INSTALLATION

Westinghouse I.L. 41-100.1
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO OVERCURRENT RELAY
FOR CLASS IE APPLICATIONS

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

APPLICATION

These relays have been specially designed and
tested to establish their suitability for Class IE
applications. Materials have been selected and
tested to insure that the relays will perform their
intended function for their design life when oper-
ated in a normal environment as defined by
ANSI standard C37.90-1971, when exposedyto
radiation levels up to 10* rads, and whegn sub-
Jected to seismic events producing a ShockyRes-
ponse Spectrum within the limits of the, relay
rating.

“Class IE” is the safety classifieationfof the
electric equipment and systems in nuclear power
generating stations that are essgntial te*emergency
shutdown of the reactor, containment isolation,
cooling of the reactor, and, heat, removal from
the containment and reactor,wdr otherwise are
essential in preventing, significant release of
radioactive materialgtopthé®€nvironment.

These induction owvercurrent relays are used
to disconngct gircuits or apparatus when the
current in“them exceeds a given value. Where a
station batteryn(48 volts or over) is available,
the circuit closing type relays are normally used
to trip the circuit breaker.

CONTENTS

This instruction‘leafletfapplies to the following
types of relays:

Type CQ-2 Shert Time Relay
CO-5%Long Time Relay
CO-6w Definite Minimum Time Relay
COs7 Moderately Inverse Time Relay
€O-8 Inverse Time Relay
CO-9 Very Inverse Time Relay
CO-11 Extremely Inverse Relay

CONSTRUCTION AND OPERATION

The type CO relays consist of an overcurrent
unit (CO), an indicating contactor switch (ICS),
and an indicating instantaneous trip unit (IIT)
when required.

Electromognet

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

The electromagnets for the types CO-2 and
CO-11 relays have a main coil consisting of a
tapped primary winding and a secondary winding.
Two identical coils on the outer legs of the lamin-

Alpossible 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.
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through approximately one-half of its
normal deflection. Therefore, with the
stationary contact resting aganist the back-
stop, the index mark is offset to the
right of the “O” mark by approximately
.020”. The placement of the various time dial
positions in line with the index mark will give
operating times as shown on the respective
current curves.

. Settings — Overcurrent Unit

The 0.5-2.5 ampere range CO Relay should
be sét on the lowest tap for these tests. The |
to 12 amp. range CO Relay should be set on
the 2 amp. tap with the exception of the 1-12
ampere range CO-2 which should be set on the
| ampere tap.

. Minimum Trlp Current

Set the time dial to position 6 using the lowest
tap setting, alternately apply tap value current
plus 3% and tap value current minus 3%. The
moving contact should leave the backstop at
tap value current plus 3% and should return
to the backstop at tap value current minus 3%.

. Time Curve

For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time
dial position is 54.9 +5% seconds and should be
checked first. It is important that the .30%mes
tap value current be maintained aegurately. The
maintaining of this current aceurately is nec-
cessary because of the steepn€ss of'the slope of
the time-current characteristic (Figure 9). A
1% variation in the 1.30 téimes tap value current
(including measuring instrment deviation) will
change the nomipal Operating time by approxi-
mately 4%.

Table I shows the time curve calibration points
for the various types of relays. With the time
dial set to the,indicated position apply the
currents§specified by Table I, (e.g. for the
CO-842 and 20 times tap value current) and
measure, the operating time of the relay.

The,_operating times should equal those of
Lable I plus or minus 5%.

Indicating Instantaneous Trip Unlt (lIT)

The core screw which is adjustable from thg top
of the trip unit and the tap located on the topref
the IIT determines the pickup value. The trip
unit has a nominal ratio of adjustment of,1 to
24,

Apply sufficient current to“eperate the IIT.
The operation indicator gargetshould drop
freely.

Indicating Contactor Switch (ICS)

Close the main relay comtacts and pass suffi-
cient dc current through the trip circuit to
close the contacts%ef the ICS. This value of
current should /bepgreater than the particular
ICS ndmeplate_rating. The indicator target
should dropfieely.

Repeatabove except pass 85% of ICS name-
plateNzating current. Contacts should not
piekup and target should not drop.

ROUTINE MAINTENANCE

All relays should be inspected and checked
once a year or at other time intervals as dictated
by experience to assure proper operation. Gener-
ally a visual inspection should call attention to
any noticeable changes. A minimum suggested
check on the relay system is to close the contacts
manually to assure that the breaker trips and the
target drops. Then release the contacts and
observe that the reset is smooth and positive.

If an additional time check is desired, pass
test 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 CO-5 and CO-6 induc-
tion unit use the alternative test circuit in Fig. 11
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 recommend-
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ed for this purpose. The use of abrasive material
for cleaning 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 disturbed. This pro-
cedure should not be used until it is apparent
that the relay is not in proper working order. (see
*“Acceptance Check”).

Note: A spring shield covers the reset spring of
the CO Relay. To remove the spring shield,
requires that the damping magnet be removed
first. The screw connection holding the lead to
the moving contact should be removed next. The
second screw holding the moving contact assembly
should then be loosen not removed. (Cautlon:
this screw terminates into a nut held captive
beneath the molded block. If screw is removeds
difficulty will be experienced in the re-assembly
of the moving contact assembly.) Slide the spring
shield outward and remove from relay.“Righten
the screw holding the moving contact“assempbly
to the molded block.

CO Unit

I. Contact

The index mark on the nfovement frame will
coincide with the “O gnagk on the time dial
when the stationary contagct has moved through
approximately oneghalf of its normal deflec-
tion. Therefore, with the stationary contact
resting againstgthe’backstop, the index mark
is offset to, thedright of the “O” mark by
approximatelyn.020”. The placement of the
variou$§ tim€ dial positions in line with the
index mark will give operating times as shown
on the respective time-current curves.

2. Setting"— Overcurrent Unlt
Te minimize timing errors due to such
factors as different taps and self heating of CO
coil, the following taps are recommended in
the calibration of the various CO Relays.

Set the .5 to 2.5 range CO relay on the mini-
mum tap setting. Set the 1-12 ampere, fange
CO Relay on the 2 amp. tap with the exception
of the 1-12 ampere range CO-2 relay which
should be set on the 1 ampere tap.

Set the time dial on posifion 6.

. Minimum Trip Current

The adjustment ofgthésspring tension in setting
the minimum trip’ ¢urrent value of the relay
is most conveniently®made with the damping
magnet remodved.

With théitime“dial set on “O”, wind up the
spiralgSpringsby means of the spring adjuster
untillapproximately 6-3/4 convolutions show.

The spiral spring can be adjusted with the
spring shield in place as follows. One slot of
the spring adjuster will be available for a
serewdriver in one window of the front barrier
of the spring shield. By adjusting this slot
until a barrier of the spring shield prevents
further adjustment, a second slot of the spring
adjustment will appear in the window on the
other side of the spring shield barrier. Adjusting
the second slot in a similar manner will reveal
a third slot in the opposite window of the spring
shield.

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%.

. Time Curve Callbration

Install the permanent magnet. Apply the in-
dicated current per Table I for permanent
magnet adjustment (e.g. CO-8, 2 times tap
value) and measure the operating time. Adjust
the permanent magnet keeper until the opera-
ting time corresponds to the value of Table I.

For type CO-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 im-
portant that the 1.30 times tap value current
be maintained accurately. The maintaining
of this current accurately is necessary because



of the steepness of the slope of the time-current
characteristic (Fig. 9). A 1% variation in the
1.30 times tap value current (including measu-
ring 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 adjust-
ment has been made.

Apply the indicated current per Table I for
the electromagnet plug adjustment (e.g. CO-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 withdrawing
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 adjustmentgIf
the operating time for this calibration point
has changed, readjust the permanent magmnet
and then recheck the electromagnet (plug
adjustment.

INDICATING CONTACTOR SWITCH (ICS)

Initially adjust unit on the pedistal so that
armature fingers do not touchjthe yoke in the
reset position. (viewed fromwtopyof switch
between cover and frame). This can be done by
loosening the mounting seseWmini the molded
pedestal and moving the L€Sfin the downward
position.

a. Contact Wiped— Adjust the stationary
contact so thatyboth stationary contacts
make with the moving contacts simulta-
neously and wipe 1/64” to 3/64” when the
armature is against the core.

b. Target “= Manually raise the moving
contaets and check to see that the target
drops at the same time as the contacts make
or up to 1/16” ahead. The cover may be

removed and the tab holding the target res
formed slightly if necessary. Howegver,
care should be exercised so that the target
will not drop with a slight jar.

c. Pickup — The unit should pickup at#98%
rating and not pickup at 85%%of rating. If
necessary, the cover leaf springs may be
adjusted. To lower the pickup®urrent use
a tweezer or similar tgoljandSqueeze each
leaf spring approximatefequal by applying
the tweezer between the l€af spring and the
front surface of the cover at the bottom of
the lower windéw,

If the pickup “is low, the front cover
must,be temoved and the leaf spring bent
outwardyequaily.

INDICATING:INSTANTANEOUS TRIP (IIT)

Initially ‘adjust unit on the pedistal so that
armature fingers do not touch the yoke in the re-
setposition. (Viewed from top of switch between
coyer and frame.) This can be done by loosening
themmounting screw in the molded pedestal and
moving the IIT in the downward position.

a. Contact wipe — Adjust the stationary contacts
so that both stationary contacts make with the
moving contacts simultaneously and wipe 1/4”
to 3/64” when the armature is against the
core. This can be accomplished by inserting a
.0125 thick gage between the armature and
case and adjusting the stationary contacts
until they just touch the moulding.

b. Target — Manually raise the moving contacts
and check to see that the target drops at the
same time as the contacts make orupto 1/16”
ahead. The cover may be removed and the tab
holding the target reformed slightly if nec-
essary. However, care should be exercised so
that the target will not drop with a slight jar.

c. Pickup — Place tap screw in the 6 to 20 tap
and turn the core screw all the way up. Contacts
should pickup at a value of current less than
6 amperes but not lower than 5.1 amperes. If
pickup is above this range, it may be reduced
by using a tweezer or similar tool and squeezing
each leaf spring approximately equal by



I.L. 41-100:1

applying the tweezer between the leaf spring ' TABLE |
and the front surface of the cover at the bottom TIME CURVE CALIBRATION DATA ¢ 60 Hertz
of the lower window. If the pickup is below
range it may be increased by removing the PERMANENT MAGNET ADJUSTMENT
front cover and bending the leaf spring out- RELAY | TIME CURRENT | OPERATING
ward equally. An approximate adjustment TYPE DIAL |(MULTIPLES OF TIME
would be when the end of the leaf spring is in POSITION| TAPVALUE)| SECONDS
line with the edge of the molded cover. The CO-2 6 3 057
described pickup is obtained by setting the tap CO-5 6 2 37.80
screw in the proper range and adjusting the CO-6 6 ) 5 46
case screw. CO-7 6 5 427
CO-8 6, 2 13.35
RENEWAL PARTS CO9 6 5 8 87
Repair work can be done most satisfactorily CO-11 6 ) 1127
at the factory. However, interchangeable parts
can be furnished to the customer who are equipped ELECTROMAGNET PLUGS
for doing repair work. When ordering parts always
give the complete nameplate data. Cos 6 20 0.22
CO=5 6 10 14.30
CO-6 6 20 1.19
CO-7 6 20 1.11
CO-8 6 20 1.11
CO-9 6 20 0.65
CO-11 6 20 0.24
CORTACTOR. soreatane
SWITCH ~— | SWITCH —_—
INDUCTION UNIT INDUCTION UNIT
N V |
/‘/uNxT
---------------------------- TEsT SwrncH | w0 o
600 - [ TEST SWITCH
__é__C?D..Q_(,%_, URRENT §§§§ > Ls4’.‘0}2}11»:1"1'1‘ 3§g§
CHASSIS I CHASSIS
o e oS Kk
(3518A26) (3518A27)
Eig. 1. Internal Schematic of the Single Trip Relay Without Fig. 2. Internal Schematic of the Single Trip Relay With IIT

nT



ENERGY REQUIREMENTS
INSTANTANEOUS TRIP UNIT (IIT)
BURDEN
TYPE | RANGES
OF | AVAILABLE | TAP | MINIMUM| ATPICKUP OHMS CONT. [1SECOND
IIT | WITH CORE [SETTING| PICKUP 3 TIMES | 10 TIMES | 20 TIMES | RATINGY RATING
UNIT |ADJUSTMENT] R | XL | Z | PICKUP | PICKUP | PICKUP | AMPS /" AMPS
6-20 6-20 6 | .144[.108 [.180] 180 180 180 6 100
6-144 20-50 20-50 20 |.023].012[.02]| 026 026 026 13 230
50-144 50-144 50 |.009].002.009( .009 .009 .009 20 370
ENERGY REQUIREMENTS
CO-2 SHORT TIME RELAY
VOLT AMPERES**
AMPERE CONTINUOUS|ONE SECOND| POWER
RANGE | TAP| RATING RATING FACTOR AT AT'3TIMES | AT 10 TIMES |AT 20 TIMES
(AMPERES) | (AMPERES) | ANGLEG | TAP VALUE'\TAPVALUE| TAP VALUE |TAPVALUE
CURRENT, | CURRENT | CURRENT | CURRENT
05 091 28 58 4% 39.6 256 790
0.6 0.96 28 57 B9 39.8 270 851
038 118 28 53 5.0 427 308 1024
05/25 | 10 1.37 28 50 5.3 45.4 348 1220
1.5 1.95 28 40 6.2 54.4 435 1740
2.0 224 28 36 7.2 65.4 580 2280
25 2.50 28 29 7.9 73.6 700 2850
1.0 1.65 28 55 4.6 37.3 266 895
1.2 1.90 28 54 4.6 38.0 280 1000
15 2.20 28 53 438 40.0 310 1150
20 3.30 28 54 48 405 315 1180
25 4.00 56 56 47 39.2 282 970
30 5.00 56 55 49 40.2 295 1050
35 5.50 56 54 49 410 312 1125
1/12 | 40 6.50 56 53 48 410 325 1150
5.0 7.10 230 53 5.1 427 330 1220
6.0 8,80 230 50 5.2 440 360 1350
7.0 9.50 230 48 5.7 48.5 390 1600
8.0 10,50 230 46 6.2 53.0 475 1800
10.0 1200 230 40 6.8 61.0 565 2500
12.0 13.00 230 35 7.8 70.0 680 3300

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

inversely propartional to the square of the current

@Degrees cungentilags at voltage tap value current

**Voltages taken with Rectox type voltmeter

iy
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ENERGY REQUIREMENTS
CO-TMODERATELY INVERSE TIME RELAY
VOLT AMPERES**
AMPERE CONTINUOUS|ONE SECOND; POWER
RANGE (TAP RATING RATING FACTOR AT AT 3TIMES |AT 10 TIMES |AT 20 TIMES
(AMPERES) | (AMPERES) ANGLE@ | TAP VALUE |TAP VALUE | TAP VALUE"| TAP VALUE
CURRENT | CURRENT | .€URRENT | CURRENT

0.5 2.7 88 68 3.88 20.7 103 278
0.6 3.1 88 67 393 20.9 107 288
0.8 3.7 88 66 3.93 21.1 114 320
0.5/2.5 1.0 4.1 88 64 4.00 21.6 122 356
1.5 5.7 88 61 4.08 229 148 459
2.0 6.8 88 58 4.24 24.8 174 552
2.5 1.7 88 56 4.38 25.9 185 640
1.0 4.5 88 68 3.86 20.6 100 265
1.2 5.5 88 67 3.82 204 104 270
1.5 6.0 88 66 3.92 21.2 110 300
2.0 7.7 88 65 390 21.8 117 312
2.5 9.5 88 64 3.90 218 123 360
3.0 10.0 230 63 3.92 225 127 390
3.5 12.0 230 63 3.97 22.7 131 413
1/12 4.0 13.5 230 63 4.02 229 136 420
5.0 15.0 230 60 4.11 24.1 153 490
6.0 17.5 460 58 4.29 25.5 165 528
7.0 20.5 460 54 443 273 189 630
8.0 225 460 50 4.50 30.8 206 732
10.0 235 460 46 4.81 32.6 250 970
12.0 26.5 460 42 5.04 36.9 342 1224

CO-8 INVERSE TIME AND CO29, VERY INVERSE TIME RELAYS
0.5 2.7 88 72 2.38 21 132 350
0.6 3.1 88 71 2.38 21 134 365
0.8 3.7 88 69 2.40 21.1 142 400
0.5/2.5 1.0 4.1 88 67 242 21.2 150 440
1.5 5.7 88 62 2.51 22 170 530
2.0 6.8 88 57 2.65 235 200 675
2.5 7.7 88 53 2.74 24.8 228 800
1.0 4.5 88 73 2.33 20 135 347
1.2 4.5 88 73 2.33 20 135 361
1.5 6.0 88 72 2.35 20.1 142 383
2.0 1.7 88 69 2.35 20.2 145 412
2.5 9.5 88 68 2.36 20.3 146 415
30 10.0 230 67 2.37 204 149 420
1/12 3.5 12.0 230 66 2.38 20.9 153 450
4.0 13.5 230 65 2.40 21.0 157 460
5.0 15.0 230 63 2.40 21.0 164 500
6.0 17.5 460 60 2.47 21.6 170 525
7.0 20.5 460 57 2.51 21.8 180 600
8.0 225 460 55 2.52 222 192 672
10.0 235 460 48 2.77 245 230 830
12.0 26.5 460 45 2.94 254 258 960

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 other current.

@Degrees current lags voltage at tap value current.

**Voltages taken with Rectox type voltmeter.




ENERGY REQUIREMENTS
CO-5LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS
VOLT AMPERES**
AMPERE CONTINUOUS|ONE SECOND| POWER
RANGE | TAP RATING FACTOR AT AT 3TIMES | AT 10TIMES | AT 20 TIMES
(AMPERES) | (AMPERES) ANGLE@| TAP VALUE | TAPVALUE | TAP VALUE | TAP VALUE
CURRENT | CURRENT | CURRENT | CURRENT
0.5 2.7 88 69 392 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 4.07 214 122 360
1.5 5.7 88 62 4.19 23.2 147 462
2.0 6.8 88 60 4.30 249 168 548
2.5 7.7 88 58 4.37 26.2 180 630
1.0 4.5 88 69 398 21.0 100 265
1.2 5.5 88 68 393 213 103 282
1.5 6.0 88 67 4.00 21.8 109 308
2.0 1.7 88 66 3.98 21.9 115 340
2.5 9.5 88 65 398 2222 122 363
3.0 10.0 230 65 4.02 2255 125 366
1/12 35 12.0 230 65 4.06 23.2 132 403
4.0 13.5 230 64 4.12 235 137 420
5.0 15.0 230 61 4.18 24.6 150 500
6.0 17.5 460 60 4.35 25.8 165 570
7.0 20.5 460 57 4.44 27.0 185 630
8.0 225 460 53 4.54 28.6 211 136
10.0 235 460 48 4.80 325 266 940
12.0 26.5 460 42 5.34 37.9 325 1152

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

inversely proportional to the squage,of‘thefcurrent

@Degrees current lags voltage at(tapfvalue current

**Voltages taken with Rectox type veoltmeter
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ENERGY REQUIREMENTS
CO-11 EXTREMELY INVERSE TIME RELAY
VOLT AMPERES*t
AMPERE CONTINUOUS|ONESECOND| POWER
RANGE | TAP RATING RATING FACTOR AT AT 3 TIMES |AT 10 TIMES (AT 20 TIMES
(AMPERES) | (AMPERES) ANGLE@| TAP VALUE | TAP VALUE | TAP VALUE | TAP VALUE
CURRENT | CURRENT | CURRENT | CURRENT
0.5 1.7 56 36 0.72 6054 71.8 250
0.6 1.9 56 34 0.75 6.80 75.0 267
0.8 22 56 30 0.81 7.46 84.0 298
0.5/2.5 1.0 25 56 27 0.89 8.30 93.1 330
1.5 3.0 56 22 h13 10.04 115.5 411
2.0 3.5 56 17 1,30 11.95 136.3 502
25 3.8 56 16 1.48 13.95 160.0 610
1.0 3.5 56 30 082 7.4 82 300
1.2 4.0 56 29 0.90 8.0 87 324
1.5 5.5 56 26 0.97 8.6 93 350
2.0 8.5 56 25 1.00 8.9 96 380
2.5 10.0 56 24 1.10 9.0 96 377
3.0 12.5 230 33 0.87 8.0 88 340
35 14.0 230 31 0.88 8.2 88 340
1/12 4.0 15.0 230 29 0.94 8.7 96 366
5.0 17.0 230 25 1.10 10.0 110 435
6.0 18.5 460 22 1.25 11.5 120 478
7.0 20.0 460 20 1.40 12.3 135 560
8.0 21.5 460 19 1.50 14.0 160 648
10.0 25.0 460 14 1.9 18.3 210 900
12.0 28.0 460 10 24 238 276 1200

Thermal capacities for sh@rt times other than one second may be calculated on the basis of time being

inversely proportional to the square of the current.
@Degrees current lagsfvoltage at tap value current.

**Voltages takendwith"Rectox type voltmeter.
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- TYPE,CO®S CLASS (E
~ OYER "CURRENT RELAY
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ADDENDUM TO Westinghouse I. L. 41-100.1
INSTALLATION e OPERATION o MAINTENANCE

- INSTRUCTIONS

TYPE CO OVERCURRENT RELAY
FOR CLASS 1E APPLICATIONS

This sheet notes changes which should be made in instruction leaflet I.L. 41-10041 dated December 1977

1. On page 4, under section #4. Time Curve, the last sentence of the first paragraph should be changed to
read as follows.

...time-current characteristic (Figure 9). “A slight variation, %1%, in%he 1.3 times tap value current
(including measuring instrument deviation) will change the timingdolerance to + 10% and the effects of
different taps can make the total variations appear to be'Fal 5%’

2. On page 6, top of left hand column, the sentence whichibeginson the second line should be changed to
read as follows.

...characteristic (Fig. 9). ‘A slight variation, + 1%, fathe 1.3 times tap value current (including measur-
ing instrument deviation) will change the timingg®leranee to + 10% and the effect of different taps can
make the total variations appear to be * 15%, If the...

AlMpossible 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.

ADDENDUM TO I. L. 41-100.1 EFFECTIVE JUNE 1980






Westinghouse I.L. 41-100F
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO (HI Lo)
OVERCURRENT RELAY

CAUTION: Before putting relays into service, APPLICATION

remove all blocking which may have

been inserted for the purpose of The CO relay isha single phase non-directional
securing the parts during shipment, time overcurrentdeviceylt is used to sense current
make sure that all moving parts level above the settingsnd normally is used to trip
operate freely, inspect the contacts to a circuit breaker to,clear faults. A wide range of
see that they are clean and close characteristics‘permit applications involving coor-
properly, and operate the relay to dination fwithffuses, reclosers, cold load pickup,
check the settings and electrical con- motor, starting, or essentially fixed time
nections. applications.

The following describes typical applications of the COyRelay:

RELAY TIME

TYPE CURVE TYPICAL APPLICATIONS

CO-2 Short 1) Differential protection where saturation of current
transformers is not expected. or where delaved tripping
is permissible.

2) Overcurrent protection, phase or ground. where co-
ordination with downstream devices is not involved and
2t0 60 cycle tripping is allowable.

CO-5 Long Motor locked rotor protection where wowable Tocked
rotor time is approximately between 10 and 70 scconds.

CO-6 Definite Overcurrent protection where coordination with down-
stream devices is not involved and CO-2 is too last. The
operating time of this relay does not vary greatly as
current level varies.

CO-7 Moderately Inverse 1) Overcurrent protection where coordination with other
devices is required, and generation varies.

CO-8 Inverse 2) Backup protection for relays on other circuits.

CO49 Very Inverse

CO-1} Extremely Inverse 1) Motor protection where allowable locked rotor time is

less than 10 sec.
2

Overcurrent protection where coordination with fuses
and reclosers is involved, or where cold load pickup or

transformerinrush are factors.

-

AIRpossible 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. 41-100E, Dated APRIL 1980
and ADDENDUM TO I.L. 41-100 Dated JUNE 1980
O Denotes Changed Since Previous Issue.

EFFECTIVE NOVEMBER 1980



CONSTRUCTION AND OPERATION

The type CO relays consist of an overcurrent
unit (CO), either an Indicating Contactor Switch
(ICS) or an ac Auxiliary Switch (ACS) and an in-
dicating instantaneous trip unt (IIT) when re-
quired.

Electromagnet

The electromagnets for the types CO-5, CO-6,
CO-7, CO-8 and CO-9 relays have a main tapped
coil located on the center leg of an “E” type
laminated structure that produces a flux which
divides und 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 clos-
ing torque.

The electromagnets for the types CO-2 and
CO-11 relays have a main coil consisting of a
tapped primary winding and a secondary winding.
Two identical coils on the outer legs of the lamina-
tion structure are connected to the main coil secon;
dary in a manner so that the combination of all the
fluxes produced by the electromagnet result in outs
of-phase fluxes in the air gap. The out-of-phase‘air
gap fluxes produced cause a contact closingster-
que.

Indicating Contactor Switch Unit (1CS)

The dc indicating contactor switchtis a small
clapper type device. A magnetic “armature, to
which leaf-spring mounted contacts, are attached,
is attracted to the magnetic core upgn energization
of the switch. When the switch,closes the moving
contacts bridge two statiomary contacts, com-
pleting the trip circuity, Also during this operation
two fingers on the armature deflect a spring
located on the front of the switch, which allows the
operation indicatot{targét to drop.

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

ac Atxiliary Switch (ACS)

Theyac auxiliary switch is a small ac operated
elapper device. A magnetic armature, to which

leaf-spring mounted contacts are attached, is ‘at-
tracted to the magnetic core upon energization of
the switch. When the switch closes, the meving
contacts bridge two stationary contacts com-
pleting the trip circuit. Also, during the operation,
two fingers on the armature deflect a™spring
located on the front of the switchgwhieh allows the
operation indicator target tovdrop"

A core screw accessible from the top of the
switch provides the adjustable pickup range.

Indicating InstantaneousTrip Unit (IIT)

The instantangous “trip unit is a small a-c
operated clappes, type device. A magnetic ar-
mature, to which/deaf-spring mounted contacts are
attached, ‘iswattracted to the magnetic core upon
energizationof'the switch. When the switch closes,
the mowingseontacts bridge two stationary contacts
completingthe trip circuit. Also, during the opera-
tion§ twig, fingers on the armature deflect a spring
located on the front of the switch which allows the
opesation indicator target to drop.

A core screw accessible from the top of the
switch and taps on the coil provides the adjustable
pickup range.

CHARACTERISTICS

The relays are generally available in the
following current ranges:

Range Taps

5-25 | 0.5, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5

1-12 1.0, 1.2, 1.5, 2.0, 2.5, 3.0, 3.5, 40, 5.0,
6.0, 7.0, 8.0, 10.0, 12.0

These relays may have either’single or double
circuit closing contacts for tripping either one or
two circuit breakers. The relays are wired per the
internal schematics of Fig. 1 to 9.

The time vs. current characteristics are shown
in Figs. 10 to 16. These characteristics give the
contact closing time for the various time dial
settings when the indicated multiples of tap value
current are applied to the relay.
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Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in contacts of either
the indicating contactor switch or the ac auxiliary
switch will safely carry this current long enough
to trip a circuit breaker.

The indicating instantaneous trip contacts will
safely close 30 amperes at 250 volts dc, and will
carry this current long enough to trip a breaker.

Indicating Contactor Switch (ICS)

a. The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2
amperes. To change tapes requires con-
necting the lead located in front of the tap
block to the desired setting by means of a
screw connection.

b. Trip Circuit Constants

0.2 ampere tap ...... 6.5 ohms dc resistance
2.0 ampere tap .... 0.15 ohms dc resistance

ac Auxiliary Switch (ACS)

a. One of the following ACS units is‘available
in the Hi-Lo Line of relays.

ACS |CURRENT | ACS/VOLTAGE MINIMUM
UNIT| RANGE DROP RECOMMENDED
RANGE (1) SUPPLY
VOLTAGE (2)
0.15 | 0.2-0.38 40:76 -
0.5 0.75-1.5 14-27 208
1.0 1.5 -3.0 6(8-14 120

(1) This is the voltageange which will operate the
ACS coil only.

(2) When gonnected, a current -switch in series
with full rated yoltage relay or trip coil.

b. Energy Requirements

ACS BURDEN IN THERMAL CAPACITY
UNIT| VOLT-AMPERES |AMPERES RATING (COIL)
AT MINIMUM
SETTING I second continuous
0.15 45 4.5 0.16
0.5 45 18.0 0.63
o 45 44.0 1.60

SETTINGS

CO Unit

The overcurrent unit setting can be defined by
tap setting and time dial position or by tap setting
and a specified time of operation at’some current
multiple of the tap setting (€"g. 4 tap setting, 2 time
dial position or 4 tap settinggf0.6'seconds at 6 times
tap value current). The tap s€tting is the minimum
current required to snake, the disc move.

To provide seleetive circuit breaker operation,
a minimum coordinating time of 0.3 seconds plus
circuit breakeritime is recommended between the
relay being'set and'the relays with which coordina-
tion is 16 be effected.

The, cornector screw on the terminal plate
above,the time dial makes connections to various
turns'en the operating coil. By placing this screw in
thevarious terminal plate holes, the relay will res-
pond to multiples of tap value currents in accor-
dance with the various typical time-current curves.

Caution

Since the tap block connector screw on both
the CO unit and IIT unit carries operating current,
be sure that the screws are turned tight. In order to
avoid opening the current transformer circuits
when changing taps under load, connect the spare
connector screw in the desired tap 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
reclosing will be initiated immediately after a trip
by the CO contact, the time of the opening of the
contacts should be a minimum. This condition is
obtained by loosening the stationary contact
mounting screw, removing the contact plate and
then replacing the plate with the bent end resting
against the contact spring.

For double trip relays, the upper stationary
contact is adjusted such that the contact spring
rests solidly against the back stop. The lower
stationary contact is then adjusted such that both
stationary contacts make contact simultaneously
with their respective moving contact.



Indicating Contactor Switch (ICS)

The only setting required on the ICS unit 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.

Indicating Instantaneous Trip (IIT)

The IIT setting is the level of ac current at
which it will pickup. It should be set to coordinate
with other devices so it will never operate for a
fault in a protective zone where tripping should be
produced by other devices. The transient reach
will not exceed 130% for an 80° circuit angle or
108% for a 60° circuit.

The proper tap must be selected and the core
screw must be adjusted to the value of pick-up
current desired.

The nameplate data will furnish the actual
current range that may be obtained from the IIT
unit. It is reccommended that the IIT be set on the
higher tap where there is a choice of tap settings.
For example, for a 20 ampere setting use the 20 tg
40 tap rather than the 6 to 20 tap.

ac Auxiliary Switch (ACS)

The core screw must be adjusted to the value(of
pickup current desired.

INSTALLATION

The relays should be mounted on)switchboard
panels or their equivalent insaylocation free from
dirt, moisture, excessive| vibration and heat.
Mount the relay vertically, byamieans of the moun-
ting stud for projectiongmounting or by means of
the four mountingholés ongthe flange for the semi-
flush mounting. Eithenthe stud or the mounting
screws may be utilized for grounding the relay.
The electrical connections may be made directly to
the terminals by means of screws for steel panel
mountinggor ‘to the terminal stud furnished with
the relay for thick panel mounting. The terminal
stud may be‘easily removed or inserted by locking
two‘putsion the stud and then turning the proper
nutywith a wrench.

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

ADJUSTMENTS & MAINTENANCE

The proper adjustments to insure correct
operation of this relay have been made at the fac-
tory. Upon receipt of the relay negfustomer ad-
justments, other than those®Wcovered under
“SETTINGS” should be required.

For relays which include,an®indicating instan-
taneous trip unit (IIT),%he jurction of the induc-
tion and indicatingginstantaneous trip coils is
brought out to switch jaw?#3. With this arrange-
ment the overcurpent.units can be tested separately.

Acceptance Check

Théfellowing check is recommended to insure
that the relay is in proper working order:

1. Contact

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 deflec-
tion. Therefore, with the stationary contact
resting against the backstop, the index mark is
offset to the right of the “O” mark by ap-
proximately .020”. The placement of the
various time dial positions in line with the index
mark will give operating times as shown on the
respective time-current curves. For double trip
relays, the follow on the stationary contacts
should be approximately 1/32”.

2. Minimum Trip Current
Set the time dial to position 6 using the lowest
tap setting, alternately apply tap value current
plus 3% and tap value current minus 3%. The
moving contacts should leave-the backstop at
tap value current plus 3% and should return to
the backstop at tap value current minus 3%.

3. Time Curve
For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time
dial position is 54.9 +5% seconds and should be
checked first. It is important that the 1.30 times
tap value current be maintained accurately. The
maintaining of this current accurately is
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necessary because of the steepness of the slope
of the time-current characteristic (Figure 16).
A slight variation, + 1%, in the 1.3 times tap
value current (including measuring instrument
deviation) will change the timing tolerance to
+ 10% and the effects of different taps can
make the total variations appear to be + 15%.

Table I shows the time curve calibration points
for the various types of relays. With the time
dial set to the indicated position apply the
currents specified by Table I, (e.g. for the CO-8,
2 and 20 times tap value current) and measure
the operating time of the relay. The .5 to 2.5
amp. relay and all CO-2 relays should be set on
the lowest tap. The | to 12 amp. relay should be
set on the 2 amp. tap with the exception of 1-12
amp. CO-2 relay which should be set on 1 amp.
tap. The operating times should equal those of
Table I plus or minus 5%.

. Indicating Instantaneous Trip Unit (IIT)

The core screw which is adjustable from the top
of the trip unit and the tap located on the top of
the IIT determines the pickup value. Theftrip
unit has a nominal ratio of adjustment 0f |1 10
24,

The making of the contacts and targetSindica-
tion should occur at approximately the samge’in-
stant. Position the stationary ceofitactwfor a
minimum of 1/32” wipe. The bridging moving
contact should touch both statfondry contacts
simultaneously.

Apply sufficient current to operate the IIT. The
operation indicator tanget should drop freely.

. Indicating Contactor*Switch (ICS)

Close the main relay contacts and pass suf-
ficient dc currenty, throtgh the trip circuit to
close the gontaets of the ICS. This value of
current should befnot greater than the par-
ticular ICS tap,setting being used. The opera-
tion indicator target should drop freely.

The contactégap should be approximately .047”
between the bridging moving contact and the
adjtistable stationary contacts. The bridging
meving contact should touch both stationary
contacts simultaneously.

% ac Auxiliary Switch (ACS)
The core screw which is adjustable from the top

of the ACS unit determines the pickup, value.
The making of the contacts and targetgjindica-
tion should occur at approximatelythesame in-
stant. Position the stationary contact for a
minimum of 1/32” wipe. The bridging moving
contact should touch both stationary contacts
simultaneously.

Apply sufficient currént te®operate the ACS.
The operation indicator”target should drop
freely.

Routine Maintenance

All relays™should be inspected and checked
periodicallydto assiire proper operation. Generally
a visualginspection should call attention to any
noticeablefchanges. A minimum suggested check
on thewelaysystem is to close the contacts manual-
ly toassure that the breaker trips and the target
deopswThen release the contacts and observe that
the“tgset is smooth and positive.

If an additional time check is desired, pass
secondary 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 CO-5 and CO-6 induc-
tion unit use the alternative test circuit in Fig. 19
as these relays are affected by a distorted
waveform. 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
cleaning 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 disturbed. This procedure
should not be used until it is apparent that the
relay is not in proper working order. (See ““Accep-
tance Check”).



CO Unit
1. Contact

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 deflec-
tion. Therefore, with the stationary contact
resting against the backstop, the index mark is
offset to the right of the “O” mark by ap-
proximately .020”. The placement of the
various time dial positions in line with the index
mark will give operating times as shown on the
respective time-current curves. For double trip
relays, the follow on the stationary contacts
should be approximately 1/32”.

. Minimum Trip Current

The adjustment of the spring tension in setting
the minimum trip current value of the relay is
most conveniently made with the damping
magnet removed.

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

Set the .5-2.5 amp relay and all CO-2 relays‘on
the minimum tap setting. With the exceptiomof
CO-2 relay, set the [-12 amp. relay on the 2
amp. tap setting. Set the 1-12 amp. CO-2 on the
I amp. tap. Set time dial position by on  all
relavs.

Adjust the control spring tension S, that the
moving contact will leave the bagkstop at tap
value current +1.0% and will retwrn to the
backstop at tap value curregnt —1N0%.

. Time Curve Calibration

Install the permanent{magaect. Apply the in-
dicated current _pes, Table” [ for permanent
magnet adjustiment (&g, CO-8, 2 times tap
value) and me@asuse thg operating time. Adjust
the permanentumalgnet  keeper until the
operating time corresponds to the value of
Table 1.

For type CO-11 relay only, the 1.30 times tap
valuggopesating time from the number 6 time
diabposition is 54.9 +5% seconds. It is impor-
tang that the 1.30 times tap value current be
maintained accurately. The maintaining of this
glirent accurately is necessary because of the

‘N

steepness of the slope of the time-current
characteristic (Fig. 16). A slight variation,/+ 1%,
in the 1.3 times tap value current (including
measuring instrument deviation) will change the
timing tolerance to + 10% and the effect of
different taps can make the total vatiations
appear to be + 15%. If the gperating time at
1.3 times tap value is notéwithif these limits, a
minor adjustment of the contrel 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 hagybeen made.

Apply the ipdicated, current per Table I for the
electromagpet plig adjustment (e.g. CO-8, 20
times tap, valu€) and measure the operating
time. Adjustihe proper plug until the operating
time, comesponds to the value in Table I.
(Withdrawing the left hand plug, front view, in-
Creasespthe operating time and withdrawing the
right hand plug, front view, decreases the time.)
In_adjusting the plugs, one plug should be
serewed 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 iime for this calibration point has
changed, readjust the permanent magnet and
then recheck the electromagnet plug adjust-
ment.

. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient dc current through the trip circuit to
close the contacts of the ICS. This value of
current should be not greater than the par-
ticular 1CS tap setting being used. The opera-
tion indicator target should drop freely.

. ac Auxiliary Switch (ACS)

The core screw must be adjusted to the value of
pickup current desired. The nameplate data of
the ACS will furnish the actual current range
that may be obtained from the ACS unit.
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6. Indicating Instantaneous Trip Unit (1I'T)
The proper tap must be selected and the core
screw adjusted to the value of pickup current
desired.
The nameplate data and tap plate of the HT

will furnish the actual current range that may
be obtained from the IIT unit.

A

Repair work can be done most

RENEWAL PARTS

Q

isfactorily

O

at the factory. However, interchangeable parts
can be furnished to the customers who are equip-

ped for doing repair work
always give the complete

&
N

&

RATION DATA -

and 60 Hertz

AGNET ADJUSTMENT

CURRENT |OPERATING
(MULTIPLES|  TIME

SITION| OFTAP | SECONDS

VALUE)
6 3 0.57
&- 6 2 37.80
\ 6 6 2 2.46
7 6 2 427
CO-8 6 2 13.35
C0-9 6 2 8.87
CO-11 6 2 .27
\ ELECTROMAGNET PLUGS

€022 6 20 0.22
CO-5 6 10 14.30
CO-6 6 20 119
. CO-7 6 20 11
CO-8 6 20 11
€09 6 20 0.65

CO-11 6 20 024 A

A For 50 Hz. CO-11 relay 20 times operating time

limits are 0.24 + 10% —5%.

hen ordering parts
late data.



ENERGY REQUIREMENTS

INSTANTANEOUS TRIP UNIT (IIT)
BURDEN
Tg:"E AVR:I:‘_?\EBSLE TAP MINIMUM AT PICKkUP OHMS RchI'NIL(.‘: ]RSESI::D
w P P
owt | awstuenr ||| w | |z | Dmwesommes mumes| augs | aues
2-1 2-7 2 .68 .42 .8 .12 .67 .67 205 70
2-48 7-14 7-14 7 .076 .048 | .09 .086 .075 .075 7 140
14-48 14-48 14 .032 .012 | .035 .035 .035 .03% 10 185
6-20 6-20 6 .108 .067 127 .125 .125 100 7 88
6-144 20-40 20-40 20 .016 .008 .018 .018 .018 018 16 280
40-144 40-144 40 .007 .002 | .007 .007 .007 .007 25 460
ENERGY REQUIREMENTS
CO-2 SHORT TIME REKAY,
VOLT AMPERES **
AMPERE CONTINUQUS|ONE SECOND POWER AT AT 3 TIMES | AT 10 TIMES (AT 20 TIMES
RANGE TAP RATING RATING FACTOR TAP VALUE TAP VALUE | TAP VALUE | TAP VALUE
(AMPERES) (AMPERES) ANGLE ¢
CURRENT CURRENT CURRENT CURRENT
0.5 0.91 28 58 4.8 39.6 256 790
0.6 0.96 28 o 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 90 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
1.0 1.65 28 55 4.6 317.3 266 895
1.2 1.90 28 54 4.6 38.0 280 1000
1.5 2.20 28 53 4.8 40.0 310 1150
2.0 3.30 28 o4 4.8 40.5 315 1180
2.5 4.00 56 56 4.7 39.2 282 970
3.0 5.00 56 55 4.9 40.2 295 1050
/12 3.5 5.90 56 54 4.9 41.0 312 1125
4.0 6460 56 53 4.8 41.0 325 1150
5.0 .10 230 53 5.1 42.7 330 1200
6.0 8.80 230 50 5.2 44.0 360 1350
7.0 9.50 230 48 5.7 48.5 390 1600
8.0 10.50 230 46 6.2 53.0 475 1800
10.0 12.00 230 40 6.8 61.0 565 2500
1270 13.00 230 35 7.8 70.0 680 3300

Theesmalwe@pacities 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
*¢ Veltages taken with Rectox type voltmeter




IL. 41

ENERGY REQUIREMENTS \

CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TI YS
PERES**
AMPERE | .o co::;:l:gus °N:ASTE|58ND FOMER AT AT 10 TIMES | AT 20 TIMES
RANGE . TAP VALUE LUE | TAP VALUE | TAP VALUE
(AMPERES) (AMPERES) ANGLE ¢ CURRE CURRENT | CURRENT

0.5 2.7 88 69 20.6 103 270

0.6 3.1 88 68 20.7 » 106 288

0.8 3.7 88 67 21 114 325

0.5/2.5 1.0 4.1 88 66 7 21.4 122 360

1.5 5.7 88 62 .19 23.2 147 462

2.0 6.8 88 4.30 24.9 168 548

2.5 7.7 88 4.37 26.2 180 630

1.0 4.5 88 3.98 21.0 100 265

1.2 5.5 88 3.93 21.3 103 282

1.5 6.0 88 7 4.00 21.8 109 308

2.0 7.7 8 3.98 21.9 115 340

2.5 9.5 8 3.98 22.2 122 363

3.0 10.0 65 4.02 22.5 125 366

1/12 3.5 12.0 30 65 4.06 23.2 132 403

4.0 13.5 64 4.12 23.5 137 420

5.0 15. 0 61 4.18 24.6 150 500

6.0 17. 460 60 4.35 25.8 165 570

7.0 2 460 57 4.44 27.0 185 630

8.0 22.5 460 53 4.54 28.6 211 736

460 48 4.80 32.5 266 940

460 42 5.34 37.9 325 1152
Thermal r short times other than one second may be calculated on the basis of time being inver -

sely pr the square of the current

¢ Degrees cu gs voltage at tap value current
* *Voltages take ith Rectox type voltmeter
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ENERGY REQUIREMENTS

CO-7 MODERATELY INVERSE TIME RELAY
VOLT AMPERES**
AMP ERE CONTINUOUS | ONE SECOND POWER
RANGE TAP RATING RATING FACTOR AT AT 3 TIMES | AT 10 TIMES | AT 20)TIMES
(AMPERES) | (AMPERES) ANGLE & TAP VALUE | TAP VALUE | TAP VALUE | TAP VALUE
CURRENT CURRENT CURRE CURRENT
0.5 2.7 88 68 3.88 20.7
0.6 3.1 88 67 3.93 20.9

0.8 3.7 88 66 3.93 21.1 1 320

0.5/2.5 1.0 4.1 88 64 4.00 21.6 356

1.5 5.7 88 61 4.08 22.9 459

2.0 6.8 88 58 4.24 24.8 4 552

2.5 7.7 88 56 4.38 25 185 640

1.0 4.5 88 68 3.86 2 100 265

1.2 5.5 88 67 3.82 104 270

1.5 6.0 88 66 3.92 110 300

2.0 7.7 88 65 3.90 117 312

2.5 9.5 88 64 3.90 1.8 123 360

3.0 10.0 230 63 22.5 127 390

112 3.5 12.0 230 63 22.7 131 413

4.0 13.5 230 63 22.9 136 420

5.0 15.0 230 60 24.1 153 490

6.0 17.5 460 58 25.5 165 528

7.0 20.5 460 54 . 27.3 189 630

8.0 22.5 460 5 .50 30.8 206 732

10.0 23.5 160 .81 32.6 250 970

12.0 26.5 460 5.04 36.9 342 1224

CO-8 INVERSE TIME AND - RY INVERSE TIME RELAYS

0.5 2.7 88 2.38 1 132 350

0.6 3.1 88 1 2.38 1 134 365

0.8 3.7 88 69 2.40 21.1 142 400

0.5/2.5 1.0 1.1 %@ 67 2.42 2 150 440

1.5 5.7 62 2.51 22 170 530

2.0 6.8 597 2.65 23.5 200 675

2.5 7.7 x& 53 2.74 24.8 228 800

1.0 4.5 8 73 2.33 20 135 347

1.2 5.5 8 73 2.33 20 135 361

1.5 6. 88 72 2.35 20.1 142 383

2.0 7. 88 69 2.35 20.2 145 412

2.5 88 68 2.36 20.3 146 415

3.0 . 230 67 2.37 20.4 149 420

1,12 3.5 . 230 66 2.38 20.9 153 450

1.0 230 65 2.40 21.0 157 460

5.0 .0 230 63 2.40 21.0 164 500

6.0 17.5 460 60 2.47 21.6 170 525

20.5 460 57 2.51 21.8 180 600

> 22.5 460 55 2.52 22.2 192 672

23.5 460 48 2.7 24.5 230 830

26.5 460 45 2.94 25.4 258 960

s current lags voltage at tap value current,
ges taken with Rectox type voltmeter.
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ENERGY REQUIREMENTS

CO-11 FXTREMFLY INVERSE TIME RFLAY }
VOLT **

CONTINUOUS |ONE SECOND|  POWER

AMPERE TAP RATING RATING FACTOR AT AT 3 10 TIMES | AT 20 TIMES
RANGE (AMPERES) | (AMPERES) | ANGLE ¢ | TAP VALUE AP VALUE | TAP VALUE
CURRENT CURRENT CURRENT

0.5 1.7 56 36 0.72 71.8 250

0.6 1.9 56 34 0.75 75.0 267

0.8 2.2 56 30 84.0 298

0.5/2.5 1.0 2.5 56 27 93.1 330

1.5 3.0 56 22 115.5 111

2.0 3.9 56 17 136.3 502

2.5 3.8 56 16 160.0 610

1.0 3.5 56 30 82 300

1.2 4.0 56 2 87 324

1.5 5.0 o6 26 . 93 350

2.0 8.5 56 25 .9 96 380

2.5 10.0 56 24 9.0 96 377

3.0 12.5 230 3 0.87 8.0 88 340

1/12 3.0 14.0 230 31 0.88 8.2 88 340

coT 4.0 15.0 230 29 0.94 8.7 96 366

5.0 17.0 30 25 1.10 10.0 110 435

6.0 18.5 22 1.25 11.5 120 178

7.0 20.0 0 20 1.40 12.3 135 560

8.0 21.5 160 19 1.50 14.0 160 648

10.0 25.0 460 14 1.9 18.3 210 900

12.0 28 460 10 2.4 23.8 276 1200

times other than one second may be calculated on the basis of time being
the square of the current.
age at tap value current.

Thermal capacities
inversely proporti
@ Degrees cu

** Voltages ectox type voltmeter.
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Fig. 1. Internal Schematic of the Double Trip Relay Without IIT
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INTERNAL SCHEMATIC
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Fig. 2. Internal Schematic of the Double Trip Relay With IIT
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Fig. 3. Internal Schematic of the Single Trip Relay Without IIT
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CURRENT TEST JACK

CHASSIS OPERATED
[~~~ SHORTING SWITCH

- TERMINAL

FRONT VIEW

Sub. 1
3498A02

Fig. 4. Internal Schematic of the Single Trip Relay With IIT
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Fig. 5. Internal Schematic of Double Trip Relay With IIT to Separate Terminals.
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Fig. 6. Internal Schematic of the Single Trip Relay with IIT Contacts wired to Two
Separate Terminals
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Fig. 7. Internal Schematic of the Single Trip Relay with an ACS Unit
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Fig. 8. Internal Schematic of the Single Trip Relay with an ACS unit and /IT
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Fig. 9. Internal Schematic of the Single Trip Relay with an ACS Unit and with IIT
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(%) Fig. 17. External Schematic of HiLo CO relay for Phaseand Ground Overcurrent Protection on a Three Phase System.
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o Fig. 18. External Schematic of HiLo CO Relay with ACS Unit for Phase and Ground Protection on a Three Phase System
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€O RELAY (FRONT VIEW) l

>
—

v

TO TIMER ‘(LI HERT'STOPS WHEN )
STOP (RERAY CONTACT )
(CLOSES

0 " | TO TIMER (TIMER STARTS WHEN)
_ o[ START (SWITCH "S™ CLOSES)
RESISTANCE ‘ SWITCH
LOAD he
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O 120 VOLTS
5 AC

RESISTANCE
LOAD

25/5 C4T.
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Fig. 19. Diagram of Test Connections for the Type CO Relay.
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30

RELAY TYPE

FIRST 7 DIGITS OF STYLE NO.

Co-2 265C195
CO-5 264C897
CO-6 264C898
CO-7 264C899
CO-8 264C900
C0O-9 264C901
CO-11 265C047
LAST
THREE
DIGITS
OF STYLE | RANGE | RANGE DESCRIPTION SCHEMATIC
NUMBER | CO T
GOHZ[50HZ| 6
Aol | A21 | 525 —  |SINGLETRIP $1D4523
(FIG. 3)
A02 | A22 | 5-25 - |pOUBLETRIP 57D4524
(FIG. 1)
A03 | A23 | 525 | 248 |SINGLETRIP 3498A02
(FIG. 4)
A04 | A24 | 525 | 248 |DOUBLETRIP 3498A03
(FIG. 2)
A0S | A25 | 1-12 —  |SINGLETRIP 57D4523
(FIG. 3)
A6 | A26 | 1-12 —  |DOUBLETRIP 57D4524
(FIG. 1)
A07 | A27 | 1-12 | 6144 |SINGLE TRIP 3498A02
(FIG. 4)
A08 | A28 | 1-12 | 6144 |DOUBLE TRIP 3498A03
(FIG.2)
A0S | A29 | 525 | 6-144 |SINGLEWGRIP 3498A02
(FIG. 4)
A0 | A30 | 525 | 6-144 |DOUBLETRIP 3498A03
(FIG. 2)
All A3l 1-12 2°48 SINGLE TRIP 3498A02
(FIG. 4)
A2 | A2 | 12 348 |DOUBLE TRIP 3498A03
(FIG. 2)
WITH IIT CONTACTS WIRED | 3508A73
A3 | A3 | 52501 248 |DOUBLETRIP 1 GEpARATE TERMINALS (FIG. 5)
WITH 11T CONTACTS WIRED 3508A73
Al4 | A3 [-127¢ 6-144 IDOUBLETRIP 1 'GEp ARATE TERMINALS FIG. 5)
WITH IIT CONTACTS WIRED 3508A73
Als | M35 [NgJ% | 614s [DOUBLETRIP YSTILLT CONTAL TS WIRES i
WITH 11T CONTACTS WIRED 3508A73
Al6 1age | gI-12 2-48 |IDOUBLETRIP 1 'cpp ARATE TERMINALS (FIG. 5)
WITH 1IT CONTACTS WIRED
INE, 525 | 248 [SINGLETRIP ST o A N NINALS| 3516407
] WITH IIT CONTACTS WIRED
Alg | K3s | 12 | eiaa |SINGLETRIP A R NINAL | 3516407
WITH 1IT CONTACTS WIRED
Ao 525 | 6144 |SINGLETRIP YT AT O A R O ALg|  3516A07
. WITH IIT CONTACTS WIRED
-12 I
A20 | A4 | 11 248 |SINGLE TRIP Y T A T R oALs| 3516407

Fig. 20. Style Descriptions of CO Relay with ICS Unit.

Sub. 34
775B349
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FIRST SEVEN DIGITS OF STYLE NUMBERS ARE 1445C81

HI-LO CO RELAYS WITH ACS UNITS

LAST ACS
THREE UNITS
DIGITS OF | RELAY | RANGE IN RANGE SCHEMATIC
STYLE NO. | TYPE co AMPS nT DESCRIPTION
60HZ |50 HZ
A0l CO-11 1-12 5 - SINGLE, TRIP 183A680
A02 CO-11 1-12 1.0 - SINGLE TRIP 183A680
A03 CO-8 1-12 1.0 - SINGLE TRIP 183A680
A04 CO-5 1-12 1.0 - SINGLE TRIP 183A680
A0S CO-5 1-12 1.0 6-144 SINGLE TRIP 3515A06
A06 CO-9 1-12 1.0 6-144 SINGLE TRIP 3515A06
A07 CO-11 1-12 0.5 6-144 SINGLE TRIP 3515A06
A08 CO-9 1-12 1.0 = SINGLE TRIP 183A680
A09 CO-9 1-12 0.5 Y | SINGLE TRIP 183A680
Al0 CO-9 1-12 04 6-144 SINGLE TRIP 3515A06
All CO-2 1-12 0.5 6-144 SINGLE TRIP 3515A06
Al2 CO-5 5-2.5 0.5 - SINGLE TRIP 183A680
Al3 CO-2 1-12 10, 6-144 SINGLE TRIP 3515A06
Al4 CO-9 .5-2.5 10, 2-48 SINGLE TRIP 3515A06
AlT | AIS CO-8 1-12 1.0 6-144 SINGLE TRIP 3515A06
Al6 CO-11 1-A2 1.0 6-144 SINGLE TRIP 3515A06
Al8 CO-8 1-12 .5 6-144 SINGLE TRIP 3515A06
Al9 CO-11 5-208 5 - SINGLE TRIP 183A680
A20 CO< 1-12 1 - SINGLE TRIP 183A680
A23 CO-8 .5-2.5 1 — SINGLE TRIP 183A680
A24 Q0o-5 5-2.5 1 - SINGLE TRIP 183A680
A25 CO&LL 1-12 A5 6-144 SINGLE TRIP 3515A06
A26 €08 5-2.5 A5 2-48 SINGLE TRIP 3515A06
A27 CO-5 1-12 A5 - SINGLE TRIP 183A680
A28 CO-8 1-12 0.5 2-48 SINGLE TRIP 3515A06
A29 CO-6 1-12 1 - SINGLE TRIP 183A680
A30 CO-8 1-12 1.0 6-144 SINGLE TRIP 3524A37
A3l CO-9 .5-2.5 0.5 - SINGLE TRIP 183A680
A32 CO-11 5-2.5 1.0 - SINGLE TRIP 183A680
A33 CO-11 575 1.0 2-48 SINGLE TRIP 3155A06
Sub. 34
775B349
Fig. 21. Style Description of CO Relays with ACS Units.
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INSTALLATION

Westinghouse I.L. 41-100
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CO (Hi Lo)
OVERCURRENT RELAY

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

APPLICATION

These induction overcurrent relays are used to
disconnect circuits or apparatus when the current
in them exceeds a given value. Where a station
battery (48 volts or over) is available, the gircuit
closing type relays are normally used to &rip the
circuit breaker.

CONTENTS

This instruction leaflet applied to thejfollowing
types of relays:

Type CO-5 Long Time Relay
CO-6 Definite MinimumyTime Relay
CO-7 ModeratelyfInver§e Time Relay
CO-8 Inverse _TimeaRelay
CO-9 Very Invefsé \Time Relay

CONSTRUGTION AND OPERATION

The type CO%relays consist of an overcurrent
unit (CO), an indicating contactor switch (ICS), and
an indicatingg instantaneous trip unit (IIT) when
re quired.

Electtomagnet

The electromagnet has a main tapped coil located
onthe center leg of an ‘“‘E’’ type laminated structure

NEW INFORMATION

that produces a fluxf which, divides and returns
through the outer legs. A shading coil causes the
flux through the left lég to lag the main pole flux.
The out-of-phase “fluxeS thus produced in the air
gap cause a cofitaét, closing torque.

Indicatings€Contactor Switch Unit (ICS)

The, d-¢ indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leafsspring mounted contacts are attached, is attr-
acted to the magnetic core upon energization of the
switch®» When the switch closes the moving contacts
bridge two stationary contacts, completing the trip
circuit. Also during this operation two fingers on
the armature deflect a spring located on the front of
the switch, which allows the operation indicator
target to drop.

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

Indicating Instantaneous Trip Unit (IIT)

The instantaneous trip unit is a small a-c oper-
ated 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 the operation, two
fingers on the armature deflect a spring located on
the front of the switch which allows the operation
indicator target to drop.

A core screw accessible from the top of the
switch and taps on the coil provides the adjustable
pickup range.

CHARACTERISTICS

The relays are generally available in the follow-
ing current ranges:

EFFECTIVE APRIL 1974



TYPE CO (Hi-Lo) OVERCURRENT RELAY

Range Taps

.5-2.5 ] 0,5, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5

1-12 1.0, 1.2, 1.5, 2.0, 2.5, 3.0, 3.5,4.0, 5.0,
6.0, 7.0, 8.0, 10.0, 12.0

These relays may have either single or double
circuit closing contacts for tripping either one or
two circuit breakers. The relays are wired per the
internal schematics of Fig. 1 to 4.

The time vs. current characteristics are shown
in Figs. 5 to 9. These characteristics give the
contact closing time for the various time dial
settings when the indicated multiples of tap value
current are applied to the relay.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in contacts of the
indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating instantaneous trip contacts will
safely close 30 amperes at 250 volts d-c, and will
carry this current long enough to trip a breaker.

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amiperes.
To change taps requires connecting the lead locat-
ing in front of the tap block to the desifed setting
by means of a screw connection.

Trip Circuit Constants

Contactor Switch —

0.2 ampere tap. . . . . . 6.5 ohms d-c resistance
2.0 ampere tap. . . . .. 0. I'Sy0hms d-c resistance
SETTINGS
'CO Unifl

The overcurrentunit setting can be defined
by tap setting and time dial position or by tap
setting and a specific time of operation at some
current multiple of'the tap setting (e.g. 4 tap setting,
2 time dialy position or 4 tap setting, 0.6 seconds
at 6 times“ap,value current).

Toprovide selective circuit breaker operation,
a, minimum coordinating time of 0.3 seconds plus

circuit breaker time is recommended betweenfthe
relay being set and the relays with which coordina-
tion is to be effected.

The connector screw on the terminal plate
above the time dial makes connections to various
turns on the operating coil. By placing this screw
in the various terminal plate hol€s, the relay will
respond to multiples of tap v@lue‘edrrents in accord-
ance with the various typical time‘éurrent curves.

Caution

Since the tap block conmector screw on both the
CO unit and IIT unit“earries operating current, be
sure that the screwsihare turned tight. In order to
avoid opening thélcurrent transformer circuits when
changing tapsgtinder®oad, connect the spare con-
nector screw, in’ the desired tap position before
removing Sthe other tap screw from the original tap
position.

Instantaneou’s’ Reclosing

Thepfactory adjustment of the CO unit contacts
prowides a contact follow. Where circuit breaker
reelosing will be initiated immediately after a trip
by /the CO contact, the time of the opening of the
eontacts should be a minimum. This condition is
obtained by loosening the stationary contact mount-
ing screw, removing the contact plate and then
replacing the plate with the bent end resting against
the contact spring.

For double trip relays, the upper stationary
contact is adjusted such that the contact spring
rests solidly against the back stop. The lower
stationary contact is then adjusted such that both
stationary contacts make contact simultaneously
with their respective moving contact.

Indicating Contactor Switch (ICS)

The only setting required on the ICS unit 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.

Indicating Instantaneous Trip (IIT)

The proper tap must be selected and the core
screw must be adjusted to the value of pick-up
current desired.

The nameplate data will furnish the actual
current range that may be obtained from the IIT unit.
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1.L. 471-700

It is recommended that the IIT be set on the higher
tap where there is a choice of tap settings. For
example, for a 20 ampere setting use the 20 to 40
tap rather than the 6 to 20 tap.

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 mounting stud
for projection mounting or by means of the four
mounting holes on the flange for the semi-flush
mounting. Either the stud or the mounting screws
may be utilized for grounding the relay. The elec-
trical connections may be made directly to the
terminals by means of screws for steel panel mount-
ing or to the terminal stud furnished with the relay
for thick panel mounting. The terminal stud may
be easily removed or inserted by locking two nuts
on the stud and then turning the proper nut with a
wrench.

For detail information on the FT case refer to
I1.L. 41-076.

ADJUSTMENTS & MAINTENANCE

The proper adjustments to insure correet opesa-
tion of this relay have been made at ghe, factory.
Upon receipt of the relay no customer(ladjustments,
other than those covered under ‘‘SEBBINGSY should
be required.

For relays which include ,an indicating instant-
aneous trip unit (IIT), thefj@nctien of the induction
and indicating instantaneouSWtrip coils is brought
out to switch jaw #3./Withgethis arrangement the
overcurrent units can be tested separately.

Acceptance Check

The foldowing check is recommended to insure
that the rélay i§ in proper working order:

1. Contact
The index mark on the movement frame will
coincidey with the ‘‘0’’ 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 ‘0’ mark by approximately
.020"’. The placement of the various time dial

positions in line with the index mark (will give
operating times as shown on the respeetivegtime-
current curves. For double trip relays, the follow
on the stationary contacts should “bega@pproxi-
mately 1/32”".

Minimum Trip Current

Set the time dial to posifion.6 using the lowest
tap setting, alternafely “apply/tap value current
plus 3% and tap valuefjcurrent minus 3%. The
moving contact shouldieave the backstop at tap
value current plus»39 and should return to the
backstop at tap valuedeurrent minus 3%.

. Time Curve

Table I Shows the time curve calibration points
for th@“warious types of relays. With the time
dial ('set' to”r the indicated position apply the
currentsysSpecified by Table I, (e.g. for the
CQO:8,%92 and 20 times tap value current) and
measure the operating time of the relay. The
%, to 2.5 amp. relay should be set on the lowest
tap and the 1 to 12 amp. relay set on the 2 amp.
tap. The operating times should equal those
of Table I plus or minus 5%.

Indicating Instantaneous Trip Unit (IIT)

The core screw which is adjustable from the top
of the trip unit and the tap located on the top of
the IIT determines the pickup value. The trip
unit has a nominal ratio of adjustment of 1 to
24.

The making of the contacts and target indication
should occur at approximately the same instant.
Position the stationary contact for a minimum of
1/32’'" wipe. The bridging moving contact should
touch both stationary contacts simultaneously.

Apply sufficient current to operate the IIT. The
operation indicator target should drop freely.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient d-c current through the trip circuit to
close the contacts of the ICS. This value of
current should be not greater than the particular
ICS tap setting being used. The operation
indicator target should drop freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the
adjustable stationary contacts. The bridging
moving contact should touch both stationary
contacts simultaneously.
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Routine Maintenance

All relays should be inspected and checked
periodically to assure proper operation. Generally a
visual inspection should call attention to any notice-
able changes. A minimum suggested check on the
relay system is to close the contacts manually to
assure that the breaker trips and the target drops.
Then release the contacts and observe that the
reset is smooth and positive.

If an additional time check is desired, pass
secondary 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 operat-
ing point for the particular application. For the .5
to 2.5 ampere range CO-5 and CO-6 induction unit
use the alternative test circuit in Fig. 16 as these
relays are affected by a distorted waveform. With
this connection the 25/5 ampere current transformers
should be worked well below the knee of the satura-
tion (i.e. use 10L50 or better).

All contacts should be periodically cleaned. A
contact burnisher #182A836H01 is recommended for
this puspose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contacti

CALIBRATION

Use the following procedure for,calibrating the
relay if the relay has been taken apat, fong€pairs
or the adjustments distrubed. This pfoceduse should
not be used until it is apparent that the, relay is not
in proper working order. (See ‘‘Acceptance Check’’)

CO Unit

1. Contact

The index mark onfthe“movement frame will
coincide withthe® ‘0’*®mark on the time dial
when the statiomary c¢ontact has moved through
approximately oneéshélf of its normal deflection.
Therefore, with the stationary contact resting
against the backstop, the index mark is offset
to thegright of the ‘‘0’’ mark by approximately
.020.”’. "The placement of the various time dial
positionsin line with the index mark will give
operating times as shown on the respective time-
current curves. For double trip relays, the follow
on“the stationary contacts should be approxi-
mately 1/32"

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 ‘‘0’’, wind up the spiral
spring by means of the springg@djuster until
approximately 6-3/4 convolutions show.

Set the .5-2.5 amp relay on,the minimum tap
setting and the 1-12 ampvelay on the 2 amp. tap
setting, the time dial toyposition 6.

Adjust the contrel Spring tension so that the
moving contactf willjleave the backstop at tap
value current +19%0% and will return to the back-
stop at tapgvalue, current —1.0%.

Time Curve Calibration

Install the permanent magnet. Apply the in-
dicated current per Table I for permanent magnet
adjustment (e.g. CO-8, 2 times tap value) and
measure the operating time. Adjust the permanent
magnet keeper until the operating time corres-
ponds to the value of Table I.

Apply the indicated current per Table I for the
electromagnet plug adjustment (e.g. CO-8, 20
times tap value) and measure the operating time.
Adjust the proper plug until the operating time
corresponds to the value in Table I. (With—-
drawing the left hand plug, front view, increases
the operating time and withdrawing 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 Switch (ICS)

Close the main relay contacts and pass suf-
ficient d-c current through the trip circuit to
close the contacts of the ICS. This value of
current should be not greater than the particular
ICS tap setting being used. The operation
indicator target should drop freely.

Indicating Instantaneous Trip Unit (IIT)

The proper tap must be selected and the core
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screw adjusted to the value of pickup current
desired.

The nameplate data and tap plate of the IIT
will furnish the actual current range that may
be obtained from the IIT unit.

RENEWAL PARTS

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

4
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TABLE | Q
TIME CURVE CALIBRATION DATA -
PERMANENT MAGNET ADJUSTMEN
TIME CURRENT OPERATING
RTEYLPAEY DIAL (MULTIP LESOF. TIME
POSITION TAP VALUE) SECONDS
CO-5 6 37.80
CO-6 6 2.46
CO-7 6 2 4 .27
CO-8 6 2 13.35
CcO0-9 2 8.87
LE OMAGNET PLUGS
CO-5 6 10 14.30
6 20 1.19
6 20 1.11
6 20 1.11
6 20 0.65
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ENERGY REQUIREMENTS

INSTANTANEOUS TRIP UNIT (IIT)
BURDEN
TYPE RANGES
OF | AVAILABLE | TAP | MINIMUM AT PICKUP OHMS CONT: | 1 SECOND
NT | WITH CORE |SETTING| PICKUP 3 1imEs | 10 TimEs| 20 Times | AMPS RAA,I;?G
UNIT | ADJUSTMENT R XL z PICKUP| PICKUP| PICKUP
2-7 2-1 2 .68 .42 .8 T2 .67 .67 2.9 70
2-48 7-14 7-14 7 .076 .048 .09 .086 .075 .075 T 140
14-48 14-48 14 .032 012 .035 .035 .035 .035 10 185
6-20 6-20 6 .108 .067 127 .125 .125 .100 7 88
6-144 20-40 20-40 20 .016 .008 .018 .018 .018 .018 16 280
40-144 40-144 40 .007 .002 .007 .007 .007 007 25 460
ENERGY REQUIREMENTS
CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM. TIME RELAYS
VOLT AMPERES **
AMPERE | o CO:I;T:SUS ON:ASTElﬁgND FPA%WT%RR AT AT 3 TIMES | AT 10 TIMES| AT 20 TIMES
RANGE TAP VALUE | TAP VALUE | TAP VALUE | TAP VALUE
(AMPERES) | (AMPERES) | ANGLE® CURRENT | CURRENT CURRENT | CURRENT
0.5 2.7 88 69 3.92 20.6 103 270
0.6 3.1 88 68 3.96 20.7 106 288
0.8 3.7 88 67 3.96 21 114 325
0.5/25 1 19 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 4.317 26.2 180 630
1.0 4.5 88 69 3.98 21.0 100 265
1.2 5.5 88 68 3.93 21.3 103 282
1.5 6.0 88 67 4.00 21.8 109 308
2.0 7.7 88 66 3.98 21.9 115 340
2.5 9.5 88 65 3.98 22.2 122 363
3.0 10.0 230 65 4.02 22.5 125 366
1/12 3.5 12.0 230 65 4.06 23.2 132 403
4.0 13°% 230 64 4.12 23.5 137 420
5.0 15.0 230 61 4.18 24.6 150 500
6.0 176 460 60 4.35 25.8 165 570
7.0 20.5 460 57 4.44 27.0 185 630
8.0 22.5 460 53 4.54 28.6 211 736
10.0 23.5 460 48 4.80 32.5 266 940
12.0 26.5 460 42 5.34 37.9 325 1152

* Thermallcapacities for short times other than one second may be calculated on the basis of time being inver -
selyproportional to the square of the current

¢ Degrees current lags voltage at tap value current
wiVoltages taken with Rectox type voltmeter
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I.L. 415100

ENERGY REQUIREMENTS.

CO-7 MODERATELY INVERSE TIME RELAY
VOLT AMPERES **
AMPERE CONTINUOUS | ONE SECOND POWER
B ANGE TAP RATING RATING EACTOR AT AT 3 TIMES | AT 10 TIMES | AT 20 TIMES
(AMPERES) | (AMPERES) ANGLE ¢ TAP VALUE | TAP VALUE | TAP VALUE | TAP VALUE
CURRENT CURRENT CURRENT CURRENT
0.5 2.7 88 68 3.88 20.7 103 278
0.6 3.1 88 67 3.93 20.9 107 288
0.8 3.7 88 66 3.93 21.1 114 320
0.5/2.5 1.0 4.1 88 64 4.00 21.6 122 356
1.5 5.7 88 61 4.08 22.9 148 459
2.0 6.8 88 58 4.24 24%8 174 552
2.5 7.7 88 56 4.38 25.9 185 640
1.0 4.5 88 68 3.86 20.6 100 265
1.2 5.5 88 67 3.82 20.4 104 270
1.5 6.0 88 66 3.92 21.2 110 300
2.0 7.7 88 65 3.90 21.8 117 312
2.5 9.5 88 64 3.90 21.8 123 360
3.0 10.0 230 63 3.92 22.5 127 390
1/12 3.5 12.0 230 63 3497 22.7 131 413
4.0 13.5 230 63 4702 22.9 136 420
5.0 15.0 230 60 4.11 24.1 153 490
6.0 17.5 460 58 4.29 25.5 165 528
7.0 20.5 460 54 4.43 27.3 189 630
8.0 22.5 460 50 4.50 30.8 206 732
10.0 23.5 460 46 4.81 32.6 250 970
12.0 26.5 460 42 5.04 36.9 342 1224
CO-8 INVERSE TIMEWAND CO-9 VERY INVERSE TIME RELAYS
0.5 2.7 88 72 2.38 21 132 350
0.6 3.1 88 71 2.38 21 134 365
0.8 3.7 88 69 2.40 21.1 142 400
0.5/2.5 1.0 4.1 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
1.0 4.5 88 73 2.33 20 135 347
1.2 5.5 88 73 2.33 20 135 361
1.5 6.0 88 72 2.35 20.1 142 383
2.0 o 88 69 2.35 20.2 145 412
2.5 95 88 68 2.36 20.3 146 415
3.0 10.0 230 67 2.37 20.4 149 420
1/12 3.5 12.0 230 66 2.38 20.9 153 450
440 13.5 230 65 2.40 21.0 157 460
5.0 15.0 230 63 2.40 21.0 164 500
6% 17.5 460 60 2.47 21.6 170 525
7.0 20.5 460 57 2.51 21.8 180 600
8.0 22.5 460 55 2.52 22.2 192 672
10.0 23.5 460 48 2.77 24.5 230 830
12.0 26.5 460 45 2.94 25.4 258 960

* WI'hermal capacities for short times than one second may be calculated on the basis of time being inversely

proportional to the square of the other current.

¢ Degrees current lags voltage at tap value current

** Voltages taken with Rectox type voltmeter.



TYPE CO (Hi-Lo) OVERCURRENT RELAY

INTERNAL SCHEMATIC
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Fig. 1 Internal Schematic of the Double Trip Relay Without IIT
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INTERNAL SCHEMATIC
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INSTANTANEOUS
UNIT
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Fig. 2 Internal Schematic of the Double Trip Relay With IIT
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Fig. 3\ Internal Schematic of the Single Trip Relay Without IIT
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I.L. 41-100

INTERNAL SCHEMATIC

INDICATING

CONTACTOR
SWITCH ———o

INDUCTION UNIT
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INSTANTANEOUS
UNIT
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TEST SWITCH
CURRENT TESTJACK
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{\ SHORTING SWITCH

. TERMINAL

|

-
|
|

3498A02

Fig. 4 Internal Schematic of the Single Trip Relay With IT
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' Fig. 10 Diagram of Test Connections for the Type CO Relay
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Westinghouse L. 41-100G

TYPE CO (HI-LO)
OVERCURRENT RELAY

CAUTION

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

APPLICATION

The CO Relay is,a single phase non-directional
time overcurrentadevicé. It is used to sense cur-
rent level aboyve thetsetting and normally is used
to trip a cirecuit®breaker to clear faults. A wide
range of characteristics permit applications involv-
ing coordination with fuses, reclosers, cold load
pickup,\motor starting, or essentially fixed time
applications.

The following describes typical applications of the C@ Relay;

RELAY TIME

TYPE CURVE TYPICAL APPLICATIONS

CO-2 Short 1) Differential protection where saturation ol current
transformers is not expected. or where delayed tripping
is permissible.

2) Overcurrent protection, phase or ground. where co-
ordination with downstream devices is not involved and
2t0 60 cycle tripping is allowable.

CO-5 Long Motor locked rotor protection where allowable locked
rotor time is approximately between 10 and 70 seconds.

CO-6 Definite Overcurrent protection where coordination with down-
stream devices is not involved und CO-2 is too tast. The
operating time of this relay does not vary greatly as
current level varies.

- CO-7 Moderately [nverse 1) Overcurrent protection where coordination with other

devices is required. and generation varies.

CO-8 {nverse 2) Backup protection for relays on other circuits.

C0O-9 Very Inverse

CO-i11 Extremely Inverse 1) Motor protection where allowable locked rotor time is

less than 10 sec.

2) Overcurrent protection where coordination with fuses
and reclosers is involved, or where cold load pickup or
transformer inrush are factors.

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

SUPERSEDES I.L. 41-100F DATED NOVEMBER 1980
@ Denotes changed since previous issue

EFFECTIVE AUGUST 1983
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CONSTRUCTION AND OPERATION

The type CO relays consist of an overcurrent
unit (CO), either an Indicating Contactor Switch
(ICS) or an ac Auxiliary Switch (ACS) and an in-
dicating instantaneous trip unt (IIT) when re-
quired.

Electromagnet

The electromagnets for the types CO-S, CO-6,
CO-7, CO-8 and CO-9 relays have a main tapped
coil located on the center leg of an “E™ type
laminated structure that produces a flux which
divides and returns through the outer legs. A
shading coil causes the flux through the left leg to
lag the main pole flux. The out-of-phase fluxes
‘thus produced in the air gap cause a contact clos-
ing torque.

The electromagnets for the types CO-2 and
CO-11 relays have a main coil consisting of a
tapped primary winding and a secondary winding.
Two identical coils on the outer legs of the lamina-
tion structure are connected to the main coil secon-
dary in a manner so that the combination of all the
fluxes produced by the electromagnet result in qut-
of-phase fluxes in the air gap. The out-of-phase ait
gap fluxes produced cause a contact closing tor-
que.

Indicating Contactor Switch Unit (IGS)

The dc indicating contactor switch is“a, small
clapper type device. A magnetico armature, to
which leaf-spring mounted contacts“are, attached,
is attracted to the magnetic core'uponyenergization
of the switch. When the switch ‘closes the moving
contacts bridge two statidnary, contacts, com-
pleting the trip circuit.“Also\during this operation
two fingers on the’ armature deflect a spring
located on the front of the switch, which allows the
operation indicator target{to drop.

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

ac Auxiliary Switch (ACS)

Theade auxiliary switch is a small ac operated
cldpper, device. A magnetic armature, to which

leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization’of
the switch. When the switch closes, the moving
contacts bridge two stationary contacts com-
pleting the trip circuit. Also, during the operation,
two fingers on the armature deflect a spring
located on the front of the switch whiCh allows the
operation indicator target to drop.

A core screw accessible from“the top of the
switch provides the adjustable pickup range.

Indicating Instantaneous Trip Unit (IIT)

The instantaneous triphunit is a small a-c
operated clapper _type “device. A magnetic ar-
mature, to which leaf-spring mounted contacts are
attached, is attracted to the magnetic core upon
energization of the'switch. When the switch closes,
the movingcontacts bridge two stationary contacts
completing thetrip circuit. Also, during the opera-
tion, two fingers on the armature deflect a spring
locatedon the front of the switch which allows the
operation indicator target to drop.

A"core screw accessible from the top of the
switch and taps on the coil provides the adjustable
pickup range.

CHARACTERISTICS

The relays are generally available in the
following current ranges:

Range Taps

S5-2.5 | 0.5, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5

1-12 1.0, 1.2, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0,

6.0, 7.0, 8.0, 10.0, 12.0

These relays may have either single or double
circuit closing contacts for tripping either one or
two circuit breakers. The relays are wired per the
internal schematics of Fig. 1 to 9.

The time vs. current characteristics are shown
in Figs. 10 to 16. These characteristics give the
contact closing time for the various time dial
settings when the indicated multiples of tap value
current are applied to the relay.
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Trip Clrcuit \ !

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in contacts of either
the indicating contactor switch or the ac auxiliary
switch will safely carry this current long enough
to trip a circuit breaker.

The indicating instantaneous trip contacts will
safely close 30 amperes at 250 volts dc, and will
carry this current long enough to trip a breaker.

Indicating Contactor Switch ‘(ICS)

a. The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2
amperes. To change tapes requires con-
necting the lead located in front of the tap
block to the desired setting by means of a
screw connection.

b. Trip Circuit Constants

0.2 ampere tap ......6.5 ohms dc resistance \

2.0 ampere tap .... 0.15 ohms dc resistanice
ac Auxiliary Switch (ACS)

'a. One of the following ACS units'is,available
in the Hi-Lo Line of relays.

SETTINGS
CO Unit

The overcurrent unit setting can be defined by
tap setting and time dial position or by tap setting
and a specified time of operation at some current
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). The tap setting is the
minimum current réquired to make the disc move.

To provide selectivercircuit breaker operation,
a minimum co6rdinating time of 0.3 seconds plus
circuit breakerntime is recommended between the
relay beingset and the relays with which coor-
dinationfisyto be effected.

© The screw on the terminal plate above the time

dial “‘makes connections to various turns on the
operating coil. By placing this screw in the vari-
ousyterminal plate holes, the relay will respond to
multiples of tap value currents in accordance with
the various typical time-current curves.

(-3 CAUTION

Since the tap block screw on both the CO unit
and IIT unit carries operating current, be sure
that the screws are turned tight.

In_order to avoid opening current transformer
circuits when’ changing taps under load, the relay
must be first removed from the case. Chassis

MINIMUM
ACS/VOLTAGE _|syRECOMMENDED
ACS CURRENT DROP SUPPLY
UNIT RANGE RANGEX1) VOLTAGE (2)
0.15 0.2-0.38 40-76 -
0.5 0.75-1.5 1427 208
1.0 1.5-3.0 6.8:14 120

©/| Notes: (1) This is the vaoltage range which will operate the
ACS ooil only.

(2) When connected as,a‘current switch in series with a
full rated(voltage relay or trip coil

b. Energy Requirements

BURDEN IN THERMAL CAPACITY
YOLT-AMPERES AMPERES RATING (COIL)
ACS AT MINIMUM
UNIT SETTING 1 second continuous
0ls 4.5 4.5 0.16
0.5 4.5 18.0 0.63
1.0 4.5 44.0 1.60

operating shorting switches on the case will short
the secondary of the current transformer. The
taps should then be changed with the relay out-
side of the case and then re-inserted into the
case.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker
reclosing will be initiated immediately after a trip
by the CO contact, the time of the opening of the
contacts should be a minimum. This condition is
obtained by loosening the stationary contact
mounting screw, removing the contact plate and
then replacing the plate with the bent end resting
against the contact spring.
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For double trip relays, the upper stationary
contact is adjusted such that the contact spring
rests solidly against the back stop. The lower
stationary contact is then adjusted such that both
stationary contacts make contact simultaneously
with their respective moving contact.

Indicating Contactor Switch (ICS)
The only setting required on the ICS unit 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.

Indicating Instantaneous Trip (IIT)

The IIT setting is the level of ac current at
which it will pickup. It should be set to coordinate
with other devices so it will never operate for a
fault in a protective zone where tripping should be
produced by other devices. The transient reach

will not exceed 130% for an 80° circuit angle or

108% for a 60° circuit.

" The proper tap must be selected and the core
screw must be adjusted to the value of pick-up
current. desired.

The ‘nameplate data will furnish the actual

current range that may be obtained from the IIT/

unit. It is recommended that the IIT be set ofi the
higher tap where there is a choice of tap’ settings.
For example, for a 20 ampere setting usethei20 to
40 tap rather than the 6 to 20 tap.

ac Auxiliary Switch (ACS)

The core screw must be adjusted tosthe value of
pickup current desired. -

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 relayjvertically by means of the moun-
ing stud for projection mounting or by means of
he four mounting holes on the flange for the semi-
lush mounting. Either the stud or the mounting

crews mayybe utilized for grounding the relay.
he eléctrical connections may be made directly to

the terminals by means of screws for steel panel
mounting or to the terminal stud furnished with
the relay for thick panel mounting. The terminal
stud may be easily removed or inserted by locking
two nuts on the stud and then turning the proper
nut with a wrench.

For detail information on the FT/casé€refer to
I.L. 41-076.

ADJUSTMENTS & MAINTENANCE

The proper adjustments tQvinsure correct
operation of this relay have been made at the fac-
tory. Upon receipt of«the relay no customer ad-
justments, other than“those covered under
“SETTINGS” should besrequired.

For relays whichvinclude an indicating instan-
taneous tripaunit(IIT), the junction of the induc-

tion andW%indicating instantaneous trip coils is

brought Gut to.switch jaw #3. With this arrange-
ment the overaurrent units can be tested separately.

© Performance Check

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

[. Contact .

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 deflec-
tion. Therefore, with the stationary contact
resting against the backstop, the index mark is
offset to the right of the “O” mark by ap-
proximately .020". The placement of the
various time dial positions in line with the index
mark will give operating times as shown on the
respective time-current curves. For double trip
relays, the follow on the stationary contacts
should be approximately 1/32".

2. Minimum Trip Current
Set the time dial to position 6 using the lowest
tap setting, alternately apply tap value current
plus 3% and tap value current minus 3%. The
moving contacts should leave-the backstop at
tap value current plus 3% and should return to
the backstop at tap value current minus 3%.
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. Time Curve

For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time
dial position is 53.5 *5% seconds and should
be checked first. It is important that the 1.30
times tap value current be maintained accu-
rately. The maintaining of this current accu-
rately is necessary because of the steepness of
the slope of the time-current characteristic
(Figure 16). A slight variation, * 1%, in the 1.3
times tap value current (including measuring
instrument deviation) will change the timing
tolerance to + 10% and the effects of different
taps can make the total variations appear to
be £ 15%.

Table I shows the time curve calibration points
for the various types of relays. With the time
dial set to the indicated position apply the
currents specified by Table I, (e.g. for the CO-8;
2 and 20 times tap value current) and measurg
the operating time of the relay. The .5 to 24§
amp. relay and all CO-2 relays should be seton
the lowest tap. The 1 to 12 amp. relay should'be
set on the 2 amp. tap with the exceptionof Isi2
amp. CO-2 relay which should be‘set ot | amp.
tap. The operating times shouldtequal,those of
Table 1 plus or minus 5%.

. Indicating Instantaneous Trip(Unit (1IT)

The core screw which is adjustablesrom the top
of the trip unit and the,tapilocated on the top of
the IIT determines the ‘pickup”value. The trip
unit has a nominal ratio offadjustment of 1 to
24.

The making of the centacts and target indica-
tion should occurat approximately the same in-
stant. Position»the stationary contact for a
minimum of,4/32" wipe. The bridging moving
contact should“touch both stationary contacts
simultaneously.

Applsufficient current to operate the IIT. The
operation indicator target should drop freely.

. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient dc current through the trip circuit to
close the contacts of the ICS. This value of
current should be not greater than the par-
ticular ICS tap setting being used. The opera-
tion indicator target should drop freely.

The contact gap should be approximately .047"
between the bridging moving contact and the
adjustable stationary contacts. The bridging
moving contact should touch both stationary
contacts simultaneously.

6. ac Auxiliary Switchy(AGS)

The core screw which istadjustable from the top
of the ACS unit determines the pickup value.
The making Of thescontacts and target indica-
tion shouldyoccuriat approximately the same in-
stant. Pesitiongthe stationary contact for a
minimum of%} /32" wipe. The bridging moving
contact should touch both stationary contacts
simultaneously.

Applyssufficient current to operate the ACS.
The%operation indicator target should drop
freely.

Routine Maintenance

All relays should be inspected and checked
periodically to assure proper operation. Generally
a visual inspection should call attention to any
noticeable changes. A minimum suggested check
on the relay system is to close the contacts manual-
ly to assure that the breaker trips and the target
drops. Then release the contacts and observe that
the reset is smooth and positive.

If an additional time check is desired, pass
secondary 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 CO-5 and CO-6 induc-
tion unit use the alternative test circuit in Fig. 19
as these relays are affected by a distorted
waveform. 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 #182A836H0! is recommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended. because o
the danger of embedding small particles in the fac
of the soft silver and thus impairing the contac
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CALIBRATION

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs
or the adjustments disturbed. This procedure
should not be used until it is apparent that the

© relay is not in proper working order. (See ‘‘Per-
formance Check”).

CO Unit

I. Contact

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 deflec-
tion. Therefore, with the stationary contact
resting against the backstop, the index mark is
offset to the right of the **O™ mark by ap-
proximately .020". The placement of the
various time dial positions in line with the index
mark will give operating times as shown on the
respective time-current curves. For double trip
relays, the follow on the stationary contacts
should be approximately 1/32":

19

Minimum Trip. Current

The adjustment of the spring tension in setting
the minimum trip current value of the relay is
most conveniently made with the damping
magnet removed.

With the time dial set on “O™, wind up the
spiral spring by means of the spring adjuSter
until approximately 6-3/4 convolutions show.

Set the .5-2.5 amp relay and all CO-2, frelayson
the minimum tap setting. With theélexception of
CO-2 relay, set the 1-12 amp. relay%on,the 2
amp. tap setting. Set the 1-12 amp. C@-2 on the
| amp. tap. Set time dial positions6 on all
relays,

Adjust the control springhtensién so that the
moving contact willfleave thebbackstop at tap
value current +1.0% 4und 4will return to the
backstop at tap value“cusfent —1.0%.

Time Curve Calibration

Install the permanert magnet. Apply the in-
dicuted current per Tuble | for permanent
magnet adjistment (e.g. CO-8. 2 times tap
value) ufdumeasure the operating time. Adjust
he permanent magnet keeper until the
peratingetime corresponds to the value of
dblewly :

For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time
dial position is 53.5 +5% seconds. It is im=
portant that the 1.30 times tap value current
be maintained accurately. The maintaining of
this current accurately is necessary because of
the steepness of the slope of the time-current
characteristic (Fig. 16). A slight variationf 1%,
in the 1.3 times tap value curreat (including
measuring instrument deviation)will'change the
timing tolerance to + 10% and/the effect of
different taps can make the total variations
appear to be + 15%. 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 made.

Apply the‘indicated current per Table I for the
electromagnetiplug adjustment (e.g. CO-8, 20
times tap value) and measure the operating
time, Adjust the proper plug until the operating
time corresponds to the value in Table I.
(Withdrawing the left hand plug, front view, in-
creases the operating time and withdrawing 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 adjust-
ment.

1. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient dc current through the trip circuit to
close the contacts of the ICS. This value of
current should be not greater than the par-
ticular [CS tap setting being used. The opera-
tion indicator target should drop freely.

. ac Auxiliary Switch (ACS)

The core screw must be adjusted to the value of
pickup current desired. The nameplate data of
the ACS will furnish the actual current range
that may be obtained from the ACS unit.

»
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6. Indicating Instantaneous Trip Unit (11T)
The proper tup must be selected and the core
screw adjusted to the value of pickup current
desired.
The nameplate data and tap plate of the T

will furnish the actual current range that may
be obtained from the [IT unit.

RENEWAL PARTS

Repair work can be done most satisfactorily
at the factory. However. ifterchangeable: parts
can be furnished tgrthe customers who are equip.
ped for doingeeepair®wark. When ordering part
always give the Campléte nameplate data.

TABLE |

TIME CURVE CALIBRATION DATA -
50 and 60 Hertz

PERMANENT MAGNET ADJUSTMENT
RELAY TIME CURRENT | OPERATING
TYPE DIAL (MULTIPLES TIME
POSITION OF TAP SECONDS
VALUE)
CO-2 6 3 0.57
CO-5 6 2 37.80
CO-6 6 2 2.46
CO-7 6 2 4.7
CO-8 6 2 13.35
Co-9 6 2 8.87
CO-11 6 2 11.27
ELECTROMAGNET PLUGS
CO-2 6 20 0.22
CO-5 6 10 14.30
CO-6 6 20 .19
Co.7 6 20 11
CO-8 6 20 111
CO-9 6 20 0.65
CO-11 6 20 024 &

A For 50 Hz. CO-11 relay 20 times operating time
limits are 0.24 + 10% —5%.
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ENERGY .REQUIREMENTS

INSTANTANEOUS TRIP UNIT (OIT)

BURDEN
";:E Ac:l:igiﬁ TAP | MINIMUM AT PiCKUP OHMS RCA‘?',':: i ! SE_:O';D
ATIN
JI;TT :g::sﬁ::ﬁ.r SETTING | PICKUP R XL z 3 TIMES | 10 TIMES| 20 TIMES AMPS RAM"S
: PICKUP| PICKUP| PICKUP
2.7 R:7 2 68 | 42 | .8 12 67| .67 2.5 70
-48 7-14 7-14 7 .076 | .048 | .09 | .086 .| .075 .075 7 140
14-48 14-48 14 .032 { .012 | .035 | .035 .035 .035 10 185
6-20 6-20 6 .108 | .067 | .127 | .125 125 .100 7 88
-144 20-40 2040 | 20 .016 | .008 | .018 | .018 .018 .018 16 280
40-144 40-144| 40 %007 | .002 | .007 | .007 .007 .007 25 460
) ENERGY REQUIREMENTS .
C0=2 SHORT TIME RELAY
- ' UJ VOLT AMPERES **
CONTINUOUS|ONE SECOND| POWER ’
wERE| _ o RATING RATING FACTOR AT AT,3 TIMES | AT 10 TIMES [AT 20 TIMES
ANGE {AMPERES) (AMPERES) ANGLE ¢ TAP VALUE | 'TAP VALUE | TAP VALUE | TAP VALUE
4 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% 42.7 308 1024
5/2.5 1.0 1.37 28 50 5w 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
1.0 1.65 28 55 4.6 37.3 266 895
1.2 1.90 28 54 4.6 38.0 280 1000
1.5 2.20 28 53 - 4.8 40.0 310 1150
2.0 3.30 28 54 4.8 40.5 315 1180
2.5 4.00 56 4 56 4.7 39.2 282 970
3.0 5.00 56 55 4.9 40.2 295 1050
3.5 5.50 56 54 4.9 41.0 312 1125
4.0 6.50 56 53 4.8 41.0 325 1150
5.0 7.10 230 53 5.1 42.7 330 1200
6.0 8.80 230 50 5.2 44.0 360 1350
7.0 9.50 230 48 5.7 48.5 390 1600
8.0 10.50 230 46 6.2 53.0 475 1800
0.0 12.00 230 40 6.8 61.0 565 2500
.0 13700 230 35 7.8 70.0 680 3300

'‘acities for'short times other than one second may be calculated on the basis of time being
portional to the square of the current
intilags voltage at tap value current

n with Rectox type voltmeter

bf’
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ENERGY REQUIREMENTS
0-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS

1 VOLT AMPERES**
CONTINUOUS | ONE SECOND POWER
GE | TAP ‘ A':‘PTE':‘; 9 | A';‘PTE'::S) :::I:; TAPAVTALUE r‘f»’ﬂfﬁi 7 IP'%IILA:JEES T Ip”vl'i‘f é
CURRENT CURRENT CURRENT CURRENT

0.5 2.7 38 69 3.92 2006 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 | 4 4.1 88 66 4.07 21.4 122 360
1.5 5.7 88 62 4.10 23.2 147 462

2.0 6.8 88 60 4,30 24.9 168 548

2.5 7.1 88 58 437 26.2 180 630

1.0 4.5 88 69 3798 21.0 100 265

1.2 5.5 88 68 3.93 21.3 103 282

1.5 6.0 88 67 4.00 21.8 109 308

2.0 7.7 88 66 3.98 21.9 115 340

2.5 9.5 88 65 3.98 22.2 122 363

3.0 10.0 230 65 4.02 22.5 125 366

1/12 3.5 12.0 230 65 4.06 23.2 132 403
4.0 13.5 230 64 4.12 23:5 137 420

5.0 15.0 230 61 4.18 " 24.6 150 500

6.0 17.5 460 60 4.35 25.8 165 570

17.0. 20.5 460 57 4.44 27.0 185 630

8.0 22.5 460 53 4.54 28.6 211 736

10.0 23.5 460 48 4.80 32.5 266 940

12.0 26.5 460 42 5.34 37.9 325 1152

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

sely proportional to the,squareyof the current

¢ Degrees current lags)yvoltage at tap value current
* *Voltages taken with Rectox type voltmeter
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ENERGY REQUIREMENTS

CO-7 MODERATELY INVERSE TIME RELAY

conTiuous| one VOLT AMPERES®™®
AMPERE | 1 p RATING | ORarrea @ fSowER AT AT 3 TIMES | AT 10 TIME.
(AMPERES) | (AMPERES) | ANGLEg | TAP VALUE | TAP VALUE | TAP VALUE
CURRENT | CURRENT | CURRENTY
0.5 2.7 88 68 3.88 20.7 103
0.6 3.1 88 67 3.93 ° 20.9 107 "
0.8 3.7 88 66 3.93 21.1 114 32L
0.5/2.5 | 1.0 4.1 88 64 4.00 21.6 122 356
1.5 5.7 88 €1 4.08 22.9 tag 459
2.0 6.8 88 58 4.24 24.8 i74 552
2.5 7.1 88 56 4.38 25.9 185 640
1.0 4.5 .88 68 3.86 20.6 100 265
1.2 5.5 88 67 3.82 20.4 104 270
1.5 6.0 88 66 3.92 202 110 300
2.0 7.1 88 65 3.90 21%8 117 312
2.5 9.5 88 64 3.90 21.8 123 360
3.0 10.0 230 63 3.92 22.5 127 390
1/12 3.5 12.0 230 63 3.97 220 131 413
4.0 13.5 230 63 4.02 22.9 136 420
5.0 15.0 230 60 4.11 24.1 153 490
6.0 17.5 430 S8 4.29 25.5 165 528
7.0 20.5 460 54 4.43 27.3 189 630
8.0 22.5 460 50 450 30.8 206 732
10.0 23.5 460 46 4.81 32.6 250 970
12.0 26.5 460 42 5.04 36.9 342 1224
CO-8 INVERSE TIME AND CO-9 ¥ERY INVERSE TIME RELAYS
0.5 2.7 88 72 2.38 21 132 350
0.6 3.1 88 71 2.38 21 134 365
0.8 3.7 88 69 2.40 21.1 142 400
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 7.1 88 53 - 2.74 24.8 228 800
1.0 4.5 88 73 2.33 20 135 347
.2 5.5 88 73 2.33 20 135 361
1.5 6.0 88 72 2.35 20.1 142 383
2.0 7.7 88 69 2.35 20.2 145 412
2.5 9.5 88 68 2.36 20.3 146 415
3.0 10.0 230 67 2.37 20.4 149 420
3.5 12.0 230 66 2.38 20.9 153 450
4.0 13.5 230 65 2.40 21.0 157 460
5.0 15.0 230 63 2.40 21.0 164 500
6.0 17.5 460 60 2.47 21.6 170 525
7.0 20.5 460 57 2.51 21.8 180 600
8.0 22.5 460 55 2.52 22.2 192 672
10.0 23.5 460 48 2.71 24.3 230 830
12.0 26.5 460 45 2.94 25.4 258 960

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

*urrént iags voltage at tap value current.
‘aken with Rectox type voltmeter.

D






INT'ERNAL SCHEMA Tic

i

RED LT
TEST Switey
o & : CURRERT Tgsr Jicx

CHASS s OPERATED
SHORT I ng SwiTey

TERNINAL

INDICATORG
CONTACTOR
iTe

IROUCT ) o Unir

Sud. 3
5704524
£ig. 7 Internay Schomatic of the Doupie

Trip Relay Without 11



L.L. 41-100G

INTERNAL SCHEMATIC

INDICATING

CONTACTOR /l\g
SWITCH w108 s =
/
' INDUCTION UNIT
CO ¢ asmmnd
== (uT nT co —|
1 L
—— a—
1CS < INDICATING
| | _1—T  INSTANTANEOUS
I' T T A UNIT

CURRENT TEST JACK

CHASSIS OPERATED
[~ SHORTING SWITCH

. TERMINAL

! | RED HANDLE
7" " 706 "6 "o "o AT TEST SWITCH

Sub. 1
3498A03

Fig. 2. Internal Schematic of the Double Trip Relay With IIT
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Fig. 3. Internal Schematic of the Single Trip Relay Without IIT
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Fig. 4. Internal Schematic of the Single Trip Relay With IIT
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Fig. 5. Internal Schematic of Double Trip Relay With IIT to Separate Terminals.
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Fig. 6. Internal Schematic of the Single Trip Relay with /IT Contacts wired to Two

Separate Terminals
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Fig. 7. Internal Schematic of the Single Trip Relay with an ACS Unit
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Fig. 8. Internal Schematic of the Single Trip Relay with an ACS unit and IIT
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Fig. 9. Internal Schematic of the Single Trip Relay with an ACS Unit and with IIT
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MULTIPLES OF TAP VALUE CURRENT
Fig. 10. Typical Time Curve of the Type CO-2 Relay
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Fig. 15. Typical Time Curve of the Type CO-9 Relay
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STATION BuS
A POS. D.C. TRIP BUS
OR
s c

o2
3
? 7
>
for
ke
|
4
‘—-——-

51-8 Si-C 51-N

€S

DEVICE NUMBER CHART

52 51 — OVERCURRENT RELAY, TYPE CO
T l | SkN - GROUND OYERCURRENT RELAY, TYPE CO
ABC

S2 - POWER CIRCUIT BREAKER
ICS = INDICATING CONTACTOR SWITCN NEG.
a = BREAKER AUXILIARY CONTACT OR.
TC = BREAKER TRIP COIL POS. Sub. 2
182A755

© Fig. 17. External Schematic of HiLo CO relay for Phass and)Ground Overcurrent Protection on a Three Phase System.

STATION BUS . ' . AC TRIP BUS
8
—— ]
5 S-A %
OB AT B O . a
\ % 5i-8 %'- _ 5-8  S5I-C  Si~N
__.oMlJ;@.o—&PH.B
5 ( SAME AS PHASE A)
P T ACS .
LB O—@PH.C

o 3. t ot

DEVICE NUMBER CHART
Sl — OVERCURRENT RELAY, TYPE CO(DWG.I834680)

l l I’ 51-N“ GROUND OVERCURREN} RELAY, TYPE CO —é a

52 = POWER CIRCUIT BREAKER
520 — BREAKER AUXILARY CONTACT
AB ¢ ACS — INDICATING CONTACTOR SWITCH
TC — BREAKER TRIP COIL

3527A93

Fig. 18. External Schematic of HiLo CO Relay with ACS Unit for Phase and Ground Protection on a Three Phase System
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€0 RELAY (FRONT VIEW)

3

1CS

I e R R

RESISTANCE

—

F

)

j

TO TIMER_(TIMERMSTOPS. WHEN. )
SToP (RELAY/CONTACT )
(CLOSES

TO TIMER (TIMER STARTS WHEN)
START - (SWHTCH -"S"-CLOSES}

SWITCH
LOAD e
AMMETER 0

O 120 VOLTS

s AC

®

RELAY SHOULD

- Buerer BE TESTED

25/5 C. T,

ALTERNATIVE CONNECTIONS FOR .S TO 2.5 AMPERE RANGE

C0-5 AND CO-6 RELAYS

Sub. 3
3503A43

Fig. 19. Diagram of Test Connections for the Type CO Relay.
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30

RELAY TYPE FIRST 7 DIGITS OF STYLE NO.
Co-2 265C195
CO-5 264C897
CO-6 264C898
CO-7 264C899
CO-8 264C900
C0-9 264C901
CO-11 265C047
LAST
THREE
DIGITS
OF STYLE | RANGE| RANGE DESCRIPTION SCHEMATIC
NUMBER | CO T |
SoHZ| o
A0l | A21 | s-2.5 - [SINGLETRIP $7D4523
(F1G. 3)
A02 | A22 | s-25 - |DOuBLETRIP 57D4524
(FIG. 1)
A03 | A23 | 5-25 | 248 |SINGLE TRIP 3498A02
(FIG. 4)
A04 | A24 | 525 | 248 |DOUBLETRIP 3498A03
(FIG.2)
A0S | A25 | 1-12 - |SINGLETRIP 57D4523
(FIG. 3)
A06 | A26 1-12 - |DOUBLETRIP 57D4524
(FIG. 1)
A07 | a27 | 112 | 6144 |SINGLETRIP 3498A02
(FIG. 4)
A08 | A28 | 1-12 | 6-144 |DOUBLE TRIP 3498A03
(FIG. 2)
A09 | A29 | s-25 | 6-144 |SINGLE TRIP 3498A02
(FIG. 4)
AI0 | A30 | 5-2.5 | 6-144 | DOUBLE TRIP 3498A03
(FIG. 2)
All A3l 1-12 2-48 |SINGLETRIP 3498A02
(FIG. 4)
Al2 | A2 | 142 249 | DOUBLE TRIP 3498A03
\ (FIG. 2)
WITH IIT CONTACTS WIRED | 3508A73
Al3 | A33 | 525 | 248 fDOUBLETRIP §g  tl T CONT T A b
WITH IIT CONTACTS WIRED 3508A73
Ald | A34 | 112 [ g6-184 | DOUBLETRIP 1 gEpARATE TERMINALS FIG.5)
WITH [IT CONTACTS WIRED 3508A73
A1s | A35 4" 525 %614 [DOUBLETRIP JTH LT CONTACTS WIRED ey
WITH IIT CONTACTS WIRED 3508A73
Al6 | A36 [Tel2 | 248 | DOUBLETRIP 1o gEpARATE TERMINALS (FIG. 5)
WITH 1IT CONTACTS WIRED
Al7 525 | 248 [SINGLETRIP T T CO A R ALs| 3516407
WITH IIT CONTACTS WIRED
a1s\ A38 | 112 | 61as |SINGLETRIP T T O A T AL | 3516A07
WITH [IT CONTACTS WIRED
Al9 525 | 6144 [SINGLETRIP ;TR T C O AT NaLs| 1516407
WITH [IT CONTACTS WIRED
A20 | As0 | 1-12 248 |SINGLETRIP N TH T O A R ngaLs| 3516A07

Fig. 20. Style Descriptions of CO Relay with ICS Unit.

Sub. 34
7758349
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HI-LO CO RELAYS WITH ACS UNITS

FIRST SEVEN DIGITS OF STYLE NUMBERS ARE 1445C81

LAST ACS
THREE UNITS
DIGITSOF | RELAY | RANGE IN RANGE SCHEMATIC |
STYLE NO. | TYPE co AMPS ur DESCRIPTION
B0 HZ[SOHZ
A0l CO-11 1-12 S - SINGLE TRIP 183A680
A02 CO-11 1-12 1.0 - SINGLE FRIP 183A680
A03 Co-8 1-12 1.0 - SINGLEsTRIP 183A680
A04 Co-5 1-12 1.0 - SINGLE TRIP 183A680
A0S CO-5 1-12 1.0 6-144 SINGLENTRIP 3515A06
A06 Co-9 1-12 1.0 6-144 SINGLE, TRIP 3515406
AO7 | . CO-11 1-12 0.5 6-144 SINGLE TRIP 3515A06
A08 CO-9 1-12 1.0 - SINGLE TRIP " 183A680
A09 CO-9 1-12 0.5 - SINGLE TRIP 183A680
AlO COo-9 1-12 0.5 6144 SINGLE TRIP 3515A06
All CO-2 1-12 0.5 6-148 SINGLE TRIP " 3515A06
Al2 Co-5 5-2.5 0.5 - SINGLE TRIP 183A680
Al3 CO-2 1-12 1.0 6-144 SINGLE TRIP 3515A06
Al4 Co-9 5-2.5 1.0 248 SINGLE TRIP 3515A06
Al7 | A15 | CO-8 1-12 {.0 6-144 SINGLE TRIP 3515A06
Al6 CO-11 1-12 1o 6-144 SINGLE TRIP 3515A06 -
AlS CO-8 1-12 S 6-144 SINGLE TRIP 3515A06
Al9 CO-11 | .5-2.5 K] - SINGLE TRIP 183A680
A20 CO-7 1-12 | - SINGLE TRIP 183A680
A23 CO-8 5-245 I - SINGLE TRIP 183A680
A24 CO-5 .5-2.5 I - SINGLE TRIP 183A680
A25 CO-11 N S) A5 6-144 SINGLE TRIP 3515406
A26 CO-8 5-2.57 | .15 248 SINGLE TRIP 3515A06
A27 CO-5 2 15 - SINGLE TRIP 183A680
A28 CO-8 1-12 0.5 248 SINGLE TRIP 3515A06
A29 CO:6 1-12 I - SINGLE TRIP 183A680
A30 Cco-8 1-12 1.0 6-144 SINGLE TRIP 3524A37
A3l co-9 5-2.5 0.5 - SINGLE TRIP 183A680
A2 CO-11 | .5-2.5 1.0 - SINGLE TRIP T83A630
A3S CO-11 | .5-2.5 1.0 248 SINGLE TRIP 3155A06
Sub. 34
7758349

Fig. 21. Style Description of CO Relays with ACS Units.
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Fig. 22. CQutline and Oriiling Plan for the Type CO Reiay.
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INSTALLATION

9

Westinghouse 1.L. 41-100D
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO (Hi Lo)
OVERCURRENT RELAY

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

APPLICATION

These induction overcurrent relays are used to
disconnect circuits or apparatus when the current
in them exceeds a given value. Where a station
battery (48 volts or over) is available, the circuit
closing type relays are normally used to trip tdie
circuit breaker.

CONTENTS

This instruction leaflet applies to ghe“fellowing
types of relays:

Type CO-2 Short Time Relay
CO-5 Long Time Relay
CO-6 Definite Minimum Time Relay
CO-T7 Moderately Inverse Bime/Relay
CO-8 Inverse Time Relay:
CO-9 Very Invense, Time Relay
CO-11 Extremely*Tnverse» Relay

CONSTRUCTION AND OPERATION

The type ,CO (tedays consist of an overcurrent
unit (CO), an indicatimg contactor switch (ICS), and
an indicafing ginstamtaneous trip unit (IIT) when
required

Electromagnet

The electromagnets for the types CO-5, CO-6,
CO-7, CO-8and CO-9 relays have a main tapped coil
located on the center leg of an ‘‘E’’ type laminated
Structure that produces a flux which divides and
returns through the outer legs. A shading coil causes
the” flux through the left leg to lag the main pole
flux. The out-of-phase fluxes thus produced in the
air gap cause a contact closing torque.

SUPERSEDES I.L. 41-100C, dated May 1976

O Denotes change from previous Issue.

The electromagnets, fomy the types CO-2 and
CO-11 relays have almafn \¢oil consisting of a tapped
primary winding afid a‘se¢ondary winding. Two iden-
tical coils on the outes legs of the lamination struc-
ture are connecte@d,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 thepair gap. The out-of-phase air gap fluxes
préduced (cause a contact closing torque.

Indicating Contactor Switch Unit (ICS)

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 con-
tacts bridge two stationary contacts, completing the
trip circuit. Also during this operation two fingers
on the armature deflect a spring located on the front
of the switch, which allows the operation indicator
target to drop.

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

Indicating Instantaneous Trip Unit (IIT)

The instantaneous trip unit is a small a-c oper-
ated 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 the operation, two
fingers on the armature deflect a spring located on
the front of the switch which allows the operation
indicator target to drop.

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 re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacred.

EFFECTIVE DECEMBER 1976




TYPE CO (Hi-Lo) OVERCURRENT RELAY

A core screw accessible from the top of the
switch and taps on the coil provides the adjustable
pickup range.

CHARACTERISTICS

The relays are generally available in the follow-
ing current ranges:

Range Taps

.5-2.5 | 0,5, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5

1-12 1.0, 1.2, 1.5, 2.0, 2.5, 3.0, 3.5,4.0,5.0,
6.0, 7.0, 8.0, 10.0, 12.0

These relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers. The relays are wired per the internal
schematics of Fig. 1 to 5.

The time vs. current characteristics are shown in
Figs. 6 to 12. These characteristics give the contact
closing time for the various time dial settings when
the indicated multiples of tap value current are ap-
plied to the relay.

Trip Circuit

The main contacts will safely close 30 amper€es
at 250 volts d-c and the seal-in contacts of the
indicating contactor switch will safely carry this
current long enough to trip a circuit breaker.

The indicating instantaneous trip coOntacts will
safely close 30 amperes at 250 volts d-g@, amd will
carry this current long enough to,tripta breaker.

The indicating contactor swit¢h” haswtwo taps
that provide a pickup setting of 0.2 on2 amperes.
To change taps requires conneeting“the lead locat-
ing in front of the tap block (togthé) desired setting
by means of a screw conneétion.

Trip Circuit Constants

Contactor Switch —

0.2 ampere tap. . . . . . 6.5 ohms d-c resistance
2.0 ampere tap. . @ . - 0.15 ohms d-c resistance
SETTINGS
CO Unit

The “overcurrent unit setting can be defined
by ta@py 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 second§ at
6 times tap value current). The tap setting is the
minimum current required to make the disc move.

To provide selective circuit breaker operation,
a minimum coordinating time of 0.3/seefnds plus
circuit breaker time is recommended hetween the
relay being set and the relays with which coordina-
tion is to be effected.

The connector screw on4he terminal plate
above the time dial makeS%connections to various
turns on the operating eoilp, By placing this screw
in the various terminaljyplate” holes, the relay will
respond to multiples”of.tapyvalue currents in accord-
ance with the various typical time-current curves.

Caution

Sincé thémtapiblock connector screw on both the
CO unit,and®IT unit carries operating current, be
sure that“the  Screws are turned tight. In order to
avoid9opening the current transformer circuits when
chamging“aps under load, connect the spare con-
nector ‘Serew in the desired tap 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
reclosing will be initiated immediately after a trip
by the CO contact, the time of the opening of the
contacts should be a minimum. This condition is
obtained by loosening the stationary contact mount-
ing screw, removing the contact plate and then
replacing the plate with the bent end resting against
the contact spring.

For double trip relays, the upper stationary
contact is adjusted such that the contact spring
rests solidly against the back stop. The lower
stationary contact is then adjusted such that both
stationary contacts make contact simultaneously
with their respective moving contact.

Indicating Contactor Switch (1CS)

The only setting required on the ICS unit is
the sclection 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.
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Indicating Instantaneous Trip (IIT)

The proper tap must be selected and the core
screw must be adjusted to the value of pick-up
current desired.

The nameplate data will furnish the actual
current range that may be obtained from the IIT unit.
It is recommended that the IIT be set on the higher
tap where there is a choice of tap settings. For
example, for a 20 ampere setting use the 20 to 40
tap rather than the 6 to 20 tap.

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 mounting stud
for projection mounting or by means of the four
mounting holes on the flange for the semi-flush
mounting. Either the stud or the mounting screws
may be utilized for grounding the relay. The elec-
trical connections may be made directly to ghe
terminals by means of screws for steel panel mounts
ing or to the terminal stud furnished withfthe relay
for thick panel mounting. The termindl, stud may
be easily removed or inserted by locking two nuts
on the stud and then turning the proper nut with a
wrench.

For detail information on thg FT _ ease refer to
I.L. 41-076.

ADJUSTMENT Sm& SMAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
Upon receipt@f thé relay no customer adjustments,
other thanfthose“eovered under ‘‘SETTINGS’’ should
be required.

For relaysfwhich include an indicating instant-
aneous trip unit (IIT), the junction of the induction
and indicating instantaneous trip coils is brought
out to switch jaw #3. With this arrangement the
overcurrent units can be tested separately.

Acceptance Check

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

3.

4.

Contact

The index mark on the movement frame will
coincide with the ‘‘0’’ mark om, the)time dial
when the stationary contact has mé¥ved through
approximately one-half of its normal deflection.
Therefore, with the stationarygcontact resting
against the backstop, sthe index mark is offset
to the right of the ‘f0’’¢mark by approximately
.020’'. The placement offhe various time dial
positions in linegwith@the index mark will give
operating timesfas/shown on the respective time-
current curves. F'or double trip relays, the follow
on the stationamy contacts should be approxi-
mately 1/32%.

Minimum Teip Current

Set the“bime dial to position 6 using the lowest
tap sebting, alternately apply tap value current
plusf 3% and tap value current minus 3%. The
moyving contact should leave the backstop at tap
valueé current plus 3% and should return to the
backstop at tap value current minus 3%.

Time Curve

For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial
position is 54.9 5% seconds and should be
checked first. It is important that the 1.30 times
tap value current be maintained accurately. The
maintaining ofthis current accurately is necessary
because of the steepness of the slope of the time-
current characteristic (Figure 12). A 1% variation
in the 1.30 times tap value current (including
measuring instrument deviation) will change the
nominal operating time by approximately 4%.

Table I shows the time curve calibration points
for the various types of relays.With the time dial
set to the indicated position apply the currents
specified by Table I, (e.g. for the CO-8, 2 and
20 times tap value current) and measure the
operating time of the relay. The .5 to 2.5 amp.
relay and all CO-2 relays should be set on the
lowest tap. The 1 to 12 amp. relay should be set
on the 2 amp.tap with the exception of 1-12 amp.
CO-2 relay which should be set on 1 amp.tap.
The operating times should equal those of Table
I plus or minus 5%.

Indicating Instantaneous Trip Unit (IIT)

The core screw which is adjustable from thetop
of the trip unit and the tap located on the top of
the IIT determines the pickup value. The trip
unit has a nominal ratio of adjustment of 1 to
24.
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The making of the contacts and target indication
should occur at approximately the same instant.
Position the stationary contact for a minimum of
1/32’" wipe. The bridging moving contact should
touch both stationary contacts simultaneously.

Apply sufficient current to operate the IIT. The
operation indicator target should drop freely.

5. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient d-c current through the trip circuit to
close the contacts of the ICS. This value of
current should be not greater than the particular
ICS tap setting being used. The operation
indicator target should drop freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the
adjustable stationary contacts. The bridging
moving contact should touch .both stationary
contacts simultaneously.

Routine Maintenance

All relays should be inspected and checked
periodically to assure proper operation. Generally a
visual inspection should call attention to any notice-
able changes. A minimum suggested check on the
relay system is to close the contacts manually to
assure that the breaker trips and the target drops.
Then release the contacts and observe that the
reset is smooth and positive.

If an additional time check is, desired, ‘pass
secondary curtent through the relay4and check the
time of operation. It is preferablefto make this at
several times pick-up current at an,expeected operat-
ing point for the particular applieatién. For the .5
to 2.5 ampere range CO-5 and £0% induction unit
use the alternative tesg, cireuit@indFig. 14 as these
relays are affected by a,distorted waveform. With
this connection the 25/54ampete current transformers
should be worked well ‘below the knee of the satura-
tion (i.e. use 10L50 or better).

All contacts should be periodically cleaned. A
contact burnisher) #182A836H01 is recommended for
this puspése. The use of abrasive material for
cleaning “eontacts is not recommended, because of
the danger of embedding small particles in the face
of§themsoeft silver and thus impairing the contact.

CALIBRATION

Use the following procedure for calibratingfthe
relay if the relay has been taken apart for repairs
or the adjustments distrubed. This procedure should
not be used until it is apparent that the relay is not
in proper working order. (See ‘‘Acceptance Check”’)

CO Unit

1. Contact

The index mark on the movement frame will
coincide with the ‘‘0’’ bnarkfon the time dial
when the stationary contaet,has moved through
approximately one-half“ef its normal deflection.
Therefore, with thé “Stationary contact resting
against the backstop, th€ index mark is offset
to the right ofgthe ““02’ mark by approximately
.020”’. The placément of the various time dial
positions\impline,with the index mark will give
operating timesd¥as shown on the respective time-
current,clirves. For double trip relays, the follow
on Wthe ‘stationary contacts should be approxi-
. matelyW/32”

2. sMinimum 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 ‘‘0’’, wind up the spiral
spring by means of the spring adjuster until
approximately 6-3/4 convolutions show.

Set the .5-2.5 amp relay and all CO-2 relays on
the minimum tap setting. With the exception of
CO-2 relay, set the 1-12 amp. relay on the 2 amp.
tap setting.Set the 1-12 amp. CO-2 on the 1 amp.
tap. Set time dial position 6 on all relays.

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 back-
stop at tap value current —1.0%.

3. Time Curve Calibration

Install the permanent magnet. Apply the in-
dicated current per Table I for permanent magnet
adjustment (e.g. CO-8. 2 times tap value) and
measure the operating time. Adjust the permanent
magnet keeper until the operating time corres-
ponds to the value of Table I.

For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial
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position is 54.9 +3% seconds. It is important that
the 1.30 times tap value current be maintained
accurately, The maintaining of this current accu-
rately is necessary because of the steepness of
the slope of the time-current characteristic (Fig.

screw adjusted to the value of pickup current
desired.

The nameplate data and tap plate_of/ the IIT
will furnish the actual current range that may
be obtained from the IIT unit.

12). A 1% variation in the 1.30 times tap value
current (including measuring instrument deviation)
will change the nominal operating time by approx-
imately 4%. If the operating time at 1.3 times tap
value is not within these limits, a minor adjust-
ment 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 Repair work campbeddone most satisfactorily at
made after the 2 times tap value adjustment has the factory. However, \interchangeable parts can be
been made. furnished togthe “GuStomer who are equipped for
doing repair'worki®When ordering parts always give
the complete ‘mameplate data.

RENEWAL “PARTS

Apply the indicated current per Table I for the
electromagnet plug adjustment (e.g. CO-8, 20
times tap value) and measure the operating time.
Adjust the proper plug until the operating time
corresponds to the value in Table I.(With- TABLE |

drawing the left hand plug, front view, increases TIMENCURVE CALIBRATION DATA — 50 and 60 Hertz
the operating time and withdrawing the right
hand plug, front view, decreases the time.) In

PERMANENT MAGNET ADJUSTMENT

adjusting the plugs, one plug should be screwgéd RELAY TIME CURRENT OPERATING
in completely and the other plug run ingor out TYPE o DIAL (MULTIPLESOF TIME
until the proper operating time has beenfobtained: OSITION | TAP VALUE) SECONDS
CO-2 6 3 0.57
- 2 37.80
Recheck the permanent magnet adjustment. Tfythe CO-5 6
operating time for this calibratigmgypoint has CO-6 6 2 2.46
changed, readjust the permanent magnetiand then CO-7 6 9 4.27
recheck the electromagnet wg ‘adjustment.
& pee ! CO-8 6 2 13.35
4. Indicating Contactor Switch4{CS) CO-9 6 2 8.87
CO-11 6 2 11.27

Close the main relay contacts»and pass suf-

.. . . . P
ficient d-c current threugh®Wthe trip circuit to ELECTROMAGNET PLUGS

close the contacts gof theyICS. This value of co-2 6 20 0.22
current should be net greéater than the particular Co-5 6 10 14.30
ICS tap settinggbeingf used. The operation 90 1.19
indicator target shoudd drop freely. CO-6 6 :
CO-1 6 20 1.11
5. Indicating Instantaneous Trip Unit (II'T) Cco-8 6 20 .11
The 4propér tapy must be selected and the core CcOo-9 6 20 0.65
CO-11 6 20 0.24 A

A For 50 Hz. CO-11 relay 20 times operating time
limits are 0.24 +10% —5%.



TYPE CO (Hi-Lo) OVERCURRENT RELAY

ENERGY REQUIREMENTS

INSTANTANEOUS TRIP UNIT (IIT)
BURDEN
T;';E A\?AAIT.(;EB?.E TAP MINIMUM AT PICKUP OHMS RCAOTNILC.': ]RSET(':I?J:D
w PICKUP
ot [ AosusThenT ||| R | xu | oz | LTMES|10TIES| 2 TIMES| AMPS | aMPs
2-7 2-7 .68 .42 .8 .12 .67 .67 20 70
2-48 7-14 7-14 7 .076 .048 .09 .086 .075 .075 7 140
14-48 14-48 14 .032 .012 .035 .035 .035 .035 10 185
6-20 6-20 6 . 108 .067 127 .125 125 .100 7 88
6-144 20-40 20-40 20 .016 .008 .018 .018 .018 .018 16 280
40-144 40-144 40 .007 .002 .007 .007 .007 .007 25 460
ENERGY REQUIREMENTS
CO-2 SHORT TIMF RELAW¥
VOLT AMPERES **
AMPERE CONTINUOUS|ONE SECOND POWER AT AT 3 TIMES | AT 10 TIMES (AT 20 TIMES
RANGE TAP RATING RATING FACTOR TAP VALUE TAP VALUE | TAP VALUE | TAP VALUE
(AMPERES) (AMPERES) ANGLE ¢
CURRENT CURRENT CURRENT CURRENT
0.5 0.91 28 58 418 39.6 256 790
0.6 0.96 28 ST 4.9 39.8 270 851
0.8 1.18 28 93 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
1.0 1.65 28 55 4.6 37.3 266 895
1.2 1.90 28 54 4.6 38.0 280 1000
1.5 2.20 28 53 4.8 40.0 310 1150
2.0 3.30 28 54 4.8 40.5 315 1180
2.5 4.00 56 56‘ 4.7 39.2 282 970
3.0 5400 56 55 4.9 40.2 295 1050
1/12 3.5 5.50 56 54 4.9 41.0 312 1125
4.0 6.30 56 53 4.8 41.0 325 1150
5.0 7.10 230 53 5.1 42.7 330 1200
6.0 8.80 230 50 5.2 44.0 360 1350
7.0 9.50 230 48 5.7 48.5 390 1600
8. 10.50 230 46 6.2 53.0 475 1800
1020 12.00 230 40 6.8 61.0 565 2500
2.0 13.00 230 35 7.8 70.0 680 3300

Thermal“@apacities for short times other than one second may be calculated on the basis of time being
inversely proportional to the square of the current
¢ Degreesteurrent lags voltage at tap value current
**@oltages taken with Rectox type voltmeter




TYPE CO (Hi-Lo) OVERCURRENT RELAY

I.L

ENERGY REQUIREMENTS 4
CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME R
VOLT A .
AMPERE | o | CONTINUOUS °N:A5Tﬁsg"° F'TCWT%RR AT AT 3 AT 10 TIMES | AT 20 TIMES
RANGE TAP VALUE | TAP.V TAP VALUE | TAP VALUE
(AMPERES) | (AMPERES) | ANGLEG CURRENT | cU CURRENT | CURRENT
0.5 2.7 88 69 3.92 6 103 270
0.6 3.1 88 68 3.96 0.7 106 288
0.8 3.7 88 67 3. 21 114 325
0.5/2.5 | 4 4.1 88 66 407 21.4 122 360
1.5 5.7 88 62 23.2 147 462
2.0 6.8 88 60 24.9 168 548
2.5 7.7 88 58 26.2 180 630
1.0 4.5 88 6 3.98 21.0 100 265
1.2 5.5 88 3.93 21.3 103 282
1.5 6.0 88 4.00 21.8 109 308
2.0 7.7 88 3.98 21.9 115 340
2.5 9.5 88 65 3.98 22.2 122 363
3.0 10.0 23 65 4.02 22.5 125 366
1/12 3.5 12.0 230 65 4.06 23.2 132 403
4.0 13.5 64 4.12 23.5 137 420
5.0 15.0 61 4.18 24.6 150 500
6.0 17.5 46 60 4.35 25.8 165 570
7.0 20.5 @ @ 57 4.44 27.0 185 630
8.0 22.5 460 53 4.54 28.6 211 736
10.0 48 4.80 32.5 266 940
12.0 @ 42 5.34 37.9 325 1152

Thermal capacities Q times other than one second may be calculated on the basis of time being inver -

sely proportiona
& Degrees cu

* *Voltages

ke

nt

@

are of the current

Itage at tap value current
ctox type voltmeter




TYPE CO (Hi-Lo) OVERCURRENT RELAY

ENERGY REQUIREMENTS

CO-7 MODERATELY INVERSE TIME RELAY

CONTINUOUS

VOLT AMPERES **

AMPERE ONE SECOND POWER

RANGE TAP RATING RATING FACTOR AT AT 3 TIMES | AT 10 TIMES | AT 20 TIMES
(AMPERES) | (AMPERES) ANGLE TAP VALUE | TAP VALUE | TAP VALUE | TAP VALUE
CURRENT CURRENT CURRENT CURRENT

0.5 2.7 88 68 3.88 20.7 103 278

0.6 3.1 88 67 3.93 20.9 107 288

0.8 3.7 88 66 3.93 21.1 114 320

0.5/2.5 1.0 4.1 88 64 4.00 21.6 122 356

1.5 5.7 88 61 4.08 22.9 148 459

2.0 6.8 88 58 4.24 24.8 174 552

2.5 7.7 88 56 4.38 25.9 185 640

1.0 4.5 88 68 3.86 20.6 100 265

1.2 5.5 88 67 3.82 20.4 104 270

1.5 6.0 88 66 3.92 4.2 110 300

2.0 7.7 88 65 3.90 218 117 312

2.5 9.5 88 64 3.90 218 123 360

3.0 10.0 230 63 3.92 2205 127 390

1/12 3.5 12.0 230 63 3.97 22.7 131 413

4.0 13.5 230 63 4.02 22.9 136 420

5.0 15.0 230 60 4.4 24.1 153 490

6.0 17.5 460 58 4429 25.5 165 528

7.0 20.5 460 54 4.43 27.3 189 630

8.0 22.5 460 50 4.50 30.8 206 732

10.0 23.5 460 46 4.81 32.6 250 970

12.0 26.5 460 42 5704 36.9 342 1224

CO-8 INVERSE TIME AND G@-9 VERY INVERSE TIME RELAYS

0.5 2.7 88 72 2.38 21 132 350

0.6 3.1 88 71 2.38 21 134 365

0.8 3.7 88 69 2.40 21.1 142 400

0.5/2.5 1.0 4.1 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

1.0 4.5 88 73 2.33 20 135 347

1.2 5.5 88 73 2.33 20 135 361

1.5 6.0 88 72 2.35 20.1 142 383

2.0 7.7 88 69 2.35 20.2 145 412

2.5 RS 88 68 2.36 20.3 146 415

3.0 10.0 230 67 2.317 20.4 149 420

1/12 3.5 1260 230 66 2.38 20.9 153 450

4.0 13.5 230 65 2.40 21.0 157 460

5.0 15.0, 230 63 2.40 21.0 164 500

6.0 178 460 60 2.47 21.6 170 525

7.0 20.5 460 57 2.51 21.8 180 600

8.0 22.5 460 55 2.52 22.2 192 672

10,0 23.5 460 48 2.71 24.5 230 830

12.0 26.5 460 45 2.94 25.4 258 960

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

inversely proportional to the square of the other current.

® Degrées current lags voltage at tap value current.
** Yoltages taken with Rectox type voltmeter.




TYPE CO (Hi-Lo) OVERCURRENT RELAY

I.L. 41s100D

ENERGY REQUIREMENTS

CO-11 EXTREMFLY INVERSE TIME RELAY

VOLT,AMPERES**
CONTINUOUS |ONE SECOND|  POWER

AMPERE | _ .o RATING RATING FACTOR AT AT 3 TIMES [AT 10 TIMES [ AT 20 TIMES
RANGE (AMPERES) | (AMPERES) | ANGLE ¢ | TAP VALUE | TAP VALUEWTAP VALUE | TAP VALUE
CURRENT | CURRENT |/ CURRENT CURRENT

0.5 1.7 56 36 0.72 6.54 71.8 250

0.6 1.9 56 34 0.75 680 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 16 148 13.95 160.0 610

1.0 3.5 56 30 0.82 7.4 82 300

1.2 4.0 56 29 0.90 8.0 87 324

1.5 9.5 56 26 0.97 8.6 93 350

2.0 8.5 56 25 1.00 8.9 96 380

2.5 10.0 56 24 1.10 9.0 96 311

3.0 12.5 230 33 0.87 8.0 88 340

3.5 14.0 230 31 0.88 8.2 88 340

1/12 4.0 15.0 230 29 0.94 8.7 96 366

5.0 17.0 230 25 1.10 10.0 110 435

6.0 18.5 460 22 1.25 11.5 120 4178

7.0 20.0 460 20 1.40 12.3 135 560

8.0 21.5 460 19 1.50 14.0 160 648

10.0 25.0 460 14 1.9 18.3 210 900

12.0 28.0 460 10 2.4 23.8 276 1200

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

@ Degrees current lagsyvoltdge at tap value current.

** Voltages taken withPReéctox type voltmeter.



TYPE CO (Hi-Lo) OVERCURRENT RELAY
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Fig. 1 Internal Schematic of the Double Trip Relay Without IIT



TYPE CO (Hi-Lo) OVERCURRENT RELAY l.L. 41-100D
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Fig. 2 Internal Schematic of the Double Trip Relay With IIT

n




TYPE CO (Hi-Lo) OVERCURRENT RELAY
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Fig. 3 JInternal Schematic of the Single Trip Relay Without IIT




TYPE CO (Hi-Lo} OVERCURRENT RELAY 1.L.441-100D
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Fig. 4 Intemal Schematic of the Single Trip Relay With IIT
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TY PE CO (Hi-Lo) OVERCURRENT RELAY
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Fig.{5 Internal Schematic of Double Trip Relay With IIT to Separate Terminals.




TYPE CO (Hi-Lo) OVERCURRENT RELAY I.L.[41-100D
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TYPE CO (Hi-Lo) OVERCURRENT RELAY
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TYPE CO (Hi-Lo) OVERCURRENT RELAY
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TYPE CO (Hi-Lo) OVERCURRENT RELAY
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TYPE CO (Hi-Lo) OVERCURRENT RELAY
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STATION BUS
— A
< B
v c
51 51-A b1
9 8
O ™
51 51-B 51
9 8
_——O_%—MO_‘ PH.B
1 §1-C 51
LRV I 54 euc
44 1) A

DEVICE NUMBER CHART
51 — OVERCURRENT RELAY, TYPE CO

SN - GROUND OVERCURRENT RELAY, TYPE CO
52 - POWER CIRCUIT BREAKER

1CS - INDICATING CONTACTOR SwiTCH
a = BREAKER AUXILIARY CONTACT

TC - BREAKER TRIP COIL

D.C. TRIP BUS
POS.

OR
NEG.

sl

NEGS

OR
Pos.

Sub. 2
182A755

Fig. 13 External Schematic of HiLo CO relay for Phase and Ground Overcurrent Protection on o Three Phase System.

€0 RELAY (FRONT VIEW) 1

AMMETER

A}

J

TO TIMER SYIMER STOPS WHEK )
sToP RELAY CONTACT )

TO TIMER (TIMER STARTS WHEN)
START  (SYITCH "S* CLOSES)

SWITEH
s

120 VOLTS
AC

RESISTANCE
LOAD

ALTERNATIYE CONNECTIONS FOR .5 TO 2.5 AMPERE RANGE

C0-5 ANO CO-5 RELAYS

RELAY SHOULD
BE TESTED
IN CASE

Sub. 3
3503A43
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Fig. 14 Diagram of Test Connections for the Type CO Relay.



TYPE CO (HI-Lo) OVERCURRENT RELAY

I.L. 41=100D

RELAY TYPE FIRST 7 DIGITS OF STYLE NO.

CO-2 265C195

CO-5 264C897

CO-6 264C898

CO-7 264C899

CO-8 264C900

CO-9 264C901

CO-11 265C047

LAST
THREE
DIGITS
OF STYLE | RANGE | RANGE DESCRIPTION SCHEMATIC
NUMBER co nr
60 HZ| 50 HZ
57D4523
A0l | A21 5-25 - SINGLE TRIP (FIG. 3)
57D4524
A02 | A22 [ .5-25 - DOUBLE TRIP (FIG. 1)
3498A02
AO3 | A23 | 5-25 2-48 SINGLETRIP (FIG. 4)
3498A03
A04 | A24 5-2.5 2-48 DOUBLE TRIP (FIG.2)
57D4523
A0S [ A2S 1-12 SINGLE TRIR (FIG. 3)
57D4524
AO6 | A26 1-12 DOUBLE TRIP (FIG. 1)
3498A02
A07 | A27 1-12 6- 144 |“SINGLETRIP (FIG. 4)
3498A03
A08 | A28 1-12 6-144) ' DOUBLETRIP (FIG.2)
3498A02
A09 | A29 5-2.5"|, 6-1144 /I SINGLETRIP (FIG. 4)
3498A03
Al0 | A30 | .552.5 "|§6-144 | DOUBLETRIP (FIG. 2)
' 3498A02
All | A3l 1-12 2-48 SINGLE TRIP (FIG. 4)
3498A03
Al ] A32 I-12 2-48 DOUBLE TRIP (FIG. 2)
WITH IIT CONTACTS WIRED 3508A73
AlL34l A33Y| 5-25 2-48 DOUBLE TRIP TO SEPARATE CONTACTS (FIG. 5)
WITH HIT CONTACTS WIRED 3508A73
Al45(7 A34 1-12 6-144 | DOUBLETRIP TOSEPARATE CONTACTS (FIG. 5)
WITH IIT CONTACTS WIRED 3508A73
Al5S | A35 | .5-2.5 | 6-144 | DOUBLETRIP TO SEPARATE CONTACTS (FIG. )
WITH IIT CONTACTS WIRED 3508A73
Al6 | A36 1-12 2-48 DOUBLE TRIP TO SEPARATE CONTACTS (FIG. 5)
. o SUB. 6
@ Fig. 15. CO Relay Style Descriptions 775B349
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Fig. 16. Outline and Drilling Plan for the Type CO Relay.
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INSTALLATION

Westinghouse I.L. 41-100D
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE CO (Hi Lo)
OVERCURRENT RELAY

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

APPLICATION

These induction overcurrent relays are used to
disconnect circuits or apparatus when the current
in them exceeds a given value. Where a station
battery (48 volts or over) is available, the circuit
closing type relays are normally used to trip the
circuit breaker.

CONTENTS

This instruction leaflet applies to the following
types of relays:

Type CO-2 Short Time Relay
CO-5 Long Time Relay
CO-6 Definite Minimum Time Re€lay
CO-T7 Moderately Inverse Time Relay
CO-8 Inverse Time Reélay
CO-9 Very Inverse Timé Relay
CO-11 Extremely Invéerse Relay

CONSTRUCTION ANDOPERATION

The type CO relags, conSist of an overcurrent
unit (CO), an indicating contactor switch (ICS), and
an indicating, instantane©us trip unit (IIT) when
required.

Electromagnet

The electromagnets for the types CO-5, CO-6,
CO-7, CO-8 and CO-9 relays have a main tapped coil
located on the center leg of an ‘‘E’’ type laminated
struéture that produces a flux which divides and
rétucns)through the outer legs.A shading coil causes
theflux 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.

SUPERSEDES I.L. 41-100C, dated May 1976

O Denotes change from previous issue.

The electromagnets for the® types CO-2 and
CO-11 relays have a main‘eoil“eonsisting of a tapped
primary winding and alse¢ondary winding. Two iden-
tical coils on the ofiter legs of the lamination struc-
ture are connected to the main coil secondary in a
manner so thaty, thelyedmbination of all the fluxes
produced by the eléetromagnet result in out-of-phase
fluxes in the alfygap. The out-of-phase air gap fluxes
produced £ause,a contact closing torque.

Indi€dting Contactor Switch Unit (ICS)

The, d=¢ indicating contactor switch is a small
clappemtype device. A magnetic armature, to which
leaf-Spring mounted contacts are attached, is
attpracted to the magnetic core upon energization of
the switch. When the switch closes the moving con-
tacts bridge two stationary contacts, completing the
trip circuit. Also during this operation two fingers
on the armature deflect a spring located on the front
of the switch, which allows the operation indicator
target to drop.

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

Indicating Instantaneous Trip Unit (11 T)

The instantaneous trip unit is a small a-c oper-
ated 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 the operation, two
fingers on the armature deflect a spring located on
the front of the switch which allows the operation
indicator target to drop.

All possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport 1o be covered by these instructions. If
Sfurther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacied.

EFFECTIVE DECEMBER 1976




TYPE CO (Hi-Lo) OVERCURRENT RELAY

A core screw accessible from the top of the
switch and taps on the coil provides the adjustable
pickup range.

CHARACTERISTICS

The relays are generally available in the follow-
ing current ranges:

Range Taps

.5-2.5 | 0.5, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5

1-12 1.0, 1.2, 1.5, 2.0, 2.5, 3.0, 3.5,4.0,5.0,
6.0, 7.0, 8.0, 10.0, 12.0

These relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers. The relays are wired per the internal
schematics of Fig. 1 to 5.

The time vs. current characteristics are shown in
Figs. 6 to 12. These characteristics give the contact
closing time for the various time dial settings when
the indicated multiples of tap value current are ap-
plied to the relay.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in contacts of the
indicating contactor switch will safely carry 4his
current long enough to trip a circuit breaker.

The indicating instantaneous trip,contacts Will
safely close 30 amperes at 250 volts d4e, andgwill
carry this current long enough to trip a“breaker.

The indicating contactor switch§has“two taps
that provide a pickup setting of 0.240r 2 amperes.
To change taps requires connecting the lead locat-
ing in front of the tap block terthe desired setting
by means of a screw cannection.

Trip Circuit Constdnts

Contactor Switch —

0.2 ampere tap. . . . V. 6.5 ohms d-c resistance
2.0 ampere tap. . . . .. 0.15 ohms d-c resistance
SETTINGS
CO_Usis,

fLhey overcurrent unit setting can be defined
by tap Setting and time cial position or by tap

setting and a specific time of operation at some cuf-
rent multiple of the tap setting (e.g. 4 tap setting,
2 time dial position or 4 tap setting, 0.6 seconds af
6 times tap value current). The tap setting is, the
minimum current required to make the disc move.

To provide selective circuit breaker operation,
a minimum coordinating time of 08 seconds plus
circuit breaker time is reconimende@ bgtween the
relay being set and the relays withpwhich coordina-
tion is to be effected.

The connector screw “en ‘the terminal plate
above the time dial makes cdonnections to various
turns on the operatingmeoil™wBy placing this screw
in the various terminal plate holes, the relay will
respond to multiples ofgtap value currents in accord-
ance with the varipgus, typical time-current curves.

Caution
ety

Sinee, the tap Block connector screw on both the
CO unit@and™MT unit carries operating current, be
sure that the, screws are turned tight. In order to
avoid openifig the current transformer circuits when
changing taps under load, connect the spare con-
nector, Screw in the desired tap 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
reclosing will be initiated immediately after a trip
by the CO contact, the time of the opening of the
contacts should be a minimum. This condition is
obtained by loosening the stationary contact mount-
ing screw, removing the contact plate and then
replacing the plate with the bent end resting against
the contact spring.

For double trip relays, the upper stationary
contact is adjusted such that the contact spring
rests solidly against the back stop. The lower
stationary contact is then adjusted such that both
stationary contacts make contact simultaneously
with their respective moving contact.

Indicating Contactor Switch (ICS)

The only setting required on the ICS unit is
the sclection 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.
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I.L. 41-100D

Indicating Instantaneous Trip (1IT)

The proper tap must be selected and the core
screw must be adjusted to the value of pick-up
current desired.

The nameplate data will furnish the actual
current range that may be obtained from the IIT unit.
It is recommended that the IIT be set on the higher
tap where there is a choice of tap settings. For
example, for a 20 ampere setting use the 20 to 40
tap rather than the 6 to 20 tap.

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 mounting stud
for projection mounting or by means of the four
mounting holes on the flange for the semi-flush
mounting. Either the stud or the mounting screws
may be utilized for grounding the relay. The elec-
trical connections may be made directly to the
terminals by means of screws for steel panel moumnt-
ing or to the terminal stud furnished with theprelay
for thick panel mounting. The terminal 48tud ) may
be easily removed or inserted by locking@tw@ nuts
on the stud and then turning the properdmut Wwith a
wrench.

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

ADJUSTMENTS &, MAINTENANCE

The proper adjustments fo insure correct opera-
tion of this relay have“been made at the factory.
Upon receipt of the pelay no customer adjustments,
other than thoseycovered under ‘‘SETTINGS’’ should
be required.

For rela@ys which include an indicating instant-
aneous trip unif (IIT), the junction of the induction
and indicating instantaneous trip coils is brought
out to switch jaw #3. With this arrangement the
overcurrent units can be tested separately.

Aeceptance Check

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

1.

Contact

The index mark on the movement, framel will
coincide with the ‘‘0’’ mark onfthe ¢ime dial
when the stationary contact has meved 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 ‘‘0#™mark by approximately
.020”’. The placement\ef the various time dial
positions in line withypthé®index mark will give
operating times as 'shewndon the respective time-
current curves. Korfdouble trip relays, the follow
on the stationary ‘eentacts should be approxi-
mately 1/32%.

Minimum ZF&ip Cusrent

Set thegtime dial to position 6 using the lowest
tap settingy, alternately apply tap value current
plus 3%vand tap value current minus 3%. The
moving contact should leave the backstop at tap
value current plus 3% and should return to the
backstop at tap value current minus 3%.

Time Curve

For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial
position is 54.9 5% seconds and should be
checked first. It is important that the 1.30 times
tap value current be maintained accurately. The
maintaining of this current accurately is necessary
because of the steepness of the slope of the time-
current characteristic (Figure 12). A 1% variation
in the 1.30 times tap value current (including
measuring instrument deviation) will change the
nominal operating time by approximately 4%.

Table I shows the time curve calibration points
for the various types of relays.With the time dial
set to the indicated position apply the currents
specified by Table I, (e.g. for the CO-8, 2 and
20 times tap value current) and measure the
operating time of the relay. The .5 to 2.5 amp.
relay and all CO-2 relays should be set on the
lowest tap. The 1 to 12 amp. relay should be set
on the 2 amp.tap with the exception of 1-12 amp.
CO-2 relay which should be set on 1 amp.tap.
The operating times should equal those of Table
I plus or minus 5%.

Indicating Instantaneous Trip Unit (IIT)

The core screw which is adjustable from thetop
of the trip unit and the tap located on the top of
the IIT determines the pickup value. The trip
unit has a nominal ratio of adjustment of 1 to
24,
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The making of the contacts and target indication
should occur at approximately the same instant.
Position the stationary contact for a minimum of
1/32’" wipe. The bridging moving contact should
touch both stationary contacts simultaneously.

Apply sufficient current to operate the IIT. The
operation indicator target should drop freely.

5. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient d-c current through the trip circuit to
close the contacts of the ICS. This value of
current should be not greater than the particular
ICS tap setting being used. The operation
indicator target should drop freely.

The contact gap should be approximately .047”’
between the bridging moving contact and the
adjustable stationary contacts. The bridging
moving contact should touch .both stationary
contacts simultaneously.

Routine Maintenance

All relays should be inspected and checked
periodically to assure proper operation. Generally a
visual inspection should call attention to any notice-
able changes. A minimum suggested check on the
relay system is to close the contacts manuallygto
assure that the breaker trips and the target drops.
Then release the contacts and observe that ghe
reset is smooth and positive.

If an additional time check is fdesSired, pass
secondary curtent through the relay“and check the
time of operation. It is preferablefto make this at
several times pick-up current atfan expected operat-
ing point for the particular application. For the .5
to 2.5 ampere range CO-5and, CO-6 induction unit
use the alternative test circuit in Fig. 14 as these
relays are affectedgbya, distorted waveform. With
this connection thé 25/5 ampere current transformers
should be workefloweld belgw the knee of the satura-
tion (i.e. use 10L50%er, bétter).

All contacts should be periodically cleaned. A
contact burnisher #182A836H01 is recommended for
this pusposey The use of abrasive material for
cleaningmcontacts is not recommended, because of
the danger of embedding small particles in the face
of “thewsoft silver and thus impairing the contact.

CALIBRATION

Use the following procedure for calibratimgr the
relay if the relay has been taken apart for(repairs
or the adjustments distrubed. This procedure sheuld
not be used until it is apparent that the relay is not
in proper working order. (See ‘‘Acceptance Check’’)

CO Unit

1. Contact

The index mark on thegmovement frame will
coincide with the “‘0”’fimarkhen the time dial
when the stationary gonta¢t has moved through
approximately one-half ofyits normal deflection.
Therefore, with theWstationary contact resting
against the backstep, the index mark is offset
to the right of“the ‘‘0”’ mark by approximately
.020’". Thegplacement of the various time dial
positiens in line “with the index mark will give
operatingitimesfas shown on the respective time-
current curves. For double trip relays, the follow
ongtheWmstationary contacts should be approxi-
matelyll/ 32"

24 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 ‘““0’’, wind up the spiral
spring by means of the spring adjuster until
approximately 6-3/4 convolutions show.

Set the .5-2.5 amp relay and all CO-2 relays on
the minimum tap setting. With the exception of
CO-2 relay, set the 1-12 amp. relay on the 2 amp.
tap setting.Set the 1-12 amp. CO-2 on the 1 amp.
tap. Set time dial position 6 on all relays.

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 back-
stop at tap value current —1.0%.

3. Time Curve Calibration

Install the permanent magnet. Apply the in-
dicated current per Table I for permanent magnet
adjustment (e.g. CO-8, 2 times tap value) and
measure the operating time. Adjust the permanent
magnet keeper until the operating time corres-
ponds to the value of Table I.

For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial

P
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position is 54.9 #5% seconds. It is important that
the 1.30 times tap value current be maintained
accurately. The maintaining of this current accu-
rately is necessary because of the steepness of
the slope of the time-current characteristic (Fig.
12). A 1% variation in the 1.30 times tap value
current (including measuring instrument deviation)
will change the nominal operating time by approx-
imately 4%. If the operating time at 1.3 times tap
value is not within these limits, a minor adjust-
ment 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 made.

Apply the indicated current per Table I for the
electromagnet plug adjustment (e.g. CO-8, 20
times tap value) and measure the operating time.
Adjust the proper plug until the operating time
corresponds to the value in Table I. (With-
drawing the left hand plug, front view, increases
the operating time and withdrawing 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 beefi obfaineds

Recheck the permanent magnet adjustmentyIf the
operating time for this calibratien peint has
changed, readjust the permanent magneét.and then
recheck the electromagnet _plug adjustment.

Indicating Contactor Switch (I€S)

Close the main relay g,contaeéts and pass suf-
ficient d-c current “¢hrough the trip circuit to
close the contacts_of“the, ICS. This value of
current should be/not geeater than the particular
ICS tap setting “being used. The operation
indicator targét should drop freely.

Indicating Imstantaneous Trip Unit (IIT)

Thel proper tap must be selected and the core

screw adjusted to the value of piekup ecurrent
desired.

The nameplate data and tap plate of the IIT
will furnish the actual current range that may
be obtained from the IIT unit.

RENEWALS PARTS

Repair work ‘éan befdone most satisfactorily at
the factory. Heweverpinterchangeable parts can be
furnished tegpthelyetistomer who are equipped for
doing repair work, When ordering parts always give
the completéynameplate data.

TABLE |
TIME CURVE CALIBRATION DATA ~ 50 and 60 Hertz
PERMANENT MAGNET ADJUSTMENT
e | D[S Joremie
POSITION | TAP VALUE) SECONDS

CO-2 6 3 0.57

CO-5 6 2 37.80

CO-6 6 2 2.46

CO-1 6 2 4.27

CO-8 6 2 13.35

CO-9 6 2 8.87
CO-11 6 2 11.27

ELECTROMAGNET PLUGS

CO0-2 6 20 0.22

CO-5 6 10 14.30

CO-6 6 20 1.19

CO-17 6 20 1.11

CO-8 6 20 1.11

CO-9 6 20 0.65
CO-11 6 20 0.24 A

A For 50 Hz. CO-11 relay 20 times operating time
limits are 0.24 +10% —5%.
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ENERGY REQUIREMENTS

INSTANTANEOUS TRIP UNIT (IIT)
BURDEN
T;:E A\'IR:IT.?AEBSLE TAP MINIMUM AT PICKUP OHMS RCA?I"::G ]Rsf'lc':l?:éo
owt | wosustet ||| R x|z | Soesiiormesiomes | awes | s
2-7 2-7 2 .68 .42 .8 72 .67 .67 205 70
2-48 7-14 7-14 7 .076 .048 .09 .086 .075 .075 7 140
14-48 14-48 14 .032 .012 .035 .035 .035 .035 10 185
6-20 6-20 6 .108 .067 1217 .125 125 . 100 7 88
6-144 20-40 20-40 20 .016 .008 .018 .018 .018 2018 16 280
40-144 40-144 40 .007 .002 .007 .007 .007 .007 25 460
ENERGY REQUIREMENTS
CO-2 SHORT TIME RELAY
VOLT AMPERES **
AMPERE CONTINUOUS ONE SECOND POWER AT AT 3 TIMES | AT 10 TIMES (AT 20 TIMES
RANGE TAP RATING RATING FACTOR TAP VALUE TAP VALUE | TAP VALUE | TAP VALUE
(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
1.0 1.65 28 55 4.6 37.3 266 895
1.2 1.90 28 54 4.6 38.0 280 1000
1.5 2.20 28 53 4.8 40.0 310 1150
2.0 3.30 28 54 4.8 40.5 315 1180
2.5 4.00 56 56 4.7 39.2 282 970
3.0 5.00 56 55 4.9 40.2 295 1050
/12 3.5 5.50 56 94 4.9 41.0 312 1125
4.0 6.50 56 53 4.8 41.0 325 1150
5.0 410 230 93 5.1 42.7 330 1200
6.0 8:80 230 50 5.2 44.0 360 1350
7.0 9.50 230 48 5.7 48.5 390 1600
8.0 10.50 230 46 6.2 53.0 475 1800
10.0 12.00 230 40 6.8 61.0 565 2500
12.0 13.00 230 35 7.8 70.0 680 3300

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

¢ Degrées current lags voltage at tap value current
** Yoltages taken with Rectox type voltmeter
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ENERGY REQUIREMENTS @
CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME R
voL S**
AMPERE AP CO;I'II'T#(?US ON:ASTEngND FZonTEORR AT AT 3 AT 10 TIMES| AT 20 TIMES
RANGE TAP VALUE | TAP TAP VALUE | TAP VALUE
(AMPEREYS) (AMPERES) ANGLEQS CURRENT CURRENT CURRENT
0.5 2.7 88 69 3.92 .6 103 270
0.6 3.1 88 68 3.96 20.7 106 288
0.8 3.7 88 67 3 21 114 325
0.5/25 1 49 4.1 88 66 0 21.4 122 360
1.5 5.7 88 62 1 23.2 147 462
2.0 6.8 88 60 ) 24.9 168 548
2.5 7.7 88 58 137 26.2 180 630
1.0 4.5 88 3.98 21.0 100 265
1.2 5.5 88 3.93 21.3 103 282
1.5 6.0 88 4.00 21.8 109 308
2.0 7.7 88 3.98 21.9 115 340
2.5 9.5 88 3.98 22.2 122 363
3.0 10.0 2 4.02 22.5 125 366
1/12 3.5 12.0 23 4.06 23.2 132 403
4.0 13.5 4.12 23.5 137 420
5.0 15.0 4.18 24.6 150 500
6.0 17.5 4.35 25.8 165 570
7.0 20.54 4.44 27.0 185 630
8.0 22.5 4.54 28.6 211 736
10.0 3. 4.80 32.5 266 940
12.0 5.34 37.9 325 1152

Thermal capacities
sely proportion

& Degrees curre
* *Voltages,t

&

rs

rt times other than one second may be calculated on the basis of time being inver -

uare of the current

s{voltage at tap value current
ectox type voltmeter




TYPE CO (Hi-Lo) OVERCURRENT RELAY

ENERGY REQUIREMENTS

CO-7 MODERATELY INVERSE TIME RELAY

VOLT AMPERES **
AMPERE CONTINUOUS | ONE SECOND POWER
RANGE TAP RATING RATING FACTOR AT AT 3 TIMES | AT 10 TIMES | AT 20 TIMES
(AMPERES) (AMPERES) ANGLE ¢ TAP VALUE | TAP VALUE | TAP VALUE | TAP VALUE
CURRENT CURRENT CURR
0.5 2.7 88 68 3.88 20.7 278
0.6 3.1 88 67 3.93 20.9 288
0.8 3.7 88 66 3.93 21.1 320
0.5/2.5 1.0 4.1 88 64 4.00 21.6 356
1.5 5.7 88 61 4.08 22.9 459
2.0 6.8 88 58 4.24 24.8 552
2.5 7.7 88 56 4.38 25.9 640
1.0 4.5 88 68 3.86 20.6 265
1.2 5.5 88 67 3.82 20.4 270
1.5 6.0 88 66 3.92 110 300
2.0 7.7 88 65 3.90 117 312
2.5 9.5 88 64 3.90 123 360
3.0 10.0 230 63 3.92 127 390
1/12 3.5 12.0 230 63 3.97 . 131 413
4.0 13.5 230 63 4. .9 136 420
5.0 15.0 230 60 4. 24.1 153 490
6.0 17.5 460 58 4 25.5 165 528
7.0 20.5 460 54 27.3 189 630
8.0 22.5 460 50 30.8 206 732
10.0 23.5 460 46 32.6 250 970 e
12.0 26.5 460 42 36.9 342 1224
CO-8 INVERSE TIME AND -Q Y INVERSE TIME RELAYS
0.5 2.7 88 2.38 21 132 350
0.6 3.1 88 2.38 21 134 365
0.8 3.7 88 2.40 21.1 142 400
0.5/2.5 1.0 4.1 88 2.42 21.2 150 440
15 5.7 8g® 2 2.51 22 170 530
2.0 6.8 88 57 2.65 23.5 200 675
2.5 7.7 8 53 2.74 24.8 228 800
1.0 4.5 73 2.33 20 135 347
1.2 5.5 8 73 2.33 20 135 361
1.5 6.0 8 72 2.35 20.1 142 383
2.0 7.7 69 2.35 20.2 145 412
2.5 5 88 68 2.36 20.3 146 415
3.0 230 67 2.37 20.4 149 420
1/12 3.5 230 66 2.38 20.9 153 450
4.0 230 65 2.40 21.0 157 460
5.0 . 230 63 2.40 21.0 164 500
6.0 17 460 60 2.47 21.6 170 525
7.0 20.5 460 57 2.51 21.8 180 600
8.0 .22.5 460 55 2.52 22.2 192 672
0 23.5 460 48 2.77 24.5 230 830
26.5 460 45 2.94 25.4 258 960
Therm ies for short times other than one second may be calculated on the basis of time being
inver ortional to the square of the other current. Ay
®D urrent lags voltage at tap value current.

es taken with Rectox type voltmeter,



TYPE CO (Hi-Lo) OVERCURRENT RELAY

ENERGY REQUIREMENTS

CO-11 EXTREMFLY INVERSE TIME RELAY

@ Degrees current
** Voltages taken

Q>®

CONTINUOUS |ONE SECOND POWER
AMPERE TAP RATING RATING FACTOR AT AT 20 TIMES
RANGE (AMPERES) | (AMPERES) [ ANGLE ¢ | TAP VALUE TAP VALUE
CURRENT CURRENT

0.5 1.7 56 36 0.72 250

0.6 1.9 56 34 0.75 2617

0.8 2.2 56 30 0.81 298

0.5/2.5 1.0 2.5 56 27 0.8 8.30 93.1 330

1.5 3.0 56 22 1. 10.04 115.5 411

2.0 3.5 56 17 11.95 136.3 502

2.5 3.8 56 16 13.95 160.0 610

1.0 3.5 56 30 7.4 82 300

1.2 4.0 56 29 8.0 817 324

1.5 5.5 56 . 8.6 93 350

2.0 8.5 56 5 1.00 8.9 96 380

2.5 10.0 56 2 1.10 9.0 96 371

3.0 12.5 230 33 0.87 8.0 88 340

3.5 14.0 23 31 0.88 8.2 88 340

1/12 4.0 15.0 230 29 0.94 8.7 96 366

5.0 17.0 2 25 1.10 10.0 110 435

6.0 18.5 4 22 1.25 11.5 120 478

7.0 20.0 46 20 1.40 12.3 135 560

8.0 21.5 * 19 1.50 14.0 160 648

10.0 25.0 460 14 1.9 18.3 210 900

12.0 28 460 10 2.4 23.8 276 1200

Thermal capacities f h

es other than one second may be calculated on the basis of time being

inversely proportion@
e at tap value current.

ctox type voltmeter.

square of the current.




TYPE CO (Hi-Lo) OVERCURRENT RELAY

INDICATING
CONTACTOR
SWITCH

INTERNAL SCHEMATIC
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| IRDUCTION UNIT
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| _— RED MARDLE

A @y RSy ~——?--~-/"|’/ TEST SWITCH

—— CURRENT TEST JACK

[ CHASSIS OPERATED
SHORTING SwITCH

——— TERNINAL

Sub. 3

57D4524

10

Fig. 1 Internal Schematic of the Double Trip Relay Without IIT
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TYPE CO (Hi-Lo) OVERCURRENT RELAY

I.L. 415100D

INTERNAL SCHEMATIC
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3498203

Fig. 2 Internal Schematic of the Double Trip Relay With lIT
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TYPE CO (Hi-Lo) OVERCURRENT RELAY

12

INTERNAL SCHEMATIC
INDICATING
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Figé 34 Internal Schematic of the Single Trip Relay Without IIT
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TYPE CO (Hi-Lo) OVERCURRENT RELAY I.L. 41-100D

INTERNAL SCHEMATIC

INDICATING
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~  INSTANTANEOUS
UNIT
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' CURRENT TEST JACK
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Sub. 1
3498202 |

Fig. 4 Internal Schematic of the Single Trip Relay With IIT
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TYPE CO (Hi-Lo) OVERCURRENT RELAY

INDICATING
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Fig. &5 InternalySchematic of Double Trip Relay With IIT to Separate Terminals.
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TYPE CO (Hi-Lo) OVERCURRENT RELAY Il.L. 41-100D
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Fig. 6 Typical Time Curve of the Type CO-2 Relay
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CURVE N182u5
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MULTIPLES OF TAP VALUE CURRENT
Fig. 7 Typical Time Curve of the Type CO-5 Relay
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I.L. 41-100D

TYPE CO (Hi-Lo) OVERCURRENT RELAY
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TYPE CO (Hi-Lo) OVERCURRENT RELAY
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Fig. 11 Typical Time Curve of the Type CO-9 Relay
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TYPE CO (Hi-Lo) OVERCURRENT RELAY
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TYPE CO (Hi-Lo) OVERCURRENT RELAY

STATION BUS
h—

2 4

PH.C

Si-N
52
IcS
a

¢ TC

DEVICE NUMBER CHART

51 = OVERCURRENT RELAY, TYPE CO

GROUND OVERCURRENT RELAY, TYPE CO
POWER CIRCUIT BREAKER

INDICATING CONTACTOR SwITCH
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BREAKER TRIP COIL

D.C. TRIP BUS
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NEG.

o
—

—
=

1CS
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~|e
O

51-8
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2 a
NEG. %
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Sub. 2
182A755

Fig. 13 External Schematic of HiLo CO relay for Phase and Grond)Overcurrent Protection on a Three Phase System.
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Sub. 3
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Fig. 14 Diagram of Test Connections for the Type CO Relay.



TYPE CO (Hi-Lo) OVERCURRENT RELAY TP

RELAY TYPE FIRST 7 DIGITS OF STYLE NO.

CO-2 265C195

CO-5 264C897

CO-6 264C898

CO-7 264C899

CO-8 264C900

CO-9 264C901

CO-11 265C047

LAST
THREE
DIGITS
OF STYLE | RANGE | RANGE DESCRIPTION SCHEMATIC
NUMBER co ur
60 HZ| 50 HZ
57D4523
A0l | A21 | 5-25 - SINGLE TRIP (FIG. 3)
57D4524
A02 | A22 | 5-25 - DOUBLE TRIP (FIG. 1)
3498A02
A03 | A23 ! 5-25 | 2-48 | SINGLETRIP (FIG. 4)
3498A03
A04 | A24 | 5-25 | 2-48 | DOUBLETRIP (FIG.2)
57D4523
A05 A25 1-12 - SINGLE TRIP (FIG. 3)
57D4524
A06 A26 1-12 - DOUBLE/ TRIP (FIG. 1)
3498A02
- A07 A27 1-12 6-144 SINGLETRIP (FIG. 4)
3498A03
= | AO08 A28 1-12 6- 144 DOUBLE TRIP (FIG.?2)
3498A02
A09 A29 5-25 6,- 144 SINGLE TRIP (FIG. 4)
3498A03
AlO A30 5-205 65144 DOUBLE TRIP (FIG.2)
3498A02
All A3l I-12 2-48 SINGLE TRIP (FIG. 4)
3498A03
Al2 A32 1-112 2-48 DOUBLE TRIP (FIG.?2)
WITH IIT CONTACTS WIRED 3508A73
Al3 A33 5-25 2-48 DOUBLE TRIP TOSEPARATE CONTACTS (FIG. 5)
WITH IIT CONTACTS WIRED 3508A73
Al4 A34 1-12 6- 144 DOUBLE TRIP TO SEPARATE CONTACTS (FIG. 5)
WITH IIT CONTACTS WIRED 3508A73
AlS A35 5-25 6-144 DOUBLE TRIP TO SEPARATE CONTACTS (FIG. 5)
WITH IIT CONTACTS WIRED 3508A73
Al6 | A36 | 1-12 | 2-48 | DOUBLETRIP 1 qppaprATE CONTACTS (FIG. 5)
_ . SUB. 6
Q Fig. 15. CO Relay Style Descriptions 775B349
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TYPE CO (Hi-Lo) OVERCURRENT RELAY

-PILOT PLATE SNAP
’—-/ ON RELAY (TAB TO}WHEN USED

{/CASE DIMENSIONS IN INCHES

e 5.563
(14.30) ‘ .250
1,594 6.063+ 2781430 (6.350'A: 4
i (40.497‘1 |54.00) l (70.64) r
7.250 6.5
(35 oo) Ll sg7s £
( | lisas) ), B uesr Jl (165.1)
£ i~ = = L 29 3,250
n= (746 ) )(82.55)
N i h f res
| 125
(830'.';388) g Lz R 938
6,375+ ) 5.875— 474.:63)
(161.93) PANEL LOCATION (149,23)
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PANEL CUTQUT 8 DRILLING
FORRSEMI- FLUSH MTG.

le— 2.328

REAR) (59.13)

HOLES FOR

.190-32 MTG, SCREWS

8 EXTERNAL

D

DIMENSIONS IN M ™
LARGE INTERNALN\ ¥ L\/‘\—\E
ER

| , —
TOOTH WASHER \ L8TS 1255 2530 ¢ 1553, DIA. 2 HOLES
. 5.375 ¥ 30) [
3 SMALL EXTERNAL "7 325 e
3 ‘9OWA§HSC(F:?SE (635) ngg)-r o:e(.39‘7])
3 REW ' -
N L SPACER OR 21,031 4+ 1,031 1+ 1.03] 1+ 1,031 (ég"f) R
\ PANEL ~ SPACERS FOR (26.19) (26.19) (26.19) (26.19) :
THIN PANELS g% S " 1
i 5/16-18 SCREW 594 L !
(FOR_THICK PANELSN5°G9) t o
USE 5/16-18 STUDS) _——_ﬁ_ - f_—\_ ‘7/ (25.4)
I INTERNAL - EXTERNAL 7 9 I
__&/TOOTHED WASHERS | /3 . 20
190-32/SCREw  (46.05) /1 'l (50.8)
N 4
_FOR _THIBK.PANELS
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-
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il (19.05) DA NUMBER
— —f cotour > O et men oo Toai)
641 TERMINAL AND ' ‘
ieog) DIA PANEL DRILLING OR CUTOUT FOR
(16.26) MOUNTING DETAILS PROJECTION MTG.(FRONT VIEW)
57D7900

WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION

Fig. 16. Qutline and Drilling Plan for the Type CO Relay.
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