INSTALLATION

Westinghouse I.L. 41-133.2A
OPERATION ¢ 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 current
and voltage.

At an ungrounded substation on grounded 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 IRQ relay is applicable for
ground protection.

CONSTRUCTION AND OPERATION

The type IRQ relay consists of a directional
cylinder unit (D) operating on negative sequence quan-
tities, negative-sequence current and voltage filters
an auxiliary switch (CS-1), a time-overcurrent unit
(CO), an instantaneous overcurrent unit (I), and two
indicating contactor switches (ICS/1) 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. 41-133.2

% Denotes change from superseded issue

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
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
sScrews.

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.
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TYPE IRQ RELAY

I.L. 41-133.2A

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 - Permanent Magnet

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.

Negative Sequence Filter

The current and voltage filters consist of re-
actors and resistors connected together as shown in
the internal schematic (Fig. 4).

Time-Overcurrent Unit (CO)

The electromagnets for the types IRQ5, IRQ-6,
IRQ-7, IRQ-8 and IRQ-9 relays have a main tapped
coil located on the 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 through the left leg to lag the main pole flux.
The out-of-phase fluxes thus produced in the air gap
cause 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 (1)

The instantaneous overcurrent unit consists of a
induction cylinder type unit and a transformer. The
induction cylinder 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 connec-
ted in series with one pair of pole windings.

The normally-closed contact of the 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 overcurrent 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 simultaneously with the directional contact
for high speed operation.

The transformer 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.
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Fig. 6. Time Curve of the Directional Unit (D) Fig. 7. Diagram of Test Connections for the Circuit Closing
Time Overcurrent Unit of the IRQ Relay.
. The front spring, in addition to holding the target, Instantaneous Overcurrent Unit (I)
AN provides restraint for the armature and thus controls Range Taps
the pickup value of the switch.
0.5-2 Amps | 0.5 0.75 1.0 1.25 1.5 2
CHARACTERISTICS 1-4 1.0 L5 2.0 2.5 3.0 4.0

The time characteristics of the time overcurrent 2-8 2 3 4 5 6 8
relays are designated by specific numbers as indicat- 4-16 4 6 8 9 12 16
ed below (eg. IRQ-8). 10-40 10 15 20 24 30 40

Time 20-80 20 30 40 48 60 80

Characteristics Designation
Short Time 2 The tap value is the minimum current required to
Long Time 5 just close the relay contacts.
Definite Time 6

ehinite im . The time vs. current characteristics for the time-
Moderately Inverse Time g overcurrent unit are shown in Figs. 15 to 21. These
Inverse Time 8 characteristics give the contact closing time for the
Very Inverse Time 9 various time dial settings when the indicated multi-
Extremely Inverse Time 11 ples of tap value current are applied to the relay.

The relays are available in the following current The time vs. current characteristics for the in-
ranges: stantaneous overcurrent unit is shown in Fig. 13.
Time Overcurrent Unit The time vs. current characteristics for the direc-

Range Taps tional unit is shown in Fig. 6.

.5-2.51 0.5 0.6 0.8 1.0 1.5 2.0 2.5 Directional Unit (D)
2-6 2 2.5 3 3.5 4 5 6 The directional unit minimum pick-up is approx-
\, 4-12 4 5 6 7 8 10 12 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 seg-
uence directional unit is shown in Fig. 5.

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

Trip Circuit
The relay contacts will safely close 30amperes
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.

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

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
resistor is fixed 100 ohm resistor).

"wwzwy
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Fig. 9. In Service Test Procedure for Verifying Proper 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 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 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 coordinating time of 0.3 seconds plus circuit
breaker time is recommended between 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 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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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 will just
close its contacts at the tap value current.

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 tap screw in the desired position before re-
moving the other tap screw from the original tap
position.

Negative Sequence Filter

No setting is required.

* Indicating Contactor Switch (ICS/l and 1CS/T)

The only 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)

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.
41-0176.
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%*|Fig. 11. External Schematic of IRQ Relay.

The external connections of the directional filter should be interchanged, a high voltage occurs
overcurrent relay are shown in Fig. 12. across the output terminals of the filter. Similarly,
if any two of the phase leads to the input terminals

ADJUSTMENT AND MAINTENANCE of the current filter are interchanged, an output cur-

rent will be obtained.
The proper adjustments to insure correct opera-

tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other Directional Unit (D)
than those covered under ‘‘SETTINGS’’, should be

1. Contact Gap - The gap between the station-

required. ary contact and moving contact with the relay in the
Acceptance Check de-energized position should be approximately .020”’
The following check is recommended to insure 2. Sensitivity - Refer to the test diagram in fig.
that the relay is in proper working order; 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

Negative Sequence Filter )
to 6.93 amperes as shown (corresponds to a negative
The filters are adjusted for balance in the factory sequence input current of 4 amperes). With a phase
and no further adjustments or maintenances should be angle meter connected as shown, rotate the phase
required. The nominal voltage and current output of shifter until the current leads the voltage by 188°.
the filters on positive sequence is approximately zero. This corresponds to the negative sequence component
This serves as a convenient check on the balance of of current leading the negative sequence component
the filters. If any two input leads to the potential of voltage by 98°  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 the input volt-
age and connect terminais 14, 15, and 16 together.
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 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 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
blocked 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 cur-
rent plus 3% and should return to the backstop at
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. The operating times
should equal those of Table 1 plus or minus 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% 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. 21). 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%.

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 (1CS/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 (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

S

s
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Fig. 13. Typical Time Curve of the Instantaneous Overcurrent Unit.

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

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 experience to be suitable to the
particular application.

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
times pick-up current at 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 circuit in 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 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, 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.

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’’ 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 acijustment 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 and 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 of one turn for a contact
gap of .020’’ to .024”’. The 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 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

12

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 con-
tacts will close when the relay is energized with
0.57 volts and 6.93 amps at 188° (current leading
voltage), considering the relay connected to the test
circuit in Fig. 12.

4. The magnetic plugs are used 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 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
séttings 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.

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 adjusted 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 1 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 time corresponds
to the value of Table 1.

For type IRQ-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 nec-
essary because of the 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 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 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/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 RED lDEN“F“NG | 2 3 4
clearance between the stationary core and the moving Of ———— lQ] |%J [9

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 POSITION RATED D-C RESISTOR
the assembly is taken up, and where the moving core LEap (B) | VOLTAGE | RESISTANCE
just separates from the stationary core screw. Back ; l;g 27388
off the core screw approximately one turn and lock in . 250 §500
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 NOTE . RELAYS ARE SHIPPED ON THE 125 VOLT TAP
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.

Lean (n)
O

CS-I

18kA316

Fig. 14. Selection of Proper Voltage Tap for Auxiliary Switch
(CS-1) Operation.

TABLE |

TIME CURVYE 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 37.80 10 14.30
IRQ- 6 6 2 2.46 20 1.19
IRQ 7 6 2 4.27 20 111
IRQ- 8 6 2 13.35 20 L1
IRG- 9 6 2 8.87 20 0.65
IRQ-11 6 2 11.27 20 0.24

14
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DIRECTIONAL UNIT CALIBRATION f

TABLE 1l

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
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.

+ Short circuit the voltage polarizing circuit at the relay terminals before 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 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.

¢ Degrees 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 20.6 103 270
(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
(L5 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 23.5 144 448
(6] 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 4.15 23.7 143 450
(6 19.3 460 61 4.32 25.3 162 531
4/12 7 20.8 460 59 4.35 26.4 183 611
(8 22.5 460 56 4.40 217.8 204 699
(10 25 460 53 4.60 30.1 247 880
(12 28 460 47 4.92 35.6 288 1056
IRQ-7 TIME OVERCURRENT UNITS -
VOLT AMPERES**
CONTINUOUS ONE SECOND  POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES i
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 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 (LO 2.8 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
7 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 37.5 308 1032
* 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

IRQ-8, IRQ-9 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 72 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 21.8 158 480

(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

IRQ-11 OVERCURRENT UNITS
VOLT AMPERES**

CONTINUCUS 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 1.7 56 36 0.72 6.54 1.8 250
0.6 1.9 56 34 0.75 6.80 7.0 267
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 17 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 4.0 264
2.5 7.8 230 30 0.78 7.00 8.5 285
3.0 8.3 230 27 0.83 7.74 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 80.0 340
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 1.1 124.8 480
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
(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 Volt-Amps.
Rating-Amps. Rating-Amps. at 5 Amps. at 5 Amps.
2 10 150 5.5
10 150 1.28
1 10 150 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 5.5 320
2 4.92 5.0 10°
3 3.30 3.7 27°

Power Factor Angle

00
74° Lag
44° Lag

The volfage burden of the relay with positive sequence voltage applied (no output voltage to the direc-

tional unit) is as follows:

Pot. Transf. Across Phase

Burden values on three star connected potential transformers.

(115 volts delta).

Volts

Watts

Volt-Amps.

Power Factor Angle

Values at the star voltage of 66.4 volts

1 115 0 26.8
2 115 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 three delta connected potential transformers. Values at 115 volts.

31 115 15.4 31.0
12 115 —-1.8 15.6
23 115 15.6 15.6

18

90° Lag
48° Lag
30° Lag

120° Lag
00
58° Lag
60° Lag
60° Lag
2° Lead

60° Lag
120° Lag
00
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ENERGY REQUIREMENTS

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT - 60 CYCLES

tt ¢ Tt [3
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
L5 .43 32 4.6 31
2 .45 30 2.9 28
.41 36 9.0 36
1.5 .44 32 5.0 32
.47 30 3.0 29
1-4 2.5 .50 28 2.1 27
3 .53 26 1.5 26
4 .59 24 0.93 24
2 1.1 49 6.5 48
3 1.2 43 3.3 42
4 1.3 38 2.1 37
28 5 1.4 35 1.4 35
6 1.5 33 1.1 33
8 1.8 29 0.7 29
4 1.5 51 2.4 51
6 1.7 45 1.2 45
4-16 8 1.8 40 0.7 40
9 1.9 38 0.6 38
12 2.2 34 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 3.6 15 0.15 15
30 4.2 12 0.11 13
40 4.9 11 0.08 12
20 6.6 31 0.40 31
30 9.3 24 0.25 24
40 12 20 0.18 20
20-80
48 13.5 18 0.14 18
60 15.9 16 0.10 16
80 19.2 15 0.07 15
RANGE CONTINUOUS RATING ONE SECOND RATING
(AMPERES) t (AMPERES)
.52 5 100
1-4 8 140
2-8 8 140
4-16 10 200
10-40 10 200
20-80 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,

11 Voltages taken with Rectox type voltmeter.
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Fig. 17. Typical Time Curve of the Time-Overcurrent Unit of the Definite Time (6) Relay.
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Fig. 19. Typical Time Curve of the Time-Overcurrent Unit of the Inverse (8) Relay.

o



TYPE IRQ RELAY I.L. 41-133.2A

7
\ TYPICAL TIME CURVES |
TYPE CO-9 ]
OVER CURRENT RELAY ]
1 \ 50-60 CYCLES ]
6 L
1
1
1
| 1 | L 101\
1A |
5 1t X
1 | { I
\ L UL
| \
\
‘ \
y Y | {
\
\
[72]
2 \ )
§ A | TIME DIAL SETTING
w H
n 11
3 \I ™10
\FEH) e O
\ l‘ "y N A
‘ \ (] 6 [ \
5 A
\ A
2 \ n N
\ \‘ 3 .n i N i =
A 2. Ny i - i ~~?=“
N N : N
1 i TR i =
1 N d N N o - L -
1/2 b > i e
A, - Py Bwe = -—
- - - L —
ey - M o
0
1 2 3 ] 5 6 7 8 9 10 12 1% 16 18 20
MULTIPLES QF TAP VALUE CURRENT
Curve 418249

Fig. 20. Typical Time Curve of the Time-Overcurrent Unit of the Very Inverse (9) Relay.

25



TYPE IRQ RELAY

100 1 . 2 3 4§ 6§ 67 8910 20 30 4
90 2
80
70
60
50
[10)
30
20
LA \
y \\§‘ \\\ 2888655
: \\ MINNNY TYPICAL TIME CURVES
6 TARAY \A\\ TYPE CO-11
° ARLAL NS OVER CURRENT RELAY
‘ \ \ \\; \ {\ 80-60 CYCLES
\
EERVAWAVARANN
. \ \\ \ \\\\\
e -\ \ \\:\:\\
z
§ 1.0 \ \ \\%\ %\
= 0.9 AY \ X\
- 0.8 A AN EAY \ [N
@ 0.7 AN
Z e WEAWAVNAVANANA
0.5 \ AN RANNNNY TINE DIAL
0.4 \ \ \ \\ \\\t \‘b\\ SETTING
N
0.3 \ \‘\ AN \\\ o 11
\ NN ‘\\: 1
0.2 \ \\ \\\‘\ [N \5;
: \\ \\‘\\N :
N N
N NN
0.09 AN A, " 3
0.08 ~
i 2
0.05 N"\\
0.04 " =
0.03
N
0.02 1/2
0.01
1 F 3 4 5 67 8910 20 30 »0

MULTIPLES OF TAP VALUE CURRENT

26

Fig. 21. Typical Time Curve of the Time-Overcurrent Unit of the Extremely Inverse (11) Relay.
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INSTALLATION

Westinghouse 1.L. 41-133.2B
e OPERATION ¢ 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 current
and voltage.

At an ungrounded Substation on grounded 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 IRQ relay is applicable for
ground protection.

CONSTRUCTION AND OPERATION

The type IRQ relay consists of a directional
cylinder unit (D) operating on negative sequence quan-
tities, negative-sequence current and voltage filters
an auxiliary switch (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 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
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
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l.L. 41-133.2B

TYPE IRQ RELAY

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-Permanent Magnet

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.

Negative Sequence Filter

The current and voltage filters consist of re-
actors and resistors connected together as shown in
the internal schematic (Fig. 4).

Time-Overcurrent Unit (CO)

The electromagnets for the types IRQ@5, IRQ-6,
IRQ-7, IRQ-8 and IRQ-9 relays have a main tapped
coil located on the 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 through the left leg to lag the main pole flux.
The out-of-phase fluxes thus produced in the air gap
cause 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. The
induction cylinder 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 connec-
ted in series with one pair of pole windings.

The normally-closed contact of the 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 overcurrent 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 simultaneously with the directional contact
for high speed operation.

The transformer 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/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.

CHARACTERISTICS

The time characteristics of the time overcurrent
relays are designated by specific numbers as indicat-
ed below (eg. IRQ-8).

Time
Characteristics

Short Time 2
Liong Time

Designation

Definite Time
Moderately Inverse Time
Inverse Time

Very Inverse Time

= O 0 -3 O L

Extremely Inverse Time 1

The relays are available in the following current
ranges:

Time Overcurrent Unit

Range Taps
.5-2.51 0.5 0.6 0.8 1.0 1.5 20 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 seftings 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 torque angle
of approximately 980(current leading voltage).

A typical sensitivity curve for the negative seg-
uence directional unit is shown in Fig. 5.

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

Trip Circuit
The relay contacts will safely close 30amperes
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.

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
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TEST

1. OPEN RELAY SWITCH 10

2. OPEN RELAY SWITCH 16 AND JUMPER SWITCH JAWS
16 AND 15

3. OPEN RELAY SWITCH 4
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FLOW (S INTO LINE, OVER THE RANGE OF
1420 LAGGING TO 380 LEADING POWER FACTOR.
MAXIMUM CLOSING TORQUE OCCURS AT
APPROX IMATELY 520 LAG.
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Fig. 9. In Service Test Procedure for Verifying Proper 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 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 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 coordinating time of 0.3 seconds plus circuit
breaker time is recommended between 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 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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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 will just
close its contacts at the tap value current.

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 tap screw in the desired position before re-
moving the other tap screw from the original tap
position.

Negative Sequence Filter

No setting is required.

Indicating Contactor Switch (ICS/I and 1CS/T)

The only 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)

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.
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Fig. 11. External Schematic of IRQ Relay.

The external connections of the directional
overcurrent relay are shown in Fig. 12.

ADJUSTMENT AND MAINTENANCE

The proper adjustments to insure 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 following check 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 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 V12 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 980 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 - Wwith the relay connected
in the test diagram as above, remove the input volt-
aye and connect terminais 14, 15, and 16 together.
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 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
<« 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-current curves.

9. Minimum Trip Current - Set the time dial to
position 6 with the auxiliary switch (CS-1) contacts
blocked 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 cur-
rent plus 3% and should return to the backstop at
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. The operating times
should equal those of Table 1 plus or minus 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% 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. 21). 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%.

Instantaneous Overcurrent Unit (D

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

9. 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 (1€S/1 and (1CS/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 ““1*? 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 “1’? into view.

C) The contact gap should be approximately
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Fig. 13. Typical Time Curve of the Instantaneous Overcurrent Unit.

.047"’ between the bridging moving contact and the
adjustable stationary contacts. The bridging moving
contact should touch both stationary contacts sim-
ultaneously.

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 experience to be suitable to the
particular application.

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
times pick-up current at 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 circuit in 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 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, 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.

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°" 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 a.djustment 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 and 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 % of one turn for a contact
gap of .020’* to .024"’. The 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 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
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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 such that the con-
tacts will close when the relay is energized with
0.57 volts and 6.93 amps at 188° (current leading
voltage), considering the relay connected to the test
circuit in Fig. 12.

4. The magnetic plugs are used 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 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 +59 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.

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 adjusted 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 - 1,09.

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 times tap 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 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 nec-
essary because of the 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 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 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/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 IDE([’IJTIFYING 2 3

€S-

@)

4
‘Q 0
0

POSITION | RATED D-C | RESISTOR
Lead (A) | VOLTAGE | RESISTANGE

2 48 300
3 125 2700
4 250 6500

NOTE . RELAYS ARE SHIPPED ON THE 125 VOLT TAP

184A316

Fig. 14. Selection of Proper Voltage Tap for Auxiliary Switch
(CS-1) Operation.

TABLE 1

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
IRG 2 6 3 0.57 20 0.22
IRG 5 6 2 37.80 10 14.30
IRG 6 6 2 2.46 20 1.19
IRG 7 6 2 4.27 20 111
IRG- 8 6 2 13.35 20 1.11
IRQ 9 6 2 8.87 20 0.65
IRQ 11 6 2 11.27 20 0.24

14
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TABLE I
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 Closing Direction. Then
the plug is screwed in Until Spuri-
ous Torque is Reversed.

+ Short circuit the voltage polarizing circuit at the relay terminals before 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 3.6 700 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 4.1 330 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.

¢ Degrees 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 20.6 103 270

(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 23.5 144 448

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

¢ 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 4.35 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

IRQ-7 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 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 2.8 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
(7 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 37.5 308 1032

* 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

IRQ-8, IRQ-9 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 72 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
(6] 18.8 460 63 2.46 21.8 158 480
(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

IRQ-11 OVERCURRENT UNITS
VOLT AMPERES**

CONTINUCUS 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 1.7 56 36 0.72 6.54 1.8 250
0.6 1.9 56 34 0.75 6.80 75.0 267
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 17 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 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 11.34 129.0 504
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 3718
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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TYPE IRQ RELAY

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. Power Factor Angle
2 10 150 5.5 5.5 0°
10 150 .35 1.28 74° Lag
1 10 150 5.4 7.5 44° Lag

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 32°
2 4.92 5.0 10°
3 3.30 3.7 27°

The voltage burden of the relay with positive sequence voltage applied (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 potential transformers. Values at the star voltage of 66.4 volts
(115 volts delta).

1 115 0 26.8 90° Lag
115 0.2 0.3 48° Lag
3 115 23.2 27.0 30° Lag

Burden values on two open-delta potential transformers. Values at 115 volts.

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

23 115 .10 .48 58° Lag
31 115 23.2 46.5 60° Lag
31 115 23.2 46.6 60° Lag
12 115 0.50 0.52 29 Lead

Burden values on three delta connected potential transformers. Values at 115 volts.

31 115 15.4 31.0 60° Lag
12 115 -1.8 15.6 120° Lag
23 115 15.6 15.6 0°

18
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TYPE IRQ RELAY I.L. 41-133.2B

ENERGY REQUIREMENTS

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT - 60 CYCLES

1 3 T 7
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 36
L5 .44 32 5.0 32
2 .47 30 3.0 29
1-4 2.5 .50 28 2.1 27
3 .53 26 L5 26
4 .59 24 0.93 24
2 11 49 6.5 48
3 1.2 43 3.3 42
4 1.3 38 2.1 37
28 5 1.4 35 1.4 35
6 1.5 33 1.1 33
8 1.8 29 0.7 29
4 1.5 51 2.4 51
6 1.7 45 1.2 45
416 8 1.8 40 0.7 40
9 1.9 38 0.6 38
12 2.2 34 0.37 34
16 2.5 30 0.24 31
10 L7 28 0.43 28
15 2.4 21 0.27 21
20 3.1 16 0.20 17
10-40 2 3.6 15 0.15 15
30 4.2 12 0.11 13
40 4.9 11 0.08 12
20 6.6 31 0.40 31
30 9.3 24 0.25 24
40 12 20 0.18 20
20-80 )
48 13.5 18 0.14 18
60 15.9 16 0.10 16
80 19.2 15 0.07 15
RANGE CONTINUOUS RATING ONE SECOND RATING
(AMP ERES) t (AMPERES)
52 5 100
14 8 140
2-8 8 140
4-16 10 200
10-40 10 200
20-80 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.

Voltages taken with Rectox type voltmeter.
(3
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Fig. 15. Typical Time Curve of the Time-Overcurrent Unit of the Short Time (2) Relay.
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TYPE IRQ RELAY I.L. 41-133.2B
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Westinghouse 1.L. 41-133.2C
INSTALLATION o OPERATION o 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 current
and voltage.

At an ungrounded substation on grounded 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 IRQ relay is applicable for
ground protection.

CONSTRUCTION AND OPERATION

The type IRQ relay consists of a directional
cylinder unit (D) operating on negative sequence quan-
tities, negative-sequence current and voltage filters
an auxiliary switch (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. 41-133.2B

*Denotes change from superseded issue

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
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.

EFFECTIVE NOVEMBER 1969
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TYPE IRQ RELAY

l.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-Permanent Magnet

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.

Negative Sequence Filter

The current and voltage filters consist of re-
actors and resistors connected together as shown in
the internal schematic (Fig. 4).

Time-Overcurrent Unit (CO)

The electromagnets for the types IR@Q5, IRQ-6,
IRQ-7, IRQ-8 and IRQ-9 relays have a main tapped
coil located on the 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 through the left leg to lag the main pole flux.
The out-of-phase fluxes thus produced in the air gap
cause 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. The
induction cylinder 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 connec-
ted in series with one pair of pole windings.

The normally-closed contact of the 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 overcurrent 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 simultaneously with the directional contact
for high speed operation.

The transformer 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 (1ICS/1 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.

CHARACTERISTICS

The time characteristics of the time overcurrent
relays are designated by specific numbers as indicat-
ed below (eg. IRQ-8).

Time
Characteristics

Short Time 2
Long Time

Designation

Definite Time

Moderately Inverse Time

Inverse Time

Very Inverse Time

Extremely Inverse Time 1

— © 0 a2 o o

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 i 8 10 12

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

Instantaneous Overcurrent Unit (1)

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 torque angle
of approximately 980(current leading voltage).

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

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

Trip Circuit
The relay contacts will safely close 30amperes
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.

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

R,



TYPE IRQ RELAY

l.L. 41-133.2C

STATION BUS PHASE ROTATION A,B,C

STEP 2 PLACES THE FOLLOWING VOLTAGES ON THE KELAY
Va Ve Vaz = PHASE A NEG SEQUENCE VOLTAGE

VAN Vaz * U3 (Van + a2Van + aVew )
N = Vi
2 \\ —*vaz Va2 = %‘(H’Oz ~20)= -aVaw
Ve ———)

A A
8 + + 8
¢ ? c
QNA/_?.\A/JjJ STEP 3 PLACES THE FOLLOWING CURRENTS ON THE RELAY
. Tap a2z PHASE A NEG SEQUENGE GURRENT
L Yy Iaz= Va(la+a?le + alc)
] Taz- 12
N N 3
z
g TEST
g (FRONT ViEWY T 1. OPEN RELAY SWITCH 10
& 2. OPEN RELAY SWITCH 15 AND JUMPER SWITCH JAWS
H 14 AND 15
e 3. OPEN RELAY SWITCHES & AND B
H 4. DIRECTIONAL CONTACT SHOULD CLOSE WHEN POWER
a FLOW IS INTO LINE, OVER THE RANGE OF
E 820 LAGGING TO 980 LEADING POWER FACTOR.
MAXIMUM CLOSING TORQUE OCCURS AT
APPROXIMATELY 80 LEAD,
J MAX.
TORQUE
hila - *I“
N |
|
|
ety 83 o
o5t
TOROUE _ — — —TOoRGUE
e ————— A Vaz
52 \
)
aBcC

290B560

SETTINGS

Directional Unit (D)

No setting is required.

Time Overcurrent Unit (CO)

The time overcurrent unit settings can be defined
cither 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 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 coordinating time of 0.3 seconds plus circuit
breaker time is recommended between 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 in amperes, or as marked
on the tap plate.

* Fig. 9. In Service Test Procedure for Verifying Proper External Connections 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-
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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 will just
close its contacts at the tap value current.

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 tap screw in the desired position before re-
moving the other tap screw from the original tap
position.

Negative Sequence Filter

No setting is required.

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

The only 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)

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.
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* Fig. 11.

The external connections of the directional
overcurrent relay are shown in Fig. 12.

ADJUSTMENT AND MAINTENANCE

The proper adjustments to insure 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 following check 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 approximately zero.
This serves as a convenient check on the balance of
the filters. If any two input leads to the potential

External Schematic of IRQ Relay.

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{9 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 98°  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.

The above quantities are determined as
follows: Vo = Neg. Sequence Voltage
Va2 :%(VAN +a® VBN ta Ven)

~1,2 1,2 1
vV =1 (¢#V ~a* Vv _aVAB)
A2 33 AB 3 AB 3

SVAB 2 1 lg

Vv —
VA2:_3__

for Vap = 0.57 volts
Vag = 0.10 volts
e %(IA + a2 Ig + alg)
10 :_:1?(0 + a? I — al)
Iag =L /=902

7

for I = 6.93 amps.

IA2 =4 /—90° amps.

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 the input volt-
age and connect terminais 14, 15, and 16 together.
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 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 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

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 cur-
rent plus 3% and should return to the backstop at
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. The operating times
should equal those of Table 1 plus or minus 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% 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. 21). 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%.

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/Il 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

P
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Fig. 13. Typical Time Curve of the Instantaneous Overcurrent Unit.

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

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 experience to be suitable to the
particular application.

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
times pick-up current at 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 circuit in 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 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 aparf 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.

11
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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 a.djustment 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 and 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 of one turn for a contact
gap of .020°’ to .024"’. The 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 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
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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 such that the con-
tacts will close when the relay is energized with
0.57 volts and 6.93 amps at 188° (current leading
voltage), considering the relay connected to the test
circuit in Fig. 12.

4. The magnetic plugs are used 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 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

P
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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 a
slightly different time characteristic curve and burden.

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 adjusted 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 1 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 time corresponds
to the value of Table 1.

For type IRQ-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 nec-
essary because of the 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 instrument deviation) will change the nominal
operating time by approximately 49 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
clectromagnet 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



TYPE IRQ RELAY

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 IDENHFYWG |
0 —— g

3
Q [%‘ © Lean (A)
o

POSITION | RATED D-C | RESISTOR
LEAD () | vOLTAGE | RESISTANCE
2 48 300
3 125 2100
‘ 250 8500

NOTE . RELAYS ARE SHIPPED QN THE 125 VOLT TAP

18hA316

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

(CS-1) Operation.

TABLE |

TIME CURYE 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
IRG 5 6 2 37.80 10 14.30
IRQ 6 6 2 2.46 20 1.19
IRG 7 6 2 4.27 20 1.11
IRG 8 6 2 13.35 20 1.11
IRG 9 6 2 8.87 20 0.65
IR@-11 6 2 11.27 20 0.24
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I.L. 41-133.2C

TYPE IRQ RELAY

DIRECTIONAL UNIT CALIBRATION t

TABLE 1l

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#! 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.

+ short circuit the voltage polarizing circuit at the relay terminals before 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 51 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 3.6 700 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 5.53 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.

& Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.

15



TYPE IRQ RELAY

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 20.6 103 270

(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 23.5 144 448

(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 4.15 23.7 143 450

(6 19.3 460 61 4,32 25.3 162 531
4/12 7 20.8 460 59 4.35 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

IRQ-7 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 38 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 2.8 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 21.8 120 242
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 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 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 37.5 308 1032

* 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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TYPE IRQ RELAY I.L. 41-133.2C

ENERGY REQUIREMENTS

IRQ-8, IRQ-9 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 72 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 21.8 158 480
(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

IRQ-11 OVERCURRENT UNITS
VOLT AMPERES**

CONTINUCUS 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 1.7 56 36 0.72 6.54 1.8 250
0.6 1.9 56 34 0.75 6.80 7.0 267
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 17 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 4.0 264
2.5 7.8 230 30 0.78 7.60 78.5 285
3.0 8.3 230 27 0.83 7.74 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 9.18 101.4 378
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
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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TYPE IRQ RELAY

ENERGY REQUIREMENTS FOR THE
SEQUENCE FILTER AND THE DIRECTIONAL UNIT
(Al 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 Volt-Amps.
Rating-Amps. Rating-Amps. at 5 Amps. at 5 Amps. Power Factor Angle
2 10 150 5.5 0°
10 150 1.28 74° Lag
1 10 150 7.5 44° Lag

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 5.5 320
2 4.92 5.0 10°
3 3.30 3.7 27°

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

tional unit) is as follows:

Pot. Transf. Across Phase

Burden values on three star connected potential transformers.

(115 volts delta).

Volts

Watts

Volt-Amps.

Power Factor Angle

Values at the star voltage of 66.4 volts

1 115 0 26.8 90° Lag
2 115 0.2 0.3 48° Lag
3 115 23.2 27.0 30° Lag
Burden values on two open-delta potential transformers. Values at 115 volts.
12 115 —23.2 46.5 120° Lag
23 115 46.6 46.6 0°
23 115 .10 .48 58° Lag
31 115 23.2 46.5 60° Lag
31 115 23.2 46.6 60° Lag
12 115 0.50 0.52 29 Lead
Burden values on three delta connected potential transformers. Values at 115 volts.
31 115 15.4 31.0 60° Lag
12 115 -7.8 15.6 120° Lag
23 115 15.6 15.6 0°
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TYPE IRQ RELAY I.L. 41-133.2C

ENERGY REQUIREMENTS

INSTANTANEOUS OYERCURRENT 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
.15 .38 36 13 37
1 .39 35 8.5 34
52 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 36
15 .44 32 5.0 32
2 .47 30 3.0 29
1-4 2.5 .50 28 2.1 27
3 .53 26 1.5 26
4 .59 24 0.93 24
2 1.1 49 6.5 48
3 1.2 43 3.3 42
4 1.3 38 2.1 37
8 5 1.4 35 1.4 35
6 1.5 33 1.1 33
8 1.8 29 0.7 29
4 1.5 51 2.4 51
6 1.7 . 45 1.2 45
4-16 8 1.8 40 0.7 40
9 1.9 38 0.6 38
12 2.2 34 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 3.6 15 0.15 15
30 4.2 12 0.11 13
40 4.9 11 0.08 12
20 6.6 31 0.4 31
30 9.3 24 0.25 24
40 12 20 0.18 20
20-80
48 13.5 18 0.14 18
60 15.9 16 0.10 16
80 19.2 15 0.07 15
RANGE CONTINUOUS RATING ONE SECOND RATING
(AMPERES) t (AMPERES)
.52 5 100
1-4 8 140
2-8 8 140
4-16 10 200
10-40 10 200
20-80 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 .
& g £

Voltages taken with Rectox type voltmeter.
4 p
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TYPE IRQ RELAY I.L. 41-133.2C
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Fig. 21. Typical Time Curve of the Time-Overcurrent Unit of the Extremely Inverse (11) Relay.




TYPE IRQ RELAY

I.L. 41133.2C

PANEL LOCATION
SEMI=-FLUSH MTG.
PROJECTION MTG.

SPA

TERMIN
MOUNTI IG DETA! LS

AC
THIN
5

t6

7
AN -
PANEL CUTOUT & DRILLING

FOR SEMI~FLUSH MTG.

«190-32 SCREW

PANEL

ERS FOR
PAMELS

—— 18 SCREW

(FOR THICK
PANEL USE

]

Tg.ls sTUD)
.190-32 SCREW

FOR THICK PANEL
USE -l98-32 STUD

19 N 9 59
, '3-2*! rGI—s*rl—e 22_5{ ,"_6,‘ 5
(*‘ﬁ _l - f‘ﬂ:{ ] g‘_ 32"_ M{_‘
| - T |
L anleo il |
b .|
t -
- f NI r—ﬂﬁ |
~|e '
| =
~ -v'vy =3 I:”s-:o\ —oiﬂ
oy U
| ; ;
‘\__§_+_~_,J__1L___.::ﬂ_I 1 | 13%__,!__1‘
~» ¥ T ' | H 15| :

S FOR
MTG. SCREWS

Rk

e,

TERMINAL NUMBER j

PANEL DRILLING OR
CUTOUT FOR PROJECTION MTG.

ST

Fig. 22.

Outline and Drilling Plan for the Type IRQ Relay in the FT42 Case.

27



LN

WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION NEWARK, N. J.

Printed in U.S.A.



INSTALLATION

Westinghouse 1.L. 41-133.2D
OPERATION ¢ 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 nega-
tive sequence current and voltage, and the overcurrent
units operates on residual (or ground) current. The
negative sequence current and voltage are obtained
by means of self-contained negative sequence filters
connected between the directional unit and the cur-
rent 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 conventionaltypes of directional
ground relays operating entirely on residual current
and voltage.

At an ungrounded substation on a grounded sys-
tem where only two potential transformers are avail-
able, or where the current and potential transformers
are on the opposite side of a wye-delta or delta-wye
power transformer bank from the protected line, the
type IRQ relay is applicable for ground protection.
Note that protected line residual current must be
supplied to the overcurrent units.

CONSTRUCTION AND OPERATION

The type IRQ relay consists of a directional
cylinder unit (D) operating on negative sequence quan-
tities, negative-sequence current and voltage filters
an auxiliary switch (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
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
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.

All 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 regarding his particular installation, operation or maintenance of
his equipment, the local Westinghouse Electric Corporation representative should be contacted.

SUPERSEDES I.L. 41-133.2C, dated November 1969

O Denotes change from superseded issue.

EFFECTIVE JUNE 1977
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TYPE IRQ RELAY

I.L.41-133.2D

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 - Permanent Magnet

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.

Negative Sequence Filter

The current and voltage filters consist of re-
actors and resistors connected together as shown in
the internal schematic (Fig. 4).

Time-Overcurrent Unit (CO)

The electromagnets for the types IRG5, IRQ-6,
IRQ-7, IRQ-8 and IRQ-9 relays have a main tapped
coil located on the 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 through the left leg to lag the main pole flux.
The out-of-phase fluxes thus produced in the air gap
cause a contact closing torque.

The electromagnet for the type IRQ-2 and IR@Q-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. The
induction cylinder 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 connec-
ted in series with one pair of pole windings.

The normally-closed contact of the 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 overcurrent 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 simultaneously with the directional contact
for high speed operation.

The transformer 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 (1ICS/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.

Py
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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.

CHARACTERISTICS

The time characteristics of the time overcurrent
relays are designated by specific numbers as indicat-
ed below (eg. IRQ-8).

Time
Characteristics

Short Time 2
Long Time

Designation

Definite Time
Moderately Inverse Time
Inverse Time

Very Inverse Time

—_ © 0 =] O W\

Extremely Inverse Time 1

The relays are available in the following current
ranges:

Time Overcurrent Unit

Range Taps
.5-2.51 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.

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.

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 in-
stantaneous overcurrent unit is shown in Fig. 13.

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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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.

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 § and out ter-
minal 8.

C. With a 0-15 wvolts, 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 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 and 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% of one turn for a contact
gap of .020"’ to .024’’. The 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.

12

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.

The spring is to be adjusted such that the con-
tacts will close when the relay is energized with
0.57 volts and 6.93 amps at 188° (current leading
voltage), considering the relay connected to the test
circuit in Fig. 12.

4. The magnetic plugs are used 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 in the following
manner:

a) Connect the relay voltage circuit terminals

¢ (phase A, B, and C) together.

b) Apply 80 amperes single-phase current

O (momentarily) in phase B terminal and out phase C

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.

1If 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.
1t should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

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 adjusted 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 +1.09% 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 times tap 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 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 nec-
essary because of the 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 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 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 I 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/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 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/1). 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 EuTIFYNG 2 3 4
© L%I © Leao (3)
() ©

POSITION | RATED 0-C | RESISTOR
LEap (A) | VOLTAGE | RESISTANGE
T 300

3 125 2700

¢ 250 8500

Se[—

NOTE  RELAYS ARE SHIPPED ON THE 125 VOLT TAP

18LA316

Fig. 14. Selection of Proper Voltage Tap for Auxiliary Switch
(CS-1) Operation.

TABLE |

TIME CURVE CALIBRATION DATA — 60 HERTZ

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
IRG 5 6 2 37.80 10 14.30
IRQ- 6 6 2 2.46 20 1.19
IRQ 7 6 2 4.27 20 1.11
IRG- 8 6 2 13.35 20 1.11
IRQ 9 6 2 8.87 20 0.65
IRQ-11 6 2 11.27 20 0.24

14
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DIRECTIONAL UNIT CALIBRATION f

TABLE I

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 Unti! 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.

+ Short circuit the voltage polarizing circuit at the relay terminals before 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 39.8 280 820
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 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.

¢ Degrees current lags voltage at tap value current.

*+ Voltages taken with Rectox type voltmeter.

15



TYPE IRQ RELAY

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 O 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 7.7 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 23.5 144 448

(6] 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 4.15 23.7 143 450

(6 19.3 460 61 4.32 25.3 162 531
4/12 7 20.8 460 59 4.35 26.4 183 611

(8 22.5 460 56 4.40 27.8 204 699

(10 25 460 53 4.60 30.1 2417 880

(12 28 460 47 4.92 35.6 288 1056

IRQ-7 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
©s5 © 2.7 88 68 3.88 20.7 103 278
(0.6 3.1 88 67 3.93 20.9 107 288
(.8 3.7 88 66 3.93 21.1 114 320
0.5/2.5 (L0 4.1 88 64 4.00 21.6 122 356
(.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
@ 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
@ 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
(a 16 460 64 4.2 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
it 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 31.5 308 1032

* 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.

qS Degrees current lags vollage at tap value current.

** Voltages taken with Rectox type voltmeter.
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TYPE IRQ RELAY

I.L. 41-133.2D

ENERGY REQUIREMENTS

IRQ-8, IRQ-9 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 O 27 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 4.1 88 67 2.42 21.2 150 440
(1.5 5.7 88 62 2.51 22 170 530
(2.0 6.8 88 57 2.65 23.5 200 675
(2.5 7.7 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 16 160 68 2.38 21.3 146 420
s 18.8 460 63 2.46 21.8 158 480
(6 19.3 460 60 2.54 22.6 172 550
4/12 (1 20.8 160 57 2.62 23.6 190 620
(8 22.5 160 54 2.73 2.8 207 700
(10 25 460 48 3.00 27.8 248 850
(12 28 460 45 3.46 31.4 292 1020
IRQ-11 OVERCURRENT UNITS
VOLT AMPERES**
CONTINUQUS  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)  (AMPERFS) 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 5.0 267
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 17 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 1.8 230 30 0.78 7.00 78.5 285
3.0 8.3 230 27 0.83 7.74 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 9.18 101.4 378
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
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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TYPE IRQ RELAY

ENERGY REQUIREMENTS FOR THE
SEQUENCE FILTER AND THE DIRECTIONAL UNIT
(All Burdens at 60 Hertz)

The current burden of the relay with positive sequence currents applied (no output current to the direc-
tional unit) is as follows:

Continuous One Second Watts Volt-Amps.
Phase Rating-Amps. Rating-Amps. at 5 Amps. at 5 Amps. Power Factor Angle
A 10 150 5.4 7.5 440 L3¢
B 10 150 5.5 5.5 09
C 10 150 35 1.28 749 Lag

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
A 4.66 5.5 32°
B 4.92 5.0 10°
C 3.30 3.7 27°

The voltage burden of the relay with positive sequence voltage applied (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 potential transformers. Values at the star voltage of 66.4 volts
(115 volts delta).

A 115 0 26.8 90° Lag
B 115 0.2 0.3 48° Lag
c 115 23.2 27.0 30° Lag

Burden values on two open-delta potential transformers. Values at 115 volts.

AB 115 —23.2 46.5 120° Lag
BC 115 46.6 46.6 0°

BC 115 .10 .48 58° Lag
CA 115 23.2 46.5 60° Lag
CA 115 23.2 46.6 60° Lag
AR 115 0.50 0.52 2° Lead

Burden values on three delta connected potential transformers. Values at 115 volts.

cA 115 15.4 31.0 60° Lag
AB 115 -7.8 15.6 120° Lag
BC 115 15.6 15.6 0°

18



TYPE IRQ RELAY ) 1.L.41-133.2D

ENERGY REQUIREMENTS

INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT — 60 HERTZ

Tt ¢ Tt #
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
15 43 32 4.6 31
2 45 30 2.9 28
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 2.1 27
3 53 26 L5 26
4 .59 24 0.93 24
2 1.1 49 6.5 48
3 1.2 43 3.3 42
4 1.3 38 2.1 37
28 5 1.4 35 1.4 35
6 1.5 33 1.1 33
8 1.8 29 0.7 29
4 1.5 51 2.4 51
6 1.7 45 1.2 45
416 8 1.8 40 0.1 40
9 1.9 38 0.6 38
12 2.2 34 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 3.6 15 0.15 15
30 4.2 12 0.11 13
40 4.9 11 0.08 12
20 6.6 31 0.40 31
30 9.3 24 0.25 24
40 12 20 0.18 20
20-80
48 13.5 18 0.14 18
60 15.9 16 0.10 16
80 19.2 15 0.07 15
RANGE CONTINUOUS RATING ONE SECOND RATING
(AMPERES) t (AMPERES)
.52 5 100
1-4 8 140
2-8 8 140
4-16 10 200
10-40 10 200
20-80 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.

t 1 Volioges taken with Rectox type voltmeter.

19



Ay,

Curve 41824k

14 16 18 20

i2

7 8 810

6

MULTIPLES OF TAP VALUE CURRENT

o Fig. 15. Typical Time Curve of the Time.-Overcurrent Unit of the Short Time (2) Relay.

70

TYPE IRQ RELAY

NERDREE NN TTT1 1.
e TR
I w < T ! Ll I vt ]
2 3 e ]
S EN T ,
: o = I 4
o O. = o , ! 2
w3 2w e =
S yg Iif i FTT =
oo ,T % | _, vr.l.. .
a>2%® A 4 n
I -0 m , +
O N , =
S | s “
3 - RS REE RGBS -+t o
EEREET %
A () - w 11
I . | ! 1 1T = =
AEEE ‘ HE L
m I : i ] M = =T
i | [ i
! ] =
SRR E L S5E 8 S i
t =
1 L A - 7 ]
1 11 LA + T .
+ R - T 4 —
ot T A ! S
0 s S > FT L 2 A I
Fi++ 10 s 1i- 1 - - ] 11
N S _ \\n#m Tt .\\ ’ m— p
( 1 . ’ 1 L 1
0 S O L4 g ‘\v\ L1 2] 1
- i 4 ] K ’ T
T LT L \\\ g
- 55~ ganhi , T
if |
i ,ﬂ T ‘K, \‘ 1 i
gt 1 “‘L‘ \L‘ﬂ\ b T ’ jo 1T
1 - 4 1
et T T = ~ 1] /
1] T, [T =B 7
= Ll " Lt g
s panee =
L ! il
T Lol DL et I
T \“.‘ ' > ; i
- =T . |
el | el | ,
| “ JREE NN
o - i
! ' |
3 ] TRA RS SN ERN AN A FRSA R A BRA RN
e R R i e
ENENRENE S el R X L
=) Q
©o "] m.v

(3Sv4a Z143H 09) 5310AD

20



1.L. 41-133.2D

TYPE IRQ RELAY

ﬁﬂt# TT T T TT B W‘ r W T l\”nw%um[‘ SRt e s m
F & M ‘ # ERRSRE ] R eEEREEEE RS i 2 @
” V L " Aﬁ‘ 3 - +- H‘\. 7\[. —4 R
F w ; " yo o =T =t t " —- y § [0 0]
o] ™ o N . g H . —+— x || —f— ‘A*v
F OY - r - $ CITIT T - R S Enwanani 051 4 Shv |
o | ot
w2z ] — s H ~
F s Oy B ﬁm 1= 1T I TR S A A | |
S wegx I ’ 1 by x:T‘Wﬁilv | |
s T ! T
F o > 5 © r =TT = g s gt e e E o T y ¥ | O
. g P 0 O 1 - - e SR s A¢ ] SR AR == 1 ¥
F O P n - v‘v\ - . - 3 -+ x'&.‘f 4 ‘1\. - ' an Q
L f 4 Gttt et a e o A
F > + + - ¥ 0
I o o B 8 N I T wi \ Be B 00 i
t— 11 : m - 1 8] ] ]
1T 1] BN - 4 - — l\‘_» =+ - 1“ At 1 I h
11 T1T771 1 7T T 71 17 1C I T v - ThT I J~., I =
—— ~+ R e e - -4 4- 4+~ — +— 1+ L S e - [ B - — -
1 11 - 7T i wj v * - ¥F [ &
[ N | L AR - P Y )
SHJEACEERSERRRIRSE RS RERSERERERESNEI 20T SNE BT 6/ 81 £
[ ] b i N [ 1 11 la . \ 7 40 © ;M 1y
T T - I T AT TP _\117 7 ©
T T _ ] D 0 0 0 O o TITEI L v AT *w ©O v T ]
i I “aRnY. ans AR Y
[ Ll i : - . 4+ 4 C Ll A SHv.Enr )
SERENEE i i i \m\ 4 T_ \ \\. =4
4 JO 1 —+ 4 } - I A
S R A 1 Pid A 40y 4 Lo
P ; ~ o AR 4 ]
— — — T — g ’ o 7 N ~N
BEREEE - : . AT A > ) L]
. - ~ - ; T A p / g
et el o -t ™ —~ = 7 p4 <
! =T - sl e, et et = el ot | ,\\ ~1 ]
T Lol T !
1 : i
. . : ! i i
| ,v i
L] ; , o M |
, % M | B I A |
; -+ : ; U S - [ . J
u ol b b : | H,IA
| | i 4 - b 4 . S ST PN NS S G S Y SR } H
| _ A1 ARRRY SN
! | H % _ ) s JE| | % 1 i J n i |
4

140

120}

80

0

©
SONOD3S

40

MULTIPLES OF TAP VALUE CURRENT

Curve 418245

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

OFig. 16.

21



TYPE IRQ RELAY

[ T T T SERRERERADY TTTTTTET &
| @ > ! PR A ' . L # ! . 4 H F S| e ©
w g i B P i ! , , =
L > 4 o 4j T s o i e - 4 e + 444+ -5 44 -4+ -
. i ! | | ‘ ! |
& w_n._ N T T T 1 ' T 198
s PUv [{-] - . ‘ , + 4 , } } i +
wQZE - SRS ERR SN RN Pidbd e ' NS Hd=
VNE%H 1 LWIAYIA 1 ab [ G T L,Iﬁri, - 4 T+t
” W W Q ottt ; I T TS G 8 B S ] e N
: ! L Lol 1.
i M ko g - e , H %ALW%‘J,%i . 7 A e e
o g 1 i M | R
F s 5 SEaininnaInE Rl Frh e
} b e 4 i 4 [ . P i + + pe 3
r - O ! ; IBEERE T T T1HEEe
i R e Pt : I IS IS S £ O S B !
t — T * — — T — ’ —1 11 (0]
: RN : I P : SN BN P i B R B
. ot 4 s ﬁ ‘ bt - H P Y q - . ' . .
i [ : { i 4 + + i 172 IR .. 4 * + gt
H i 3 i . Y 4 M . M 4
o .,, ] vl T "riwrw ! IRES T i T E 1713 f?
! i ] _ [ . & L o .
! . 0 O 0 0 O OO <111 4 - AT R4
T GChNinHE G HEEN
11 (V9] P N M N M Y T
3 it HEEESaET I I E BEHIE
? ; —T.— 7T i B T e
1t : r IEE R RT 2 o frdtd 1 I o R 3
1 i i T 7 B EIEINS S
SEESSIRIRRE . SEEE “\\w”\ o \f [%“ W
- S 5 o s S s g e e e 1 o e s —~ -
SSEd ‘ 4 -+ 414 ﬁ . {\*N_#M l [ L 47
- 1 - - - - —t— IS + B
/ i ! i i X2
== ] 1 , = 1 H {1+, o
[ i i T TR R \ i g ol
* f - Tt f “ 'M ™
I X yﬁ B A . =l
SuaSia | S g 7 ™
[ 1] inouiuk | ] PolERr 4BV <
-+ t -t - -1 - - L - 1-- -
L R g :
LA P i A
4 > I N
4 ,‘\K\v ] et oL
et o™ bt ol ~
+ —
- - e Lt - ~ g
T | Lt e LT L et e 1 H
I
+ Lo
i ]
AN re
44 H ‘.Y*‘”#J.ITA
A ﬁ RS + 4 #‘ k = =1 4— Lﬁl 4t 4,% [
, !
{ il I L1 H I % 1 L H - |
o w——y

SANOD3S

3]

4]

MULTIPLES OF TAP VALUE CURRENT

Curve L18L6

¢ Fig. 17. Typical Time Curve of the Time-Overcurrent Unit of the Definite Time (6) Relay.

22



1.L. 41-133.2D

TYPE CO-7
OVER CURRENT RELAY

50-60 HERTZ

e

12 14 16 18 20

1. TYPICAL TIME CURVES

.
41 t 1 — 1 ¥
e i3 a8/ Bs =’
i - : Tt === f+1f 7 ]
: ; BRI SN T o e A £ S A o R A T Fg—
fpp et P#, IERSE eSS RS R RanEy SRE', Fh T t
TTirrirrd o e 8 s Sy T/t A T T ¥
ERES i PP T R Ry e v i 4 T i
S e v 1y
SRS ‘mwﬁ % . T wal.q‘, f |
e B SESEann 9 y iy ARERY 1
RIEIN T I T+ 1t 1 v it 3 333 14 3 f +
w H - + wx 14 LI I T AL A O e 7
s % SR ER RS P B ERIRER O Sk o . kFHlUm\\HuW EFLE=> R 1 7 £ }
T I - G e S s QU S A Sy S iy S .v,lu e “\‘ & T ‘8 I v 7 . ¥
Sns EEREE N e TR AL LA LA A
et 1 : P T A A - EPat EEE A i
e e P L A A A A © iy vi A
(1 13 Trrrrt+t Tt 44+t —+ y 4
St ol e i YwHLHw = - ﬁuwH{ - o AT R S Ly ¥ J
1 -+ ILIIxII\T Lo \\ =+ ]
0500 S e 1 1 - K
Im T A T A L B o v. i g f }
RS _ RARA r B r 7 J 4
L L T e AT Pas 7 /
i T T e At o~ H

—+

4

TYPE IRQRELAY _

= 1/2 34

h

T

!

- —- }7 -
—t e
RSO U S S

— 4
|

-

e

-

]
™
SANOJ3S

8 910

7

6
MULTIPLES OF TAP VALUE CURRENT

Curve 418247

Q Fig. 18. Typical Time Curve of the Time-Overcurrent Unit of the Moderately Inverse (7) Relay.
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€ Fig. 22. Outline and Drilling Plan for the Type IRQ Relay in the FT42 Case.
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