switchf(CS-1), a time-overcurrent unit
(CO), an instamtanéous overcurrent unit (I), and two
indicating contactor switches (ICS/I) and (ICS/T). The
principle component parts of the relays and their
location are Shown in Figs. 1 and 2.

Directional Unit (D)

The directional unit is a product induction cylin-
der type unit operating on the interaction between the

SUPERSEDES I.L. 41-133.2B

*Denotes change from superseded issue

polarizing circuit flux and the operating circuit flux.

Mechanically,“the directional unit is composed of
four basic compénents?” A die-cast aluminum frame,
an electromagnet, a®moving element assembly, and a
molded bridge.

The frame serves as the mounting structure for
the magnetic“core. The magnetic core which houses
the lower pin bearing is secured to the frame by a
loeking™nut. The bearing can be replaced, if neces-
sary, Wwithout having to remove the magnetic core from
thedframe.

The electromagnet has two series-connected polar-
Vzing coils mounted diametrically opposite one an-
other; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
mounted on the frame, with respect to the upper pin
bearing, which is threaded into the bridge. The elec-
tromagnet is secured to the frame by four mounting
SCrews.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet and
the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition tp holding

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

EFFECTIVE NOVEMBER 1969



Fig. 1.

Type IRQ Relay without Case (Rear View)

Fig. 2. Type IRQ Relay without Case (Front View)
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TYPE IRQ RELAY

I.L. 41-133.2C

Fig. 3. Time Overcurrent Unit (Front View). 1-Tap Block, 2- Time Dial, 3- Control Spring Assembly, 4-Disc, 5. Stationary
Contacts Assembly, 6 - Magnetic Plugs, 7-PRermanent Magnet

With the contacts closed, the electrical gonnec-
tion is made through the stationary/contact housing
clamp, to the moving contact;” through/the spiral
spring out to the spring adjuster clamp.

Negative Sequence Filter

The current and voltdge filters consist of re-
actors and resistors connected jtogether as shown in
the internal schematic (PRig. 4"

Time-OvercurrentUnit (CO)

The electromagnets, for the types IRQ-5, IRQ-6,
IRQ-7, IRQ48 and IRQ-9 relays have a main tapped
coil located on'the genter leg of an ““E’’ type lamin-
ated structure that{produces a flux which divides and
returns through the outer legs. A shading coil causes
the flux through the left leg to lag the main pole flux.
The oOut-of-phase fluxes thus produced in the air gap
cadse, a)contact closing torque.

The electromagnet for the type IRQ-2 and IRQ-11
relays has a main coil consisting of a tapped primary
winding a secondary winding. Two identical coils

on the outer legs of the lamination structure are con-
nected to the main coil secondary in a manner so that
the combination of all the fluxes produced by the
electromagnet result in out-of-phase fluxes in the air
gap. The out-of-phase air gap fluxes produced cause a
contact closing torque.

Auxiliary Switch (CS-1)

The auxiliary switch is a small solenoid type d.c.
switch. ‘A cylindrical plunger, with a silver disc
mounted on its lower end, moves in the core of the
solenoid. As the plunger travels upward, the disc
bridges the silver stationary contacts. A tapped re-
sistor is used to enable one to use the contactor
switch on a 24, 48, 125 or 250 volt d.c. system con-
nected per Fig. 14. The operation of the CS-1 switch
is controlled by the directional unit (D) which in
turn directionally controls the time-overcurrent unit
(CO). When sufficient power flows in the tripping
direction, the CS-1 switch operates and bridges the
lag coil of the time-overcurrent unit (CO) permitting
this unit to operate.
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Fig. 4. Internal Schematic of the IRQ Relay.

Instantaneous Overcurrent Unit (I)

The instantaneous overcurrent unit consists (of a
induction cylinder type unit and a transférmer.qThe
induction cylinder unit is similar in ‘construction to
the directional unit. The time phase gelationship of
the two air gap fluxes necessary for, the development
of torque is achieved by means of a“@apacitor connec-
ted in series with one pair of pole windings.

The normally-closed contact ofithe directional unit
is connected across one pair of pole windings of the
instantaneous overcurrent unit as shown in the inter-
nal schematics. This arrangement short-circuits the
operating current around the pole windings; preventing
the instantaneous “@¥ercuprent unit from developing
torque. If the directional unit should pick up for a
fault, this short-circuit is removed, allowing the in-
stantaneous overcurrent contact to commence closing
almost similtaneously with the directional contact
for high speed,operation.

The “transformer is of the saturating type for
limitinghthe energy to the instantaneous overcurrent
unit “at ‘higher values of fault current and to reduce

Fig. 5. Sensitivity Curve of the Directional Unit (D).

C.T. burden. The primary winding is tapped and
these taps are brought out to a tap block for ease
in changing the pick-up of the instantaneous over-
current unit. The use of a tapped transformer prov-
ides approximately the same energy level at a given
multiple of pickup current for any tap setting, result-
ing in one time curve throughout the range of the
relay.

Across the secondary is connected a non-linear
resistor known as a varistor. The effect of the varis-
tor is to reduce the voltage peaks applied to the over-
current unit and phase shifting capacitor.

Indicating Contactor Switch Unit (ICS/Il and ICS/T)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic core upon energization of the switch.
When the switch closes the moving contacts bridge
two stationary contacts, completing the trip circuit.
Also during this operation two fingers on the armature
deflect a spring located on the front of the switch,
which allows the operation indicator target to drop.
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Fig. 6. Time Curve of the Directional Unit (D)

The front spring, in addition to holding the,target,
provides restraint for the armature and thus,controls
the pickup value of the switch.

CHARACTERISTICYS

The time characteristics of the timejovercurrent
relays are designated by specificgnumber$ as indicat-
ed below (eg. IRQ-8).

Time
Characteristics

Short Time 2
Long Time

Designation

Definite Time
Moderately, Inverse Time
Invegrse Time

Verny InverséTime

—_ O 00 3 oo U

Extremely Inverse Time 1

The relays are available in the following current
ranges:

Time'@vercurrent Unit

Range Taps
.5-2.5] 0.5 0.6 0.8 1.0 1.5 2.0 2.5
2-6 2 2.5 3 3.5 4 5 6

4-12 4 5 6 7 8 10 12

Fig. 7. Diagram of Test Connections for the Circuit Closing
Time Overcurrent Unit of the IRQ Relay.

Instantaneous Overcurrent Unit (I)

Range Taps
0.5-2 Amps | 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40
20-80 20 30 40 48 60 80

The tap value is the minimum current required to
just close the relay contacts.

The time vs. current characteristics for the time-
overcurrent unit are shown in Figs. 15 to 21. These
characteristics give the contact closing time for the
various time dial settings when the indicated multi-
ples of tap value current are applied to the relay.

The time vs. current characteristics for the in-
stantaneous overcurrent unit is shown in Fig. 13.

The time vs. current characteristics for the direc-
tional unit is shown in Fig. 6.

‘Directionol Unit (D)

The directional unit minimum pick-up is approx-
imately 0.76 volt-ampers (e.g. 0.19 volt and 4 am-
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Fig. 8. Test Diagram for Calibration of‘the Negative Sequence Current Filter in the IRQ Relay.

peres)in terms of negative sequence quantities applied
at the relay terminals at the maximum torque angle
of approximately 980<current leading voltage)

A typical sensitivity curve for the negative seq-
uence directional unit is shown in Rig¢. 5.

The time vs current charactéristic for the direc-
tional unit is shown in Fig. 6.

Trip Circuit
The relay contacts will saféely close 30amperes
at 250 volts d.c. an@ thepseal®in contacts of the indi-

cating contactor switches will safely carry this cur-
rent long enough to trippa gircuit breaker.

The indicating contactor switch has two taps that
provide a pickup setting of 0.2 or 2 amperes. To
change tapsWrequires connecting the lead located in
front of tHestap\block to the desired setting by means

of a screw connection.

Cylinder Unit Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set screw in each stationary contact has
been shop adjusted for optimum follow and this ad-
justment should not be distrubed.

Trip Circuit Constants

Inidcating Contactor Switch —

0.2 ampere taps — 6.5 ohms d-c resistance
2.0 ampere taps — 0.15 ohms d.c resistance

The auxiliary switch operating time is approxi-
mately 5 milliseconds.
d.c resistance - 1165 ohms

s
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l.L. 41-133.2C

STATION BUS PHASE ROTATION A,B,C

STEP 2 PLACES THE FOLLOWING VOLTAGES ON THE ktLAY
VaVs Vaz : PHASE A NEG. SEQUENCE)YOLTAGE

VAN Vaz " V/3(Van + a2Ven + aVen)
N -
2 N ——svaz V“"%“(l*ﬂz-zo):-aVM

A A
B 8
¢ 4

Ve Y

W
PR

I S ———d

RELAY-
(FRONT VIEW)

~«————— TRIPPING DIRECTION

STEP 3 PLLACES THE FOLLOWING GURRENTS ON THE RELAY
Ia Tap 127 PHASERA NEG. SEQUENCE CURRENT
Vs taz: \a(la+afllen: alc)
Taz: TA
N N 3

TEST

. OPEN RELAY SWITCH 10
.« OPEN RELAY SWITCH 19\AND(JUMPER SWITCH JAWS
14 AND 15

~

. OPEN RELAY SWITCHES & AND®

. DIRECTIONAL CONTACTISHOULD CLOSE WHEN POWER
FLOW oIS INTO LINEJNOVER THE RANGE OF
820CLAGGING TO 980 LEADING POWER FACTOR.
MAXIMUMCLOSING TORQUE OCCURS AT
APPROXIMATELYpu80 LEAD.

£ w

MAX.
TORQUE

Iaz

CONTACT o ZERO

GLOSING )
TOROQUE —_—
— [ Va2

290B560

SETTINGS

Directional Unit (D)

No setting is required.

Time Overcurrent Unit (CO)

The time overcurrent unit settings can be defined
either by tap setting and time“dial pesition or by tap
setting and a specific timefof operation at some cur-
rent multiple of the tap setting (e.g. 4 tap setting, 2
time dial position or 4mtap“setting, 0.6 seconds at
6 times tap value, current).

To providef'selective circuit breaker operation, a
minimum cootdinafing time of 0.3 seconds plus circuit
breaker time “i8' recommended between relay being
set and the relaysfwith which coordination is to be
effected.

The connector screws on the tap plate above the
time dial makes connections to various turns on the
operating coil. By placing this screw in the various
tap plate holes, the relay will just close its contacts
atathe corresponding current in amperes, or as marked
on the tap plate.

X Fig. 9. In Service Test Procedure for Verifying Prdper ExternalfConnections Where CT Neutral is Formed Within the Relay.

CAUTION: Since the tap block connector screw
carries operating current, be sure that the screw is
turned tight. In order to avoid opening the current
transformer circuits when changing taps under load,
connect the spare connector screw in the desired
position before removing the other tap screw from the
original tap position.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be intiated immediately after a trip by
the CO contact, the time of the opening of the con—
tacts should be a minimum. This condition is obtained
by loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring. With this change and the contact mounting
screw tightened, the stationary contact will rest
solidly against its backstop.

Instantaneous Overcurrent Unit (I)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-



TYPE IRQ RELAY

STATION BUS PHASE ROTATION A,B,C TEST NO._1 - POLARITY CHECK FOR 15/5 AMPERE AUXILIARY
A > A — CURRENT TRANSFORMER
8 T * 8 1. OPEN RELAY SWITCH 10 AND FT-1 SWITCH J
¢ ¢ 2. OPEN RELAY SWITCH 16 AND JUMPER SWITCH JAWS
16 AND 15
3. OPEN FT-1 SWITCHES 8, F AND H
4. DIRECTIONAL CONTACT SHOULD REMAIN OPEN WNEN
== POWER FLOW IS INTO THE LINE, OVER THE
: RANGE OF 82° LAGGING TO 96° LEADING POWER
l—-—{: FACTOR. MAXIMUM OPENING TORQUE OCCURS AT
APPROX IMATELY 8° LEADING)POWER FLOM.
E RELAY TEST NO. 2 - RELAY OPERATION TEST
o TEST 3
¥ (FRONT V'EVI)\‘ 1. OPEN RELAY SWITCH 10 AND EF-1 SWITCH J
a 2. OPEN RELAY SWITCH 15 AND AJUMPER/SWITCHpJAWS
° 14 AND 15
z 3. OPEN RELAY SWITCHES) 6 AND (@
T 4. DIRECTIONAL CONTACT SHOULD CLOSENNHEN POWER
H FLOW 1S INTO LINE, OVER, THE RANGE OF
- 82° LAGAING, TO 98° LEADING POWER FACTOR.
MAXIMUN CLOSING, TORQUE JOCCURS AT
FT-1 SWITCH APPROXIMATELY “B2,LEAD
; [s NO. 498A00960!
hh
< I
[ PHASE
. A 1 A
i F 8
1 f ¢
- OTHER
I 5 A _WDG. | reLavs |
AUX. C.T,
52 » S NO. 1590616 : :
' It
ST o GRO.
15 A. WDG.
L . TO SUPERVISE TRIP GIRCUIT
ABGC OF OTHER RELAYS
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% Fig. 10. In Service Test Procedure for Verifying Proper External Connections Where CT Neutral is Formed Externally.

nector screw in the desired tap, the relay wildl®just
close its contacts at the tap value current.

CAUTION Since the tap block connettor screw
carries operating current, be sure that gheQgscrew is
turned tight.

In order to avoid opening the gurrentytransformer
circuits when changing taps undefloady’connect the
spare tap screw in the desired position before re-
moving the other tap screwsgfrommthe original tap
position.

Negative Sequence Flilter

No setting is fequired.

Indicating ContactorSwitch (ICS/l and ICS/T)

The only setting required on the ICS units is the
selection of the 092 or 2.0 ampere tap setting. This
selection 1s made by connecting the lead located in
front of{the,tap block to the desired setting by means
of theyconnecting screw.

Auxiliary Switch (CS-1)

The only setting required on the CS-1 unit is

the selection of the required 24, 48, 125 or 250 volt-
age on the tapped resistor. This connection can be
made by referring to Fig. 14.

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 two mounting
studs for the FT projection case or by means of
the four mounting holes in the flange of the semi-
flush type F'T case. Either of the studs or the mount-
ing screws may be utilized for grounding the relay.
The electrical connection may be made directly to
the terminals by means of screws for steel panel
mounting or to terminal studs furnished with the relay
for thick panel mounting. The terminal studs may be
easily removed or inserted by locking two nuts on
the studs and then turning the proper nut with a
wrench.

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

iy,

P
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%* Fig. 11"\ Extetnal Schematic of IRQ Relay.

The external connections of gthe 'Qiréctional
overcurrent relay are shown ingFig.(\12.

ADJUSTMENT AND MAINTENANCE

The proper adjustments “tofinsure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under “SETTINGS’’, should be
required.

Acceptance Check

The follewifig check is recommended to insure
that the relay isyingroper working order;

Negative Sequence Filter

The filters are adjusted for balance in the factory
and™ne further adjustments or maintenances should be
required. The nominal voltage and current output of
the filters on positive sequence is approximately zero.
This serves as a convenient check on the balance of
the filters. If any two input leads to the potential

filter should be interchanged, a high voltage occurs
across the output terminals of the filter. Similarly,
if any two of the phase leads to the input terminals
of the current filter are interchanged, an output cur-
rent will be obtained.

Directional Unit (D)

1. Contact Gap - The gap between the station-
ary contact and moving contact with the relay in the
de-energized position should be approximately .020”’

2. Sensitivity — Refer to the test diagram in fig.
12. Apply a single-phase voltage V 12 equal to 0.57
volts (corresponds to a negative-sequence input
voltage of .19 volts) and a single-phase current equal
to 6.93 amperes as shown (corresponds to a negative
sequence input current of 4 amperes). With a phase
angle meter connected as shown, rotate the phase
shifter until the current leads the voltage by 1880,
This corresponds to the negative sequence component
of current leading the negative sequence component
of voltage by 989 The directional unit contact
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{CRQE
TEST DIAGRAM Fi KR URECTIONAL UNIT AND FLTER CIRGUIT FOR

CHECKING MAXIMUM TORQUE ANGLE AND MINIMUM CONTACT CLOSING VOLTAGE
PHASE ROTATION A.8,C
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Fig. 12. Test Diagram for Checking Maximum Torque Angle
and Minimum Voltage for Contact Closure of the
Directional Unit.

The above quantities are determined as
follows: Va9 = Neg. Sequence Voltage

Va2 =§(VAN +a* VBN +2a Ven)

Va2 :_; Evap-1la®vap _%aVAB)

v3 3
Vag = AB2-1a2_1a
3,33 3
AV = =
A 3

for Vaog = 0.57 volts
Vao = 0.10 volts
Ig0 = 114 + 22 Ig + 2l0)
3

_1 2 —

Iag =L O +a* 1 al)
_1 /g0

Iag == /=90

73

for I = 6.93 amps;
Ing =4 /—90° amp&:

should pick up within #310%of the above input volt-
age to the relay.

3. Spurious Torque - With the relay connected
in the test diagram“@s abgve, remove the input volt-
age and connect termindis 14, 15, and 16 together.
Remove the phase-angle meter. With 80 amperes
single-phase current applied, there should be no
spurious cl@sing torque.

Time Overcurrent Unit (CO)

1. a€ontacts - The index mark on the movement
frame “will coincide with the ‘‘O’’ mark on the time
dial "when the stationary contact has moved through
approximately one-half of its normal deflection. There-
fore, with the stationary contact resting against the
backstop, the index mark is offset to the right of the

10

““O’”’ mark approximately .020’’. The placement f0f
the various time dial positions in line with the index
mark will give operating times as shown on the re-

spective time-current curves.
2. Minimum Trip Current — Set the time dial®to

position 6 with the auxiliary switch (CS-1) contacts

blocked closed, alternately apply tap value gcurrent
plus 3% and tap value current minus_3%. The moving

contact should leave the backstopfatt@p value cur-
rent plus 3% and should returnijto the/backstop at
tap value current minus 3%.

3. Time Curve - Table A4 shows the time curve
calibration points for the, various types of relays.
With the time dial set to the indicated position, apply
the current specified by Table 1 (e.g. for the IRQ-2,
3 and 20 times tap yalugycurrent). And measure the
operating time of the relay. The operating times
should equal those'of Table 1 plus or minus 5 percent.

For type IRQA11 ) relay only, the 1.30 times tap
value operating time from the number 6 time dial
position_in 54,9 $5% seconds. It is important that the
1.30 times tap; value current be maintained accurate-
ly. Theé maintaining of this current accurately is ne-
cessary because of the steepness of the slope of the
time-eurrent characteristic (Fig. 21). A 1% variation
in ‘the 71.30 times tap value current (including mea-
suring instrument deviation) will change the nominal
opérating time by approximately 4%.

Instantaneous Overcurrent Unit (I)

1. Contact Gap - The gap between the stationary
and moving contacts with the relay in the de-ener-
gized position should be approximately .020’’.

2. Minimum Trip Current - The normally-closed
contact of the directional unit should be blocked open
when checking the pick-up of the overcurrent unit.

The pick-up of the overcurrent unit can be check-
ed by inserting the tap screw in the desired tap hole
and applying rated tap value current. The contact,
should close within +5% of the tap value current.

Indicating Contactor Switches (ICS/l and (ICS/T)

A) Close the contacts of the CO and pass suf-
ficient d.c. current through the trip circuit to close
the contacts of (ICS/T). This value of current should
not be greater than the particular (ICS/T) tap setting
being used. The operation indicator target should
drop freely, bringing the letter ‘“T’’ into view.

B) Close the contacts of the instantaneous over-
current unit (I) and the directional (D). Pass suf-
ficient d.c. current through the trip circuit to close
the contacts of (ICS/I). This value of current should
not be greater than the particular (ICS/I) tap setting
being used. The operation indicator target should
drop freely, bringing the letter ‘‘I’’ into view.

C) The contact gap should be approximately
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Fig. 13. Typical Time Curve ofgthe lastantaneous Overcurrent Unit.

.047"" between the bridging moving contaet. and{the
adjustable stationary contacts. The bridging ‘moving
contact should touch both stationary contaéts sim-
ultaneously.

Routine Maintenance

All relays should be inspécted“periadically and
the time of operation should e “ehecked at least
once every year or at such ,other time intervals as
may be dictated by experience to ‘be suitable to the
particular application.

If an additional time ‘eheck is desired, pass sec-
ondary current through the’ relay and check the time of
operation. It i§, preferable to make this at several
times pick-updcurrent at“an expected operating point
for the parti€ularfapplieation. For the .5 to 2.5 ampere
range IRQ-5%nd IRQ*6 induction unit use the alterna-
tive test circuitiindF'ig. 7 as these relays are affected
by a distorted wave form. With this connection the
25/5 ampere current transformers should be worked
well below the knee of the saturation (i.e., use 10L50
or, better).

All contacts should be periodically cleaned. A
contact burnisher #182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the

danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments have been disturbed. This procedure
should not be used unless it is apparent that the re-
lay is not in proper working order. (See ‘‘Acceptance
Check’’).

Negative Sequence Voltage Filter

A. Apply 120 volts balanced 3 phase voltage
60 cycles to terminals 14, 15, and 16 of the relay,
making sure that phase 1, 2, and 3 of the applied
voltage is connected to terminals 14, 15, and 16
repectively.

B. Using a calibrated high resistance rectox
voltmeter, measure the voltage between the tap on
the auto-transformer (middle terminal, lower-right
hand reactor, rear view of Fig. 1 and the tap on the
adjustable 2’’ resistor on the upper right hand corner
of Fig. 2. If the voltage is high (40 to 50 volts) the
the filter isprobably improperly connected. If properly
connected, the voltage will be low. Using a low range
(approximately 5 volts) move the adjustable tap until
the voltage reads a minimum. This value should be
less than 1.5 volts.

1
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Negative Sequence Current Filter

Refer to fig. 8 for positive sequence calibration.

A. Connect relay terminals 7 and 9 together.
Remove lead to lower right hand terminal of mutual
reactor (right side view) to disconnect the directional
unit.

B. Pass 10 amperes in terminal 6 and out ter-
minal 8.

C. With a 0-15 volts, rectox type voltmeter,
measure and record voltage between terminals 6 and
the lower right hand terminal of mutual reactor. This
voltage should be between 1.85 and 1.95 volts.

D. Now measure the voltage from terminal 6 to
terminal 7. Adjust the top filter resistor tap until
this voltage is 1.73 times the reading of part C.

Refer to fig. 8 for neutral tap calibration.

A. Using the test connections as shown and a
low range voltmeter connected between terminal 6 and
7, adjust the middle filter resistor tap connection
until the measured voltage is zero. Reconnect lead
to mutual reactor at end of this test.

Directional Unit (D)

1. The upper bearing screw should be screwed
down until there is approximately .025’’ clearamee
between it and the top of the shaft bearing. Thelupper
pin bearing should then be securely lockeddm pasi-
tion with the lock nut.

2. Contact gap adjustment for the @irectional
unit is made with the moving contactiin the reset
position, i.e., against the right sideyof the bridge.
Advance the right hand stationary “contaet until the
contacts just close. Then advance jthe stationary
contact and additional one-halfsturn:

Now move in the “left-hand/stationary contact
until it just touchesg#he mowing contact. Then back
off the stationary gontaét 3% of one turn for a contact
gap of .020”’ to .024*% Thegelamp holding the station-
ary contact housing neeéd not be loosened for the
adjustment since the clamp utilizes a spring-type
action in holding the, stationary contact in position.

3. The,sensitivity adjustment is made by varying
the tensiongof the spiral spring attached to the mov-
ing selement assembly. The spring is adjusted by
placing @ screwdriver or similar tool into one of the

12

notches located on the periphery of the springmad-
juster and rotating it. The spring adjuster is lQcated
on the underside of the bridge and is held in plaeé
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

The spring is to be adjusted su¢h'that the con-
tacts will close when the rel@y iswfenergized with
0.57 volts and 6.93 amps at 188%cfifrent leading
voltage), considering the relayfconnected to the test
circuit in Fig. 12.

4. The magnetic plugs arejused to reverse any
unwanted spurious torques that/may be present when
the relay is energized on ceurrent alone.

The reversinggofy,thelspurious torques is accom-
plished by using(the adjusting plugs in the following
manner:

a) Connect\the relay voltage circuit terminals
(phase, 1, 2%and 3) together.

b)®Apply, 80 amperes single-phase current
(momentarily) in phase 2 terminal and out phase 3
terminal.

Plug adjustment is then made per Table II such
that any contact closing spurious torques are reversed.
The plugs are held in position by upper and lower
plug clips. These clips need not be disturbed in any
manner when making the necessary adjustment.

The magnetic plug adjustment may be utilized to
positively close the contacts on current alone. This
may be desired on some installations in order to in-
sure that the relay will always trip the breaker on
zero potential.

Instantaneous Overcurrent Unit (1)

1. The upper pin bearing should be screwed down
until there is approximately .025 clearance between
it and the top of shaft bearing. The upper pin bearing
should then be securely locked in position with the
lock nut. The lower bearing position is fixed and can-
not be adjusted!

2. The contact gap adjustment for the overcurrent
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Move in the left-hand stationary contact until it just
touches the moving contact then back off the station-
ary contact 2/3 of one turn for a gap of approximately
.020°’. The clamp holding the stationary contact hous-
ing need not be loosened for the adjustment since the
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clamp utilizes a spring-type action in holding the sta-
tionary contact in position.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

Before applying current, block open the normally-
closed contact of the directional unit. Insert the tap
screw in the minimum value tap setting and adjust
the spring such that the contacts will close as indi-
cated by a neon lamp in the contact circuit when
energized with the required current. The pick up of
the overcurrent unit with the tap screw in any other
tap should be within +5% of tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in &
slightly different time characteristic curve and burden.

Time Overcurrent Unit (CO)

1) Contacts - The index mark on th@ymovement
frame will coincide with the ‘““O’’ mark on the time
dial when the stationary contact has mévedythrough
approximately one-half of its normal® deflection.
Therefore, with the stationary contact resting against
the backstop, the index mark isSoffset to the right of
the ““O’’ mark by approximately 020", The place-
ment of the various time dial Positions in line with
the index mark will give operatingtimes as shown on
the respective time-currenfg@urvesy

2) Minimum Trip Curkent =~ The adjustment of
the spring tension inetting the minimum trip current
value of the relay is\mest conveniently made with the
damping magnet remeved:

With thé timé dial, set on ‘“O’’ wind up the spiral
spring by means of#he spring adjusted until approxi-
mately 6-3/4 convélutions show.

Set the relay on the minimum tap setting, the
timegdial to position 6.

Withhthe auxiliary switch (CS-1) contacts blocked
clesed, adjust the control spring tension so that the
moving contact will leave the backstop at tap value
eurrent +1.0% and will return to the backstop at tap
value current - 1.0%.

3) Time Curve Calibration - Install the perma-
nent magnet.

Apply the indicated current per Table)l for perma-
nent magnet adjustment (e.g. IRQ-8, 2 times tap value)
and measure the operating time. Adjust the permanent
magnet keeper until the operating timép corresponds
to the value of Table 1.

For type IRQ-11 rela@y only, the 1.30 times tap
value operating time from “the “mumber 6 time dial
position is 54.9 +5% se¢onds. It is important that the
1.30 times tap value curfent be maintained accurate-
ly. The maintaining ofgthis®current accurately is nec-
essary because ofjthe steepness of the slope of the
time-current characteristic (Fig. 21). A 1% variation
in the 1.30 times tap value current (including mea-
suring instzument, deviation) will change the nominal
operating/time9by approximately 4% if the operating
time€at, 1.3 times tap value is not within these limits,
a minor adjustment of the control spring will give the
correct operating time without any undue effect on the
minimum “pick-up of the relay. This check is to be
made after the 2 times tap value adjustment has been
completed.

Apply the indicated current per Table 1 for the
electromagnet plug adjustment (e.g. IRQ-8, 20 times
tap value) and measure the operating time. Adjust the
proper plug until the operating time corresponds to
the value in Table 1 (Withdrawing the left hand plug,
front view increases the operating time and withdraw-
ing the right hand plug, front view, decreases the
time.) In adjusting the plugs, one plug should be
screwed in completely and the other plug run in or
out until the proper operating time has been obtained.

Recheck the permanent magnet adjustment. If the
operating time for this calibration point has changed,
readjust the permanent magnet and then recheck the
electromagnet plug adjustment.

Indicating Contactor Switches (ICS/I) and (ICS/T)

Adjust the contact gap for approximately .047’’.

A) Close the contacts of the CO and the direc-
tional unit and pass sufficient d.c. current through
the trip circuit to close the contacts of the (ICS/T).
This value of current should not be greater than the
particular (ICS/T) tap setting being used. The oper-
ation indicator target should drop freely bringing the
letter ““T*’ into view.

B) Close contacts of instantaneous overcurrent
unit (I} and directional unit (D). Pass sufficient d.c.
current through the trip circuit to close contacts of
the (ICS/I). This value of current should not be great-
er than the particular (ICS/1) tap setting being used.

13
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The operation indicator target should drop freely
bringing the letter ‘‘I’* into view.

Auxiliary Switch (CS-1)

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

Connect lead (A) to proper terminal per Fig. 14.
Block directional unit (D) contacts close and ener-
gize trip circuit with rated voltage. Contacts of aux-
iliary switch (CS-1) should make as indicated by a
neon lamp in the contact circuit.

RENEWAL PARTS

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

RED IDEg;!FY!NG

! 3
— I
O%Jo

POSITION | RATED 0-C 4 RESISTOR
Leao (1) VOLTAGE RES ISTANCE
? IT] 300
3 125 2700
4 250 §500

LEADGD)
o

NOTE . RELAYS ARE, SHIPPED ON THE 125 VOLT TAP

184A316

Fig. 14)(Selection of Proper Voltage Tap for Auxiliary Switch

TABLE |

(CS-1) Operation.

TIME CURVE"CALIBRATION DATA - 60 CYCLES

PERMANENT MAGNET ADJUSTMENT

CUORRENT
(MULTIPLES OF
TAP VALUE)

TIME- TIME
OVERCURRENT DIAL

UNIT TYPE POSITION

OPERATING
TIME
SECONDS

ELECTROMAGNET PLUGS

CURRENT
(MULTIPLES OF
TAP VALUE)

OPERATING
TIME
SECONDS

IRQ 2 6 3
IRQ 5 6 2
IRQ- 6 6 2
IRQ-,7 6 2
IRQs8 6 2
IRQ- 9 6 2

IRQ-11 6 2

14

0.57

37.80

2.46

4.27

13.35

8.87

11.27

20 0.22

10 14.30

20 1.19

20 1.11

20 1.11

20 0.65 o

20 0.24

P



TYPE IRQ RELAY 1.L{41133.2C

TABLE I
DIRECTIONAL UNIT CALIBRATION t
RELAY RATING CURRENT AMPERES BOTH PLUGS IN CONDITION ADJUSTMENT
All Ranges 80 Spurious Torque In Contact Right (Front-View) Plug Screwed
Closing Direction (Left Front Out Unfil Spurious Torque is Re-
View) vérsed.
All Ranges 80 Spurious Torque In Contact Liéft, (Front View) Plug Screwed
Opening Direction (Right Front [(©Out Until Spurious Torque is in
View) (Contacts remain open) Contact Closing Direction. Then
the plug is screwed in Until Spuri-
ous Torque is Reversed.

t Short circuit the voltage polarizing circuit at the relay terminals béfore,making the above adjustment.

ENERGY REQUIREMENTS
IRQ-2 TIME OVERCURRENT UNITS

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

0.5 0.91 28 58 4.8 39.6 256 790

0.6 0.96 28 57 4.9 39.8 270 851

0.8 1.18 28 53 5.0 42.7 308 1024

0.5/2.5 1.0 1.37 28 50 5.3 45.4 348 1220
1.5 1.95 28 40 6.2 54.4 435 1740

2.0 2.24 28 36 7.2 65.4 580 2280

2.5 2.50 28 29 7.9 73.6 700 2850

2.0 3.1 110 59 5.04 38.7 262 800

2.5 4.0 110 55 5.13 39.8 280 920

3.0 4.4 110 51 5.37 42.8 312 1008

2/6 3.5 4.8 110 47 5.53 42.8 329 1120
4.0 5.2 110 45 5.72 46.0 360 1216

5.0 5.6 110 41 5.90 50.3 420 1500

6:0 6.0 110 37 6.54 54.9 474 1800

4.0 7.3 230 65 4.92 39.1 268 848

5(0 8.0 230 50 5.20 42.0 305 1020

6.0 8.8 230 47 5.34 44.1 330 1128

4/12 T.0 9.6 230 46 5.53 45.8 364 1260
8.0 10.4 230 43 5.86 49.9 400 1408

10.0 11.2 230 37 6.6 55.5 470 1720

12.0 12.0 230 34 7.00 62.3 528 2064

¥l hermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the
square of the current.

@ Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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IRQ-5, IRQ-6 TIME OVERCURRENT UNITS

ENERGY REQUIREMENTS O sy,

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE @
_RANGE TAP  (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT
(0.5 2 88 69 3.92 20.6 103
(0.6 2.2 88 68 3.96 20.7 106 x%é
(0.8 2.5 88 67 3.96 21 114
0.5/2.5 (1.0 2.8 88 66 4.07 21.4 122 3
(1.5 3.4 88 62 4.19 23.2 147 62
(2.0 4.0 88 60 4.30 24.9 168 548
(2.5 4.4 88 58 4.37 26.2 180 630
(2 8 230 67 3.88 21 308
(2.5 8.8 230 66 3.90 21.6 18 342
3 9.7 230 64 3.93 22.1 6 381
2/6 (3.5 10.4 230 63 4.09 23.1 417
(4 11.2 230 62 4.12 23.5 4 448
(5 12.5 230 59 4.20 2 2 540
(6 13.7 230 57 4.38 26. 83 624
(4 16 460 65 4.00 126 376
(5 18.8 460 63 4.15 . 143 450
(6 19.3 460 61 4,32 162 531
4/12 (1 20.8 460 59 4.35 M 183 611
(8 22,5 460 56 4.40 204 699
(10 25 460 53 4.60 \30.1 247 880
(12 28 460 47 4.9 35.6 288 1056
IRQ-7 TIME OV RE NITS
VOLT AMPERES**
CONTINUOUS ONE SECOND PO AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* F Rr VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP  (AMPERES) (AMPERES) CURRENT CURRENT CURRENT CURRENT
(0.5 2 88 3.88 20.7 103 278
(0.6 2.2 88 3.93 20.9 107 288
(0.8 2.5 s 6 3.93 21.1 114 320

0.5/2.5 (L0 2.8 8 64 4.00 21.6 122 356
(1.5 3.4 61 4.08 22.9 148 459
(2.0 4.0 58 4.24 24.8 174 552
(2.5 4.4 & 56 4.38 25.9 185 640
2 8 3 66 4.06 21.3 111 306
(2.5 8.8 0 63 4.07 21.8 120 342
3 9.7 30 63 4.14 22.5 129 366

2/6 (3.5 10. 230 62 4.34 23.4 141 413
(4 11. 230 61 4.3¢ 23.8 149 448
(5 5 230 59 4.40 25.2 163 530
(6 13. 230 58 4.62 217 183 624
(4 16 460 64 4.24 22.8 129 392
(5 460 61 4.30 24.2 149 460
4/12 (6 9.3 460 60 4.62 25.9 168 540
(7 20.8 460 58 4.69 217.3 187 626
(8 22.5 460 55 4.80 29.8 211 688
(10 4 25 460 51 5.20 33 260 860
(12 28 460 46 5.40 317.5 308 1032

ies for short times other than one second may be calculated on the basis of time being inversely proportional to the
ent.

nt lags voltage at tap value current.
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ENERGY REQUIREMENTS

IRQ-8, IRQ-9 TIME OVERCURRENT UNITS

VOLT AMPERES** @
CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 1 S AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE ,TA TAP VALUE
_RANGE TAP _ (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT R CURRENT _
(0.5 2 88 72 2.38 21 1 350
(0.6 2.2 88 m 2.38 21 4 365
(0.8 2.5 88 69 2.40 21.1 142 400
0.5/2.5 (1.0 2.8 88 67 2.42 21.2 150 440
(1.5 3.4 88 62 2.51 170 530
(2.0 4.0 88 57 2.65 200 675
(2.5 4.4 88 53 2.74 228 800
(2 8 230 70 2.38 136 360
(2.5 8.8 230 66 2171 142 395
3 9.7 230 64 1.5 149 430
2/6 (3.5 10.4 230 62 22 157 470
(4 11.2 230 60 22.7 164 500
(5 12.5 230 58 24 180 580
(6 13.7 230 56 25.2 198 660
(4 16 460 68 21.3 146 420
(5 18.8 460 63 21.8 158 480
(6 19.3 460 60 22.6 172 550
4/12 (1 20.8 460 23.6 190 620
(8 22.5 460 5 24.8 207 700
(10 25 460 27.8 248 850
(12 28 460, 31.4 292 1020
OVERCURRENT UNITS
VOLT AMPERES**
CONTINU%S COND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATIN TING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE LAP (AM S) MPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT
0. {1 ’ 56 36 0.72 6.54 71.8 250
0.6 56 34 0.75 6.80 75.0 267
0.8 x 56 30 0.81 7.46 84.0 298
0.5/2.5 1 56 27 0.89 8.30 93.1 330
& 3.0 56 22 1.13 10.04 115.5 411
.5 56 17 1.30 11.95 136.3 502
2. 3.8 56 16 1.48 13.95 160.0 610

2. 7.0 230 32 0.73 6.30 74.0 264
2 1.8 230 30 0.78 7.00 78.5 285
. 8.3 230 27 0.83 1.74 84.0 309

3.5 9.0 230 24 0.88 8.20 89.0 340

4.0 10.0 230 23 0.96 9.12 102.0 372
5.0 11.0 230 20 1.07 9.80 109.0 430

6.0 12.0 230 20 1.23 11.34 129.0 504
4.0 14 460 29 0.79 7.08 8.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 17 460 22 1.02 9.18 101.4 378
4/12 7.0 18 460 20 1.10 10.00 110.0 454

8.0 20 460 18 1.23 11.1 124.8 480
10.0 22 460 17 1.32 14.9 131.6 600
. 12.0 26 460 16 1.8 16.3 180.0 720

* Thermal capacities for short times other than one second may be calculated on the basis of time being inversely
proportional to the square of the current.

@ Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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ENERGY REQUIREMENTS FOR THE O ‘
SEQUENCE FILTER AND THE DIRECTIONAL UNIT
(All Burdens at 60 Cycles)
The current burden of the relay with positive sequence currents applied (no output current to the direc- *
tional unit) is as follows:
Phase Continuous One Second Watts Volt-Amps.
Rating-Amps. Rating-Amps. at 5 Amps. at 5 Amps. Power Ractor Angle

wW

2 10 150 5.5 5.5
10 150 .35 1.28 4° Lag

1 10 150 5.4 7.5 0 44° Lag
The current burden of the relay with zero sequence currents applied is as follow

Watts Volt —= Amps.
Phase At 5 Amps. At 5 Amps. Power Fact
1 4.66 5.5
2 4.92 5.0 10
3 3.30 3.7
x

The voltage burden of the relay with positive sequence voltaQ) (no output voltage to the direc-

tional unit) is as follows:

Pot. Transf. Across Phase Volts Watt olt-Amps. Power Factor Angle B

Burden values on three star connected potentialdtra mers. Values at the star voltage of 66.4 volts
(115 volts delta).

1 115 26.8 90° Lag

115 0.3 48° Lag
3 115 & .2 217.0 30° Lag
Burden values on two open-delta @sformers. Values at 115 volts.

ote

12 —23.2 46.5 120° Lag
23 115 46.6 46.6 0°

23 .10 .48 58° Lag
31 15 23.2 46.5 60° Lag
31 15 23.2 46.6 60° Lag
12 115 0.50 0.52 20 Lead

Burden values on de connected potential transformers. Values at 115 volts.

31 115 15.4 31.0 60° Lag
12 115 -17.8 15.6 120° Lag

23 * 115 15.6 15.6 0°
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L 4

I.L. 41-

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT - 60 CYCLES

ENERGY

REQUIREMENTS

® 7
AMPERE RANGE TAP VAT;-I\T TAP VALUE P.F. ANGLE VTATAT 5 AMPS. P.F. ANG
5 37 39 24 46
.75 .38 36 13 7
1 .39 35 8.5

5-2 1.25 .41 34 6.0 2
1.5 .43 32 4.6 31
2 45 30 2.9 28
.41 36 36
1.5 44 32 32
.47 30 29
1-4 2.5 .50 28 27
3 .53 26 26
4 .59 24 24
2 1.1 49 6.5 48
3 1.2 3 3.3 42
4 1.3 2.1 37
28 5 1.4 1.4 35
6 1.5 3 1.1 33
8 1.8 0.7 29
4 1.5 2.4 51
6 1.7 . 1.2 45
4-16 8 1.8 40 0.7 40
9 1.9 38 0.6 38
12 34 0.37 34
16 30 0.24 31
10 28 0.43 28
15 21 0.27 21
20 16 0.20 17
10-40 24 15 0.15 15
30 12 0.11 13
40 11 0.08 12
20 6 31 0.40 31
30 9.3 24 0.25 24
20-80 4o 12 20 0.18 20
13.5 18 0.14 18
15.9 16 0.10 16
19.2 15 0.07 15

RANG CONTINUOUS RATING ONE SECOND RATING

(AMPERES) t (AMPERES)
5 100
8 140
8 140
10 200
10 200
10 200

t Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the

square of the current.

¢ Degrees current lags voltage.

1t 1t Voltages taken with Rectox type voltmeter.
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INSTALLATION

Westinghouse 1.L. 41-133M
OPERATION e MAINTENANCE

INSTRUCTIO NS

DIRECTIONAL OVERCURRENT GROUND RELAYS
TYPES IRP, IRC AND IRD

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

APPLICATION

These relays are ground directional overcurrent
relays which are used for the protection of trans-
mission lines and feeder circuits. Both the time-
overcurrent and instantaneous overcurrent units are
directionally controlled.

The type IRP relay is potential polarized. The
type IRC relay is current polarized. The type IRD
relay is a dual polarized relay which can befpolarized
from a potential source, from a local ground, source or
from both simultaneously.

CONSTRUCTION AND OPERATION

The various types of relays consi§t of a“direction-
al unit or units (D), an auxiliary ‘switch (CS-1), a
time-overcurrent unit (CO), anginstantaneous over-
current unit (I), an instantan€ous overcurrent unit
transformer, and two indicating eentactor switches
(ICS/1) and (ICS/T). Thegprinciple component parts
of the relays and their location are shown in Fig. 1
through 6.

Time-Overcurrent, Unit (CO)

The electromagnets for the types IR-5, IR-6, IR-7,
IR-8 and IR-9 reldys have a main tapped coil located
on the centempdeg offan ‘‘E’ type laminated structure
that produces a“flux which divides and returns through
the outer legs. A shading coil causes the flux through
the left leg to lag the main pole flux. The out-of-phase
fluxes thus produced in the air gap cause a contact
clesing, torque.

The electromagnet for the type IR-2 and IR-11
telays has a main coil consisting of a tapped primary
winding a secondary winding. Two identical coils

SUPERSEDES I.L. 41-133L

*Denotes change from superseded issue.

on the outer legs of the lamination structure are con-
nected to the main coil secondary in a manner so that
the combination of “all “the fluxes produced by the
electromagnet reSult in) 6ut-of-nhase fluxes in the air
gap. The out-of*phasé¥air gan fluxes nroduced cause a
contact closing torque.

Indicating Caontactor Switch Units (ICS/l and ICS/T)

The "d*c indicating contactor switch is a small
clapper“type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
todtbhe magnetic core upon energization of the switch.
When“the switch closes the moving contacts bridge
twostationary contacts, completing the trip circuit.
Also during this operation two fingers on the armature
deflect a spring located on the front of the switch,
which allows the operation indicator target to drop.

The front spring, in addition to holding the target,
provides restraint for the armature and thus controls
the pickup value of the switch.

Directional Unit (D)

The directional unit is a product inductian cylin-
der type unit operating on the interaction between the
polarizing circuit flux and the operating circuit flux.

Mechanically, the directional unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and a
molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core.which houses
the lower pin bearing is secured to the frame by a
locking nut. The bearing can be replaced, if neces-
sary, without having to remove the magnetic core from
the frame.

The electromagnet has two series-connected polar-
izing coils mounted diametrically opposite one an-
other; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to

EFFECTIVE AUGUST 1974



Fig. 1.

Type IRD Relay Without Case {Fronf’View). 1 — Instantaneous Over-  Fig, 2. Type IRD Relay Without Case (Rear View). 1 — Varistor. 2 — Saturating
current Unit and Saturating Transfdrmer,£2 — Current Polarized Direct- Transformer. 3 — “E™ Type Electromagnet.
ional Unit. 3 — Voltage Polarized Directional Unit. 4 — Time Over-

current Unit. 5 — Indicating Contactor Switch. 6 — Auxiliary Switch.
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Fig. 3. Directional Unit. 1 — Stationary Contactsd 2 — Stationary Contact Pressure Spring. 3 —Magnetic Adjusting Plugs.
4 -~ Upper Bearing Screw. 5— Moving Contaetd 6 —Spring Adjuster Clarap. 7 — Current Bias Vane.

FEig. 4. Time Overcurrent Unit. 1—Tap Block. 2—Time Dial. 3 - Control Spring Assembly. 4 -~ Disc. 5~ Stationary
Contact Assembly. 6 — Magnetic Plugs. 7 — Permanent Magnet.
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¥ ‘A!}“V
Fig. 5. Instantaneous Overcurrent Unit. 1 — Saturating Transformer. 2/ — Tap Block. 3 — Stationary Contact. 4 — Moving g,
Contact.

Fig. 6. Indicating Contactor Switch (ICS),
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accurately position the lower pin bearing, which is
mounted on the frame, with respect to the upper pin
bearing, which is threaded into the bridge. The elec

tromagnet is secured to the frame by four mounting
Screws.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet and
the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

with the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral spring
out to the spring adjuster clamp.

Auxiliary Switch (CS-1)

The auxiliary switch is a small soleneid type
d.c. switch. A cylindrical plunger, withya ‘Silver
disc mounted on its lower end, moves inmthe ‘Gere of
the solenoid. As the plunger travel§ upward, the
disc bridges the silver stationary contacts. A tapped
resistor is used to enable one to (use the contactor
switch on a 24, 48, 125 or 250 velt duec.System con-
nected per Fig. 23. The operation of the CS-1
switch is controlled by theypdireetional unit (D) which
in turn directionally controls, the time-overcurrent
unit (CO). When sufficient power flows in the tripping
direction, the CS-1 switeh operates and bridges the
lag coil of the timesovercurrent unit (CO) permitting
this unit to operate.

Instantaneous’Overeurrent Unit (1)

The inStant@aneous overcurrent unit is similar in
construction“to thefdirectional unit. The time phase
relationship of ‘the two air gap fluxes necessary for
the development of torque is achieved by means of a
capacitor connected in series with one pair of pole
windings.

The)normally-closed contact of the directional unit
isseonnected across one pair of pole windings of the
instantaneous overcurrent unit as shown in the in-
ternal schematics. This arrangement short-circuits
the operating current around the pole windings; pre-

venting the instantaneous overcurrent unit,from de-
veloping torque. If the directional unit should pick
up for a fault, this short-circuit is removed, allowing
the instantaneous overcurrent contact to“commence
closing almost simultaneously with the directional
contact for high speed operation. Tétal operating
time is shown in Figs. 17 and 18.

Instantaneous Overcurrent Unit' Transformer

This transformer is offythe saturating type for
limiting the energy to thejinstantaneous overcurrent
unit at higher values“of fault current and to reduce
C.T. burden. The primary winding is tapped and these
taps are brought‘@ut to)a’tap block for ease in chang-
ing the pick-up®of thé*instantaneous overcurrent unit.
The use of aytappeditransformer provides approximate-
ly the same,energy level at a given multiple of pickup
current for anyatap setting, resulting in one time curve
throughout the range of the relay.

Across’ the secondary is connected a non-linear
resistor known as a varistor. The effect of the varis-
tor ispto reduce the voltage peaks applied to the over-
cuerént unit and phase shifting capacitor.

CHARACTERISTICS

The time characteristics of the directional over-
current relays are designated by specific numbers as
indicated below (e.g., IRV-8).

Time

Characteristics Designation

Short Time

Long Time

Definite Time

Moderately Inverse Time

Inverse Time

Very Inverse Time

Extremely Inverse Time 1

= O 000 U

The relays are available in the following current
ranges:

Instantaneous Overcurrent Unit (I)

Range Taps

0.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2

1-4 1.0 1.5 2.0 2.5 3.0 4.0

2-8 2 3 4 5 6 8

4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40
20-80 20 30 40 48 60 80
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Time Overcurrent Unit

Range Taps

.5-25 05 0.6 0.8 1.0 1.5 20 25
2-6 2 2.5 3 3.5 4 5 6
4-12 4 5 6 7 8 10 12

The tap value is the minimum current required to
just close the relay contacts.

The time vs. current characteristics for the time-
overcurrent unit are shown in Figs. 10 to 16. These
characteristics give the contact closing time for the
various time dial settings when the indicated multi-
ples of tap value current are applied to the relay.

TIME CURVES

The time curves for the IRD relay are shown in
Fig. 17 and 18. Fig. 17 consists of three curves
which are:

1) Directional Unit opening times for current and
voltage polarized.

2) Directional Unit closing time for current and volt-
age polarized.

3) Directional Unit closing time for 1 volt, voltage
polarized.

Fig. 18 shows the instantaneous overcurrent unit
closing time.

The voltage polarized curve B begins to dewiate
from curve A for less than 5 volts.

Both the directional unit and the @vercdrrent
unit must operate before the trip circuitpcamybefcom-
pleted. Hence, the unit which takes the lenger time
to operate determines when the gbreaker will be
tripped. The overcurrent unit contdcts, cannot operate
until the back contacts of directignal unit open;
therefore, the total time for overcurrent unit to oper-
ate is its closing time gi¥en»in Fig. 18 plus the
directional unit opening timefgiven in Fig. 17. The
total closing time fofrtheddireétional unit is given in
Fig. 17. The two gxamples below will serve to illus-
trate the use of thejcurves,

Example 1: Using the formulas and definition of
symbols on Fig. 17, we have—

Let: Ipol = 2 amps.
Top = 2.31
Tap Value (T) = 0.5 amp.
»—40°=0°
(For timing unit, assume
CO-9 with % time dial setting)

For current polarized relay: P
MPP Iop Ipol Cos (¢ —40°)
0.25
MPP = w = 18.5

0.25

Referring to Fig. 17 at multiples ‘offproduce pick-
up of 18.5,the directional unit operating“time is about
11 ms, and the closing time for this unit is 56 ms.

For overcurrent unit:

Multiples of pickup, = ILTP = Z2°. = 4.6

Entering the curve\in Fig. 18 at multiples of pick-
up equal to 4.6,4he closing time for instantaneous
overcurrent is 16 ms.{WHowever, the total operating
time for the“overcurrent unit is 16 plus 11, which is
the opening timefef back contacts of the directional
unit, or‘27 msytotal operating time for overcurrent unit.
The fotal time for directional unit is 56 ms; and,
sincegthisyis, the longest time,56 ms is the total oper-
atingltime of the instantaneous overcurrent circuit.

Entering the curve in Fig. 15 at 4.6, the Y% time

dial.setting gives 140 ms. The total time for the time- Sl
overcurrent circuit is 56 ms directional unit time plus
16 ms CS-1 time plus 140 ms = 212 ms.
Example 2:
Let: Ipol = 20 amps.
Iop = 23.1 amps
T (tap) = 1 amp.
$—40° =0
Top Ipol Cos (¢—40°)
MPP =
0.25
(20)(23.1)
MPP = —— = 1850
0.25
Entering Fig. 17, the directional unit closing time
is 12 ms, and the opening time of its back contacts
is 1 ms. The total operating time for the directional
unit is 13 ms.
For overcurrent unit:
Multiples of pickup = Iop = 23.1 = 23.1
T 1
Referring to Fig. 18, the overcurrent unit con-
tact closing time is about 14 ms. Therefore, the total Ay

operating time for this unit is 14 plus 1 or 15 ms. In
this case the total operating time of relay is 15 ms.
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Fig. 15 gives an operating time of about 50 ms.
The time-overcurrent circuit is 12 plus 16 ms CS-1
time plus 50 = 78 ms.

Trip Circuit

The relay contacts will safely close 30 amperes
at 250 volts d ¢ and the seal-in contacts of the indi-
cating contactor switches will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicating contactor switch has twotaps 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.

Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set screw in each stationary contact has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.
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Fig. 7, Internal Schematic of the Type IRP Relay in the
Type FT31 Case.
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Figs 8. Internal Schematic of the Type IRC Relay in the
Type FT31 Case.

Fig. 9. Internal Schematic of the Type IRD Relay in the
Type FT41 Case.




TYPES IRP, IRC AND IRD RELAYS

ENERGY REQUIREMENTS

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT -~ 60 CYCLES

tT b T G
AMPERE RANGE TAP VA AT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE @
5 37 39 24 46
.75 .38 36 13 37
1 39 35 8.5 34
-5-2 1.25 41 34 6.0 32
1.5 .43 32 4.6 31
2 45 30 2.9 28
1 41 36 9.0
1.5 .44 32 5.0 32
2 .47 30 3.0
14 2.5 .50 28 2.1 2
3 .53 26 1.5
4 .59 24 0.93 24
2 1.1 49 6.5 48
3 1.2 43 42
4 1.3 38 37
28 5 14 35 ) 35
6 1.5 33 33
8 1.8 29 29
4 1.5 51 51
6 1.7 45 4 45
4-16 8 1.8 0.7 40
9 1.9 0.6 38
12 2.2 0.37 34
16 2.5 0.24 31
10 1.7 0.43 28
15 2.4 0.27 21
20 3.1 0.20 17
10-40 24 3.6 15 0.15 15
30 4.2 12 0.11 13
40 4.9 1 0.08 12
20 31 0.40 31
30 24 0.25 24
40 20 0.18 20
20-80 48 18 0.14 18
60 16 0.10 16
80 15 0.07 15
RANGE ONE SECOND RATING
t (AMPERES)
.5-2 100
14 140
2-8 8 140
416 10 200
10-40 10 200
20-80 10 200

ent lags voltage.

ken with Rectox type voltmeter.



TYPES IRP, IRC AND IRD RELAYS 1L 41-133M
ENERGY REQUIREMENTS - 60 CYCLES
DIRECTIONAL UNIT OPERATING CIRCUIT BURDEN
VOLT AMPERES ff
At At 3 Times | At 10 Times | At 20 Times
Continuous | One Second Power Minimum Minimum Minimum Minimum
Relay | Range Rating Rating t Factor Tap Value Tap Value TapgValue Tap Value
Type Amps (Amperes) (Amperes) Angle ¢ Current Current Current Current
0.5-2.5 - 230 44.0 0.033 0.30 3.3 14.2
IRC 2-6 - 230 42.5 0.58 5.28 58.0 240.0
4-12 12 280 31.8 0.64 6.12 70.0 272.0
0.5-2.5 10 230 34.5 0.03 0223 2.8 11.5
IRP 2-6 10 230 34.5 0.44 4,08 48.0 182.0
4-12 12 280 25.0 0.48 4.62 53.6 216.0
0.5-2.5 10 230 45.0 0,07 0.59 6.6 26.0
IRD 2-6 10 230 45.0 1.04 9.9 106.0 420.0
4-12 12 280 32.4 1.16 10.8 121.2 472.0

¢ Degrees current lags voltage at tap value currents

t Thermal capacities for short times other than éme second may be calculated on the basis of time
being inversely proportional to the square ofgthe @urrent.

1t Voltages taken with Rectox type voltmeter.

ENERGY/REQUIREMENTS-60 CYCLES
DIRECTIONALWNIT POLARIZING CIRCUIT BURDEN

RELAY TYPE RATING VOLT AMPERES A POWER FACTOR ANGLE ¢
IRC 230 Amperes i 1.45 8° Lag
IRP 208" Volts,, 14f 11.2 28 ° Lead
KRD Current Unit 230 Ampétes 11 1.45 8° Lag
IRD Voltage Unit 208 Volts t1 11.2 28 ° Lead

¢ Degrees current leads op lags voltage at 120 volts on voltage polarized units and 5 amperes on cur-
rent polarized umids.

A Burden of voltagegpolarized units taken at 120 volts. Burden of current polarizedunits takenath amperes.
T One Second rating.

1130 second rating. The 10 second rating is 35 volts. The continuous rating ¢s 120 volts.



TYPES IRP, IRC AND IRD RELAYS

ENERGY REQUIREMENTS

TYPE IRD-2, IRC-2, IRP-2 TIME OVERCURRENT UNITS

VOLT AMPERES Tt 2 4

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIME 0 TIMES

AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAPV E AP/ VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE¢ CURRENT CURRENT CURREN RENT

0.5 0.91 28 58 4.8 39.6 2 790
0.6 0.96 28 57 4.9 39.8 70 851
0.8 1.18 28 53 5.0 42.17 Q 1024
0.5/2.5 1.0 1.37 28 50 5.3 45.4 34 1220
1.5 1.95 28 40 6.2 54.4 1740
2.0 2.24 28 36 7.2 65.4 80 2280
2.5 2.50 28 29 7.9 73.6 700 2850
2

2.0 3.1 110 59 5.04 8 62 800
2.5 4.0 110 55 5.13 8 280 920
3.0 4.4 110 51 5.37 2. 312 1008
2/6 3.5 4.8 110 417 5.53 8 329 1120
4.0 5.2 110 45 5.72 . 360 1216
5.0 5.6 110 41 5.90 \ . 420 1500
6.0 6.0 110 37 6.54 54.9 474 1800
4.0 7.3 230 65 2 39.1 268 848
5.0 8.0 230 50 g 42.0 305 1020 o
6.0 8.8 230 47 5.3 44.1 330 1128 ’
4/12 7.0 9.6 230 46 5.53 45.8 364 1260
8.0 10.4 230 4 5.86 49.9 400 1408
10.0 11.2 230 37 .6 55.5 470 1720
12.0 12.0 230 7.00 62.3 528 2064
t Thermal capacities for short times other than one seco, mulated on the basis of time being inversely proportional to the

square of the current.
& Degrees current lags voltage at tap value currert
1 Voltages taken with Rectox type voltmeter. K\

Q>®




TYPES IRP, IRC AND IRD RELAYS 1.L,[41-133M

ENERGY REQUIREMENTS

IRD-5, IRC-5, IRP-5,
IRD-6, IRC-6, IRP-6,

TIME OVERCURRENT UNITS
VOLT AMPERES 1T

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATINGT FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
_RANGE  _TAP _ (AMPERES) (AMPERES) ANGLE ® CURRENT CURRENT CURRENT CURRENT
(0.5 2 88 69 3.92 20.6 103 270
0.6 2.2 88 68 3.96 20.7 106 288
(0.8 2.5 88 67 3.96 21 114 325
0.5/2.5 (1.0 2.8 88 66 4.07 21.4 122 360
(1.5 3.4 88 62 4.19 23.2 147 462
(2.0 4.0 88 60 4.30 24.9 168 548
(2.5 4.4 88 58 4.37 26.2 180 630
(2 8 230 67 3.88 21 110 308
(2.5 8.8 230 66 3.90 21.6 118 342
@3 9.7 230 64 3.93 22.1 126 381
2/6 (3.5 10.4 230 63 4.09 23.1 136 417
4 11.2 230 62 4,12 235 144 448
(5 12.5 230 59 4.20 24.8 162 540
(6 13.7 230 57 4.38 26.5 183 624
(4 16 460 65 4.00 22.4 126 376
5 18.8 460 63 W5 23.7 143 450
(6 19.3 460 61 4.32 25.3 162 531
4/12 (7 20.8 460 59 4.35 26.4 183 611
(8 22.5 460 56 4.40 27.8 204 699
(10 25 460 53 4.60 30.1 247 880
(12 28 460 47 4.92 35.6 288 1056

IRD-7, IRC-Z, IRP-7 TIME OVERCURRENT UNITS
VOLT AMPERES T T

CONTINUOUS ONE SECOND™" POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATINGT: FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

(0.5 2 88 68 3.88 20.7 103 278

(0.6 2.2 88 67 3.93 20.9 107 288

(0.8 2.5 88 66 3.93 21.1 114 320

0.5/2.5 (1.0 218 88 64 4.00 21.6 122 356
(1.5 3.4 88 61 4.08 22.9 148 459

(2.0 4.0 88 58 4.24 24.8 174 552

(2.5 4.4 88 56 4.38 25.9 185 640

(2 8 230 66 4.06 21.3 111 306

(2.5 8.8 230 63 4.07 21.8 120 342

(3 9.7 230 63 4.14 22.5 129 366

2/6 (3.5 10.4 230 62 4.34 23.4 141 413
4 11.2 230 61 4.34 23.8 149 448

(5 12.5 230 59 4.40 25.2 163 530

(6 13.7 230 58 4.62 27 183 624

(4 16 460 64 4.24 22.8 129 392

(5 18.8 460 61 4.30 24.2 149 460

4/12 (6 19.3 460 60 4.62 25.9 168 540
Y 20.8 460 58 4.69 27.3 187 626

(8 22.5 460 55 4.80 29.8 211 688

(10 25 460 51 5.20 33 260 860

(12 28 460 46 5.40 317.5 308 1032

twThermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the

square of the current.
@ Degrees current lags voltage at tap value current.

11 Voltages taken with Rectox type voltmeter.

n



TYPES IRP, IRC AND IRD RELAYS

ENERGY REQUIREMENTS

IRD-8, IRC-8, IRP-8,
IRD-9. IRC-9, IRP-9. TIME OVERCURRENT UNITS

VOLT AMPERES ft*%
Continuous | One Second Power At At 3 Times |At 10 Times | At 20 Times
Ampere Rating Rating Factor Tap Value Tap Value | Tap Value Tap Valuae
Range Tap (Amperes) (Amperes) | Angle ¢ Current Current Current Current
(0.5 2 88 T2 2.38 21 132 350
(0.6 2.2 88 71 2.38 21 134 365
(0.8 2.5 88 69 2.40 21.1 142 400
0.5/2.5 (1.0 2.8 88 67 2.42 21.2 150 440
(1.5 3.4 88 62 2.51 22 170 530
(2.0 4.0 88 57 2.65 23.5 200 675
(2.5 4.4 88 53 2.74 24.8 228 800
(2 8 230 70 2.38 21 136 360
(2.5 8.8 230 66 2.40 21.1 142 395
(3 9.7 230 64 2.42 21.5 149 430
2/6 (3.5 10.4 230 62 2.48 22 157 470
(4 11.2 230 60 2.53 22.7 164 500
(5 12.5 230 58 2.64 24 180 580
(6 13.7 230 56 2.75 25.2 198 660
(4 16 460 68 2.38 21.3 146 420
(5 18.8 460 63 2.46 2108 158 480
(6 19.3 460 60 2.54 22.6 172 550
4/12 (7 20.8 460 57 2.62 23.6 190 620
(8 22.5 460 54 2.73 24.8 207 700
(10 25 460 48 3.00 27.8 248 850
(12 28 460 45 3.46 31.4 292 1020
IRD-11, IRC-11, IRP-11 OVERCGURRENT UNITS
VOLT AMPERES tt
Continuous| One Second Power At At 3 Times | At 10 Times| At 20 Times
Ampere Rating Rating ¥ Factof Tap Value Tap Value | Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle & Current Current Current Current
0.5 1.7 56 36 0.72 6.54 71.8 250
0.6 1.9 56 34 0.75 6.80 75.0 2617
0.8 2.2 56 30 0.81 7.46 84.0 298
0.5/2.5 1.0 2.5 56 27 0.89 8.30 93.1 330
1.5 3.0 56 22 1.13 10.04 115.5 411
2.0 3.5 56 1q 1.30 11.95 136.3 502
2.5 3.8 56 16 1.48 13.95 160.0 610
2.0 7.0 230 32 0.73 6.30 74.0 264
2.5 7.8 230 30 0.78 7.00 78.5 285
3.0 8.3 230 27 0.83 1.74 84.0 309
2/6 3.5 9.0 230 24 0.88 8.20 89.0 340
4.0 10.0 230 23 0.96 9.12 102.0 372
5.0 11.0 230 20 1.07 9.80 109.0 430
6.0 12.0 230 20 1.23 11.34 129.0 504
4.0 14 460 29 0.79 7.08 8.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 17 460 22 1.02 9.18 101.4 3178
4/12 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480
10.0 22 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 720
IRD TIME OVERCURRENT UNIT BURDEN DATA AT HIGH CURRENTS
Ampere Rangg_ B .5-2.5
Tap Value‘€urrent .5 1.0 2.5
MultipleShef Tap Value Current 40 80 20 40 B 8 16
VA % - 790 2600 380 1280 60 280
P.F. Angle ¢ 46.7° 42° 37° 26.5° 4.8° 4.3°

t dhermal capacities for short times other than one 'second may be calculated on the basis of time
betmginversely proportional to the square of the current.

¢Degrees current lags voltage at tap value current.
TV oltages taken with Rectox type voltmeter.
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Curve 41846

MULTIPLES OF TAP VALUE CURRENT
Fig. 12. Typical Time Curve of the Time-Overcurrent Unit of the Definite Time (6) Relays.
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I.L.. 41-133M

Trip Circuit Constants

Indicating Contactor Switch —
0.2 ampere tap — 6.5 ohms d-c resistance
2.0 ampere tap — 0.15 ohms d-c resistance

Auxiliary Switch (CS-1)

The auxiliary switch has a d-c resistance of
1165 ohms.

Type IRP Relay

The IRP relay is designed for potential polariza-
tion and has its maximum torque when the current
lags the voltage by approximately 60 degrees. The
shifting of the maximum torque angle is accomplished
by the use of an internally mounted phase shifter as
shown in the internal schematic.

The directional unit minimum pick-up is approxi-
mately 1 volt and 2 amperes at its maximum torque
angle for the directional units used with the 0.5
to 2.5 and 2 to 6 ampere range time over-current units.
For the directional units used with the 4-12 ampere
range time overcurrent units the minimum pick-up is
1 volt and 4 amperes.

Type IRC Relay

The IRC relay is designed for current{polariza-
tion and has its maximum torque when the opefating
current leads the polarizing current by approximately
40°.

The directional unit minimum _pick=up/ is 0.5
ampere in each winding at the maximum ¢orque angle
for the directional units used with the, 0.6 to 2.5 and
2 to 6 ampere range time overcturrent, units. For the
directional units used withsthey 4-12 ampere range
time overcurrent units thé Wminimum pickup is 1
ampere.

Type IRD Relay

The type IRD, relay atilizes a directional unit
similar to the/IRC relay in conjunction with the direc-
tional unit@and phase-sshifting circuit of the IRP relay.

The currentspalarized directional unit of the IRD
relay operates on residual currents while the poten-
tial-polarized directional unit of the IRD relay oper-
atesgon residual voltage and residual current.

Feor\the directional units used with the 0.5 to 2
and ‘2 to 6 ampere time overcurrent units, the mini-
mum pick-up of the current polarized unit is 0.5
ampere in each winding at the maximum torque angle.
The minimum pick-up for the voltage polarized unit is

1 volt and 2 amperes with the current laggingyveltage
by 60°.

For the directional units used with*“the 4 to 12
ampere range time overcurrent units, the minimum
pick-up is 1 ampere for the current-pelarized dtrec-
tional unit and 1 volt and 4 amperes for the voltage-
polarized directional unit.

SEXRTINGS

Time Overcurrent Unit (CO)

The time overcurtent“unit settings can be defined
either by tap setting.and time dial position or by tap
setting and a specifieftime of operation at some cur-
rent multiple'of théytap setting (e.g. 4 tap setting, 2
time dial position or 4 tap setting, 0.6 seconds at
6 times tap salue current).

Toprovide selective circuit breaker operation, a
minimum coordinating time of 0.3 seconds plus circuit
breaker, time is recommended between the relay being
set“and the relays with which coordination is to be
effected.

The connector screws on the tap plate above the
time dial makes connections to various turns on the
operating coil. By placing this screw in the various
tap plate holes, the relay will just close its contacts
at the corresponding current 4-5-6-7-8-10-12 amperes,
or as marked on the tap plate.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is turn-
ed tight. In order to avoid opening the current trans-
former circuits when changing taps under load, con-
nect the space connector screw in the desired posi-
tion before removing the other tap screw from the
original tap position.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be intiated immediately after a trip by
the CO contact, the time of the opening of the contacts
should be a minimum. This condition is obtained by
loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring. With this change and the contact mounting
screw tightened, the stationary contact will rest
solidly against its backstop.

Instantaneous Overcurrent Unit (1)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-
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nector screw in the desired tap, the relay will just
close its contacts at the tap value current.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is
turned tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before re-
moving the other tap screw from the original tap
position.

Directional Units {D)

No setting is required.

Indicating Contactor Switch (ICS/l and ICS/T)

The setting required on the ICS units is the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw.

Auxiliary Switch (CS-1)

No setting required on the CS-1 unit except for the
selection of the required 24, 48, 125 or 250 voltage
on the tapped rexistor. This connection can be made
by referring to Fig. 23.

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 be means of the two mouinting studs
for the type F'T projection case orn, by“means of the
four mounting holes on the flange farajthe ‘semi-flush
type FT case. Either of the studs”or thé mounting
s¢rews may be utilized for grounding the relay. The
electrical connections may besmade®directly to the
terminals by means of screws for Steel panel mount-
ing or to terminal studs furnishedfwith the relay for
thick panel mounting. The“terminal studs may be
easily removed or insertéd bydocking two nuts on the
studs and then turningthe proper nut with a wrench.

For detail information on the FT Case refer to
I.L. 41-076.

The external) a-c connections of the directional
overcurfentyrelays are shown in Figs. 20, 21 and 22.
If no_voltage polarizing source is to be connected to
the IRD%relay, short-circuit the voltage polarizing
circuityat the terminals of the relay.

22

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation
of this relay have been made at the factory. Upon ré=
ceipt of the relay, no customer adjustments, other
than those covered under “SETTINGS”, should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order;

Instantaneous Overcurrent Unit (I)

1. Contact Gap — The gap between the stationary
and moving contacts withythe relay in the de-ener-

gized position should‘be, approximately .020",

2. Minimum Trip/ Cugrent — The normally-closed
contact of the directional unit should be blocked open
when checking'theypick-up of the overcurrent unit.

The pick-up*efthe overcurrent unit can be checked
by inserting the,tap screw in the desired tap hole and
applying ratedtap value current. The contact should
close within *5% of tap value current.

Directional Unit (D)

1. Contact Gap — The gap between the stationary
contact and moving contact with the relay in the de-
energized position should be approximately .020".

2. Sensitivity — The respective directional units
should trip with value of energization and phase angle
relationship as indicated in Table 1.

3. spurious Torque Adjustments — There should
be no spurious closing torques when the operating
circuits are energized per Table 2 with the polarizing
circuits short circuited for the voltage polarized units
and open-circuited for the current polarized units.

Time Overcurrent Unit (CO)

1. Contacts — The index mark on the movement

frame will coincide with the ‘“O’’ mark on the time
dial when the stationary contact has moved through
approximately one-half of itsnormal deflection. There-
fore, with the stationary contact resting against the
backstop, the index mark is offset to the right of the
‘“O’" mark by approximately .020°’. The placement of
the various time dial positions in line with the index
mark will give operiting times as shown on the re-
spective time-current curves.

2. Minimum Trip Current — Set the time dial to
position 6 with the auxiliary switch (CS-1) contacts
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Fig. 19. Diagram of test connections of the time-overcurrent unit.
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blocked closed, alternately apply tap value current
plus 3% and tap value current minus 3%. The moving
contact should leave the backstop at tap value current
plus 3% and should return to the backstop at tap value
current minus 3%.

3. Time Curve — Table 3 shows the time curve
calibration points for the various types of relays.
With the time dial set to the indicated position, apply
the currents specified by Table 3 (e.g. for the CO-2,
3 and 20 times tap value current) and measure the
operating time of the relay. The operating times
should equal those of Table 3 plus or minus 5 percent.

Indicating Contactor Switches (ICS/I) and (ICS/T)

A) Close the contacts of the CO and pass suf-
ficient d.c. current through the trip circuit to close
the contacts of.(ICS/T). This value of current should
not be greater than the particular (ICS/T) tap setting
being used. The operation indicator target should
drop freely, bringing the letter “T” into view.

B) Close the contacts of the instantaneous over-
current unit (I) and the directional unit (D). Pass suf-
ficient d.c. current through the trip circuit to close
the contacts of (ICS/I). This value of current should
not be greater than the particular (ICS/I) tap setting
being used. The operation indicator target should
drop freely, bringing the letter “I” into view.

C) The contact gap should be approximately
.047" between the bridging moving contdctdand the
adjustable stationary contacts. Thegbridging moving
contact should touch both stationdry contacts
simultaneously.

Routine Maintenance

All relays should be inspected periodically and
the time of operation Should be checked at least
once every year or at such other time intervals as
may be dictated bygexperience to be suitable to the
particular applieationd The use of phantom loads, in
testing induétion<type relays, should be avoided,
since the resulting distorted current wave form will
produce anderpor in timing.

All contacts' should be periodically cleaned. A
contact burnisher #182A836H01 is recommended for
this purpose? The use of abrasive material for clean-
ing “contacts is not recommended, because of the
danger),of embedding small particles in the face of
the soft silver and thus impairing the contact.

Cualibration

Use the following procedure for calibrating the

relay if the relay has been taken apart forirepairs or
the adjustments have been disturbed. This @rocedure
should not be used unless it is apparent that the re-
lay is not in proper working order. (See “Acceptance
Check™).

Instantaneous Overcurrent Unit (1)

1. The upper pin bearing should be screwed down
until there is approximately, .025 clearance between
it and the top of shaft bearing. The upper pin bearing
should then be securely locked in position with the
lock nut. The lower bearing position is fixed and can-
not be adjusted!

2. The‘contact’gap adjustment for the overcurrent
unit is jnade ‘with the moving contact in the reset
position, i.e;,wagainst the right side of the bridge.
Movedlin thedleft-hand stationary contact until it just
touchesthe moving contact then back off the station-
aryacontact 2/3 of one turn for a gap of approximately
.020"’. The clamp holding the stationary contact hous-
ing need not be loosened for the adjustment since the
clamp utilizes a spring-type action in holding the sta-
tionary contact in position.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

Before applying current, block open the normally-
closed contact of the directional unit. Insert the tap
screw in the minimum value tap setting and adjust
the spring such that the contacts will close as indi-
cated by a neon lamp in the contact circuit when
energized with the required current. The pick up of
the overcurrent unit with the tap screw in any other
tap should be within + 5% of tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

In the type IRP and IRC relays the directional
unit is the lower cylinder unit. In the type IRD the
directional units are the lower and middle cylinder
units.
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1. The upper bearing screw should be screwed
down until there is approximately .025 clearance be-
tween it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in position
with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Advance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move in the left-hand stationary contact until
it just touches the moving contact. Then back off the
stationary contact 3/4 of one turn for a contact gap
of .020” to .024". The clamp holding the stationary
contact housing need not be loosened for the adjust-
ment since the clamp utilizes a spring-type action in
holding the stationary contact in position.

3. Insert tap screw of overcurrent unit in highest
tap. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted byplac-
ing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have togbe
loosened prior to making the necessary adjustments.

The spring is to be adjusted such that the/con-
tacts will close as indicated by a neon lamp.in the
contact circuit when energized with the/required
current and voltage as shown in Table 1.,This_table
indicates that the spring can be adjusted “when the
phase angle relationship between the operating cir-
cuit and the polarizing circuit is “aty the®maximum
torque angle or when the circuit rélationship has the
operating and polarizing circuits in phase.

4. The magnetic plugs afe used to reverse any
unwanted spurious torques thatfmay be present when
the relay is energized 6n current“or voltage alone.

The reversing of thefspurious torques is accom-
plished by using the“adjusting plugs in the following
manner:

a) Voltage circuit terminals on the voltage polar-
ized relays (IRP and“IRD voltage polarized unit) are
short-circuited.

b) The “polarizing circuits of the current polar-
ized relaysS(IRC and IRD current polarized unit) are
openzeircuited.

Upon completion of either *a” or “b” current is
applied “to the operating circuit terminals as per
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Table 2.

Plug adjustment is then made per Table 2 such
that the spurious torques are reversed. The plugs‘are
held in position by upper and lower plug clips. These
clips need not be disturbed in any manner when mak-
ing the necessary adjustment.

The magnetic plug adjustment maybe utilized to
positively close the contacts on ‘currentg@alone. This
may be desired on some installationsiin order to in-
sure that the relay will always/triprthe breaker on
zero potential.

Time OvercurrentyUnit (CO)

1. Contacts — Thetindex*mark on the movement
frame will coincide awith the ‘‘O’’ mark on the time
dial when the statienary, contact has moved through
approximately one-halfief its normal deflection. There-
fore, with theystationary contact resting against the
backstop, thetlindex mark is offset to the right of the
‘O’ mark®by approximately .020’°. The placement of
the variousitime dial positions in line with the index
mark will, give’ operating times as shown on the re-
spective time-current curves.

2) Minimum Trip Current — The adjustment of
the/spring tension in setting the minimum trip current
valuegdof the relay is most conveniently made with the
damping magnet removed.

With the time dial set on “O”, wind up the spiral
spring by means of the spring adjuster until approxi-
mately 6-3/4 convolutions show.

Set the relay on the minimum tap setting, the
time dial to position 6.

With the auxiliary switch (CS-1) contacts blocked
closed, adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at tap
value current ~1.0%.

3) Time Curve Calibration — Install the perma-
nent magnet.

Apply the indicated current per Table 3 for perma-
nent magnet adjustment (e.g. IRP-8, 2 times tap value)
and measure the operating time. Adjust the permanent
magnet keeper until the operating time corresponds
to the value of Table 3.

Apply the indicated current per Table 3 for the
electromagnet plug adjustment (e.g. IRP-8, 20 times
tap value) and measure the operating time. Adjust the
proper plug until the operating time corresponds to
the value in Table 3. (Withdrawing the left hand plug,
front view increases the operating time and withdraw-
ing the right hand plug, front view, decreases the
time.) In adjusting the plugs, one plug should be



TYPES IRP, IRC AND IRD RELAYS

1.L. 414133M

930 IDENTIFYING 3 s
007

2
R ]9} le © Lead (B

y—{:}—~

POSITION | RATED D-C | RESISTOR
Leap (A) | VOLTAGE | RESISTANCE
2 0
48 300
125 2100
250 §500

Blosro|—

L

NOTE RELAYS ARE SHIPPED ON THE 125 VOLT TAP

184A316

B) Close contacts of instantaneous Qvercurrent
unit (I) and directional unit (D). Pass sufficient d.c.
current through the trip circuit to close ieontacts of the
(ICS/I). This value of current should hétsbe greater
than the particular (ICS/I) tap setting being used.
The operation indicator target should drop freely
bringing the letter “I” into view.

Auxiliary Switch {(CS-1)

Fig. 23. Selection of Proper Voltage Tap for Auxiliary
Switch (CS-1) Operation.

screwed in completely and the other plug run in or
out until the proper operating time has been obtained.

Recheck the permanent magnet adjustment. If the
operating time for this calibration point has changed,
readjust the permanent magnet and then recheck the
electromagnet plug adjustment.

Indicating Contactor Switches (ICS/I) and (I€S/T).
Adjust the contact gap for approximdtely.047”.
A) Close the contacts of the CO and pass suf-
ficient d.c. current through the trip cireuitito close
the contacts of the (ICS/T). This valuef of) current
should not be greater than the partiéular (I€S/T) tap
setting being used. The operationjindicator target
should drop freely bringing the letter “T” into view.

Adjust the stationaryycore ©f the switch for a
clearance between the stationary core and the moving
core when the switch(is picked up. This can be done
by turning the relaypupsidetdown. Then screw up the
core screw until the moving core starts rotating, Now
back off the core“screw until the moving core stops
rotating. This indicates the points where the play
in the assembly is taken up, and where the moving
core justseparates from the stationary core screw.
Back, off’ the eore screw approximately one turn and
lockyinypplaece. This prevents the moving core from
striking and sticking to the stationary core because
of, residual magnetism. Adjust the contact clearance
for 3%64” by means of the two small nuts on either
sidegof the Micarta disc.

Connect lead (A) to proper terminal per Fig. 23.
Block directional unit (D) contacts close and ener-
gize trip circuit with rated voltage. Contacts of
auxiliary switch (CS-1) should make as indicated by
a neon lamp in the contact circuit.

RENEWAL PARTS

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

TABLE |
DIRECTIONAL UNIT SENSITIVITY

AMPERE RATING
RELAY TYPE oF VALUES FOR MIN. PICKUP +| PHASE ANGLE RELATIONSHIP
TIME-OVERCURRENT VOLTS AMPERES
UNIT
.5-2.5 1 2.0 I lagging V by 60° 7t
IRP 26 1 4.0 I in-phass with V
IRD (Voltage
Unit) 4.0 [ lagging V by 60° t1
4-12 8.0 I in-phase with V
0.5 I, leading Iy by 40° T
IRC .5-2.5
2-6 -
IRD (€urrent A 57 In-phase
Unit) 4-12 1.0 I, leading Ip by 40° 17
1.3 In-phase

% The energization quantities are input quantities at the relay terminals.

t1 Maximum torque angle.

A When normal system conditions limit the current to less than twice pickup, performancemay beimprovedbysel-

lecting a higher current C.T. tap to energize the polarizing circuit.
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TABLE 1l
DIRECTIONAL UNIT CALIBRATION t

RELAY RATING CURRENT AMPERES | BOTH PLUGS IN CONDITION ADJUSTMENT
All Ranges 80 Spurious Torque In Contact Right (Front-View) Plug Screwed
Closing Direction (Left Front Out Unt#l Spurious Torque is Re-
View) versed.
All Ranges 80 Spurious Torque In Contact Left (Front ¥iew) Plug Screwed

Opening Direction (Right Front | Out Until Spurious*Torque is in
View) (Contacts remain open) Contact Closing/Direction. Then
the plug is serewed in Until Spuri-
ous_Torqueds Reversed.

t Short circuit the voltage polarizing circuit at the relay terminals before making the above adjustment.

TABLE Il

TIME CURVE CALIBRATION DATA = 60 CYCLES

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS
TIME- TIME CURRENT OPERATING CURRENT OPERATING
OVERCURRENT  DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
UNIT TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS

2 6 3 0.57 20 0.22

5 6 2 37.80 10 14.30

6 6 2 2.46 20 1.19

7 6 2 4.27 20 1.11

8 6 2 13.35 20 1.11

9 6 2 8.87 20 0.65

11 6 2 11.27 20 0.24
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Fig. 24. Test Connections
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INSTALLATION

I.L. 41-133N
MAINTEN ANCE

Westinghouse
e OPERATION o

INSTRUCTIOMNS

DIRECTIONAL OVERCURRENT GROUND RELAYS
TYPES IRP, IRC AND IRD

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

APPLICATION

These relays are ground directional overcurrent
relays which are used for the protection of trans-
mission lines and feeder circuits. Both the time-
overcurrent and instantaneous overcurrent units are
directionally controlled.

The type IRP relay is potential polarized. The
type IRC relay is current polarized. The type IRD
relay is a dual polarized relay which can be polarized
from a potential source, from a local ground seufee on
from both simultaneously.

CONSTRUCTION AND OPERATION

The various types of relays consist ofqa, direction-
al unit or units (D), an auxiliary switch/(€S-1), a
time-overcurrent unit (CO), an instantaneous over-
current unit (I), an instantaneous/ overéurrent unit
transformer, and two indicatinggcontactor switches
(ICS/1) and (ICS/T). The prin€iplejcomponent parts
of the relays and their locationyare shown in Fig. 1
through 6.

Time-Overcurrent Unit (CO)

The electromagnetsyforathe types IR-5, IR-6, IR-1,
IR-8 and IR-9 relays haveéla main tapped coil located
on the center, leghof ‘an4E’’ type laminated structure
that produce$ a flux*which divides and returns through
the outer legs. A shading coil causes the flux through
the left leg tallag the main pole flux. The out-of-phase
fluxes thus produced in the air gap cause a contact
closing torque.

The eleetromagnet for the type IR-2 and IR-11
relays has a main coil consisting of a tapped primary
winding and a secondary winding. Two identical coils
on ‘the outer legs of the lamination structure are con-
nected to the main coil secondary in a manner so that
the combination of all the fluxes produced by the
electromagnet result in out-of-phase fluxes in the air
gap. The out-of-phase air gap fluxes nroduced cause a
contact closing torque.

SUPERSEDES I.L. 41-133M, dated August 1974

* Denotes change from superseded issue.

*

Indicating Contactor Switeh Units (ICS/l and ICS/T)

The d-c indicatinggeontaetor switch is a small
clapper type device. [A magnetic armature, to which
leaf-spring mounted gontacts are attached, is attracted
to the magnetic core upen energization of the switch.
When the switch eleses the moving contacts bridge
two stationary comntacts, completing the trip circuit.
Also during this operation two fingers on the armature
deflect ag#'spring“located on the front of the switch,
which allows th€ operation indicator target to drop.

The frent spring, in addition to holding the target,
provides, restraint for the armature and thus controls
thelpickup value of the switch.

Directional Unit (D)

The directional unit is a product inductiaqn cylin-
der type unit operating on the interaction between the
polarizing circuit flux and the operating circuit flux.

Mechanically, the directional unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and a
molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
the lower pin bearing is secured to the frame by a
locking nut. The bearing can be replaced, if neces-
sary, without having to remove the magnetic core from
the frame.

The electromagnet has two series-connected polar-
izing coils mounted diametrically opposite one an-
other; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to

Al possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to be covered by these instructions. If
further information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.

EFFECTIVE JANUARY 1976



Fig. 1.

Type IRD Relay Without Case (Front View). 1 — Instantaneous Over- Fig. 2. Type IRD Relay Without Case (Rear View). 1 — Varistor. 2 — Saturating
current Unit and Saturating Transformér. 2,— Current Polarized Direct- Transformer. 3 — “E” Type Electromagnet.
ional Unit. 3 — Voltage Polarized{Directional Unit. 4 — Time Over-

current Unit. 5 — Indicating Contactor Switch. 6 — Auxiliary Switch.
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TYPES IRP, IRC AND IRD RELAYS I.L. 41-133N

Fig. 3. Directional Unit. 1~ Stationary Contacts.£2 — Stationafy Contact Pressure Spring. 3 — Magnetic Adjusting Plugs.
4 - Upper Bearing Screw. 5 —Moving Contact./ 6 —Spring Adjuster Clarap. 7 — Current Bias Vane.

Fig. 4. Time Overcurrent Unit. 1—Tap Block. 2-Time Dial. 3 —Control Spring Assembly. 4 - Disc. 5— Stationary
Contact Assembly. 6 — Magnetic Plugs. 7 — Permanent Magnet.



TYPES IRP, IRC AND IRD RELAYS

Fig. 5. Instantaneous Overcurrent Unit. 1 — Saturating Transformer{ 2|— Tap Block. 3 — Stationary Contact. 4 — Moving

Contact.

Fig. 6. Indicating Contactor Switch (ICS),
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accurately position the lower pin bearing, which is
mounted on the frame, with respect to the upper pin

bearing, which is threaded into the bridge. The elec

tromagnet is secured to the frame by four mounting
SCrews.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet and
the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral spring
out to the spring adjuster clamp.

Auxiliary Switch (CS5-1)

The auxiliary switch is a small solenoidftype
d.c. switch. A cylindrical plunger, with“a, silver
disc mounted on its lower end, moves ingthe, core of
the solenoid. As the plunger travels{ upward, the
disc bridges the silver stationary cont@€ts. A tapped
resistor is used to enable onegto use the contactor
switch on a 24, 48, 125 or 250 voltyd.emsystem con-
nected per Fig. 23. The operationypof the CS-1
switch is controlled by the difectional unit (D) which
in turn directionally contrelsWthe time-overcurrent
unit (CO). When sufficient powér flows in the tripping
direction, the CS-1 switchheperates and bridges the
lag coil of the time-@vercurrent unit (CO) permitting
this unit to operate.

Instantaneous/Overcutrent Unit (I)

The instantaneous overcurrent unit is similar in
construction tojtheddirectional unit. The time phase
relationship of the two air gap fluxes necessary for
the development of torque is achieved by means of a
capacitor connected in series with one pair of pole
windings.

Thenormally-closed contact of the directional unit
is connected across one pair of pole windings of the
instantaneous overcurrent unit as shown in the in-
ternal schematics. This arrangement short-circuits
the operating current around the pole windings; pre-

venting the instantaneous overcurrent unit ‘from .de-
veloping torque. If the directional unit{should pick
up for a fault, this short-circuit is removed, allowing
the instantaneous overcurrent contact to commence
closing almost simultaneously with the directional
contact for high speed operation. Total operating
time is shown in Figs. 17 an@ 18.

Instantaneous Overcurrenf)UnitiTransformer

This transformer is_of the saturating type for
limiting the energy to/the instantaneous overcurrent
unit at higher values of{fault current and to reduce
C.T. burden. The primary winding is tapped and these
taps are brought outyto a tap block for ease in chang-
ing the pick-upfofythe ‘instantaneous overcurrent unit.
The use of a tapped transformer provides approximate-
ly the same®energy level at a given multiple of pickup
current for anytap setting, resulting in one time curve
throughout thedrange of the relay.

Across the secondary is connected a non-linear
resistor known as a varistor. The effect of the varis-
tor is to reduce the voltage peaks applied to the over-
current unit and phase shifting capacitor.

CHARACTERISTICS

The time characteristics of the directional over-
current relays are designated by specific numbers as
indicated below (e.g., IRV-8).

Time

Characteristics Designation

Short Time

Long Time

Definite Time

Moderately Inverse Time

Inverse Time

Very Inverse Time

Extremely Inverse Time 1

— O 00 a3, U N

The relays are available in the following current
ranges:

Instantaneous Overcurrent Unit (I)

Range Taps

0.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2

1-4 1.0 1.5 2.0 2.5 3.0 4.0

2-8 2 3 4 5 6 8

4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40
20-80 20 30 40 48 60 80
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Time Overcurrent Unit

Range Taps

.5-25 05 0.6 0.8 1.0 1.5 2.0 25
2-6 2 25 3 3.5 4 5 6
4-12 4 5 6 7 8 10 12

The tap value is the minimum current required to
just close the relay contacts.

The time vs. current characteristics for the time-
overcurrent unit are shown in Figs. 10 to 16. These
characteristics give the contact closing time for the
various time dial settings when the indicated multi-
ples of tap value current are applied to the relay.

TIME CURVES

The time curves for the IRD relay are shown in
Fig. 17 and 18. Fig. 17 consists of three curves
which are:

1) Directional Unit opening times for current and
voltage polarized.

2) Directional Unit closing time for current and volt-
age polarized.

3) Directional Unit closing time for 1 volt, voltage
polarized.

Fig. 18 shows the instantaneous overcurrent unit
closing time.

The voltage polarized curve B begins toMeviate
from curve A for less than 5 volts.

Both the directional unit and@thetovercurrent
unit must operate before the trip circuithycan®™e com-
pleted. Hence, the unit which takes the lenger time
to operate determines when the, breaker will be
tripped. The overcurrent unit contactsSyeannot operate
until the back contacts of (directional unit open;
therefore, the total time for_overeuwrrent unit to oper-
ate is its closing time givengin Fig. 18 plus the
directional unit opening, time given in Fig. 17. The
total closing time£or the“@irectional unit is given in
Fig. 17. The twg exammples, below will serve to illus-
trate the use of thed€urves.

Example 1: Using the formulas and definition of
symbols on Fig. 17 we have—

Let: Ipol — 2 amps.
Top = 2.31
Tap Value (T) = 0.5 amp.
¢—40°=0°
(For timing unit, assume
CO-9 with % time dial setting)

For current polarized relay:

- Iop Ipol Cos (¢—40°)
0.25

MPP

_ (23D (@) _
0.25

MPP 18.5

Referring to Fig. 17 at multiples of produce pick-
up of 18.5,the directional unit operating time is about
11 ms, and the closing time /ffor/this, unit is 56 ms.

For overcurrent unit:

Multiples of pickupy= Iop _ 2.31 _ 4.6

T 0.5

Entering the curvejin Fig. 18 at multiples of pick-
up equal to 4.6, the, closing time for instantaneous
overcurrentéis 1'6/ms. However, the total operating
time for thejovercurfent unit is 16 plus 11, which is
the opening timevof back contacts of the directional
unit, or 2% ms*oetal operating time for overcurrent unit.
The total time for directional unit is 56 ms; and,
since thisyi& the longest time,56 ms is the total oper-
atingGtime of the instantaneous overcurrent circuit.

Entering the curve in Fig. 15 at 4.6, the Y2 time
dialsetting gives 140 ms. The total time for the time-
overcurrent circuit is 56 ms directional unit time plus
16 ms CS-1 time plus 140 ms = 212 ms.

Example 2:
Let: Ipol = 20 amps.
Iop = 23.1 amps
T (tap) = 1 amp.

®»—40° = 0
Iop Ipol Cos (¢ —40°)
MPP =
0.25
(20) (23.1)
MPP = ——— = 1850

0.25

Entering Fig. 17, the directional unit closing time
is 12 ms, and the opening time of its back contacts
is 1 ms. The total operating time for the directional
unit is 13 ms.

For overcurrent unit:

Multiples of pickup :ﬂ) =23.1 = 23.1

T 1

Referring to Fig. 18, the overcurrent unit con-
tact closing time is about 14 ms. Therefore, the total
operating time for this unit is 14 plus 1 or 15 ms. In
this case the total operating time of relay is 15 ms.
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Fig. 15 gives an operating time of about 50 ms.
The time-overcurrent circuit is 12 plus 16 ms CS-1
time plus 50 = 78 ms.

Trip Circuit

The relay contacts will safely close 30 amperes
at 250 volts d c and the seal-in contacts of the indi-
cating contactor switches will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicating contactor switch has twotaps 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.

Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set screw in each stationary contact has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.

INTERNAL SCHEMATIC
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ENERGY

REQUIREMENTS

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT - 60 HERTZ

T ® TT 7
AMPERE RANGE TAP | VA AT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE
5 37 39 24 46
.5 .38 36 13 37
1 .39 35 8.5 34
-5-2 1.25 .41 34 6.0 32
1.5 43 32 4.6 31
2 .45 30 2.9 2
1 .41 36 9.0
1.5 .44 32 5.0 3
2 47 30 3.0 29
1-4 2.5 .50 28 2.1
3 53 26 1.5 6
4 59 24 0.93 24
2 1.1 49 6.5 48
3 1.2 43 3 42
4 1.3 38 37
28 5 1.4 35 35
6 1.5 33 33
8 1.8 29 29
4 1.5 51 51
6 1.7 45 .2 45
4-16 8 1.8 40 0.7 40
9 1.9 0.6 38
12 2.2 0.37 34
16 2.5 0.24 31
10 1.7 0.43 28
15 2.4 0.27 21
20 3.1 0.20 17
10-40 24 3.6 0.15 15
30 4.2 12 0.11 13
40 4.9 1 0.08 12
20 6.6 31 0.40 31
30 3 24 0.25 29
2 9
20-80 40 12 20 0.18 20
48 1 18 0.14 18
60 16 0.10 16
80 9. 15 0.07 15
RANGE INUOUS RATING ONE SECOND RATING
AMPERES) t (AMPERES)
.52 5 100
1-4 8 140
2-8 8 140
4-1 10 200
10-40 10 200
20-80 10 200

1 Thermal cq acnt’s for short times other than one second may be calculated on the basis of time being inversely proportional to the

s e of the current.

current lags voltage,

aken with Rectox type voltmeter.

L 4
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ENERGY REQUIREMENTS - 60 HERTZ O
DIRECTIONAL UNIT OPERATING CIRCUIT BURDEN ! ’

VOLT AMPERES 1t
At At 3 Times | At 10 Times LAt 20 Times
Continuous | One Second Power Minimum Minimum Minimum Minimum
Relay | Range Rating Rating T Factor Tap Value Tap Value T e Tap Value
Type Amps (Amperes) (Amperes) Angle ¢ Current Current
0.5-2.5 - 230 44.0 0.033 14.2
IRC 2-6 - 230 42.5 0.58 240.0
4-12 12 280 31.8 0.64 272.0
0.5-2.5 10 230 34.5 0.03 11.5
IRP 2-6 10 230 34.5 0.44 182.0
4-12 12 280 25.0 0.48 216.0
0.5-2.5 10 230 45.0 .59 6.6 26.0
IRD 2-6 10 230 45.0 9.9 106.0 420.0
4-12 12 280 32.4 10.8 121.2 472.0

heing inversely proportional to the square of ne.

¢ Degrees current lags voltage at tap value currentN
t Thermal capacities for short times other than on%o d may be calculated on the basis of time
¢

Tt Voltages taken with Rectox type voltme

ENER QUIREMENTS - 60 HERTZ
DIRECTI(\ T POLARIZING CIRCUIT BURDEN
RELAY TYPE RATING ,  VOLT AMPERES A | POWER FACTOR ANGLE ¢
IRC 230 Ampe 1.45 8° Lag
IRP 208 %@ 11.2 28° Lead
KRD Current Unit 230 ker Tt 1.45 8° Lag
IRD Voltage Unit olt® 11 11.2 28 ° Lead

¢ Degrees current leads orWags voltage at 120 volts on voltage polarized units and 5 amperes on cur-
rent polarized ung

N Burden of,v ( arized units taken at 120 volts. Burden of current polarized units takenath amperes.

TOne s rating.
1130 second rating. The 10 second rating is 345 volts. The continuous rating ¢s 120 volts.

L 4
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ENERGY REQUIREMENTS

TYPE IRD-2, IRC-2, IRP-2 TIME OVERCURRENT UNITS

VOLT AMPERES 1t &

CONTINUOUS ONE SECOND POWER AT AT 3TIMES AT 10 TIM T 20 TIMES

AMPERE RATING RATING f FACTOR TAP VALUE TAP VALUE TAP JAL P VALUE

RANGE TAP (AMPERES) (AMPERES) ANGLE¢ CURRENT CURRENT CUR URRENT

0.5 0.91 28 58 4.8 39.6 5 790
0.6 0.96 28 57 4.9 39.8 2 851
0.8 1.18 28 53 5.0 42.7 1024
0.5/2.5 1.0 1.37 28 50 5.3 45.4 1220
1.5 1.95 28 40 6.2 54.4 35 1740
2.0 2.24 28 36 7.2 65.4 580 2280
2.5 2.50 28 29 7.9 73.6 700 2850
2.0 3.1 110 59 5.04 262 800
2.5 4.0 110 55 5.13 280 920
3.0 4.4 110 51 5.37 312 1008
2/6 3.5 4.8 110 47 5.53 329 1120
4.0 5.2 110 45 5.7 360 1216
5.0 5.6 110 41 5.90 420 1500
6.0 6.0 110 37 6. 474 1800
4.0 7.3 230 65 : 39.1 268 848
5.0 8.0 230 50 42.0 305 1020
6.0 8.8 230 47 44.1 330 1128
4/12 7.0 9.6 230 4 5.53 45.8 364 1260
8.0 10.4 230 43 5.86 49.9 400 1408
10.0 11.2 230 6.6 55.5 470 1720
. 7.00 62.3 528 2064

¢ Degrees current lags voltage at tap value curfent.

Tt Voltages taken with Rectox type voltmeter. K\

&

Q>®

12.0 12.0 230
+ Thermal cafacities for short times other than one sec calculated on the basis of time being inversely proportional to the
square of the current. 0
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ENERGY REQUIREMENTS
IRD-5, IRC-5, IRP-5,
IRD-6. IRC-6. IRP-6, T'ME OVERCURRENT UNITS
VOLT AMPERES Tt
CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATINGt  FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _ (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRE CURRENT
(0.5 * 2.7 88 69 3.92 20.6 270
(0.6 * 3.1 88 68 3.96 20.7 x 288
(0.8 * 3.7 88 67 3.96 21 4 325
0.5/2.5 (1.0 * 4.1 88 66 4.07 21.4 é 360
(1.5 * 5.7 88 62 4.19 23.2 462
(2.0 * 6.8 88 60 4.30 24.9 68 548
(2.5 % 7.7 88 58 4.37 26.2 180 630
(2 8 230 67 3.88 110 308
(2.5 8.8 230 66 3.90 118 342
3 9.7 230 64 3.93 126 381
2/6 (3.5 10.4 230 63 4.09 136 417
(4 11.2 230 62 144 448
5 12.5 230 59 8 162 540
(6 13.7 230 57 6.5 183 624
(4 16 460 65 22.4 126 376
5 18.8 460 63 23.7 143 450
(6 19.3 460 61 25.3 162 531
4/12 (1 20.8 460 59 26.4 183 611
(8 22.5 460 56 4.40 27.8 204 699
(10 25 460 53 .60 30.1 247 880
(12 28 460 4 .92 35.6 288 1056
IRD-7, IRC-7 @ TI OVERCURRENT UNITS
VOLT AMPERES T 1
CONTINUOUS ONE SE POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING R FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _ (AMPERES) ANGLE @ CURRENT CURRENT CURRENT CURRENT
(0.5 68 3.88 20.7 103 278
(0.6 67 3.93 20.9 107 288
(0.8 66 3.93 21.1 114 320
0.5/2.5 (1.0 64 4.00 21.6 122 356
(1.5 61 4.08 22.9 148 459
(2.0 58 4.24 24.8 174 552
(2.5 56 4.38 25.9 185 640
(2 8 230 66 4.06 21.3 111 306
(2.5 Q 230 63 4.07 21.8 120 342
( .7 230 63 4.14 22.5 129 366
2/6 (@ 10.4 230 62 4.34 23.4 141 413
( 11.2 230 61 4.34 23.8 149 448
12.5 230 59 4.40 25.2 163 530
(6 13.7 230 58 4.62 27 183 624
16 460 64 4.24 22.8 129 392
5 18.8 460 61 4.30 24.2 149 460
4/12 (6 19.3 460 60 4.62 25.9 168 540
1 20.8 460 58 4.69 21.3 187 626
s (8 22.5 460 55 4.80 29.8 211 688
(10 25 460 51 5.20 33 260 860
(12 28 460 46 5.40 375 308 1032

al capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the

square of the current.

egrees current lags voltage at tap value current.

1 Voltages taken with Rectox type voltmeter.
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TYPES IRP, IRC AND IRD RELAYS

ENERGY REQUIREMENTS

IRD-8, IRC-8, IRP-8, TIME OVERCURRENT UNITS

IRD-9, IRC-9, IRP-9,

O

VOLT AMPERES Tt
Continuous | One Second Power At At 3 Times |At 10 Times | At 20 Times
Ampere Rating Rating Factor Tap Value Tap Value | Tap Value Tap Value
Range Tap (Amperes) (Amperes)| Angle ¢_ Current Current Current Current
(0.5 * 2.7 88 72 2.38 21 132 350
(0.6 * 3.1 88 71 2.38 21 365
(0.8 * 3.7 88 69 2.40 21.1 400
0.5/2.5 (1.0 * 4.1 88 67 2.42 21.2 440
(1.5 * 5.7 88 62 2.51 22 530
(2.0 * 6.8 88 57 2.65 23.5 675
(2.5 * 7.7 88 53 2.74 24.8 800
(2 8 230 70 2.38 21 360
(2.5 8.8 230 66 2.40 21.1 395
(3 9.7 230 64 2.42 21.5 430
2/6 (3.5 10.4 230 62 2.48 22 157 470
(4 11.2 230 60 2.53 22. 164 500
(5 12.5 230 58 2.64 180 580
(6 13.7 230 56 2.75 5, 198 660
(4 16 460 68 2.38 3 146 420
(5 18.8 460 63 2.46 1. 158 480
(6 19.3 460 60 2.54 172 550
4/12 (7 20.8 460 57 2.62 3.6 190 620
(8 22.5 460 54 2.7 4.8 207 700
(10 25 460 48 3.0 217.8 248 850
(12 28 460 45 3.4 31. 292 1020
IRD-11, IRC-11, IRP-11 OVEF NT UNITS
VOLT AMPERES it
Continuous| One Second Pow At 3 Times | At 10 Times| At 20 Times
Ampere Rating Rating Fac ap Tap Value | Tap Value Tap Value
Range Tap (Amperes) (Amperes) An Current Current Current Current
0.5 1.7 56 0.72 6.54 71.8 250
0.6 1.9 56 3 0.75 6.80 75.0 267
0.8 2.2 56 0.81 7.46 84.0 298
0.5/2.5 1.0 2.5 56 0.89 8.30 93.1 330
1.5 3.0 56 1.13 10.04 115.5 411
2.0 3.5 56 1.30 11.95 136.3 502
2.5 3.8 16 1.48 13.95 160.0 610
2.0 7.0 230 32 0.73 6.30 74.0 264
2.5 7.8 23 30 0.78 7.00 78.5 285
3.0 8.3 27 0.83 7.74 84.0 309
2/6 3.5 9.0 30 24 0.88 8.20 89.0 340
4.0 10.0 23 0.96 9.12 102.0 372
5.0 11.0 2 20 1.07 9.80 109.0 430
6.0 12.0 2 20 1.23 11.34 129.0 504
4.0 14 0 29 0.79 7.08 78.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 460 22 1.02 9.18 101.4 378
4/12 7.0 1 460 20 1.10 10.00 110.0 454
8.0 460 18 1.23 11.1 124.8 480
10.0 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 720
IRD*TIME OVERCURRENT UNIT BURDEN DATA AT HIGH CURRENTS
Ampere Range S - .5-2.5 -
Tap Value Curre I i - ) 1.0 2.5
Tap Value Current | 40 80 | 20 J’ a0 | 8 | 16
790 2600 380 ;1280 60 280
46.7° 42° 37° | 26.5° 4.8° 4.3°

g tnversely proportional to the square of the current.
Degrees current lags voltage at tap value current.

oltages taken with Rectox type voltmeter.
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l capacities for short times other than one second may be calculated on
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Typical Time Curves of the Time-Overcurrent Unit of the Short Time (2) Relays.
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TYPES IRP, IRC AND IRD RELAYS

1.L.41-133N

Trip Circuit Constants

Indicating Contactor Switch —
0.2 ampere tap — 6.5 ohms d-c resistance
2.0 ampere tap — 0.15 ohms d-c resistance

Auxiliary Switch (CS-1)

The auxiliary switch has a d-c resistance of
1165 ohms.

Type IRP Relay

The IRP relay is designed for potential polariza-
tion and has its maximum torque when the current
lags the voltage by approximately 60 degrees. The
shifting of the maximum torque angle is accomplished
by the use of an internally mounted phase shifter as
shown in the internal schematic.

The directional unit minimum pick-up is approxi-
mately 1 volt and 2 amperes at its maximum torque
angle for the directional units used with the 0.5
to 2.5 and 2 to 6 ampere range time over-current units.
For the directional units used with the 4-12 ampere
range time overcurrent units the minimum pick-up is
1 volt and 4 amperes.

Type IRC Relay

The IRC relay is designed for current{polariza-
tion and has its maximum torque when the, operating
current leads the polarizing current by approximately
40°.

The directional unit minimum pick-ups is 0.5
ampere in each winding at the maximum torque angle
for the directional units used withythen@s5 to 2.5 and
2 to 6 ampere range time overcurrentjunits. For the
directional units used withytheW4-12 ampere range
time overcurrent units the "minimum pickup is 1
ampere,

Type IRD Relay

The type JRDyrelaygitilizes a directional unit
similar to the'IRC, relay, in conjunction with the direc-
tional unit @nd phase:shifting circuit of the IRP relay.

The current-poelarized directional unit of the IRD
relay operates on residual currents while the poten-
tial-polarized,directional unit of the IRD relay oper-
ates ©n residual voltage and residual current.

F'or the directional units used with the 0.5 to 2
andy2),to 6 ampere time overcurrent units, the mini-
mum pick-up of the current polarized unit is 0.5
ampere in each winding at the maximum torque angle.
The minimum pick-up for the voltage polarized unit is

1 volt and 2 amperes with the current laggingiwoltage
by 60°.

For the directional units used with the 4 to 12
ampere range time overcurrent units, the minimum
pick-up is 1 ampere for the current-polarized dtrec-
tional unit and 1 volt and 4 amperes for the voltage-
polarized directional unit.

SERLINGS

Time Overcurrent Unit (CO)

The time overcurrent unit settings can be defined
either by tap setfing.and time dial position or by tap
setting and a specific"time of operation at some cur-
rent multiplejof the“tap setting (e.g. 4 tap setting, 2
time dial ypesition or 4 tap setting, 0.6 seconds at
6 times tap galue current).

To provide selective circuit breaker operation, a
minimum coordinating time of 0.3 seconds plus circuit
breaker®time is recommended between the relay being
set and the relays with which coordination is to be
effected.

The connector screws on the tap plate above the
time dial makes connections to various turns on the
operating coil. By placing this screw in the various
tap plate holes, the relay will just close its contacts
at the corresponding current 4-5-6-7-8-10-12 amperes,
or as marked on the tap plate.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is turn-
ed tight. In order to avoid opening the current trans-
former circuits when changing taps under load, con-
nect the space connector screw in the desired posi-
tion before removing the other tap screw from the
original tap position.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be intiated immediately after a trip by
the CO contact, the time of the opening of the contacts
should be a minimum. This condition is obtained by
loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring. With this change and the contact mounting
screw tightened, the stationary contact will rest
solidly against its backstop.

Instantaneous Overcurrent Unit (1)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-
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nector screw in the desired tap, the relay will just
close its contacts at the tap value current.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is
turned tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before re-
moving the other tap screw from the original tap

position.
Directional Units {D)

No setting is required.
Indicating Contactor Switch (ICS/1 and ICS/T)

The setting required on the ICS units is the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw.

Auxiliary Switch (CS-1)

No setting required on the CS-1 unit except for the
selection of the required 24, 48, 125 or 250 voltage
on the tapped rexistor. This connection can be made
by referring to Fig. 23.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration and heat. Mount gthe
relay vertically by means of the rear mounting stud “on
studs for the type FT projection case or by meanShef
the four mounting holes on the flange for the (semi-
flush type FT case. Either the stud or the samounting
screws may be utilized for grounding the relay. Ex-
ternal toothed washers are provided forfyusewin”the
locations shown on the outline and drillinsigplan to
facilitate making a good electrical connection be-
tween the relay case, its mounting_sctews or studs,
and the relay panel. Ground Wirés aregaffixed to the
mounting screws or studs as ‘Tequired for poorly
grounded or insulating paneds.Other electrical con-
nections may be made“direetly to the terminals by
means of screws forfsteel"panel mounting or to the
terminal stud furnighed avith the relay for thick panel
mounting. The termindal stu@d may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detail information on the FT case refer to
I.L.. 41-076.

The external a-¢ connections of the directional
overcufgent®pgblays are shown in Figs. 20, 21 and 22.
If noguoltage polarizing source is to be connected to
the IRD “relay, short-circuit the voltage polarizing
circuiteat the terrnzinals of the relay.

22

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation
of this relay have been made at the factory. Upon‘re-
ceipt of the relay, no customer adjustments, other
than those covered under “SETTINGS”, should be
required.

Acceptance Check

The following check is reeemmeénded to insure
that the relay is in proper working order;

Instantaneous Overcurrent UnitLIl

1. Contact Gap — The“gap between the stationary
and moving contacts/fwith, the relay in the de-ener-

gized position should“be approximately .020".

2. Minimum Irip “Qurrent — The normally-closed
contact of theydirectional unit should be blocked open
when checkingytheypick-up of the overcurrent unit.

The piek-up®f the overcurrent unit can be checked
by inserting the tap screw in the desired tap hole and
applying rated tap value current. The contact should
close within + 5% of tap value current.

Directional Unit (D)

1. Contact Gap — The gap between the stationary
contact and moving contact with the relay in the de-
energized position should be approximately .020".

2. Sensitivity — The respective directional units
should trip with value of energization and phase angle
relationship as indicated in Table 1.

3. Spurious Torque Adjustments — There should
be no spurious closing torques when the operating
circuits are energized per Table 2 with the polarizing
circuits short circuited for the voltage polarized units
and open-circuited for the current polarized units.

Time Overcurrent Unit (CO)

1. Contacts — The index mark on the movement
frame will coincide with the ‘O’ mark on the time
dial when the stationary contact has moved through
approximately one-half of its normal deflection. There-
fore, with the stationary contact resting against the
backstop, the index mark is offset to the right of the
““O’’ mark by approximately .020’’. The placement of
the various time dial positions in line with the index
mark will give operating times as shown on the re-
spective time-current curves.

2. Minimum Trip Current — Set the time dial to
position 6 with the auxiliary switch (CS-1) contacts

iy,
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* Fig. 19. Diagram of test connections of the time-overcurrent unit.
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* Fig. 20. External Schematic of the IRP Relay for Ground Fault Protection.
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blocked closed, alternately apply tap value current
plus 3% and tap value current minus 3%. The moving
contact should leave the backstop at tap value current
plus 3% and should return to the backstop at tap value
current minus 3%.

3. Time Curve — Table 3 shows the time curve
calibration points for the various types of relays.
With the time dial set to the indicated position, apply
the currents specified by Table 3 (e.g. for the CO-2,
3 and 20 times tap value current) and measure the
operating time of the relay. The operating times
should equal those of Table 3 plus or minus 5 percent.

Indicating Contactor Switches (ICS/I) and (ICS/T)

A) Close the contacts of the CO and pass suf-
ficient d.c. current through the trip circuit to close
the contacts of.(ICS/T). This value of current should
not be greater than the particular (ICS/T) tap setting
being used. The operation indicator target should
drop freely, bringing the letter “T” into view.

B) Close the contacts of the instantaneous over-
current unit (I) and the directional unit (D). Pass suf-
ficient d.c. current through the trip circuit to close
the contacts of (ICS/I). This value of current should
not be greater than the particular (ICS/I) tapSétting
being used. The operation indicator targét should
drop freely, bringing the letter “I” into view.

C) The contact gap should be approximately
.047" between the bridging moving contactyand the
adjustable stationary contacts. The bridging/ moving
contact should touch both stationapy contacts
simultaneously.

Routine Maintenance

All relays should be inspected periodically and
the time of operation should ‘be checked at least
once every year or at such other time intervals as
may be dictated by experien€ée to be suitable to the
particular application. 4The use of phantom loads, in
testing inductionstypewmrelays, should be avoided,
since the resulting distorted current wave form will
produce anf{error'in timing.

All contactsishould be periodically cleaned. A
contact burnisher #182A836H01 is recommended for
this purpose,,The use of abrasive material for clean-
ing {contacts is not recommended, because of the
dangeryof embedding small particles in the face of
the ‘soft“silver and thus impairing the contact.

Calibration

Use the following procedure for calibrating the

relay if the relay has been taken apart for repairs or
the adjustments have been disturbed. This procedure
should not be used unless it is apparent that the re-
lay is not in proper working order. (See “Acceptance
Check?).

Instantaneous Overcurrent Unit (1)

1. The upper pin bearingfshould be screwed down
until there is approximately, .025 clearance between
it and the top of shaftfbearing. The upper pin bearing
should then be securely locked in position with the
lock nut. The lower bearing position is fixed and can-
not be adjusted!

2. The contactigap adjustment for the overcurrent
unit is made ‘with the moving contact in the reset
position) i.,e.)pagainst the right side of the bridge.
Movedin the left-hand stationary contact until it just
touches“the moving contact then back off the station-
aryacontact 2/3 of one turn for a gap of approximately
,020”’. The clamp holding the stationary contact hous-
ing need not be loosened for the adjustment since the
clamp utilizes a spring-type action in holding the sta-
tionary contact in position.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

Before applying current, block open the normally-
closed contact of the directional unit. Insert the tap
screw in the minimum value tap setting and adjust
the spring such that the contacts will close as indi-
cated by a neon lamp in the contact circuit when
energized with the required current. The pick up of
the overcurrent unit with the tap screw in any other
tap should be within + 5% of tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

In the type IRP and IRC relays the directional
unit is the lower cylinder unit. In the type IRD the
directional units are the lower and middle cylinder
units.
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1. The upper bearing screw should be screwed
down until there is approximately .025 clearance be-
tween it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in position
with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Advance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move in the left-hand stationary contact until
it just touches the moving contact. Then back off the
stationary contact 3/4 of one turn for a contact gap
of .020” to .024". The clamp holding the stationary
contact housing need not be loosened for the adjust-
ment since the clamp utilizes a spring-type action in
holding the stationary contact in position.

3. Insert tap screw of overcurrent unit in highest
tap. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted byplac-
ing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments:

The spring is to be adjusted such that the cen-
tacts will close as indicated by a neon lamp in the
contact circuit when energized with the reguired
current and voltage as shown in Table 1. This table
indicates that the spring can be adjusted whendthe
phase angle relationship between the dperating cir-
cuit and the polarizing circuit ispat the maximum
torque angle or when the circuit reldtionship’ has the
operating and polarizing circuits in phase.

4. The magnetic plugs are used to reverse any

unwanted spurious torques that may be present when
the relay is energized on€eurrent or voltage alone.

The reversing of fhe spurious torques is accom-
plished by using the adjusting plugs in the following
manner:

a) Voltage circuit terminals on the voltage polar-
ized relays (IRP and IRD voltage polarized unit) are
short-circuited.

b) Thegpolarizing circuits of the current polar-
ized relays (IR€v and IRD current polarized unit) are
open-cireuited.

Upon, completion of either *a” or “b” current is
applied\to the operating circuit terminals as per
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Table 2.

Plug adjustment is then made per Table 2 @Such
that the spurious torques are reversed. The plugs are
held in position by upper and lower plug clips. These
clips need not be disturbed in any manner when mak-
ing the necessary adjustment.

The magnetic plug adjustment magy®be utilized to
positively close the contacts omycurrent alone. This
may be desired on some installations ifworder to in-
sure that the relay will alwayS trip the breaker on
zero potential.

Time Overcurrent Unit (CO)

1. Contacts — The index mark on the movement
frame will coincide withf%the “‘O’’ mark on the time
dial when the statiohary contact has moved through
approximately oneshalf ofjits normal deflection. There-
fore, with the stationary contact resting against the
backstop, the'index mark is offset to the right of the
“O"" mark by approximately .020’*. The placement of
the various®timeidial positions in line with the index
mark will give operating times as shown on the re-
spectivetime-current curves.

2)OMinimum Trip Current — The adjustment of
thé spring’tension in setting the minimum trip current
valye of'the relay is most conveniently made with the
damping magnet removed.

With the time dial set on “O”, wind up the spiral
spring by means of the spring adjuster until approxi-
mately 6-3/4 convolutions show.

Set the relay on the minimum tap setting, the
time dial to position 6.

With the auxiliary switch (CS-1) contacts blocked
closed, adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at tap
value current ~1.0%.

3) Time Curve Calibration — Install the perma-
nent magnet.

Apply the indicated current per Table 3 for perma-
nent magnet adjustment (e.g. IRP-8, 2 times tap value)
and measure the operating time. Adjust the permanent
magnet keeper until the operating time corresponds
to the value of Table 3.

Apply the indicated current per Table 3 for the
electromagnet plug adjustment (e.g. IRP-8, 20 times
tap value) and measure the operating time. Adjust the
proper plug until the operating time corresponds to
the value in Table 3. (Withdrawing the left hand plug,
front view increases the operating time and withdraw-
ing the right hand plug, front view, decreases the
time.) In adjusting the plugs, one plug should be
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Fig. 23. Selection of Proper Voltage Tap for Auxiliary
Switch (CS-1) Operation.

screwed in completely and the other plug run in or
out until the proper operating time has been obtained.

Recheck the permanent magnet adjustment. If the
operating time for this calibration point has changed,
readjust the permanent magnet and then recheck the
electromagnet plug adjustment.

Indicating Contactor Switches (ICS/I) and (ICSAL)
Adjust the contact gap for approximately, .04%”.
A) Close the contacts of the CO andWpassiysuf-
ficient d.c. current through the trip circuit towclose
the contacts of the (ICS/T). This yalue | offcurrent
should not be greater than the partieular (ICS/T) tap
setting being used. The operation indi€ator target
should drop freely bringing the letterI” into view.

B) Close contacts of instantaneousovercurrent
unit (I) and directional unit (D). Pass Sufficient d.c.
current through the trip circuit to close centacts of the
(ICS/1). This value of current should hot be greater
than the particular (ICS/I) tap setting being used.
The operation indicator target should drop freely
bringing the letter “I” into vigw.

Auxiliary Switch (CS-1)

Adjust the stationary cere of the switch for a
clearance between the/statienary core and the moving
core when the switch IS picked up. This can be done
by turning the relay upside-down. Then screw up the
core serew until the,moyving core starts rotating. Now
back off the c¢bréyscrew until the moving core stops
rotating. This indicates the points where the play
in the assembly%is taken up, and where the moving
core, just separates from the stationary core screw.
Back off the core screw approximately one turn and
lock in place. This prevents the moving core from
strikingband sticking to the stationary core because
of residual magnetism. Adjust the contact clearance
for. 3/64” by means of the two small nuts on either
side of the Micarta disc.

Connect lead (A) to proper terminal per Fig. 23.
Block directional unit (D) contacts close and ener-
gize trip circuit with rated voltage. Contacts of
auxiliary switch (CS-1) should make as indicated by
a neon lamp in the contact circuit.

RENEWAL PARTS

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

TABLE |
DIRECTIONAL UNIT SENSITIVITY

AMP ERE\RATING
RELAY TYPE oF VALUES FOR MIN. PICKUP t | PHASE ANGLE RELATIONSHIP
TIME-OVERCURRENT VOLTS AMPERES
UNIT
.9-2.5 1 2.0 I lagging V by 60° 71
IRP %6 1 4.0 I in-phase with V
IRD (Voltage
Unit) 1 4.0 [ lagging V by 60° 1
+12 1 8.0 T in-phase With V
0.5 1o leading Iy by 40°7f
IRC .5-2.5
2-6 . _
IRDNCurrent A 51 In-phase
Unit) 4-12 1.0 I, leading Ip by 40° 77
T3 In-phase

T“The energization quantities are input quantities at the relay terminals.

1 Maximum torque angle.

A When normal system conditions limit the current to less than twice pickup, performance may beimprovedbysel-

lecting a higher current C.T. tap to energize the polarizing circuit.
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gy
TABLE Il
DIRECTIONAL UNIT CALIBRATION < !

RELAY RATING CURRENT AMPERES | BOTH PLUGS IN CONDITION ADJUSTMENT
All Ranges 80 Spurious Torque In Contact Right (Front-View) Plug Sg'ewed
Closing Direction (Left Front Out Until Spuri
View) versed.
All Ranges 80 Spurious Torque In Contact Left (Fron

Opening Direction (Right Front | Out Until\Sp @ is Torque is in
View) (Contacts remain open) Contac osing Direction. Then
the g i rewed in Until Spuri-
is Reversed.

Q
T Short circuit the voltage polarizing circuit at the relay terminals before ma e above adjustment.

TABLE Il
TIME CURVE CALIBRATION DAT& TZ

S

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS
TIME- TIME CURRENT RATING CURRENT OPERATING
OVERCURRENT  DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
UNIT TYPE POSITION  TAP VALUE) CONDS TAP VALUE) SECONDS
2 6 3 @ 0.57 20 0.22
5 6 2 37.80 10 14.30
O

6 6 Q 2.46 20 1.19
7 6 \ 4.27 20 1.11
8 6 O 2 13.35 20 1.1
9 6 @ 2 8.87 20 0.65

11 @ 2 11.27 20 0.24
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Fig. 24. Test Connections
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Fig. 25. Outline and Drilling Plan for the IRP and IRC Relays in the Type FT31 Case.
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RETURN TO
Supplementary Instructions FILE L 914500

TYPE IRD RELAYS WITH 1 AMP ICS UNIT

This information is supplementary to Instruction Leaflet 41-133
and appliesto the IRD line of relays with a 1 amp. dc ICS unit.
Instruction Leaflet 41-133 will apply with the followingy,exceptions:

The 0.2/2 amp. ICS of InstructionLeaflet 41-133 is_omitted and

a 1 amp. ICS unit is used in its place. This unig Ais _similar in
construction to the 0.2/2.0 ampere ICS except that(the main coil
is not tapped.

TRIP CIRCUIT CONSTANTS

l amp. ICS 0.1 Ohms dé resistance

THERMAL CAPACITY

Ampere Rating (Coil)
1 second contlnuous
140 5.0

The contact gap of the 1.0 amp. 4ECS%should be 5/64 inch. Pick-
up current of the device should notwvbe less than 1.0 amp. dc
nor greater than 1.2 amp. de¢

These instructions apply 4o ‘the following schematic: 185A358.

Attachments:
Instruction Leaflet , 41-133
Schematic Diagram 185A358

Westinghouse ﬂmm | 914500

Relay-Instrument Division Oete_12775
Newerk. N. ).
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INSTALLATION

Westinghouse 1.L. 41-133.3D
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE IRV DIRECTIONAL OVERCURRENT RELAY
FOR PHASE PROTECTION

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

APPLICATION

These relays are phase directional overcurrent
relays which are used for the protection of trans-

mission lines and feeder circuits. Both the time-

ercurrent and instantaneous overcurrent units are
directionally controlled.

CONSTRUCTION AND OPERATION

The Type IRV relay consists of a dipectional
unit (D), an auxiliary switch (CS-1), a time-overeurrent
unit (CO), an instantaneous overcurrent unity, (I);%an
instantaneous overcurrent unit transformery andytwo
indicating contactor switches (ICS/I) and/(I€S/T).
The principle component parts of the relays and their
location are shown in Fig. 1 and 2.

Time-Overcurrent Unit (CO)

The electromagnets for the\ typesr CO-5, CO-6,
CO-17, CO-8 and CO-9 units’ have ‘aymain tapped coil
located on the center leg ofyan®‘E’’ type laminated
structure that produces a/ flux which divides and re-
turns through the outer_legsy A" shading coil causes
the flux through the 1eft Jegsto lag the main pole flux.
The out-of-phasé“fluxes thats produced in the air gap
causes a contact closing torque.

The eleétromagnetfor the type CO-2 and CO-11 units
have a main coilyconsisting of a tapped primary wind-
ing and a secondary winding. Two identical coils on
the outer legs of thelamination structure are connect-
ed to the maif coil secondary in a manner so that the
combination of all the fluxes produced by the electro-
magnet result in out-of-phase fluxes in the air gap.
The “out-of-phase air gap fluxes produced cause a
contact closing torque.

SUPERSEDES I.L. 41-133.3C

*Denotes change from superseded issue.

Indicating Contactor Swjitch UniisL(ICS/I and ICS/T)

The d-c indicating contactor switch is a small
clapper type devigce. A“magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic coreyupon energization of the switch.
When the switch, closes the moving contacts bridge
two statioparyycontacts, completing the trip circuit.
Alsoduring this/operation two fingers on the armature
deflect, ‘ayspring located on the front of the switch,
which allows the operation indicator target to drop.

The front spring, in addition to holding the target,
provides restraint for the armature and thus controls
the piek-up value of the switch.

Directional Unit (D)

The directional unit is a product induction cylin-
der type unit operating on the interaction between the
polarizing circuit flux and the operating circuit flux.

Mechanically, the directional unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and a
molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
the lower pin bearing is secured to the frame by a
spring and snap ring. This is an adjustable core
which has a .025 inch flat on one side and is held in
its adjusted position by the clamping action of two
compressed springs. The bearing can be replaced, if
necessary, without having to remove the magnetic
core from the frame.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another, two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
mounted on the frame, with respect to the upper pin
bearing, which is threaded into the bridge. The elec-
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Fig. 1. Type IRV Reldy WithoutiCase (Front View). Fig. 2. Type IRV Relay Without Case (Rear View).
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TYPE IRY RELAY

I.L. 41-133.3D

tromagnet is secured to the frame by four mounting
screws.

The moving elemegt assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet
and the magnetic eore.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, throughthe spiral spring

Instantaneous Overcurrent Unit (I)

The instantaneous overcurrent unit is similar in
construction to the directional unit. The time, phase
relationship of the two air gap fluxes necessaryyfor
the development of torque is achieved by.means,of a
capacitor connected in series with onelpairiof pole
windings.

Instantaneous Overcurrent Unit Transformer (I/ST)

This transformer is of the)saturating type for
limiting the energy to the inmstantamneous overcurrent
unit at higher values of fault current and to reduce
C.T. burden. The primary winding is tapped and these
taps are brought out tosagtapiblock for ease in chang-
ing the pick-up of the instantaneous overcurrent unit.
The use of a tapped transformer provides approximate-
ly the same €nergy level at a given multiple of pick-
up current for any tap setting, resulting in one time
curve throughout thefrange of the relay.

Across the secondary is connected a non-linear
resistor known as a varistor. The effect of the varis-
tor is to reduce the voltage peaks applied to the
overcurrent unit and phase shifting capacitor.

Auxiliary Switch (CS-1)

The auxiliary switch is a small solenoid type

d.c. switch. A cylindrical plunger, with a silver disc
mounted on its lower end, moves in the core, of the
solenoid. As the plunger travels upward, the disc
bridges the silver stationary contacts. A tapped re-
sistor is used to enable one to use the contactor
switch on a 48, 125 or 250 volt d.c. €ystem con-
nected per Fig. 13. The operadion of the CS-1 switch
is controlled by the direetionaldinit)(D) which in turn
directionally controls the time-aewércurrent unit (CO)
as shown in Fig. 15. When,sufficient power flows in
the tripping direction, {the CS*1 switch operates and
bridges the lag coil @f theytdime-overcurrent unit (CO)
permitting this unit to operate.

Another contaet,of CS-1 sealsin its coil through
the break contaet of the I unit, in order to relieve the
make congact;of D from carrying the CS-1 coil current.
The dreak’contact of D breaks this seal by short cir-
cuiting the €S-1 coil. The break contact of the I unit
also breaksdthe seal of the CS-1 coil to prevent trip-
ping ontreversed faults where the directional unit was
preclosed on load current.

Instantaneous-Unit Torque Control

When the make contact of D closes, it permits
the I unit to operate. It connects capacitor C3 and
one pair of I-unit coils across the output voltage of
the saturating transformer I/ST. The full-wave bridge
in this connection and the rectifier in series with the
D contact serve to isolate the a-c and d-c circuits.

CHARACTERISTICS

The time characteristics of the directional over-
current relays are designated by specific numbers as
indicated below (e.g., IRV-8).

Time

Characteristics Designation

Short Time 2
Long Time

Definite Time
Moderately Inverse Time
Inverse Time

Very Inverse Time
Extremely Inverse Time

—= O o 1o wm

The relays are available in the following current
ranges:



TYPE IRV RELAY

INSTANTANEOUS
T UnT

INYERNAL SCHEMATIC
Ll =

(UPPER CYL.UNIT)
__}—varisToR

SATURATING
I~ TRANSFORMER

- AUXTLIARY
Tkt

INDUCTION DISC
uNnIT

RED BDT\J

INDICATING ———u |
CONTACTOR SWiTCH
(RIGHT F.¥.)

DIRECTIONAL UNIT
(LOWER CYL.UNIT)

CHASS|S OPERATED

INDICATING | "SHORTING SWITCH

CONTACTOR SWITCH ]
(LEFT F.¥.}

—RED HANDLE
I— TEST SWITCH
CURRENT TEST JACK

i

DC  [CONTROL | CIRCUIT [}

TRIP | LEAD |RESIST.
VOLT |POS.  [VALUE

48 2 300
FRONT VIEW
125

3 12700 14+ For 24 ¥.0.C.,R2 RESISTOR IS
u | 6500 FIXED 100 OHM RESISTOR

LY(MIAL

WITH RELATIVE INSTANTANEOUS
POLARITY AS SHOWN, THE
DIRECTIONAL UNIT CONTACTS CLOSE

185Ak21

Trip Circuit

The relay contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the indi-
cating contactor switches will safely carry thisteur-
rent long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 ory2 amperes. To
change taps requires connecting the léad)located in
front of the tap block to the desired setting by means
of a screw connection.

Cylinder Unit Contacts

Fig. 3. Internal Schematic of the Type IRV Relay in the
Type FT31 Case.

Instantaneous Overcurrent Unit (I)

Range Taps
0.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40
20-80 20 30 40 48 60 80

Time Overcurrent Unit

Range Taps
.5-2.5 0.5 0.6 0.8 1.0 1'% 2.0 2.5
2-6 2 2.5 3 3.5 4 5 6
4-12 4 5 6 7 8 10 12

The tap value is the mifimum“current required to
just close the relay contactsq

The time vs. clirrent‘¢haracteristics for the time-
overcurrent unitare shown in Figs. 4 to 10. These
characteristics givefthe gontact closing time for the
various time dial settings when the indicated multi-
ples of tap vdlue current are applied to the relay.

The time vs.“Current characteristics for the in-
stantaneous, overcurrent unit is shown in Fig. 11.

The" time vs. current characteristics for the
dire¢tional wnit is shown in Fig. 12.

The moving contact, assembly has been factory
adjusted for low contactyjbounce performance and
should not be changed.

The set screw injeach stationary contact has
been shop . adjusted for optimum follow and this ad-
justment should not_be disturbed.

Trip Gircuit Constants

Indicating Contactor Switch —
02 ampere tap — 6.5 ohms d-c resistance
2.0 ampere tap — 0.15 ohms d-c resistance

Auxiliary Switch (CS-1)

The auxiliary switch operating time is approxi-
mately 5 milliseconds.
48—-250 volt d-c relay
d-c resistance — 1165 ohms
24 volt d-c relay
d-c resistance — 110 ohms (note that series re-
sistor is a fixed 100 ohm resistor).

Directional Unit

The IRV relay is intended for phase fault pro-
tection and the directional unit has its maximum
torque when the current leads the voltage by approx-
imately 30°. The directional unit minimum pickup is
1.2 volts and 4 amperes at its maximum torque angle
for the 4 to 12 ampere range relays and 1.2 volts and
2 amperes for the 0.5 to 2.5 ampere and the 2 to 6
ampere range relays.

The directional unit should be connected using
the current in one-phasewire and the potential across
the other two phase wires. This connection is com-
monly referredto as the 90 °connection. When utilizing
the 90° connection the maximum torque of the relay
occurs when the fault current lags its 100% P.F.
position by approximately 60°. See Fig. 15.



TYPE IRY RELAY

ENERGY

REQUIREMENTS

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT ~ 60 CYCLES

tt 3 Tt @
AMPERE RANGE TAP VA AT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE
5 .37 39 24 46 *
.75 .38 36 13 7
1 .39 35 8.5
-5-2 1.25 .41 34 6.0 3
L5 .43 32 4.6
2 .45 30 2.9 8
1 .41 36 9.0 36
1’5 .44 32 5.0 32
2 47 30 29
-4 2.5 .50 28 2. 27
53 26 26
4 .59 24 0. 24
2 1.1 49 48
3 1.2 43 .3 42
4 1.3 3 2.1 37
28 5 1.4 35 1.4 35
6 1.5 33 1.1 33
8 1.8 0.7 29
4 L5 5 2.4 51
6 1.7 1.2 45
4-16 8 1.8 4 0.7 40
9 1.9 38 0.6 38
12 2.2 4 0.37 34
16 2.5 30 0.24 31
10 1.7 28 0.43 28
15 21 0.27 21
20 16 0.20 17
10-40 24 15 0.15 15
30 12 0.11 13
40 11 0.08 12
20 31 0.40 31
30 24 0.25 24
0 & 1 20 0.18 20
20-80 48 5 18 0.14 18
60 15.9 16 0.10 16
8 19.2 15 0.07 15
RANGE CONTINUOUS RATING ONE SECOND RATING
(AMPERES) t (AMPERES)
.52 5 100
1- 8 140
"\\ 8 140
4-16 10 200
10- 10 200
-80 10 200

T.?'hermal ca':mcities for short times other than one second may be calculated on the basis of time being inversely proportional to the

quare of the current.

& Degrees current lags voltage.

T 1 Voltages taken with Rectox type voltmeter.



TYPE IRV RELAY

ENERGY REQUIREMENTS

TYPE IRV-2 TIME OVERCURRENT UNITS
VOLT AMPERES 1 t

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20\TIMES
AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP  (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

0.5 0.91 28 58 4.8 39.6 256 790
0.6 0.96 28 57 4.9 39.8 270 851
0.8 1.18 28 53 5.0 42.7 308 1024
0.5/2.5 1.0 1.37 28 50 5.3 45.4 348 1220
1.5 1.95 28 40 6.2 54.4 435 1740
2.0 2.24 28 36 7.2 65.4 580 2280
2.5 2.50 28 29 7.9 73.6 700 2850
2.0 3.1 110 59 5.04 38.7 262 800
2.5 4.0 110 55 5.13 39.8 280 920
3.0 4.4 110 51 5.37 42.8 312 1008
2/6 3.5 4.8 110 47 5.53 42.8 329 1120
4.0 5.2 110 45 5.72 46.0 360 1216
5.0 5.6 110 41 5.90 5043 420 1500
6.0 6.0 110 37 6.54 54.9 474 1800
4.0 7.3 230 65 4.92 39.1 268 848
5.0 8.0 230 50 5.20 42.0 305 1020
6.0 8.8 230 47 5.34 44.1 330 1128
4/12 7.0 9.6 230 46 5.35 45.8 364 1260
8.0 10.4 230 43 5.86 49.9 400 1408
10.0 11.2 230 37 6.6 55.5 470 1720
12.0 12.0 230 34 7.00 62.3 528 2064
:ﬁz':' TIMENOVERCURRENT UNITS
) VOLT AMPERESt t
CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RAT[NGT FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE _TLP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT
(0.5 2.7 88 69 3.92 20.6 103 270
(0.6 3.1 88 68 3.96 20.7 106 288
(0.8 3.7 88 67 3.96 21 114 325
0.5/2.5 (1.0 4.1 88 66 4.07 21.4 122 360
(1.5 5.7 88 62 4.19 23.2 147 462
(2.0 6.8 88 60 4.30 24.9 168 548
(2.5 7.1 88 58 4.37 26.2 180 630
(2 8 230 67 3.88 21 110 308
(2.5 8.8 230 66 3.87 21.6 118 342
(3 9.9 230 64 3.93 22.1 126 381
2/6 (3.5 10.4 230 63 4.09 23.1 136 417
(4 11.2 230 62 4.08 23.5 144 448
(¢ 126 230 59 4.20 24.8 162 540
(6 13.7 230 57 4.38 26.5 183 624
(4 16 460 65 4.00 22.4 126 376
(5 18.8 460 63 4.15 23.7 143 450
(6 19.3 460 61 4.32 25.3 162 531
4/12 7 20.8 460 59 4.27 26.4 183 611
(8 22.5 460 56 4.40 27.8 204 699
(10 25 460 53 4.60 30.1 247 880
(12 28 460 47 4.92 35.6 288 1056

1 TRermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the
square of the current.

¢ Degrees current lags voltage at tap value current.

t + Voltages taken with Rectox type voltmeter.



TYPE IRV RELAY I.L. 41-132.3D

ENERGY REQUIREMENTS

IRV-7 TIME OVERCURRENT UNITS
VOLT AMPERES? t

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING T FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

(0.5 2.7 88 68 3.88 20.7 103 278
(0.6 3.1 a8 67 3.93 20.9 107 288
(0.8 3.7 88 66 3.93 21.1 114 320
0.5/25 (1.0 4.1 88 64 4.00 21.6 122 356
(1.5 5.7 88 61 4.08 22.9 148 459
(2.0 6.8 88 58 4.24 24.8 174 552
2.5 7.1 88 56 4.38 25.9 185 640
(2 8 230 66 4.06 21.3 111 306
(2.5 8.8 230 63 4.07 21.8 120 342
3 9.7 230 63 4.14 22.5 129 366
2/6 (3.5 10.4 230 62 4.34 23.4 141 413
(4 11.2 230 61 4.34 23.8 149 448
(5 12.5 230 59 4.40 25.2 163 530
(6 13.7 230 58 4.62 2 183 624
(4 16 460 64 4.24 22.8 129 392
(5 18.8 460 61 4.30 24.2 149 460
4/12 (6 19.3 460 60 4762 25.9 168 540
I 2.8 460 58 4269 21.3 187 626
(8 22.5 460 55 4.80 29.8 211 688
(10 25 460 51 5.20 33 260 860
(12 28 460 46 5.40 37.5 308 1032
IRV-8,
TIMEOVERCURRENT UNITS
IRV-9,
voLT AMPEREST 1
CONTINUOUS ONE SECOND. POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _ (AMPERES) (AMPERES)). ANGLE ¢ CURRENT CURRENT  CURRENT CURRENT

(0.5 2.7 88 72 2.38 21 132 350
(0.6 3.1 88 71 2.38 21 134 365
.8 3.7 88 69 2.40 21.1 142 400
0.5/2.5 (1.0 4.1 88 67 2.42 21.2 150 440
(1.5 5.7 88 62 2.51 22 170 530
(2.0 648 88 57 2.65 23.5 200 675
(2.5 ) 88 53 2.74 24.8 228 800
@ 8 230 70 2.38 21 136 360
(2.5 8.8 230 66 2.40 21.1 142 395
@3 9.7 230 64 2.42 21.5 149 430
2/6 (3.5 10.4 230 62 2.48 22 157 470
(4 11.2 230 60 2.53 22.7 164 500
5 12.5 230 58 2.64 24 180 580
6 13.7 230 56 2.75 25.2 198 660
e 16 460 68 2.38 21.3 146 420
5 18.8 460 63 2.46 21.8 158 480
6 19.3 460 60 2.54 22.6 172 550
a/12 (1 20.8 460 57 2.62 23.6 190 620
(8 22.5 460 54 2.73 24.8 207 700
(10 25 460 48 3.00 27.8 248 850
(12 28 460 45 3.46 31.4 292 1020

L Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the
Square of the current.

@) Degrees current lags voltage at tap value current.

t T Voltages taken with Rectox type voltmeter.



TYPE IRV RELAY

ENERGY REQUIREMENTS
IRV-11 OVERCURRENT UNITS

voLT amPEREst T

CONTINUCOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATINGT FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE¢ CURRENT CURRENT CURRENT CURRENT

0.5 1.7 56 36 0.72 6.54 11.8 250
0.6 1.9 56 34 0.75 6.80 15.0 267
0.8 2.2 56 30 0.81 7.46 84.0 298
0.5/2.5 1.0 3.5 56 27 0.89 8.30 93.1 330
1.5 3.0 56 22 1.13 10.04 115.5 411
2.0 3.5 56 17 1.30 11.95 136.3 502
2.5 3.8 56 16 1.48 13.95 160.0 610
2.0 1.0 230 32 0.73 6.30 74.0. 264
2.5 1.8 230 30 0.78 1.00 8.5 285
3.0 8.3 230 27 0.83 1.74 84.0 309
2/6 3.5 9.0 230 24 0.88 8.20 89:0 340
4.0 10.0 230 23 0.96 9.12 102.0 372
5.0 11.0 230 20 1.07 9.80 109:0 430
6.0 12.0 230 20 1.23 11.3¢ 129.0 504
4.0 14 460 29 0.79 17.08 8.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 17 460 22 1.02 9.18 101.4 378
4/12 1.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480
10.0 22 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 720

t Thermal capacities for short times other than one second mdy be €aleulated on the basis of time being inversely

proportional to the square of the current.
& Degrees current lags voltage at tap value current.

tt Voltages taken with Rectox type voltmeter.

ENERGY REQUIREMENTS - 60 CYCLES

DIRECTIONAL UNIT. OPERATING CIRCUIT BURDEN
VOLT AMPERES 1t

At At 3 Times At 10 Times At 20 Times
Continuous One Second Power Minimum Minimum Minimum Minimum
Range Rating Rating it Factor Tap Value Tap Value Tap Value Tap Value
Amps (Amperes) ( Amperes) Angle ¢ Current Current Current Current
0.5-2.5 10 230 34.5 0.03 0.23 2.8 11.5
2-6 10 230 34.5 0.44 4.08 48.0 182.0
4-12 12 280 0.48 4.62 53.6 216.0

¢ Degrees current lag§ voltage ‘atytap value current,

t Thermal capacities for shortftimes other than one second may be calculated on the basis of time being

inversely proportional to the square of the current.

tt Voltages taken with Rectox type voltmeter.

DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

The burden at 120V, 60 cycles, is 12.5 volt-amperes at 15 degrees. (current leading voltage).

P



TYPE IRV RELAY I.L. 41.133.3D

70 - o rr———r
: \ TYPICAL TIME CURVES ]
! LML § TYPE_CO-2 ]
\‘ \ OVER, CURRENT RELAY ]
\ \ B 50-60, CYCLES ]
60f- 1 SEC.
- \ \
\
\\EA'EE \
\ Y ]
\ ] i 1
o 30— T ) n
2 B \ g :
w \
o - v
> 3 {
[8) - ; A i I 1
o0 |—F . ] mani ASEBIANAN
e = AN \ NIIRJ}F TIME DIAL SETTING
7 N ) T S VAR ANRRNANAR;
w \ 1 T L 11 S
r 1 ] l ™ : ] N
2 — \ - 10 f T
° g
30 ME N
! 8 N — <
~7 | ~
__‘%p \C | Il ~ - ||
| \ "6
£, N[ . 71 54 i TS i TN EE
20 Y iR 1 = — ™
\I h T — L]
3 B - — -
- S | N | - ~.] o~
2 N » !
NJ [ —
N o -
10 - "1 “u i L =
N H i
1/2~ - L el
0
1 2 3 y 5 6 7 8 610 12 14 1618 20
MULTIPLES OF TAP VALUE CURRENT
Curve 418244 |

Fig. 4. Typical Time Curves of the Time-Overcurrent Unit of the Short Time (2) Relays.



TYPE iRV RELAY

140

120|

100

80

SECONDS

60

40

20

TYPICAL TIME CURVES I
TYPE CO-5 i
| OVER CURRENT RELAY 1]
‘ 50-60 CYCLES ]
i
\
\
\ !
\ ] H
]
Y ] ]
:
\ \ ]
|l
\
1
\ i
L WA
\ \
| WA
N
I N TIME DIAL SETTING
\ N T‘ % e
\ s 1
\ ¥ 10 %
h g ~ " il
™ 7 e ey ‘:‘ﬁ s me
~6‘ g o g -y
- 5 - o . - IUE . n - -
[ B u :~ : ARms, =
™ o ] i i
1.4 T
Fl2s i
1 Tl vaw |
1 2 3 Y 5 6 7 8 9810

MULTIPLES OF TAP VALUE CURRENT

Curve 418245

10

Fig. 5. Typical Time Curve of the Time-Overcurrent Unit of the Long Time (5) Relays.

AT



. L.L. 41-133.3D

TYPE IRV RELAY

— _ o
™ R o AR 8
F W > . U ++ . * . @
L > < [ k +w e . —
& 3 % bl e
l Ooxw | —
[ w W
W O = o 4 A
X O ZO g =
I — w > H %
- W O
A & o
- D O -
L < - O 0
o oo
F o w 0 — 3 S B =+ T+ 7 = =]
- ” M . 0 £ S0 S S e g I e et e e © = . e i e
i ST A T e z b T H e
E=REEESP ST AEDS: EERSSRESSSNy=ESESEY £ 15151515010 18 BTI2 2 515
fﬂm% i e CAh I ——— o o ot N VI o o Higrgry - T
J 1000 D D Gy o 1 v 14— ] ] ]
A 0 0 B B 0 - T ;) ~
4 | - - L
I7rrri1r < TTf J
- a i ©
= T3 - D S S S - w— — m ﬂ\‘w ¥ - ﬁl - -1 J\h* . ,wle Wl = 3
. w g ISER] JERT I s ==
= 3 X 7 o e R
T - - T - e P S - O
b & T - : BV S| pSSi =
1 — S S — HJW w m a 1 N
++ - 1 . - f kel RN =S5 -
l T Pl o +
2 el ot o
EFINRVaR) So/k Sess:ig S
1 1o/ 1p o T a3 la
AN
v damm s 7 ) Y 0 00 Aunf Jane i
SRERY (B .-le 0 T H S ™
+ T\\ 4T S S S S BN
\\ v * (S - kv‘ L‘fu ﬁm JunE i
P ASV.aY s P e
. - 4 A 4 C 14l .+ M g .
\\Lﬁ A \ L/ 4 1
> LA . \71 \[ i/ [\ g
Vol i | o~
T | ! ,\A] J f \,,;IY\L i
. -l - \,_ i ’,, \\ LA N IT
- 1" - 1" - P / ”M\\ =~
B aniBEC g L+ AT L L 7 y SNV R
- I | et et R b ] " -l W o 4 \\Pﬁ . [ i@
1
H Ly \%.%x
| | v
T T 4
| * , ! Ny
{ \H — , Lr‘i IR R
LT : ! ol I g il ,,,ii.ll
o (2} =4 m N — o

SAN0J3S

MULTIPLES OF TAP VALUE CURRENT

Curve 418246

Fig. 6. Typical Time Curve of the Time-Overcurrent Unit of the Definite Time (6) Relays.

n



TYPE IRY RELAY

7 ‘ ‘ T Y I T T . T T T T—r——r v
_ L WA i i I TYPICAL TIME CUBVESl
I LV W ‘ mr TYPE CO-7 ]
i ]N ['{ OVER CURRENT RELAY
\ \ 1l ] 50-60 CYCLES ]
N i\ H LRREL IR i
6 - \ ] 5 8081 18N i 1
1 \ [ \ : i |
\ LVIA | IR0 1884 1
! [ 1 R 1 |
{ \ T 1§ NERT EREBNI A !
\ \ I 58 BN M T
\ \ % T ‘
ST [
5 ‘\ \ I 1 !
A VA Y \ |
\ 1
1 !
L VA
TN, ‘
lm 2\ 1
1) A\ ‘ H
2 \ NEEAY I TIME DIAL SETTING
S L \ N RRRARERRT N }
wn \ A \ { 11}
3 \ ) 10 :
— X ™
N g
A I 8 3 ™ : \‘\
N L7
| Iy ot .
\ N H¥g I !
2 (N - by
5 N N ! ol | | o e
N - Pt
u Ty . el s ooy
N - e Y 1]
3 . Py ' s . M =
l_ 2 i = —_— L —
. X . fudey ————
R Peus T =]
= 102 - =
l e 1L71
0 1= i
1 2 3 y 5 6 7 8 910 12 14 16 18 20
MULTIPLES OF TAP VALUE CURRENT
Curve 418247

Fig. 7. Typical Time Curve of the Time-Overcurrent Unit of the Moderately Inverse (7) Relays.

12



TYPE IRY RELAY

I.L. 43-133.3D

7 ; B Y1 e ]
t M : TYPICAL TIME,CURVES |
l‘ ¥ | TYPE CO-8
\ I OVER CURRENT RELAY
\ g 50-60,CYCLES
6 ! } - b SRR BRt Tt
| 1
IEELERALE Ak
\ I\ AT !
1 1 I
!
Bl
S T N J
“ : L ‘llx rl
' \|
‘ -
\
\
4 - 1 \ 8 f NI
w VT ! TIME DIAL SETTING
o \ i S e ,
z : LIS § ’ ]
o ’" - il
(V2] N 1 + g
8
3 " A\ 2 | I .
\ 6 N -
\ 5 1 ' “‘ ]
- \ ! L \ 1T -
+ 3
2 A | TR I -
Y 2 ‘ Ty . e =
I Ny
) "y - oy
\ 1 N N B —
N - o
RS oy —
1 AN a4 - u
12 i =
q‘ ! e - -
- 2 i - s =
0
1 2 3 Y 5 6 7 8 910 12 14 16 18 0

MULTIPLES OF TAP VALUE CURRENT

Curve 418248

Fig. 8. Typical Time Curve of the Time-Overcurrent Unit of the Inverse (8) Relays.

13



TYPE IRV RELAY

7 1 | ]
1l | TYPICAL TIME CURVES ]
TYPE .C0<8 ]
: OVER CURRENT,RELAY
1 50-60 CYCLES ]
6
\
| /LY
5 | v
1 |
1 | JIAY
1 \
\
1
| NI | X ]
y X
\
a i
3 | TIME DIAL SETTING
)\ 3 B> 8y N 1]
\ \ 6 f ) u_
\ 4 <Kn il i
2| Y |
3_ 1 N i
2 I N i N i k‘
N N . i . g
1 ™ : - =
1 N ; i - § - ™
1/2 q a
N - X N & —
- e -
- X -
-~ a T l
0 i 11 5+ e :
1 2 3 Y 5 6 7 8 910 12 1§ 16 18 20
MULTIPLES QF TAP VALUE CURRENT
Curve 418249

Fig. 9. Typical Time Curve of the Time-Overcurrent Unit of the Very Inverse (9) Relays.




TYPE IRV RELAY

I.L. 41-133.3D

20

—

w FE O OO NDOWOo

TIME IN SECONDS

© O © 0Oo0O=
N NERERIRERR]
& O A NOWO

1 2 3 % 6 678910 20 20
‘ N
2888655
TYPICAL TIME CURVES
TYPE CO-11
OVER CURRENT RELAY
50-60 CYCLES
'\
\\\\\
AR
AV N \
EYEEAWAAVERYA AR AN ANAN
\ VW
NELANAINY
NMEWANNS
\ \\:\\\\\\\\\ TSeTTinG
A NN
\ A NN \\\ ~ 11
\ N AN SN 18
\EENEAVINNYSNSSE
\ \\ N N \\5* ;
HN <~
NN NN
AN N - 3
2
‘N\
N T~ 1
ﬂ:”
12
1 2 3 % 5678910 20 30 %0

MULTIPLES OF TAP VALME CURRENT

Fig. 10. Typical Time Curve of the Time-Overcurrent Unit of the Extremely Inverse (11) Relays.

15




TYPE IRV RELAY

50
TYPICAL TIME CURVES
CYLINDER

40 INSTANTANEOUS OVERCURRENT UNIT
a
2
(@]
(&)
% 30
3
e
s

\

2 20 \
l; \‘
- 10

o)

0 2 4 6 8 10 12 14 16
MULTIPLES OF TAP VALUE GURRENT
18LAgk6

Fig. 11. Typical Time Curve of the Instantaneous Overcurrent Unit.

SETTINGS
Time Overcurrent Unit (CO)

The time overcurrent unit settings canbe defined
either by tap setting, and time dial position or by tap
setting and a specific time of operation at some cur-
rent multiple of the tap setting (e.g. 4 tdp setting, /2
time dial position or 4 tap setting, 0.6 sgeconds at 6
times tap value current).

To provide selective circuit breaker‘operation, a
minimum coordinating time of 0.3 secondsgplus circuit
breaker time is recommended between,the relay being
set and the relays with which/coordinationis to be
effected.

The connector scréws on the tap plate above the
time dial makes connections to, various turns on the
operating coil. By placing this screw in the various
terminal plate holes, the relay will respond to multi-
ples of tap value currents in accordance with the
various typical time-current curves.

CAUTION Sincejthe tap block connector screw car-
ries operating)current, be sure that the screw is turned
tight. In orderatoyavoid opening the current transformer
circuits, when changing taps under load, connect the
spare connector screw in the desired position before
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removing the other tap screw from the original tap
position,

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be initiated immediately after a trip by
the CO contact, the time of the opening of the contacts
should be a minimum. This condition is obtained by
loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring.

Instantaneous Overcurrent Unit (1)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-
nector screw in the desired tap, the relay will just
close its contacts at the tap value current.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is
turned tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before re-
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moving the other tap screw from the original tap posi-
tion.

Directional Units (D)

No setting is required.

Indicating Contactor Switchg(lCS/kdand ICS/T)

The only setting required)on the ICS units is
the selection of the 0.26r2.0ampere tap setting. This
selection is made by|connecting the lead located in
front of the tapgblock, to“the desired setting by means
of the connecting screw:

Auxiliary Switeh (CS-1)

No setting required on the CS-1 unit except for
the selection of the required 48, 125 or 250 voltage
on the tapped4resistor. This connection can be made
by referring to Fig. 13.

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 two mounting studs
for projection mounting or by means of the four mounting
holes on the flange for the semi-flush mounting.
Either of the studs or the mounting screws may be
utilized for grounding the relay. The electrical con-
nections may be made directly to the termminals by
means of screws for steel panel mounting or to ter-
minal studs furmnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the studs and then
turning the proper nut with a wrench.

For detail information on the FT Case refer to
I.L. 41-076.

The extemal connection of the directional over-
current relays is shown in Fig. 15.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
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Fig. 13. Selection of Proper Voltage Tap for Auxiliary
Switch (CS-1) Operation.

receipt of the relay, no customer adjustments, other
than those covered under ‘‘SETTINGS’’, should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order;

Instantaneous Overcurrent Unit (I)

1. Contact Gap — The gap between the station-
ary and moving contacts with the relay in ghe de-
energized position should be approximately. .020"’.

2. Minimum Trip Current — The gD “eontacts
should be blocked closed when checkingithe pick-up
of the overcurrent unit.

The pick-up of the overcurrent unit €an be check-
ed by inserting the tap screw in theydesired tap hole
and applying rated tap valuefcurrent. The contact
should close within + 5%%f tap4alue current.

Diregtional Unit (D)

1. Contact Gap “=/The gap between the station-
ary contact and moving contact with the relay in the
de-energized position should be approximately .020°’.

2. Sensitivity — The directional unit should trip
with 1.2 volts%and 4 amperes at its maximum torque
angle (currentyleading the voltage by 30°) for the
4 to 124ampere range relays and 1.2 volts and 2
. amperes ‘for the 0.5 to 2.5 ampere and the 2 to 6
ampere tange relays.
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3. Spurious Torque Adjustments — There should
be no spurious closing torques when the operating
circuits are energized per Table 2 with the polarizing
circuit short circuited.

Time Overcurrent Unit (CO)

1. Contacts — The index mark on.the movement
frame will coincide with the ‘‘O’’ markg®n the time
dial when the stationary contact“has moved through
approximately one-half of its normal deflection. There-
fore, with the stationary contact resting against the
backstop, the index mark is offset to the right of the
““O”* mark by approximately .020’". The placement of
the various time dial positiens in line with the index
mark will give operatifgitimes as shown on the re-
spective time-currentécurves:

2. Minimum Trip“Current — Set the time dial to
position 6 with the auxiliary switch (CS-1) contacts
blocked closed, “alternately apply tap value current
plus 3%fand, tapyvalue current minus 3%. The moving
contagt should leave the backstop at tap value cur-
rent plusy 3% “and should return to the backstop at
tap yalue current minus 3%.

3. Time Curve — Table 1 shows the time curve
calibratien points for the various types of relays.
With.the time dial set to the indicated position, apply
the currents specified by Table 1 (e g. for the IRV-2
3 and 20 times tap value current) And measure the
operating time of the relay. The operating times
should equal thoseof Table 1 plus or minus 5 percent,

For type IRV-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial
position is 54.9+5% seconds. It is important that the
1.30 times tap value current be maintained -accurate-
ly. The maintaining of this current accurately is ne-
cessary because of the steepness of the slope of the
time-current characteristic (Fig. 19). A 1% variation
in the 1.30 times tap value current (including mea-
suring instrument deviation) will change the nominal
operating time by approximately 4%.

Indicating Contactor Switches (ICS/1) and (ICS/T)

A) Close the contacts of the CO and the direc-
tional unit (D) and pass sufficient d.c. current through
the trip circuit to close the contacts of (ICS/T). This
value of current should not be greater than the parti-
cular (ICS/T) tap setting being used. The operation
indicator target should drop freely, bringing the letter
“T”’ into view.

B) Close the contacts of the instantaneous over-
current unit (I) and the directional unit (D). Pass suf-
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times pick-up current at an expected operating ‘point
for the particular application. For the 5 t0,2.6 am-
pere range CO-5 and CO-6 induction unit use the al-
ternative test circuit in Fig. 16 as these relays are
affected by a distorted wave form. With this connec-
tion the 25/5 ampere current transformers should be
worked well below the knee of the saturation (i.e. use
10L.50 or better).

All contacts shouldybe periodically cleaned. A
contact burnisher #182A836H01 is recommended for
this purpose. The usé of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding“small particles in the face ofthe
soft silver and thus impairing the contact.

Calibration

Usef the, following procedure for calibrating the
relay if the relay has been taken apart for repairs or
thetadjustments have been disturbed. This procedure
should not be used unless it is apparent that the re-
lay ‘isynot in proper working order. (See ‘‘Acceptance
Chegek’’).

Instantaneous Overcurrent Unit (1)

Fig. 14. Diagram of test connections of the time-overcurrént

unit.

ficient d.c. current through the trip cireuit to,close
the contacts of (ICS/I). This value of current should
not be greater than the particular (ICS/I) tap Setting
being used. The operation indicator®target should
drop freely, bringing the letter ‘‘I'’finto view.

C) The contact gap shotild beé*approximately
.047’’ between the bridging qmovingycontact and the
adjustable stationary contacts.“The bridging moving
contact should touch both,stationary contacts simul-
taneously.

Routine Maintenancle

All relays should be inspected and checked peri-
odically ##/0 aSsure ‘proper operation. Generally a
visual inspec¢tion Should call attention to any notice-
abl e changes.“Afminimum suggested check on the re-
lay system is to close the contacts manually to as-
sure that the breaker trips and the target drops. Then
release the contacts and observe that the reset is
smooth and positive.

If an additional time check is desired, pass sec-
ondary current through the relay and check the time
of operation. It is preferable to make this at several

1. The upper pin bearing should be screwed
down until there is approximately .025'" clearance
between it and the top of shaft bearing. The upper
pin bearing should then be securely locked in pos-
tion with the lock nut. The lower bearing positionis
fixed and cannot be adjusted

2. The contact gap adjustment for the over-
current unit is made with the moving contact in the
reset position, i.e., against the right side of the
bridge.

Move in the left-hand stationary contact until
it just touches the moving contact then back off the
stationary contact 2/3 of one turn for a gap of approx-
imately .020’’. The clamp holding the stationary con-
tact housing need not be loosened for the adjustment
since the clamp utilizes a spring-type action in hold-
ing the stationary contact in position.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the moving
element assembly. The spring is adjusted by placing
a screwdriver or similar tool into one of the.notches
located on the periphery of the spring adjuster and
rotating it. The spring adjuster is located on the
underside of the bridge and is held in place by a
spring type clamp that does not have to be loosened
prior to making the necessary adjustments.

Before applying current, block close the con-
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tacts of the D unit. Insert the tap screw in the mini-
mum value tap setting and adjust the spring such
that the contacts will close as indicated by a neon
lamp in the contact circuit when energized with the
required current. The pickup of the overcurrent unit
with the tap screw is any other tap should be within
+ 5%o0f tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

The directional unit is the lower cylinder unit.

1. The upper bearing screw should be screwed
down until there is approximately .025’’ clearance
between it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in posi-
tion with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Advance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move in the left-hand stationary contact
until it just touches the moving contact. Then back
off the stationary contact 2/3 of one turn for a con-
tact gap of .020°*. The clamp holding the stationary
contact housing need not be loosened for thegadjust:
ment since the clamp utilizes a spring-typelaction in
holding the stationary contact in positions«

3. Insert tap screw of overcurrent unit inhighest
tap. The sensitivity adjustment is<émade by varying
the tension of the spiral spring attached®to the mov-
ing element assembly. The spring is adjusted by plac-
ing a screwdriver or similapmteol™into one of the
notches located on the periphery of the spring adjust-
er and rotating it. The springtadjuster is located on
the underside of thefbridge and is held in place by a
spring type clamp 4€hat does ot have to be loosened
prior to making the necessary adjustments.

The spring is to be adjusted such that the con-
tact will close as indicated by a neon lamp in the
contact circuit when energized with 1.2 volts and 4
amps (currentjleading 30°) for the 4 to 12 ampere
range relays and 1.2 volts and 2 amps for the 0.5 to
2.5 and), 2“toy6)ampere range relays. This can be done
appreximately using current in phase with voltage by
increasing’'the pickup current to 4.6 and 2.3 amperes
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respectively.

4. The magnetic plugs and core are usegd”to
reverse any unwanted spurious torques that may be
present when the relay is energized on current alone.

The reversing of the spurious torques is accom-
plished by using the adjusting plugs and core™in the
following manner:

Short circuit the voltage “terminals/and apply
current to the operating circuit terminals as per
Table 2.

Plug and core adjustment is thén made per Table
2 such that the spurious torques are reversed. The
plugs are held in positionyby/upper and lower plug
clips. These clips need net be disturbed in any man-
ner when making the“necessary adjustment. The core
assembly is heldfinpposition by the clamping action
of two compressed/springs. This allows its position
to -be changediby inserting a non-magnetic tool into
the slot on theybottem side of the unit.

The magnetic plug and core adjustment may be
utilizedyto positively close the contacts on current
alone. Thisfmay be desired on some installations in
order to, insure that the relay will always trip the
breaker on zero potential.

Time Overcurrent Unit (CO)

1) Contacts — The index mark on the movement

frame will coincide with the ‘‘O’’ mark on the time
dial when the stationary contact has moved through
approximately one-half of its normal deflection.
Therefore, with the stationary contact resting against
the backstop, the index mark is offset to the right of
the ““O’" mark by approximately .020’’. The place-
ment of the various time dial positions in line with
the index mark will give operating times as shown on
the respective time-current curves.

2) Minimum Trip Current — The adjustment of
the spring tension in setting the minimum trip current
value of the relay is most conveniently made with the
damping magnet removed.

With the time dial set on ‘“O’’, wind up the spiral
spring by means of the spring adjuster until approxi-
mately 6-3/4 convolutions show.

Set the relay on the minimum tap setting, the
time dial to position 6.

With the auxiliary switch (CS-1) contacts blocked
closed, adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstopn at tap

i,
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value current —-1.0%.

3) Time Curve Calibration — Install the perma-
nent magnet.

Apply the indicated gurrentper Table 1 for perma-
nent magnet adjustment (e.g. IRV-8, 2 times tap value)
and measure the operating time. Adjust the permanent
magnet keeper  until the ‘operating time corresponds
to the value of Table ls

For type ARV- 11 relay only, the 1.30 times tap
value operating, time from the number 6 time dial
position is 54.9+5% seconds. It is important that the
1.30 times tap value current be maintained accurate-
ly. The maintaining of this current accurately is ne-
cessary because of the steepness of the slope of the
time=eurrent characteristic (Fig. 19). A 1% variation
in, the 1.30 times tap value current (including mea-
suring instrument deviation) will change the nominal
operating time by approximately 4%.' if the operating

time at 1.3 times tap value is not within these limits,
a minor adjustment of the contiol spring will give the
correct operating time without any undue effecton the
on the minimum pick-up of the relay. This check is to
be made after the 2 times tap value adjustment has
been completed.

Apply the indicated current per Table 1 for the
electromagnet plug adjustment (e.g. IRV-8, 20 times
tap value) and measure the operating time. Adjust the
proper plug until the operating time corresponds to
the value in Table 1. {(Withdrawing the left hand plug,
front view increases the operating time and withdraw-
ing the right hand plug, front view, decreases the
time.) In adjusting the plugs, one plug should be
screwed in completely and the other plug run in or
out until the proper operating tihe has been obtained.

Recheck the permanent magnet adjustment. If the
operating time for this calibration point has changed,
readjust the permanent magnet and thex recheck the
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electromagnet plug adjustment.

Indicating Contactor Switches (ICS/1) and (ICS/T)

Adjust the contact gap for approximately .047’’.

A) Close the contacts of the CO and the direc-
tional unit and pass sufficient d.c. current through

the trip circuit to close the contacts of tiie (ICS/T).
This value of current should not be greater than the
particular (ICS/T) tap setting being used. The opera-
tion indicator target should drop freely bringing the
letter ‘T’ into view.

B) Close contacts of instantaneous overcurrent
unit (I) and directional unit (D). Pass sufficient d.c.
current through the trip circuit to close contacts of
the (ICS/I). This value of current should not be great-
er than the particular (ICS/I) tap setting being used.
The operation indicator target should drop freely
bringing the letter ‘‘I’” into view.

Auxiliary Switch (CS-1)

Adjust the stationary core of the switch for a
clearance between the stationary coreand the moving
core when the switch is picked up. This can be done
by turning the relay upside-down. Then screw up the
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core screw until the moving core starts rotating. Now
back off the core screw until the moving core stops
rotating. This indicates the points when the play in
the assembly is taken up, and where the moving core
just separates from the stationary core screw. Back
off the core screw approximately one turn and lpck in
place. This prevents the moving core,from striking
and sticking to the stationary core becduse of resi-
dual magnetism. Adjust the contact clearance for
3/64’’ by means of the two small,nuts,on either side
of the Micarta disc.

Connect lead (A) to proper temninal per Fig. 13.
Block directional unit (D), contaets close and ener-
gize trip circuit with rated veltage. Contacts of aux-
iliary switch (CS-1) ;,shouldymake as indicated by a
neon lamp in the contaet,circuit.

RENEWAL PARTS

Repairawork, can be done most satisfactorily at
the factoryy However, interchangeable parts can be
furnishedyto theé customers who are equipped for doing
repair, work.” When ordering parts, always give the
completeynameplate data.
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TABLE |

TIME CURVE CALIBRATION DATA - 60 CYCLES

PERMANENT MAGNET ADJUSTMENT

ELECTROMAGNET PLUGS

TIME- TIME CURRENT OPERATING CURRENT OPERATING
OVERCURRENT DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
UNIT TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS
2 6 3 0.57 20 0.22
5 6 2 317.80 10 14.30
6 6 2 2.46 20 1.19
(l 6 2 4.27 20 1.11
8 6 2 13.35 20 1.11
9 6 2 8.87 20 0.65
11 6 2 11727 20 0.24
TABLE 2
DIRECTIONAL UNIT CAEIBRATION +
Relay Rating Current Adjust Adjustment
9 to 2.5 Amp 25 Amp Core tt Rotate core by means of adjuster
and 2-6 amps. located on bottom side of
cylinder unit. Adjust core so
that a slight contact opening
torque is made. Recheck at
4-12 amps 50 amps 15 and 5 amps. to see there is
no closing torque for the lower
range units and 30 amps and 10
amps for the 4-12 amp range
relays.
.9 to 2.5 amps 50 amps If spurious torque is in the
and 2-6 amps contact closing direction
(left front view) screw out
right magnetic plug until
direction of spurious torque
Magnetic is reversed.

Plugs If spurious torque is in the
contact opening direction, screw
out left plug until spurious

4-12 100 amps torque is slight contact opening.

Recheck at 40, 25 and 10 amps
for the lower range units and
80, 50 and 20 amps for the
4-12 amp range relays.

t Short circuit the voltage polarizing circuit at the relay terminals before making the above adjustments.

Tt Plugs should be at fully in position prior to adjustment of core.
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INSTALLATION

Westinghouse I.L. 41-133.2B
e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE IRQ DIRECTIONAL OVERCURRENT
NEGATIVE SEQUENCE RELAY
FOR GROUND PROTECTION

CAUTION Before putting the relay into service, re-
move blocking from all the moving parts. Inspect the
relay and operate all elements by hand to be sure no
damage has occured during shipment.

APPLICATION

The type IRQ is a directional overcurrent ground
relay in which the directional unit operates on neg-
ative sequence current and voltage, and the over-
current units operates on residual or ground current.
The negative sequence current and voltage are obtain-
ed by means of self-contained negative sequence
filters connected between the directional unit and the
current and potential transformers.

The relay is intended for use at locations where
the present equipment or system conditions,do not
permit the use of the conventional types of‘@directional
ground relays operating entirely on residual “eurrent
and voltage.

At an ungrounded substation onfgrounded systems
where only two potential tranSformers are available,
or where the potential transformers, are on the low-
tension side of a wye-delta or‘delta-wye power trans-
former bank, the type IRQWrelay¥®is applicable for
ground protection.

CONSTRUCTJ/ON AND OPERATION

The type TRQ Teélay/ consists of a directional
cylinder unit{(D) operating on negative sequence quan-
tities, negativedsequence current and voltage filters
an auxiliaryyswitch (CS-1), a time-overcurrent unit
(CO), an instantaneous overcurrent unit (I), and two
indicating contactor switches (ICS/I) and (ICS/T). The
principle component parts of the relays and their
location are shown in Figs. 1 and 2.

Directional Unit (D)

The directional unit is a product induction cylin-
der type unit operating on the interaction between the

SUPERSEDES I.L. 41-133.2A

*Denotes change from superseded issue

polarizing circuit flux andfthe operating circuit flux.

Mechanically,“¢he directional unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and a
molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
theglower pin bearing is secured to the frame by a
loéking nut. The bearing can be replaced, if neces-
sary, ‘without having to remove the magnetic core from
the“frame.

The electromagnet has two series-connected polar-
izing coils mounted diametrically opposite one an-
other; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to
accurately position the lower pin bearing, which is
mounted on the frame, with respect to the upper pin
bearing, which is threaded into the bridge. The elec-
tromagnet is secured to the frame by four mounting
SCrews.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet and
the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition tp holding

the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

EFFECTIVE APRIL 1966



Fig. 1.

Type IRQ Relay without Case (Rear View)

S

Fig. 2. Type IRQ Relay without Case (Front View)
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TYPE IRQ RELAY

1.L. 41-133.,28

Fig. 3. Time Overcurrent Unit (Front View). 14Tap Block, 2- Time Dial, 3-Control Spring Assembly, 4-Disc, 5- Stationary
Contacts Assembly, 6 - Magnetic Plugs,“7,- Pérmanent Magnet

With the contacts closed, the electrical connec-
tion is made through the stationary conftact housing
clamp, to the moving contdet, through the spiral
spring out to the spring adjustep clamp.

Negative Sequence Filter

The current and veltage filters consist of re-
actors and resistors connected together as shown in
the internal schematiesgEigd).

Time-Overcurrent, Unit (CO)

The elgetromagnets for the types IRQ-5, IRQ-6,
IRQ-7, IRQ-8 and IRQ-9 relays have a main tapped
coil located®on thé center leg of an ‘““E’’ type lamin-
ated structure that produces a flux which divides and
returns through the outer legs. A shading coil causes
the flux threugh the left leg to lag the main pole flux.
Theéyout-of-phase fluxes thus produced in the air gap
eause)a contact closing torque.

The electromagnet for the type IRQ-2 and IRQ-11
relays has a main coil consisting of a tapped primary
winding a secondary winding. Two identical coils

on the outer legs of the lamination structure are con-
nected to the main coil secondary in a manner so that
the combination of all the fluxes produced by the
electromagnet result in out-of-phase fluxes in the air
gap. The out-of-phase air gap fluxes produced cause a
contact closing torque.

Auxiliary Switch (CS-1)

The auxiliary switch is a small solenoid type d.c.
switch. A cylindrical plunger, with a silver disc
mounted on its lower end, moves in the core of the
solenoid. As the plunger travels upward, the disc
bridges the silver stationary contacts. A tapped re-
sistor is used to enable one to use the contactor
switch on a 24, 48, 125 or 250 volt d.c. system con-
nected per Fig. 14. The operation of the CS-1 switch
is controlled by the directional unit (D) which in
turn directionally controls the time-overcurrent unit
(CO). When sufficient power flows in the tripping
direction, the CS-1 switch operates and bridges the
lag coil of the time-overcurrent unit (CO) permitting
this unit to operate.
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Fig. 4. Internal Schematic of the IRQ Relay.

Instantaneous Overcurrent Unit (I)

The instantaneous overcurrent unit consists ‘of a
induction cylinder type unit and a transformer. TEhe
induction cylinder unit is similar in cénstruetion/ to
the directional unit. The time phase relationship of
the two air gap fluxes necessary for the development
of torque is achieved by means of a capacitor connec-
ted in series with one pair of pole windings.

The normally-closed contact of the directional unit
is connected across one pairfof poke windings of the
instantaneous overcurrentyunity@s shown in the inter-
nal schematics. Thisdarrangement short-circuits the
operating current aro@ind the pole” windings; preventing
the instantaneous overcurrent unit from developing
torque. If the directionalpanit should pick up for a
fault, this short-circuit is removed, allowing the in-
stantaneous overcurrent contact to commence closing
almost simultaneously with the directional contact
for high speed‘eperation.

The “ransformer is of the saturating type for
limiting the energy to the instantaneous overcurrent
unit at “higher values of fault current and to reduce

Fig. 5. Sensitivity Curve of the Directional Unit (D).

C.T. burden. The primary winding is tapped and
these taps are brought out to a tap block for ease
in changing the pick-up of the instantaneous over-
current unit. The use of a tapped transformer prov-
ides approximately the same energy level at a given
multiple of pickup current for any tap setting, result-
ing in one time curve throughout the range of the
relay.

Across the secondary is connected a non-linear
resistor known as a varistor. The effect of the varis-
tor is to reduce the voltage peaks applied to the over-
current unit and phase shifting capacitor.

Indicating Contactor Switch Unit (ICS/l and ICS/T)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic core upon energization of the switch.
When the switch closes the moving contacts bridge
two stationary contacts, completing the trip circuit.
Also during this operation two fingers on the armature
deflect a spring located on the front of the switch,
which allows the operation indicator target to drop.

A
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L.L. 41-133.28
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RESISTANCE LOAD

Fig. 6. Time Curve of the Directional Unit (D)

The front spring, in addition to holdingthefarget,
provides restraint for the armature and thus ‘eentrols
the pickup value of the switch.

CHARACTERISTICS

The time characteristics of the time overcurrent
relays are designated by specific nambers as indicat-
ed below (eg. IRQ-8).

Time
Characteristics

Short Time 2
Long Time

Designation

Definite Time

ModeratelyInverse Time

Inverse Time

Verydnverse Time

Extremely Inverse Time 1

—_ O 00 1 O U

The relays are available in the following current
ranges:

Time Overcurrent Unit

Range | Taps
.5-2.5]1 0.5 0.6 0.8 1.0 1.5 2.0 2.5
2-6 2 2.5 3 3.5 4 5 6

4-12 4 5 6 1 8 10 12

Fig. 7. Diagram of Test Connections for the Circuit Closing
Time Overcurrent Unit of the IRQ Relay.

Instantaneous Overcurrent Unit (I)

Range Taps
0.5-2 Amps | 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40
20-80 20 30 40 48 60 80

The tap value is the minimum current required to
just close the relay contacts.

The time vs. current characteristics for the time-
overcurrent unit are shown in Figs. 15 to 21. These
characteristics give the contact closing time for the
various time dial settings when the indicated multi-
ples of tap value current are applied to the relay.

The time vs. current characteristics for the in-
stantaneous overcurrent unit is shown in Fig. 13.

The time vs. current characteristics for the direc-
tional unit is shown in Fig. 6.

Directional Unit (D)

The directional unit minimum pick-up is approx-
imately 0.76 volt-ampers (e.g. 0.19 volt and 4 am-
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Fig. 8. Test Diagram for Calibration of the Negative Sequence Current Filter in the IRQ Relay.

peres)in terms of negative sequence quantities applied
at the relay terminals at the maximum torqué®angle
of approximately 98°(current leading voltage),

A typical sensitivity curve for the ndegative seg-
uence directional unit is shown in Fiig., 5.

The time vs current characteristic forPthe direc-
tional unit is shown in Fig. 6.

Trip Circuit
The relay contacts will safely close 30amperes
at 250 volts d.c. and ghe seal?in contacts of the indi-

cating contactor switches will, safely carry this cur-
rent long enough to tripfa cir€uit breaker.

The indicating contactor switch has two taps that
provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of thegtapiblock to the desired setting by means

of a screw connection.

Cylinder Unit Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set screw in each stationary contact has
been shop adjusted for optimum follow and this ad-
justment should not be distrubed.

Trip Circuit Constants

Inidcating Contactor Switch —

0.2 ampere taps — 6.5 ohms d-c resistance
2.0 ampere taps — 0.15 ohms d.c resistance

The auxiliary switch operating time is approxi-
mately 5 milliseconds.
d.c resistance - 1165 ohms

S,
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Fig. 9. In Service Test Procedure for Verifying Pfoper 'External Connections Where CT Neutral is Formed Within the Relay.

SETTINGS

Directional Unit (D)

No setting is required.

Time Overcurrent Unit (CO)

The time overcurrent unit(settings can be defined
either by tap setting andytimetdial position or by tap
setting and a specific time“ef opération at some cur-
rent multiple of the tap/ setting (e.g. 4 tap setting, 2
time dial position or 4, tap/setting, 0.6 seconds at
6 times tap value current).

To provide“selective circuit breaker operation, a
minimum céordinating time of 0.3 seconds plus circuit
breaker ¢ime /Is recommended between relay being
set and theirelags with which coordination is to be
effected.

The connector screws on the tap plate above the
time dial makes connections to various turns on the
operating coil. By placing this screw in the various
tap plate holes, the relay will just close its contacts
at the corresponding current in amperes, or as marked
on the tap plate.

CAUTION: Since the tap block connector screw
carries operating current, be sure that the screw is
turned tight. In order to avoid opening the current
transformer circuits when changing taps under load,
connect the spare connector screw in the desired
position before removing the other tap screw from the
original tap position.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be intiated immediately after a trip by
the CO contact, the time of the opening of the con—
tacts should be a minimum. This condition is obtained
by loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring. With this change and the contact mounting
screw tightened, the stationary contact will rest
solidly against its backstop.

Instantaneous Overcurrent Unit (I)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-
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STATION BUS
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TEST NO. 2 - RELAY OPERATION TEST:

1. OPEN RELAY SWITCH 10 AND FT=INSWITCH J
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16 ANO 15

3. OPEN FT-1 SWITCH‘B

4. DIRECTIONAL CONTACT ‘SHOULD CLOSE WHEN POWER
FLOW ISLINTO LINE, OVER THE RANGE OF
142° LAGGING TO 38°% LEADING POWER FACTOR.
MAXIMUM CLOSING TORQUE OCCURS AT
APPROXIMATELY 52°"LAG.
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Fig. 10. In Service Test Procedure for Verifying ProperfExternal Connections Where CT Neutral is Formed Externally.

nector screw in the desired tap, the relay will just
close its contacts at the tap value current.

CAUTION Since the tap block connectof Sscrew
carries operating current, be sure that #he Screwlis
turned tight.

In order to avoid opening the current“transformer
circuits when changing taps under loadjconnect the
spare tap screw in the desired positien before re-
moving the other tap screw fromy.the' original tap
position.

Negative Sequence Filter

No setting is requireds

Indicating Contactor Switch’ (ICS/l and ICS/T)

The only setting required on the ICS units is the
selection of the 0.2,r 2.0 ampere tap setting. This
selection is@made by connecting the lead located in
front of the,tapyblock to the desired setting by means
of the connecting screw.

Auxiliary Switch (CS- 1)

The only setting required on the CS-1 unit is

the selection of the required 24, 48, 125 or 250 volt-
age on the tapped resistor. This connection can be
made by referring to Fig. 14.

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 two mounting
studs for the FT projection case or by means of
the four mounting holes in the flange of the semi-
flush type FT case. Either of the studs or the mount-
ing screws may be utilized for grounding the relay.
The electrical connection may be made directly to
the terminals by means of screws for steel panel
mounting or to terminal studs furnished with the relay
for thick panel mounting. The terminal studs may be
easily removed or inserted by locking two nuts on
the studs and then turning the proper nut with a
wrench.

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

o
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Fig.“lBl. External Schematic of IRQ Relay.

The external connections ofgmthe directional
overcurrent relay are shown in Fig. 12

ADJUSTMENT AND MAINGTENANCE

The proper adjustments@to insure correct opera-
tion of this relay have bgen made at the factory. Upon
receipt of the relay, no\customer adjustments, other
than those covered gunder™*SETTINGS’’, should be
required.

Acceptance/Check

The following gheck is recommended to insure
that the relay.is in proper working order;

Negative Sequence Filter

The filters are adjusted for balance in the factory
and _no. further adjustments or maintenances should be
required. The nominal voltage and current output of

the*filters on positive sequence is approxirnately zero.

This serves as a convenient check on the balance of
the filters. If any two input leads to the potential

filter should be interchanged, a high voltage occurs
across the output terminals of the filter. Similarly,
if any two of the phase leads to the input temnminals
of the current filter are interchanged, an output cur-
rent will be obtained.

Directional Unit (D)

1. Contact Gap - The gap between the station-
ary contact and moving contact with the relay in the
de-energized position should be approximately .020’’

2. Sensitivity — Refer to the test diagram in fig.
12. Apply a single-phase voltage Via equal to 0.57
volts (corresponds to a negative-sequence input
voltage of .19 volts) and a single-phase current equal
to 6.93 amperes as shown (corresponds to a negative
sequence input current of 4 amperes). With a phase
angle meter connected as shown, rotate the phase
shifter until the current leads the voltage by 188°.
This corresponds to the negative sequence component
of current leading the negative sequence component
of voltage by 986 The directional unit contact
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Fig. 12. Test Diagram for Checking Maximum Torque Angle
and Minimum Voltage for Contact Closure of the
Directional Unit.

should pick up within + 10% of the above input volt=
age to the relay.

3. Spurious Torque - With the relay connected
in the test diagram as above, remove thé& input volt-
age and connect terminais 14, 15, and 16 “tegether.
Remove the phase-angle meter. With@80 amperes
single-phase current applied, there; should, be no
spurious closing torque.

Time Overcurrent Unit (CO)

1. Contacts - The index ‘mark ©on the movement
frame will coincide with the®{‘O™ mark on the time
dial when the statiomary gontact has moved through
approximately one-halfyef its mormal deflection. There-
fore, with the stationary“eentact resting against the
backstop, the index mark is offset to the right of the
‘‘O”” mark approximately .020’’. The placement of
the various time dial positions in line with the index
mark will give ‘operating times as shown on the re-
spective time:cufrrent curves.

2. Minimum® Trip Current - Set the time dial to
positionm6 ‘with the auxiliary switch (CS-1) contacts
bloegked\closed, alternately apply tap value current

10

plus 3% and tap value current minus 3%. The moving
contact should leave the backstop at tap value fcur-
rent plus 3% and should return to the backstoppat
tap value current minus 3%.

3. Time Curve - Table 1 shows the time curve
calibration points for the various types of relays.
With the time dial set to the indicated#position, apply
the current specified by Table 1 (e.g.“for the IRQ-2,
3 and 20 times tap value current). And measure the
operating time of the relay. /TheWeperating times
should equal those of Table 1,plusforminus 5 percent.

For type IRQ-11 relay only,/ the 1.30 times tap
value operating time from@§the number 6 time dial
position in 54.9+5% seeends. It is important that the
1.30 times tap valde current be maintained accurate-
ly. The maintaining 0f this current accurately is ne-
cessary becauselef thefsteepness of the slope of the
time-current characteristic (Fig. 21). A 1% variation
in the 1.30, times)tap value current (including mea-
suring inStrument deviation) will change the nominal
operatifig timegby approximately 4%.

ldstantaneous Overcurrent Unit (I)

1. Contact Gap - The gap between the stationary
and moving contacts with the relay in the de-ener-
gized position should be approximately .020°’.

2. Minimum Trip Current - The normally-closed
contact of the directional unit should be blocked open
when checking the pick-up of the overcurrent unit.

The pick-up of the overcurrent unit can be check-
ed by inserting the tap screw in the desired tap hole
and applying rated tap value current. The contact,
should close within +5% of the tap value current.

Indicating Contactor Switches (ICS/1 and (ICS/T)

A) Close the contacts of the CO and pass suf-
ficient d.c. current through the trip circuit to close
the contacts of (ICS/T). This value of current should
not be greater than the particular (ICS/T) tap setting
being used. The operation indicator target should
drop freely, bringing the letter ‘““T’’ into view.

B) Close the contacts of the instantaneous over-
current unit (I) and the directional (D). Pass suf-
ficient d.c. current through the trip circuit to close
the contacts of (ICS/I). This value of current should
not be greater than the particular (ICS/I) tap setting
being used. The operation indicator target should
drop freely, bringing the letter “‘I’’ into view.

C) The contact gap should be approximately

R
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Fig. 13. Typical Time Curve of ‘the Instantaneous Overcurrent Unit.

,047” between the bridging moving contdct and the
adjustable stationary contacts. The bridgingdmoving
contact should touch both stationary contacts, sim-
ultaneously.

Routine Maintenance

All relays should be inspected periodically and
the time of operation should “be ‘ehecked at least
once every year or at suchgother<ime intervals as
may be dictated by experiéncedto be suitable to the
particular application.

If an additional time cheek is desired, pass sec-
ondary current throughgthe®™relay and check the time of
operation. It is preferable to make this at several
times pick-up currentgpat an expected operating point
for the particular application. For the .5 to 2.5 ampere
range IRQ-5 and IRQ-6 induction unit use the alterna-
tive test cireuit it Fig. 7 as these relays are affected
by a distorted®wave form. With this connection the
25/5 ampere current transformers should be worked
well belowfithe knee of the saturation (i.e., use 10L50
or better).

All contacts should be periodically cleaned. A
contact burnisher #182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the

danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments have been disturbed. This procedure
should not be used unless it is apparent that the re-
lay is not in proper working order. (See ‘‘Acceptance
Check”).

Negative Sequence Voltage Filter

A. Apply 120 volts balanced 3 phase voltage
60 cycles to terminals 14, 15, and 16 of the relay,
making sure that phase 1, 2, and 3 of the applied
voltage is connected to terminals 14, 15, and 16
repectively.

B. Using a calibrated high resistance rectox
voltmeter, measure the voltage between the tap on
the auto-transformer (middle terminal, lower-right
hand reactor, front view) and the tap on the adjust-
able 2’’ resistor. If the voltage is high (40 to 50
volts) the filter is probably improperly connected.
If properly connected, the voltage will be low. Using
a low range (approximately 5 volts) move the adjust-
able tap until the voltage reads a minimum. This
value should be less than 1.5 volts.

N
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Negative Sequence Current Filter

Refer to fig. 8 for positive sequence calibration.

A. Connect relay terminals 7 and 9 together.
Remove lead to lower right hand terminal of mutual
reactor (right side view) to disconnect the directional
unit.

B. Pass 10 amperes in terminal 6 and out ter-
minal 8.

C. With a 0-15 volts, rectox type voltmeter,
measure and record voltage between terminals 6 and
the lower right hand terminal of mutual reactor. This
voltage should be between 1.85 and 1.95 volts.

D. Now measure the voltage from terminal 6 to
terminal 7. Adjust the top filter resistor tap until
this voltage is 1.73 times the reading of part C.

Refer to fig. 8 for neutral tap calibration.

A. Using the test connections as shown and a
low range voltmeter connected between terminal 6 and
7, adjust the middle filter resistor tap connection
until the measured voltage is zero. Reconnect lead
to mutual reactor at end of this test.

Directional Unit (D)

1. The upper bearing screw should be screwed
down until there is approximately .025’’ clearance
between it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in_posi-
tion with the lock nut.

2. Contact gap adjustment for theg directional
unit is made with the moving contactyin thedreset
position, i.e., against the right side of the bridge.
Advance the right hand stationarygeentaetyuntil the
contacts just close. Then advance the stationary
contact and additional one-half turn:

Now move in the left-hand stationary contact
until it just touches th€ moving contact. Then back
off the stationary contact% of one turn for a contact
gap of .020”’ to .024™yThe clamp holding the station-
ary contact housing need¢not be loosened for the
adjustment since the clamp utilizes a spring-type
action in holding the ,stationary contact in position.

3. The“sénsitivity adjustment is made by varying
the tensiomyofithe spiral spring attached to the mov-
ing element assembly. The spring is adjusted by
placing, ‘amscrewdriver or similar tool into one of the
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notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

The spring is to be adjusted suchgthat the con-
tacts will close when the relay is(.emergized with
0.57 volts and 6.93 amps at 188%(currefit leading
voltage), considering the relay conmnected to the test
circuit in Fig. 12.

4. The magnetic plugs arejused to reverse any
unwanted spurious torques that may be present when
the relay is energized oft current alone.

The reversing of,thefspurious torques is accom-
plished by using the adjusting plugs in the following
manner:

a) Connect “the9relay voltage circuit terminals
(phase 1, 2%nd™3) together.

b) Apply 80 amperes single-phase current
(momentarily)®in phase 2 terminal and out phase 3
terminal.

Plig adjustment is then made per Table II such
that any contact closing spurious torques are reversed.
The plugs are held in position by upper and lower
plug clips. These clips need not be disturbed in any
manner when making the necessary adjustment.

The magnetic plug adjustment may be utilized to
positively close the contacts on current alone. This
may be desired on some imstallations in order to in-
sure that the relay will always trip the breaker on
zero potential.

Instantaneous Overcurrent Unit (1)

1. The upper pin bearing should be screwed down
until there is approximately .025 clearance between
it and the top of shaft bearing. The upper pin bearing
should then be securely locked in position with the
lock nut. The lower bearing position is fixed and can-
not be adjusted!

2. The contact gap adjustment for the overcurrent
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Move in the left-hand stationary contact until it just
touches the moving contact then back off the station-
ary contact 2/3 of one turn for a gap of approximately
.020’’. The clamp holding the stationary contact hous-
ing need not be loosened for the adjustment since the
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clamp utilizes a spring-type action in holding the sta-
tionary contact in position.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

Before applying current, block open the normally-
closed contact of the directional unit. Insert the tap
screw in the minimum value tap setting and adjust
the spring such that the contacts will close as indi-
cated by a neon lamp in the contact circuit when
energized with the required current. The pick up of
the overcurrent unit with the tap screw in any other
tap should be within +5% of tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results ina
slightly different time characteristic curve and burden,

Time Overcurrent Unit (CO)

1) Contacts - The index mark on the mevement
frame will coincide with the ‘‘O’’ mark onythe“time
dial when the stationary contact has moved through
approximately one-half of its normal / deflection.
Therefore, with the stationary contaetPresting against
the backstop, the index mark is offset to the right of
the ‘O’ mark by approximatelyy.020**. The place-
ment of the various time dial'positiens in line with
the index mark will give operating, times as shown on
the respective time-current. curves.

2) Minimum Trip Current)- The adjustment of
the spring tension ingsettingsthe minimum trip current
value of the relay is most\conveniently made with the
damping magnet temoveds

With the time dial”set on ‘‘O’’ wind up the spiral
spring by means offthe spring adjusted until approxi-
mately 6-3/4 cénvolutions show.

Set the relay on the minimum tap setting, the
time dial to‘position 6.

With the auxiliary switch (CS-1) contacts blocked
closed,” adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at tap
value current - 1.0%.

3) Time Curve Calibration - Install the perma-
nent magnet.

Apply the indicated current per Table 1 for perma-
nent magnet adjustment (e.g. IRQ-8, 2 timesstap value)
and measure the operating time. Adjust the permanent
magnet keeper until the operating time corresponds
to the value of Table 1.

For type IRQ-11 relay (only, {the 1.30 times tap
value operating time from, thesmumber 6 time dial
position is 54.9 +5% se€€@ondsWpIt is important that the
1.30 times tap valueé current be maintained accurate-
ly. The maintaininghef this’ current accurately is nec-
essary because ©f thelsteepness of the slope of the
time-current characterisstic (Fig. 21). A 1% variation
in the 1.30 _timesytap value current (including mea-
suring instrument deviation) will change the nominal
operating time by approximately 4% if the operating
timeyat 1.3 times tap value is not within these limits,
a minorpadjistment of the control spring will give the
correct, operating time without any undue effect on the
minimuam» pick-up of the relay. This check is to be
madepafter the 2 times tap value adjustment has been
completed.

Apply the indicated current per Table 1 for the
electromagnet plug adjustment (e.g. IRQ-8, 20 times
tap value) and measure the operating time. Adjust the
proper plug until the operating time corresponds to
the value in Table 1 (Withdrawing the left hand plug,
front view increases the operating time and withdraw-
ing the right hand plug, front view, decreases the
time.) In adjusting the plugs, one plug should be
screwed in completely and the other plug run in or
out until the proper operating time has been obtained.

Recheck the permanent magnet adjustment. If the
operating time for this calibration point has changed,
readjust the permanent magnet and then recheck the
electromagnet plug adjustment.

Indicating Contactor Switches (ICS/I) and (ICS/T)

Adjust the contact gap for approximately .047’.

A) Close the contacts of the CO and the direc-
tional unit and pass sufficient d.c. current through
the trip circuit to close the contacts of the (ICS/T).
This value of current should not be greater than the
particular (ICS/T) tap setting being used. The oper-
ation indicator target should drop freely bringing the
letter ‘“T’’ into view.

B) Close contacts of instantaneous overcurrent
unit (I) and directional unit (D). Pass sufficient d.c.
current through the trip circuit to close contacts of
the (ICS/I). This value of current should not be great-
er than the particular (ICS/I) tap setting being used.

13
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The operation indicator target should drop freely
bringing the letter ‘“I’’ into view.

Auxiliary Switch (CS-1)

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

Connect lead (A) to proper terminal per Fig. 14.
Block directional unit (D) contacts close and ener-
gize trip circuit with rated voltage. Contacts of aux-
iliary switch (CS-1) should make as indicated by a
neon lamp in the contact circuit.

RENEWAL PARTS

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

RED mgunmuc I 2 3 4
00— g
@ o [%J o tean ()
o—s) o
POSITION RATED D-C | RESISTOR
LEAD @ VOLTAGE RESISTANCE
2 48 300
3 125 2700
4 250 6500
NOTE . RELAYS 4AREp SHIPPED, ON THE 125 VOLT TAP
184A316

Fig. 14. h\Selection of Proper Voltage Tap for Auxiliary Switch
(CS-1) Operation.

JABLE |

TIME CURVE CALIBRATION DATA -~ 60 CYCLES

PERMANENT MAGNET ADJUSTMENT

ELECTROMAGNET PLUGS

TIME- TIME CURRENT OPERATING CURRENT OPERATING

OVERCURRENT  DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
UNIT TYPE POSITION  \TAP VALUE) SECONDS TAP VALUE) SECONDS
IRQ- 2 6 3 0.57 20 0.22
IRQ- 5 6 2 31.80 10 14.30
IRQ- 6 6 2 2.46 20 1.19
IRQ- 7 6 2 4.27 20 1.11
IRQ-¢8 6 2 13.35 20 1.11
IRQ- 9 6 2 8.87 20 0.65
RQ-11 6 2 11.27 20 0.24

14
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DIRECTIONAL UNIT CALIBRATION t

TABLE Il

RELAY RATING

CURRENT AMPERES

BOTH PLUGS IN CONDITION

ADJUSTMENT

All Ranges 80 Spurious Torque In Contact Right (Front-View) Plug Screwed
Closing Direction (Left Front Out Untd} Spurious Torque is Re-
View) versed.

All Ranges 80 Spurious Torque In Contact Left (Front View) Plug Screwed

Opening Direction (Right Front
View) (Contacts remain open)

Out’ Until Spurious Torque is in
Contact Closing Direction. Then
the plug is screwed in Until Spuri-
ous Torque is Reversed.

t Short circuit the voltage polarizing circuit at the relay terminals before ‘making the above adjustment.

ENERGY REQUIREMENTS

IRQ-2 TIME OYERCURRENT UNITS

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTORY TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE(® CURRENT CURRENT CURRENT CURRENT

0.5 0.91 28 58 4.8 39.6 256 790
0.6 0.96 28 517 4.9 39.8 270 851
0.8 1.18 28 53 5.0 42.17 308 1024
0.5/2.5 1.0 1.37 28 50 5.3 45.4 348 1220
1.5 1.95 28 40 6.2 54.4 435 1740
2.0 2.24 28 36 7.2 65.4 580 2280
2.5 2.50 28 29 7.9 73.6 700 2850
2.0 3.1 110 59 5.04 38.7 262 800
2.5 4.0 110 55 5.13 39.8 280 920
3.0 4.4 110 51 5.37 42.8 312 1008
2/6 3.5 448 110 47 5.53 42.8 329 1120
4.0 5.2 110 45 5.72 46.0 360 1216
5.0 5.6 110 41 5.90 50.3 420 1500
6.0 6.0 110 37 6.54 54.9 474 1800
4.0 7.3 230 65 4.92 39.1 268 848
5.0 8.0 230 50 5.20 42.0 305 1020
6.0 8.8 230 417 5.34 44.1 330 1128
4/12 7.0 9.6 230 46 5.53 45.8 364 1260
8.0 10.4 230 43 5.86 49.9 400 1408
10.0 11.2 230 37 6.6 55.5 470 1720
12.0 12.0 230 34 7.00 62.3 528 2064

* Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the

square of the current.

& egrees current lags

voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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ENERGY REQUIREMENTS

IRQ-5, IRQ-6 TIME OVERCURRENT UNITS

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES

AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE _TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT *

(0.5 2 88 69 3.92 20.6 103 é?E

(0.6 2.2 88 68 3.96 20.7 106 \

(0.8 2.5 88 67 3.96 21 114 5
0.5/2.5 (1.0 2.8 88 66 4.07 21.4 122

(1.5 3.4 88 62 4.19 23.2 147 2

(2.0 4.0 88 60 4.30 24.9 168 8

54

(2.5 4.4 88 58 4.37 26.2 1800 630

(2 8 230 67 3.88 21 110 308

(2.5 8.8 230 66 3.90 21.6 342

3 9.7 230 64 3.93 22.1 26 381

2/6 (3.5 10.4 230 63 4.09 23.1 417
(4 11.2 230 62 4.12 23.5 4 448

(5 12.5 230 59 4.20 24, 540

§ 3 624

(6 13.7 230 57 4.38

(4 16 460 65 4.00 126 376
5 18.8 460 63 4.15 143 450
(6 19.3 460 61 4,32 162 531
4/12 (7 20.8 460 59 4.35 . 183 611
(8 22.5 460 56 4.40 204 699
(10 25 460 53 4.60 30. 247 880
(12 28 460 47 4.92 5.6 288 1056
IRQ-7 TIME OVE NITS
VOLT AMPERES**
CONTINUOUS ONE SECOND P AT AT3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACT! VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) A ¢ WCURRENT CURRENT  CURRENT CURRENT
(0.5 2 88 3.88 20.7 103 278
(0.6 2.2 88 3.93 20.9 107 288
(0.8 2.5 % 3.93 21.1 114 320
0.5/2.5 (1.0 2.8 8

4 4.00 21.6 122 356
(1.5 3.4 61 4.08 22.9 148 459
(2.0 4.0 58 4.24 24.8 174 552

(2.5 4.4 & 56 4.38 25.9 185 640
2

(2 8 66 4.06 21.3 111 306

(2.5 8.8 0 63 4.07 21.8 120 342

(3 9.7 0 63 4.14 22.5 129 366

2/6 (3.5 10.4 30 62 4.34 23.4 141 413
(4 . 230 61 4.34 23.8 149 448

5 ;@ 230 59 4.40 25.2 163 530

(6 s 230 58 4.62 27 183 624

(4 460 64 4.24 22.8 129 392

5 460 61 4.30 24.2 149 460

4/12 (6 460 60 4.62 25.9 168 540
(7 460 58 4.69 27.3 187 626

(8 460 55 4.80 29.8 211 688

51 5.20 33 260 860

46 5.40 37.5 308 1032
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ENERGY REQUIREMENTS

IRQ-8, IRQ-9 TIME OVERCURRENT UNITS

VOLT AMPERES** &
CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10FIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP V. TAP VALUE
RANGE  TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT C T CURRENT
(0.5 2 88 72 2.38 21 350
(0.6 2.2 88 1 2.38 21 34 365
(0.8 2.5 88 69 2.40 21.1 42 400
0.5/2.5 (1.0 2.8 88 67 2.42 21. 150 440
(1.5 3.4 88 62 2.51 2 170 530
(2.0 4.0 88 57 2.65 200 675
(2.5 4.4 88 53 2.74 . 228 800
(2 8 230 70 2.38 21 136 360
(2.5 8.8 230 66 2.40 .1 142 395
3 9.7 230 64 2.42 1.5 149 430
2/6 (3.5 10.4 230 62 8 22 157 470
(4 11.2 230 60 22.7 164 500
(6} 12.5 230 58 2. 24 180 580
(6 13.7 230 56 7 25.2 198 660
(4 16 460 68 8 21.3 146 420
(6} 18.8 460 63 6 21.8 158 480
(6 19.3 460 6 .54 22.6 172 550

4/12 (7 20.8 460 7 2.62 23.6 190 620
(8 22.5 460 2.13 24.8 207 700
(10 25 460 3.00 27.8 248 850
(12 28 460 3.46 31.4 292 1020

| 1 OVERCURRENT UNITS
VOLT AMPERES®®

COND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE TING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE = TAP MPERES) ANGLE¢$ CURRENT CURRENT CURRENT CURRENT
56 36 0.72 6.54 71.8 250
56 34 0.75 6.80 5.0 267
56 30 0.81 7.46 84.0 298
56 27 0.89 8.30 93.1 330
56 22 1.13 10.04 115.5 411
56 17 1.30 11.95 136.3 502
56 16 1.48 13.95 160.0 610
230 32 0.73 6.30 74.0 264
230 30 0.78 7.00 8.5 285
230 27 0.83 1.74 84.0 309
230 24 0.88 8.20 89.0 340
230 23 0.96 9.12 102.0 372
230 20 1.07 9.80 109.0 430
230 20 1.23 11.34 129.0 504
460 29 0.79 7.08 18.4 296
460 25 0.89 8.00 90.0 340
460 22 1.02 9.18 101.4 378
460 20 1.10 10.00 110.0 454
460 18 1.23 11.1 124.8 480
460 17 1.32 14.9 131.6 600
460 16 1.8 16.3 180.0 720

* Thermal capacities for short times other than one second may be calculated on the basis of time being inversely
proportional to the square of the current.

@ Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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ENERGY REQUIREMENTS FOR THE
SEQUENCE FILTER AND THE DIRECTIONAL UNIT
(All Burdens at 60 Cycles)

The current burden of the relay with positive sequence currents applied (no output current to the direc-

tional unit) is as follows:

Phase Continuous One Second Watts Volt-Amps.
Rating-Amps. Rating-Amps. at 5 Amps. at 5 Amps.
2 10 150 5.5 5.5
10 150 .35 1.28
1 10 150 5.4 7.5

The current burden of the relay with zero sequence currents applied is as follows:

Watts Volt — Amps.
Phase At 5 Amps. At 5 Amps. Power Factor Angle
1 4.66 5.5 322
2 4.92 5.0 102
3 3.30 3.7 27°

PoweriFactor Angle

00
74° Lag
44° Lag

The voltage burden of the relay with positive sequence voltage appliéd (no output voltage to the direc-

tional unit) is as follows:

Pot. Transf. Across Phase Volts Watts Volt-Amps.

Power Factor Angle

Burden values on three star connected potentialytransformers. Values at the star voltage of 66.4 volts

(115 volts delta).

1 115 0 26.8
115 0:2 0.3
3 115 23.2 27.0

Burden values on two open-delta potential transformers. Values at 115 volts.

12 115 —-23.2 46.5
23 115 46.6 46.6
23 115 .10 .48
31 115 23.2 46.5
31 115 23.2 46.6
12 115 0.50 0.52

Burden values on'threé delt@ connected potential transformers. Values at 115 volts.

31 115 15.4 31.0
12 115 -7.8 15.6
23 115 15.6 15.6

18

90° Lag
48° Lag
30° Lag

120° Lag
00
58° Lag
60° Lag
600 Lag
2° Lead

600 Lag
120° Lag
00
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INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT - 60 CYCLES

ENERGY REQUIREMENTS O

1 3 7T ?
AMPERE RANGE TAP VA AT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE
5 37 39 24 46 I
5 .38 36 13 7
1 .39 35 8.5
5-2 1.25 .41 34 6.0 2
1.5 .43 32 4.6 31
2 .45 30 2.9 28
1 .41 36 9 36
1.5 44 32 5. 32
2 .47 30 .0 29
1-4 25 .50 28 21
3 53 26 26
4 .59 24 24
2 1.1 49 48
3 1.2 3 42
4 1.3 37
2-8 5 1.4 35
6 1.5 33 33
8 1.8 29
4 2.4 51
6 1.2 45
4-16 8 0 0.7 40
9 38 0.6 38
12 34 0.37 34
16 30 0.24 31
10 28 0.43 28
15 21 0.27 21
20 16 0.20 17
10-40 24 15 0.15 15
30 12 0.11 13
40 11 0.08 12
20 31 0.40 31
30 : 24 0.25 24
40 12 20 0.18 20
20-80
4 13.5 18 0.14 18
15.9 16 0.10 16
19.2 15 0.07 15
CONTINUOUS RATING O NESECOND RATING
(AMPERES) t (AMPERES)
5 \ 100
|
8 | 140
8 140
10 200
10 200
10 200

1 Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the
. square of the current.

¢ Degrees current lags voltage.

1t Voltages taken with Rectox type voltmeter.
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INSTALLATION

Westinghouse 1.L. 41-133F
OPERATION e MAINTENANCE

INSTRUCTIONS

DIRECTIONAL OVERCURRENT GROUND RELAYS
TYPES IRP, IRC AND IRD

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

APPLICATION

These relays are ground directional overcurrent
relays which are used for the protection of trans-
mission lines and feeder circuits. Both the time-
overcurrent and instantaneous overcurrent units are
directionally controlled.

The type IRP relay is potential polarized. The
type IRC relay is current polarized. The typ@IRD
relay is a dual polarized relay which can be polarized
from a potential source, from a local ground, source or
from both simultaneously.

CONSTRUCTION AND OPERATION

The various types of relays consist#6f a‘dirfection-
al unit or units (D), an auxiliary switch; (CS-1), a
time-overcurrent unit (CO), an ifnstantameous over-
current unit (I), an instantaneeus oVercurrent unit
transformer, and two indicating ‘eéentactor switches
(ICS/1) and (ICS/T). The principle component parts
of the relays and their logationhare shown in Fig. 1
through 6.

Time-Overcurrent Unit (CO)

The electromagnets*for the types IR-5, IR-6, IR-T,
IR-8 and IR-9relays hayve a main tapped coil located
on the centepleg of an ‘“‘E’ type laminated structure
that produces a“fluxfwhich divides and returns through
the outer legs. A shading coil causes the flux through
the left leg to lag the main pole flux. The out-of-phase
fluxes thus produced in the air gap cause a contact
closingjtorque.

The electromagnet for the type IR-2 and IR-11
relays*has a main coil consisting of a tapped primary
winding a secondary winding. Two identical coils

SUPERSEDES I.L. 41-133E

*Denotes change from superseded issue

on the outer legs of theflfamination structure are con-
nected to the main coil sgcondary in a manner so that
the combination of4@all ‘the fluxes produced by the
electromagnet result in‘out-of-phase fluxes in the air
gap. The out-of-phase,air gap fluxes producerd cause a
contact closing torque.

IndicatinggContactor Switch Units (ICS/l and ICS/T)

The d-¢ indicating contactor switch is a small
clapper<type¥device. A magnetic armature, to which
leaf-spring ‘mounted contacts are attached, is attracted
todthe“magnetic core upon energization of the switch.
WhenWthe switch closes the moving contacts bridge
twapstationary contacts, completing the trip circuit.
Also during this operation two fingers on the armature
deflect a spring located on the front of the switch,
which allows the operation indicator target to drop.

The front spring, in addition to holding the target,
provides restraint for the armature and thus controls
the pickup value of the switch.

Directional Unit (D)

The directional unit is a product inductian cylin-
der type unit operating on the interaction between the
polarizing circuit flux and the operating circuit flux.

Mechanically, the directional unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and a
molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core.which houses
the lower pin bearing is secured to the frame by a
locking nut. The bearing can be replaced, if neces-
sary, without having to remove the magnetic core from
the frame.

The electromagnet has two series-connected polar-
izing coils mounted diametrically opposite one an-
other; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to

EFFECTIVE JUNE 1965



Fig. 1.

Type IRD Relay Without Case/{(Front View). 1 — Instantaneous Over-
current Unit and Saturating Transformer./'2 — Current Polarized Direct-
ional Unit. 3 — Voltage Polarized Directional Unit. 4 — Time Over-
current Unit, 5 — Indicating Contactor Switch. 6 — Auxiliary Switch.

)

Fig. 2. Type IRD Relay Without Case (Rear View). 1 — Varistor. 2 ~ Saturating
Transformer. 3 — “E” Type Electromagnet.
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TYPES IRP, IRC AND IRD RELAYS I.L. 41-133F

Fig. 3. Directional Unit. 1-—Stationary Contacts. 2~ Stationary Contact Pressure Spring. 3 —Magnetic Adjusting Plugs.
4 — Upper Bearing Screw. 5 - Moving Contact. 46 - Spring Adjuster Clarap. 7 — Current Bias Vane.

Eig. 4. Time Overcurrent Unit. 1—Tap Block. 2—Time Dial. 3 - Control Spring Assembly. 4 — Disc. 5— Stationary
Contact Assembly. 6 — Magnetic Plugs. 7 — Permanent Magnet.
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P

Fig. 5. Instantaneous Overcurrent Unit. 1 — Saturating Transformer. 27— Tap Block. 3 — Stationary Contact. 4 — Moving P ™
Contact.

v,

Fig. 6. Indicating Contactor Switch (ICS).



TYPES IRP, IRC AND IRD RELAYS

I.L. 41-133F

accurately position the lower pin bearing, which is
mounted on the frame, with respect to the upper pin
bearing, which is threaded into the bridge. The elec
tromagnet is secured to the frame by four mounting
screws.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet and
the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral spring
out to the spring adjuster clamp.

Auxiliary Switch (CS-1)

The auxiliary switch is a small solenoid #type
d.c. switch. A cylindrical plunger, with%a silver
disc mounted on its lower end, moves in_the core of
the solenoid. As the plunger travels/upward, the
disc bridges the silver stationary contaets! A'tapped
resistor is used to enable one to use the contactor
switch on a 24, 48, 125 or 250 volt d.e. _system con-
nected per Fig. 23. The operation, of the CS-1
switch is controlled by the directional unit (D) which
in turn directionally controlsythe” time-overcurrent
unit (CO). When sufficientpower flows in the tripping
direction, the CS-1 switchyoperates and bridges the
lag coil of the time-overéurrent unit (CO) permitting
this unit to operage.

Instantaneous/Overcurrent Unit (1)

The ingtantaneous overcurrent unit is similar in
construction to'the directional unit. The time phase
relationship of the two air gap fluxes necessary for
the development of torque is achieved by means of a
capacitor conpected in series with one pair of pole
windings.

Thenormally-closed contact of the directional unit
is“eennected across one pair of pole windings of the
instantaneous overcurrent unit as shown in the in-
ternal schematics. This arrangement short-circuits
the operating current around the pole windings; pre-

venting the instantaneous overcurrent unit'from de-
veloping torque. If the directional unit#should®pick
up for a fault, this short-circuit is removed, allowing
the instantaneous overcurrent contact to“@mmence
closing almost simultaneously with the directional
contact for high speed operation. Total operating
times are shown in Figs. 17 and,18.

Instantaneous Overcurrent, Unit Transformer

This transformer is of“the “saturating type for
limiting the energy to she linstantaneous overcurrent
unit at higher values ‘of/fault current and to reduce
C.T. burden. The primary Winding is tapped and these
taps are brought out to atap block for ease in chang-
ing the pick-upgof,thedinstantaneous overcurrent unit.
The use of a ¢appedtransformer provides approximate-
ly the samegenergy level at a given multiple of pickup
current for anytap setting, resulting in one time curve
throtighout the range of the relay.

Across“the secondary is connected a non-linear
resistorsknown as a varistor. The effect of the varis-
tor isito reduce the voltage peaks applied to the over-
current unit and phase shifting capacitor.

CHARACTERISTICS

The time characteristics of the directional over-
current relays are designated by specific numbers as
indicated below (e.g., IRV-8).

Time

Characteristics Designation

Short Time 2
Long Time

Definite Time

Moderately Inverse Time

Inverse Time

Very Inverse Time

Extremely Inverse Time 1

= O 0030 U

The relays are available in the following current
ranges:

Instantaneous Overcurrent Unit (I)

Range Taps

0.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40
20-80 20 30 40 48 60 80
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Time Overcurrent Unit

Range Taps

.5-25 05 06 08 1.0 15 2.0 25
2-6 2 2.5 3 3.5 4 5 6
4-12 4 5 6 7 8 10 12

The tap value is the minimum current required to
just close the relay contacts.

The time vs. current characteristics for the time-
overcurrent unit are shown in Figs. 10 to 16. These
characteristics give the contact closing time for the
various time dial settings when the indicated multi-
ples of tap value current are applied to the relay.

Trip Circuit

The relay contacts will safely close 30 amperes
at 250 volts d c and the seal-in contacts of the indi-
cating contactor switches will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicating contactor switch has two taps that
provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performanceyand
should not be changed.

The set screw in each stationary contagt has
been shop adjusted for optimum follew and this ad-
justment should not be disturbed.
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TYPES IRP, IRC AND IRD RELAYS

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT - 60 CYCLES

ENERGY REQUIREMENTS

ttf 3 tT '
AMPERE RANGE TAP VA AT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE
5 .37 39 24
.75 .38 36 13 7
1 .39 35 8.5
52 1.25 41 34 6.0
1.5 43 32 4.6 3
2 .45 30 2.9
1 .41 36 9.0 36
1.5 .44 32 5.0 32
2 47 30 3.0 29
1-4 2.5 .50 28 2 27
3 .53 26 26
4 .59 24 0. 24
2 1.1 49 48
3 1.2 43 42
4 1.3 38 ¢ 37
28 5 1.4 3 1.4 35
6 1.5 1 33
8 1.8 9 29
4 1.5 2.4 51
6 1.7 45 1.2 45
4-16 8 1.8 0.7 40
9 1.9 8 0.6 38
12 2.2 0.37 34
16 2.5 0 0.24 31
10 1.7 28 0.43 28
15 2.4 21 0.27 21
20 16 0.20 17
10-40 24 15 0.15 15
30 12 0.11 13
40 11 0.08 12
20 31 0.40 31
30 24 0.25 24
40 20 0.18 20
20-80
48 18 0.14 18
60 16 0.10 16
80 15 0.07 15
RANGE CONTINUOUS RATING ONE SECOND RATING
(AMPERES) t (AMPERES)
.52 5 100
- 8 140
2-8 8 140
6 10 200
10 200
20-80 10 200

t Tllexll capacities [or short times other than one second may be calculated on the basis of time being inversely proportional to the

square of the current.

¢ Degrees current lags voltage.

Voltages taken with Rectox type voltmeter.

L 4



TYPES IRP, IRC AND IRD RELAYS

ENERGY REQUIREMENTS - 60 CYCLES

DIRECTIONAL UNIT OPERATING CIRCUIT BURDEN

VOLT AMPERES T 1%

At At 3 Times At 10 Times @At 20 Times

Continuous One Second Power Minimum Minimum Minimum Minimum

Relay Range Rating Rating t ¥ Factor Tap Value Tap Value Tap Value Tap Value
Type Amps (Amperes) (Amperes) Angle ¢ Current Current Current Current
0.5-2.5 - 230 44.0 0.033 0.30 3.3 14.2
IRC 2-6 - 230 42.5 0.58 5.28 58.0 240.0
4-12 12 280 31.8 0.64 6.12 70.0 272.0
0.5-2.5 10 230 34.5 0.03 0.23 2.8 11.5
IRP 2-6 10 230 34.5 0.44 4.08 48.0 182.0
4-12 12 280 25.0 0.48 4762 53.6 216.0
0.5-2.5 10 230 45.0 0.07 0.59 6.6 26.0
IRD 2-6 10 230 45.0 1.04 9.9 106.0 420.0
4-12 12 280 32.4 1.16 10.8 121.2 472.0

¢ Degrees current lags voltage at tap value current.

* t Thermal capacities for short times other than one second mayfbe calculated on

inversely proportional to the square of the current.

* 1t Voltages taken with Rectox type voltmeter.

ENERGY REQUIREMENTS - 60 CYCLES
DIRECTIONALWUNIT POLARIZING CIRCUIT BURDEN

the basis of time being

RELAY TYPE RATING VOLT AMPERES A POWER FACTOR ANGLE¢
IRC 230  * 1.45 8° Lag
Amperes
IRP 208 1t * 11.2 28° Lead
Volts
IRD Current 2301 % 1.45 8 Lag
Unit Amperes
IRD Voltage 208 T * 11.2 28° Lead
Unit Volts

¢ Degrees current leads or lags voltage at 120 volts on voltage polarized units and 5 amperes on current
polarizediunits..

A\ Burden of voltage polarized units taken at 120 volts. Burden of current polarized units taken at 5 amperes.

* 1 One sécond rating.
% T9.80,second rating. The 10 second rating is 345 volts. The continuous rating is 120 volts.

o ™Y
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TYPES IRP, IRC AND IRD RELAYS LL

ENERGY REQUIREMENTS

TYPE IRD-2, IRC-2, IRP-2 TIME OVERCURRENT UNITS

VOLT AMPERES Tt * &

CONTINUOUS ONE SECOND, POWER AT AT 3 TIMES AT 10 ES AT 20 TIMES
AMPERE RATING RATINGT % FACTOR TAP VALUE TAP VALU T ALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE¢ CURRENT CURRENT R T CURRENT

0.5 0.91 28 58 4.8 39.6 256 790
0.6 0.96 28 57 4.9 270 851

39.
0.8 1.18 28 53 5.0 42.7 308 1024
0.5/2.5 1.0 1.37 28 50 5.3 4 348 1220
1.5 1.95 28 40 6.2 4 435 1740

65.

2.0 2.24 28 36 7.2 580 2280

2.5 2.50 28 29 7.9 .6 700 2850

2.0 3.1 110 59 38.7 262 800

2.5 4.0 110 55 39.8 280 920

3.0 4.4 110 51 42.8 312 1008

2/6 3.5 4.8 110 47 42.8 329 1120
4.0 5.2 110 45 46.0 360 1216

5.0 5.6 110 41 50.3 420 1500

6.0 6.0 110 37 54.9 474 1800

4.0 7.3 230 65 4.92 39.1 268 848

5.0 8.0 230 0 5.20 42.0 305 1020

6.0 8.8 230 5.34 44.1 330 1128

4/12 7.0 9.6 230 6 5.53 45.8 364 1260
8.0 10.4 230 43 5.86 49.9 400 1408

10.0 11.2 230 \ 6.6 55.5 470 1720

12.0 12.0 230 34 7.00 62.3 528 2064

* 1 Thermal capacities for short times other t ne nd may be calculated on the basis of time being inversely proportional to the

square of the current.

¢ Degrees current lags voltage at tap’
¥* 11 Voltages taken with Rectox type UQ.
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TYPES IRP, IRC AND IRD RELAYS

CONTINUOUS ONE SECOND

ENERGY REQUIREMENTS

IRD-5, IRC-5, IRP-5,
IRD-6, IRC-6, IRP-6,

TIME OVERCURRENT UNITS
VOLT AMPERESTT %

POWER

AT AT 3 TIMES

AT 10 TIMES AT 20 TIMES

AMPERE RATING RATINGT % FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE &
_RANGE_ TAP _ (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT RENT
(0.5 2 88 69 3.92 20.6 103 27
(0.6 2.2 88 68 3.9 20.7 106
(0.8 2.5 88 67 3.96 21 114 325
0.5/2.5 (1.0 2.8 88 66 4,07 21.4 122 360
(1.5 3.4 88 62 4.19 23.2 147 462
(2.0 4.0 88 60 4.30 24.9 16 548
(2.5 4.4 88 58 4.37 26.2 80 630
(2 8 230 67 3.88 21 0 308
(2.5 8.8 230 66 3.90 21.6 342
(3 9.7 230 64 3.93 22.1 126 381
2/6 (3.5 10.4 230 63 4.09 23.1 6 417
(4 11.2 230 62 4.12 23.5 144 448
(5 12.5 230 59 4.20 8 162 540
(6 13.7 230 57 4.38 . 183 624
(4 16 460 65 4.00 126 376
(5 18.8 460 63 4.15 23. 143 450
(6 19.3 460 61 4.32 162 531
4/12 1 20.8 460 59 4.35 4 183 611
(8 22.5 460 56 4.40 7.8 204 699
(10 25 460 53 4. K 30.1 247 880
(12 28 460 47 % 35.6 288 1056
IRD-7, IRC-7, IRP-7 T E RRENT UNITS
VOLT AMPEREST1 %
CONTINUOUS ONE SECOND R AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATINGT * _pgac TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _ (AMPERES) (AMPERES) £ A CURRENT CURRENT CURRENT CURRENT
(0.5 2 88 3.88 20.7 103 278
(0.6 2.2 88 67 3.93 20.9 107 288
(0.8 2.5 ¥ gg 66 3.93 21.1 114 320
0.5/2.5 (1.0 2.8 64 4.00 21.6 122 356
(1.5 3.4 88 61 4.08 22.9 148 459
(2.0 58 4.24 24.8 174 552
(2.5 56 4.38 25.9 185 640
(2 66 4.06 21.3 111 306
(2.5 63 4.07 21.8 120 342
@3 63 4.14 22.5 129 366
2/6 (3.5 62 4.34 23.4 141 413
(4 61 4.34 23.8 149 448
(5 59 4.40 25.2 163 530
( 58 4.62 27 183 624
460 64 4.24 22.8 129 392
(5 18.8 460 61 4.30 24.2 149 460
4/12 (6 19.3 460 60 4.62 25.9 168 540
(1 20.8 460 58 4.69 27.3 187 626
(8 22.5 460 55 4.80 29.8 211 688
a 25 460 51 5.20 33 260 860
(12 28 460 46 5.40 31.5 308 1032

urrent.

rent lags voltage at tap value current.

taken with Rectox type voltmeter.

ities for short times other than one second may be calculated on the basis of time being inversely proportional to the

A
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TYPES IRP, IRC AND IRD RELAYS

I.L.

ENERGY REQUIREMENTS

IRD-8, IRC-8, IRP-8,
IRD-9, IRC-9, IRP-9,

TIME OVERCURRENT UNITS

VOLT AMPERES {1 * ¢
AT3 TIMES AT 101 AT 20 TIMES
E/ TAP VALUE
CURRENT C N CURRENT

CONTINUOUS ONE SECOND POWER AT
AMPERE RATING RATINGt % FACTOR TAP VALUE TAP VALUE
RANGE TAP _ (AMPERES) (AMPERES) ANGLE ¢ CURRENT
(0.5 2 88 72 2.38 21 350
(0.6 2.2 88 7 2.38 21 365
(0.8 2.5 88 69 2.40 21.1 42 400
0.5/2.5 (1.0 2.8 88 67 2.42 21. 150 440
(1.5 3.4 88 62 2.51 22 170 530
(2.0 4.0 88 57 2.65 3 200 675
(2.5 4.4 88 53 2.74 4.8 228 800
(2 8 230 70 2.38 1 136 360
(2.5 8.8 230 66 1 142 395
(3 9.7 230 64 1.5 149 430
2/6 (3.5 10.4 230 62 22 157 470
(4 11.2 230 60 22.7 164 500
(5 12.5 230 58 24 180 580
(6 13.7 230 56 25.2 198 660
(4 16 460 68 21.3 146 420
(5 18.8 460 63 2.46 21.8 158 480
(6 19.3 460 6 2.54 22.6 172 550
4/12 (1 20.8 460 2.62 23.6 190 620
(8 22.5 460 2.73 24.8 207 700
(10 25 460 48 3.00 27.8 248 850
(12 28 460 45 3.46 31.4 292 1020
IRD-11, m\ P-11 OVERCURRENT UNITS
¥*
voLT AMPEREsTT
CONTINUOUS OND  POWER AT AT 3TIMES AT 10 TIMES AT 20 TIMES
AMPERE RA—"NQ NGT % FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP %MPE S) MPERES) ANGLE$ CURRENT  CURRENT  CURRENT  CURRENT
0.5 \ 56 36 0.72 6.54 71.8 250
0.6 1.9 56 34 0.75 6.80 5.0 267
0.8 2.2 56 30 0.81 7.46 84.0 298
0.5/2.5 17 56 27 0.89 8.30 93.1 330
1. 56 22 1.13 10.04 115.5 411
56 17 1.30 11.95 136.3 502
2.5 3.8 56 16 1.48 13.95 160.0 610
7.0 230 32 0.73 6.30 74.0 264
5 7.8 230 30 0.78 7.00 78.5 285
8.3 230 27 0.83 7.74 84.0 309
2/ 5 9.0 230 24 0.88 8.20 89.0 340
4.0 10.0 230 23 0.96 9.12 102.0 372
5.0 11.0 230 20 1.07 9.80 109.0 430
6.0 12.0 230 20 1.23 11.34 129.0 504
4.0 14 460 29 0.79 7.08 78.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 1 460 22 1.02 9.18 101.4 378
4/12 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 1.1 124.8 480
4 10.0 22 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 720

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely
proportional to the square of the current.

& Degrees current lags voltage at tap value current.

% 1T Voltages taken with Rectox type voltmeter.
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TYPES IRP, IRC AND IRD RELAYS
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Fig. 10. Typical Time Curves of the Time-Overcurrent Unit of the Short Time (2) Relays.

A,

P



TYPES IRP, IRC AND IRD RELAYS I.L. 41F133R
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TYPES IRP, IRC AND IRD RELAYS
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Fig. 12. Typical Time Curve of the Time-Overcurrent Unit of the Definite Time (6) Relays.
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TYPES IRP, IRC AND IRD RELAYS I.L. 414133F
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TYPES IRP, IRC AND IRD RELAYS
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Curve 471060
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TYPES IRP, IRC AND IRD RELAYS

Trip Circuit Constants

Indicating Contactor Switch —
0.2 ampere tap — 6.5 ohms d-c resistance
2.0 ampere tap — 0.15 ohms d-c resistance

Auxiliary Switch (CS-1)

The auxiliary switch has a d-c resistance of
1165 ohms,

Type IRP Relay

The IRP relay is designed for potential polariza-
tion and has its maximum torque when the current
lags the voltage by approximately 60 degrees. The
shifting of the maximum torque angle is accomplished
by the use of an internally mounted phase shifter as
shown in the internal schematic.

The directional unit minimum pick-up is approxi-
mately 1 volt and 2 amperes at its maximum torque
angle for the directional units used with the 0.5
to 2.5 and 2 to 6 ampere range time over-current units.
For the directional units used with the 4-12 ampere
range time overcurrent units the minimum pick-up is
1 volt and 4 amperes.

Type IRC Relay

The IRC relay is designed for current polariza-
tion and has its maximum torque when the operating
current leads the polarizing current by approximately
40°.

The directional wunit minimum pick-up is "0.5
ampere in each winding at the maximum torqlie angle
for the directional units used with the 0.5 to 2.5 and
2 to 6 ampere range time overcurrent unifs. “For the
directional units used with the 4-12,ampere range
time overcurrent units the minimum%pickup is 1
ampere.

Type IRD Relay

The type IRD relay “utilizes a directional unit
similar to the IRC relag in conjunction with the direc-
tional unit and phase=shifting circuit of the IRP relay.

The current-polarizedidirectional unit of the IRD
relay operates on residual currents while the poten-
tial-polarized directional unit of the IRD relay oper-
ates on residual voltage and residual current.

For the‘directional units used with the 0.5 to 2
and 2 teg“@gpampere time overcurrent units, the mini-
mum pick-up of the current polarized unit is 0.5
ampere,inweach winding at the maximum torque angle.
The minimum pick-up for the voltage polarized unit is

20

1 volt and 2 amperes with the current lagging voltage
by 60°.

For the directional units used with the 4 to 12
ampere range time overcurrent units, the minimum
pick-up is 1 ampere for the current-polarized dtrec-
tional unit and 1 volt and 4 amperes for, the voltage-
polarized directional unit.

SETTINGS

Time Overcurrent Unit (CO)

The time overcurrent unit“settings can be defined
either by tap setting.and time diab position or by tap
setting and a specific time ofyeperation at some cur-
rent multiple of the tap setting (e.g. 4 tap setting, 2
time dial position or 4%ap setting, 0.6 seconds at
6 times tap value ¢urrent).

To provide, ‘selective circuit breaker operation, a
minimum coordinating time of 0.3 seconds plus circuit
breaker time iSarecommended between the relay being
set andjthe relays with which coordination is to be
effected.

The connector screws on the tap plate above the
time /dialy makes connections to various turns on the
operating coil. By placing this screw in the various
tap plate holes, the relay will just close its contacts
at the corresponding current 4-5-6-7-8-10-12 amperes,
or as marked on the tap plate.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is turned
tight. In order to avoid opening the current trans-
former circuits when changing taps under load, con-
next the spare connector screw in the desired posi-
tion before removing the other tap screw from the
original tap position.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be intiated immediately after a trip by
the CO contact, the time of the opening of the contacts
should be a minimum. This condition is obtained by
loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring. With this change and the contact mounting
screw tightened, the stationary contact will rest
solidly against its backstop.

Instantaneous Overcurrent Unit (1)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-

A
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TYPES IRP, IRC AND IRD RELAYS

I.L.(41-133F

nector screw in the desired tap, the relay will just
close its contacts at the tap value current.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is
turned tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before re-
moving the other tap screw from the original tap
position.

Directional Units (D)

No setting is required.

* Indicating Contactor Switch (ICS/l and ICS/T)

The setting required on the ICS units is the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw.

Auxiliary Switch (CS-1)

No setting required on the CS-1 unit except for the
selection of the required 24, 48, 125 or 250 voltage
on the tapped rexistor. This connection candéymade
by referring to Fig. 23.

INSTALLATION

The relays should be mountedgon( switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration and“heat. Mount the
relay vertically be means of the two mounting studs
for the type FT projectiongcase or by means of the
four mounting holes on the ‘flange’ for the semi-flush
type F'T case. Either©0f the studs or the mounting
s¢rews may be utilizedfor grounding the relay. The
electrical connectioffsimay be made directly to the
terminals by means of screws for steel panel mount-
ing or to tepminalystuds furnished with the relay for
thick panel” mounting. The terminal studs may be
easily removed or inserted by locking two nuts on the
studs and themturning the proper nut with a wrench.

For detail information on the FT Case refer to
I.L. 41-076.

The external a-c connections of the directional
overcurrent relays are shown in Figs. 20, 21 and 22.
If no voltage polarizing source is to be connected to
the IRD relay, short-circuit the voltage polarizing
circuit at the terminals of the relay.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation
of this relay have been made at the factory. Upon re-
ceipt of the relay, no customer adjustments, other
than those covered under “SETTINGS”, should be
required.

Acceptance Check

The following cheéek isyrecommended to insure
that the relay is in proper wWorking order;

Instantaneous Overcurrent Unit (I)

1. Contact Gap,=—< The gap between the stationary
and moving(contacts with the relay in the de-ener-
gized position.should be approximately .020".

2. Minimum Trip Current — The normally-closed
contact of\the directional unit should be blocked open
whenychecking the pick-up of the overcurrent unit.

The’'pick-up of the overcurrent unit can be checked
by inserting the tap screw in the desired tap hole and
applying rated tap value current. The contact should
close within +5% of tap value current.

Directional Unit (D)

1. Contact Gap — The gap between the stationary
contact and moving contact with the relay in the de-
energized position should be approximately .020".

2. Sensitivity — The respective directional units
should trip with value of energization and phase angle
relationship as indicated in Table 1.

3. Spurious Torque Adjustments — There should
be no spurious closing torques when the operating
circuits are energized per Table 2 with the polarizing
circuits short circuited for the voltage polarized units
and open-circuited for the current polarized units.

Time Overcurrent Unit (CO)

1. Contacts — The index mark on the movement

frame will coincide with the ‘‘O’’ mark on the time
dial when the stationary contact has moved through
approximately one-half of its normal deflection. There-
fore, with the stationary contact resting against the
backstop, the index mark is offset to the right of the
‘“O’’ mark by approximately .020°’. The placement of
the various time dial positions in line with the index
mark will give operating times as shown on the re-
spective time-current curves.

2. Minimum Trip Current — Set the time dial to
position 6 with the auxiliary switch (CS-1) contacts
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IRP RELAY
(FRONT VIEW)
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Fig. 19. Diagram of test connections, of the time-overcurrent unit.
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Fig. 20. External Schematicof the IRP Relay for Ground Fault Protection.
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blocked closed, alternately apply tap value current
plus 3% and tap value current minus 3%. The moving
contact should leave the backstop at tap value current
plus 3% and should return to the backstop at tap value
current minus 3%.

3. Time Curve — Table 3 shows the time curve
calibration points for the various types of relays.
With the time dial set to the indicated position, apply
the currents specified by Table 3 (e.g. for the CO-2,
3 and 20 times tap value current) and measure the
operating time of the relay. The operating times
should equal those of Table 3 plus or minus 5 percent.

Indicating Contactor Switches (ICS/I) and (ICS/T)

A) Close the contacts of the CO and pass suf-
ficient d.c. current through the trip circuit to close
the contacts of .(ICS/T). This value of current should
not be greater than the particular (ICS/T) tap setting
being used. The operation indicator target should
drop freely, bringing the letter “T” into view.

B) Close the contacts of the instantaneous over-
current unit (I) and the directional unit (D). Pass suf-
ficient d.c. current through the trip circuit to close
the contacts of (ICS/I). This value of current should
not be greater than the particular (ICS/I) tap setting
being used. The operation indicator target should
drop freely, bringing the letter “I” into view.

C) The contact gap should be approximately
.047" between the bridging moving contact and the
adjustable stationary contacts. The bridging moving
contact should touch both stationary (contacts
simultaneously.

Routine Maintenance

All relays should be inspected periodically and
the time of operation should be checked at least
once every year or at such otherjtime intervals as
may be dictated by experiencé to’be suitable to the
particular application. The use’of phantom loads, in
testing induction-typef’relays, should be avoided,
since the resulting distorted current wave form will
produce an error in timing.

All contacts should be periodically cleaned. A
contact burnisher #182A836H01 is recommended for
this purpose. - The useVof abrasive material for clean-
ing contacts \is not recommended, because of the
danger of embedding small particles in the face of
the soft,Silver,and thus impairing the contact.

Calibration

Use, the following procedure for calibrating the

24

relay if the relay has been taken apart for repairs_or
the adjustments have been disturbed. This procgdure
should not be used unless it is apparent that theyre-
lay is not in proper working order. (See “Acceptance
Check?).

Instantaneous Overcurrent Unit (1)

1. The upper pin bearing should be screwed down
until there is approximately .025, clearance between
it and the top of shaft bearing./ The“upper pin bearing
should then be securely locked (in position with the
lock nut. The lower bearing position is fixed and can-
not be adjusted!

2. The contact gap,adjustment for the overcurrent
unit is made with®the moeving contact in the reset
position, i.e,, againsti{the right side of the bridge.
Move in the left-handgstationary contact until it just
touches the movingycontact then back off the station-
ary contact 2/8,0f one turn for a gap of approximately
.020’’ AThe clamp holding the stationary contact hous-
ing need not be loosened for the adjustment since the
clamp-utilizes a spring-type action in holding the sta-
tionary contact in position.

3. /The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

Before applying current, block open the normally-
closed contact of the directional unit. Insert the tap
screw in the minimum value tap setting and adjust
the spring such that the contacts will close as indi-
cated by a neon lamp in the contact circuit when
energized with the required current. The pick up of
the overcurrent unit with the tap screw in any other
tap should be within + 5% of tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

In the type IRP and IRC relays the directional
unit is the lower cylinder unit. In the type IRD the
directional units are the lower and middle cylinder
units.

e ™
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TYPES IRP, IRC AND IRD RELAYS

I.L.(41-T33F

1. The upper bearing screw should be screwed
down until there is approximately .025 clearance be-
tween it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in position
with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Advance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move in the left-hand stationary contact until
it just touches the moving contact. Then back off the
stationary contact 3/4 of one turn for a contact gap
of .020” to .024". The clamp holding the stationary
contact housing need not be loosened for the adjust-
ment since the clamp utilizes a spring-type action in
holding the stationary contact in position.

3. Insert tap screw of overcurrent unit in highest
tap. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted by plac-
ing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster isflocated
on the underside of the bridge and is held in place
by a spring type clamp that does not, have' to be
loosened prior to making the necessary adjustments.

The spring is to be adjusted suchfthatythe con-
tacts will close as indicated by a neon/lamp in the
contact circuit when energized avith ghe required
current and voltage as shown‘in_Table 1. This table
indicates that the spring cangbe“adjusted when the
phase angle relationship between the operating cir-
cuit and the polarizing cireuit ‘is at the maximum
torque angle or when thefeircuitfrelationship has the
operating and polarizingieircuits in phase.

4. The magneti¢"plugs are used to reverse any
unwanted spurieus torques that may be present when
the relay is energized 6n current alone.

The reversing of the spurious torques is accom-
plished by“using thé adjusting plugs in the following
manner:

a) Voltage circuit terminals on the voltage polar-
ized relays {IRP and IRD voltage polarized unit) are
short-circuited.

b)y The polarizing circuits of the current polar-
izedyrelays (IRC and IRD current polarized unit) are
open-circuited.

Upon completion of either *a” or “b” current is
applied to the operating circuit terminals as per

Table 2.

Plug adjustment is then made per Table 2 such
that the spurious torques are reversed.“Ehe’plugs are
held in position by upper and lower plug clips. These
clips need not be disturbed in any manner when mak-
ing the necessary adjustment.

The magnetic plug adjustment may be utilized to
positively close the contacts,on current alone. This
may be desired on some installations in order to in-
sure that the relay (will “always trip the breaker on
zero potential.

Time Quercurrent Unit (CO)

1. Contaets =aThe index mark on the movement
frame will ;,coincide with the “‘O’’ mark on the time
dial when, theystationary contact has moved through
approximately, one-half of its normal deflection. There-
forey, with the stationary contact resting against the
backstop, the index mark is offset to the right of the
£0’’ 'mark by approximately .020°’. The placement of
the various time dial positions in line with the index
markpwill give operating times as shown on the re-
spective time-current curves.

2) Minimum Trip Current — The adjustment of
the spring tension in setting the minimum trip current
value of the relay is most conveniently made with the
damping magnet removed.

With the time dial set on “O”, wind up the spiral

spring by means of the spring adjuster until approxi-
mately 6-3/4 convolutions show.

Set the relay on the minimum tap setting, the
time dial to position 6.

With the auxiliary switch (CS-1) contacts blocked
closed, adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at tap
value current -1.0%.

3) Time Curve Calibration - Install the perma-
nent magnet.

Apply the indicated current per Table 3 for perma-
nent magnet adjustment (e.g. IRP-8, 2 times tap value)
and measure the operating time. Adjust the permanent
magnet keeper until the operating time corresponds
to the value of Table 3.

Apply the indicated current per Table 3 for the
electromagnet plug adjustment (e.g. IRP-8, 20 times
tap value) and measure the operating time. Adjust the
proper plug until the operating time corresponds to
the value in Table 3. (Withdrawing the left hand plug,
front view increases the operating time and withdraw-
ing the right hand plug, front view, decreases the
time.) In adjusting the plugs, one plug should be
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RID IDENTIFYING || 2 3 4
DO ———— I T
~
= %J © LeaD (A)
POSITION | RATED D-C | RESISTOR
LEAD () | VOLTAGE | RESISTANCE
i 2 0
2 18 300
3 125 2100
4 250 6500
NOTE . RELAYS ARE SHIPPED ON THE 125 VOLT TAP
1844316

Fig. 23. Selection of Proper Voltage Tap for Auxiliary
Switch (CS-1) Operation.

screwed in completely and the other plug run in or
out until the proper operating time has been obtained.

Recheck the permanent magnet adjustment. If the
operating time for this calibration point has changed,
readjust the permanent magnet and then recheck the
electromagnet plug adjustment.

Indicating Contactor Switches (ICS/I) and (ICS/T)_
Adjust the contact gap for approximately .047”.
A) Close the contacts of the CO and pass suf=
ficient d.c. current through the trip circuit to close
the contacts of the (ICS/T). This value of current
should not be greater than the particular (ICS/T) tdp
setting being used. The operation indicator“target
should drop freely bringing the letter “T” intowiew.

B) Close contacts of instantaneous overcurrent
unit (I) and directional unit (D). Pass sufficient/d.c.
current through the trip circuit toclose contacts ofythe
(ICS/I). This value of current should hot be greater
than the particular (ICS/I) tap setting being used.
The operation indicator target should drop freely
bringing the letter “I” into view.

Auxiliary Switch (CS-1)

Adjust the stationary core of the Switch for a
clearance between the stationary core and the moving
core when the switch is picked up{ This can be done
by turning the relay upside-down. “Then screw up the
core screw until the movingycore starts rotating. Now
back off the core screwsuntil®the moving core stops
rotating. This indicates theé) points where the play
in the assembly isgtakempup, and where the moving
core just separatés from,the stationary core screw.
Back off the(core sgcrew approximately one turn and
lock in place.% This prevents the moving core from
striking andwsticking to the stationary core because
of residual ‘magnetism. Adjust the contact clearance
for 3/64"%by meéans of the two small nuts on either
side of the Micarta disc.

Conneet lead (A) to proper terminal per Fig. 23.
Block directional unit (D) contacts close and ener-
gize \ trip circuit with rated voltage. Contacts of
auxiliary switch (CS-1) should make as indicated by
aneonlamp in the contact circuit.

RENEWAL PARTS

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

TABLE |
DIRECTIONAL UNIT SENSITIVITY
AMPERE RATING
RELAY TYPE OF VALUES FOR MIN. PICKUP t| PHASE ANGLE RELATIONSHIP
TIME-OVERCURRENT VOLTS AMPERES
UNIT
35-275 1 2.0 I lagging V by 60°11 *
IRP 2-6 4.0 I in-phase2 with V
IRD (Voltage
Unit) 1 4.0 [ lagging V by 60° 1 %
12 1 8.0 T In-phase with V
0.5 Igleading I by 40° 1t
.5-2.5 - P *
IRC oot 0-57
IRD (Current 066~ In-phase
Unit) 412 1.0 I, leading I by 40°ft *
<3~ In-phase
s

t The ‘energization quantities are input quantities at the relay terminals.

1 Maximum torque angle.
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TYPES IRP, IRC AND IRD RELAYS

TABLE 1l
DIRECTIONAL UNIT CALIBRATION t

RELAY RATING CURRENT AMPERES | BOTH PLUGS IN CONDITION ADJUSTMENT
All Ranges 80 Spurious Torque In Contact Right (Front-View) Plug Screwed
Closing Direction (Left Front Out Until Spurious Torque is Re-
View) versed.
All Ranges 80 Spurious Torque In Contact Keft(Front View) Plug Screwed

Opening Direction (Right Front | Out Until Spurious Torque is in
View) (Contacts remain open) Contact Closing Direction. Then
the’plug is screwed in Until Spuri-
ous Torque is Reversed.

t Short circuit the voltage polarizing circuit at the relay terminals before¥making the above adjustment.

TABLEwl!

TIME CURVE CALIBRATION, DATA - 60 CYCLES

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS
TIME- TIME CURRENT, OPERATING CURRENT OPERATING
OVERCURRENT  DIAL (MULEIPLES OF TIME (MULTIPLES OF TIME
UNIT TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS
2 6 3 0.57 20 0.22
5 6 2 37.80 10 14.30
6 6 2 2.46 20 1.19
7 6 2 4.27 20 1.11
8 6 2 13.35 20 111
9 6 2 8.87 20 0.65
" 6 2 11.27 20 0.24
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INSTALLATION

Westinghouse I.L. 41.133D
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

DIRECTIONAL OVERCURRENT GROUND RELAYS
TYPES IRP, IRC AND IRD

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

APPLICATION

These relays are ground directional overcurrent
relays which are used for the protection of trans-
mission lines and feeder circuits. Both the time-
overcurrent and instantaneous overcurrent units are
directionally controlled.

The type IRP relay is potential polarizedmy The
type IRC relay is current polarized. Thedtype/IRD
relay is a dual polarized relay which can be‘pelarized
from a potential source, from a local groundysouree or
from both simultaneously.

CONSTRUCTION AND OPERATION

The various types of relays, consist ofia direction-
al unit or units (D), an auxiliapy ‘Switeh (CS-1), a
time-overcurrent unit (CO), an instantaneous over-
current unit (I), an instantaneous overcurrent unit
transformer, and two indicating ,contactor switches
(ICS/1) and (ICS/T). THhe principle component parts
of the relays and their location are shown in Fig. 1
through 6.

Time-OvercurrenthUnit (CO)

The electromagnets for the types IR-5, IR-6, IR-7,
% IR-8 and IR-9 #elays have a main tapped coil located
on the centerleg®f an ‘‘E’* type laminated structure
that produces a flux which divides and returns through
the outer legs. A shading coil causes the flux through
the left leg €0 lag the main pole flux. The out-of-phase
fluxes thus produced in the air gap cause a contact
¢losing, torque.

The electromagnet for the type IR-2 and IR-11
* pelays has a main coil consisting of a tapped primary
winding a secondary winding. Two identical coils

SUPERSEDES I.L. 41-133C

*Denotes change from superseded issuve

on the outer legs of the/lamination structure are con-
nected to the maingcoil{ se¢ondary in a manner so that
the combination of “@all the fluxes produced by the
electromagnet result in out-of-phase fluxes in the air
gap. The outfof-phase air gap fluxes produced cause a
contact closing torque.

Indicating LContactor Switch Units (ICS/Il and ICS/T)

The d=efindicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf=spring mounted contacts are attached, is attracted
to“the magnetic core upon energization of the switch.
When the switch closes the moving contacts bridge
two stationary contacts, completing the trip circuit.
Also during this operation two fingers on the armature
deflect a spring located on the front of the switch,
which allows the operation indicator target to drop.

The front spring, in addition to holding tiie target,
provides restraint for the armature and thus controls
the pickup value of the switch.

Directional Unit (D)

The directional unit is a product inductiqn cylin-
der type unit operating on the interaction between the
polarizing circuit flux and the operating circuit flux.

Mechanically, the directional unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and a
molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
the lower pin bearing is secured to the frame by a
locking nut. The bearing can be replaced, if neces-
sary, without having to remove the magnetic core from
the frame.

The electromagnet has two series-connected polar-
izing coils mounted diametrically opposite one an-
other; two series-connected operating coils mounted
diametrically opposite one another; two magnetic ad-
justing plugs; upper and lower adjusting plug clips,
and two locating pins. The locating pins are used to

EFFECTIVE MAY 1961



% Fig. 1. Type IRD Relay Without Case (Front View). 1 — Instantaneous Over- Fig. 2. Type IRD Relay Without Case (Rear View). 1 — Varistor. 2 — Saturating
current Unit and Saturating Transformer. 2°— Current Polarized Direct- Transformer. 3 — “E” Type Electromagnet.
ional Unit. 3 — Voltage Polarized Diréctional Unit. 4 — Time Over-
current Unit. 5 —~ Indicating ContactorSwitch. 6 — Auxiliary Switch.
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Fig. 3. Directional Unit. 1~ Stationary Contacts. 2 —Stationary Contact Pressure Spring. 3 — Magnetic Adjusting Plugs.
4 — Upper Bearing Screw. 5 —Moving Contacf. 6 — Spring Adjuster Clamp. 7 — Current Bias Vane.

% Fig. 4. Time Overcurrent Unit, 1 —Tap Block. 2—Time Dial. 3 —Control Spring Assembly. 4 - Disc. 5— Stationary
Contact Assembly. 6 — Magnetic Plugs. 7 —Permanent Magnet.
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Fig. 5. Instantaneous Overcurrent Unit. 1 — Saturating Transformer./ 2 '=Tap Block. 3 — Stationary Contact. 4 — Moving

Contact.

Fig. 6. Indicating Contactor Switch (ICS),
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l.L. 41.133D

accurately position the lower pin bearing, which is
mounted on the frame, with respect to the upper pin
bearing, which is threaded into the bridge. The elec-
tromagnet is secured to the frame by four mounting
screws.

The moving element assembly consists of a spiral
spring, contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaft. The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet and
the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral spring
out to the spring adjuster clamp.

Auxiliary Switch (CS-1)

The auxiliary switch is a small solenoid type
d.c. switch. A cylindrical plunger, with™“a, silver
disc mounted on its lower end, moves in"the core of
the solenoid. As the plunger travels) upward, the
disc bridges the silver stationary contacts.w@ tapped
resistor is used to enable onepto uUse the contactor
switch on a 24, 48, 125 or 250 yolt, d.é¥ system con-
nected per Fig. 21. The operation of the CS-1
switch is controlled by the directional unit (D) which
in turn directionally contrels%the time-overcurrent
unit (CO). When sufficient power flows in the tripping
direction, the CS-1 switchyopérates and bridges the
lag coil of the timesovercurrent unit (CO) permitting
this unit to operate.

Instantaneous Overcurrent Unit (1)

The instantaneods overcurrent unit is similar in
construction topthefdirectional unit. The time phase
relationship of the two air gap fluxes necessary for
the development of torque is achieved by means of a
capacitor comnected in series with one pair of pole
windings.

Thenormally-closed contact of the directional unit
is connected across one pair of pole windings of the
instantaneous overcurrent unit as shown in the in-
ternal schematics. This arrangement short-circuits
the operating current around the pole windings; pre-

*

venting the instantaneous overcurrent unit“from/de-
veloping torque. If the directional unit should pick
up for a fault, this short-circuit is removed, allowing
the instantaneous overcurrent contact to commence
closing almost simultaneously with the directional
contact for high speed operation.

Instantaneous Overcurrent Unit Transformer

This transformer is “0f the saturating type for
limiting the energy to the instantaneous overcurrent
unit at higher values [of fault current and to reduce
C.T. burden. The primary winding is tapped and these
taps are brought out to%a, tap block for ease in chang-
ing the pick-up of‘the instantaneous overcurrent unit.
The use of a tapped transformer provides approximate-
ly the same energy level at a given multiple of pickup
current forfany tap setting, resulting in one time curve
throughout the range of the relay.

Across, the secondary is connected a non-linear
résistor’known as a varistor. The effect of the varis-
tords to reduce the voltage peaks applied to the over-
current’unit and phase shifting capacitor.

CHARACTERISTICS

The time characteristics of the directional over-
current relays are designated by specific numbers as
indicated below (e.g., IR - 8).

Time

Characteristics Designation

Short Time 2
Long Time

Definite Time
Moderately Inverse Time
Inverse Time

Very Inverse Time
Extremely Inverse Time

= O o010 u

—

The relays are available in the following current
ranges:

Instantaneous Overcurrent Unit (I)

Range Taps

0.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40

20-80 20 30 40 48 60 80



TYPES IRP, IRC AND IRD RELAYS

Time Overcurrent Unit

Range Taps

.5-25 0.5 0.6 0.8 1.0 15 2.0 25
2-6 2 2.5 3 3.5 4 5 6
4-12 4 5 6 7 8 10 12

The tap value is the minimum current required to
just close the relay contacts.

The time vs. current characteristics for the time-
overcurrent unit are shown in Figs. 10 to 16. These
characteristics give the contact closing time for the
various time dial settings when the indicated multi-
ples of tap value current are applied to the relay.

Trip Circuit

The relay contacts will safely close 30 amperes
at 250 volts d c and the seal-in contacts of the indi-
cating contactor switches will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicating contactor switch has two taps that
provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performance “and
should not be changed.

The set screw in each stationary contact has
been shop adjusted for optimum follow¥and this ad-
justment should not be disturbeds

INTERNAL SCHEMATIC

INSTANTANEOUS
1 "

'S cmTAcT\
R.H, CONTACT. M (UPPER CYLINDER
\~ VAIT)

[ SATURATING
TRANSFORMER

| Reo poT

7

AUX ILIARY T T
switch ]
IXDUCTION VMIT

INDICATING
CONTACTOR SwITCRY|
(RIGHT F.v.)

INDICATING

CONTACTOR M\
(LEFTE. Vo) H
9.C. CONTRGL.CXT-
TRIP MEAD RESIS

OIRECTIONAL UMIT
(LOWER CYLINDER
uNIT)

CHASSIS OPERATED
SHORTING SWITCH

YOLTPOSITION| vALUE {— RED WANDLE

2451 ) —TEST SWITCH

48 2 300 -~ CURRENT TEST JACK
125 3 2700

250 |, u_ | 6300 | —TERMINAL

Wil RELATIVE INSTANTANEQUS FRONT viEw

POLARATY AS SHOWN, THE DIRECTIONAL
UNIT CONTACT CLOSES TO THE LEFT.

1848033

Fig. 7. Internal Schematic of the Type IRP Relay in the
Type FT31 Case.

INTERNAL
Lk, CONTACT . INSTANTANEOUS
o cumr\‘;\. =1 overcussent wait
- ~ 40 (upPER_CYLINDER
I IT)
M~ To ¥ % /\\\munma
ics a3, TRANSFORMER
AUXILIARY ' ki
STCH \ ics ]\ e
T
INGICATING - RED DOT
CONTACTOR SWITCH 1
{RIGAT F.¥.)} DIRECTIONAL WIT
INOICATING (LOWER CYLINOER
CONTACTOR SwiTen| umt)
(LEFT F.¥.)
\7mucnu wir
/
CHASSIS OPERATED
D.C. CONTROL CAT. ] swoaTiG swiTCH
Trip [ LEAD [RESIS.| ] _
v«.zr Rm:m vm;z o teo wamnie
N [~—TEsT SwiTcu
=]
sal 2 | a0 - JT~CcuRResT TEST vatk
1261 3 lar00 +
250] 4 | 6500 @_A—ruumu.

WITN RELATIVE INSTANTANEOUS
POLARITY AS SHOWN, THE OIRECTIONAL
UnIT COMTACT CLOSES TO)THE LEFT.

184A034

RIGHT HAND
INTERNAL SCHEMATIC CONTACTS

DIRECTIONAL
CONTACTS
(MIDDLE UMIT) ——

t—— INSTANTAREQUS
OYERCURRENT uNIT

LEFT MAND CONTACTS] (UPPER CYLINDER
uniT)
DIRECT 1ONAL
folTACTS ) |™—varisTOR
LOWER UniT SATURATING
I~ TRANSFORMER

INDUCTION UNIT

AURILIARY
o
nep 00T
mncmne\
CONTACTOR SWITCH

(RIGHT, t.v.)\
INDICAT LG
CONTACTOR SWITCH
{LEFT, F.¥.)

P.C. CONTROL OKT.
TRIP | LEAD |RESIS

DIRECTIONAL UNIT
" (LOWER CYLINDER
UNIT)

DIRECTIONAL UNIT
b (MIDDLE CYLINDER
uNIT)

| —CHASSIS OPERATED
SHORTING SWITCH

VOLT |pggyTion| YALVE [ ] | —RED HANDLE
W] 1 0 —TEST SWITCH

[T-CURRENT TEST JACK

1] 2 300
125 3 2700
250 4 6500

——TERMINAL

WITH RELATIVE INSTANTANEOUS
POLARITY AS SHOWN, THE DIRECTIONAL
UNIT CONTACT CLOSES TO TME LEFT.

184A020

FRig. 8u Internal Schematic of the Type IRC Relay in the
Type FT31 Case.

Fig. 9. Internal Schematic of the Type IRD Relay in the
Tspe ~T41 Case,

Ay

o,



TYPES IRP, IRC AND IRD RELAYS

ENERGY

REQUIREMENTS

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT -~ 60 CYCLES

AMPERE RANGE TAP VAT;«T TAP VALUE P.F. Ah?GLE VTATAT 5 AMPS. P.F. A?‘IGLE
.5 .37 39 24
15 .38 36 13
1 .39 35 8.5
5-2 1.25 .41 34 6.0
1.5 .43 32 4.6 3

2 .45 30 2.9
.41 36 9.0 36
1.5 .44 32 5.0 32
.47 30 3.0 29
1-4 2.5 .50 28 27
3 .53 26 5 26
4 .59 24 24
2 1.1 49 48
3 1.2 43 42
4 1.3 38 1 37
28 5 1.4 1.4 35
6 1.5 1.1 33
8 1.8 0.7 29
4 1.5 2.4 51
6 1.7 45 1.2 45
4-16 8 1.8 0.7 40
9 1.9 3 0.6 38
12 2.2 0.37 34
16 2.5 30 0.24 31
10 1.7 28 0.43 28
15 2.4 21 0.27 21
20 3.1 16 0.20 17
10-40 24 3. 15 0.15 15
30 4 12 0.11 13
40 4 11 0.08 12
20 6.6 31 0.40 31
9.3 24 0.25 24
20 0.18 20
20-80 \3.5 18 0.14 18
5.9 16 0.10 16
19.2 15 0.07 15

20-80

(AMPERES)

CONTINUOUS RATING

5
8
8
10
10
10

ONE SECOND RATING

t (AMPERES)

100
140
140
200
200
200

t Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the

square of the current.

¢ Degrees current lags voliage.

1 Voltages taken with Rectox type voltmeter.

L 4



TYPES IRP, IRC AND IRD RELAYS

ENERGY REQUIREMENTS - 60 CYCLES

DIRECTIONAL UNIT OPERATING CIRCUIT BURDEN

VOLT AMPERES*%

At At 3 Times At 10 Times At 20 Times

Continuous  One Second Power Minimum Minimum Minimum Minimum

Relay Range Rating Rating* Factor Tap Value Tap Value Tap Valile Tap Value
Type Amps (Amperes) (Amperes) Angle ¢  Current Current Current Current
0.5-2.5 - 230 44.0 0.033 0.30 343 14.2
IRC 2-6 - 230 42.5 0.58 5.28 58.0 240.0
4-12 12 280 31.8 0.64 6.12 70.0 272.0
0.5-2.5 10 230 34.5 0.03 0.23 2.8 11.5
IRP 2-6 10 230 34.5 0.44 4,08 48.0 182.0
4-12 12 280 25.0 0.48 4.62 53.6 216.0
0.5-2.5 10 230 45.0 0.07 0.59 6.6 26.0
IRD 2-6 10 230 45.0 1.04 9.9 106.0 420.0
4-12 12 280 32.4 1.16 10.8 121.2 472.0

¢ Degrees current lags voltage at tap value current.

* Thermal capacities for short times other than one seéondimay be calculated on the basis of time being
inversely proportional to the square of the current.

** Voltages taken with Rectox type voltmeter.

ENERGY REQUIREMENTS - 60 CYCLES

DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

RELAY TYPE RATING VOLT AMPERES A POWER FACTOR ANGLE¢
IRC® 230* 1.45 8° Lag
Amperes
IRP 208** 11.2 28° Lead
Volts
IRD Current 230* 1.45 & Lag
Unit Amperes
IRD Voltage 208** 11.2 28° Lead
Unit Volts

¢ Degrees eurrent leads or lags voltage at 120 volts on voltage polarized units and 5 amperes on current

polarized, tnits..

A\ Burden of voltage polarized units taken at 120 volts. Burden of current polarized units taken at 5 amperes.
* Oneysecond rating.
** 30%econd rating. The 10 second rating is 345 volts. The continuous rating is 120 volts.

S



TYPES IRP, IRC AND IRD RELAYS

ILL.

ENERGY REQUIREMENTS

TYPE IRD-2, IRC-2, IRP-2 TIME OVERCURRENT UNITS

VOLT AMPERES**

4

CONTINUOUS ONE SECOND  POWER AT AT 3 TIMES 0 AT 20 TIVES
AMPERE RATING RATING*  FACTOR TAP VALUE TAP VALUE A TAP VALUE
RANGE TAP (AMPERES)  (AMPERES) ANGLE¢ CURRENT  CURRENT R CURRENT

0.5 0.91 28 58 4.8 39.6 56 190
0.6 0.96 28 57 4.9 39. 270 851
0.8 1.18 28 53 5.0 4Q 308 1024
05/25 1.0 1.37 28 50 5.3 45! 348 1220
1.5 1.95 28 40 6.2 435 1740
2.0 2.24 28 36 7.2 65. 580 2280
2.5 2.50 28 29 79 6 700 2850
2.0 3.1 110 59 @38.7 262 800
25 4.0 110 55 39.8 280 920
3.0 44 110 51 428 312 1008
2/6 3.5 4.8 110 a1 42.8 329 1120
4.0 5.2 110 a5 46.0 360 1216
5.0 5.6 110 a1 50.3 420 1500
6.0 6.0 110 37 54.9 474 1800
4.0 7.3 230 6 4.92 39.1 268 848
5.0 8.0 230 0 5.20 42.0 305 1020
6.0 8.8 230 5.34 441 330 1128
4/12 7.0 9.6 230 6 5.53 45.8 364 1260
8.0 10.4 230 3 5.86 49.9 400 1408
10.0 11.2 230 6.6 55.5 470 1720
230

12.0

* Thermal capacities for short times other ¢ & may be calculated on the basis of time being inversely proportional to the

4

v \ .
eter.

square of the current.

¢ Degrees current lags voltage at tap

** Voltages taken with Rectox type v

O
Q>®

L 4

34

7.00

62.3

528

2064



TYPES IRP, IRC AND IRD RELAYS

ENERGY REQUIREMENTS

IRD-5, IRC-5, IRP-5,

IRD-6, IRC-6, IRP-6,

TIME OVERCURRENT UNITS

VOLT AMPERES**

the current.

rrent lags voltage at tap value current.

s taken with Rectox type voltmeter.

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAPVALUE TAP VALUE TAP VALU
RANGE TAP _ (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT RENT
(0.5 2 88 69 3.92 20.6 103 2
(0.6 2.2 88 68 3.96 20.7 106 \ 8
(0.8 2.5 88 67 3.96 21 114 325
0.5/2.5 (1.0 2.8 88 66 4.07 21.4 122 @ 360
(1.5 3.4 88 62 4.19 23.2 14 462
(2.0 4.0 88 60 4.30 24.9 16 548
(2.5 4.4 88 58 4.37 26.2 80 630
(2 8 230 67 3.88 21 Qio 308
(2.5 8.8 230 66 3.90 21.6 342
(3 9.7 230 64 3.93 22.1 126 381
2/6 (3.5 10.4 230 63 4,09 23.1 36 417
(4 11.2 230 62 4.12 23.5 144 448
(5 12,5 230 59 4.20 162 540
(6 13.7 230 57 4.38 > 183 624
(4 16 460 65 4.00 126 376
(5 18.8 460 63 4.15 143 450
(6 19.3 460 61 4.32 . 162 531
4/12 (1 20.8 460 59 4.35 6.4 183 611
(8 22.5 460 56 4.4 217.8 204 699
(10 25 460 53 30.1 247 880
(12 28 460 47 .9 35.6 288 1056
IRD-7, IRC-7, IRP-7 VE URRENT UNITS
VOLT AMPERES**
CONTINUOUS ONE SECOND R AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* C TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _ (AMPERES) (AMPERES) ¢ CURRENT CURRENT CURRENT CURRENT
(0.5 2 8 8 3.88 20.7 103 278
(0.6 2.2 o 8 67 3.93 20.9 107 288
(0.8 2.5 8 66 3.93 21.1 114 320
0.5/2.5 (1.0 2.8 \ 64 4,00 21.6 122 356
(1.5 3.4 88 61 4.08 22.9 148 459
(2.0 4.0 % 58 4.24 24.8 174 552
(2.5 4.4 56 4.38 25.9 185 640
(2 8 230 66 4.06 21.3 111 306
(2.5 8.8 O 230 63 4.07 21.8 120 342
(3 9 230 63 4.14 22.5 129 366
2/6 (3.5 230 62 4.3¢ 23.4 141 413
(4 230 61 4.34 23.8 149 448
( 230 59 4.40 25.2 163 530
230 58 4.62 217 183 624
( 16 460 64 4.24 22.8 129 392
(5 18.8 460 61 4.30 24.2 149 460
4/12 (6 19.3 460 60 4.62 25.9 168 540
(1 20.8 460 58 4.69 21.3 187 626
8y 22.5 460 55 4.80 29.8 211 688
(10 25 460 51 5.20 33 260 860
(12 28 460 46 5.40 31.5 308 1032

ities for short times other than one second may be calculated on the basis of time being inversely proportional to the



TYPES IRP, IRC AND IRD RELAYS

ENERGY REQUIREMENTS

IRD-8, IRC-8, IRP-8,
IRD-9, IRC-9, IRP-9,

TIME OVERCURRENT UNITS

VOLT AMPERES**

L 4

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10/T1 AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE E ) TAP VALUE
RANGE TAP (AMPERES) _(AMPERES) ANGLE ¢ CURRENT CURRENT C N CURRENT
(0.5 2 88 72 2.38 21 350
(0.6 2.2 88 71 2.38 21 365
(0.8 2.5 88 69 2.40 21.1 42 400
0.5/2.5 (1.0 2.8 88 67 2.42 21, 150 440
(1.5 3.4 88 62 2.51 22 170 530
(2.0 4.0 88 57 2.65 200 675
(2.5 4.4 88 53 2.74 24. 228 800
(2 8 230 70 2.38 2 136 360
(2.5 8.8 230 66 2.40 1 142 395
3 9.7 230 64 2 1.5 149 430
2/6 (3.5 10.4 230 62 2. 22 157 470
(4 11.2 230 60 2.53 22.7 164 500
(5 12.5 230 58 24 180 580
(6 13.7 230 56 5 25.2 198 660
(4 16 460 68 & 21.3 146 420
(5 18.8 460 63 . 21.8 158 480
(6 19.3 460 6! 2.54 22.6 172 550
4/12 (1 20.8 460 2.62 23.6 190 620
(8 22.5 460 4 2.73 24.8 207 700
(10 25 460 4 3.00 27.8 248 850
(12 28 460 45 3.46 31.4 292 1020
IRD-11, IR 1, IRP-11 OVERCURRENT UNITS
VOLT AMPERES**
CONTINUOUS ONB  POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATI NG*  FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _(AMPERES) PERES) ANGLE¢ CURRENT CURRENT  CURRENT CURRENT
3
0.5 56 36 0.72 6.54 71.8 250
0.6 \ 56 34 0.75 6.80 5.0 267
.8 2.2 56 30 0.81 7.46 84.0 298
0.5/2.5 56 27 0.89 8.30 93.1 330
56 22 1.13 10.04 115.5 411
56 17 1.30 11.95 136.3 502
56 16 1.48 13.95 160.0 610
7.0 230 32 0.73 6.30 74.0 264
7.8 230 30 0.78 7.00 78.5 285
8.3 230 27 0.83 7.74 84.0 309
9.0 230 24 0.88 8.20 89.0 340
10.0 230 23 0.96 9.12 102.0 372
11.0 230 20 1.07 9.80 109.0 430
12.0 230 20 1.23 11.34 129.0 504
4.0 14 460 29 0.79 7.08 78.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 17 460 22 1.02 9.18 101.4 378
4/12 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480
¢ 10.0 22 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 720

Thermal capacities for short times other than one second may be calculated on the basis of time being inversely
proportional to the square of the current.

@ Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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TYPES IRP, IRC AND IRD RELAYS
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I.L.141.133D

Trip Circuit Constants

Indicating Contactor Switch —
0.2 ampere tap — 6.5 ohms d-c resistance
2.0 ampere tap — 0.15 ohms d-c resistance

Auxiliary Switch (CS-1)

The auxiliary switch has a d-c resistance of
1165 ohms.

Type IRP Relay

The IRP relay is designed for potential polariza-
tion and has its maximum torque when the current
lags the voltage by approximately 60 degrees. The
shifting of the maximum torque angle is accomplished
by the use of an internally mounted phase shifter as
shown in the internal schematic.

The directional unit minimum pick-up is approxi-
mately 1 volt and 2 amperes at its maximum torque
angle for the directional units used with the 0.5
to 2.5 and 2 to 6 ampere range time over-current units.
For the directional units used with the 4-12 ampere
range time overcurrent units the minimum pick-up is
1 volt and 4 amperes.

Type IRC Relay

The IRC relay is designed for current polariza-
tion and has its maximum torque whensthe“operating
current leads the polarizing current by approximately
40°.

The directional unit minimum_ pick-up is 0.5
ampere in each winding at the maximum, torque angle
for the directional units used with‘the 0.5 to 2.5 and
2 to 6 ampere range time overcurrent units. For the
directional units used with the 4-12 ampere range
time overcurrent units theé, minimum pickup is 1
ampere.

Type IRD Relay

The type “IRD “relay utilizes a directional unit
similar to the IRC'telay in conjunction with the direc-
tional unit and'phase-shifting circuit of the IRP relay.

The current-polarized directional unit of the IRD
relay operates on residual currents while the poten-
tial-polarized directional unit of the IRD relay oper-
ates on residual voltage and residual current.

For the directional units used with the 0.5 to 2
and 2 to 6 ampere time overcurrent units, the mini-
mum pick-up of the current polarized unit is 0.5
ampere in each winding at the maximum torque angle.
The minimum pick-up for the voltage polarized unit is

1 volt and 2 amperes with the current lagging voltage
by 60°.

For the directional units used with®the 4 to 12
ampere range time overcurrent units, the minimum
pick-up is 1 ampere for the currentspolarized direc-
tional unit and 1 volt and 4, amperes for the voltage-
polarized directional unit.

SETTINGS

Time Overcurrent Unit (CO)

The time overcurrentfunit settings can be defined
either by tap setting.and time dial position or by tap
setting and agspecific time of operation at some cur-
rent multiple of ‘the tap setting (e.g. 4 tap setting, 2
time dial position or 4 tap setting, 0.6 seconds at
6 timeg tapivalue current).

To, provide selective circuit breaker operation, a
minimumycoordinating time of 0.3 seconds plus circuit
breaker time is recommended between the relay being
setpand the relays with which coordination is to be
effected.

The connector screws on the tap plate above the
time dial makes connections to various turns on the
operating coil. By placing this screw in the various
tap plate holes, the relay will just close its contacts
at the corresponding current 4-5-6-7-8-10-12 amperes,
or as marked on the tap plate.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is turned
tight. In order to avoid opening the current trans-
former circuits when changing taps under load, con-
next the spare connector screw in the desired posi-
tion before removing the other tap screw from the
original tap position.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be intiated immediately after a trip by
the CO contact, the time of the opening of the contacts
should be a minimum. This condition is obtained by
loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact

% spring. With this change and the contact mounting

screw tightened, the stationary contact will rest
solidly against its backstop.

Instantaneous Overcurrent Unit (1)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-
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nector screw in the desired tap, the relay will just
close its contacts at the tap value current.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is
turned tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before re-
moving the other tap screw from the original tap
position.

Directional Units (D)

No setting is required.

Indicating Contactor Switch (ICS/1 and ICS/T)

No setting is required on the ICS units except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw.

Auxiliary Switch (CS-1)

No setting required on the CS-1 unit except for the
selection of the required 24, 48, 125 or 250 voltage
on the tapped resistor. This connection can be made
by referring to Fig. 21.

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 be means of the two moufting,studs
for the type FT 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 utilized for grounding the/relay. The
electrical connections may be gmade “directly to the
terminals by means of screws (forfsteel panel mount-
ing or to terminal studsyfurnishedswith the relay for
thick panel mounting,/ The tetminal studs may be
easily removed or inserted by locking two nuts on the
studs and then turning theyproper nut with a wrench.

For detail information on the FT Case refer to
I.L. 41-076.

The externalua<c connections of the directional
overcurrent felays are shown in Figs. 18, 19 and 20.
If no veltage polarizing source is to be connected to
the IRD), relay, short-circuit the voltage polarizing
cirGuit at.the terminals of the relay.
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ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation
of this relay have been made at the factory. Upon re-
ceipt of the relay, no customer adjustments, other
than those covered under “SETTINGS”, should)ybe
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order;

Instantaneous Overcurrent Unit (I)

1. Contact Gap — The gappbetween the stationary
and moving contacts with“the relay in the de-ener-
gized position should be approximately .020",

2. Minimum Trip @urrent — The normally-closed
contact of the ‘directional unit should be blocked open
when checking the pick-up of the overcurrent unit.

The pick=up oftthe overcurrent unit can be checked
by inserting thetap screw in the desired tap hole and
applying ratedytap value current. The contact should
close within +5% of tap value current.

Directional Unit (D)

1. Contact Gap — The gap between the stationary
contact and moving contact with the relay in the de-
energized position should be approximately .020".

2. Sensitivity — The respective directional units
should trip with value of energization and phase angle
relationship as indicated in Table 1.

3. spurious Torque Adjustments — There should
be no spurious closing torques when the operating
circuits are energized per Table 2 with the polarizing
circuits short circuited for the voltage polarized units
and open-circuited for the current polarized units.

Time Overcurrent Unit (CO)

1. Contacts — The index mark on the movement
frame will coincide with the ‘‘O’’ mark on the time

dial when the stationary contact has moved through

approximately one-half of its normal deflection. There-

fore, with the stationary contact resting against the

backstop, the index mark is offset to the right of the
‘“O’" mark by approximately .020’’. The placement of
the various time dial positions in line with the index
mark will give operating times as shown on the re-

spective time-current curves.

2. Minimum Trip Current — Set the time dial to
position 6 with the auxiliary switch (CS-1) contacts
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LL. 41-133D
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I.L. 43-133D

blocked closed, alternately apply tap value current
plus 3% and tap value current minus 3%. The moving
contact should leave the backstop at tap value current
plus 3% and should return to the backstop at tap value
current minus 3%.

3. Time Curve — Table 3 shows the time curve
calibration points for the various types of relays.
With the time dial set to the indicated position, apply
the currents specified by Table 3 (e.g. for the CO-2,
3 and 20 times tap value current) and measure the
operating time of the relay. The operating times
should equal those of Table 3 plus or minus 5 percent.

Indicating Contactor Switches (ICS/1) and (ICS/T)

A) Close the contacts of the CO and pass suf-
ficient d.c. current through the trip circuit to close
the contacts of.(ICS/T). This value of current should
not be greater than the particular (ICS/T) tap setting
being used. The operation indicator target should
drop freely, bringing the letter “T” into view.

B) Close the contacts of the instantaneous over-
current unit (I) and the directional unit (D). Pass suf-
ficient d.c. current through the trip circuit to close
the contacts of (ICS/I). This value of current should
not be greater than the particular (ICS/1) tapfSetting
being used. The operation indicator target should
drop freely, bringing the letter “I” into view:

C) The contact gap should be approximately
.047" between the bridging moving cdntactyand the
adjustable stationary contacts. The_bridging moving
contact should touch both stationary contacts
simultaneously.

Routine Maintenance

All relays should be inspected periodically and
the time of operation ghould“@be checked at least
once every year or at\such other time intervals as
may be dictated by.experiénice to be suitable to the
particular application/ The use of phantom loads, in
testing induction-typemtelays, should be avoided,
since the resulting“distorted current wave form will
produce an,error in timing.

All contacts’ should be periodically cleaned. A
contact burnisher #182A836H01 is recommended for
this purpose, The use of abrasive material for clean-
ingl contacts is not recommended, because of the
danger of embedding small particles in the face of
the), soft silver and thus impairing the contact.

Calibration

Use the following procedure for calibrating the

relay if the relay has been taken apart for\repairs or
the adjustments have been disturbed. This procedure
should not be used unless it is apparent that the re-
lay is not in proper working order. (See *Acceptance
Check?).

Instantaneous Overcurrent Unit (1)

1. The upper pin bearing should be screwed down
until there is approximately <025 clearance between
it and the top of shaft bgaring. The upper pin bearing
should then be securely locked in position with the
lock nut. The lowerjbearifig position is fixed and can-
not be adjusted!

2. Thegcontacet, gap adjustment for the overcurrent
unit is made“with the moving contact in the reset
position, i.ed,. against the right side of the bridge.
Move, in the deft-hand stationary contact until it just
touchesythe moving contact then back off the station-
any. contact 2/3 of one turn for a gap of approximately
.020°".“The clamp holding the stationary contact hous-
ing need not be loosened for the adjustment since the
clamp utilizes a spring-type action in holding the sta-
tionary contact in position.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

Before applying current, block open the normally-
closed contact of the directional unit. Insert the tap
screw in the minimum value tap setting and adjust
the spring such that the contacts will close as indi-
cated by a neon lamp in the contact circuit when
energized with the required current. The pick up of
the overcurrent unit with the tap screw in any other
tap should be within * 5% of tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

In the type IRP and IRC relays the directional
unit is the lower cylinder unit. In the type IRD the
directional units are the lower and middle cylinder
units.
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1. The upper bearing screw should be screwed
down until there is approximately .025 clearance be-
tween it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in position
with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Advance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move in the left-hand stationary contact until
it just touches the moving contact. Then back off the
stationary contact 3/4 of one turn for a contact gap
of .020” to .024". The clamp holding the stationary
contact housing need not be loosened for the adjust-
ment since the clamp utilizes a spring-type action in
holding the stationary contact in position.

3. Insert tap screw of overcurrent unit in highest
tap. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted by plac-
ing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and is held in place
by a spring type clamp that does not have to be
loosened prior to making the necessary adjustments.

The spring is to be adjusted such that the ¢on-
tacts will close as indicated by a neon lamp in“the
contact circuit when energized with the required
current and voltage as shown in Table I This table
indicates that the spring can be adjusted“when the
phase angle relationship between the éperating cir-
cuit and the polarizing circuit is at, theWmaximum
torque angle or when the circuit relationship has the
operating and polarizing circuits in phase.

4. The magnetic plugs are®™ased™to reverse any

unwanted spurious torques that may be present when
the relay is energized on cutrentialéne.

The reversing oféthe Spurious torques is accom-

plished by using the“adjusting plugs in the following
manner.:

a) Voltage circuit terminals on the voltage polar-
ized relays (IRP and IRD voltage polarized unit) are
short-circuited,

b) The“polarizing circuits of the current polar-
ized rela¥sy,(IRC and IRD current polarized unit) are
open-circuited.

Upon eompletion of either *a” or “b” current is
appliedwto the operating circuit terminals as per
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Table 2.

Plug adjustment is then made per Table 2 Such
that the spurious torques are reversed. The plugstare
held in position by upper and lower plug clips. These
clips need not be disturbed in any manner when mak-
ing the necessary adjustment.

The magnetic plug adjustment may besputilized to

_positively close the contacts on“ceurrent alone. This

may be desired on some installationsiin order to in-
sure that the relay will always trippthe breaker on
zero potential.

Time OvercurrenthUnit (CO)

1. Contacts — Thegindexymark on the movement
frame will coincide with the, ‘‘O’’ mark on the time
dial when the stationary, contact has moved through
approximately oneshalfief its normal deflection. There-
fore, with théystationary contact resting against the
backstop, the‘index mark is offset to the right of the
‘O’ markeyby approximately .020°’. The placement of
the variousjytime®dial positions in line with the index
mark will, givepoperating times as shown on the re-
spective time<eurrent curves.

2) Minimum Trip Current ~ The adjustment of
the spring tension in setting the minimum trip current
value of the relay is most conveniently made with the
damping magnet removed.

With the time dial set on “O”, wind up the spiral
spring by means of the spring adjuster until approxi-
mately 6-3/4 convolutions show.

Set the relay on the minimum tap setting, the
time dial to position 6.

With the auxiliary switch (CS-1) contacts blocked
closed, adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at tap
value current ~1.0%.

3) Time Curve Calibration — Install the perma-
nent magnet.

Apply the indicated current per Table 3 for perma-
nent magnet adjustment (e.g. IRP-8, 2 times tap value)
and measure the operating time. Adjust the permanent
magnet keeper until the operating time corresponds
to the value of Table 3.

Apply the indicated current per Table 3 for the
electromagnet plug adjustment (e.g. IRP-8, 20 times
tap value) and measure the operating time. Adjust the
proper plug until the operating time corresponds to
the value in Table 3. (Withdrawing the left hand plug,
front view increases the operating time and withdraw-
ing the right hand plug, front view, decreases the
time.) In adjusting the plugs, one plug should be
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L. L./41-233D
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Fig. 21. Selection of Proper Voltage Tap for Auxiliary
Switch (CS-1) Operation.

screwed in completely and the other plug run in or
out until the proper operating time has been obtained.

Recheck the permanent magnet adjustment. If the
operating time for this calibration point has changed,
readjust the permanent magnet and then recheck the
electromagnet plug adjustment.

Indicating Contactor Switches (ICS/I) and @CS/T)
Adjust the contact gap for approximately:047”.
A) Close the contacts of the CO and pass suf-
ficient d.c. current through the trip circuityto close
the contacts of the (ICS/T). This value of current
should not be greater than the particulan (ICS/T) tap
setting being used. The opération, indicator target
should drop freely bringing thedetter “T” into view.

B) Close contacts of instantaneous overcurrent
unit (I) and directional unit (D). PassgSufficient d.c.
current through the trip circuit to close contacts of the
(ICS/I). This value of current should h6t*be greater
than the particular (ICS/I) tap setting being used.
The operation indicator target should drop freely
bringing the letter “I” into view.

Auxiliary Switch (CS-1)

Adjust the stationaryy.corefof the switch for a
clearance between thessStationary core and the moving
core when the switchlisipicked up. This can be done
by turning the reldypupside-down. Then screw up the
core screw untihthe moyving core starts rotating. Now
back off the core“serew until the moving core stops
rotating. This ‘indicates the points where the play
in the assembly is taken up, and where the moving
core just separates from the stationary core screw.
Baek off fthe/ core screw approximately one turn and
lock) imyplace. This prevents the moving core from
striking and sticking to the stationary core because
of residual magnetism. Adjust the contact clearance
for3/64” by means of the two small nuts on either
sid€ of the Micarta disc.

Connect lead (A) to proper terminal per Fig. 21.
Block directional unit (D) contacts close and ener-
gize trip circuit with rated voltage. Contacts of
auxiliary switch (CS-1) should make as indicated by
a neon lamp in the contact circuit.

RENEWAL PARTS

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

TABLE |
DIRETCTIONAL UNIT SENSITIVITY

AMP ERE RATING
RELAY TYPE OF VALUES FOR MIN. PICKUP* PHASE ANGLE RELATIONSHIP
TIME-OVERCURRENT VOLTS AMPERES
UNIT
.5-2.5 1 2.0 I lagging V by 60°+*
IRP 2-6 1 4.0 I in-phase with V
IRD (Voltage
Unit) 1 4.0 I lagging V by 600+
412 1 8.0 I in-phase with V
0.5 I, leading L, by 40°**
- .5-2.5
IRD (Current 2-6 0.65 In-phase
Unit) 12 1.0 I, leading I, by 40°**
1.3 In-phase

*The energization quantities are input quantities at the relay terminals.

** Maximum torque angle.
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TABLE Il
DIRECTIONAL UNIT CALIBRATION 1
RELAY RATING CURRENT AMPERES | BOTH PLUGS IN CONDITION ADJUSTMENT
All Ranges 80 Spurious Torque In Contact Right (Front-View) Plug Screwed
Closing Direction (Left Front Out Until Spurious{Torque is Re-
View) versed.
All Ranges 80 Spurious Torque In Contact Left (Front View) Plug Screwed
Opening Direction (Right Front | Out Until Spurious Torque is in
View) (Contacts remain open) Contact ClesingsDirection. Then
the plug,is screwed in Until Spuri-
ous AderqueniS Reversed.
t Short circuit the voltage polarizing circuit at the relay terminals before making theyabove adjustment.
TABLE It1
TIME CURVE CALIBRATION DATA =60 CYCLES
PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS N
TIME- TIME CURRENT OPERATING CURRENT OPERATING 4
OVERCURRENT  DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
UNIT TYPE POSITION TAP VALUE) SECGONDS TAP VALUE) SECONDS
2 6 3 0.57 20 0.22
5 6 2 317.80 10 14.30
6 6 2 2.46 20 1.19
7 6 2 4.27 20 1.11
8 6 2 13.35 20 1.11
9 6 2 8.87 20 0.65
* 1 6 2 11.27 20 0.24
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