INSTALLATION

Westinghouse I.L. 41-101.3
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CKO OVERCURRENT RELAY

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

The CKO relay is a time delayed overcurrent
relay equipped with a cylinder unit instantaneous
trip. It is used in applications where negligible
response by the instantaneous unit to the dc com-
ponent of fault current and/or high dropout ratio
is required. Transient overreach will not exceed
5 percent for this instantaneous trip unit fopseir-
cuit angles up to 80 degrees. The instant@neous
unit may be ‘“‘torque controlled” by an external
contact where desired. Closure of the external cons
tact prevents operation of the instantapous umpit.
Dropout ratio of the instantaneous unit’ will be
97 percent or greater.

CONSTRUCTION AND.ORPERATION

The various types of relays cémsist of a time-
overcurrent unit (CO), apfifistantdneous over-cur-
rent unit (I), an instantaneous overcurrent unit
transformer, and twogindicating contactor switches
(ICS/I) and (ICS/T)¢ The principle component
parts of the reglaystand*heir location are shown in
Fig. 1 through 5

TIME-OVERCURRENT UNIT (CO)

The electromagnets for the types CKO-5,
CKQ@:6, CKO-7, CKO-8 and CKO-9 relays have a
main_tapped coil located on the center leg of an

“E” type laminated structure th@t produces a flux
which divides and retufns,through the outer legs.
A shading coil causesithe flux through the left leg
to lag the main poledflux»The out-of-phase fluxes
thus produced in4he air'gap cause a contact closing
torque.

The electramagnet for the type CKO-2 and
CKO-11gelays has a main coil consisting of a tap-
ped{primary winding and a secondary winding.
Two identical coils on the outer legs of the lamina-
tion, structure are connected to the main coil
secondary in a manner so that the combination of
all the” fluxes produced by the electromagnet re-
sultin out-of-phase fluxes in the air gap. The out-
of-phase air gap fluxes produced cause a contact
closing torque.

The CO torque control terminals (4 and 5) are
internally jumpered, but the jumper may be re-
moved if external torque control is desired.

INDICATING CONTACTOR SWITCH UNITS
(1CS/1) and 1CS/T)

The dc indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is
attracted to the magnetic core upon energization
of the switch. When the switch closes the moving
contacts bridge two stationary contacts, completing
the trip circuit.Also during this operation two
fingers on the armature deflect a spring located
on the front of the switch, which allows the oper-
ation 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.

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 contacted.
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Fig. 1. Type CKO Relay Without Case (Front Miew). 1 - Instantaneous Overcurrent
Unit and Saturating Transformer. 2 -“Time Overcurrent Unit. 3 - Indicating
Contactor Switch (ICS-T). 4 - Indicating Contactor Switch (ICS-1).

Fig. 2. Type CKO Relay Without Case (Rear View).
former. 3 - “E” Type Electromagnet.

1 - Varistor.

2 - Saturating Trans-
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Fig. 3. Time Overcurrent Unit. 1 - Tap Block. 2 - Time Dial. /8y, Control Spring Assembly. 4 - Disc. 5 - Stationary Contact
Assembly. 6 - Magnetic Plugs. 7 - Permanent ,Magnet.

Fig. 4. Instantaneous Overcurrent Unit. 1 - Saturating Transformer. 2 - Tap Block. 3 - Stationary Contact. 4 - Moving Contact.
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Fig. 5. Indicating Contactorf Switchy(ICS).

INSTANTANEOUS OVERCURRENT UNIT

CONSTRUCTION

The instantaneous overcurrent unit consist§yof
an induction cylinder unit, capacitor, varistor, and
a transformer. The components are connected
such that a contact closing torque is produced
when the current exceeds a specified vdlue.

INDUCTION CYLINDER UNIT

Mechanically, the cylinder unit,is camposed of
four basic components: a diecastralumifium frame,
an electromagnet, a moving{element assembly,
and a molded bridge.

The frame serveSias ‘the mounting structure
for the magnetic gore. The magnetic core which
houses the lower pid bearing is secured to the
frame by a locking nutf The bearing can be re-
placed, if necessary, ‘Without having to remove
the magnetic core from the frame.

The electromagnet has two pairs of coils. The
coils of gachypair are mounted diametrically oppo-
site one amother, and a capacitor is connected in
seriesywith*one pair of coils. In addition, there are
twignlgcating pins. The locating pins are used to
aecurately position the lower pin bearing, which

is“threaded into the bridge. The electromagnet is
sgcured to the frame by four mounting screws.

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

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

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

AR
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SATURATING TRANSFORMER

The transformer is a saturating type consisting
of a tapped primary winding and a secondary
winding. A varistor is connected across the secondary
winding to reduce the voltage peaks applied to the
induction cylinder unit and phase shifting capacitor.

OPERATION

Operation of the instantaneous overcurrent
unit occurs when the primary current of the trans-
former exceeds a value as marked on the tap
plate. Upon application of current to the trans-
former, a voltage is induced in the secondary wind-
ing. This voltage is impressed upon the parallel
connected pairs of cylinder unit coils. The capaci-
tor connected in series with one pair of coils shifts
the current flowing in these coils in reference to the
current flowing in the other pair of coils. As a result,
the air gap fluxes of the cylinder unit are out of
phase and a contact closing torque is produced.

The primary of the transformer is tapped and
brought out to a tap connector block for ease in
changing the pickup current of the relay. The use
of a tapped transformer provides approximately
the same energy level at a given multiple ofipickdip
current for any tap setting, resulting in“one time
curve throughout the range of the relay,

Two terminals, 6 and 7, across one pair of pole
windup are brought out so that opgratingscurrent
can be short circuited aroundsthetpole/windings
preventing the unit from develeping torque.

CHARACTERISTICS

The time characteristicsYof the over-current
relays are designatedsby specific numbers as indi-
cated below (e,g., CKO-8).

Time
Characteristics

Short Time 2
Long Time

Definite Fime

Moderately Inverse Time

baverse Time

Very Inverse Time

Extremely Inverse Time 1

Designation

— O 00 - O WL

The relays are available in the following cug-
rent ranges:

Instantaneous Overcurrent Unit (I)

Range Taps

0.5-2Amps 0.5 0.75 10 1.25 1.5 2
1-4 1.0 1.5 206 25 30 40
2-8 2 3 4 S 6 8
4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40
20-80 20 30 40 48 60 80

The tap value is¢he minimum current required
to just close the,overcurrent relay contacts. For
pickup s¢ttingsiin between taps refer to the section
undértadjustments. The pickup and dropout time
curvesyfomythe instantaneous overcurrent units is
showm,in Fig. 14.

Time,Overcurrent Unit
Range Taps

5-25 05 06 08 1.0 1.5 20 25
26 2 25 3 35 4 5 6
4-12 4 5 6 7 8 10 12

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

This time vs. current characteristics for the
time-overcurrent unit are shown in Figs. 7 to 13.
These characteristics give the contact closing time
for the various time dial settings when the indi-
cated multiples of tap value current are applied to
the relay.

TRIP CIRCUIT

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

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes.
To change taps requires connecting the lead lo-
cated in front of the tap block to the desired setting
by mans of a screw connection.
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CONTACTS

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

The set screw in each stationary contact has
been shop adjusted for optimum follow and this
adjustment should not be disturbed.
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TYPE CKO RELAY LL. 41-

O

ENERGY REQUIREMENTS
INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT — 60 HERTZ

1t ¢ tt 9
AMPERE RANGE TAP VAATTAPVALUE P.F.ANGLE VA AT 5 AMPS. P.F. ANGLE

5 37 39 24 6
75 38 36 13 7
1 39 35 8.5 34
5-2 1.25 4l 34 6.0 32
1.5 43 32 4.6 3]
2 45 30 2.9 28
1 41 36 0 36
1.5 44 32 ) 32
2 47 30 ; 29
1-4 2.5 50 28 2.1 27
3 53 26 5 26
4 59 24 093 24
2 1.1 49 6.5 48
3 1.2 3.3 42
4 1.3 2.1 37
2-8 5 1.4 5 35
6 1.5 1.1 33
8 1.8 Q 29
4 1.5 24 51
6 1.7 45 1.2 45
4-16 8 1.8 40 0.7 40
9 1. 38 0.6 38
12 2 34 0.37 34
16 \ 30 0.24 31
10 } 28 0.43 28
15 21 0.27 21
20 16 0.20 17
10-40 % o 15 0.15 15
30 2 12 0.11 13
40 K\ 49 11 0.08 12
6.6 31 0.40 31
9.3 24 0.25 24
12 20 0.18 20
13.5 18 0.14 18
15.9 16 0.10 16
19.2 15 0.07 15
CONTINUOUS RATING ONE SECOND RATING
(AMPERES) t (AMPERES)
5 100
8 140
8 140
10 200
10 200
10 200

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

@ Degrees current lags voltage.
tt Voltages taken with Rectox type voltmeter.
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CONTINUOUS ONE SECOND

AMPERE RATING
RANGE TAP  (AMPERES)
05 091
06 0.96
0.8 1.18
0.5/25 1.0 1.37
1.5 1.95
20 2.24
25 2.50
2.0 3.1
25 4.0
30 44
2/6 35 48
40 5.2
5.0 5.6
6.0 6.0
4.0 73
50 8.0
6.0 8.8
4/12 7.0 9.6
8.0 10.4
10.0 1.2
120 12.0

#Thermal capacities for short times other tha

MN

t1 Voltages taken with Rectox type volimeter.

Q>®

current.

¥ Degrees current lags voltage at tap val

ENERGY REQUIREMENTS
TYPECKO-2 TIME OVERCURRENT UNITS

VOLT AMPEREStt
POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
RATINGt FACTOR TAPVALUE TAP VALUE TAP VAL TAP VALUE
(AMPERES) ANGLEG CURRENT CURRENT CURRE CURRENT
28 58 48 39.6 790
28 57 49 39.8 851
28 53 5.0 42.7 1024
28 50 5.3 45.4 1220
28 40 6.2 54.4 1740
28 36 7.2 65.4 2280
28 29 7.9 73.6 2850
110 59 262 800
110 S5 280 920
110 51 312 1008
110 47 329 1120
110 45 360 1216
110 41 420 1500
110 37 474 1800
230 6 39.1 268 848
230 .20 420 305 1020
230 5.34 44.1 330 1128
230 5.53 45.8 364 1260
230 5.86 49.9 400 1408
230 6.6 55.5 470 1720
230 7.00 62.3 528 2064
XS
e se maybe calculated on the basis of time being inversely proportional to the square of the

P



TYPE CKO RELAY LL. 41-

ENERGY REQUIREMENTS

TYPECKO-5 ANDTYPE CKO-6 TIME OVERCURRENT UNITS

VOLT AMPERES t1

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 '&ES
AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAP VAL TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE @ CURRENT CURRENT CURRE URRENT
0.5 *2.7 88 69 392 20.6 270
0.6 *3.1 88 68 3.96 20.7 288
(0.8 *3.7 88 67 3.96 21 325
0.5/2.5 (1.0 *4.] 88 66 4.07 214 360
(1.5 *57 88 62 4.19 23.2 462
(2.0 *6.8 88 60 4.30 249 548
2.5 *7.7 88 58 437 26. 180 630
(2 8 230 67 110 308
2.5 8.8 230 66 21 118 342
(€] 9.7 230 64 126 381
2/6 3.5 104 230 63 136 417
(4 11.2 230 62 144 448
5 125 230 59 8 162 540
(6 13.7 230 57 26.5 183 624
4 16 460 65 224 126 376
5 18.8 460 63 23.7 143 450
6 19.3 460 61 25.3 162 S31
4/12 7 20.8 460 59 4. 26.4 183 611
8 225 460 56 4.40 27.8 204 699
(10 25 460 S, .60 30.1 247 880
(12 28 460 4.92 35.6 288 1056
%?
CKO-7 E RCURRENT UNITS
VOLT AMPERES tt
CONTINUOUS ONESE POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES

AMPERE RATING T FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE

RANGE TAP (AMPERES) P ANGLE @ CURRENT CURRENT CURRENT CURRENT
8 68 3.88 20.7 103 278
88 67 393 20.9 107 288
88 66 393 21.1 114 320
05/2.5 88 64 4.00 216 122 356
88 61 4.08 229 148 459
88 58 4.24 248 174 552
88 56 438 259 185 640
230 66 4.06 21.3 1t 306
230 63 4.07 218 120 342
230 63 4.14 225 129 366
230 62 434 234 141 413
230 61 4.34 238 149 448
230 59 4.40 25.2 163 530
13.7 230 S8 4.62 27 183 624
4 16 460 64 4.24 228 129 392
(5 18.8 460 61 4.30 242 149 460
4/12 (6 19.3 460 60 4.62 259 168 540
. 7 20.8 460 S8 4.69 273 187 626
8 22.5 460 55 4.80 29.8 211 688
(10 25 460 Sl 5.20 33 260 860
(12 28 460 46 5.40 375 308 1032

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

@ Degrees current lags voltage at tap value current.

t1 Voltages taken with Rectox type voltmeter.



TYPE CKO RELAY

ENERGY REQUIREMENTS

TYPES CKO-8 AND CKO-9 TIME OVERCURRENT UNITS

VOLT AMPERES Tt .
CONTINUOUS ONE SECOND POWER AT AT 3TIMES AT 10 TIMES AT 20 TIM
AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE® CURRENT CURRENT CURRENT Cc N
0.5 *2.7 88 72 238 21 132
0.6 *3.1 88 71 2.38 21 134
0.8 *37 88 69 2.40 211 142 00
0.5/2.5 (1.0 *4.1 88 67 242 21.2 15, 440
(s *5.7 88 62 251 22 17 530
(2.0 *6.8 88 57 265 235 675
2.5 *71.7 88 53 2.74 248 22 800
[V 8 230 70 2.38 21 360

2.5 8.8 230 66 2.40 21.1 2 395
QA 9.7 230 64 242 49 430
2/6 3.5 10.4 230 62 248 157 470
4 11.2 230 60 2.53 22 164 500
5 12.5 230 58 2.64 24 180 580
6 13.7 230 56 275 198 660
4 16 460 68 2.38 210 146 420
& 18.8 460 63 2.46 158 480
6 19.3 460 60 2.54 .6 172 550
4/12 7 20.8 460 57 2.6 236 190 620
8 225 460 54 248 207 700
(10 25 460 48 00 27.8 248 850 o
(12 28 460 45 4 314 292 1020

CKO-11 TIME OVE R TUNITS

VOLT AMPERES Tt
CONTINUOUS ONE SECOND AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATIP:O TAP VALUE TAP VALUE TAPVALUE TAPVALUE

RANGE TAP (AMPERES) (A’MPE S) GLE @ CURRENT CURRENT CURRENT CURRENT

0.5 x 36 0.72 6.54 71.8 250

0.6 56 34 0.75 6.80 75.0 267

0.8 30 0.81 7.46 84.0 298

05/2.5 1.0 S 27 0.89 8.30 93.1 330
1.5 22 1.13 10.04 115.5 411

20 56 17 1.30 11.95 136.3 502

25 56 16 1.48 13.95 160.0 610

2.0 230 32 0.73 6.30 74.0 264

2.5 230 30 0.78 7.00 78.5 285

3.0 230 27 0.83 7.74 84.0 309

2/6 3 230 24 0.88 8.20 89.0 340
4 230 23 0.96 9.12 102.0 372

5.0 1.0 230 20 1.07 9.80 109.0 430

20 230 20 1.23 11.34 129.0 504

4.0 14 460 29 0.79 7.08 78.4 296

5.0 16 460 25 0.89 8.00 90.0 340

6.0 17 460 22 1.02 9.18 101.4 378

4/12 Q 18 460 20 1.10 10.00 110.0 454
8. 20 460 18 1.23 1.1 124.8 480

10.0 22 460 17 1.32 14.9 131.6 600

12.0 26 460 16 1.8 16.3 180.0 720

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

@ Degrees current lags voltage at tap value current.
t1Voltages taken with Rectox type voltmeter.
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Fig. 9. Typical Time Curve of the Time-Overcurrent Unit of the Definite Time (6) Relays.




TYPE CKO RELAY

o~

i

o T Jm& ssisinal: IRIREIS
8 R e i
SN G WA ki aidnanstnguanananuanunanARAn ANl 1
WQE T b+ N et I Nﬁ a 111
Hnlyo DERL A 1
| F o g o e oE \Iy;ﬁﬂfﬁ I A i
fN_WWSWLXﬁ g#%.ﬁnl.#\ , \ :
S st J ! ] m - i \
S < TP TR ST . e =k BEriEE S A S FHH
_ W W » w T Mﬁ‘ ‘fL S Tx“ T i Wﬁ‘ : biw g S s
SaARNES: 1 ﬁ o _mﬁm y AN/ /ES 57 SSIiES HiE
1t S ERERE e Ti= ARE } i
HHH%\MW%W‘M%péx B 4 " rmi‘ £ [NA‘ EEStis
L SRR REREE: B/ AT T AEVEARS | i st
SRR RER R R AR R NI EAECS a7 F.ERT AE SEEiE
NN R el o it ==
ISEREREE I : A N A 1] b = =
SERNEaNaE. T A AL AT (ESFASS/IS SIS
HHE e b A Al A [
IS SREEEEEEERE] g pZgEE=ral = s=
MLM,IJW 1%MT T ﬁ%# - \;B - 1W%MMU 17 N Hmm i T
rﬂwwwwﬂm b i JL ‘ \WTJ A AW}Nﬂ - Mi y i !
apnENnEnENEP- 1 2T 111 LA 4,M“ywm p.4 4 1
BEREEEREE | LA - Al AW
Mm 4 1] T ‘TW 1 B il 4|TT~ ] |
eI gl Rt et :
B i £t _ :
H([WIL\,,ltf , u T f W ne
T e J
T = aaill =ugll gl =
BREEEEC, il
i M T i T |
T ﬁ i
aRnER TJL |

SCN0J3S

m

12 14 16 18 20

8 910

7

MULTIPLES OF TAP VALUE CURRENT

CURVE 418247

Fig. 10. Typical Time Curve of the Time-Overcurrent Unit of the Moderately Inverse (7) Relays.

14



I.L. 41-101.3

TYPE CKO RELAY

I
pH
N

a1

SREEE
i
+
T

1

A

T T
L
T
!

1l

|

e

S P S p—

|
S ——

P

Il

1 ,
TT1LL ] 1w
J L et 1L
1 ; T 1y il
AT L] N T
T LH INEyR, S E8 k
Ml = ‘ A ot
RRRARIRARS

- y

%,\4
1]

et

b
1
1

f__
1T
I

N

—+ 44—

"T

b — —

=

——
_f‘_wL
1

"
1

SANOJ3S

L 41 Jo S S Y i ®
ﬁ _.W Mm Hl 7L_4 e #4;&!\1&1?#? . -k P f % -
L o VLLKYT;L! L] B A EE . \ H\\ | ‘ ©
— o N Ml ; i —d i 4 | + i -
O % iz | Jiitd ERERREA RV AYiE o
QE R T S i | 2
.M EHA‘J LL;,,WT»JI v”»ﬂ Lﬂ, — K N . Ll t H
g~ s = 4N ] i i
4 NEiN ERAT AV N ANt S
g w m_ LTA ,_‘ % , 4_ ” R_w 1 —t - L\T \ ﬂ
Q , i ! i
o m = «m Mn.. Y \, + Q
2 Ay 2T ays =
> i ! i
k= o - T O+ : ﬂ 1 »
[ 4 1 4 + N.. ' i
BRI il 1/ THHE
= =t =1 ? 7
SERSNSEN -0 . A F 1
SSESERRESN] T T : ==
SSSSSES: . AL i o
SEERIEIENE ] iE
e g g g g TF 1 P 4R
= Lm“ MH - w , : \m { w o
PhE T : |

CURVE 418248

MULTIPLES OF TAP VALUE CURRENT
Fig. 11. Typical Time Curve of the Time-Overcurrent Unit of the Inverse (8) Relays.

15



TYPE CKO RELAY

7 | h0l | i i T
i 1] L ] 1l : - TYPICAL TIMERCURVES
;t 1 ‘ TYPE (CO9 3
1 g BB RRRENt INERINANO Y OVER CURRENT.RELAY ]
[ AN T NARIR1 SIEINNENI NEERR ADANE i
! ! \ m o 50-60 HZ .
] SERRE] ARNERANAE m 1
T i I ' mr f
6 i ! T 8 '
t I i | B! SENE i
i ima o 14 S e
| I T J‘h_ B H 1T
b . ! HHH
[T ] \ i VL i ' ANENE i
T L A ML HL AR EURRNARERL ALl
] 1 T J Tk
5l 1 I X Sus FRIBR NI LIIRE i *
1 I A i !
I l‘ ! a4 T T %1, Tl
| AU IR T
| | L
— . | \ H - 5
¥ 1 INTT T i
N II T T
ki, }
- T T
a I [T R0 DNRRINSE
3 1 § NNEXHTIME DIAL SETTING S
U J1it i L
b ] j|
- I - H
3‘H 3 : ‘ ll l l
] XL I R .
i NEEEE IS i
NG
NN =
i S T H PR
443 ; 'y 4 4
TS
i .
— g =
:’J | 1 i i —
! TN : i
e i et e =
#}_ N by ay
& -
-
- »
0‘ 11418100
1 2 3 y ] 6 7 8 9810 12 1% 16 18 20
MULTIPLES OF TAP VALYE CURRENT
CURVE 418249

Fig. 12. Typical Time Curve of the Time-Overcurrent Unit of the Very Inverse (9) Relays.

16

s



TYPE CKO RELAY LL. 41-101.3

1 2 3 4 6 67 8910 20 30w

©
o
g

0 |\

2888655

AV TYPICAL TIME CURVES
TYPE CO-11
OVER CURRENT RELAY

\ 50-60 HERTZ

3 VL
[TAWAVAR RN
\[\

==
s

=

1
%
/‘/‘;‘/‘/V

£ v o Nwweo

A

A
i

TIME (N SECOMDS
L
P!
>
WA

s
P
A

TIME DIAL
AN SETTING

O O O 00O~

by DR RS

£ U O NOWOo
]
A

~
P
A
s
7

M~ 11

V7

L NV

[ ATV
I

—
* " oy e0O

[-X-X-1ad
~ @ W0
4

/

0402 12

1 2 3 4§ 567 8910 20 30 w0
MULTIPLES OF TAP VALUE CURRENT

288B655

Fig. 13. Typical Time Curve of the Time-Overcurrent Unit of the Extremely Inverse (11) Relays.

17



TYPE CKO RELAY

DROPOUT TO 95% QF PICKUP

/DROPOUT TO 80% OF PICKUP

A

R

DROPOUT TO O % OF PICKUP

——|

Tt
——
—

60
50 |
n
o
= 40 ‘ —
o
2
” |_PICKUP
o
= 30 ==
s L~
z
w -
2 20 N
[od I
S
10
o]

(o] 2 4 6 8

MULTIPLES OF TAP VALUE CURRENT

12 14 “16 8 20

629A576

Fig. 14. Maximum Pickup and Dropout Time Gurves-toer Instantaneous Overcurrent Unit.

Trip Circuit Constants

Indicating Contactor Switch —
0.2 ampere tap — 6.5 ohms dc resistance
2.0 ampere tap — 0.15 ohms dc resistance

SETTINGS
TIME OVERCURRENT UNIT(CO)

The time overcurrent unit settings'ean be defined
either by tap setting and time¢ dial{position or by
tap setting and a specific time,oftoperation at some
current multiple of the tdp setting (e.g. 4 tap set-
ting, 2 time dial positiomyer 4atap setting, 0.6 seconds
at 6 times tap valu€ cugrent),

To provide sclegtive gircuit breaker operation,
a minimum coordinating time of 0.3 seconds plus
circuit breaker time is recommended between the
relay being set and the relays with which coor-
dination isjto be effected.

The eonnector screws on the tap plate above
the time“dial makes connections to various turns
ongthe“eperating coil. By placing this screw in the
various tap plate holes, the relay will just close

18

its contacts at the corresponding current 4-5-6-7-8-
10-12 amperes, or as marked on the tap plates.

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

INSTANTANEOUS RECLOSING

The factory adjustment of the CO unit con-
tacts 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 sta-
tionary contact mounting screw, removing the
contact plate and then replacing the plate with the
bent end resting against the contact spring. With
this change and the contact mounting screw tight-
ened, the stationary contact will rest solidly against
its backstop.

i



TYPE CKO RELAY

LL. 41-104.3

INSTANTANEOUS OVERCURRENT UNIT (1)

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

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

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

INDICATING CONTACTOR SWITCH
(ICS/1 and ICS/T)

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

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 rear, mounting
stud or studs for the type FT prgjection cdse or by
means of the four mounting holews onythe flange
for the semi-flush type FT case,[Eithegthe stud or
the mounting screws may betutilized for grounding
the relay. External toothed washess are provided
for use in the locations shown @n the outline and
drilling plan to facilitate making a good electrical
connection between the selay case, its mounting
screws or studs, andythelrelay panel. Ground Wires
are affixed toghe mounting screws or studs as re-
quired for p@orly”grounded or insulating panels.
Other electricalieconnections 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 nutsion the stud and then turning the proper
nut®with a wrench.

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

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure cofrect @per-
ation of this relay have been made at theyfactory.
Upon receipt of the relay, no customer adjust-
ments, other than those covered under *“SET-
TINGS”, should be required.

ACCEPTANCE CHECK

The following checksis recommended to insure
that the relay is in proper working order.

Instantaneous Overcurrent Unit (I)

1. Contact(Gapy— The gap between the sta-
tionary and_ moving contacts with the relay in the
de-energizéd /pesition should be approximately
0207%

2. Minimum Trip Current —

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

Time Overcurrent Unit (CO)

|. Contacts — The index mark on the move-
ment frame will coincide with the “O” mark on
the time dial when the stationary contact has moved
through approximately one-half of its normal de-
flection. Therefore, with the stationary contact
resting against the backstop, the index mark is
offset to the right of the ““O” mark by approxi-
mately.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.

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

3. Time Curve — Table 1 shows the time curve
calibration points for the various types of relays.
With the time dial set to the indicated position,
apply the currents specified by Table 1 (e.g. for the
CKO-2, 3 and 20 times tap value current) and
measure the operating time of the relay. The oper-
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TYPE CKO RELAY

I.L. 41-1013
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TYPE CKO RELAY

ating times should equal those of Table 1 plus or
minus 5 percent.

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

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

B) Close the contacts of the instantaneous
over-current unit (I) and pass sufficient dc cur-
rent through the trip circuit to close the contacts of
(ICS/I). This value of current should not be greater
than the particular (ICS/I) tap setting being used.
The operation indicator target should drop freely,
bringing the letter “I”” into view.

C) The contact gap should be approximately
.047” between the bridging moving contact and the
adjustable stationary contacts. The bridging
moving contact should touch both stationary con-
tacts simultaneously.

ROUTINE MAINTENANCE

All relays should be inspected periodicalliyyand
the time of operation should be checked ‘at Jeast
once every year or at such other time¢ intcrvals
as may be dictated by experience to besuitable to
the particular application. The use“ef phantom
loads, in testing induction-type relays, should be
avoided, since the resulting distorted Gurrent wave
form will produce an error AA"timing.

All contacts should be ‘perigdically cleaned.
A contact burnished #182A836HO01 is recomended
for this purpose. Theywusefof abrasive material for
cleaning contactg’is not'tecommended, because of
the danger of¢dembedding small particles in the
face of the soft silveg andthus impairing the contact.

CALIBRATION

Use the following procedure for calibrating the
relay ifitheyrelay has been taken apart for repairs
or the adjustments have been disturbed. This pro-
cedure should not be used unless it is apparent that
thewselay is not in proper working order. (See Ac-

ecptance Check).
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INSTANTANEOUS OVERCURRENT
UNIT (1)

1. The upper pin bearing should be serewed
down until there is approximately 0.025 clearance
between it and the top of shaft bearing. The upper
pin bearing should then be securely locked'in posi-
tion with the lock nut. The lower bearing position
is fixed and cannot be adjusted!

2. The contact gap adjustment for the over-
current unit is made with the/moving contact in the
reset position, i.e., agathst ‘the right side of the
bridge. Move in the¥left-hand stationary contact
until it just touches®the mévcing contact then back
off the stationargieontaet 2/3 of one turn for a gap
of approximagely .020”. The clamp holding the
stationagy contact in position.

3. The,sensitivity adjustment is made by vary-
ing ¢leatension of the spiral spring attached to the
mevingielement assembly. The spring is adjusted
bysplacing”a screwdriver or similar tool into one
ofithe notches located on the periphery of the spring
adjuster and rotating it. The spring adjuster is
Jocated on the underside of the bridge and is held
in’place by a spring type clamp that does not have
to be loosened prior to making the necessary ad-
justments.

Insert the tap screw in the minimum value tap
setting and adjust the spring such that the contacts
will close as indicated by a neon lamp in the contact
circuit when energized with the required current. The
pick up of the overcurrent unit with the tap screw in
any other tap should be within +5% of tap value.

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

TIME OVERCURRENT UNIT (CO)

1. Contacts — The index mark on the move-
ment frame will coincide with the “O” mark on
the time dial when the stationary contact has moved
through approximately one-half of its normal de-
flection. Therefore, with the stationary contact
resting against the backstop, the index mark is
offset to the right of the “O’ mark by approxi-
mately .020”. The placement of the various time
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l.. 41-10%1.3

dial positions in line with the index mark will give
operating times as shown on the respective time-
current curves.

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

With the time dial set on “O”, wind up the
spiral spring by means of the spring adjuster until
approximately 6% convolutions show.

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

Adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at
tap value current —1.0%.

3. Time Curve Calibration — Install the per-
manent magnet.

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

Apply the indicated current per Table,l fogthe
electromagnet plug adjustment (e.g. CKO=8, 20
times tap value) and measure the operatifig, time.
Adjust the proper plug until the operating)time
corresponds to the value in Table 1.(Withdrawing
the left hand plug, front view incgeases, the operating
time and withdrawing the rightghand plug, front
view, decreases the time.) In 4djusting the plugs,

one plug should be screwed in completely and the
other plug run in or out until the properoperating
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 plugradjustment.

INDICATING CONTACTOR SWITCHES
(1CS/1) and (ICS/T)

Adjust the contaetgap for approximately .147”.

A) Close the ‘€antacts of the CO and pess suf-
ficient dc curréntythrough the trip circuit to close
the contacts 6f,the (TCS/T). This value of current
should ot #€greater than the particular (ICS/T)
tap setting being’used. The operation indicator tar-
get should drop freely bringing the letter “T” into
ViEW.

By, Close contacts of instantaneous overcur-
rent_unit (I). Pass sufficient dc current through
the trip circuit to close contacts of the (ICS/I).
This value of current should not be greater than
the particular (ICS/I) tap setting being used. The
operation indicator target should drop freely bring-
ing the letter “I"’ into view.

RENEWAL PARTS

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

TABLE |

TIME CURVE CALIBRATION DATA - 60 HERTZ

PERMANENT MAGNET ADJUSTMENT

TIME- TIME CURRENT
OVERCURRENT DIAL (MULTIPLES OF
UNIT TYPE POSITIONZ TAP VALUE)

2 6 3
5 6 2
6 6 2
7 6 2
b 6 2
9 6 2
11 6 2

ELECTROMAGNET PLUGSZ

OPERATING CURRENT OPERATING
TIME (MULTIPLES OF TIME
SECONDS TAP VALUE) SECONDS
0.57 20 0.22
37.80 10 14.30
2.46 20 1.19
4.27 20 1.11
13.35 20 1.11
8.87 20 0.65
11.27 20 0.24
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INSTALLATION

Westinghouse I.L.41-101R
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO OVERCURRENT RELAY

CAUTION

Before putting relays into service, remove all
blocking which may have been inserted for the pur-
pose 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 set-
tings and electrical connections.

© APPLICATION

The CO relay is aysingle phase non-directional
time ac overcurrent device. It is used to sense
current level above the setting and normally is used
to trip a circuit breaker to clear faults. A wide
range ofgCharacteristics permit applications in-
volving ‘coordination with fuses, reclosers, cold
load\pickupymotor starting, or essentially fixed
time applications.

© The following describes typical applications of the CO Relay:

RELAY TIME

TYPE CURVE TYPICAL APPLICATIONS

CO-2 Short 1) MDifferential protection where saturation of current transformers
is,not expected, or where delayed tripping is permissible.

2)"Qvereurrent protection, phase or ground, where coordination
with. downstream devices is not involved and 2 to 60 tripping
cycle 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 downstream
devices is not involved and CO-2 is too fast. The operating time
of this relay does not vary greatly as current level varies.

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

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

CO-9 Very Inverse

CO-11 Extremely Inverse 1) Motor protection where allowable locked rotor time is less than

10 sec.

2) Overcurrent protection where coordination with fuses and re-
closers 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 contacted.

SUPERSEDES |I.L. 41-101Q, DATED MARCH 1978

AND ADDENDUM 41-101 DATED JUNE 1980

O Denotes changed since previous Issue.

EFFECTIVE SEPTEMBER 1980



Fig. 1. Type CO Relay Without Case. 1-Indicating Instantaneous Trip (IlT)., 2-1IT Adjusting Screw. 3-Indicating Contactor Switch
(ICS). 4-Indicating Contactor Switch Tap Block.

Figa2. Time Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary Contact A,
Assembly. 6-Magnetic Plugs. 7-Permanent Magnet.
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Fig. 3. "E" Type Electromagnet. 1-Magnet Plugs. 2-Tap Block. Fig. 4. Indicating Instantaneous Trip Unit (IIT).

3-Tap Screw.

Fig. 5. Indicating Contactor Switch (ICS).



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. The principal component parts of
the relay and their location are shown in Figs. 1-5.

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 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. A torque controlled CO has the lag coil
connections of the electromagnet brought out to
separate terminals. This permits control of the
closing torque such that only when these terminals
are connected together will the unit operate.

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 allithe
fluxes produced by the electromagnet result imfout=
of-phase fluxes in the air gap. The out-of-phase air
gap fluxes produced cause a contact closing™tor-
que.

INDICATING CONTACTOR SWITCH UNIT
(ICS)

The dc indicating contagctor Switch is a small
clapper type device. A magnetic armature, to
which leaf-spring mounted contacts are attached,
is attracted to the magnetic'egre upon energization
of the switch. When_thesswitch closes the moving
contacts bridge two “stationary contacts, com-
pleting the trip circuit. Also during this operation
two fingers ¢on /the armature deflect a spring
located omthefront of the switch, which allows the
operation indieator target to drop.

The“front spring, in addition to holding the
targethprovides 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 ac
operated clapper type device. A magnetic ar-

STATION BUS

%’E-Qi ¥\ —H-0— o

I DEVICE NUMBER CHART
|

52 - POWER CIRCUIT BREAKER

TC - BREAKER TRIP CUIL

51 - OVERCURRENT RELAY, TYPE CO
SEN - GROUND OVERCURRENT RELAY, TYPE CO

522- BREAKER AUXILIARY CONTACT
A B C ICS - INDICATING CONTACTOR SWITCH

C TRIP BUS

POS.
OR
NEG.

H Heo

S

«—9
«—de
‘—

Sub 3
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Figh6®External Schematic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-Phase
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ENERGY REQUIREMENTS
TYPE CO-2 RELAY
VOLT AMPERES**
Continuous One Second Power At At 3 Times At 10 Times At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ﬂ' Current Current Current Current
0.5 091 28 58 4.3 39.6 256 790
0.6 0.96 28 57 4.9 39.8 270 851
038 1.18 28 53 5.0 42.7 308 1024
0.5/2.5 1.0 1.37 28 50 5.3 454 348 1220
1.5 1.95 28 40 6.2 54.4 435 1740
2.0 2.24 28 36 7.2 65.4 580 2280
2.5 2.50 28 29 7.9 73.6 700 2850
2.0 3.1 110 59 5.04 38 262 800
25 4.0 110 S5 5.13 39.8 280 920
3.0 4.4 110 51 5.37 428 312 1008
2/6 35 4.8 110 47 5.53 428 329 1120
4.0 5.2 110 45 5.72 46.0 360 1216
5.0 5.6 110 41 5.90 50.3 420 1500
6.0 6.0 110 37 6.54 549 474 1800
4.0 7.3 230 64 492 39.1 268 848
5.0 8.0 230 50 5.20 420 305 1020
6.0 8.8 230 47 S134 44.1 330 1128
4/12 7.0 9.6 230 46 5.53 45.8 364 1260
8.0 10.4 230 43 5.86 499 400 1408
10.0 11.2 230 37 6.6 55.5 470 1720
12.0 120 230 34 7.00 62.3 528 2064

CO-5LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**
Continuous One Second ) Power At At 3 Times At10Times At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ﬂ Current Current Current Current

0.5 2.7 88 69 3.92 20.6 103 270
0.6 3.1 88 68 3.96 20.7 106 288
0.8 3.7 88 67 3.96 21 114 325
0.5/2.5 1.0 4.1 88 66 4.07 21.4 122 360
1.5 5.7 88 62 4.19 23.2 147 462
2.0 6.8 88 60 4.30 249 168 548
2.5 7.7 88 58 4.37 26.2 180 630
2 8 230 67 3.88 21 110 308
2.5 8.8 230 66 3.90 21.6 118 342
3 97 230 64 3.93 22.1 126 381
2/6 3.5 104 230 63 4.09 23.1 136 417
4 11.2 230 62 4.12 235 144 448
S 12.5 230 59 4.20 24.8 162 540
6 13.7 230 57 4.38 26.5 183 624
4 16 460 65 4.00 224 126 376
5 18.8 460 63 4.15 23.7 143 450
6 19.3 460 61 4.32 253 162 531
4/12 7 20.8 460 59 4.35 26.4 183 611
8 22.5 460 56 4.40 27.8 204 699
10 25 460 S3 4.60 30.1 247 880
12 28 460 47 4.92 35.6 288 1056

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

/f Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.



ﬂ Degrees current lags voltage at tap value qurrent.
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ENERGY REQUIREMENTS
CO-7 MODERATELY INVERSE TIME RELAY

VOLT AMPERES**
Continuous One Second Power At At 3 Times At 10 Times At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value

Range Tap (Amperes) (Amperes) Angle ﬁ Current Current Current 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 66 393 21.1 144 320
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 4.24 248 174 552
2.5 1.7 88 56 4.38 25.9 185 640
2 8 230 66 4.06 21.3 11 306
25 8.8 230 63 4.07 21.8 120 342
3 9.7 230 63 4.14 225 129 366
2/6 3.5 10.4 230 62 4.34 234 141 413
4 11.2 230 61 434 23.8 149 448
5 12.5 230 59 440 252 163 530
6 13.7 230 58 4.62 27 183 624
4 16 460 64 4.24 22.8 129 392
5 18.8 460 61 430 242 149 460
6 19.3 460 60 4.62 25.9 168 540
4/12 7 20.8 460 58 469 27.3 187 626
8 22.5 460 55 4780 29.8 211 688
10 25 460 51 5:20 33 260 860
12 28 460 46 5.40 37.6 308 1032

CO-8 INVERSE TIME AND/CO-9VERY INVERSE TIME RELAYS
VOLT AMPERES**
Continuous One Second _Power At At3 Times At 10 Times At 20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value

Range Tap (Amperes) (Amperes) “Angle f# Current Current Current Current
0.5 2.7 88 72 2.38 21 132 350
0.6 3.1 88 71 2.38 21 134 365
0.8 3.7 88 69 2.40 21.1 142 400
0.5/2.5 1.0 4.1 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 1.7 88 53 2.74 24.8 228 800
2 8 230 70 2.38 21 136 360
2.5 8.8 230 66 240 21.1 142 395
3 9.7 230 64 2.42 21.5 149 430
2/6 3.5 10.4 230 62 2.48 22 157 470
4 1172 230 60 2.53 22.7 164 500
5 12.5 230 58 2.64 24 180 580
6 13.7 230 56 2.75 25.2 198 660
4 16 460 68 2.38 213 146 420
5 18.8 460 63 246 21.8 158 480
6 19.3 460 60 2.54 22.6 172 550
4/12 7 20.8 460 57 2.62 23.6 190 620
8 225 460 54 2.73 24.8 207 700
10 25 460 48 3.00 27.8 248 850
12 28 460 45 3.46 31.4 292 1020

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

square\of the current.

**Voltages taken with Rectox type voltmeter.

i,
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Ampere
Range Tap
0.1
0.12
0.16
0.20
0.3¢
0.40
0.50

0.1/0.5

05/25 10

2/6 35

4/12 7.0
8.0
10.0
12.0

ENERGY REQUIREMENTS
TYPE CO-11 RELAY
VOLT AMPERES**
Continuous One Second Power At At 3 Times At 10 Times At 20 Times
Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
(Amperes) (Amperes) Angle Current Current Current Current
0.4 11.5 34 0.64 6.5 70.3 240
0.4 11.5 32 0.67 6.66 754 264
0.4 11.5 30 0.76 7.3 82.4 297
0.4 11.5 26 0.83 8.3 87.8 336
0.4 11.5 22 1.01 10.3 117.6 420
0.4 11.5 18 1.21 11.22 140.0 520
0.4 11.5 16 1.38 138 168.0 630
1.7 56 36 0.72 6154 718 250
1.9 56 34 0.75 6.80 75.0 267
22 56 30 0.81 .46 84.0 298
25 56 27 0.89 8.30 93.1 330
3.0 56 22 143 10.04 115.5 411
35 56 17 1.30 11.95 136.3 502
3.8 56 16 1.48 13.95 160.0 610
7.0 230 32 0.73 6.30 74.0 264
7.8 230 30 0:78 7.00 78.5 285
8.3 230 27 0.83 7.74 84.0 309
9.0 230 24 088 8.20 89.0 340
10.0 230 23 0.96 9.12 102.0 372
11.0 230 20 1.07 9.80 109.0 430
12.0 230 20 1.23 11.34 129.0 504
14 460 29 0.79 7.08 78.4 296
16 460 25 0.89 8.00 90.0 340
17 460 22 1.02 9.18 101.4 378
18 460 20 1.10 10.00 110.0 454
20 460 18 1.23 1.1 124.8 480
22 460 17 1.32 14.9 131.6 600
26 460 16 1.8 16.3 180.0 720

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

# Degrees current lags voliage at4ap valué current.

**Voltages taken with Rectox type voltmeter.

INSTANTANEOUS TRIPRUNIT (lIT)

RANGE IN BURDEN IN VOLT-AMPS. AT
AMPERES MINIMUM SETTING MAXIMUM SETTING
2- 8 4.5 32
4- 16 4.5 32
10- 40 45 40
20- 80 6.5 70
40- 160 9.0 144
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Fig. 14. Internal Schematic of the Double Trip Circuit Closing
Relay. For the Single Trip Relay the Circuits Associated
with Terminal 2 are Omitted. Dwg. 57-D-4523.

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 moving contacts bridge two stationary contacts
completing the trip circuit. Also, during the opera*
tion, two fingers on the armature deflect aspring
located on the front of the switch which allowsthe
operation indicator target to drop.

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

CHARACTERISTICS

The relays are generally awvailable in the
following current ranges!

Range Taps

t.1-5 01 012 016 02 03 04 0S5

5-25 05 064708, 10 1.5 20 25
2 -6 2 2.50.43 35 4 5 6
4 -12 4 5 6 7 8 10 12
tAvailable for Type CO-11 Relay.

These relaysgmay have either single or double
circuit closing contacts for tripping either one or
two circuit breakers.

The time vs. current characteristics are
shown in Figs. 7 to 13. 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.

Fig. 15. InternalySchematic of the Single Trip Circuit-Closing

Relay with Indicating Instantaneous Trip Unit.

TRIP.CIRCUIT

TFhe main contacts will safely close 30 amperes
at*250 volts dc and the seal-in contacts of the in-
dicating 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 dc, 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 to 2 amperes.
To change taps requires connecting the lead
located in front of the tap block to the desired set-
ting by means of a screw connection.

TRIP CIRCUIT CONSTANTS
Contactor Switch —

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

SETTINGS
CO UNIT

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

15
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Fig. 16. Diagram of Test Connections for the Circuit-Closing

Type CO Relay.

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

The connector screw on the temminal plate
above the time dial makes connections, to,various
turns on the operating coil. By placingithis screw in
the various terminal plate holes, therelaywill res-
pond to multiples of tap value currentsfin accor-
dance with the various typical time-cufrrent curves.

CAUTION

Since the tap block comnector screw carries
operating current, e sufe that the screw is turned
tight. In order to“avoid’ opening the current
transformer circuits when changing taps under
load, connect the spare connector screw in the
desired 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
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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 conditien 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 app€f stationary
contact is adjusted such that the eentact spring rest
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 CONTACT SWITCH (ICS)

The onlyssetting required on the ICS unit is the
selection ofthey0.2 or 2.0 ampere setting. This
selectiomissmade by connecting the lead located in
frontyof the tap block to the desired setting by
mean$ of the'connecting screw.

O 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 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.

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 rear
mounting stud or studs for the type FT projection
case or by means of the four mounting holes on the
flange for the semi-flush type FT case. Either the
stud or the mounting screws may be utilized for
grounding the relay. External toothed washers are
provided for use in the locations shown on the out-
line and drilling plan to facilitate making a good
electrical connection between the relay case, its
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1N0ICATING
CONTACTOR \
swiTcH - e - — e

]~ INOUCTION uNIT

INDUCTION UMIT
LAQ coiL

g RED HANDLE
- TEST SWITCH
CURRENT TEST JACK

CHASSIS OPERATED
SHORTING SwITCH

—~ TERMINAL

FRONT VIEW

57-D-4528

Fig- 17. Internal Schematic of the Double Trip Circuit Closing
Relay with Torque Control Terminals. For the Single
Trip Relay. the Circuits Associated with Terminal 2 are

Omitted. Dwg. 57-D-4527.

mounting screws or studs. and the relay panel
Ground Wires are affixed to the mounting serews or
studs as required for poorly grounded or insulating
panels. Other electrical connections maysbe made
directly to the terminals by means of screws, for
steel panel mounting or to the terminal/stud fur-
nished with the relay for thick panel mounting.
The terminal stud may be easily({remdved or in-
serted by locking two nuts on 4he“stud and then
turning the proper nut with @ wrengh.

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

ADJUSTMENTS AND MAINTENANCE

The proper “adjustments to insure correct
operation of thig relay have been made at the fac-
tory. Uponireceiptfof the relay no customer ad-
justments, other than those covered under
“SETTINGS” should be required.

For relays which include an indicating instan-
taneous trip unit (ITT), the junction of the induc-
tiony and indicating instantaneous trip coils is
brought out to switch jaw #3. With this arrange-
ment the overcurrent units can be tested separate-

ly.

INDICATING
CONTACTOR
SWITCH-—— €3

INDUCTION UNIT

_.—ANDUCTION uNIT
LAG COiL

"7 F---INDICATING
INSTANTAREOUS uNIT

—-RED HAKDLE

{ ——TEST SwiTCh

-~ T1-——CURRENT TEST JACK

*1-—-CHASSIS OPERATED

SHORTING SWITCH

TERNINAL

FRONT VIEW

57-D-4529

Figyl8. Internal Schematic of the Single Trip Circuit Closing

Relay with Torque Control Terminals and Indicating
Instantaneous Trip Unit.

ACCEPTANCE CHECK

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

1. Contact

a) By turning the time dial, move the mov-
ing contacts until they deflect the
stationary contact to a position where
the stationary contact is resting against
its backstop. The index mark located on
the movement frame should coincide
with the “O” mark on the time dial. For
double trip relays, the follow on the
stationary contacts should be ap-
proximately 1/64”.

b) For relays identified with a “T”, located
at lower left of stationary contact block,
the index mark on the movement frame
will coincide with the “O’ mark on the
time dial when the stationary contact has
moved through approximately one-half
of its normal deflection. Therefore, with
the stationary contact resting against the
backstop, the index mark is offset to the
right of the “O’ mark by approximately
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.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 dou-
ble trip relays, the follow on the
stationary contacts should be ap-
proximately 1/32”.

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

3. Time Curve — 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 ac-
curately is necessary because of the steepness of
the slope of the time-current characteristic (Figure

© 13). “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 ghe time dial
set to the indicated position and the selay sét on
the lowest tap setting, apply the currents specified
by Table I, (e.g. for the CO-2, 3 and 20%imes tap
value current) and measure thegoperatifig time of
the relay. The operating times should equal those
of Table I plus or minus 5% Wse S*tap for .1 to .5
range).

4. Indicating InStantaneous Trip Unit (IIT) —
The core screw whighdis adjlistable from the top of
the trip unit determines,the pickup value. The trip
unit has a nominal ratio of adjustment of 1 to 4
and an accuracy within the limits of 10%.

The making of the contacts and target indica-
tion shouldwoccur at approximately the same ins-
tants, Pesition the stationary contact for a
minimum” of 1/32” wipe. The bridgipg moving
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contact should touch both stationary contacts
simultaneously.

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

5. Indicating Contactor SwitchsICS) — Close
the main relay contacts and pass#sufficient dc
current through the trip circuitito close the con-
tacts of the ICS. This valuefoficurrent should be
not greater than the particulap/ICS tap setting be-
ing used. The operation“indicator target should
drop freely.

The contact gap should be approximately
.047” between thebridging moving contact and the
adjustable stationaryreontacts. The bridging mov-
ing contact should,touch both stationary contacts
simultaneously.

ROUTINE’MAINTENANCE

Allvrelays should be inspected and checked
periodically to assure proper operation. Generally
a‘wisual 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. 16
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 #182A836HO01 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.
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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 *‘Accep-
tance Check”).

CO UNIT
1. Contact

a) By turning the time dial, move the mov-
ing contacts until they deflect the
stationary contact to a position where
the stationary contact is resting against
its backstop. The index mark located on
the movement frame should coincide
with the *“O” mark on the time dial. For
double trip relays, the follow on the
stationary contacts should be ap-
proximately 1/64”.

b) For relays identified with a “T’’4located
at lower left of stationary contactiblock,
the index mark on the movement frame
will coincide with the “O” m@atk onythe
time dial when the stationary contact has
moved through approximiatelywone-half
of its normal deflectionTherefore, with
the stationary contagt resting against the
backstop, the indextmark1s offset to the
right of the “O”’mark by approximately
.020”. The plag€mentwof the various time
dial positions in ling with the index mark
will give op€rating times as shown on the
respective time-current curves. For dou-
bley tripy, reldys, the follow on the
stationarywcontacts should be ap-
preximately 1/32”.

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

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

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

Adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at
tap value current —1.0%.

3. Time Curve Calibration — Install the per-
manent magnet.

Apply the indicated’ current per Table I for per-
manent magnetadjustment (e.g. CO-8, 2 times tap
value) and ameasure the operating time. Adjust the
permanentymagnet keeper until the operating time
corresponds to the value of Table I.

For type CO-11 relay only, the 1.30 times tap
valtiesgperating time from the number 6 time dial
position is 54.9 +5% seconds. It is important that
thes1.30 times tap value current be maintained
accurately. The maintaining of this current ac-
curately is necessary because of the steepness of
the slope of the time-current characteristic (Figure

O 13). “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 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 with-
out any undue effect on the minimum pick-up of
the relay. The check is to be made after the 2 times
tap value adjustment has been completed.

Apply the indicated current per Table I for the
electromagnet plug adjustment (e.g. 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, 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 complete-
ly 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
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changed, readjust the permanent magnet and then
recheck the electromagnet plug adjustment.

4. Indicating Contactor Switch (ICS) — Close
the main relay contacts and pass sufficient dc
current through the trip circuit to close the con-
tacts of the ICS. This value of current should be
not greater than the particular ICS tap setting be-
ing used. The operation indicator target should
drop freely.

5. Indicating Instantaneous Trip Unit (IIT)

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

The nameplaie data will furnish the actual
current range that may be obtained from the'FIT
unit.

RENEWAL PARTS

Repair work can be dong¢ mostsatisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing repair work. Whenyordering parts, always
give the complete nameplate data.

TABLE 1

TIME CURVE CALIBRATION DATA - 50 & 60 HERTZ

PERMANENT MAGNET ADJUSTMENT

TIME CURRENT

RELAY DIAL (MULTIPLES OF
TYPE POSITION TAPVALUE)
CO-2 6 3

CO-5 6 2

CO-6 6 2

CO-7 6 2

CO-8 6 2

CO-9 6 2

Co:I1 6 2

ELECTROMAGNET PLUGS
OPERATING CURRENT OPERATING
TIME (MULTIPLES OF TIME
SECONDS TAP VALUE) SECONDS
0.57 20 0.22
37.80 10 14.30
2.46 20 1.19
4.27 20 1.11
13.35 20 1.11
8.87 20 0.65
11.27 20 0.244A

AForS0 hertz CO-11 relay 20 times opesating time limits are 0.24 + 10%, —5%.
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INSTALLATION

Westinghouse  1.L.41-101N
OPERATION e MAINTENANCE

INSTRUCTIQ

TYPE CO OVERCURRENT

CAUTION

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

APPLICATION

These 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 theéyfollowing
types of relays:

Type CO-2 Short Time Relay
CO-5 Long Time Relay
CO-6 Definite Minimum Time Relay
CO-T7 Moderately Invefrse Time Relay
CO-8 Inverse Time Relay
CO-9 Very Inverse Time Relay
CO-11 Extremely InverseTime Relay

CONSTRUCTION TAND OPERATION

The type CO relays§ consist of an overcurrent unit
(CO), an indicating contactor switch (ICS), and an in-
dicating instantaneous trip unit (IIT) when required.
The principalf’component parts of the relay and their
location are“shown ingFigs. 1-5.

Electromagnet

The electromagnets for the types CO-5, CO-6,
CO-7,4C0O-8 and CO-9 relays have a main tapped coil
locatedbon the center leg of an ‘“E’’ type laminated
structureécthat produces a flux which divides and re-
turnSwthrough 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

SUPERSEDES I.L. 41-101M

*Denotes change from superseded issue.

x cause a contact closing torqu

CO has the lag coil connegtions
brought out to separate terminals. This permits
control of the closing torque such that only when
these terminals™are “connected together will the
unit operate.

The glectromagnets for the types CO-2 and CO-11
relayshhavela main coil consisting of a tapped primary
winding and a secondary winding. Two identical coils
onmthe outer legs of the lamination structure are con-
nected to'the main coil secondary in a manner so that
the combination of all the fluxes produced by the
electromagnet result in out-of-phase fluxes in the air
gap. The out-of-phase air gap fluxes produced cause
a contact closing torque.

Indicating Contactor Switch Unit (1CS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic core upon energization of the switch.
When the switch closes the moving contacts bridge two
stationary contacts, completing the trip circuit. Also
during this operation two fingers on the armature de-
flect 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 provides the adjustable pickup range.

EFFECTIVE APRIL 1974



TYPE CO OVERCURRENT RELAYS

Fig. 1. Type CO Relay Without Case. l-Indicating Instantaneods trip. ([IT). 2-1IT Adjusting Screw. 3-Indicating Contactor
Switch (ICS). 4-Indicating Contactor Switch Tap Block.

Fig. 2. \Lime Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary .
Contact Assembly. 6-Magnetic Plugs. 7-Permanent Magnét.
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Fig. 3. "“E" Type Electromagnet. 1- Magnetic Plugs. 2-Tiap Fig. 4. Indicating Instantaneous Trip Unit (11T).
Block. 3-Tap Screw.

( T )
N o) {

Fig. 5. Indicating Contactor Switch (ICS).
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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
2-6 2 2.5 3 3.5 ¢4 5 6
4 -12 4 5 6 T 8§ 10 12

These relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers.

The time vs. current characteristics are shown in
Figs. Tto 13. 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 ainveres

at 250 volts d-c and the seal-in contacts of the indi-
cating contactor switch wiil safely carry thisg€Wrrent
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 contactorfswitch has two taps that
nrovide a pickup setting of* @.2 Jor 2 amperes. To
change taps requires connecting the lead located in
front of the tap klock toythe desired setting by means
of a screw connectioms

Trip Circuit Const@nts

Contacton,Switch -
0.2 ‘ampere tap - 6.5 ohms d-c resistance
2. 0vampere tap - 0.15 ohms d-c resistance

STATION BUS
———n 1
73
- 3
51 51-1 31
9 8
e ey Bt AT
51 51-2 5
9 8
L O TFLTHRO—¢ PH.2
51 §1-3 W51
9 8

hf.____4g_%é:__Jx:l_:ge_Cy_1 PH. 3
S f —{3-9(1———ﬁvfl—1§e;{>~—~ GRD

DEVICE NUMBER CHART

52 51 - OVERCURRENT RELAY, TYPE CO 52 = a
5IN - GROUND OVERCURRENT RELAY, TYPE CO
52 - POWER CIRCUIT BREAKER
ICS - INDICATING CONTACTOR SWITCH NEG.
'\ a - BREAKER AUXILIARY CONTACT OR
TC - BREAKER TRIP COIL POS.

D.C. TRIP BUS

ICS

~j&
>
*—
—

182-A-755

Figmy6:, External Schematic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-

Phase System.
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TYPE CO OVERCURRENT RELAYS

i

I.L. 41-1

ENERGY REQUIREMENTS A

Instantaneous Trip Unit (IIT)

L 4
RANGE IN BURDEN IN VOLT-AMPS. AT
AMPERES MINIMUM SETTING [MAXIMUM szx
2- 8 4.5 3
4-16 4.5
10 - 40 4.5 4
20 - 80 6.5
40 - 160 9.0 144
TYPE CO-2 R
VOLT AMPERES**
CONTINUOUS ONE SECOND POWER T AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR : LUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) RENT CURRENT CURRENT CURRENT
0.5 0.91 28 39.6 256 790
0.6 0.96 28 . 39.8 270 851
0.8 1.18 28 5 . 42.7 308 1024
0.5/2.5 1.0 1.37 28 5.3 45.4 348 1220
1.5 1.95 0 6.2 544 435 1740
2.0 2.24 7.2 65.4 580 2280
2.5 2.50 29 7.9 73.6 700 2850
2.0 3.1 59 5.04 38.7 262 800
2.5 4.0 55 5.13 39.8 280 920
3.0 4.4 51 5.317 42.8 312 1008
2/6 3.5 4.8 417 5.53 42.8 329 1120
4.0 5.2 45 5.72 46.0 360 1216
5.0 5.6 41 5.90 50.3 420 1500
6.0 6.0 37 6.54 54.9 474 1800
4.0 7.@ 230 65 4.92 39.1 268 848
5.0 230 50 5.20 42.0 305 1020
6.0 .8 230 47 5.34 44.1 330 1128
4/12 1. . 230 46 5.53 45.8 364 1260
8.0 230 43 5.86 49.9 400 1408
10.0 . 230 31 6.6 55.5 470 1720
12.0 12.0 230 34 7.00 62.3 528 2064
* Thermal capacities for short times other than one second may be calculated on the basis of time being inversely

nal to the square of the current.

s taken with Rectox type voltmeter.

urrent lags voltage at tap value current.

her information can be obtained in Perfermance Data 41-100.



TYPE CO OVERCURRENT RELAYS

ENERGY REQUIREMENTS

CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**

* Ther
squa

%

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

(0.5 2.7 88 69 3.92 20.6 103 270
(0.6 3.1 88 68 3.96 20.7 106 8
(0.8 3.7 88 67 3.96 21 114 5
0.5/2.5 (1.0 4.1 88 66 4.07 21.4 122 60
(1.5 5.7 88 62 4.19 23.2 147 462
(2.0 5.8 88 60 4.30 24.9 168 548
(2.5 7.1 88 58 4.37 26.2 180 630
(2 8 230 67 3.88 21 110 308
(2.5 8.8 230 66 3.90 21.6 Q 342
A3 9.7 230 64 3.93 22.1 1 381
2/6 (3.5 10.4 230 63 4.09 23.1 417
4 11.2 230 62 4.12 23.5 144 448
5 12.5 230 59 4.20 24. 162 540
(6 13.7 230 57 4.38 26.@ 183 624
(4 16 460 65 4.00 126 376
s 18.8 460 63 4.15 ) 143 450
6 19.3 460 61 4.32 162 531
4/12 a 20.8 460 59 4.3 183 611
8 22.5 460 56 4.40 7.8 204 699
(10 25 460 53 4.6\ 0.1 247 880
(12 28 460 47 4. 35.6 288 1056
CO-7 MODERAT @E RELAY
Q VOLT AMPERES**
CONTINUOUS ONE SECOND E AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* % TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _ (AMPERES) _ (AMPERES) CURRENT  CURRENT  CURRENT CURRENT
(0.5 27 88 3.88 20.7 103 278
(0.6 31 8 7 3.93 20.9 107 288
(0.8 3.7 7' 8@ 66 3.93 21.1 114 320
0.5/2.5 (1.0 41 64 4.00 21.6 122 356
(1.5 5.7 N 61 4.08 22.9 148 459
(2.0 6.8 88 58 4.24 24.8 174 552
(2.5 7.1 N 56 4.38 25.9 185 640
@ 8 0 66 4.06 21.3 111 306
(2.5 8.8 O 230 63 4.07 21.8 120 342
3 230 63 4.14 22.5 129 366
2/6 (3.5 230 62 4.34 23.4 141 413
(4 230 61 4.34 23.8 149 448
5 230 59 4.40 25.2 163 530
( 230 58 4.62 27 183 624
460 64 4.24 22.8 129 392
5 18.8 460 61 4.30 24.2 149 460
4/12 (6 19.3 460 60 4.62 25.9 168 540
(7 20.8 460 58 4.69 27.3 187 626
8 22.5 460 55 4.80 29.8 211 688
0o 25 460 51 5.20 33 260 860
(12 28 460 46 5.40 37.5 308 1032

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

rrent lags voltage at tap value current.

s taken with Rectox type voltmeter.
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TYPE CO OVERCURRENT RELAYS L. 4

ENERGY REQUIREMENTS

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

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER AT AT3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP.!ALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRE CURRENT

(0.5 2.1 88 72 2.38 21 1 350
(0.6 a1 88 71 2.38 21 365
(0.8 3.7 88 69 2.40 21.1 X 400
0.5/2.5 (1.0 4.1 88 67 2.42 21.2 440
(1.5 5.7 88 62 2.51 22 @ 530
(2.0 6.8 88 57 2.65 23.5 675
(2.5 7.7 88 53 2.74 24.80 228 800
(2 8 230 70 2.38 136 360

(2.5 8.8 230 66 2.40 1.1 142 395
(3 9.7 230 64 2.42 .5 149 430
2/6 (3.5 10.4 230 62 2.48 2 157 470
(4 11.2 230 60 2.53 @ 164 500
(6] 12,5 230 58 . 180 580
(6 13.7 230 56 . 5.2 198 660
(4 16 460 68 21.3 146 420
(6} 18.8 460 63 21.8 158 480
(6 19.3 460 60 22.6 172 550
4/12 4 20.8 460 57 23.6 190 620
8 22.5 460 54 24.8 207 700
(10 25 460 48 27.8 248 850
(12 28 460 31.4 292 1020

E CO-11 RELAY

VOLT AMPERES**

CONTINUOUS ONE NDW,, POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING R T FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE E’ (AMPERES) (A ANGLE ¢ CURRENT CURRENT CURRENT CURRENT
0.5 1.7 36 0.72 6.54 71.8 250
0.6 Ly @ 34 0.75 6.80 5.0 267
0.8 2.2 6 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 K 56 22 1.13 10.04 115.5 411
2.0 { 56 17 1.30 11.95 136.3 502
56 16 1.48 13.95 160.0 610

2.5
2.0 @ 230 32 0.73 6.30 74.0 264
2.5 A 230 30 0.78 7.00 78.5 285
3. .3 230 27 0.83 1.74 84.0 309
2/6 3. .0 230 24 0.88 8.20 89.0 340
10.0 230 23 0.96 9.12 102.0 372

5. 11.0 230 20 1.07 9.80 109.0 430

6. 12.0 230 20 1.23 11.34 129.0 504

.0 14 460 29 0.79 7.08 78.4 296

5.0 16 460 25 0.89 8.00 90.0 340

6.0 17 460 22 1.02 9.18 101.4 378

4/1‘ 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480

10.0 22 460 17 1.32 14.9 131.6 600

12.0 26 460 16 1.8 16.3 180.0 720

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

Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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Fig. 11. Typical Time Curves of the Type CO-8 Relay.
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Fig. 13. Typical Time Curves of the Type CO-11 Relay.




TYPE CO OVERCURRENT RELAYS

l.L. 41.101N

INDICATING W

CONTACTOR
SHITOH-— --———

- -INDUCTION UNIT

~RED HANDLE
L TEST SwiTCH
T —CURRENT TEST JACK

CHASSIS OPERATED
SHORTING SWITCH

TERMINAL

57-D-4524

INDICATING
CONTACTOR
swite ———— |

| —INDUCTION UNIT

| INOICATING
INSTANTANEOUS
umIT

[~RED HANDLE
——~TEST SWITCH
{—CURRENT TEST JACK

CHASSIS OPERATED
SHORTING SWITCH

TTTERMINAL

57-D-k525

Fig. 14. Internal Schematic of the Double Trip Circuit
Closing Relay. For the Single Trip Relay the
Circuits Associated with Terminal 2 are Omitted.

Dwg. 57-D-4523.

SETTINGS
CO Unit

The overcurrent unit settings can be défined
either by tap setting and time dial position g@r by tap
setting and a specific time of operation atysomefcur-
rent multiple of the tap setting (e.g. 4 tap setting)2
time dial position or 4 tap setting, 0.6 sg€onds“at 6
times tap value current).

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

The connector screw on the terfminal plate above the
time dial makes connectionsytoefvarious turns on the
operating coil. By placing this screw in the various
terminal plate holésytheiftelay will respond to multiples
of tap value currentsWin accordance with the various
typical time-éurrent curves.

Caution

Since the tap block connector screw carries oper-
ating current, ‘be sure that the screw is turned tight.
In order to avoid opening the current transformer cir-
cuits™when changing taps under load, connect the
spare Wconnector screw in the desired tap position
before removing the other tap screw from the original
tap position.

Fig.\I15y Internal Schematic of the Single Trip Circuit-
Closing Relay with Indicating Instantaneous
Trip Unit.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be initiated immediately after a trip by
the COcontact, 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.

Fordoubletrip 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 core screw must be adjusted to the value
of pick-up current desired.

The nameplate data will furnish the actual cur-
rent range that may be obtained from the IIT. unit.
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€O RELAY {FRONT VIEW)

"] 710 TIMER (TIMER STOPS WHEN )
STOP (AUX.RELAY CONTACT)
L5 L. PEN: )
FOM
RESHSTANCE
~ Low
SWiTCh

AMpETER st
‘ ‘I : 120 ¥OLTS

P i,,, .

60 CYCLES

1 To TIMER (TIMER STARTS WHEN)
START (SWITCH "S™ CLOSES)

ALYERNATIVE CONNECTIONS FOR .5 TO 2.5 AMPERE RANSE
C0-5 AND CO-5 RELAYS

182-A-75%

Fig. 16. Diagram of Test Connections for the Circuit-
Closing Type CO Relay.

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 mountingor by means of the four meunt-
ing holes on the flange for the semi-flush meunfing.
Either the stud or the mounting screws{may“be utiliz-
ed for grounding the relay. The eleetricalconnections
may be made directly to the terminals by means of
screws for steel panel mountingorto he terminal stud
furnished with the relay for thiek panel mounting.
The terminal stud may be edsily removed or inserted
by locking two nuts on“the 'stud and then turning the
proper nut with a wregnch,

For detail informationdon the FT case refer to
1L 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of thiSmrelay have been made at the factory.
Upon 4reeeipt of the relay no customer adjustments,
other than those covered under *SETTINGS” should
be requirerl.

16

For relays which include an indicating instantan-
eous trip unit (IIT), the junction of the inductioft and
indicating instantaneous trip coils is brought Qut to
switch jaw #3. With this arrangement the overcurrent
units can be tested separately.

Acceptance Check

The following check is recommendéd to insure
that the relay is in proper workingyorder:

1. Contact

a) By turning the time dial, fmoye the moving con-
tacts until they deflectythe stationary contact
to a position where,the stationary contact is
resting againstf'its, backstop. The index mark
located on thétmovement frame should coincide
with the ‘“‘@"pymarkyon the time dial. For double
trip relays, the follow on the stationary contacts
should“be approximately 1/64°’. ¢

b) Eor relays“identified with a ‘‘T’’, located at
lowerleft of stationary contact block, the index
mark “on tlie movement frame will coincide with
the¥!@’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the “‘O’’ mark by approximately .020’’. The
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 contact should leave the back-
stop 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 main-
taining of this current accurately is necessary be-
cause of the steepness of the slope of the time-current
characteristic (Figure 13). A 1% variation in the 1.30
times tap value current (including measuring instru-
ment 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
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I.L. 41-T00N

INDICATING
CONTACTOR
SwITCH — Jes. - -

L woucTion ymir

INDUCTION UNIT
-LAG COiL

RED HANDLE
L --- TEST SWITCH
1~ CURRENT TEST JACK

CHASSIS OPERATED
SHORTING SWITCH

—~ TERMINAL

FRORT VIEW

5T7-D-4528

INDICATING
CONTACTOR
SWHTCH— —— ™8,

168—— -~ InoucTion umiT

NDUCTION UNIT
O

—INDICATING
INSTANTANEOUS UNIT
| ——RED HANDLE

| —TEST SwiTeH
[——CURRENT TEST JACK
| —CHASSIS OPERATED
SHORTING SWITCH

L - TERMINAL

FRONT ViHEW

57-D-4529

Fig. 17. Internal Schematic of the Double Trip Circuit
Closing Relay with Torque Control Terminals.
For the Single Trip Relay, the Circuits Asso-
ciated with Terminal 2 are Omitted. Dwg. 57-D-
4527.

dial set to the indicated position and the relay set
on the lowest tap setting, apply the currents speci#
fied by Table I, (e.g. for the CO-2, 3 and 20gtimes
tap value current) and measure the operatingftime/of
the relay. The operating times should equalyjthose
of Table I plus or minus 5%

4. Indicating Instantaneocus Trip Amify (ITT) -
The core screw which is adjustable from/the top of
tre trip unit determines the pickupgvalue®The trip
urnit has a nominal ratio of adjbstrent of/1 to 4 and
an accuracy within the limits of 40%.

The making of the contacts“and target indication
should occur at approximately the same instant.
Position the stationary cofitact fora minimum of 1/32”
wipe. The bridging moving contact should touch both
stationary contacts simultaneously.

Anply suffieientiyéurrent to operate the IIT. The
operation indicator‘target should drop freely.

5. Indicatifig Contactor Switch (ICS) - Close the
main relay contacts and pass sufficient d-c current
through the trip “eircuit to close the contacts of the
ICS. This value of current shdbuld 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 adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

Fig. 18.“lnternal Schematic of the Single Trip Circuit
Closing Relay with Torque Control Terminals
and Indicating Instantaneous Trip Unit.

Routine Maintenance

All relays should be inspected and checked peri-
odically 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 manually to assure
that the breaker trips and the target drops. Then re-
lease the contacts and observe that the reset is
smooth and positive.

If an additional time check is desired, pass sec-
ondary current through the relay and check the time of
operation. It is preferable to make this at several
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 induction unit use the alternative
test circuit in Fig. 16 as these relays are affected by
a distorted wave form. With this connection the 25/5
ampere current transformers should be worked well be-
low the knee of the saturation (i.e. use 10L50 or
better).

All contacts should be periodically cleaned.
A contact burnisher #182A836KE01 is recomnended
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 tke 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
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TYPE CO OVERCURRENT RELAYS

the adjustments disturbed. 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

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the ‘‘O’’ mark on the time dial. For double
trip relays, the follow on the stationary contacts
should be approximately 1/64’’.

b) For relays identified with a ‘‘T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the ‘‘O’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the ‘‘O’” mark by approximately .020°’. The
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 @n
the stationary contacts should be approximately:
1/32",

2) Minimum Trip Current - The adjustment (of ghe
spring tension in setting the minimum tripmcurrent
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 umtil approxi-
mately 6-3/4 convolutions show,

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

Adjust the control“spring tension so that the
moving contact will deave the backstop at tap value
current +1.0% andgwill g#eturn to the backstop at tap
value current -1.0%.

3. Time Curve Calibration - Install the per-
manent magnet,

Apply the) indicated current per Table I for per-
manent maghet)adjustment (e.g. CO-8, 2 times tap
value)s and, measure the operating time. Adjust the
permanent magnet keeper until the operating time
corresponds to the value of Table I.
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For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial posi-
tion is 54.9 + 5% seconds. 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 13). A#1% variation in
the 1.30 times tap value current (including measuring
instrument deviation) will change“the mominal opera-
ting time by approximately 4%.4"%f theéyoperating 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 ofgpthe“relay. This check is to
be made after the 2'times%tap value adjustment has
has been completed.

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 propen,plug until the operating time corresponds
to thesvalue“in Table I. (Withdrawing the left hand
plug,’ frontwWView, increases the operating time and
withdrawing the right hand plug, front view, decreases
the fime.) 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.

4. Indicating Contactor Switch (ICS) - Close the
main relay contacts and pass sufficient d-¢ 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.

5. Indicating Instantaneous Trip Unit (IIT)

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

The nameplate data will furnish the actual cur-
rent 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 customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.
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TYPE CO OVERCURRENT RELAYS

TABLE 1

TIME CURVE CALIBRATION DATA - 50 & 60 CYCLES

PERMANENT MAGNET ADJUSTMENT

TIME CURRENT OPERATING
RELAY DIAL (MULTIPLES OF TIME
TYPE POSITION TAP VALUE) SECONDS
CO-2 6 3 0.57
CO-5 6 2 37.80
CO-6 6 2 2.46
CO-7 6 2 4.27
CO-8 6 2 13.35
CO-9 6 2 8.87
CO-11 6 2 11.27

ELECTROMAGNET PLUGS

CURRENT OPERATING
(MULTIPLES OF TIME
TAP VALUE) SECONDS
20 0:22
10 14.30
20 1.19
20 1.11
20 1.11
20 0.65
20 0.2¢ A

AFor 50 cycle CO-11 relay 20 times operating time limits are_0.24y+ 10%, —5%.

INTERNAL SCHEMATIC

INBICATING

CONTAOTOR
swi

L IRDUCTIOM lu_l-lt

INDECATING
BNSTANTANEOUS
T

L ~RED HANDLE

| —TEST SWiTCH
—=H—CURRENT TEST JACK
-CHASSIS OPERATED
ORTING SWITCH

@‘TEINMM

FRONT VIEW

57-D-L526

INDICATING
SwTeH

CONTACTOR—__ |

INTERNAL SCHEMATIC

| woucTio

1NDICATING
b i Tantaneon. %
it

| .—RED WANDLE
[ TEST swiTcH

[-—— CURRENT TEST JACK
|—__CHASSIS OPERATED
SHORTING SWITCH

[~ TEMINAL

18LA061

Fig. 20 Interndl’Schematic of the Double Trip
Circuit Closing Relay with Indicating

Iastantaneous Trip Unit.

Fig. 21 Internal Schematic of the Double Trip

Circuit Closing Realy with Indicating
Instantaneous Trip Unit to Separate

Terminals.

WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION

NEWARK, N. J.

Printed in U.S.A.




Westinghouse II. 41-101«1
INSTALLATION ¢ OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO RELAY COORDINATION AND IMPULSE
MARGIN TIME

These instructions define the significance of the {impulse or

coasting characteristic of CO units upon the timescoordination
of two relays.

Relay I operating time in figure 1 should beldelayed sufficiently
for fault 1, to allow Relay II to complete_its, operation and
breaker II to clear the fault., At the ingtant that fault 1 is
cleared, the disc of relay I will be méwving towards the closed
position;y therefore, the disc will coast ‘for a while after being
deenergized., Allowance for coastingmmust be included in the
coordin ating time interval, which ishtIme S-W in figure 2, where
O-W 1s the relay II operating time,

A coordinating time interval of O,33seconds plus breaker time is
recommended; however, for those/who wish to consider using a
shorter interval, the impulsesmfrgin times of Table I should be
used,

TABLE I
Disc Unit Type _Tm
Impulse Margin Time - Seconds
Co-2 0.05
C0-6 0.06
Co-7 0.05
co-8 0.03
C0-9 0.03
C0-11 0.03

In Fig.q2 'the jinterval, Y-Z, of 0,03 seconds 18 the impulse
margin timey, “Its significance will now be explained.

Impulse, margin time, Ty 1s defined as:
Tmm = Top - T (1)
where Top = operating time from time-current curves at some time-

dial) & tap-multiple setting.
EFFECTIVE SEPTEMBER 1963

WESTINGHOUSE ELECTRIC CORPORATION

RELAY-INSTRUMENT DIVISION NEWARK, N. J.
Printed in U.8.A.



TI = Mhimum impulse time during which sufficient inertia is

supplied to the disc to eventually cause the disc to coast
closed, following deenergization; based upon test at same
setting & current as used to determine Top-

For example, in figure 2, assume that the CO0-8 relay is energized
at 7.8 times tap current, with a #2 time dial setting. From
published curve, Top = 0.53 seconds. From test data,

T
mI = 0.947; this means that the relay must be deenergized before
-QP

0.947 x 0.53 = 0.50 seconds to prevent eventual closurey

From equation (1), T., = 0.53 (1-0.947) = 0.028 s¢c8., An analysis

IM
of and calculations from test data of the vario@s,d¥sc units in

the manner Jjust 1llustrated resulted.in thej,representative data of
Table I.

A relay I curve in Fig. 2, producingia“delay of time O - 2Z,
would make no allowance for the following:

Error in fault current caleculations
CT errors

Setting erras

Relay operating time variations
Changes caused by systém growth

(Ve el e\

By exercising extreme care, “a coordinating time interval as
low as 0.15 secs. plus breaker Sime 1s possible.
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Filg.1 OPERATION OF PROTECTED RELAY, I, SHOULD BE DELAYED)TO PERMIT THE
PROTECTING RELAY, II, TO CLEAR FAULT 1.

RELAY T SETTING
C0-87 ¥27D

. FAULT
[ 1
064 RECOMMENDED SETTING
+
[7¢]
Q
3
o 044
a COORD INATING
TIME
MIN N
= 1 : ~t//r— INIMUM SETTING INTERVAL
(¥X ]
: .
z i »
0.2+
e e e — — — —— — — — — — — — — —— — —— —
w\_
RELAY II TIME
7l 0
I 1.8X

RELAY CURRENT

Fld. 24 IFGRECAY I IS SET TO OPERATE IN TIME,Z, ALLOWANCE IS MADE FOR COASTING
BUT NO ALLOWANCE IS MADE FOR ERRORS AND RELAY TIMING VARIATIONS.
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INSTALLATION

Westinghouse I.L.41-101R
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CO OVERCURRENT RELAY

CAUTION

Before putting relays into service, remove all
blocking which may have been inserted for the pur-
pose 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 set-
tings and electrical connections.

© APPLTCATION

The CO relay is‘aysingle phase non-directional
time ac overcurrent device. It is used to sense
current level gbove the setting and normally is used
to trip a cireuit breaker to clear faults. A wide
range of#’characteristics permit applications in-
volyving ‘coordination with fuses, reclosers, cold
loadYpiekupy motor starting, or essentially fixed
time applieations.

© The following describes typical applications of the CO Relay;

RELAY TIME

TYPE CURVE TYPICAL APPLICATIONS

CO-2 Short 1) /Differential protection where saturation of current transformers
is,n0t expected, or where delayed tripping is permissible.

2)%Qvereurrent protection, phase or ground, where coordination
with downstream devices is not involved and 2 to 60 tripping
cycle 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 downstream
devices is not involved and CO-2 is too fast. 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.

CO-9 Very Invérse

CO-11 Extremely Inverse 1) Motor protection where allowable locked rotor time is less than

10 sec.

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

Allpossible 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. 41-101Q, DATED MARCH 1978

AND ADDENDUM 41-101 DATED JUNE 1980

O Denotes changed since previous Issue.

EFFECTIVE SEPTEMBER 1980



Fig. 1. Type CO Relay Without Case. 1-Indicating Instantaneous Trip (HT)N2-/IT Adjusting Screw. 3-Indicating Contactor Switch
(ICS). 4-Indicating Contactor Switch Tap Block.

Figh2,, Time Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Gontrol Spring Assembly. 4-Disc. 5-Stationary Contact
Assembly. 6-Magnetic Plugs. 7-Permanent Magnet.
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Fig. 3. "E" Type Electromagnet. 1-Magnet Plugs. 2-Tap Blogk. Fig. 4. Indicating Instantaneous Trip Unit (IIT).
3-Tap Screw.

Fig. 5. Indicating Contactor Switch (ICS).



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. The principal component parts of
the relay and their location are shown in Figs. 1-5.

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 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. A torque controlled CO has the lag coil
connections of the electromagnet brought out to
separate terminals. This permits control of the
closing torque such that only when these terminals
are connected together will the unit operate.

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 laminas
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 iff'out=
of -phase fluxes in the air gap. The out-of-phase air
gap fluxes produced cause a contact closing tor-
que.

INDICATING CONTACTOR SWITCH UNIT
(IcS)

The dc indicating contaeter switch is a small
clapper type device. A magnetic armature, to
which leaf-spring mounted contacts are attached,
is attracted to the magnetic ¢ore upon energization
of the switch. When,the'switch closes the moving
contacts bridge two stationary contacts, com-
pleting the trip circuit. Also during this operation
two fingers on /the, armature deflect a spring
located on the friont of the switch, which allows the
operation indieator 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 ac
operated clapper type device. A magnetic ar-

STATION BUS

@ >

o
—
o
—
0

>
1
—

GRD

DEVICE NUMBER CHART

S 51 - OVERCURRENT RELAY. TYPE CO

SHN - GROUND OVERCURRENT RELAY, TYPE CO
52 - POWER CIRCUIT BREAKER
522- BREAKER AUXILIARY CONTACT
ICS - INDICATING CONTACTOR SWITCH
TC - BREAKER TRIP Cuit

D C TRIP BUS

§

POS

NEG.

(A

T

51-8 51-C 51-N

( SAME AS PHASE A)
Q

Sub 3
182A755

Figy6 “External Schematic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-Phase

System

A,
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ENERGY REQUIREMENTS
TYPE CO-2 RELAY
VOLT AMPERES**
Continuous One Second Power At At 3 Times At10 Times At 20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle p’ Current Current Current Current
0.5 091 28 58 4.8 39.6 256, 790
0.6 0.96 28 57 4.9 398 270 851
0.8 1.18 28 53 5.0 427 308 1024
0.5/2.5 1.0 1.37 28 50 5.3 454 348 1220
1.5 1.95 28 40 6.2 544 435 1740
2.0 2.24 28 36 7.2 65.4 580 2280
2.5 2.50 28 29 79 73.6 700 2850
2.0 3.1 110 59 5.04 387 262 800
2.5 4.0 110 55 5.13 39.8 280 920
3.0 4.4 110 S1 5.37 428 312 1008
2/6 35 4.8 110 47 5.53 42.8 329 1120
4.0 5.2 110 45 5.72 46:0 360 1216
5.0 5.6 110 4] 5.90 50.3 420 1500
6.0 6.0 110 37 654 549 474 1800
4.0 7.3 230 64 4.92 39.1 268 848
5.0 8.0 230 50 5220 42.0 305 1020
6.0 8.8 230 47 5:34 44.1 330 1128
4/12 7.0 9.6 230 46 5.53 45.8 364 1260
8.0 104 230 43 5:86 499 400 1408
10.0 11.2 230 37 6.6 55.5 470 1720
12.0 12.0 230 34 7.00 62.3 528 2064

CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**
Continuous One Second ) Power At At 3 Times At10Times At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) |~ Angle ﬁ Current Current Current Current
0.5 2.7 ' 88 69 3.92 20.6 103 270
0.6 3.1 88 68 3.96 20.7 106 288
0.8 3.7 88 67 3.96 21 114 325
0.5/2.5 1.0 4.1 88 66 4.07 214 122 360
1.5 5.2 88 62 4.19 23.2 147 462
2.0 6.8 88 60 4.30 249 168 548
2.5 77 88 58 4.37 26.2 180 630
2 8 230 67 3.88 21 110 308
2.5 8.8 230 66 3.90 21.6 118 342
3 97 230 64 393 221 126 381
2/6 35 10/4 230 63 4.09 23.1 136 417
4 1.2 230 62 4.12 235 144 448
S 12.5 230 59 4.20 248 162 540
6 13.7 230 57 4.38 26.5 183 624
4 16 460 65 4.00 22.4 126 376
5 18.8 460 63 4.15 23.7 143 450
6 19.3 460 61 4.32 25.3 162 531
4/12 7 20.8 460 59 4.35 26.4 183 611
8 225 460 56 4.40 27.8 204 699
10 25 460 53 4.60 30.1 247 880
12 28 460 47 4.92 35.6 288 1056

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

/f Degrees current lags voltage at tap value current.

**Voltages taken with Rectox type voltmeter.



ENERGY REQUIREMENTS
CO-7 MODERATELY INVERSE TIME RELAY

VOLT AMPERES**
Continuous One Second Power At At 3 Times At 10 Times At 20 Times
Ampere _Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ﬂ Current Current Current 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 66 393 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 4.24 248 174 552
2.5 1.7 88 56 4.38 259 185 640
2 8 230 66 4.06 213 I 306
2.5 8.8 230 63 4.07 21.8 120 342
3 9.7 230 63 4.14 22.5 129 366
2/6 3.5 10.4 230 62 4.34 234 141 413
4 11.2 230 61 4.34 23.8 149 448
S 12.5 230 59 4.40 252 163 530
6 13.7 230 58 4.62 27 183 624
4 16 460 64 4.24 22.8 129 392
S 18.8 460 61 430 24.2 149 460
6 19.3 460 60 4.62 25.9 168 540
4/12 7 20.8 460 58 4.69 27.3 187 626
8 22.5 460 55 4780 29.8 211 688
10 25 460 S1 5.20 33 260 860
12 28 460 46 5.40 37.6 308 1032
AT
CO-8 INVERSE TIME AND,CO-9 VERY INVERSE TIME RELAYS ‘
VOLT AMPERES**
Continuous One Second Power At At 3 Times At 10 Times At 20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle §f Current Current Current Current
0.5 2.7 88 72 2.38 21 132 350
0.6 3.1 88 71 2.38 21 134 365
0.8 3.7 88 69 2.40 21.1 142 400
0.5/2.5 1.0 4.1 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 2.74 248 228 800
2 8 230 70 2.38 21 136 360
2.5 8.8 230 66 2.40 21.1 142 395
3 9.7 230 64 242 21.5 149 430
2/6 35 10.4 230 62 2.48 22 157 470
4 1172 230 60 2.53 22.7 164 500
S 12.5 230 58 2.64 24 180 580
6 13.7 230 56 2.75 25.2 198 660
4 16 460 68 2.38 21.3 146 420
S 18.8 460 63 2.46 21.8 158 480
6 19.3 460 60 2.54 22.6 172 550
4/12 7 20.8 460 57 2.62 23.6 190 620
8 22,5 460 54 2.73 248 207 700
10 25 460 48 3.00 27.8 248 850
12 28 460 45 3.46 314 292 1020
*Thermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the o

square\of the current.
;f Degrees current lags voltage at tap value current.

**Voltages taken with Rectox type voltmeter.
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Ampere
Range Tap
0.1

0.12
0.16
0.20
0.30
040
0.50

0.1/0.5

0.5/25 1.0

2/6 3.5

4/12 7.0
8.0
10.0
12.0

ENERGY REQUIREMENTS
TYPE CO-11 RELAY
VOLT AMPERES**
Continuous One Second Power At At 3 Times At 10 Times _ At 20 Times
Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
(Amperes) (Amperes) Anglef Current Current Cirrent Current
0.4 11.5 34 0.64 6.5 70.3 240
0.4 11.5 32 0.67 6.66 754 264
0.4 11.5 30 0.76 7.3 82.4 297
0.4 11.5 26 0.83 8.3 87.8 336
0.4 11.5 22 1.01 10.3 117.6 420
0.4 11.5 18 1.21 11.22 140.0 520
0.4 11.5 16 1.38 138 168.0 630
1.7 56 36 0.72 654 71.8 250
1.9 56 34 0.75 6.80 75.0 267
2.2 56 30 0.81 7.46 84.0 298
2.5 56 27 0.89 8.30 93.1 330
3.0 56 22 1403 10.04 115.5 411
3.5 56 17 1.30 11.95 136.3 502
3.8 56 16 1.43 13.95 160.0 610
7.0 230 32 0.73 6.30 74.0 264
7.8 230 30 0:78 7.00 78.5 285
8.3 230 27 0.83 7.74 84.0 309
9.0 230 24 088 8.20 89.0 340
10.0 230 23 0.96 9.12 102.0 372
11.0 230 20 1.07 9.80 109.0 430
12.0 230 20 1.23 11.34 129.0 504
14 460 29 0.79 7.08 78.4 296
16 460 25 0.89 8.00 90.0 340
17 460 22 1.02 9.18 101 .4 378
18 460 20 1.10 10.00 110.0 454
20 460 18 1.23 11.1 124.8 480
22 460 17 1.32 14.9 131.6 600
26 460 16 1.8 16.3 180.0 720

*Thermal capacities for short time§othepthan gne second may be calculated on the basis of time being inversely proportional to the
square of the current.

[f Degrees current lags voltage arap valué current.

**Voltages taken with Rectox4ype voltmeter.

INSTANTANEOUS TRIRUNIT (lIT)

RANGE IN BURDEN IN VOLT-AMPS. AT
AMPERES MINIMUM SETTING MAXIMUM SETTING
2- 8 45 32
4- 16 45 32
10- 40 45 40
20- 80 6.5 70
40 - 160 9.0 144
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Fig. 714. Internal Schematic of the Double Trip Circuit Closing
Relay. For the Single Trip Relay the Circuits Associated
with Terminal 2 are Omitted. Dwg. 57-D-4523.

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 moving contacts bridge two stationary contacts
completing the trip circuit. Also, during the opera#
tion, 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 thegtep “of the
switch provides the adjustable pickup range.

CHARACTERISTICS

The relays are generally available in the
following current ranges!

Range Taps

t.1-5 0.1 0.2 016 02 03 04 05
S5-25 05 06408, 1.0 15 20 25
2 -6 2 25043 35 4 5 6
4 -12 4 5 6 7 8 10 12

tAvailable for Type CO=11 Relay.

These relaysymay have either single or double
circuit closing contacts for tripping either one or
two circuit breakers.

The time vs. current characteristics are
shown in Figs. 7 to 13. 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.

Fig. 15. InternaldSchematic of the Single Trip Circuit-Closing
Relay with Indicating Instantaneous Trip Unit.

TRIP. CIRCUIT

The main contacts will safely close 30 amperes
at¥250 volts dc and the seal-in contacts of the in-
dicating 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 dc, 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 to 2 amperes.
To change taps requires connecting the lead
located in front of the tap block to the desired set-
ting by means of a screw connection.

TRIP CIRCUIT CONSTANTS
Contactor Switch —

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

SETTINGS
CO UNIT

The overcurrent unit settings can be defined
either by tap setting and time dial position or by
tap setting and a specific time of operation at some
current multiple of the tap setting (e.g. 4 tap set-
ting, 2 time dial position or 4 tap setting. 0.6
seconds at 6 times tap value current)
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Fig. 16. Diagram of Test Connections for the Circuit-Closing

Type CO Relay.

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

The connector screw on the tesminal plate
above the time dial makes connections ‘te, various
turns on the operating coil. By placingthis serew in
the various terminal plate holes, thé.relay,will res-
pond to multiples of tap value eurrents?in accor-
dance with the various typical time-current curves.

CAUTION

Since the tap block cennector screw carries
operating currentbe sure that the screw is turned
tight. In order toWavoid opening the current
transformer circuits when changing taps under
load, connect the spare connector screw in the
desired tap positionébefore 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

16

reclosing will be initiated immediately after a trip
by the CO contact, the time of the opening ofthe
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 theleontact spring rest
solidly against the back stop. Thellower stationary
contact is then adjusted sueh that both stationary
contacts make contact¥simultaneously with their
respective moving cofitact.

INDICATING CONTACT SWITCH (ICS)

The onlysetting required on the ICS unit is the
selection off\the, 0.2 or 2.0 ampere setting. This
selectiomis,made by connecting the lead located in
front, of “the tap block to the desired setting by
means ‘of the connecting screw.

O INDICATING INSTANTANEOUS TRIP (lIT)

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 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.

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 rear
mounting stud or studs for the type FT projection
case or by means of the four mounting holes on the
flange for the semi-flush type FT case. Either the
stud or the mounting screws may be utilized for
grounding the relay. External toothed washers are
provided for use in the locations shown on the out-
line and drilling plan to facilitate making a good
electrical connection between the relay case, its
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Fig 17. Internal Schematic of the Double Trip Circuit Closing
Relay with Torque Control Terminals. For the Single
Trip Relay, the Circuits Associated with Terminal 2 are

Omitted. Dwg. 57-D-4527.

mounting screws or studs. and the relay panel
Ground Wires are affixed to the mounting sérews or
studs as required for poorly grounded or insulating
panels. Other electrical connections may‘be made
directly to the terminals by means ofgserews, for
steel panel mounting or to the terminal/stud fur-
nished with the relay for thick pamel meunting.
The terminal stud may be easily(removed or in-
serted by locking two nuts on, the stud and then
turning the proper nut with @ wreneh.

For detail informationson‘the FT case refer to
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct
operation 0f this' relay have been made at the fac-
tory. Upon“éceipt’ of the relay no customer ad-
justments, other than those covered under
“SETTINGS” should be required.

Fer relays which include an indicating instan-
taneoeus, trip unit (ITT), the junction of the induc-
tion\and indicating instantaneous trip coils is
brought out to switch jaw #3. With this arrange-
ment the overcurrent units can be tested separate-

ly.

INDICATING

CONTACTOR
L e () T——-—‘

L/’ ] -~ {NDUCTION UNIT

NOUCTION UNIT
I v

14— INDICATING
INSTANTANEOUS UNIT
) o —RED HANDLE
e it —TEST SwiTcH
N;jﬁcuum TEST JACK
sF=~1_—CHASSIS OPERATED
SHORTING 3wl TCH

f-—TERMINAL

FRONT ViEW

57-D-4529

Fig-18. Internal Schematic of the Single Trip Circuit Closing

Relay with Torque Control Terminals and Indicating
Instantaneous Trip Unit.

ACCEPTANCE CHECK

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

1. Contact

a) By turning the time dial, move the mov-
ing contacts until they deflect the
stationary contact to a position where
the stationary contact is resting against
its backstop. The index mark located on
the movement frame should coincide
with the “O” mark on the time dial. For
double trip relays, the follow on the
stationary contacts should be ap-
proximately 1/64”.

b) For relays identified with a “T”’, located
at lower left of stationary contact block,
the index mark on the movement frame
will coincide with the “O” mark on the
time dial when the stationary contact has
moved through approximately one-half
of its normal deflection. Therefore, with
the stationary contact resting against the
backstop, the index mark is offset to the
right of the ““O” mark by approximately
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.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 dou-
ble trip relays, the follow on the
stationary contacts should be ap-
proximately 1/32”.

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

3. Time Curve — 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 ac-
curately is necessary because of the steepness of
the slope of the time-current characteristic (Figure

© 13). “A slight variation, +1%, in the 1.3 times

tap value current (including measuring instrument
deviation) will change the timing toleranceqto
+10% and the effects of different taps can make
the total variations appear to be +15%.

Table I shows the time curve calibratioft points
for the various types of relays. With4he time dial
set to the indicated position and the gelay set on
the lowest tap setting, apply the currents specified
by Table I, (e.g. for the CO-2, 3 and, 20"times tap
value current) and measure thefoperating time of
the relay. The operating times should equal those
of Table I plus or minus 5%¢(Use, .5 tap for .1to .5
range).

4. Indicating Iastanfaneous Trip Unit (IIT) —
The core screw which(is adjustable from the top of
the trip unit determinesythe pickup value. The trip
unit has a nominal ratio of adjustment of 1 to 4
and an accuracy within the limits of 10%.

The making of the contacts and target indica-
tion shguld“accur at approximately the same ins-
tantdwPosition the stationary contact for a
minimum- of 1/32” wipe. The bridgipg moving

18

contact should touch both stationary contacts
simultaneously.

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

5. Indicating Contactor Switch{ICS) — Close
the main relay contacts and, pass”sufficient dc
current through the trip circuitte ¢lose the con-
tacts of the ICS. This valug'ofieurrent should be
not greater than the particular ICS tap setting be-
ing used. The operation indicator target should
drop freely.

The contact gap should be approximately
047" between th€bridging moving contact and the
adjustablegstationary ‘contacts. The bridging mov-
ing contactisheuldstouch both stationary contacts
simultaneously.

ROUTINE MAINTENANCE

All“relays should be inspected and checked
perigdically 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. 16
as these relays are affected by a distorted wave
form. With this connection the 25/5 ampere
current transformers should be worked well below
the knee of the saturation (i.e. use 10L50 or
better).

All contacts should be periodically cleaned. A
contact burnisher #182A836H01 is recommended
for this purpose. The use of abrasive material for
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.
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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 ‘‘Accep-
tance Check”).

CO UNIT
]. Contact

a) By turning the time dial, move the mov-
ing contacts until they deflect the
stationary contact to a position where
the stationary contact is resting against
its backstop. The index mark located on
the movement frame should coincide
with the ““O” mark on the time dial. For
double trip relays, the follow on the
stationary contacts should be ap-
proximately 1/64”.

b) For relays identified with a “T’’4located
at lower left of stationary contactiblock,
the index mark on the movement frame
will coincide with the “O” matk onythe
time dial when the stationary contact has
moved through approximatelywone-half
of its normal deflectionTherefore, with
the stationary contagct restifig against the
backstop, the indextmark'is offset to the
right of the “O"'mark by approximately
.020”. The plag€mentiof the various time
dial positions in ling/with the index mark
will give op€rating'times as shown on the
respective timescurrent curves. For dou-
bley trip, reldys, the follow on the
stationaryw contacts should be ap-
proximately 1/32”.

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

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

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

Adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at
tap value current —1.0%.

3. Time Curve Calibration — Install the per-
manent magnet.

Apply the indicated current per Table I for per-
manent magnet,adjustment (e.g. CO-8, 2 times tap
value) and aneasute the operating time. Adjust the
permanent,magnet keeper until the operating time
corresponds to the value of Table I.

Fer 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 important that
they1.30 times tap value current be maintained
accurately. The maintaining of this current ac-
curately is necessary because of the steepness of
the slope of the time-current characteristic (Figure

© 13). “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 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 with-
out any undue effect on the minimum pick-up of
the relay. The check is to be made after the 2 times
tap value adjustment has been completed.

Apply the indicated current per Table I for the
electromagnet plug adjustment (e.g. 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, 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 complete-
ly 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
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changed, readjust the permanent magnet and then
recheck the electromagnet plug adjustment.

4. Indicating Contactor Switch (ICS) — Close
the main relay contacts and pass sufficient dc
current through the trip circuit to close the con-
tacts of the ICS. This value of current should be
not greater than the particular ICS tap setting be-
ing used. The operation indicator target should
drop freely.

5. Indicating Instantaneous Trip Unit (IIT)

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*H T
unit.

RENEWAL PARTS

Repair work can be dong mostsatisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing repair work. Whenyordering parts, always
give the complete nameplate data.

TABLE 1

TIME CURVE CALIBRATION DATA - 50 & 60 HERTZ

PERMANENT MAGNETADJUSTMENT ELECTROMAGNET PLUGS
TIME CURRENT OPERATING CURRENT OPERATING

RELAY DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
TYPE POSITION TAPVALUE) SECONDS TAP VALUE) SECONDS
CO-2 6 3 0.57 20 0.22
CO-5 6 2 37.80 10 14.30
CO-6 6 2 2.46 20 1.19
CO-7 6 2 4.27 20 1.11
CO-8 6 2 13.35 20 1.11
CO-9 6 2 8.87 20 0.65
Co:-1 6 2 11.27 20 0244

AForS0 hertz CO-11 relay 20 times opesating time limits are 0.24 + 10%, —5%.
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Fig. 19. Outline and Drilling Plan for the Type CO Relay.
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Fig. 20. Internal Schematic of the Double Trip Circuit Closing
Relay with Indicating Instantaneous Trip Unit.
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INSTALLATION

Westinghouse 1.L. 41-101M
e OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE CO 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

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 Relay
CO-7 Moderately Inverse Time Relay
CO-8 Inverse Time Reldy
CO-9 Very Inverse TimegRelay
CO-11 Extremely Inverse, Time Relay

CONSTRUCTION AND" OPERATION

The type CO relays consist of an overcurrent unit
(CO), an indicating contactor switch (ICS), and an in-
dicating instantaneeus ‘trip umit (IIT) when required.
The principal component parts of the relay and their
location are shown in Figs. 1-5.

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 and re-
turns through the outer legs. A shading coil causes
the fluxethrough the left leg to lag the main pole flux.
Thejout-of-phase fluxes thus produced in the air gap

SUPERSEDES I.L. 41-101L

* Denotes change from superseded issue.

cause a contact closing torque.

The electromagnets for the types CO-2 and CO-11
relays have a main coilqconsisting of a tapped primary
winding and a secondary winding. Two identical coils
on the outer legs of the lamination structure are con-
nected to the maift coil secondary in a manner so that
the combination“ef all’ the fluxes produced by the
electromagnetfresultdin out-of-phase fluxes in the air
gap. The out-of-phase air gap fluxes produced cause
a contact ‘¢élosingstorque.

Indileating Contactor Switch Unit (1CS)

The d-¢ indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to“the magnetic core upon energization of the switch.
When the switch closes the moving contacts bridge two
stationary contacts, completing the trip circuit. Also
during this operation two fingers on the armature de-
flect 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 provides the adjustable pickup range.

CHARACTERISTICS

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

EFFECTIVE MAY 1967



TYPE CO OVERCURRENT RELAYS

Fig. 1. Type CO Relay Without Case. I-Indicating InstantaneéUstrip'(JIT). 2-1IT Adjusting Screw. 3-Indicating Contactor
Switch (ICS). 4-Indicating Contactor Switch Tap Block.

Fig. 2. Time Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary
Contact Assembly. 6-Magnetic Plugs. 7-Permanent Magnét.
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TYPE CO OVERCURRENT RELAYS

EIIITERNE

Fig. 3. “E" Type Electromagnet. 1- Magnetic Plugs. 2-Tap Fig. 4. Indicating Instantaneous Trip Unit (1IT).

Block. 3-Tap Screw.

Fig. 5. Indicating Contactor Switch (ICS).



TYPE CO OVERCURRENT RELAYS

Range Taps

D-2.9 05 0.6 0.8 1.0 1.5 2.0 2.5
2-6 2 2.5 3 3.5 4 5 6
4-12 4 b) 6 7 8 10 12

These relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers.

The time vs. current characteristics are shown in
Figs. Tto 13. 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 ainperes
at 250 volts d-c and the seal-in contacts of the indi-

cating contactor switch will safely carry this cdrrent
long enough to trip a circuit breaker.

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

The indicating contactor switchphas two taps that
nrovide a pickup setting of, 0.2 opf2amperes. To
change taps requires connecting the.dead located in
front of the tap block to thegqdesired, setting by means
of a screw connection.

Trip_Circuit Constants

Contactor Switch -
0.2 ampere tap. - 6.5 ohms d-c resistance
2.0 amiperettap - 0.15 ohms d-c resistance

STATION BUS " D.C. TRIP BUS
i POS.
, . OR
1 < NEG.
™ o 3 P
51 51-1 51 al¢ I r l
3 10
<\—%€3———A§7L~:¥£~<D——W PH. 1
51 s1-2 (51 Ics bl-¢  »51-3  51-N
9 8 :
OIS O PH.
51 5153 51 51-1== 1CS
l 9 8 4 ris
L PH.
4 j—_—O_M]—%O—_‘
| g 51 s 81 2 I I T
| e li ?\)(’ J\}"\—lse—gw GRD > '
DEVICE NUMBER CHART <;i;>
52 51 = OVERCURRENT RELAY. TYPE CO 52 = a
51N/~ GROUND OVERCURRENT RELAY, TYPE CO
§2 - POWER CIRCUIT BREAKER
ICS - INDICATING CONTACTOR SWITCH NEG.
Ll a - BREAKER AUXILIARY CONTACT OR
‘03 TC - BREAKER TRIP COIl POS.

182-A-755

Fig.36. External Schematic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-

Phase System.




TYPE CO OVERCURRENT RELAYS L. 41-1

ENERGY REQUIREMENTS

* Instantaneous Trip Unit (IIT)

RANGE IN BURDEN IN VOLT-AMPS. AT
AMPERES MINIMUM SETTING |MAXIMUM SE~§
2- 8 4.5 32
4-16 4.5 2
10 - 40 4.5 40
20 - 80 6.5
00 o &

TYPE CO-2 RE

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER
AMPERE RATING RATING* FACTOR
RANGE TAP (AMPERES)  (AMPERES) ANGLE ¢

AT 3 TIMES AT 10 TIMES AT 20 TIMES
UE TAP VALUE TAP VALUE TAP VALUE
T CURRENT CURRENT CURRENT

0.5 0.91 28 - .8 39.6 256 790
0.6 0.96 28 4.9 39.8 270 851
0.8 1.18 28 5 5.0 42.7 308 1024
0.5/2.5 1.0 1.37 28 \ 5.3 45.4 348 1220

1.5 1.95 28 0 6.2 54.4 435 1740

2.0 2.24 28 7.2 65.4 580 2280

2.5 2.50 28 7.9 73.6 700 2850

2.0 3.1 ﬁ&() 59 5.04 38.7 262 800
10

2.5 4.0 55 5.13 39.8 280 920
3.0 4.4 51 5.37 42.8 312 1008

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

5.0 5.6 110 41 5.90 50.3 420 1500

6.0 . 110 37 6.54 54.9 474 1800

4.0 230 65 4.92 39.1 268 848

5.0 230 50 5.20 42.0 305 1020

6.0 230 47 5.34 44.1 330 1128

4/12 7.0 230 46 5.53 45.8 364 1260
8.0 230 43 5.86 49.9 400 1408

10.0 230 37 6.6 55.5 470 1720

12.0 230 34 7.00 62.3 528 2064

* Thermal caﬁacitie’j’or short times other than one second may be calculated on the basis of time being inversely proportional to the
square e current.

nt lags voltage at tap value current.

aken with Rectox type voltmeter.



TYPE CO OVERCURRENT RELAYS

ENERGY REQUIREMENTS

CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**

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

L 2
(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 25
0.5/2.5 (1.0 4.1 88 66 4.07 21.4 122 \ 360
(1.5 5.7 88 62 4.19 23.2 147 462
(2.0 5.8 88 60 4.30 24.9 16 548
(2.5 7.7 88 58 4.37 26.2 18 630
(2 8 230 67 3.88 21 1 308
(2.5 8.8 230 66 3.90 21.6 @ 342
3 9.7 230 64 3.93 22.1 381
2/6 (3.5 10.4 230 63 4.09 23.1 36 417
(4 11.2 230 62 4.12 23.5 44 448
5 12.5 230 59 4.20 24 162 540
(6 13.7 230 57 4.38 2@ 183 624
(4 16 460 65 4.00 4 126 376
5 18.8 460 63 4.15 143 450
(6 19.3 460 61 4.32 5.3 162 531
4/12 % 20.8 460 59 4.35 183 611
(8 22.5 460 56 4. 204 699
(10 25 460 53 4. 30.1 247 880
(12 28 460 47 35.6 288 1056

CO.7 MODERAT, TIME RELAY
VOLT AMPERES**
CONTINUOUS ONE SECOND (@) AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* (@) TAP VALUE TAP VALUE TAP VALUE TAP VALUE

1
RANGE TAP (AMPERES) _ (AMPERES ¢ CURRENT  CURRENT  CURRENT CURRENT
(0.5 27 88 8 3.88 20.7 103 278
(0.6 31 67 3.93 20.9 107 288
66

(0.8 3.7 . 3.93 21.1 114 320

0.5/2.5 (1.0 4.1 8 64 4.00 21.6 122 356
(1.5 5.7 \ 61 4,08 22.9 148 459
(2.0 6.8 88 58 4.24 24.8 174 552
(2.5 7.7 \ 8 56 4.38 25.9 185 640
(2 8 30

66 4.06 21.3 111 306
(2.5 8. 230 63 4.07 21.8 120 342
3 9.7 230 63 4.14 22.5 129 366

2/6 (3.5 230 62 4.34 23.4 141 413
(4 230 61 4.34 23.8 149 448
(5 230 59 4.40 25.2 163 530
3. 230 58 4.62 27 183 624
4 6 460 64 4.24 22.8 129 392
18.8 460 61 4.30 24.2 149 460
4/12 (6 19.3 460 60 4.62 25.9 168 540
4 20.8 460 58 4.69 27.3 187 626
(8 22.5 460 55 4.80 29.8 211 688
.0 25 460 51 5.20 33 260 860
(12 28 460 46 5.40 37.5 308 1032
* Thermal acities for short times other than one second may be calculated on the basis of time being inversely proportional to the
squ@re current.
@ current lags voltage at tap value current.

p es taken with Rectox type voltmeter.



TYPE CO OVERCURRENT RELAYS I.L. 41-

ENERGY REQUIREMENTS

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

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER AT AT3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP vLUE
RANGE  TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT
(0.5 2.1 88 72 2.38 21 13% 350
(0.6 3.1 88 m 2.38 21 365
(0.8 3.7 88 69 2.40 21.1 x 400
0.5/2.5 (1.0 4.1 88 67 2.42 21.2 @ 440
(1.5 5.7 88 62 2.51 22 530
(2.0 6.8 88 57 2.65 23.5 675
(2.5 1.1 88 53 2.74 24.8 8 800
(2 8 230 70 2.38 21 136 360
(2.5 8.8 230 66 2.40 .1 142 395
3 9.7 230 64 2.42 5 149 430
2/6 (3.5 10.4 230 62 2.48 157 470
(4 11.2 230 60 164 500
(5 12.5 230 58 180 580
(6 13.7 230 56 198 660
(4 16 460 68 146 420
5 18.8 460 63 158 480
(6 19.3 460 60 172 550
4/12 (7 20.8 460 57 190 620
(8 22.5 460 54 207 700
(10 25 460 48 248 850
(12 28 460 45 292 1020
CO-11 RELAY
VOLT AMPERES**
CONTINUOUS ONE S POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RA ACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AM ANGLE ¢ CURRENT CURRENT CURRENT CURRENT
0.5 1.7 5 36 0.72 6.54 71.8 250
0.6 L9 & 56 34 0.75 6.80 75.0 267
0.8 2.2 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 56 22 1.13 10.04 115.5 411
2.0 3. 56 17 1.30 11.95 136.3 502
2.5 56 16 1.48 13.95 160.0 610
2.0 @ 230 32 0.73 6.30 74.0 264
2.5 B 230 30 0.78 7.00 78.5 285
3.0 230 21 0.83 7.74 84.0 309
2/6 .5 230 24 0.88 8.20 89.0 340
.0 230 23 0.96 9.12 102.0 372
.0 11.0 230 20 1.07 9.80 109.0 430
.0 12.0 230 20 1.23 11.34 129.0 504
14 460 29 0.79 7.08 8.4 296
.0 16 460 25 0.89 8.00 90.0 340
6.0 17 460 22 1.02 9.18 101.4 378
4/12 7.0 18 460 20 1.10 10.00 110.0 454
. 8.0 20 460 18 1.23 11.1 124.8 480
10.0 22 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 720
* ermal capacities for short times other than one second may be calculated on the basis of time being inversely proportional to the

re of the current.
egrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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1.L. 41-101M

INDICATING
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SwiTeH —
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“TT—CURRENT TEST JACK
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TERMINAL

57-D-L52)

INDICATING
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T

|~ REQ WANDLE
| —TEST SwiTCH
L+—CURRENT TEST JaCK
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T TEMINAL

57-D-4525

* Fig. 14. Internal Schematic of the Double Trip Circuit
Closing Relay. For the Single Trip Relay the
Circuits Associated with Terminal 2 are Omitted.

Dwg. 57-D-4523.

SETTINGS
_CO Unit_

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

To provide selective circuit breaker opesation, a
minimum coordinating time of 0.3 seconds plus circuit
breaker time is recommended between thefrelay being
set and the relays with which,oordination 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 pla€ingrthis screw in the various
terminal plate holes, the relay will respond to multiples
of tap value cutrents,in“@ccordance with the various
typical time-carrent curves.

Caution

Since the tap block connector screw carries oper-
ating current, gbe sure that the screw is turned tight.
In order to avoid opening the current transformer cir-
cuifsy when changing taps under load, connect the
sparey connector screw in the desired tap position
before“removing the other tap screw from the original
tapyposition.

Fig. 15. Internal Schematic of the Single Trip Circuit-
Closing Relay with Indicating Instantaneous
Trip Unit.

Inst@ntaneous Reclosing

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

Fordoubletrip relays, the upper stationarycontact
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.

Indicoting Instantaneous Trip (11T)

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

The nameplate data will furnish the actual cur-
rent range that may be obtained from the IIT. unit.
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£0 RELAY (FRONT VIEW)

[>) 710 TIMER (TIMER STOPS WHEN )
k= SToP (AUX.RELAY CONTACT)
l | . (OPENS )
ahiins TO TIMER (TIMER STARTS WHEN)
START  (SWITCH "S" CLOSES)
;e RESISTANCE
G LoAD
SWITCH
(A Y= amperer s
e ~—0 —0 120 VLTS
—— ‘o 3_0 50 CYCLES

ALTERNATIVE CONNECTIONS FOR .5 TO 2.5 AMPERE RANGE
C0-5 AND CO-5 RELAYS

182-A-754

Fig. 16. Diagram of Test Connections for the Circuit-
Closing Type CO Relay.

INSTALLATION

The relays should be mounted on switchbéard
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 fofir mount-
ing holes on the flange for the semi-flush ‘mounting.
Either the stud or the mounting screws gnaypbe utiliz-
ed for grounding the relay. The electrical connections
may be made directly to the terminals bypmeans of
screws for steel panel mounting orté be“términal stud
furnished with the relay for thick panel mounting.
The terminal stud may be easilyremoved or inserted
by locking two nuts ongthe Stud and then turning the
proper nut with a wrench.

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

ADJUSTMENTS AND MAINTENANCE
The préper adjustments to insure correct opera-
tion of this ‘relay have been made at the factory.

Upon receipt of the relay no customer adjustments,
other than “those covered under *SETTINGS” should

be requireri.
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For relays which include an indicating instantan-
eous trip unit (IIT), the junction of the inductionsand
indicating instantaneous trip coils is brought ©ut to
switch jaw #3. With this arrangement the overcurrent
units can be tested separately.

Acceptance Check

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

1. Contact

a) By turning the time dial, move the moving con-
tacts until they defleet the”stationary contact
to a position where the ‘stationary contact is
resting againstgits baekstop. The index mark
located on the'movement frame should coincide
with the ‘‘O2 mark on the time dial. For rlouble
trip relays, the'fellow on the stationary contacts
shouldybe “approximately 1/64".*

b) For relayshidentified with a “‘T’’, located at
lTowenleftyof stationary contact block, the index
markyen the movement frame will coincide with
the, ‘O’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the “‘O’’ mark by approximately .020’’. The
placement of the various time dial positions in
line with the index mark will give obverating
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 contact should leave the back-
stop 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 main-
taining of this current accurately is necessary be-
cause of the steepness of the slope of the time-current
characteristic (Figure 13), A 1% variation in the 1.30
times tap value current (including measuring instru-
ment 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

«:qﬂﬂ
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* Fig. 17. Internal Schematic of the Double Trip Circuit

Closing Relay with Torque Control Terminals.
For the Single Trip Relay, the Circuits Asso-
ciated with Terminal 2 are Omitted. Dwg. 57-D-
4527.

dial set to the indicated position and the relay set
on the lowest tap setting, apply the currents speci-
fied by Table I, (e.g. for the CO-2, 3 and 20 times
tap value current) and measure the operating gimeyof
the relay. The operating times should equal those
of Table I plus or minus 5%

4. Indicating Instantanecus Trip Unit “WIT) -
The core screw which is adjustable frgm the, top of
the trip unit determines the pickup value. The trip
uriit :as a nominal ratio of adjustment of, T"to 4 anc
an accuracy within the limits of¥109c.

The making of the contacts andWtarget indication
should occur at approxifmatelyythe same instant.
Position the stationary contactyfor,a minimum of 1/32”
wipe. The bridging movifig contact should touch both
stationary contacts simultaneously.

Avply sufficient current to operate the IIT. The
operation indicater target/should drop freely.

5. Indi¢ating Contactor Switch (ICS) - Close the
main relaylconfactsgand pass sufficient d-c current
through the trip, cifcuit to close the contacts of the
ICS. This value of current shbuld 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 adjust-
able 'stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

Fig{18. Internal Schematic of the Single Trip Circuit
Closing Relay with Torque Control Terminals
and Indicating Instantaneous Trip Unit.

Routine Maintenance

All relays should be inspected and checked peri-
odically 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 manually to assure
that the breaker trips and the target drops. Then re-
lease the contacts and observe that the reset is
smooth and positive.

If an additional time check is desired, pass sec-
ondary current through the relay and check the time of
operation. It is preferable to make this at several
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 induction unit use the alternative
test circuit in Fig. 16 as these relays are affected by
a distorted wave form. With this connection the 25/5
ampere current transformers should be worked well be-
low the knee of the saturation (i.e. use 10L50 or
better).

All contacts should be periodically cleaned.
A contact burnisher #182A836HE01 is recorcrended
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 tke 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

17
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the adjustments disturbed. 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

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the ‘‘O’’ mark on the time dial. For double
trip relays, the follow on the stationary contacts
should be approximately 1/64°’.

b) For relays identified with a ‘‘T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the ‘‘O’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the ‘‘O’” mark by approximately .020°’. The
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 approximatéely
1/32%.

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

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

Set the relay on the minimunv tapySetting, the
time dial to position 6.

Adjust the control spring’ ténsion so that the
moving contact will leave, the,backstop at tap value
current +1.0% and will return,to the backstop at tap
value current -1.0%.

3. Time Curve“@€alibration - Install the per-
manent magnet,

Apply the indicated current per Table I for per-
manent magnet adjustment (e.g. CO-8, 2 times tap
value) and), measure the operating time. Adjust the
permanenty,magnet keeper until the operating time
corresponds to the value of Table I.

18

For type CO-11 relay only, the 1.30 times fap
value operating time from the number 6 time dial posi-
tion is 54.9 +5% seconds. 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 13). A 1% variation in
the 1.30 times tap value current (ingluding measuring
instrument deviation) will change thefnominal opera-
ting time by approximately 4%. Ifythe®perating time
at 1.3 times tap value is notfwithin“these limits, a
minor adjustment of the control{ spring will give the
correct operating time without ‘a@ny undue effect on
the minimum pick-up of €¢he relay. This check is to
be made after the 2 times tap value adjustment has
has been completed.

Apply the indicated”current per Table I for the
electromagnet, plig adjustment (e.g. CO-8, 20 times
tap value) andimeasure the operating time. Adjust
the proper, plug until the operating time corresponds
to the value in“Table I. (Withdrawing the left hand
plug, #rent view, increases the operating time and
withdrawingfthe 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.

4. Indicating Contactor Switch (ICS) - Close the
main relay contacts and pass sufficient 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.

5. Indicating Instantaneous Trip Unit (IIT)

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

The nameplate data will furnish the actual cur-
rent 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 customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.
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TABLE 1

TIME CURVE CALIBRATION DATA - 50 & 60 CYCLES

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS
TIME CURRENT OPERATING CURRENT OPERATING
RELAY DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONBS
CO-2 6 3 0.57 20 0.22
CO-5 6 2 37.80 10 14.30
CO-6 6 2 2.46 20 1.19
CO-7 6 2 4.27 20 1.11
CO-8 6 2 13.35 20 111
CoO-9 6 2 8.87 20 0.65
CO-11 6 2 11.27 20 0.24 A

A For 50 cycle CO-11 relay 20 times operating time limits are 0924 + 10%, —5%.

INTERNAL SCHEMATIC INTERNAL SCHEMATIC
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Fig. 20 Internal,Schematic of the Double Trip Fig. 21 Internal Schematic of the Double Trip
Circuit Closing Relay with Indicating Circuit Closing Realy with Indicating
knstantaneous Trip Unit. Instantaneous Trip Unit to Separate

Terminals.
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INSTALLATION

Westinghouse 1.L. 41-101L
e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO 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

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 thefellowing
types of relays:

Type CO-2 Short Time Relay
CO-5 Long Time Relay
CO-6 Definite Minimum Timeé Relay
CO-7 Moderately Inverse Time|Relay
CO-8 Inverse Time Rélay
CO-9 Very Inverse Lime Relay
CO-11 ExtremelyfInverse Time Relay

CONSTRUCTION AND OPERATION

The type CO relaysyconsist of an overcurrent unit
(CO), an indicating contaétor switch (ICS), and an in-
dicating instantameousytrip unit (IIT) when required.
The principdl component parts of the relay and their
location are shown in Figs. 1-5.

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 and re-
turns) 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

SUPERSEDES I.L. 41-101K

*Denotes change from superseded issue.

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 se@endary®winding. Two identical coils
on the outer legs, of‘the lamination structure are con-
nected to the'main“eoil secondary in a manner so that
the combination, of all the fluxes produced by the
electromagnetiresult in out-of-phase fluxes in the air
gap. 3 The out-of-phase air gap fluxes produced cause
a contactyclosing torque.

Indi€ating 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 contacts bridge two
stationary contacts, completing the trip circuit. Also
during this operation two fingers on the armature de-
flect 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.

Indi cating 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 provides the adjustable pickup range.

CHARACTERISTICS

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

EFFECTIVE OCTOBER 1965
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~,
*Fig. 1. Type CO Relay Without Case. I-Indicating Instantaneousftrip (LIT). 2-1IT Adjusting Screw. 3-Indicating Contactor
Switch (ICS). 4-Indicating Contactor Switch Tap Blocks L5
e

Fig. 2+ Time Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary
Confact Assembly. 6-Magnetic Plugs. 7-Permanent Magnét.
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TYPE CO OVERCURRENT RELAYS

BESERERAR

Fig. 3. “E” Type Electromagnet. 1- Magnetic Plugs. 2-Tap Fig. 4. Indicating Instantaneous Trip Unit (11 T).
Block. 3-Tap Screw.

Fig. 5. Indicating Contactor Switch (ICS).
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Range Taps

5 -2.5 0.5 0.6 0.8 1.0 1.5 2.0 2.5
2-6 2 2.5 3 3.5 4 5 6
4 -12 4 5 6 K 8 10 12

These relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers.

The time vs. current characteristics are shown in
Figs. 7 to 13. 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 ainperes
at 250 volts d-c and the seal-in contacts of the indi-

cating contactor switch will safely carry this currént
long enough to trip a circuit breaker.

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

The indicating contactor switch fias two taps that
provide a pickup setting of 042, ory2"amperes. To
change taps requires connecting the léad located in
front of the tap block to the deSired setting by means
of a screw connection.

Trip_Circuit Constants

Contactor Switch'=
0.2 amperée™tap - 6.5 ohms d-c resistance
2.0 ampere gap, ¥ 0.15 ohms d-c resistance

STATION BUS

T 1

Z
3
51 51-1 51
9 8
e e R L
51 51-2 51
9 8
O} O¢ PH.2
51 51=3 51
8
l 9*4%:‘““NF1“:?*“(>““P PH. 3
I
E- 51 51N 51
N g 8
L.Zl_Z1~:I:——(>-9é:--4N;TL—:3e—<>ﬁ—- GRD
DEVICE NUMBER CHART
5z 51 — OVERCURRENT RELAY, TYPE CO
5IN -4GROUND OVERCURRENT RELAY, TYPE CO
54 POWER CIRCUIT BREAKER
ICS - INDICATING CONTACTOR SWiTCH
Lz s a - BREAKER AUXILIARY CONTACT
¢ TC - BREAKER TRIP COIL

D.C. TRIP BUS

POS.
OR
NEG.
I
10
Ics 51-2 51-3 51-N
51-1== 1CS

~le
—P

®
k3

NEG.

POS.

182-A-755

Figa6. “External Schematic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-

Phase System.
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I.L. 41

ENERGY REQUIREMENTS

* Instantaneous Trip Unit (IIT)

AMPERE

0.5/2.5

2/6

4/12

4
RANGE IN BURDEN IN VOLT-AMPS. AT
AMPERES MINIMUM SETTING |MAXIMUM
2- 8 4.5
4-16 4.5
10 - 40 4.5
20 - 80 6.5 0
40 - 160 9.0 144
TYPE €O-2 @
VOLT AMPERES**
CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
RATING RATING* FACTO ALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGL RENT CURRENT CURRENT CURRENT
0.5 0.91 28 @ 4.8 39.6 256 790
0.6 0.96 28 5 4.9 39.8 270 851
0.8 1.18 28 5.0 42.7 308 1024
1.0 1.37 28 0 5.3 45.4 348 1220
1.5 1.95 28 6.2 54.4 435 1740
2.0 2.24 28 6 7.2 65.4 580 2280
2.5 2.50 29 7.9 73.6 700 2850
L 4
2.0 3.1 59 5.04 38.7 262 800
2.5 4.0 55 5.13 39.8 280 920
3.0 4.4 110 51 5.37 42.8 312 1008
3.5 4.8 0 47 5.53 42.8 329 1120
4.0 5.2 10 45 5.712 46.0 360 1216
5.0 5.6 110 41 5.90 50.3 420 1500
6.0 6.0 110 37 6.54 54.9 474 1800
4.0 7@ 230 65 4.92 39.1 268 848
5.0 230 50 5.20 42.0 305 1020
6. 8. 230 47 5.34 44.1 330 1128
230 46 5.53 45.8 364 1260
8. 4 230 43 5.86 49.9 400 1408
10.0 1.2 230 37 6.6 55.5 470 1720
12.0 12.0 230 34 7.00 62.3 528 2064

* Ther

f

e current.

rrent lags voltage at tap value current.

s taken with Rectox type voltmeter.

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

CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**

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

0.5 2.7 88 69 3.92 20.6 103 270

(0.6 3.1 88 68 3.96 20.7 106 288

(0.8 3.7 88 67 3.96 21 114 325
0.5/2.5 (1.0 4.1 88 66 4.07 21.4 122 360

1.5 5.7 88 62 4.19 23.2 147 462

(2.0 5.8 88 60 4.30 24.9 168 548

(2.5 7.7 88 58 4.37 26.2 180 630

(2 8 230 67 3.88 21 110 308

(2.5 8.8 230 66 3.90 21.6 118 342

@3 9.7 230 64 3.93 22.1 126 381
2/6 (3.5 10.4 230 63 4.09 23.1 136 417

(4 11.2 230 62 4.12 23.5 144 448

5 12.5 230 59 4.20 24.8 162 540

6 13.7 230 57 4.38 26.5 183 624

(4 16 460 65 4.00 2204 126 376

5 18.8 460 63 4.15 23.7 143 450

(6 19.3 460 61 4.32 253 162 531
4/12 (1 20.8 460 59 4.35 26.4 183 611

(8 22.5 460 56 4.40 27.8 204 699

(10 25 460 53 4.60 30.1 247 880

(12 28 460 47 4.92 35.6 288 1056

CO-7 MODERATELXYNINVERSE TIME RELAY

VOLT AMPERES**

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

(0.5 27 88 68 3.88 20.7 103 278

(0.6 3.1 88 67 3.93 20.9 107 288

©.8 37 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 77 88 56 4.38 25.9 185 640

2 8 230 66 4.06 21.3 111 306

(2.5 8.8 230 63 4.07 21.8 120 342

3 9.7 230 63 4.14 22.5 129 366

2/6 (3.5 104 230 62 4.34 23.4 141 413
4 1.2 230 61 4.34 23.8 149 448

5 126 230 59 4.40 25.2 163 530

(6 13:7 230 58 4.62 2 183 624

(4 16 460 64 4.24 22.8 129 392

(5 18.8 460 61 4.30 24.2 149 460

4/12 (6 19.3 460 60 4.62 25.9 168 540
I 20.8 460 58 4.69 21.3 187 626

(8 22.5 460 55 4.80 29.8 211 688

(10 25 460 51 5.20 33 260 860

(12 28 460 46 5.40 3.6 308 1032

* Thermalycapacities for short times other than one second may be calculated on the basis of time being inversely proportional to the
squarelo f thexcurrent.

@ Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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ENERGY REQUIREMENTS

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

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAB VALUE
RANGE TAP _ (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT
(0.5 2.1 88 72 2.38 21 350
(0.6 3.1 88 1 2.38 21 34 365
(0.8 3.1 88 69 2.40 21.1 \ 400
0.5/2.5 (1.0 4.1 88 67 2.42 21.2 5 440
(1.5 5.7 88 62 2.51 22 530
(2.0 6.8 88 57 2.65 23.5 00 675
(2.5 7.7 88 53 2.74 24.8 228 800
(2 8 230 70 2.38 136 360
(2.5 8.8 230 66 2.40 21" 142 395
3 9.7 230 64 2.42 Q 149 430
2/6 (3.5 10.4 230 62 2.48 157 470
(4 11.2 230 60 2.53 2. 164 500
(5 12.5 230 58 4 180 580
(6 13.7 230 56 25.2 198 660
(4 16 460 68 21.3 146 420
5 18.8 460 63 21.8 158 480
(6 19.3 460 60 22.6 172 550
4/12 (7 20.8 460 57 . 23.6 190 620
(8 22.5 460 54 3 24.8 207 700
(10 25 460 48 3.00 27.8 248 850
(12 28 460 3.46 31.4 292 1020

PE CO-11 RELAY

VOLT AMPERES**

CONTINUOUS ON
AMPERE RATING
RANGE TAP (AMPERES) (A

O. POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
ANGLE¢ CURRENT CURRENT CURRENT CURRENT

0.5 36 0.72 6.54 71.8 250
0.6 34 0.75 6.80 75.0 267
0.8 30 0.81 7.46 84.0 298
0.5/2.5 1.0 27 0.89 8.30 93.1 330
1.5 22 1.13 10.04 115.5 411
2.0 17 1.30 11.95 136.3 502
2.5 16 1.48 13.95 160.0 610
2.0 32 0.73 6.30 74.0 264
2 30 0.78 7.00 78.5 285
27 0.83 7.74 84.0 309

24 0.88 8.20 89.0 340

23 0.96 9.12 102.0 372

20 1.07 9.80 109.0 430

20 1.23 11.34 129.0 504

14 460 29 0.79 7.08 78.4 296

16 460 25 0.89 8.00 90.0 340

17 460 22 1.02 9.18 101.4 378

4/‘2 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480
10.0 22 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 720

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

Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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Fig. 11. Typical Time Curves of the Type CO-8 Relay.
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FRONT VIEW

Fig. 14. Internal Schematic of the Double Trip Circuit
Closing Relay. For the Single Trip Relay the

Circuits Associated with Terminal 2 are Omitted.

SETTINGS
€O Unit_

The overcurrent unit settings can bé™defined
either by tap setting and time dial position or by tap
setting and a specific time of operation atisome cur-
rent multiple of the tap setting (e.g. 4 tap,setting, 2
time dial position or 4 tap setting, 0.6m%seconds at 6
times tap value current).

To provide selective circuit breaker®operation, a
minimum coordinating time ofg§0. 3 'Sseconds plus circuit
breaker time is recommended between the relay being
set and the relays with which coordination 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 hoeles;the relay will respond to multiples
of tap valué currents in accordance with the various
typical time-cufrent curves.

Caution

Since the tap block connector screw carries oper-
ating current, be sure that the screw is turned tight.
In ‘order to avoid opening the current transformer cir-
cuits), 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.

Fig. 15.\ lnternal Schematic of the Single Trip Circuit-
Closing Relay with Indicating Instantaneous
Trip Unit.

Instantaneous Reclosing

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

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 Instontaneous Trip (HT)_

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

The nameplate data will furnish the actual cur-
rent range that may be obtained from the IIT. unit.

15
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CO RELAY (FRONT YIEW)

AUX.
RELAY

?_ [ "] 70 TIMER (TIMER STOPS WHEN )
sToP AUX.RELAY CONTACT)

s A (0PENS )
ro-"-o TO TIMER (TIMER STARTS WHEN
—»J START  (SWITCH "S" CLOSES

SWITCH
Y

Om 120 YOLTS
5 60 CYCLES

ALTERNATIVE CONNECTIONS FOR .S TO 2.5 AMPERE RANGE
C0-5 AND CO-5 RELAYS

182-A-T54

Fig. 16. Diagram of Test Connections for the Circuit-
Closing Type CO Relay.

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 mount*
ing holes on the flange for the semi-flush mounting.
Either the stud or the mounting screws may be“utiliz-
ed for grounding the relay. The electrical connections
may be made directly to the terminals by, means of
screws for steel panel mountingortg be terminal stud
furnished with the relay for thick“panel mounting.
The terminal stud may be easily removed or inserted
by locking two nuts on théistudiyand/then turning the
proper nut with a wrench.

For detail information ondthe FT case refer to
IL 41-076.

ADJUSTMENTS)AND MAINTENANCE
The proper“adjustments to insure correct opera-
tion of this“relay, have been made at the factory.
Upon receiptyof the relay no customer adjustments,
other than\those covered under “SETTINGS” should
be required?
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For relays which include an indicating instantan-
eous 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 recommendedgte insure
that the relay is in proper working order:

1. Contact

a) By turning the time dial, mowve the moving con-
tacts until they deflect the, stationary contact
to a position where the stationary contact is
resting against it§ backstop. The index mark
located on the movement’frame should coincide
with the ‘‘O’’ snark omythe time dial. For double
trip relays, the follgw on the stationary contacts
should be ‘approximately 1/64’.*

b) Forelaysiidentified with a ‘‘T’’, located at
lowerleft 6fistationary contact block, the index
mark on the movement frame will coincide with
the ‘O mark on the time dial when the station-
aryycontact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the ‘O’ mark by approximately .020’’. The
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 contact should leave the back-
stop 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 main-
taining of this current accurately is necessary be-
cause of the steepness of the slope of the time-current
characteristic (Figure 13). A 1% variation in the 1.30
times tap value current (including measuring instru-
ment 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
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Fig. 17. Internal Schematic of the Double Trip Circuit
Closing Relay with Torque Control Terminals.
For the Single Trip Relay, the Circuits Asso-
ciated with Terminal 2 are Omitted.

dial set to the indicated position and the relay set
on the lowest tap setting, apply the currents spgci-
fied by Table I, (e.g. for the CO-2, 3 and20,times
tap value current) and measure the operating time of
the relay. The operating times should equad those
of Table I plus or minus 5%

4. Indicating Instantaneous Trip  ®nitWIIT) -
The core screw which is adjustable from |the top of
the trip unit determines the pick#p’ valué. The trip
unit has a nominal ratio of adjustmentjof 1 to 4 and
an accuracy within the limits_oOfyl 0%

The making of the contaets and target indication
should occur at approximatelyp the same instant.
Position the stationaryg€ontactifor a minimum of 1/32”
wipe. The bridging moving jecontact should touch both
stationary contactsgsimultaneously.

Anply sufficient current to operate the IIT. The
operation ihdicator target should drop freely.

5. Andicating,Contactor Switch (ICS) - Close the
main relayycontacts and pass sufficient d-c current
through the trip circuit to close the contacts of the
ICS. This value of current shbuld be not greater
than the particular ICS tap setting being used. The
ope:ation indicator target should drop freely.

The contact gap should be approximately .047”
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

Fig.318. ‘Infernal Schematic of the Single Trip Circuit
Closing Relay with Torque Control Terminals
and Indicating Instantaneous Trip Unit.

Routine Maintenance

All relays should be inspected and checked peri-
odically 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 manually to assure
that the breaker trips and the target drops. Then re-
lease the contacts and observe that the reset is
smooth and positive.

If an additional time check is desired, pass sec-
ondary current through the relay and check the time of
operation. It is preferable to make this at several
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 induction unit use the alternative
test circuit in Fig. 16 as these relays are affected by
a distorted wave form. With this connection the 25/5
ampere current transformers should be worked well be-
low the knee of the saturation (i.e. use 10L30 or
better).

All contacts should be periodically cleaned.
A contact burnisher #182A836E01 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

17



TYPE CO OVERCURRENT RELAYS

the adjustments disturbed. 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

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the ‘‘O’’ mark on the time dial. For double
trip relays, the follow on the stationary contacts
should be approximately 1/64°’.

b) For relays identified with a ‘“T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the ‘‘O’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the ‘‘O’”” mark by approximately .020°’. The
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 - The adjustment of the
spring tension in setting the minimum trip ,eurrent
value of the relay is most conveniently made with
the damping magnet removed.

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

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

Adjust the control, spring tenSion so that the
moving contact will leave the“backstop at tap value
current +1.0% and will return to the backstop at tap
value current -1.0%.

3. Time Curve Calibration - Install the per-
manent magnet,

Apply the Indicated current per Table I for per-
manent magnet®adjustment (e,g. CO-8, 2 times tap
value) and®™measure the operating time. Adjust the
permanent, magnet keeper until the operating time
corresponds to the value of Table I.

18

For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial posi-
tion is 54.9 * 5% seconds. 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 €¥ime-
current characteristic (Figure 13). A 1% variation in
the 1.30 times tap value current (includifig measuring
instrument deviation) will change the,nominal opera-
ting time by approximately 4%. 4If 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 she relay. This check is to
be made after the 2 times tap value adjustment has
has been completed.

Apply thepindicated current per Table I for the
electromagnet plug, adjustment (e.g. CO-8, 20 times
tap value)mand meastre the operating time. Adjust
the proper ‘plug until the operating time corresponds
to the value in3yTable I. (Withdrawing the left hand
plug, front view, increases the operating time and
withdrawing the right hand plug, front view, decreases
the timed). 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.

4. Indicating Contactor Switch (ICS) - Close the
main relay contacts and pass sufficient 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.

5. Indicating Instantaneous Trip Unit (IIT)

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

The nameplate data will furnish the actual cur-
rent 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 customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.
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TYPE CO OVERCURRENT RELAYS

TABLE 1

TIME CURVE CALIBRATION DATA - 50 & 60 CYCLES

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS

TIME CURRENT OPERATING CURRENT OPERATING
RELAY DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS
CO-2 6 3 0.57 20 0.22
CO-5 6 2 317.80 10 14.30
CO-6 6 2 2.46 20 1.19
CO-7 6 2 4.27 20 1.11
CO-8 6 2 13.35 20 1.11
CO-9 6 2 8.87 20 0.65
CO-11 6 2 11.27 20 024 A

A For 50 cycle CO-11 relay 20 times operating time limits are 0.24% 10%, —5%.
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Fig. 20 Internal ‘Schematic of the Double Trip
Circuit Closing Relay with Indicating

Instantaneous Trip Unit.

Fig. 21 Internal Schematic of the Double Trip
Circuit Closing Realy with Indicating
Instantaneous Trip Unit to Separate

Terminals.
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INSTALLATION

Westinghouse I.L.41-101R
OPERATION ¢ MAINTENANCE

INSTRUCTIOXNS

TYPE CO OVERCURRENT RELAY

CAUTION

Before putting relays into service, remove all
blocking which may have been inserted for the pur-
pose 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 set-
tings and electrical connections.

© APPLICATION

The CO relayais a single phase non-directional
time ac overcurrentypdevice. It is used to sense
currentlevel above the setting and normally is used
to trip a circuitybreaker to clear faults. A wide
range of characteristics permit applications in-
volvingf coordination with fuses, reclosers, cold
lodd, pickup, motor starting, or essentially fixed
time,applications.

O The following describes typical applications of the CO Relay:

RELAY TIME

TYPE CURVE TYPICAL APPLICATIONS

CO-2 Short 1) Mifferential protection where saturation of current transformers
is not expected, or where delayed tripping is permissible.

2) Qvercurrent protection, phase or ground, where coordination
withvdownstream devices is not involved and 2 to 60 tripping
cyele 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 downstream
devices is not involved and CO-2 is too fast. 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.

CO-9 Verydnverse

CO-11 Extremely Inverse 1) Motor protection where allowable locked rotor time is less than

10 sec.

2) Overcurrent protection where coordination with fuses and re-
closers 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 contacted.

SUPERSEDES I.L. 41-101Q, DATED MARCH 1978

AND ADDENDUM 41-101 DATED JUNE 1980

O Denotes changed since previous Issue.

EFFECTIVE SEPTEMBER 1980



Fig. 1. Type CO Relay Without Case. 1-Indicating Instantaneous Trip/(lIT)y2-IT Adjusting Screw. 3-Indicating Contactor Switch
(ICS). 4-Indicating Contactor Switch Tap Block.

Fig. 2. Time Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary Contact 4
Assembly. 6-Magnetic Plugs. 7-Permanent Magnet.
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Fig. 3. “E" Type Electromagnet. 1-Magnet Plugs. 2-Tap Block. Fig. 4. Indicating Instantaneous Trip Unit (IIT).

3-Tap Screw.

Fig. 5. Indicating Contactor Switch (ICS).



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. The principal component parts of
the relay and their location are shown in Figs. 1-5.

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 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. A torque controlled CO has the lag coil
connections of the electromagnet brought out to
separate terminals. This permits control of the
closing torque such that only when these terminals
are connected together will the unit operate.

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-phdse air
gap fluxes produced cause a contact closinghtors
que.

INDICATING CONTACTOR SWITCH UNIT
(ICS)

The dc indicating contactor'switeh is a small
clapper type device. A madgnetic Yarmature, to
which leaf-spring mounted ‘contacts are attached,
is attracted to the magneticicoréupon energization
of the switch. When the,switch closes the moving
contacts bridge two™stationary contacts, com-
pleting the trip cireuit. Also during this operation
two fingers ons"the “armature deflect a spring
located on,the front of the switch, which allows the
operation indicator‘target to drop.

TheWfrontaspring, 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 ac
operated clapper type device. A magnetic ar-

TC - BREAKER TRIP CUIL

STATION BUS
A
6
G
51 s1-A( 5l
9 N3
O—F—MOT PH.A
51 51-8), . 51
] )
O FE T 0—¢ PH.B
51 51-8 51
9 8
f_oH\;x_o__‘ PH.C
114 gy
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'fr\ \7\& W GRD
DEVICE NUMBER CHART
5 51 - OVERCURRENT RELAY. TYPE CO
SHN - GROUND OVERCURRENT RELAY, TYPE CO
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Sub 3
182A755

F1g 6y, External Schematic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-Phase

System.
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I.L.41-101R

ENERGY REQUIREMENTS
TYPE CO-2 RELAY
VOLT AMPERES**
Continuous One Second Power At At 3 Times At10 Times At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ﬂ 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
08 1.18 28 53 5.0 42.7 308 1024
0.5/2.5 1.0 1.37 28 50 5.3 454 348 1220
1.5 1.95 28 40 6.2 544 435 1740
2.0 2.24 28 36 7.2 65.4 580 2280
25 2.50 28 29 7.9 73.6 700 2850
20 3.1 110 59 5.04 38.7 262 800
2.5 4.0 110 S5 5.13 398 280 920
3.0 44 110 51 5.37 42.8 312 1008
2/6 3.5 438 110 47 5.53 428 329 1120
4.0 5.2 110 45 5.72 46.0 360 1216
5.0 5.6 110 41 5.90 503 420 1500
6.0 6.0 110 37 6:54 54.9 474 1800
4.0 7.3 230 64 492 39.1 268 848
5.0 8.0 230 50 5.20 420 305 1020
6.0 8.8 230 47 5.34 44.1 330 1128
4/12 7.0 9.6 230 46 5:53 45.8 364 1260
8.0 10.4 230 43 5.86 49.9 400 1408
10.0 11.2 230 37 6.6 55.5 470 1720
12.0 12.0 230 34 7.00 62.3 528 2064

CO-5LONG TIME AND'CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**
Continuous One Second “Power At At 3 Times At10 Times At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes)y, Angle ,d 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
08 3.7 88 67 3.96 21 114 325
0.5/2.5 1.0 4.1 88 66 4.07 21.4 122 360
1.5 5.7 88 62 4.19 23.2 147 462
20 68 88 60 430 249 168 548
2.5 7.7 88 58 4.37 26.2 180 630
2 8 230 67 3.88 21 110 308
2.5 8.8 230 66 3.90 21.6 118 342
3 9.7 230 64 3.93 22.1 126 381
2/6 3.5 10.4 230 63 4.09 23.1 136 417
4 1102 230 62 4.12 235 144 448
S 12.5 230 59 4.20 248 162 540
6 13.7 230 57 4.38 26.5 183 624
4 16 460 65 4.00 224 126 376
5 18.8 460 63 4.15 23.7 143 450
6 19.3 460 61 4.32 25.3 162 531
4/12 7 20.8 460 59 4.35 26.4 183 611
8 2255 460 56 4.40 27.8 204 699
10 25 460 53 4.60 30.1 247 880
12 28 460 47 4.92 35.6 288 1056

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

ﬂ Degrees current lags voltage at tap value current.

**Voltages taken with Rectox type voltmeter.



ENERGY REQUIREMENTS
CO-7 MODERATELY INVERSE TIME RELAY

VOLT AMPERES**
Continuous One Second Power At At 3 Times At10Times At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ﬁ 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 4.08 229 148 459
2.0 6.8 88 S8 4.24 248 174 552
2.5 7.7 88 56 4.38 25.9 18§ 640
2 8 230 66 4.06 213 " 306
2.5 8.8 230 63 4.07 21.8 120 342
3 9.7 230 63 4.14 22.5 129 366
2/6 35 10.4 230 62 4.34 234 141 413
4 11.2 230 61 4.34 238 149 448
S 12.5 230 59 4.40 25.2 163 530
6 13.7 230 58 4.62 27 183 624
4 16 460 64 4.24 22.8 129 392
S 18.8 460 61 4.30 24.2 149 460
6 19.3 460 60 4.62 25.9 168 540
4/12 7 20.8 460 58 4.69 27.3 187 626
8 22.5 460 S5 4.80 29.8 211 688
10 25 460 Si 520 33 260 860
12 28 460 46 5.40 37.6 308 1032
CO-8 INVERSE TIME AND C0O=9 VERY INVERSE TIME RELAYS
VOLT AMPERES**
Continuous One Second Power At At 3 Times At10 Times At20 Times
Ampere Rating Rating* Factor. Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle Current Current Current Current

0.5 2.7 88 72 2.38 21 132 350
0.6 3.1 88 A 2.38 21 134 365
0.8 3.7 88 69 240 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 23.5 200 675
2.5 1.7 88 53 2.74 248 228 800
2 8 230 70 2.38 21 136 360
2.5 8.8 230 66 2.40 21.1 142 395
3 9.7 230 64 242 21.5 149 430
2/6 3.5 10.4 230 62 2.48 22 157 470
4 hl.2 230 60 2.53 22.7 164 500
S 127§ 230 58 2.64 24 180 580
6 13.7 230 56 2.75 25.2 198 660
4 16 460 68 2.38 213 146 420
S 1848 460 63 246 21.8 158 480
6 19.3 460 60 2.54 22.6 172 550
4/12 7 20.8 460 57 2.62 23.6 190 620
8 22.5 460 54 2.73 248 207 700
10 25 460 48 3.00 27.8 248 850
12 28 460 45 3.46 314 292 1020

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

ﬂ Degrees, current lags voltage at tap value gurrent.

**Voltages taken with Rectox type voltmeter.
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ENERGY REQUIREMENTS
TYPECO-11 RELAY
VOLT AMPERES**
Continuous One Second Power At At 3 Times At10 Times At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Anglef Current Current Current Current

0.1 0.4 1.5 34 0.64 6.5 703 240
0.12 0.4 11.5 32 0.67 6.66 75:4 264
0.16 0.4 11.5 30 0.76 7.3 82.4 297
0.1/0.5 0.20 04 11.5 26 0.83 8.3 87.8 336
0.3¢ 0.4 11.5 22 1.01 10.3 117.6 420
0.40 0.4 1.5 18 1.21 11.22 140.0 520
0.50 0.4 11.5 16 1.38 138 168.0 630
0.5 1.7 56 36 0.72 6:54 71.8 250
0.6 1.9 56 34 0.75 6.80 75.0 267
0.8 22 56 30 0.81 7.46 84.0 298
0.5/2.5 1.0 2.5 56 27 0.89 830 93.1 330
1.5 3.0 56 22 1.13 10.04 115.5 411
2.0 35 56 17 1330 11.95 136.3 502
255 38 56 16 1.48 13.95 160.0 610
2.0 7.0 230 32 0.73 6.30 74.0 264
2.5 7.8 230 30 0:78 7.00 78.5 285
3.0 8.3 230 27 0.83 7.74 84.0 309
2/6 3.5 9.0 230 24 0.88 8.20 89.0 340
4.0 10.0 230 23 0.96 9.12 102.0 372
5.0 11.0 230 20 1.07 9.80 109.0 430
6.0 12.0 230 20 1.23 11.34 129.0 504
4.0 14 460 29 0.79 7.08 78.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 17 460 22 1.02 9.18 101.4 378
4/12 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480
10.0 22 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 720

*Thermal capacities for short timesotherthan @ne second may be calculated on the basis of time being inversely proportional to the

square of the current.

f Degrees current lags voltage at gap value current.

**Voltages taken with Rectox type volimeter.

INSTANTANEOUS TRIP UNIT (liT)

RANGE IN BURDEN IN VOLT-AMPS. AT
AMPERES MINIMUM SETTING MAXIMUM SETTING
2- 8 4.5 32
4- 16 45 32
10- 40 4.5 40
20- 80 6.5 70
40 - 160 9.0 144
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Fig. 7. Typical Time Curves of the Type CO-2 Relay.
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Fig: 14. Internal Schematic of the Double Trip Circuit Closing
Relay. For the Single Trip Relay the Circuits Associated
with Terminal 2 are Omitted. Dwg. 57-D-4523.

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 moving contacts bridge two stationary contacts
completing the trip circuit. Also, during the opera-
tion, two fingers on the armature deflect a spring
located on the front of the switch which allowsithe
operation indicator target to drop.

A core screw accessible from the topaof the
switch provides the adjustable pickupsrange.

CHARACTERISTICS

The relays are generally, ‘ayailable in the
following current ranges.

Range Taps

t.1-5 01 012 016 02 03 04 05

525 05 06 0890 15 20 25
2 -6 2 2503 35 4 5 6

4 12 4 S 6 7 8 10 12
tAvailable forType CO-11 Relay.

These relays may have either single or double
circuit closing contacts for tripping either one or
two circuit breakers.

The time vs. current characteristics are
shownuin Figs. 7 to 13. These characteristics give
theacontact closing time for the various time dial
settings when the indicated multiples of tap value
current are applied to the relay.

Fig. 15. Intefnal, Schematic of the Single Trip Circuit-Closing
Reélay/withyindicating Instantaneous Trip Unit.

TRIP\CIRCUIT

The main contacts will safely close 30 amperes
at, 250 volts dc and the seal-in contacts of the in-
dicating 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 dc, 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 to 2 amperes.
To change taps requires connecting the lead
located in front of the tap block to the desired set-
ting by means of a screw connection.

TRIP CIRCUIT CONSTANTS

Contactor Switch —

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

SETTINGS
CO UNIT

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

15
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To provide selective circuit breaker operation,
a minimum coordinating time of 0.3 seconds plus:
circuit breaker time is recommended between the
relay being set and the relays with which 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'serew in
the various terminal plate holes, the relay will res-
pond to multiples of tap value curreats Im accor-
dance with the various typical tinfe-cugrent curves.

CAUTION

Since the tap block “eonmeetor screw carries
operating current, be'sure that, the screw is turned
tight. In order toy, avoid sopening the current
transformer circuits whend 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

16

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, theyupper stationary
contact is adjusted such that the contact spring rest
solidly against the back stop/{Thellewer stationary
contact is then adjusted such that'both stationary
contacts make contact simultaneously with their
respective moving contact:

INDICATING CONTACT SWITCH (ICS)

The only setting réquired on the ICS unit is the
selection of the 0:2¢or 2.0 ampere setting. This
selection is madetby connecting the lead located in
front ofythestap block to the desired setting by
meansyof the connecting screw.

O INDICATING INSTANTANEOUS TRIP (lIT)

The IIT setting is the level of ac current at
whigh'it will pickup. It should be set to coordinate
with other devices so it will never operate for a
fault in 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.

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 rear
mounting stud or studs for the type FT projection
case or by means of the four mounting holes on the
flange for the semi-flush type FT case. Either the
stud or the mounting screws may be utilized for
grounding the relay. External toothed washers are
provided for use in the locations shown on the out-
line and drilling plan to facilitate making a good
electrical connection between the relay case, its
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Fig. 17. Internal Schematic of the Double Trip Circuit Closing
Relay with Torque Control Terminals. For the Single
Trip Relay, the Circuits Associated with Terminal 2 are

Omitted. Dwg. 57-D-4527.

mounting screws or studs. and the relay panel.
Ground Wires are affixed to the mounting sefews or
studs as required for poorly grounded or ifisulating
panels. Other electrical connections may beymade
directly to the terminals by means of screws for
steel panel mounting or to the termifalistud*fur-
nished with the relay for thick panel /mounting.
The terminal stud may be easily/remgved or in-
serted by locking two nuts 6n_the, stud and then
turning the proper nut with @ wtench.

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

ADJUSTMENTS'AND'MAINTENANCE

The properyadjustments to insure correct
operation of this relay have been made at the fac-
tory. Upén receiptpof the relay no customer ad-
justments, “othef than those covered under
“SETTINGS’ “should be required.

For reldys which include an indicating instan-
taneous trip unit (ITT), the junction of the induc-
tion™and indicating instantaneous trip coils is
brought out to switch jaw #3. With this arrange-
ment the overcurrent units can be tested separate-

ly.

F.g. 18wminternal Schematic of the Single Trip Circuit Closing

Relay with Torque Control Terminals and Indicating
Instantaneous Trip Unit.

ACCEPTANCE CHECK

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

1. Contact

a) By turning the time dial, move the mov-
ing contacts until they deflect the
stationary contact to a position where
the stationary contact is resting against
its backstop. The index mark located on
the movement frame should coincide
with the “O” mark on the time dial. For
double trip relays, the follow on the
stationary contacts should be ap-
proximately 1/64”.

b) For relays identified with a “T”, located
at lower left of stationary contact block,
the index mark on the movement frame
will coincide with the “O’’ mark on the
time dial when the stationary contact has
moved through approximately one-half
of its normal deflection. Therefore, with
the stationary contact resting against the
backstop, the index mark is offset to the
right of the ““O’’ mark by approximately
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.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 dou-
ble trip relays, the follow on the
stationary contacts should be ap-
proximately 1/32”.

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

3. Time Curve — 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 ac-
curately is necessary because of the steepness of
the slope of the time-current characteristic (Figure

O 13). ““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 calibrationspoints
for the various types of relays. With the time dial
set to the indicated position and the relay setfon
the lowest tap setting, apply the currents specified
by Table I, (e.g. for the CO-2, 3 and 20xtimes tap
value current) and measure the gperating time of
the relay. The operating times should equal those
of Table I plus or minus 5% (seS«tap for .1 to .5
range).

4. Indicating Instantaneous Trip Unit (IIT) —
The core screw which i§ adjustable from the top of
the trip unit determines,the pickup value. The trip
unit has a nominal ratio of adjustment of 1 to 4
and an accuracy within the limits of 10%.

The making,of the contacts and target indica-
tion shgtld, occur at approximately the same ins-
tant, Position the stationary contact for a
minimum>of 1/32” wipe. The bridgipg moving

18

contact should touch both stationary contacts
simultaneously.

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

5. Indicating Contactor Switch (ICS) — Close
the main relay contacts and pass_stfficient dc
current through the trip circuityto close the con-
tacts of the ICS. This value of,current should be
not greater than the particular ACSrtap setting be-
ing used. The operation4indicator target should
drop freely.

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

ROUTINE,MAINTENANCE

Allnrelays should be inspected and checked
periodically to assure proper operation. Generally
a‘wisual 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. 16
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 10LS5S0 or
better).

All contacts should be periodically cleaned. A
contact burnisher #182A836HO0I 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.
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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 ‘“Accep-
tance Check”).

CO UNIT
1. Contact

a) By turning the time dial, move the mov-
ing contacts until they deflect the
stationary contact to a position where
the stationary contact is resting against
its backstop. The index mark located on
the movement frame should coincide
with the ““O” mark on the time dial. For
double trip relays, the follow on the
stationary contacts should be ap-
proximately 1/64".

b) For relays identified with a *“T”, lécated
at lower left of stationary contag€t block,
the index mark on the movementframe
will coincide with the ‘“O” marksen the
time dial when the stationary’contacthas
moved through approximately one-half
of its normal deflection/Therefore, with
the stationary contd¢t resting against the
backstop, the index gnarkis offset to the
right of the ‘““OXmark, by approximately
.020”’. The placement of'the various time
dial positions in ling with the index mark
will give operating times as shown on the
respectiveftime-current curves. For dou-
ble trip “relays, the follow on the
stationary contacts should be ap-
proximately’ 1/32”.

2. MinimumyTrip 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 at ““O”, wind up the
spiral spring by means of the spring adjuster until
approximately 6-3/4 convolutions show.

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

Adjust the control spring tensionysothat the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at
tap value current —1.0%.

3. Time Curve Calibration — Install the per-
manent magnet.

Apply the indicated current per Table I for per-
manent magnet‘adjustment (e.g. CO-8, 2 times tap
value) and mieasure the operating time. Adjust the
permanent ‘magnet keeper until the operating time
corresponds, to'the value of Table I.

For,typeé CO-11 relay only, the 1.30 times tap
valueloperating time from the number 6 time dial
position is 54.9 +5% seconds. It is important that
the .30 times tap value current be maintained
acetrately. The maintaining of this current ac-
curately is necessary because of the steepness of
the slope of the time-current characteristic (Figure

O 13). “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 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 with-
out any undue effect on the minimum pick-up of
the relay. The check is to be made after the 2 times
tap value adjustment has been completed.

Apply the indicated current per Table I for the
electromagnet plug adjustment (e.g. 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, 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 complete-
ly 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
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changed, readjust the permanent magnet and then
recheck the electromagnet plug adjustment.

4. Indicating Contactor Switch (ICS) — Close
the main relay contacts and pass sufficient dc
current through the trip circuit to close the con-
tacts of the ICS. This value of current should be
not greater than the particular ICS tap setting be-
ing used. The operation indicator target should
drop freely.

5. Indicating Instantaneous Trip Unit (IIT)

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 1L
unit.

RENEWAL PARTS

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

TABLE 1

TIME CURVE CALIBRATION DATA - 50 & 60 HERTZ

PERMANENT MAGNET ADJUSTMENT

TIME CURRENT

RELAY DIAL (MULTIPLES OF
TYPE POSITION TAP,VALUE)
CO-2 6 3

CO-5 6 2

CO-6 6 2

CO-7 6 2

CO-8 6 2

CO-9 6 2

CO4hl 6 2

ELECTROMAGNET PLUGS
OPERATING CURRENT OPERATING
TIME (MULTIPLES OF TIME
SECONDS TAP VALUE) SECONDS
0.57 20 0.22
37.80 10 14.30
246 20 1.19
4.27 20 1.11
13.35 20 111
8.87 20 0.65
11.27 20 024A

OFoer S0 hertz CO-11 relay 20 times opesating time limits are 0.24 + 10%, —5%.
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Fig. 19. Outline and Drilling Plan for the Type CO Relay.
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Relay with Indicating Instantaneous Trip Unit.
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INSTALLATION

rosss Y

Westinghouse I.L.41-101@
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE CO OVERCURRENT RELAY

CAUTION

Betore 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 clectrical connections.

© APPLICATION

These induction type of relays are single phase, non-
directional, ac current sensitive devices. They are used for
phase or ground overcurrent protection of feeders, transmis-
sion lines, ac machines, transformers, capacitors, reactors,
and in other application where a relay is required whose
operating time inversely is related to operating current.

For selective coordination between relays, 7 different
types of relays are available as listed below. Their tinie Curves
are as shown in figures 7 to 13.

Type CO-2 Short Time Relay
CO-5 Long Time Relay
CO-6 Definite Minimum Time Relay
CO-7  Moderately Inverse Tinde Relay
CO-8 Inverse Time Relay
CO-9 Very Inverse TimefRelay,
CO-11 Extremely InyverseEime Relay

In general, the application will¥indicate the use of a
specific type of CO relay. Short time relays act fast to avoid
equipment damage. Longatime®relays hold off tripping on
heavy initial overload (or siorg extended moderate overloads.
At higher faultcurrents,‘definite-time and moderately inverse
relays maintdin mgre neéarly constant operating time, despite
variation 4m, fault’ curgents. Inverse and extremely inverse
relays operatedpespeétively faster on higher fault currents.

CONTENTS

i his instruction leaflet applies to the following types of

relayss

Type CO-2  Short Time Relay
CO-5 Long TimepRelay
CO-6 Definite Minimim Time Relay
CO-7 Modesatelyglnverse Time Relay
CO-8 lmverse Time Relay
CO-9 4 Veryalaverse Time Relay
COAl't Extremely Inverse Time Relay

CONSTRUCTION AND OPERATION

Bhe type QO relays consist of an overcurrent unit (CO),
an adicating contactor switch (ICS), and an indicating in-
stantaneous trip unit (11T) when required. The principal com-
penentiparts of the relay and their location are shown in Figs.

1-5
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 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. A torque controlled
CO has the lag coil connections of the electromagnet brought
out to separate terminals. This permits control of the closing
torque such that only when these terminals are connected
together will the unit operate.

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

INDICATING CONTACTOR SWITCH UNIT
(ICSs)

The dc 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

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

SUPERSEDES |I.L. 41-101P, DATED JULY, 1976

© DENOTES CHANGE FROM SUPERSEDED ISSUE.

EFFECTIVE MARCH 1978




TYPE CO OVERCURRENT RELAYS

Fig. 1. Type CO Relay Without Case. 1-Indicating Instantaneous Tfip (lF). 2-1IT Adjusting Screw. 3-Indicating Contactor Switch
(ICS). 4-Indicating Contactor Switch Tap Block. p

Fig. 2. \kime Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary Contact
Assembly. 6-Magnetic Plugs. 7-Permanent Magnet.
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NITIIIILT

Fig. 3. "E" Type Eiectromagnet. 1-Magnet Plugs. 2-Tap Blodk. Fig_ 4. Indicating Instantaneous Trip Unit (IIT).

3-Tap Screw.

Fig. 5. Indicating Contactor Switch (ICS).



TYPE CO OVERCURRENT RELAYS

cnergization 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 ar-
mature 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
(nT)

The instantaneous trip unit is a small ac operated 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 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.

CHARACTERISTICS

The relays are generally available in the following cur-
rent ranges.

These relays may have either single or double circuit clos+
ing contacts for tripping either one or two circuit breakers.

The time vs. current characteristics are shown in Figsid to
I3. 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 ¢lose 30 amperes at 250
volts dc and the seal-in contacts_of*the indicating contactor
switch will safely carry this currentilong'enough to trip a cir-
cuit breaker.

The indicating instantaneoustrip contacts will safely close
30 amperes at 250 volts, dc;land will carry this current long
enough to trip a breaker:

The indicating c@ntactor switch has two taps that provide
a pickupfseétting of§0.2 to 2 amperes. To change taps requires
connegting the lead”located in front of the tap block to the
desired setting by means of a screw connection.

Range Taps
t 0-5 0l 012 016 02 03 04 05 TRIP CIRCUIT CONSTANTS
5-25 05 06 08 10 15 20 25 Contactor Switch —

2 -6 2 2.5 3 35 4 5 6
4 -12 4 5 6 7 8 10 12
t Available for Type CO-11 Relay.

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

STATION BUS D¢ TRIP BUS
A B
B NEG. @
c - N
- k31
T _NEING 10 1 I l
—C> PH.A
% 51-8 51-C 51-N
PH.B
( SAME AS PHASE A)
51-A 1ce
PH.C
SL é 3 51
2 Vaud
* -i O GRD
DEVICE NUMBER CHART
52 51 — OVERCURRENT RELAY, TYPE CO
SN - GROUND OVERCURRENT RELAY, TYPE CO
62 - POWER CIRCUIT BREAKER
52 2- BREAKER AUXILIARY CONTACT NEG.
A B C ICS - INDICATING CONTACTOR SWITCH OR =%
TC - BREAKER TRIP COIL POS.
Sub 3
182A755
© Eig. 6, External Schematic of the Circuit-Closing Type CO Relay tor Phase and Ground Overcurrent Protection on a Three-Phase

System.
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ENERGY REQUIREMENTS
TYPE CO-2 RELAY
VOLT AMPERES**

Continuous One Second Power At At 3 Times At 10 Times ““At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle p’ Current Current Current Current

0.5 091 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 5.3 454 348 1220
1.5 1.95 28 40 6.2 54.4 435 1740
2.0 2.24 28 36 7.2 65.4 580 2280
2.5 2.50 28 29 7.9 73,6 700 2850
2.0 3.1 110 59 5.04 38.7 262 800
2.5 4.0 110 55 5.13 39.8 280 920
30 4.4 110 51 5.37 428 312 1008
2/6 3.5 4.8 110 47 5.53 4208 329 1120
4.0 5.2 110 45 5.72 46.0 360 1216
5.0 5.6 110 41 5.90 50.3 420 1500
6.0 6.0 110 37 6.54 54.9 474 1800
4.0 7.3 230 64 4.92 39.1 268 848
5.0 8.0 230 50 520 420 305 1020
60 8.8 230 47 5.34 44.1 330 1128
4/12 7.0 9.6 230 46 5.53 45.8 364 1260
8.0 10.4 230 43 586 499 400 1408
10.0 11.2 230 37 6.6 55.5 470 1720
12.0 12.0 230 34 7.00 62.3 528 2064

CO-5LONG TIME AND,CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**
Continuous One Second ) Power At At 3 Times At 10 Times At 20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle p’ 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 37 88 67 3.96 21 114 325
0.5/2.5 1.0 4.1 88 66 4.07 214 122 360
1.5 57 88 62 4.19 23.2 147 462
2.0 6.8 88 60 4.30 249 168 548
2.5 7 88 58 4.37 26.2 180 630
2 8 230 67 3.88 21 110 308
2.5 8.8 230 66 3.90 21.6 118 342
3 9.7 230 64 393 221 126 381
2/6 35 10.4 230 63 4.09 23.1 136 417
4 I1.2 230 62 4.12 23.5 144 448
S 12.5 230 59 4.20 248 162 540
6 13.7 230 57 4.38 26.5 183 624
4 16 460 65 4.00 22.4 126 376
5 18.8 460 63 4.15 237 143 450
6 19.3 460 61 432 25.3 162 531
4/12 7 20.8 460 59 4.35 26.4 183 611
8 225 460 56 4.40 27.8 204 699
10 25 460 53 4.60 30.1 247 880
12 28 460 47 492 35.6 288 1056

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

/ Degrees current lags voltage at tap value current.

**Voltages taken with Rectox type voltmeter.



TYPE CO OVERCURRENT RELAYS

ENERGY REQUIREMENTS
CO-7 MODERATELY INVERSE TIME RELAY
VOLT AMPERES**
Continuous One Second Power At At 3 Times At10 Times At 20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ﬁ Current Current Current Current
0.5 2.7 88 68 3.88 20.7 103 278
0.6 3.1 88 67 3.93 209 107 288
0.8 3.7 88 66 393 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
25 7.7 88 56 4.38 259 185 640
2 8 230 66 4.06 213 I'N 306
2.5 8.8 230 63 4.07 218 120 342
3 9.7 230 63 4.14 2255 129 366
2/6 35 10.4 230 62 434 234 141 413
4 1.2 230 61 4.34 23.8 149 448
S 12.5 230 59 4.40 252 163 530
6 13.7 230 58 4.62 27 183 624
4 16 460 64 4.24 228 129 392
S 18.8 460 61 4.30 24.2 149 460
6 19.3 460 60 4.62 259 168 540
4/12 7 20.8 460 58 4.69 27.3 187 626
8 225 460 55 4.80 29.8 211 688
10 25 460 51 5.20 33 260 860
12 28 460 46 5.40 376 308 1032
CO-8 INVERSE TIME AND CO“9VERY,INVERSE TIME RELAYS
VOLT AMPERES**
Continuous One Second Powert At At 3 Times At 10 Times At20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes)  Angle & Current Current Current Current

0.5 2.7 88 72 2.38 21 132 350
0.6 3.1 88 A 2.38 21 134 365
08 3.7 88 69 240 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
20 6.8 88 57 2.65 235 200 675
2.5 7.7 88 53 2.74 248 228 800
2 8 230 70 2.38 21 136 360
2.5 8.8 230 66 2.40 21.1 142 395
3 9.7 230 64 242 215 149 430
2/6 3.5 10.4 230 62 2.48 22 157 470
4 1172 230 60 2.53 22.7 164 500
S 12.5 230 58 2.64 24 180 580
6 1307 230 56 2.75 25.2 198 660
4 16 460 68 2.38 21.3 146 420
S 1838 460 63 2.46 21.8 158 480
6 19.3 460 60 2.54 22.6 172 550
4/12 7 20.8 460 57 2.62 23.6 190 620
8 2255 460 54 2.73 24.8 207 700
10 25 460 48 3.00 27.8 248 850
12 28 460 45 3.46 314 292 1020

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

/ Degrees-current lags voltage at tap value current.

*®Voliages taken with Rectox tvpe volimeter.
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© ENERGY REQUIREMENTS O
TYPE CO-11 RELAY O
VOLT AMPERES**
Continuous One Second Power At At 3 Times At 10 Times At 20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value ¢ Tap Value
Range Tap (Amperes) (Amperes) Angle § Current Current Current
0.1 0.4 1.5 34 0.64 6.5 240
0.12 0.4 1.5 32 0.67 6.66 264
0.16 0.4 11.5 30 0.76 7.3 . 297
0.1/05 020 0.4 1.5 26 0.83 8.3 . 336
0.30 0.4 11.5 22 1.01 10.3 117.6 420
0.40 0.4 1.5 18 1.21 11.2 140.0 520
0 50 0.4 1.5 16 1.38 | 168.0 630
0.5 1.7 56 36 0.72 71.8 250
0.6 1.9 56 34 0.75 6. 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 0.89 730 93.1 330
1.5 30 56 22 .04 115.5 411
20 3.5 56 17 11.95 136.3 502
28 38 56 16 13.95 160.0 610
2.0 7.0 230 32 6.30 74.0 264
2.5 7.8 230 30 7.00 78.5 285
3.0 8.3 230 27 . 7.74 84.0 309
2/6 3.5 9.0 230 24 8.20 89.0 340
4.0 10.0 230 23 0.96 9.12 102.0 3N
5.0 11.0 230 2 1.07 9.80 109.0 430
6.0 12.0 230 1.23 11.34 129.0 504

40 14 460 29 0.79 7.08 78.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 17 460 22 1.02 9.18 101.4 378
4/12 70 18 460 0 1.10 10.00 110.0 454
8.0 20 460 18 1.23 1.1 124.8 480
10.0 22 46 17 1.32 14.9 131.6 600
12.0 26 46 16 1.8 16.3 180.0 720

*Thermal capacities for short linu‘ulh than‘one second may be calculated on the basis of time being inversely proportional to the
square of the currehit.

}'f Degrees current lags voltage at, m current.
**Voltages tahen with Rectoxdype valtmeter.

© INSTANTANEOUS T UNIT (HIT)

ANGE IN BURDEN IN VOLT-AMPS. AT
PERES MINIMUM SETTING MAXIMUM SETTING
8 4.5 32
4.5 32
10- 40 4.5 40
¢ 20- 80 6.5 70

40 - 160 9.0 144
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Fig. 7. Typical Time Curves of the Type CO-2 Relay.
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Fig. 9. Typical Time Curves of the Type CO-6 Relay.
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Fig. 12. Typical Time Curves of the Type CO-9 Relay.
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Fig. 16. Diagram of Test Connections for the Circuit-Closing
Type CO Relay.

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 case refer to 1.L. 41-076.
ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure cortect Operation‘of this
relay have been made at the factory. Uponireceipt ef the relay
no customer adjustments, other thangthse covered under
“SETTINGS™ should be required.

For relays which include an indigatifig instantaneous trip
unit (ITT), the junction of the, induction and indicating in-
stantancous trip coils isfbrought“@ut to switch jaw #3. With
this arrangement the gvercufrent units can be tested separate-
ly.

ACCEPTANCE CHECK

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

. @ontaet

a), By turning the time dial, move the moving contacts
until they deflect the stationary contact to a posi-

16

tion where the stationary contact is resting against
its backstop. The index mark located on the move-
ment frame should coincide with the “O™ matk on
the time dial. For double trip relays, the followyon
the stationary contacts should be approximately
1/64°.

b

=

For relays identified with a “T"",_located at lower
left of stationary contact block, (theandex mark on
the movement frame will caincide, with the “O”
mark on the time dial wheagthe Stationary contact
has moved through approximately one-half of its
normal deflection. Therefore, with the stationary
contact resting against théjbackstop, the index mark
is offset to the right of jthe “O” mark by ap-
proximately .020™%I he“placement of the various
time dial positiens inline with the index mark will
give operating, times as shown on the respective
time-current/curves. For double trip relays, the
followiyon thegstationary contacts should be ap-
proximately, /32

2.3Minimum Trip Current — Set the time dial to posi-
tion Ogdistag thefowest 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%.

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 ac-
curately is necessary because of the steepness of the slope of
the time-current characteristic (Figure 13). A 1% variation in
the 1.30 times tap value current (including measuring instru-
ment 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 and the relay set on the lowest tap setting, apply the
currents specified by Table I, (e.g. for the CO-2, 3 and 20
times tap value current) and measure the operating time of
the relay. The operating times should equal those of Table |
plus or minus 5% (Use S tap for .1 to S range).

4. Indicating Instantaneous Trip Unit (IIT) — The core
screw which is adjustable from the top of the trip unit deter-
mines the pickup value. The trip unit has a nominal ratio of
adjustment of | to 4 and an accuracy within the limits of 10%.

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 bridg-

J
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I.L. 41-101Q
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Fig. 17. Internal Schematic of the Double Trip Circuit Closing
Relay with Torque Control Terminals. For the Single
Trip Relay, the Circuits Associated with Terminal 2 are
Omitted. Dwg. 57-D-4527.

ing moving contact should touch both stationary g0ntacts
simultancously.

Apply sufficient current to operate the [IT.“Ehe opera-
tion indicator target should drop freely.

S. Indicating Contactor Switch (ICS) g, Close ghe main
relay contacts and pass sufficient dc current thfiough the trip
circuit to close the contacts of the ICS, This,value of current
should be not greater than the particular®dCS tap setting be-
ing used. The operation indicator tatget should drop freely.

The contact gap shHould jbe™approximately .047"
between the bridging moving contact and the adjustable
stationary contacts. The“bridging moving contact should
touch both statignary\€ontacts simultaneously.

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
manually to assure that the breaker trips and the target drops.
Themeelcase the contacts and observe that the reset is smooth
andYpositive.

If an additional time check is desired, pass secondary
current through the relay and check the time of operation. It

Figh18. Internal Schematic of the Single Trip Circuit Closing

Relay with Torque Control Terminals and Indicating
Instantaneous Trip Unit.

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 induction unit
use the alternative test circuit in Fig. 16 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 #182A836H0I is recommended for this purpose.
The use of abrasive material for cleaning contacts is not
recommended, because of the danger of embedding small par-
ticles in the face of the soft silver and thus impairing the con-
tact.

CALIBRATION

Use the following procedure for calibrating the relay if the
relay has been taken apart for repairs or the adjustments dis-
turbed. 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
. Contact

a) By turning the time dial, move the moving contacts
until they deflect the stationary contact to a posi-

17
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tion where the stationary contact is resting against
its backstop. The index mark located on the move-
ment frame should coincide with the ‘O’ mark on
the time dial. For double trip relays, the follow on
the stationary contacts should be approximately
1/647.

b

For relays identified with a *“T™, located at lower
left of stationary contact block, the index mark on
the movement frame will coincide with the O
mark on the time dial when the stationary contact
Iras moved through approximately one-half of its
normal deflection. Therefore, with the stationary
contact resting against the backstop, the index mark
is offset to the right of the “O” mark by 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 ap-
proximately /32"

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

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

Sct the relay on the minimum tap setting, the timg dial
to position 6.

Adjust the control spring tension so that thegmoving
contact will leave the backstop at tap value gurreént +1.0%
and will return to the backstop at tap value ‘€urrent =1.0%.

3. Time Curve Calibration — Ipstall the’permanent
magnet.

Apply the indicated current per Table I for permanent
magnet adjustment (e.g, CQ:8,42, times tap value) and
measure the operatingdime., Adjust the permanent magnet
keeper until the oper@atingdime corresponds to the value of
Table 1.

For type CO-11 relay only, the 1.30 times tap value
operating time from the number 6 time dial position is 54.9
+3% seconds It is important that the 1.30 times tap value

18

current be maintained accurately. The maintaining of thi§
current accurately is necessary because of the steepness of the
slope of the time-current characteristic (Figure 13). A 1%
variation in the 1.30 times tap value current (including
measuring instrument deviation) will change the nominal
operating time by approximately 4%. If the operating time at
I.3 times tap value is not within these limits, a minor adjust-
ment of the control spring will give the corgg€t’operating time
without any undue effect on the minimumfpick-up of the
relay. This check is to be made after the2ptimésitap value ad-
justment has been completed.

Apply the indicated current pergFable I for the elec-
tromagnet plug adjustment ge.g. COQ=8, 20 times tap value)
and measure the operatingtimeAdjust the proper plug until
the operating time corfesponds, to the value in Table 1.
(Withdrawing the left hand plug, front view, increases the
operating time andfwithdrawing the right hand plug, front
view, decreas@s, the*time.) In adjusting the plugs, one plug
should be screwediin completely and the other plug run in or
out untilpthe proper operating time has been obtained.

Recheckiythe permanent magnet adjustment. If the
operating timedfor this calibration point has changed, readjust
the peemanent magnet and then recheck the electromagnet
plug adjustment.

4. Indicating Contactor Switch (ICS) — Close the main
relay contacts and pass sufficient de 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 be-
ing used. The operation indicator target should drop freely.

5. Indicating Instantaneous Trip Unit (IIT)
The corescrew 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.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be furnished to
the customers who are equipped for doing repair work. When
ordering parts, always give the complete nameplate data.
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Q Fig. 19

Outline and Drilling Plan for the Type CO Relay.
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TYPE CO OVERCURRENT RELAYS -
TABLE 1

TIME CURVE CALIBRATION DATA - 50 & 60 HERTZ

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS

TIME CURRENT OPERATING CURRENT OPERATING
RELAY DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS
CO-2 6 3 0.57 20 0.22
CO-5 6 2 37.80 10 14.30
CO-6 0 2 2.46 20 1.19
CO-7 6 2 4.27 20 1.11
CO-§ 6 2 13.35 20 1.11
CcO-9 6 2 8.87 20 0.65
CO-11i 6 2 11.27 20 0.24A

QO AFor 50 hertz CO-11 relay 20 times operating time limits are 0.24 + 10%,%5%.

INTERNAL SCHEMATIC INTERNAL SCHEMATIC
7 N,
INDICATING
CONTACTOR -
CONTAGTOR. Rk 4
switen——— ")
| —<ANoUCTION UMD |- imoucTioN uNiT
INDICATING : INDICATING
il l— |:srlum:£ous
Wit
RED MANDLE
YC:E:T“;‘:;:" [ test swirca
~—14—-CURRENT TEST JACK t——— CURRENT TEST JACK
CHASS1S OPERATED {—__CHASSIS OPERATED
SHORTING $WITCH SHORTING SWITCN
T TERMINAL P T TERMINAL
FRONT VIEN
57-D-4526 184A061
Fig. 20. Internal§Schematic of the Double Trip Circuit Closing Fig. 21. Internal Schematic of the Double Trip Circuit Closing
Relaypwithy/ndicating Instantaneous Trip Unit. Relay with Indicating Instantaneous Trip Unit to Separate

Terminals.

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

Printed in U.S.A.



INSTALLATION

Westinghouse 1.L. 41.101L
e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO 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

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 Timé Relay
CO-T Moderately Inverse|Time|Relay
CO-8 Inverse Time Relay
CO-9 Very Inverse Time Relay
CO-11 ExtremelyiInverse Time Relay

CONSTRUCTION AND, OPERATION

The type CO relaysyconsist of an overcurrent unit
(CO), an indicating contactor switch (ICS), and an in-
dicating instantaneousytrip unit (IIT) when required.
The principal component parts of the relay and their
location aré shewn in, Fligs. 1-5.

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 and re-
turns)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

SUPERSEDES I.L. 41-101K

*Denotes change from superseded issue.

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 se€endary®winding. Two identical coils
on the outer legs, of ‘the lamination structure are con-
nected to theymain“¢oil secondary in a manner so that
the combinationy of all the fluxes produced by the
electromagnetiresult in out-of-phase fluxes in the air
gapt WThe out-of-phase air gap fluxes produced cause
a contacticlosing torque.

Indi'€ating 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 contacts bridge two
stationary contacts, completing the trip circuit. Also
during this operation two fingers on the armature de-
flect 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 provides the adjustable pickup range.

CHARACTERISTICS

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

EFFECTIVE OCTOBER 1965
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*Fig. 1. Type CO Relay Without Case. 1-Indicating Instantaneous(trip (lkT). 2-1IT Adjusting Screw. 3-Indicating Contactor
Switch (ICS). 4-Indicating Contactor Switch Tap Block:

©

Fig. 20T ime Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary
Contact Assembly. 6-Magnetic Plugs. 7-Permanent Magnét.



I.L. 41-T03L

TYPE CO OVERCURRENT RELAYS

BRESARERAN)

Fig. 3. “E” Type Electromagnet. 1- Magnetic Plugs. \2-Tap Fig. 4. Indicating Instantaneous Trip Unit (1IT).
Block. 3-Tap Screw.

Fig. 5. Indicating Contactor Switch (ICS).
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Range Taps

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

These relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers.

The time vs. current characteristics are shown in
Figs. 7 to 13. 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 ainperes
at 250 volts d-c and the seal-in contacts of the indi-

cating 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 h@s twe taps that
provide a pickup setting of 0.2%r 2" amperes. To
change taps requires connecting_the“lead located in
front of the tap block to the desiredisetting by means
of a screw connection.

Trip Circuit Constants

Contactor Switch -
0.2 amperetap¥®, 6.5 ohms d-c resistance
2.0 ampere’ tap - 0.15 ohms d-c resistance

STATION BUS
1
- 2
-
51 51-1 51
9 8
O %-045 pa 1
51 s1-2 Vs
9 8
— __o_¥:__l U029 PH.2
51 s1-3 61
9 8

F__O__X:_/Vng(__o_., PH. 3
E [ 51 51N 51

- 9
L—Ela31—:1:——<>—9ét-——JV?L—de—<>a—- GRD

DEVICE NUMBER CHART

52 sf — OMERCURRENT RELAY, TYPE CO
51Np- GROUND OVERCURRENT RELAY, TYPE CO
52 2POWER CIRCUIT BREAKER
ICS - INDICATING CONTACTOR SWITCH
L s a - BREAKER AUXILIARY CONTACT
TC - BREAKER TRIP COIL

D.C. TRIP BUS
POS.

OR
NEG.

ola I
)

I1CS b1-<& 91-3 51-N

51~-1 1CS

9
)

~&
>
~—>
L_»

NEG.

POS

182-A-755

Fig. 6 External Schematic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-

Phase System.
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ENERGY REQUIREMENTS

* Instantaneous Trip Unit (IIT)

4
RANGE IN BURDEN IN VOLT-AMPS. AT
AMPERES MINIMUM SETTING |MAXIMUM
2- 8 4.5
4-16 4.5
10 - 40 4.5
20 - 80 6.5 70
40 - 160 9.0 144
TYPE CO0-2 Q
VOLT AMPERES**
CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACT VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANG RRENT CURRENT CURRENT CURRENT
0.5 0.91 28 4.8 39.6 256 790
0.6 0.96 28 4.9 39.8 270 851
0.8 1.18 28 5.0 42.7 308 1024
0.5/2.5 1.0 1.37 28 0 5.3 45.4 348 1220
1.5 1.95 28 0 6.2 54.4 435 1740
2.0 2.24 28 36 7.2 65.4 580 2280
2.5 2.50 29 7.9 73.6 700 2850
L 4
2.0 3.1 59 5.04 38.7 262 800
2.5 4.0 55 5.13 39.8 280 920
3.0 4.4 11 51 5.37 42.8 312 1008
2/6 3.5 4.8 10 47 5.53 42.8 329 1120
4.0 5.2 110 45 5.72 46.0 360 1216
5.0 5.6 110 41 5.90 50.3 420 1500
6.0 6 110 37 6.54 54.9 474 1800
230 65 4.92 39.1 268 848
230 50 5.20 42.0 305 1020
230 47 5.34 44.1 330 1128
4/12 230 46 5.53 45.8 364 1260
230 43 5.86 49.9 400 1408
230 37 6.6 55.5 470 1720
12.0 12.0 230 34 7.00 62.3 528 2064

A4

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

of the current.
current lags voltage at tap value current.

es taken with Rectox type voltmeter.
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ENERGY REQUIREMENTS

CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**

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

(0.5 2.7 88 69 3.92 20.6 103 270
(0.6 3.1 88 68 3.96 20.7 106 288
(0.8 3.7 88 67 3.96 21 114 325
0.5/2.5 (1.0 4.1 88 66 4.07 214 122 360
(1.5 5.7 88 62 4.19 23.2 147 462
(2.0 5.8 88 60 4.30 24.9 168 548
(2.5 7.7 88 58 4.37 26.2 180 630
(2 8 230 67 3.88 21 110 308
(2.5 8.8 230 66 3.90 21.6 118 342
@ 9.7 230 64 3.93 22.1 126 381
2/6 (3.5 10.4 230 63 4.09 23.1 136 417
(4 11.2 230 62 4.12 23.5 144 448
5 12.5 230 59 4.20 24.8 162 540
(6 13.7 230 57 4.38 26.5 183 624
(4 16 460 65 4.00 22.4 126 376
5 18.8 460 63 4.15 23 143 450
(6 19.3 460 61 4.32 25.3 162 531
4/12 (7 20.8 460 59 4.35 26.4 183 611
(8 22.5 460 56 4.40 27.8 204 699
(10 25 460 53 4.60 30.1 247 880
(12 28 460 47 4.92 35.6 288 1056

CO-7 MODERATEL YAINVERSE TIME RELAY

VOLT AMPERES**

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

(0.5 27 88 68 3.88 20.7 103 278

(0.6 31 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 41 88 64 4.00 21.6 122 356
(1.5 5.7 88 61 4.08 22.9 148 459

(2.0 6.8 88 58 4.24 24.8 174 552

(2.5 7.7 88 56 4.38 25.9 185 640

(2 8 230 66 4.06 21.3 111 306

(2.5 8.8 230 63 4.07 21.8 120 342

(3 9.7 230 63 4.14 22.5 129 366

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

5 12.5 230 59 4.40 25.2 163 530

(6 13.7 230 58 4.62 27 183 624

4 16 460 64 4.24 22.8 129 392

5 18.8 460 61 4.30 24.2 149 460

4/12 (6 19.3 460 60 4.62 25.9 168 540
1 20.8 460 58 4.69 27.3 187 626

(8 22,5 460 55 4.80 29.8 211 688

(10 25 460 51 5.20 33 260 860

(12 28 460 46 5.40 37.5 308 1032

* Thermal €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.

¢ DegreesVeurrent lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.



TYPE CO OVERCURRENT RELAYS ILL. g501L

ENERGY REQUIREMENTS

CO-8 INVERSE TIME AND CO.9 VERY INVERSE TIME RELAYS

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER AT AT3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE  TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

(0.5 2.1 88 72 2.38 21 132 350

(0.6 3.1 88 71 2.38 21 134 365

(0.8 3.1 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 7.1 88 53 2.74 24.8 228 800

(2 8 230 70 2.38 21 136 360

(2.5 8.8 230 66 2.40 210 142 395

3 9.7 230 64 2.42 21.5 149 430

2/6 (3.5 10.4 230 62 2.48 22 157 470
4 11.2 230 60 2.53 22.7 164 500

5 12.5 230 58 2.64 24 180 580

(6 13.7 230 56 275 25.2 198 660

(4 16 460 68 2.38 21.3 146 420

5 18.8 460 63 2.46 21.8 158 480

(6 19.3 460 60 254 22.6 172 550

4/12 1 20.8 460 57 2.62 23.6 190 620
(8 22.5 460 54 2.73 24.8 207 700

(10 25 460 48 3.00 27.8 248 850

(12 28 460 45 3.46 31.4 292 1020

TYPE CO-11 RELAY

VOLT AMPERES**

CONTINUOUS ONESSECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING® FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

0.5 1.7 56 36 0.72 6.54 71.8 250

0.6 1.9 56 34 0.75 6.80 75.0 267

0.8 2.2 56 30 0.81 7.46 84.0 298

0.5/2.5 1.0 26 56 27 0.89 8.30 93.1 330
1.5 3.0 56 22 1.13 10.04 115.5 411

2.0 3.5 56 17 1.30 11.95 136.3 502

2.5 3.8 56 16 1.48 13.95 160.0 610

2.0 7.0 230 32 0.73 6.30 74.0 264

2.5 7.8 230 30 0.78 7.00 78.5 285

3.0 8.3 230 27 0.83 7.74 84.0 309

2/6 3.5 9.0 230 24 0.88 8.20 89.0 340
4.0 10.0 230 23 0.96 9.12 102.0 372

5.0 11.0 230 20 1.07 9.80 109.0 430

6.0 12.0 230 20 1.23 11.34 129.0 504

4.0 14 460 29 0.79 7.08 78.4 296

5.0 16 460 25 0.89 8.00 90.0 340

6.0 17 460 22 1.02 9.18 101.4 378

4412 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480

10.0 22 460 17 1.32 14.9 131.6 600

12.0 26 460 16 1.8 16.3 180.0 720

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

¢ Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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TYPE CO OVERCURRENT RELAYS
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Fig. 14. Internal Schematic of the Double Trip Circuit
Closing Relay. For the Single Trip Relay the
Circuits Associated with Terminal 2 are Omitted.

SETTINGS
CO Unit

The overcurrent unit settings can befdefined
either by tap setting and time dial position or by tap
setting and a specific time of operationgat seme cur-
rent multiple of the tap setting (e.g. 4 tapisetting, 2
time dial position or 4 tap setting, 0.6¢4Seconds at 6
times tap value current).

To provide selective circuit bfeaker operation, a
minimum coordinating time of O:3 seconds plus circuit
breaker time is recommended between the relay being
set and the relays with whiéh, coordination is to be
effected.

The connector screw onl the terminal plate above the
time dial makes connectionsgto various turns on the
operating coil. By placing this screw in the various
terminal plate holes, the relay will respond to multiples
of tap valuefcurrents in accordance with the various
typical time-current curves.

Caution

Since the tap block connector screw carries oper-
ating current, be sure that the screw is turned tight.
In order to avoid opening the current transformer cir-
cuitsy 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.

Fig-3l5. "Internal Schematic of the Single Trip Circuit-
Closing Relay with Indicating Instantaneous
Trip Unit.

Instantaneous Reclosin_g_

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

For doubletrip 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 core screw must be adjusted to the value
of pick-up current desired.

The nameplate data will furnish the actual cur-
rent range that may be obtained from the IIT. unit.
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€0 RELAY {FRONT VIEW}

Aux.
RELAY
%—’} TO TIMER (TIMER STOPS WHEN )

sToP {AUX.RELAY CONTACT)
S (0PEN: }

TO TIMER (TIMER STARTS WHEN)
iy g

¥ TART  (SWITCH *S™ CLOSES)
RES)STANCE
L0AD
SWITCH
AMMETER "s"
O

t‘;:‘; 120 VOLTS
5 60 CYCLES

ALTERNATIYE CONNECTIONS FOR .5 TO 2.5 AMPERE RANGE
C0-5 AND CO-5 RELAYS

182-A-T754

Fig. 16. Diagram of Test Connections for the Circuit-
Closing Type CO Relay.

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 mountinggstud
for projection mountingor by means of the four mouft-
ing holes on the flange for the semi-flush@mounting.
Either the stud or the mounting screws may belutiliz-
ed for grounding the relay. The electri¢al connections
may be made directly to the terminals“bysmeans of
screws for steel panel mounting orfo bed#erminal stud
furnished with the relay for thickjpanel mounting.
The terminal stud may be easilyemoved or inserted
by locking two nuts on theystud and then turning the
proper nut with a wrench.

For detail! information on the FT case refer to
IL 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper)adjustments to insure correct opera-
tion of this) relay have been made at the factory.
Upon receiptyof the relay no customer adjustments,
othergthan, those covered under “SETTINGS” should
be required.
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For relays which include an indicating instantan-
eous trip unit (OIT), 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 recomméndedto insure
that the relay is in proper working order:

1. Contact

a) By turning the time dial, move 'the moving con-
tacts until they deflect the stationary contact
to a position where “the stationary contact is
resting against its“backstop. The index mark
located on the movement frame should coincide
with the ‘“O"mark on the time dial. For double
trip relays, thefolléw on the stationary contacts
should ‘beyapproeximately 1/64’".*

b) Forgrelays, identified with a “‘T’’, located at
lowerleft‘of stationary contact block, the index
mark on‘the movement frame will coincide with
the ““Q’»mark on the time dial when the station-
ary. contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the ‘‘O’’ mark by approximately .020°’. The
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 contact should leave the back-
stop 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 main-
taining of this current accurately is necessary be-
cause of the steepness of the slope of the time-current
characteristic (Figure 13). A 1% variation in the 1.30
times tap value current (including measuring instru-
ment 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

Sy,
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Fig. 17. Internal Schematic of the Double Trip Circuit
Closing Relay with Torque Control Terminals.
For the Single Trip Relay, the Circuits Asso-
ciated with Terminal 2 are Omitted.

dial set to the indicated position and the relay set
on the lowest tap setting, apply the currents spegi-
fied by Table I, (e.g. for the CO-2, 3 and 20gtimes
tap value current) and measure the operating time of
the relay. The operating times should, equaldthose
of Table I plus or minus 5%

4, Indicating Instantaneous TripfUnit @IT) -
The core screw which is adjustable from th€ top of
the trip unit determines the pickup Vvalues The trip
unit has a nominal ratio of adjustmwent of 1 to 4 and
an accuracy within the limits of ‘W0%.

The making of the cdntacts and“target indication
should occur at approximately®the same instant.
Position the stationary egéntactfer a minimum of 1/32”
wipe. The bridging moving contact should touch both
stationary contacts simultameously.

Apply sufficient’current to operate the IIT. The
operation in@icater target should drop freely.

5. Indicating Contactor Switch (ICS) - Close the
main relay%ontagts and pass sufficient d-c current
through the tripfcircuit to close the contacts of the
ICS. This value of current shbuld be not greater
than the pagticular ICS tap setting being used. The
opération indicator target should drop freely.

The contact gap should be approximately .047”
between the bridging moving contact and the adjust-
able” stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

Fig. 18. Internal Schematic of the Single Trip Circuit
C€losing Relay with Torque Control Terminals
and Indicating Instantaneous Trip Unit.

Routine Maintenance

All relays should be inspected and checked peri-
odically 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 manually to assure
that the breaker trips and the target drops. Then re-
lease the contacts and observe that the reset is
smooth and positive.

If an additional time check is desired, pass sec-
ondary current through the relay and check the time of
operation. It is preferable to make this at several
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 induction unit use the alternative
test circuit in Fig. 16 as these relays are affected by
a distorted wave form. With this connection the 25/5
ampere current transformers should be worked well be-
low 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

17
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the adjustments disturbed. This procedure should
not be used until it is apparent that the relay is not
in proper working order. (See “Acceptance Check”)

€O _Unit_

1. Contact

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the ‘O’ mark on the time dial. For double
trip relays, the follow on the stationary contacts
should be approximately 1/64".

b) For relays identified with a “‘T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the ‘‘O’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the ‘‘O’” mark by approximately .020’’. The
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 - The adjustment of the
spring tension in setting the minimum trip/@éurrent
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 adjustér until approxi-
mately 6-3/4 convolutions show.

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

Adjust the control spring,tension so that the
moving contact will Jeave, thejbackstop at tap value
current +1.0% and #ill returngto the backstop at tap
value current -1.0%.

3. Time Curve Calibration - Install the per-
manent magnet,

Apply the“indicated current per Table I for per-
manent magnetwadjustment (e.g. CO-8, 2 times tap
value) @andameasure the operating time. Adjust the
permanent, magnet keeper until the operating time
corresponds to the value of Table I.
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For type CO-11 relay only, the 1.30 times_tap
value operating time from the number 6 time dial posis
tion is 54.9 +5% seconds. It is important that theyl.30
times tap value current be maintained accurately. The
maintaining of this current accurately is necessary
because of the steepness of the slope of thé"time-
current characteristic (Figure 13). A#1%_variation in
the 1.30 times tap value currenti(including measuring
instrument deviation) will change the néminal opera-
ting time by approximately 4%. 4 Ifathe “operating time
at 1.3 times tap value is not“within these limits, a
minor adjustment of the contrel ‘spring will give the
correct operating time without )Jany undue effect on
the minimum pick-up of"the relay. This check is to
be made after the 24times tap value adjustment has
has been completeds

Apply the, indicated current per Table I for the
electromagnetWplug adjustment (e.g. CO-8, 20 times
tap value)pand “measure the operating time. Adjust
the properiplug“until the operating time corresponds
to the value in Table I. (Withdrawing the left hand
plug,q'front “¥iew, 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.

4. Indicating Contactor Switch (ICS) - Close the
main relay contacts and pass sufficient 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.

5. Indicating Instantaneous Trip Unit (IIT)

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

The nameplate data will furnish the actual cur-
fent 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 customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.

N
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TYPE CO OVERCURRENT RELAYS

TABLE 1

TIME CURVE CALIBRATION DATA -~ 50 & 60 CYCLES

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS

TIME CURRENT OPERATING CURRENT OPERATING
RELAY DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
TYPE  POSITION TAP VALUE) SECONDS TAP VALUE) SECQNDS
CO-2 6 3 0.57 20 0.22
CO-5 6 2 37.80 10 14.30
CO-6 6 2 2.46 20 1.19
Co-7 6 2 4.27 20 1.11
CO-8 6 2 13.35 20 1.11
Co-9 6 2 8.87 20 0.65
CoO-11 6 2 11.27 20 0.24 A

AFor 50 cycle CO-11 relay 20 times operating time limits are 0,24 %,10%, —5%.

INTERNAL SCHEMATIC INTERNAL SCHEMATIC
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WORTING SwiTCH SHORTING SWITCH
2
0/~ verminaL e TEMINAL
FRONT VIEW
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57-D-L4526 1844061

Fig. 20 ,Internal Schematic of the Double Trip
Circuit Closing Relay with Indicating
lnstantaneous Trip Unit.

Fig. 21 Internal Schematic of the Double Trip
Circuit Closing Realy with Indicating
Instantaneous Trip Unit to Separate

Terminals,

WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION

NEWARK, N. J.
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Westinghouse I.L. 41-101m
e OPERATION e MAINTENANCE

INSTRUCTIO NG

TYPE CO 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

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 Relay
CO-T7 Moderately Inverse Time Relay
CO-8 Inverse Time Relay
CO-9 Very Inverse Time(Relay
CO-11 Extremely Inverse Time Relay

CONSTRUCTION AND OPERATION

The type CO relays consist of an overcurrent unit
(CO), an indicating contacter switch (ICS), and an in-
dicating instantaneous trip unit (IIT) when required.
The principal component, parts of the relay and their
location are shoéwn jin Figs. 1-5.

Electromagnet

The electromagnets for the types CO-5, CO-6,
CO-7, CO-8 and4€0-9 relays have a main tapped coil
located “en the center leg of an ‘““E’’ type laminated
structiire, that produces a flux which divides and re-
turns_through the outer legs. A shading coil causes
the)fluxthrough the left leg to lag the main pole flux.
The out-of-phase fluxes thus produced in the air gap

SUPERSEDES I.L. 41-101L

* Denotes change from superseded issve.

cause a contact closing torque.

The electromagnets for the types CO-2 and CO-11
relays have a main coil «onsisting of a tapped primary
winding and a secondary winding. Two identical coils
on the outer legs of theylamination structure are con-
nected to the main coilysecondary in a manner so that
the combination “of, all the fluxes produced by the
electromagnetfresult ‘in out-of-phase fluxes in the air
gap. The out-of-phase air gap fluxes produced zause
a contacticlesingstorque.

Indilcating Contactor Switch Unit (1CS)

The, d-c¢ indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic core upon energization of the switch.
When the switch closes the moving contacts bridge two
stationary contacts, completing the trip circuit. Also
during this operation two fingers on the armature de-
flect 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 (I1T)

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 provides the adjustable pickup range.

CHARACTERISTICS

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

EFFECTIVE MAY 1967



TYPE CO OVERCURRENT RELAYS

Fig. 1. Type CO Relay Without Case. l-Indicating Instantanéous,trip¥lIT). 2-1IT Adjusting Screw. 3-Indicating Contactor
Switch (ICS). 4-Indicating Contactor Switch Tap Block.

ey,

Fig.'2. Time Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary
Contact Assembly. 6-Magnetic Plugs. 7-Permanent Magnét.
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SIIIIELL T

Fig. 3. “E” Type Electromagnet. 1- Magnetic Plugs. 2:Tap Fig. 4. Indicating Instantaneous Trip Unit (1IT).
Block. 3-Tap Screw.

Fig. 5. Indicating Contactor Switch (ICS).



TYPE CO OVERCURRENT RELAYS

Range Taps cating contactor switch will safely carry this current
.5-2.5 0.5 0.6 0.8 1.0 1.5 2.0 2.5 long enough to trip a circuit breaker.

2-6 2 2.5 3 3.5 4 5 6

4 -12 4 5 6 7 8 10 12 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,

These relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers.

The time vs. current characteristics are shown in
Figs. Tto 13. These characteristics give the contact
closing time for the various time dial settings when
the indicated multiples of tap value current are ap-

The indicating contactor switch fiasqmwo taps that
nrovide a pickup setting of 0.2%or“2 amneres. To
change taps requires connecting theplead located in
front of the tap block to the dgsiredysetting by means
of a screw connection.

plied to the relay. Trip _Circuit Constants
Trip Circuit Contactor Switch =

The main contacts will safely close 30 a.nperes 0.2 ampere tap,- 6.5 ohms d-c resistance
at 250 volts d-c and the seal-in contacts of the ini- 2.0ampereftap - 0.15 ohms d-c resistance

STATION BUS

! POS.
-1 OR

\ ¢ NEG.

o

.C. TRIP BUS

| TSI N

o

0

A
ofe

sla

«—
«——
‘-—-__.

51
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— O XTI e
51 51-2 Sl ICS) bl-2 51-3 51-N
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1o O AN 10— wro
L
DEVICE NUMBER CHART
51 — OVERCURRENT RELAY, TYPE CO 2 E a

o—>
L——»

o
[N]

|

SN 2 'GROUND OVERCURRENT RELAY. TYPE CO

520~ POWER CIRCUIT BREAKER

ICS - INDICATING COHTACTOR SwITCH NEG.
BREAKER AUXIL IARY CONTACT OR
BREAKER TRIP COIL POS.

-4 a
1 ¢z 3 TC

182-A-755

Fig. 6u, External Schematic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-
Phase System.



TYPE CO OVERCURRENT RELAYS

ENERGY REQUIREMENTS

* Instantaneous Trip Unit (IIT)

2 4
RANGE IN BURDEN IN VOLT-AMPS. AT
AMPERES MINIMUM SETTING |[MAXIMUM
2- 8 4.5
4-16 4.5
10 - 40 4.5
20 - 80 6.5
40 - 160 9.0 144
TYPE CO-2
VOLT AMPERES**
CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* FACTOR ALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMP@ESL (AMPERES) ANGL ENT CURRENT CURRENT CURRENT
0.5 0.91 28 4.8 39.6 256 790
0.6 0.96 28 4.9 39.8 270 851
0.8 1.18 28 3 5.0 42.7 308 1024
0.5/2.5 1.0 1.37 28 0 5.3 45.4 348 1220
1.5 1.95 28 6.2 54.4 435 1740
2.0 2.24 28 6 7.2 65.4 580 2280
2.5 2.50 2 29 7.9 73.6 700 2850
2.0 3.1 L 4 1 59 5.04 38.17 262 800
2.5 4.0 x 55 5.13 39.8 280 920
3.0 4.4 11 . 51 5.37 42.8 312 1008
2/6 3.5 4.8 0 47 5.53 42.8 329 1120
4.0 5.2 10 . 45 5.72 46.0 360 1216
5.0 5.6 110 41 5.90 50.3 420 1500
6.0 6.0 110 37 6.54 54.9 474 1800
230 65 . 4.92 39.1 268 848
. 230 50 5.20 42.0 305 1020
230 47 5.34 44.1 330 1128
4/12 . 230 46 5.53 45.8 364 1260
230 43 5.86 49.9 400 1408
230 37 6.6 55.5 470 1720
230 34 7.00 62.3 528 2064

* Thermal ca uct’es for short times other than one second may be calculated on the basis of time being inversely proportional to the

s taken with Rectox type voltmeter.



TYPE CO OVERCURRENT RELAYS

ENERGY REQUIREMENTS

CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**

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

L 4
(0.5 2.7 88 69 3.92 20.6 103 270
(0.6 3.1 88 68 3.96 20.7 106 %
(0.8 3.7 88 67 3.96 21 114 32
0.5/2.5 (1.0 4.1 88 66 4.07 21.4 122 \

(1.5 5.7 88 62 4.19 23.2 147 462
(2.0 5.8 88 60 4.30 24.9 168 548
(2.5 71 88 58 4.37 26.2 180 630

(2 8 230 67 3.88 21 110 308
(2.5 8.8 230 66 3.90 21.6 342
3 9.7 230 64 3.93 22.1 2 381
2/6 (3.5 10.4 230 63 4.09 23.1 417
(4 11.2 230 62 4.12 23.5 144 448
(5 12,5 230 59 4.20 24.8 62 540
(6 13.7 230 57 4.38 26.5@ 183 624
(4 16 460 65 4.00 126 376
5 18.8 460 63 4.15 143 450
(6 19.3 460 61 4.32 162 531
4/12 (T 20.8 460 59 4.35 183 611
(8 22.5 460 56 4.40 204 699
(10 25 460 53 4.60 247 880
(12 28 460 47 4.9 288 1056
CO0-7 MODERATEL E RELAY
VOLT AMPERES**
CONTINUOUS ONE SECOND R AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* AP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _ (AMPERES) (AMPERES) CURRENT CURRENT CURRENT CURRENT
(0.5 2.7 88 3.88 20.7 103 278
(0.6 31 88 5 3.93 20.9 107 288
(0.8 3.7 ’88 O 3.93 21.1 114 320
0.5/2.5 (1.0 4.1 4.00 21.6 122 356
(1.5 5.7 \ 4.08 22.9 148 459
(2.0 6.8 g 4.24 24.8 174 552
(2.5 7.1 x 4.38 25.9 185 640

(2 8 66 4.06 21.3 111 306
(2.5 8.8 230 63 4.07 21.8 120 342
3 9. 230 63 4.14 22.5 129 366
2/6 (3.5 1 230 62 4.34 23.4 141 413
(4 1 230 61 4.34 23.8 149 448
(5 x 230 59 4.40 25.2 163 530

(6 230 58 4.62 27 183 624

460 64 4.24 22.8 129 392

(5 .8 460 61 4.30 24.2 149 460

4/12 (6 19.3 460 60 4.62 25.9 168 540

(7 20.8 460 58 4.69 27.3 187 626

(8 22.5 460 55 4.80 29.8 211 688

(10& 25 460 51 5.20 33 260 860

(12 28 460 46 5.40 37.5 308 1032

* Therm jties for short times other than one second may be calculated on the basis of time being inversely proportional to the
squar rent

rent lags voltage at tap value current.

taken with Rectox type voltmeter.



TYPE CO OVERCURRENT RELAYS I.L.

ENERGY REQUIREMENTS

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

VOLT AMPERES**

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

(0.5 2.7 88 72 2.38 21 350

(0.6 3.1 88 71 2.38 21 4 365

(0.8 3.7 88 69 2.40 21.1 400

0.5/2.5 (1.0 4.1 88 67 2.42 21.2 0 440
(1.5 5.7 88 62 2.51 22 @ 530

(2.0 6.8 88 57 2.65 23.5 00 675

(2.5 7.7 88 53 2.74 24,8 228 800

(2 8 230 70 2.38 136 360

(2.5 8.8 230 66 2.40 21. 142 395

@3 9.7 230 64 2.42 Q 149 430

2/6 (3.5 10.4 230 62 2.48 157 4170
(4 11.2 230 60 2.53 N 164 500

5 12.5 230 58 24 180 580

(6 13.7 230 56 25.2 198 660

(4 16 460 68 21.3 146 420

5 18.8 460 63 21.8 158 480

(6 19.3 460 60 22.6 172 550

4/12 (1 20.8 460 57 23.6 190 620
(8 22,5 460 54 3 24.8 207 700

(10 25 460 3.00 27.8 248 850

(12 28 460 3.46 31.4 292 1020

YPE CO-11 RELAY

VOLT AMPERES**
SECO POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES

ATING FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
A ﬁ S) ANGLE¢ CURRENT CURRENT CURRENT CURRENT

CONTINUOUS ONE
AMPERE RATING
RANGE TAP (AMPERES)

0.5 1.7’ 36 0.72 6.54 71.8 250

0.6 1.9 34 0.75 6.80 75.0 267

0.8 2.2 \ 56 30 0.81 7.46 84.0 298

0.5/2.5 1.0 2. 56 27 0.89 8.30 93.1 330
1.5 56 22 1.13 10.04 115.5 411

2.0 . 56 17 1.30 11.95 136.3 502

2.5 56 16 1.48 13.95 160.0 610

2.0 230 32 0.73 6.30 74.0 264

230 30 0.78 7.00 78.5 285

230 27 0.83 7.74 84.0 309

2/6 230 24 0.88 8.20 89.0 340
10.0 230 23 0.96 9.12 102.0 372

5. 11.0 230 20 1.07 9.80 109.0 430

12.0 230 20 1.23 11.34 129.0 504

4.0 14 460 29 0.79 7.08 78.4 296

5.0 16 460 25 0.89 8.00 90.0 340

6.0 17 460 22 1.02 9.18 101.4 378

4432 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480

10.0 22 460 17 1.32 14.9 131.6 600

12.0 26 460 16 1.8 16.3 180.0 720

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

Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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* Fig. 14. Internal Schematic of the Double Trip Circuit
Closing Relay. For the Single Trip Relay the
Circuits Associated with Terminal 2 are Omitted.

Dwg. 57-D-4523.

SETTINGS
_CO Unit.

The overcurrent unit settings can bef defined
either by tap setting and time dial positiofi or by tap
setting and a specific time of operationqat some cur-
rent multiple of the tap setting (e.g. 4 tap“setting, 2
time dial position or 4 tap setting, 0.6fseeconds at 6
times tap value current).

To provide selective circuit brfeaker operation, a
minimum coordinating time of 0.3 seeonds plus circuit
breaker time is recommended bhétween the relay being
set and the relays with whichycoordination is to be
effected.

The connector screw on(the terminal plate above the
time dial makes conneetionsfto various turns on the
operating coil. By plag¢ing this screw in the various
terminal plate holes, the relay will respond to multiples
of tap valuefcurrents,in accordance with the various
typical time-curfent curves.

Caution

Since the tap block connectcr screw carries oper-
ating current, be sure that the screw is turned tight.
In order to avoid opening the current transformer cir-
cuitSmwhen 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.

Fig.“1S. “laternal Schematic of the Single Trip Circuit-
Closing Relay with Indicating Instantaneous
Trip Unit.

Instantaneous Reclosing

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

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 core screw must be adjusted to the value
of pick-up current desired.

The nameplate data will furnish the actual cur-
rent range that may be obtained from the IIT. unit.
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Fig. 16. Diagram of Test Connections for the Circuit-
Closing Type CO Relay.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat. M@unt
the relay vertically by means of the mountinggstud
for projection mounting or by means of the four mount-
ing holes on the flange for the semi-flushgmounting.
Either the stud or the mounting screws may belutiliz-
ed for grounding the relay. The electrical connections
may be made directly to the terminals“by .means of
screws for steel panel mounting orto be ¢erminal stud
furnished with the relay for thickjpanel mounting.
The terminal stud may be easily removed or inserted
by locking two nuts on théystud and then turning the
proper nut with a wrencéh.

For detail information on’the FT case refer to
IL 41-076.

ADJUSTMENTS AND MAINTENANCE
The properjadjustments to insure correct opera-
tion of this,felay have been made at the factory.

Upon receipt, of the relay no customer adjustments,
other ,than, those covered under *SETTINGS” should

be required.
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For relays which include an indicating instantan-
eous trip unit (IIT), the junction of the induction @nd
indicating instantaneous trip coils is brought outito
switch jaw #3. With this arrangement the overcurrent
units can be tested separately.

Acceptance Check

The following check is recommefndedmto insure
that the relay is in proper working orders:

1. Contact

a) By turning the time dial, move/the moving con-
tacts until they deflect the stationary contact
to a position where“the stationary contact is
resting against ifs“backstop. The index mark
located on the movement frame should coincide
with the ‘‘O’’sfark ‘on the time dial. For rlouble
trip relays, thefollow on the stationary contacts
should ‘beapproximately 1/64°"."

b) Fopgprelays, identified with a ¢‘T’’, located at
lowenleft®ef )stationary contact block, the index
mark ondtlie movement frame will coincide with
the ““Q2mark on the time dial when the station-
ary, contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the ‘‘O’’ mark by approximately .020’’. The
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 contact should leave the back-
stop 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 main-
taining of this current accurately is necessary be-
cause of the steepness of the slope of the time-current
characteristic (Figure 13). A 1% variation in the 1.30
times tap value current (including measuring instru-
ment 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
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* Fig. 17. Internal Schematic of the Double Trip Circuit

Closing Relay with Torque Control Terminals.
For the Single Trip Relay, the Circuits Asso-
ciated with Terminal 2 are Omitted. Dwg. 57-D-
4527.

dial set to the indicated position and the relay set
on the lowest tap setting, apply the currents speéci-
fied by Table I, (e.g. for the CO-2, 3 and20%times
tap value current) and measure the operating time of
the relay. The operating times should, equal’ those
of Table I plus or minus 5%

4. Indicating Instantanecus Triff Unit (IIT) -
The core screw which is adjustable ¥rom tre ton of
the trip urnit determines thie pickirp valwe. The trip
urit as a nominal ratio of drjustrent/of 1 to 4 and
an accuracy within the lirnits of “1€%.

The making of the c@ntacts, and target indication
should occur at approxXimately” the same instant.
Position the stationaryfcontact for a minimum of 1/32”
wipe. The bridging mowing contact should touch both
stationary contacts#simultaneously.

Avply stfficient current to operate the IIT. The
operation indicater target should drop freely.

5. 4dndicating Contactor Switch (ICS) - Close the
main relay“contdcts and pass sufficient d-c current
through the trip circuit to close the contacts of the
ICS. This value of current shtbuld 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 adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

Figy 18s, Internal Schematic of the Single Trip Circuit
Closing Relay with Torque Control Terminals
and Indicating Instantaneous Trip Unit.

Routine Maintenance

All relays should be inspected and checked peri-
odically 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 manually to assure
that the breaker trips and the target drops. Then re-
lease the contacts and observe that the reset is
smooth and positive.

If an additional time check is desired, pass sec-
ondary current through the relay and check the time of
operation. It is preferable to make this at several
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 induction unit use the alternative
test circuit in Fig. 16 as these relays are affected by
a distorted wave form. With this connection the 25/5
ampere current transformers should be worked well be-
low 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 raterial 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
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the adjustments disturbed. This procedure should
not be used until it is apparent that the relay is not
in proper working order. (See “Accepntance Check”)

CO_Unit_

1. Contact

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the ‘O’’ mark on the time dial. For double
trip relays, thefollow on the stationary contacts
should be approximately 1/64°’.

b) For relays identified with a ‘“T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the ‘“O’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right of
the ‘O’ mark by approximately .020''. The
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 - The adjustment of the
spring tension in setting the minimum trip .eurrent
value of the relay is most conveniently made with
the damping magnet removed.

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

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

Adjust the control springi¥tension so that the
moving contact will leave theWbackstop at tap value
current +1.0% and will return to the backstop at tap
value current -1.0%.

3. Time Curve Calibration - Install the per-
manent imagnet,

Apply the indicated current per Table I for per-
manent magnetwmadjustment (e.g. CO-8, 2 times tap
value) andmmeasure the operating time. Adjust the
permanent), magnet keeper until the operating time
correspands to the value of Table I.
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For type CO-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial posi-
tion is 54.9 *5% seconds. 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 4ime-
current characteristic (Figure 13). A 1% variation in
the 1.30 times tap value current (includifig measuring
instrument deviation) will change the, nominal opera-
ting time by approximately 4%. Adf%the ‘@perating time
at 1.3 times tap value is not within|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 4he relay. This check is to
be made after the 2 times tap value adjustment has
has been completed.

Apply the,indicdted ‘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 inyTable I. (Withdrawing the left hand
plug, front wiéw, increases the operating time and
withdrawing the right hand plug, front view, decreases
the times) 1In 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.

4. Indicating Contactor Switch (ICS) - Close the
main relay contacts and pass sufficient d-c current
through the¢ :rip 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.

5. Indicating Instantaneous Trip Unit (IIT)

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

The nameplate data will furnish the actual cur-
fent 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 customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.

,awx
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TABLE 1

TIME CURVE CALIBRATION DATA - 50 & 60 CYCLES

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS

TIME CURRENT OPERATING CURRENT OPERATING
RELAY DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS
CO-2 6 3 0.57 20 0.22
CO-5 6 2 37.80 10 14.30
CO-6 6 2 2.46 20 1.19
CO-17 6 2 4.27 20 1.11
CO-8 6 2 13.35 20 1.11
CO-9 6 2 8.87 20 0.65
CO-11 6 2 11.27 20 0.24 A

A For 50 cycle CO-11 relay 20 times operating time limits are 0.24 %)10%, —5%.
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Fig. 20 Internal Schematic of the Double Trip
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Fig. 21 Internal Schematic of the Double Trip
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INSTALLATION

INSTRUCTIOAMNS

LL. 41-1018

e OPERATION ¢ MAINTENANCE

TYPE CO 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

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 theéyfollowing
types of relays:

Type CO-2 Short Time Relay
CO-5 Long Time Relay
CO-6 Definite Minimum Time Rélay
CO-T7 Moderately Inverse TimeRelay
CO-8 Inverse Time Rélay
CO-9 Very Inverse /I'ime Relay
CO-11 Extremely Inverse Time Relay

CONSTRUCTIONTAND, OPERATION

The type CO relays consist of an overcurrent unit
(CO), an indicating contactor switch (ICS), and an in-
dicating instantaneous, trip unit (IIT) when required.
The principal component parts of the relay and their
location are 'shown in Figs. 1-5.

Electromagnet

The electromagnets for the types CO-5, CO-6,
CO-7,9C0O-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 re-
turns 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

SUPERSEDES I.L. 41-101A

*Denotes change from superseded issve.

cause a contact closing terque.

The electromagnets for the types CO-2 and CO-11
relays have a main coil“eonsisting of a tapped primary
winding and a secondary winding. Two identical coils
on the outer legs of the lamination structure are con-
nected to the main coil secondary in a manner so that
the combinatien of all the fluxes produced by the
electromagnet result in out-of-phase fluxes in the air
gap. The out=of-phase air_gap fluxes produced cause
a,contact closing torque.

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 contacts bridge two
stationary contacts, completing the trip circuit. Also
during this operation two fingers on the armature de-
flect 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 provides the adjustable pickup range. The
minimum and maximum pick-up points are indicated
on the scale which is located to the rear of the core
screw.

CHARACTERISTICS

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

EFFECTIVE SEPTEMBER 1957
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Fig. 1. Type CO Relay Without Case. I-Indicating Instantaneou$ tripy(/IT). 2-1IT Adjusting Screw. 3-Indicating Contactor
Switch (ICS). 4-Indicating Contactor Switch Tap Block. .

Fig.¢2., Time Overcurrent Unit (Front View). 1-Tap Block. 2-Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary
Contact Assembly. 6-Magnetic Plugs. 7-Permanent Magnet.
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Fig. 3. “E" Type Electromagnet. 1- Magnetic Plugs. 2-Tap Fig. 4. Indicating Instantaneous Trip Unit (IIT).
Block. 3-Tap Screw.

Fig. 5. Indicating Contactor Switch (ICS).
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Range Taps

5-25 0.5 0.6 0.8 1.0 1.5 2.0 2.5
2-6 2 2.5 3 3.5 4 5 6
4-12 4 5 6 7 8 10 12

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

These relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers.

The time vs. current characteristics are shown in
Figs. 7to 13. 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 ainperes
at 250 volts d-c and the seal-in contacts of the indi-

cating contactor switch will safely carry this currént
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 042 or 2¢famperes. To
change taps requires connecting the lead located in
front of the tap block to the desired Setting by means
of a screw connection.

Trip Circuit Constants

Contactor Switch -
0.2 ampereatap =36.5 ohms d-c resistance
2.0 ampere gapy 0.15 ohms d-c resistance

STATION BUS
—— 1
v z
3
51 51-1 51
9 8
— O XTIy st
51 51-2 4 5l
9 8
————————<)—%%1L~—fvft—1%%—<>——1r PH. 2
51 5i-3 W, 51

L e—ragt g s
;LI—W GRD

DEVICE NUMBER CHART

52 g1 — OVERCURRENT RELAY, TYPE CO
SN

944= POWER CIRCUIT BREAKER
ICS"~ INDICATING CONTACTOR SwITCH
1z 3 a - BREAKER AUXIL IARY CONTACT
2 TC - BREAKER TRIP COIL

GROUND OVERCURRENT RELAY, TYPE CO

D.C. TRIP BUS
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182-A-755

Fig. 6."\External Schematic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-

Phase System.



TYPE CO OVERCURRENT RELAYS

ENERGY REQUIREMENTS

TYPE CO-2 RELAY

L 4

AT 3

C

38.7
39.8
42.8
42.8
46.0
50.3
54.9

39.1
42.0
44.1
45.8
49.9
55.5
62.3

CONTINUOUS ONE SECOND POWER AT

AMPERE RATING RATING* FACTOR TAP VALUE TAP VA
RANGE TAP (AMPERES) (AMPERES) ANGLE¢ CURRENT

0.5 0.91 28 58 4.8

0.6 0.96 28 57 4.9

0.8 1.18 28 53 5.0
0.5/2.5 1.0 1.37 28 50

1.5 1.95 28 40

2.0 2.24 28 36

2.5 2.50 28 29

2.0 3.1 110 59

2.5 4.0 110 55

3.0 4.4 110 51 5.37

2/6 3.5 4.8 110 5.53

4.0 5.2 110 5.72

5.0 5.6 110 1 5.90

6.0 6.0 110 37 6.54

4.0 7.3 230\ 5 4.92

5.0 8.0 23 50 5.20

6.0 8.8 2 47 5.34
4/12 7.0 9.6 46 5.35

8.0 10.4 230 43 5.86

10.0 11.2 L 4 30 37 6.6

12.0 12.0 \ 34 7.00

* Thermal capacities for short
square of the current.

& Degrees current lags volta

att

** Voltages taken with R

%

value current.

oltmeter.

G

10 TIMES AT 20 TIMES

\4®) \ES“
E T

TAP VALUE TAP VALUE
N CURRENT CURRENT
256 790
270 851
308 1024
348 1220
435 1740
580 2280
700 2850
262 800
280 920
312 1008
329 1120
360 1216
420 1500
474 1800
268 848
305 1020
330 1128
364 1260
400 1408
470 1720
528 2064

han one second may be calculated on the basis of time being inversely proportional to the



TYPE CO OVERCURRENT RELAYS

ENERGY REQUIREMENTS

CO-5 LONG TIME AND CO-6 DEFINITE MINIMUM TIME RELAYS

VOLT AMPERES**

CONTINUOUS ONESECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIME
AMPERE RATING RATING' FACIOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _(AMPERES) _ (AMPERES) ANGLE¢ CURRENT CURRENT _ CURRENT CURRENT
(0.5 2 56 69 3.92 20.6 103 a0 @
(0.6 2.2 56 68 3.96 20.7 106 288
(0.8 2.5 56 67 3.96 21 114 5
0.5/2.5 (1.0 2.8 56 66 4.07 21.4 122 0
(1.5 3.4 56 62 4.19 23.2 147 462
(2.0 4.0 56 60 4.30 24.9 168 548
(2.5 4.4 56 58 4.37 26.2 180 630
2 8 230 67 3.88 21 1 308
(2.5 8.8 230 66 3.87 21.6 118 342
3 9.7 230 64 3.93 22.1 381
2/6 (3.5 10.4 230 63 4.09 23.1 1 417
(4 11.2 230 62 4.08 23.5 448
5 12.5 230 59 4.20 24.8 162 540
(6 13.7 230 57 4.38 2sm 183 624
(4 16 460 65 4.00 . 126 376
5 18.8 460 63 4.15 143 450
(6 19.3 460 61 4.32 162 531
4/12 it 20.8 460 59 4.27 183 611
@8 22.5 460 56 4.4 204 699
(10 25 460 53 4.60 247 880
(12 28 460 47 4.9 288 1056
CO-7 MODERATELY IN E RELAY
VOLT AMPERES**
CONTINUOUS ONE SECOND 4PO AT AT3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING* TORMLTAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP _ (AMPERES) _ (AMPERES) CURRENT CURRENT  CURRENT  CURRENT
0.5 2 56 3.88 20.7 103 278
(0.6 2.2 56 3.93 20.9 107 288
(0.8 2.5 5 66 3.93 21.1 114 320
0.5/2.5 (1.0 2.8 L 4 50 64 4.00 21.6 122 356
(1.5 3.4 61 4.08 22.9 148 459
(2.0 4.0 R 58 4.24 24.8 174 552
(2.5 4.4 56 56 4.38 25.9 185 640
2 8 xo 66 4.06 21.3 111 306
(2.5 8.8 0 30 63 4.07 21.8 120 342
3 9.7 230 63 4.14 22.5 129 366
2/6 (3.5 230 62 434 23.4 141 413
@ 230 61 4.34 23.8 149 448
5 230 59 4.40 25.2 163 530
(6 230 58 4.62 27 183 624
460 64 4.24 22.8 129 392
8.8 460 61 4.30 24.2 149 460
4/12 (6 19.3 460 60 4.62 25.9 168 540
it 20.8 460 58 4.69 27.3 187 626
8 22.5 460 55 4.80 29.8 211 688
(1& 25 460 51 5.20 33 260 860
( 28 460 46 5.40 31.5 308 1032

o



TYPE CO OVERCURRENT RELAYS LL. 4151018
ENERGY REQUIREMENTS

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

VOLT AMPERES**

CONTINUOUS ONE SECOND POWER AT AT3 TIMES AT 10 TIMES AT 20°TIMES
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT

(0.5 2 56 72 2.38 21 132 350

(0.6 2.2 56 71 2.38 21 134 365

(0.8 2.5 56 69 2.40 21.1 142 400

0.5/2.5 (1.0 2.8 56 67 2.42 21.2 150 440
(1.5 3.4 56 62 2.51 22 170 530

(2.0 4.0 56 57 2.65 23.5 200 675

(2.5 4.4 56 53 2.74 24.8 228 800

(2 8 230 70 2.38 21 136 360

(2.5 8.8 230 66 2.40 2101 142 395

3 9.7 230 64 2.42 21.5 149 430

2/6 (3.5 10.4 230 62 2.48 22 157 470
(4 11.2 230 60 2.53 22.7 164 500

(5 12.5 230 58 2.64 24 180 580

(6 13.7 230 56 2.75 25.2 198 660

(4 16 460 68 2.38 21.3 146 420

(5 18.8 460 63 2.46 21.8 158 480

(6 19.3 460 60 2.54 22.6 172 550

4/12 (1 20.8 460 57 2.62 23.6 190 620
(8 22.5 460 54 2073 24.8 207 700

(10 25 460 48 3,00 27.8 248 850

(12 28 460 45 3.46 31.4 292 1020

TYPE CO-11 RELAY

VOLT AMPERES**

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

0.5 1.7 56 36 0.72 6.54 71.8 250

0.6 1.9 56 34 0.75 6.80 75.0 267

0.8 2.2 56 30 0.81 7.46 84.0 298

0.5/2.5 1.0 3.5 56 27 0.89 8.30 93.1 330
1.5 3.0 56 22 1.13 10.04 115.5 411

2.0 3.5 56 17 1.30 11.95 136.3 502

2.5 3.8 56 16 1.48 13.95 160.0 610

2.0 7.0 230 32 0.73 6.30 74.0 264

2.5 7.8 230 30 0.78 7.00 78.5 285

3.0 8.3 230 27 0.83 1.74 84.0 309

2/6 305 9.0 230 24 0.88 8.20 89.0 340
4.0 10.0 230 23 0.96 9.12 102.0 372

5.0 11.0 230 20 1.07 9.80 109.0 430

6.0 12.0 230 20 1.23 11.34 129.0 504

40 14 460 29 0.79 7.08 78.4 296

5.0 16 460 25 0.89 8.00 90.0 340

6.0 17 460 22 1.02 9.18 101.4 378

4/12 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480

10.0 22 460 17 1.32 14.9 131.6 600

12.0 26 460 16 1.8 16.3 180.0 720

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

@ WDegrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.
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Fig. 14. Internal Schematic of the Double Trip Circuit
Closing Relay. For the Single Trip Relay the
Circuits Associated with Terminal 2 are Omitted.

SETTINGS
_CO Unit.

The overcurrent unit settings can gbe, defined
either by tap setting and time dial position or by tap
setting and a specific time of operation“atSome cur-
rent multiple of the tap setting (e.g. 4%ap setting, 2
time dial position or 4 tap setting, Om6 seeconds at 6
times tap value current).

To provide selective circuit_breaker/operation, a
minimum coordinating time of 0.3 secdnds plus circuit
breaker time is recommended4between the relay being
set and the relays with which“eoordination is to be
effected.

The connector screwon the terminal plate above
the time dial makes gonnections to various turns on
the operating coil. "By placing this screw in the
various terminalg”plate “holes, the relay will just
close its (contacts at the corresponding current
4-5-6-7-8-20-129amperes, or as marked on the termin-
al plates
Caution

Since thedap block connector screw carries oper-
ating current, be sure that the screw is turned tight.
In order to avoid opening the current transformer cir-
euits 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 adiustment of the CO unit contact

Eig. 15.{Internal Schematic of the Single Trip Circuit-
Closing Relay with Indicating Instantaneous
Trip Unit.

provides a contact follow. Where instantaneous circuit
breaker reclosing will be initiated upon the closure of
the CO contact, this contact follow must be eliminated
by loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring. With this change and the contact mounting
screw tightened, the stationary contact will rest sol-
idly against its backstop.

For double trip relays, the upper stationary con-
tact is adjusted such that the contact 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)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by- connecting the lead located ir
front of the tap block to the desired:-setting by mean:s
of the connecting screw.

Indicating Instantaneous Trip (IIT)

Since the minimum and maximum markings o:
the scale only indicate the working range of th
core screw, the core screw must be adjusted to th
value of pick-up current desired.

The nameplate data will furnish the actual cu
rent range that may be obtained from the IIT. un
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Fig. 16. Diagram of Test Connections for the Circuit-
Closing Type CO Relay.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat. Mount
the relay vertically be means of the mounting stud
for the type F'T projection case or by means of the
four mounting holes on the flange for the semi-flush
type F'T case. Either the stud or the mounting screws
may be utilized for grounding the relay. The elec-
trical connections may be made directly to the ter-
minals by means of screws for steel panel mounting
or to be 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 nuf, with a
wrench.

For detail information on the FTycaseyrefer to
1L 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insurepcorrect opera-
tion of this relay have been madeat the factory.
Upon receipt of the relay no customer adjustments,
other than those covered under *SETTINGS” should
be required.

For relays which include an indicating instantan-
eous 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 testeduseparately.

Acceptance Check

The“following check is recommended to insure
that thewrelay is in proper working order:

(6

1. Contacts - By turning the time dial, move the
moving contacts until they deflect the stationary
contact to a position where the stationary contact.is
just resting against its backstop. The index mark
located on the movement frame should coincide with
the “O” mark on the time dial. For double trip relays,
the follow on the stationary contacts sheuld be ap-
proximately 1/64”.

2. Minimum Trip Current - Set the,time dial to
position 6. Alternately apply tap value current plus
3% and tap value current minus, 3%./ The moving con-
tact should leave the backstop“at tap value current
plus 3% and should return“to the  backstop at tap
value current minus 3%.

3. Time Curve - Table 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-2,
3 and 20 times tap wvalue current) and measure the
operating time “ofythe relay. The operating times
should equal those of Table I plus or minus 5 percent.

»* For“Fype CO-11 Relay only, the 1.3 times tap

valué operating time from the number 6 time dial
position 18754.9 + 5% seconds.

4. Indicating Instantaneous Trip Unit (OT) -
The core screw which is adjustable from the top of
the trip unit determines the pickup value. The trip
unit has a nominal ratio of adjustment of 1 to 4 and
an accuracy within the limits of 10%.

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 sufficient 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.

Routine Maintenance

All relays should be inspected periodically and
the time of operation should be checked at least
once every year or at such other time intervals as
may be dictated by experience to be suitable to the
particular application. Phantom loads should not be
used in testing induction-type relays because of the
resulting distorted current wave form which produces
an error in timing.

All contacts should be periodically cleaned.
A contact burnisher #182A836H01 is recommended

.
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Fig. 17. Internal Schematic of the Double Trip Circuit
Closing Relay with Torque Control Terminals.
For the Single Trip Relay, the Circuits Asso-
ciated with Terminal 2 are Omitted.

for this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in thefface
of the soft silver and thus impairing thegcontact.

CALIBRATION

Use the following procedure for calibrating the
relay if the relay has been taken apartifor 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 ®Acceptance Check”)

1) Contacts - By ‘turning, the time dial move the
moving contacts until theyydeflect the stationary con-
tact to a position where, the stationary contact is
just resting againstUits backstop. The index mark
located on the movement frame should coincide with
the “O” mark on(the time dial.

For doublejtrip relays only, the follow on the
stationary contacts is obtained through the use of the
stationary/ contact adjusting screw. The upper sta-
tionary contact is adjusted first such that there is ap-
proximately 1/64” follow. The lower stationary con-
tact is then adjusted such that both stationary con
tacts make contact simultaneously with their respec-
tive moving contact.

2) Minimum Trip Current - The adjustment of the
spring tension in setting the minimum trip current
value of the relay is most conveniently made with

Fig.”18. Internal Schematic of the Single Trip Circuit
Closing Relay with Torque Control Terminals
and Indicating Instantaneous Trip Unit.

the damping magnet removed.

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

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

Adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at tap
value current ~1.0%.

3. Time Curve Calibration - Install the per-
manent magnet,

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

For Type CO-11 Relay only, the 1.3 times tap
value operating time from the number 6 time dia
position is 54.9 + 5% seconds. If the operating tim:
at 1.3 times tap value is not within these limits,
minor adjustment of the control spring will give tb
correct operating time without any undue effect ¢
the minimum pick-up of the relay. This check is
be made after the 2 times tap value adjustment h:
has been completed.

Apply the indicated current per Table I for
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electromagnet plug adjustment (e.g. CO-8, 20 times than the particular ICS tap setting being used. The K "\.}
tap value) and measure the operating time. Adjust operation indicator target should drop freely.

the proper plug until the operating time corresponds

to the value in Table I. (Withdrawing the left hand 5. Indicating Instantaneous Trip Unit (II'T)

pl'ug, fro.nt view: increases the opera:ting time and Since the minimum and maximum markings on

w1thd'mwmg the r.1ghf: hand plug, front view, decreases the scale only indicate the working range of the

the tlme.)- In adjusting the plugs, one plug shou!d be core screw, the core screw must be adjusted to the

screwed in completely and the other plug run in or value of pick-up current desired.

out until the proper operating time has been obtained.

Recheck the permanent magnet adjustment. If The nameplate data will furnishsthe aetual cur-
the operating time for this calibration point has rent range that may be obtained {from the IIT unit.
changed, readjust the permanent magnet and then
recheck the electromagnet plug adjustment. RENEWAL PARTS

Repair work can be done mest satisfactorily at

4, Indicating Contactor Switch (ICS) - Close the the factory. However, interchangeable parts can be
main relay contacts and pass sufficient d-c current furnished to the customers, who are equipped for
through the trip circuit to close the contacts of the doing repair work. When,ordering parts, always give,
ICS. This value of current should be not greater the complete naméeplate data.

TABLE 1
TIME CURVE CALIBRATION DATA ~-"50 & 60 CYCLES
PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS #55
TIME CURRENT OPERATING CURRENT OPERATING
RELAY DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME
TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS
CO0-2 6 3 0.57 20 0.22
CO-5 6 2 37.80 10 14.30
CO0-6 6 2 2.46 20 1.19
CO-7 6 2 4.27 20 1.11
CO-8 6 2 13.35 20 1.11
CcOo-9 6 2 8.87 20 0.65
CO-11 6 2 11.27 20 0.24




TYPE CO OVERCURRENT RELAYS
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Fig. 19. Outline and Drilling Plan for the Type CO Relay.
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