
Westinghouse I.L. 41-101.3 
I NST A L L A TION • OPE R A T ION • M A I N TE N A N CE 

I N S T R U C T I O N S  
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 de com­
ponent of fault current and/or high dropout ratio 
is re quired. Transient overreach will not exceed 
5 percent for this instantaneous trip unit for cir­
cuit angles up to 80 degrees. The instantaneous 
unit may be "torque controlled" by an external 
contact where desired. Closure of the external con­
tact prevents operation of the instantaneous unit. 
Dropout ratio of the instantaneous unit will be 
97 percent or greater. 

CONSTRUCTION AND OPERATION 

The various types of relays consist of a time­
overcurrent unit (CO), an instantaneous over-cur­
rent unit (I), an instantaneous overcurrent unit 
transformer, and two indicating contactor switches 
(ICS/I) and (ICS/T). The principle component 
parts of the relays and their location are shown in 
Fig. I through 5 .  

TIME-OVERCURRENT UNIT (CO) 

The electromagnets for the types CK0-5, 
CK0-6, CK0-7, CK0-8 and CK0-9 relays have a 
main tapped coil located on the center leg of an 

"E" type laminated structure that produces a flux 
which divides and returns through the outer legs. 
A shading coil causes the flux through the left leg 
to lag the main pole flux. The out-of-phase fluxes 
thus produced in the air gap cause a contact closing 
torque. 

The electromagnet for the type CK0-2 and 
CK0-11 relays 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
sult in 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 jumpercd, but the jumper may be re­
moved if external torque control is desired. 

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

The de 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 .Aiso 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. 

A II 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 View). 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). 1 - Varistor. 2 - Saturating Trans­
former. 3 - "E" Type Electromagnet. 
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TYPE CKO RELAY J.L. 41-101.3 
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Fig. 3. Time Overcurrent Unit. 1 - Tap Block. 2 - Time Dial. 3 - Control Spring Assembly. 4 - Disc. 5 - Stationary Contact 
Assembly. 6 - Magnetic Plugs. 7 - Permanent Magnet. 

Fig. 4. Instantaneous Overcurrent Unit. 1 - Saturating Transformer. 2- Tap Block. 3 - Stationary Contact. 4 - Moving Contact. 
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TYPE CKO RELAY ----------------------------� 

T 

Fig. 5. Indicating Contactor Switch (ICS). 

INSTANTANEOUS OVERCURRENT UNIT 

CONSTRUCTION 

The instantaneous overcurrent unit consists of 
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 value. 

INDUCTION CYLINDER UNIT 

Mechanically, the cylinder unit is composed of 
four basic components: a diecast aluminum frame, 
an electromagnet, a moving element assembly, 
and a molded bridge . 

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

The electromagnet has two pairs of coils. The 
coils of each pair are mounted diametrically oppo­
site one another, and a capacitor is connected in 
series with one pair of coils. In addition, there are 
two locating pins. The locating pins are used to 
accurately position the lower pin bearing, which 

4 

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

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

The bridge is secured to the electromagnet and 
frame by two mounting screws. In addition to 
holding the upper pin 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. 
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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 pick up current of the relay. The use 
of a tapped transformer provides approximately 
the same energy level at a given multiple of pickup 
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 operating current 
can be short circuited around the pole windings 
preventing the unit from developing torque. 

C H ARACTERISTICS 

The time characteristics of the over-current 
relays are designated by specific numbers as indi­
cated below (e.g., CK0-8). 

Time 
Characteristics 

Short Time 
Long Time 
Definite Time 
Moderately Inverse Time 
Inverse Time 
Very Inverse Time 
Extremely Inverse Time 

Designation 

2 
5 
6 
7 
8 
9 

11 

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

Instantaneous Overcurrent Unit (I) 

Range Taps 

0.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2 

1-4 1.0 1.5 2.0 2.5 3.0 4.0 
2-8 2 3 4 5 6 8 
4-16 4 6 8 9 12 16 

10-40 10 15 20 24 30 40 
20-80 20 30 40 48 60 80 

The tap value is the minimum current required 
to just close the overcurrent relay contacts. For 
pickup settings in between taps refer to the section 
under adjustments. The pickup and dropout time 
curves for the instantaneous overcurrent units is 
shown in Fig. 14. 

Time Overcurrent Unit 

Range Taps 

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

The tap value is the 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 1 3. 
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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TYPE CKO RELAY 

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. 

6 

IND I CAT lNG 
CONTACT OR 
SWITCH 

(RIGHT HAND) 

INDICATING 
CONTACTOR 
SWITCH 

(LEFT HAND) 

REMOVE JUMPER 
AT TER'1 4 & 5 
FOR EXTERNAL TORQUE 
CONTROL 

INTERNAL SCHEMATIC 

SATURATING 
TRANSFORMER 

INDUCTION UNIT 
LAG COIL 

880A450 

Fig. 6. Internal Schematic of the Type CKO Relay in the Type 
F T31 Case. 
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ENERGY REQUIREMENTS 
INSTANTANEOUS OVERCURRENT UNIT OPERATING CURRENT CIRCUIT- 60 HERTZ 

AMPERE RANGE 

. 5-2 

1-4 

2-8 

4-16 

10-40 

20-80 

RANGE 

0. 5-2 
1-4 
2-8 
4-16 

10-40 
20-80 

TAP 

.5 

.75 
1 
1.25 
1.5 
2 

1 
l.5 
2 

2 .5  
3 
4 

2 
3 
4 
5 
6 
8 

4 
6 
8 
9 
12 
16 

10 
15 
20 
24 
30 
40 

20 
30 
40 
48 
60 
80 

tt g 
VA AT TAP VALUE P.F. ANGLE 

.37 39 

.38 36 

.39 35 

.41 34 

.43 32 

.45 30 

.41 36 

.44 32 

.47 30 

.50 28 

.53 26 

.59 24 

l.l 49 
l.2 43 
l.3 38 
1.4 35 
l.S 33 
1.8 29 

l.5 51 
l.7 45 
1.8 40 
1.9 38 
2 .2  34 
2 .5  30 

l .7 28 
2.4 21 
3.1 16 
3.6 15 
4.2 12 
4.9 11 

6.6 31 
9.3 24 

12 20 
13.5 18 
15.9 16 
19.2 15 

CONTINUOUS RATING 

(AMPERES) 

5 
8 
8 

10 
10 
10 

tt g 
VA ATSAMPS. P.F. ANGLE 

24 46 
13 37 
8 .5  34 
6.0 32 
4.6 31 
2 .9 28 

9.0 36 
5.0 32 
3.0 29 
2 .1 27 
1 .5  26 
0.93 24 

6.5 48 
3.3 42 
2 .1 37 
1.4 35 
1.1 33 
0.7 29 

2 .4 51 
1 .2  45 
0.7 40 
0.6 38 
0.37 34 
0.24 31 

0.43 28 
0.27 21 
0.20 17 
0.15 15 
0.11 13 
0.08 12 

0.40 31 
0.25 24 
0.18 20 
0.14 18 
0.10 16 
0.07 I S  

ONE SECOND RATING 

t (AMPERES) 

100 
140 
140 
200 
200 
200 

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

IJ Degrees current fags voltage. 

tt Voltages taken with Rectox type voltmeter. 
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TYPE CKO RELAY-----------------------------

8 

AMPERE 

RANGE 

0.5/2.5 

2/6 

4/12 

TAP 

0.5 
0.6 
o.g 
1.0 
1.5 
2.0 
2.5 

2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
6.0 

4.0 
5.0 
6.0 
7.0 
g.o 

10.0 
12.0 

ENERGY REQUIREMENTS 
TYPE CK0-2 TIME OVERCURRENT UNITS 

VOLT AMPEREStt 

CONTINUOUS 

RATING 

(AMPERES) 

0.91 
0.96 
1.18 
1.37 
1.95 
2.24 
2.50 

3.1 
4.0 
4.4 
4.g 
5.2 
5.6 
6.0 

7.3 
8.0 
8.8 
9.6 

10.4 
11.2 
12.0 

ONE SECOND POWER 

RATINGt FACTOR 

(AMPERES) ANGLE ll 

28 58 
28 57 
28 53 
28 50 
28 40 
28 36 
28 29 

110 59 
110 55 
110 51 
110 47 
110 45 
110 41 
110 37 

230 65 
230 50 
230 47 
230 46 
230 43 
230 37 
230 34 

AT 

TAP VALUE 

CURRENT 

4.8 
4.9 
5.0 
5.3 
6.2 
7.2 
7.9 

5.04 
5.13 
5.37 
5.53 
5.72 
5.90 
6.54 

4.92 
5.20 
5.34 
5.53 
5.86 
6.6 
7.00 

AT 3 TIMES 

TAP VALUE 

CURRENT 

39.6 
39.8 
42.7 
45.4 
54.4 
65.4 
73.6 

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 

AT 10 TIMES 

TAP VALUE 

CURRENT 

256 
270 
308 
348 
435 
580 
700 

262 
280 
312 
329 
360 
420 
474 

268 
305 
330 
364 
400 
470 
528 

AT20TIMES 

TAP VALUE 

CURRENT 

790 
851 

1024 
1220 
1740 
2280 
2850 

800 
920 

1008 
1120 
1216 
1500 
1800 

848 
1020 
1128 
1260 
1408 
1720 
2064 

t Thermal capacilies for shorr limes or her than one second maybr calculated on the basis of time being inversely proportional to the square of rhe 
current. 

VI Degrees current lags voltage ar tap value current. 

tt Voltages raken wirh Rec10x type voltmeter. 
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TYPE CKO RELAY ----------------------------------------------------------�I . L�- �4�1 -�1�0 1�.3 

ENERGY REQUIREMENTS 

TYPE CK0-5 AND TYPE CK0-6 TIME OVERCURRENT UNITS 

VOLT AMPERES tt 

CONTINUOUS ONE SECOND POWER AT AT3TIMES AT10TIMES AT20TIMES 
AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 
RANGE TAP (AMPERES) (AMPERES) ANGLE II 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 !06 288 
(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 !22 360 
(1.5 *5.7 88 62 4.19 23.2 147 462 
(2.0 *6.8 88 60 4.30 24.9 !68 548 
(2.5 *7.7 88 58 4.37 26.2 !80 630 

(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 !36 417 
(4 11.2 230 62 4.12 23.5 !44 448 
(5 12.5 230 59 4.20 24.8 !62 540 
(6 13.7 230 57 4.38 26.5 !83 624 

(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 !62 531 

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 

1/o? 
CK0-7 TIME OVERCURRENT UNITS 

VOLT AMPEREStt 

CONTINUOUS ONE SECOND POWER AT AT3TIMES AT10TIMES AT 20 TIMES 
AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 
RANGE TAP (AMPERES) (AMPERES) ANGLE II 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 !07 288 
(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 !22 356 
(1.5 5.7 88 61 4.08 22.9 !48 459 
(2.0 6.8 88 58 4.24 24.8 174 552 
(2.5 7.7 88 56 4.38 25.9 ! 85 640 

(2 8 230 66 4.06 21.3 Ill 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 !0.4 230 62 4.34 23.4 141 413 
(4 11.2 230 61 4.34 23.8 !49 448 
(5 12.5 230 59 4.40 25.2 !63 530 
(6 13.7 230 58 4.62 27 !83 624 

(4 !6 460 64 4.24 22.8 129 392 
(5 18.8 460 61 4.30 24.2 149 460 

4/12 (6 !9.3 460 60 4.62 25.9 !68 540 
(7 20.8 460 58 4.69 27.3 !87 626 
(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 

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. 

f) Degrees current lags voltage at tap value current. 

tt V nit ages taken with Rectox type voltmeter. 
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TYPE CKO RELAY-------------------------------------------------------------

ENERGY REQUIREM ENTS 

TYPES CK0-8 AND CK0-9 TIME OVERCURRENT UNITS 

VOLT AMPEREStt 

CONTINUOUS ONE SECOND POWER AT AT3TIMES AT10TIMES AT20TIMES 
AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 
RANGE TAP (AMPERES) (AMPERES) ANGLE I 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 *7.7 88 53 2.74 24.8 228 800 

(2 230 10 2.38 21 136 360 
(2.5 8.8 230 66 2.40 21.1 142 395 
(3 9.7 230 64 2.42 21.5 149 430 

2/6 (3.5 10.4 230 62 2.48 22 157 470 
(4 11.2 230 60 2.53 22.7 164 500 
(5 12.5 230 58 2.64 24 180 580 
(6 13.7 230 56 2.75 25.2 198 660 

(4 16 460 68 2.38 21.3 146 420 
(5 18.8 460 63 2.46 21.8 158 480 
(6 19.3 460 60 2.54 22.6 172 550 

4/12 (7 20.8 460 57 2.62 23.6 190 620 
(8 22.5 460 54 2.73 24.8 207 700 
(10 25 460 48 3.00 27.8 248 850 
(12 28 460 45 3.46 31.4 292 1020 

CK0-1 1 TIME OVERCURRENT UNITS 

VOLT AMPEREStt 

CONTINUOUS ONE SECOND POWER AT AT3TIMES AT10TIMES AT20TIMES 
AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 
RANGE TAP (AMPERES) (AMPERES) ANGLE I 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 2.5 56 27 0.89 8.30 93.1 330 
1.5 3.0 56 22 1.13 10.04 115.5 411 
2.0 3.5 56 17 1.30 11.95 136.3 502 
2.5 3.8 56 16 1.48 13.95 160.0 610 

2.0 7.0 230 32 0.73 6.30 74.0 264 
2.5 7.8 230 30 0.78 7.00 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 II .0 230 20 1.07 9.80 109.0 430 
6.0 12.0 230 20 1.23 II .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 

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. 
tfVoltages taken with Rectox type voltmeter. 
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TYPICAL TIME CURVES 

TYPE C0-2 

-- OVER CURRENT RELAY 

50-60 HZ 

��+-�� • •  •l----
t f t 

• t 1 
D I AL SETTING 

3 � 5 6 7 8 8 10 12 1� 16 18 20 
MULTIPL ES OF TAP VALU E C U R R E N T  

CURVE 418244 
Fig. 7. Typical Time Curves of the Time-Overcurrent Unit of the Short Time (2) Relays. 
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TYPE CKO RELAY----------------------------------------------------------

140 

3 4 5 6 7 8 9 10 
MULTIPLES OF TAP VALUE CURRENT 

CURVE 418245 
Fig. 8. Typical Time Curve of the Time-Overcurrent Unit of the Long Time (5) Relays. 

12 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE C KO RELAY l.L. 41-101.3 
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2 � l.j 5 6 7 8 9 10 12 1l.l 16 18 20 
MULTIPLES OF TAP VALU E CU R R ENT 

CURVE 4182 46 

Fig. 9. Typical Time Curve of the Time-Overcurrent Unit of the Definite Time (6) Relays. 
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CURVE 418247 
Fig. 10. Typical Time Curve of the Time-Overcurrent Unit of the Moderately Inverse ( 7) Relays. 
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CURVE 418248 
Fig. 11. Typical Time Curve of the Time-Overcurrent Unit of the Inverse (8) Relays. 
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7 
TYPICAL T IME CURVES 

II- TYPE C0-9 

OVER CURRENT RELAY 
I . ,  50-60 HZ 
I 
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CURVE 418249 
Fig. 12. Typical Time Curve of the Time-Overcurrent Unit of the Very Inverse (9) Relays. 
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Fig. 13. Typical Time Curve of the Time-Overcurrent Unit of the Extremely Inverse (11) Relays. 
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MULTIPLES OF TAP VALUE CURRENT 629A576 

Fig. 14. Maximum Pickup and Dropout Time Curves tor Instantaneous Overcurrent Unit. 

Trip Circuit Constants 

Indicating Contactor Switch 
0.2 ampere tap - 6.5 ohms de resistance 
2.0 ampere tap - 0.15 ohms de resistance 

SETTINGS 

TIME OVERCURRENT UNIT (CO) 

The time overcurrent unit settings can be defined 
either by tap setting and time dial position or by 
tap setting and a specific time of operation at some 
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). 

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 coor­
dination is to be effected. 

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

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. 
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INSTANTANEOUS OVERCURRENT UNIT (I) 

The only setting required is the pickup current 
setting which is made by means of the connector 
screw located on the tap plate. By placing the con­
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 projection case or by 
means of the four mounting holews 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 outline and 
drilling plan to facilitate making a good electrical 
connection between the relay case, its mounting 
screws or studs, and the relay panel. Ground Wires 
arc affixed to the mounting screws or studs as re­
quired for poorly grounded or insulating panels. 
Other electrical connections may be made directly 
to the terminals by means of screws for steel panel 
mounting or to the terminal stud furnished with 
the relay for thick panel mounting. The terminal 
stud may be easily removed or inserted by locking 
two nuts on the stud and then turning the proper 
nut with a wrench. 

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

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct oper­
ation of this relay have been made at the factory. 
Upon receipt of the relay, no customer adjust­
ments, other than those covered under "SET­
TINGS", should be required. 

ACCEPTANCE CHECK 

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

Instantaneous Overcurrent Unit (I) 

l. Contact Gap - The gap between the sta­
tionary and moving contacts with the relay in the 
de-energized- position should be approximately 
.020" 0 

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) 

l . Contacts - The index mark on the move­
ment frame will coincide with the "0" 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 "0" 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 
CK0-2, 3 and 20 times tap value current) and 
measure the operating time of the relay. The oper-
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TYPE C KO RELAY 

A -�------------------------

8-�-�-----------------------------

D.C. TRIP BUS 

50/51 
_1_0_ 

I.L. 41-101.3 

PH.B 
PH.C 

GRD. 

r-<�H::>----, {WHERE USED)--u:=:IJ---'......_ ___________ _ 

NON -DIRECTIONAL 
INSTANTANEOUS 

UNITS WITH TORQUE 
CONTROL TERMINALS 

PH.B 

PH.C  

GRD. 

50/51 

50/51 - 6-

50N/51N --6 -

r'" 't l""""': >Oi�51 f XT 

I 50/51 

CO-UNIT LAG COIL 
WITH TORQUE CON­
TROL TERMINALS. 
REMOVE JUMPERS 
AT TERMINALS 4S.5 
FOR EXTERNAL 
TORQUE CONTROL. 
{WHERE USED) 

'" . f}·'": >0;
>-------'

51 +XT 

50/51 

'" C f]CMe<': >0:
1-----'

51 fXT 

50/51 '" f]'""': ,;, t" 

XT 

XT 

XT 

XT 

DEVICE NUMBER CHART 

50/51- OVERCURRENT RELAY WiTH 
NON- DIRECTIONAL INSTANTANEOUS 
OVER CURRENT UNIT, TORQUE 
CONTROL TERMINALS. TYPE CKO 

50N/51N-GROUND OVERCURRENT RELAY 
TYPE CKO. 

52- POWER CIRCUIT BREAKER 

ICS-INDIC ATOR CONTACT SW. 

I- INSTANTANEOUS UN IT 

CO- TIME OVERCURRENT UNIT 

52a- BREAKER AUX. CONTACT 

TC-BREAKER TRIP COIL 

XT-EXTERNAL TORQUE 
CONTROL CONTACTS 

Fig. 16. External Schematic of the CKO Relay. 

l452 C84 
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TYPE CKO RELAY--
----------------------------------------------------------

ating times should equal those of Table I plus or 
111inus 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 de cur­
rent through the trip circuit to close the contacts of 
(ICS/1). This value of current should not be greater 
than the particular (ICS/1) 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 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. The use of phantom 
loads, in testing induction-type relays, should be 
avoided, since the resulting distorted current wave 
form will produce an error in timing. 

A II contacts should be periodically cleaned. 
A contact burnished #182A836HO I is recomended 
for this purpose. The use of abrasive material for 
cleaning contacts is not recommended, because of 
the danger of embedding small particles in the 
face of the soft silver and thus impairing the contact. 

CALIBRATION 

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

22 

INSTANTANEOUS OVERCURRENT 
UNIT (I) 

I. The upper pin bearing should be screwed 
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., against the right side of the 
bridge. Move in the left-hand stationary contact 
until it just touches the movcing contact then back 
off the stationary contact 2/3 of one turn for a gap 
of approximately .020". The clamp holding the 
stationary contact in position. 

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

TI ME OVERCURRENT UNIT (CO) 

I. Contacts - The index mark on the move­
ment frame will coincide with the "0 " 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 "0 " mark by approxi­
mately .020". The placement of the various time 

·�. 
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TYPE C KO RELAY ---------------------------------------------------------� ·-·4_1_-1_0 __ 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 "0", wind up the 
spiral spring by means of the spring adjuster until 
approximately 63/4 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 1 for 
permanent magnet adjustment (e.g. CK0-8, 2 
times tap value) and measure the operating time. 
Adjust the permanent magnet keeper until the 
operating time corresponds to the value of Table 1. 

Apply the indicated current per Table 1 for the 
electromagnet plug adjustment (e.g. CK0-8, 20 
times tap value) and measure the operating time. 
Adjust the proper plug until the operating time 
corresponds to the value in Table 1. (Withdrawing 
the left hand plug, front view increases the operating 
time and withdrawing the right hand plug, front 
view, decreases the time.) In adjusting the plugs, 

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

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

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

Adjust the contact gap for approximately .')4 7". 

A) Close the contacts of the CO and pc.:ss suf­
ficient de current through the trip circuit to close 
the contacts of the (ICS/T). This value of current 
should ot be greater than the particular (ICS/T) 
tap setting being used. The operation indicator tar­
get should drop freely bringing the letter "T" into 
vtew. 

B) Close contacts of instantaneous overcur­
rent unit (1). Pass sufficient de current through 
the trip circuit to close contacts of the (ICS/1). 
This value of current should not be greater than 
the particular (ICS/1) 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 I 

TIME C U RVE C ALIBRATIO N  DATA- 60 HERTZ 

PERMANENT M AG NET ADJU STM ENT ELECTROMAG N ET PLUGSZ 

TIME- TIME C U RRENT OPERATI NG C U RRENT OPERATING 
OVERCURRENT DIAL ( M U LTI PLES OF TI M E  ( M U LTIPLES O F  TI M E  

U NIT TYPE PO SITIONZ TAP VALUE) SEC O N DS TAP VALUE) SECONDS 

2 6 3 0.57 20 0.22 
5 6 2 37.80 10 14.30 
6 6 2 2.46 20 1.19 
7 6 2 4.27 20 1.11 
8 6 2 13.35  20 1.11 
9 6 2 8.87 20 0.65 

11 6 2 11.27 20 0.24 
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i. 594li 1;:6.063� {40f:J 1{154.00)1 
d.250 (209.55) 

--- -1 -- �-· -
16.500 

(419.1) 

t _L , �:,·.�ii:}�:�l I Ui�riON � 
SEMI FLlJSH MTG. 
PROJECTION MTG.-----� 

t 

.250 DIA. 4 HOLES FOR (6. 351.190-32 MTG. SCREWS 

PANEL C UTO U T  8 DRILL ING 

F O R  SEMI - FLUSH MTG. 

57-D-7902 
Fig. 1 7. Outline and Drilling Plan for the CKO Relay in the Type FT31 Case. 
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CAUTION 

Westinghouse I.L. 41 -1 01 R 

I N ST A L L A TION • OPE R A T ION • M A I N TEN A N CE 

I N S T R U C T I O N S  
TYPE CO OVERCURRENT RELAY 

O APPLICATION 

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. 

The CO relay is a single 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 of characteristics permit applications in­
volving coordination with fuses, reclosers, cold 
load pickup, motor starting, or essentially fixed 
time applications . 

0 The following describes typical applications of the CO Relay: 

RELAY 
TYPE 

C0-2 

C0-5 

C0-6 

C0-7 

C0-8 
C0-9 
C0-1 1 

TIME 
CURVE 

Short 

Long 

Definite 

Moderately Inverse 

Inverse 
Very Inverse 
Extremely Inverse 

TYPICAL APPLICATIONS 

1 )  Differential protection where saturation of current transformers 
is not expected, or where delayed tripping is permissible. 

2) Overcurrent protection, phase or ground, where coordination 
with downstream devices is not involved and 2 to 60 tripping 
cycle is allowable. 
Motor locked rotor protection where allowable locked rotor 
time is approximately between 10 and 70 seconds. 
Overcurrent protection where coordination with downstream 
devices is not involved and C0-2 is too fast . The operating time 
of this relay does not vary greatly as current level varies. 

1 )  Overcurrent protection where coordination with other devices 
is required, and generation varies. 

2) Backup protection for relays on other circuits. 

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. 

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

SUPERSEDES I.L. 41 -1 01 Q, DATED MARC H 1 978 
AND ADDEN DUM 41 -101 DATED J U N E  1 980 

0 Denotes changed since previous Issue. EFFECTIVE SEPTEM BER 1 980 www . 
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Fig. 1. Type CO Relay Without Case. 1-lndicating Instantaneous Trip (/IT). 2-1/T Adjusting Screw. 3-lndicating Contactor Switch 

(ICS). 4-lndicating Contactor Switch Tap Block. 

Fig. 2. 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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I 

I.L.41-101R 

Fig. 3. "E'' Type Electromagnet. 1 -Magnet Plugs. 2- Tap Block. 

3- Tap Screw. 

Fig. 4. Indicating Instantaneous Trip Unit (/IT). 

T 

Fig. 5. Indicating Contactor Switch (ICS). 
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CONSTRUCTION AND OPERATION 

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

ELECTROMAGNET 

The electromagnets for the types C0-5 , C0-6, 
C0-7, C0-8 and C0-9 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 C0-2 and 
C0- 1 1  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-

STA T I ON BUS 
....... �----------- A 

--11-1.....----------- B 
-1-1-.---------- c 

5 1-A �1 8 
PH . A 

GRO 

D E V I CE NUMbER CHART 
5 1  - OVERCURREHT REL AY,  T Y P E  CO 

��N - GROUND OVERCURRENT RELAY, TYPE CO 
52 - POWER C I RCU I T  BREAKER 

dary 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 tor­
que. 

INDICATING CONTACTOR SWITCH UNIT 
(ICS) 

The de 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, com­
pleting the trip circuit. Also during this operation 
two fingers on the armature deflect a spring 
located on the front of the switch, which allows the 
operation indicator target to drop. 

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

INDICATING INSTANTANEOUS TRIP 
UNIT (liT) 

The instantaneous trip unit is a small ac 
operated clapper type device. A magnetic ar-

0 C TR I P  BUS 
POS . -...... ----------

OR 
N EG. 

5 1 - B  51-C 51-N 

( SAME AS PHASE A )  

521.- BREAKER AUX I L I A R Y  CO NTACT !l EG.  
I C S - I N D I C ATING CONTA C T O R  SWITCH OR -4�----------

4 

A B C 
TC - BREAKER TR I P  CU l l  POS. 

S ub 3 
18 2 A 755 

F1g. 6 External Schematic o f  the Circuit- Closing Type CO Relay for Phase and Ground Overcurrent Protection on a Three-Phase 

System 
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I.L. 41- 101 R 

ENERGY REQU IREMENTS 

TYPE C0-2 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,J Current Current Current Current ---

0.5  0.91 28 58 4.8 39.6 256 790 
0.6 0.96 28 57 4.9 39.8 270 851 
0.8 1.18 28 53 5 .0 42.7 308 1024 

0.5/2.5 1 .0 1.37 28 50 5 .3  45.4 348 1220 
1.5 1.95 28 40 6 .2  54.4 435 1740 
2.0 2.24 28 36 7.2 65.4 580 2280 
2.5 2 .50 28 29 7.9 73.6 700 2850 

2 .0 3 .1 110 59 5.04 38.7 262 800 
2 .5  4 .0 110 55 5.13 39.8 280 920 
3.0 4.4 110 51 5 .37 42.8 312 1008 

2/6 3 . 5  4 . 8  110 47 5 .53 42.8 329 1120 
4.0 5 . 2  110 45 5.72 46.0 360 1216 
5 .0 5 .6  110 41 5 .90 50.3 420 1500 
6.0 6.0 110 37 6.54 54.9 474 1800 

4 .0 7 .3  230 64 4.92 39.1 268 848 
5 .0 8.0 230 50 5 .20 42.0 305 1020 
6.0 8 . 8  230 47 5 .34 44.1 330 1128 

4/12 7.0 9.6 230 46 5 .53 45.8  364 1260 
8 .0  10.4 230 43 5 .86 49.9 400 1408 

10.0 11.2 230 37 6.6 55.5 470 1720 
12 .0 12.0 230 34 7.00 62.3 528 2064 

C0-5 LONG TI ME A N D  C0-6 DEFINITE MINIMUM TIM E  RELAYS 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0  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 3 .7  88 67 3.96 21 114 325 

0 .5/2.5 1 .0 4 .1 8 8  66 4.07 21.4 122 360 
1.5 5 .7  8 8  62 4.19 23.2 147 462 
2.0 6.8 88 60 4.30 24.9 168 548 
2 . 5  7 .7  88  58  4 .37  26.2 1 80 630 
2 8 230 67 3 .88 21 110 308 
2 .5  8 . 8  230 66 3.90 21.6 118 342 
3 9.7 230 64 3 .93 22.1 126 381 

2/6 3 . 5  10.4 230 63 4.09 23.1 136 417 
4 11.2 230 62 4 .12 23.5 144 448 
5 12 .5  230 59 4.20 24.8 162 540 
6 13.7 230 57 4 .38  26.5 183 624 

4 16 460 65 4.00 22 .4 126 376 
5 18 . 8  460 63 4.15 23 .7  143 450 
6 19.3 460 61 4.32 25.3 162 531 

4/12 7 20.8 460 59 4.35 26.4 183 611 
8 22 .5  460 56 4.40 27.8 204 699 

10 25 460 53 4.60 30.1 247 880 
12 28 460 47 4.92 35.6 288 1056 

* 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. 

jf Degrees current lags voltage at tap value current. 

* * Voltages taken with Rectox type voltmeter. 
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ENERGY REQU IREMENTS 
-��-

C0-7 M ODERATELY INVERSE TIME RELAY 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0  Times At 20 Times 
Ampere _Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value 
Range Tap (Amperes) (Amperes) Anglep Current Current Current Current 

0.5  2 .7  88 68 3 .88 20.7 1 03 278 
0.6 3 . 1  88 67 3 .93 20.9 1 07 288 
0.8 3.7 88 66 3 .93 2 1 . 1  1 1 4 320 

0.5/2.5 1 .0 4. 1 88 64 4.00 2 1 .6 1 22 356 
1 . 5 5 .7 88 6 1  4.08 22.9 1 48 459 
2 .0 6 .8 88 58 4.24 24.8 1 74 552 
2 .5 7.7 88 56 4.38 25.9 1 85 640 

2 8 230 66 4.06 2 1 .3 I l l  306 
2.5 8 .8 230 63 4.07 2 1 .8 1 20 342 
3 9.7 230 63 4. 1 4  22.5 1 29 366 

2/6 3 . 5  1 0 .4 230 62 4.34 23.4 1 4 1  4 1 3  
4 1 1 .2 230 6 1  4.34 23.8 1 49 448 
5 1 2 .5  230 59 4.40 25.2 1 63 530 
6 1 3 .7 230 58  4.62 27 1 83 624 

4 1 6  460 64 4.24 22.8 1 29 392 
5 1 8 .8 460 6 1  4.30 24.2 1 49 460 
6 1 9 .3 460 60 4.62 25.9 1 68 540 

4/ 1 2  7 20.8 460 58 4.69 27.3 1 8 7  626 
8 22.5 460 55 4.80 29.8 2 1 1 688 

1 0  25 460 5 1  5 .20 33 260 860 
1 2  28 460 46 5 .40 37.6 308 1 032 

CO-S INVERSE TIME AND C0-9 VERY INVERSE TIME RELAYS 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0  Times At 20 Times 
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value 
Range Tap (Amperes) (Amperes) Anglep Current Current Current Current 

0.5  2 .7 88 72 2 .38 2 1  1 32 350 
U.6 3 . 1  88 7 1  2 .38 2 1  1 34 365 
0.8 3 .7  88  69 2 .40 2 1 . 1  1 42 400 

0.5/2 .5  1 .0 4. 1 88 67 2.42 2 1 .2 I SO 440 
1 . 5 5 .7  88  62  2 .5 1 22 1 70 530 
2.0 6 .8 88 57 2.65 23 .5  200 675 
2.5 7.7 88 53 2.74 24.8 228 800 

2 8 230 70 2.38 2 1  1 36 360 
2 .5  8 .8  230 66 2.40 2 1 . 1  142 395 
3 9.7 230 64 2.42 2 1 .5 1 49 430 

2/6 3 . 5  1 0 .4 230 62 2.48 22 1 57 470 
4 1 1 .2 230 60 2.53 22.7 1 64 500 
5 1 2 .5  230 58 2.64 24 1 80 580 
6 1 3 .7 230 56 2.75 25.2 1 98 660 

4 1 6  460 68 2.38 2 1 .3 146 420 
5 1 8 .8 460 63 2.46 2 1 .8 1 58 480 
6 19 .3  460 60 2 .54 22.6 1 7 2  550 

4/ 1 2  7 20.8 460 57 2.62 23.6 1 90 620 
8 22.5 460 54 2.73 24.8 207 700 

1 0  2 5  460 48 3 .00 27.8 248 850 
1 2  28 460 45 3 .46 3 1 .4 292 1 020 

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

p Degrees current lags voltage at tap value (#Jrrent. 

* * Voltages taken with Rectox type voltmeter. 
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I .L. 41-101 R 

EN ERGY REQUIREMENTS 

TYPE C0-1 1 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,8 Current Current Current Current 

0. 1 0.4 1 1 .5  34 0.64 6.5  70.3 240 
0. 1 2  0.4 1 1 . 5 32 0.67 6.66 75 .4 264 
0. 1 6  0.4 1 1 . 5  30  0.76 7 .3  82.4 297 

0. 1 /0.5 0.20 0.4 1 1 . 5  2 6  0.83 8 . 3  87.8 336 
0.30 0.4 1 1 . 5  22  1 .0 1  1 0. 3  1 1 7 .6 420 
0.40 0.4 1 1 . 5  1 8  1 .2 1  1 1 .22 1 40.0 520 
0.50 0.4 1 1 . 5  1 6  1 .38 1 3 .8  1 68 .0 630 

0.5 1 .7 56 36 0.72 6.54 7 1 .8 250 
0.6 1 .9 56 34 0.75 6 .80 75 .0 267 
0.8 2.2 56 30 0.8 1 7 .46 84.0 298 

0.5/2 .5  1 .0 2 .5  56 27 0.89 8 .30 93 . 1  330 
1 . 5 3 .0 56 22 1 . 1 3  1 0.04 1 1 5 . 5  4 1 1 
2 .0 3 .5  56  1 7  1 .30 1 1 .95 1 36.3 502 
2 .5  3 .8  56  1 6  1 .48 1 3 .95 1 60.0 6 1 0  

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 1 0 .0 230 23 0.96 9 . 1 2  1 02 .0 372 
5 .0 1 1 .0 230 20 1 .07 9 .80 1 09.0 430 
6.0 1 2 .0 230 20 1 .23 1 1 .34 1 29.0 504 

4.0 1 4  460 29 0.79 7.08 78 .4 296 
5 .0 1 6  460 25  0.89 8 .00 90.0 340 
6.0 1 7  460 22 1 .02 9 . 1 8  1 0 1 .4 378 

4/ 1 2  7.0 1 8  460 20 1 . 1 0 1 0 .00 1 1 0.0 454 
8 .0 20 460 1 8  1 .23 I I . I 1 24 .8  480 

1 0.0 22 460 1 7  1 .32 1 4.9 1 3 1 .6 600 
1 2 .0 26 460 1 6  1 .8 1 6 .3 1 80.0 720 

* Thermal capacities j(;r short times other than one second may be calculated on the basis of time being in versely proportional to the 
square of the current.  

ft Degrees current lags voltage at tap value current. 

* * Voltages taken with Rectox type voltmeter. 

INSTANTANEO U S  TRIP UNIT {l iT) 

RANGE IN BURDEN IN VOLT-AMPS. AT 

AMPERES MINIMUM SETTING MAXIMUM SETTING 

2 - 8 4 .5  32  

4 - 1 6  4 .5  32 

1 0 - 40 4.5 40 

20 - 80 6.5 70 

40 - i 60 9 .0 1 44 
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Fig. 7 .  Typical Time Curves of the Type C0-2 Relay. 
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Fig. 9. Typical Time Curves of the Type C0-6 Relay. 
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Fig. 1 0. Typical Time Curves of the Type C0- 7 Relay. 
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Fig. 1 1 . Typical Time Curves of the Type C0-8 Relay. 
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Fig. 12. Typical Time Curves of  the Type C0-9 Relay. 
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Fig. 13 . .,.ypical Time Curves of the Type C0- 1 1  Relay. 
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IIIDICATIIIQ 
COIITACTOI 
SIITat-

- - - -tMDUCTIOII UJUT 

--lED KAIIDLE 
--TEST hi TCH - -tURREin TEST JAU 

- --.'. CHUS IS O,fRATED 
M:IITIIIG SWI TCII 

TEII4111Al 

5 7 - D - 45 2 4  

Fig. 14 .  Internal Schema tic o f  the Double Trip Circuit Closing 

Relay. For the Single Trip Relay the Circuits Associated 

with Terminal 2 are Omitted. Owg. 5 7-0-4523. 

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 the top 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. 1 2  0. 1 6  0.2 0.3 0.4 0.5 

.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 - 1 2  4 5 6 7 8 1 0  1 2  

t Available for Type CO- I l 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 
shown in Figs. 7 to 1 3 .  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. 

IMDICATIIIQ 
COfiTACTOII 

SWITCH - - - �  

FROfrH V I E W  

I .L.  41 -1 01 R 

___ -IIIOI.ICTIOfl !M I T  

--IIIDICATIIIlll 
IIISTAtiTAIEOUS 
UIIIT 

lfl lllMDlf 

-CUIIENT TEST JIIC( 
CMAISIS OPEUTEI 

SfiOITI IMI  •nQI 

5 7- D - 45 2 5 

F1g. 1 5. Internal Schematic 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 de 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 de, 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 
2 .0 ampere tap 

6 .5  ohms de resistance 
0. 1 5  ohms de 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) 

1 5  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



AUX.  
O�LAY -} TO T I ME R  ( T IM�'! STQDS WHEt- ) 

STQD ( A U 1 . RrlAY CONTACT) 
_ __ __ .. ( 0P��s l 

�} TO T l f.tEq ( T IME'! STARTS WH!N) 
_..,. START (SWI TCH •s� CLOSES) 

J � H') t �TA�U l L lDAJ >)_ <; W I T C H  \ A} AI•Wq�� •s• 
1.'------+-t-�--<e � 120 nus 

�.�-�------___...__ , 1  1..}--0 ll i'J  HERTZ 

ALTERNAT I ' H  C0HhEC T I C h 3  FOq .S T:) 2 . 5  MoiDfRE RAh-lE 
CO-:> AhD C0-l\ �ELA YS 

182 A 754 

Fig. 1 6. 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 coordina­
tion is to be effected. 

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

CAUTION 

Since the tap block connector screw carries 
operating current, be sure that the screw is turned 
tight. In order to avoid opening the current 
transformer circuits when changing taps under 
load, connect the spare connector screw in the 
desired 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 cir'-'!it breaker 

1 6  

reclosing will b e  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 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 only setting required on the ICS unit is the 
selection of the 0 .2 or 2.0 ampere 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. 

0 INDICATING INSTANTANEOUS TRIP (l iT) 

The liT 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 1 30% for an 80° circuit angle or 1 08% 
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. 

INSTALLATI ON 

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 �ase. 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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IMOICATIJIIi 
COIITACTGII 
SWITCI6 1c$).. � --

FRONT V I EW 

IMOUCTIOII UIIIT 
LAG COIL 

5 7 - D - 45 2 8  

F1g 1 7. Internal Schematic o f  the Double Trip Circuit Closing 

Relay with Torque Control Terminals. For the Single 

Trip Relay. the Circuits Associated with Terminal 2 are 

Omitted Owg. 5 7-0-4527. 

mounting screws or studs. and the relay panel. 
Ground Wires are affixed to the mounting screws or 
studs as required for poorly grounded or insulating 
panels. Other electrical connections may be 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 removed or in­
serted by locking two nuts on the stud and then 
turning the proper nut with a wrench. 

For detail information on the FT case refer to 
I. L. 4 1 -076. 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct 
operation of this relay have been made at the fac­
tory. Upon receipt of the relay no customer ad­
justments, other than those covered under 
"SETTINGS" should be required. 

For relays 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. 

IIOICATIIG 
COlT ACTOR 
SWITCH 

ICS 

FRONT 'V IEW 

I.L. 4 1 -101R 

I NDUCTION U N I T  

-----I IIDUCTION UII I T  
-

LA9 COIL 

---- --- INDICATIIIG 
IMSTAM TUEOUS UII I T  

_ ---tfO HAtiDt.f 

--TUT SWITCH 

- 1 
----(URIEJIT TUT JACK 

- , _ ___! --CHASSIS GrfUTEO 
SHORTIIIG SWITCH 

TEIMIUL 

5 7- D - 45 2 9 

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 "0" mark on the time dial .  For 
double trip relays, the follow on the 
stationary contacts should b e  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 "0" mark on the 
time dial when the stationary contact has 
moved through approximately one-half 
of its normal deflection . Therefore, with 
the stationary contact resting against the 
backstop, the index mark is offset to the 
right of the "0" mark by approximately 
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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 Cone - For type C0- 1 1 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 

0 1 3) .  "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 ± 1 5%.  

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 C0-2, 3 and 20 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% (Use .5 tap for . 1  to .5 
range). 

4. Indicating Instantaneous Trip Unit ( liT) -

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 1 0% .  

The making o f  the contacts and target indica­
tion should occur at approximately the same ins­
tant. Position the stationary contact for a 
minimum of 1 /  32" wipe. The bridgipg moving 

1 8  

contact should touch both stationary contacts 
simultaneously. 

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

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

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

ROUTINE MAINTENANCE 

All relays should be inspected and checked 
periodically to assure proper operation. Generally 
a visual inspection should call attention to any 
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 C0-5 and C0-6 induc­
tion unit use the alternative test circuit in Fig. 1 6  
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 # 1 82A836H01 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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CALI BRATION 

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 

I .  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 "0" mark on the time dial. For 
double trip relays, the follow on the 
stationary contacts should be ap­
proximately l /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 "0" mark on the 
time dial when the stationary contact has 
moved through approximately one-half 
of its normal deflection. Therefore, with 
the stationary contact resting against the 
backstop, the index mark is offset to the 
right of the "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 dou­
ble trip relays , the follow on the 
stationary contacts should be ap­
proximately l j32". 

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

I.L. 41-101 R 

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. C0-8, 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- I l relay only, the 1 .30 times tap 
value operating time from the number 6 time dial 
position is 54.9 ± 5% seconds. It is important that 
the 1 .30 times tap value current be maintained 
accurately. The maintaining of this current ac­
curately is necessary because of the steepness of 
the slope of the time-current characteristic (Figure 

0 1 3) .  "A slight variation ± 1 %, in the 1 .3 times tap 
value current (including measuring instrument 
deviation) will change the timing tolerance to 
± 1 0% and the effect of different taps can make 
the total variations appear to be ± 1 5%.  I f  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. C0-8,  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 de 
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 (liT) 

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

The nameplai.e data will furnish the actual 
current range that may be obtained from the liT 
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. 

TABLE 1 
TI ME C U RVE CAUBRATION DATA - 50 & 60 H ERTZ 

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 

C0-2 6 3 0.57 20 0.22 

C0-5 6 2 37.80 1 0  1 4 .30 

C0-6 6 2 2.46 20 1 . 1 9 

C0-7 6 2 4.27 20 1 .  1 1  

C0-8 6 2 1 3 .35 20 1 . 1 1  

C0-9 6 2 8 .87 20 0.65 

CO- I l 6 2 1 1 .27 20 0.24 � 

L. For 50 hertz CO- I l relay 20 times operating time limits are 0.24 + 1 0%, -5% . • 
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i6.375 
(161 .93) 

. 563 
(14.30) 

PILOT PLATE SNAP} 
ON R E L AY (TAB TO WHEN U S E D  
REAR ) 

CAS E  DI MENS IONS IN I N C H ES 
DIMENSIONS I N  M�\ -
LARGE INTERNAL \ a EXTERNAL 

I 875 TOOTH WASHER (47.63) -
SMALL EXTERNAL 
TOOTHED 
WASHERS 

. 190- 32 SCREW 
SPACER OR 

PANEL / SPACERS FOR 
THIN PAN ELS 

TERMINAL AND 
MOUNTING DETAILS 

I.L. 41-1 01 R 

•25° DIA. 4 HOLES FOR (G.3S) . 190-32 MTG. SCREWS 

PAN E L  CUTO U T  8 DRI L LI N G  

FOR SEM I - FLUSH MTG .  

2 . 328 ___ ( 59. 1 3 ) 

S ub 12 

5 7D 79 0 1  

Fig. 1 9. Outline and Drilling Plan for the Type C O  Relay. 

21 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I•DICATIMQ 
CO•TAOTOit 
IWITCit --- --

I H TERH·Al SCHEMAT I C  

•••\----.-----------, 

fRONT VI [W 

lfiOUCTION Ufi i T  

_ _______.- IIDlC.HIMil 
IUTAMrMEOUS 
UIUT 

-----tED KAfiOlE 

TEll S.ITCH 

-CURRENT TEST JACl 

C"AII IS OPEUTEO 
IIOtTIMI II I TCH 

5 7 - D - 4 5 2 6 

Fig. 20. Internal Schematic of the Double Trip Circuit Closing 

Relay with Indicating Instantaneous Trip Unit. 

2 2  

UIOIU.TI.Q 
COIIT.f.tTOI 
SWJltM 

INTERNAL SCHEMATIC 

_ I MOUCTIOI UKIT 

I•DICATUIG 
I .STAJITMEOUS 
UIIT 

REO KAlDL.E 

TEST SIITCK 

-CUIIEIT TEST .lA" 
--__ CKASS I S  OPEIAUD 

SKOITI•a SWITCH 

-TE .. IUl 

1 8 4A0 6 1  

Fig. 2 1. Internal Schematic of the Double Trip Circuit Closing 

Relay with Indicating Instantaneous Trip Unit to Separate 

Terminals. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY - I N STR U M E NT D IV I S I O N  CORAL S P R I N G S, F L.  

Printed in U.S.A. www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Westinghouse J . L . 4 1 -1 0 1 N  

I NST A L L A TION • OPE R A T ION • M A I N TE N A N C E  

I N S T R V C T I )()  ... ;� : 
\ . 

TYPE CO OV ERC U R R ENT 

CAUTION 

Before putting relays into servic e ,  remove all 

blocking w hich may have been inserted for the purpose 

of securing the parts during s hipme nt, 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 c heck the settings and electrical 

c onnections . 

APP LICATION 
These induction overcurrent relays are used to 

disconnect circuits or apparatus when the current in 

the m exceeds a given value. Where a station battery 

(48 volts or over) is available , the c ircuit 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 

C0-5 Long Time Relay 

C0-6 D efinite Minimum Time Relay 

co- 7 Moderately Inverse Time Relay 

C0-8 Inverse Time Relay 

C0- 9 Very Inverse Time Relay 

co- 1 1  E xtremely Inverse Time Relay 

CONSTRUCTION AND OP E RATION 
The type CO relays consist of an overcurrent unit 

(CO), an indicating contactor switch (ICS), and an in­

<licating instantane ous trip unit (liT) when required. 

The principal component parts of the relay and their 

location are s hown in Figs .  1-5. 

E lectromagnet 

The electromagnets for the types C0-5,  C0-6, 

co- 7, co-8 and C0-9 relays have a main tapped coil 

located on the center leg of an " E "  type laminated 

structure that produc es a flux whic h divides and re­

turns through the outer leg s .  A shading c oil 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 .  4 1 - 1 0 1 M  
*Denotes change from superseded i ssue . 

separate terminals. permit s 

c ontrol of the c losing torque such that only when 

these terminals are c onnected together will the 

unit operat e .  

The electromagnets for the types C 0- 2  and co- 1 1  

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 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 .::ause 

a c ontact closing torque .  

Ind icat ing Contactar Switch Un i t  (ICS) 

The d-e 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 clos es the moving contacts bridge two 

stationary contacts , completing the trip circuit. Also 

during t his operation tw o 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 cat ing Instantaneous Trip Un i t  ( l iT) 

The instantaneous trip unit is a s mall a-c oper­

ated clapper type devic e .  A magnetic armature , to 

which leaf-spring mounted c ontacts are attache d ,  is 

attracted to the magnetic c ore upon energization of the 

switch . Whe n the switch close s ,  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 t he 

switch which allows the operation indicator target 

to drop. 

A core screw accessible from the top of the 

switch provides the adjustable pickup range . 
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TYPE CO OVERCURRENT RELAYS ______________________ _ 

Fig. 1 .  Type CO Relay Without Case. 1·1ndicating Instantaneous trip (l i T). 2-1 / T  Adjusting Screw. 3-lndicating Contactor 

Switch (ICS). 4-lndicating Contactor Switch Tap B lock. 

Fig. 2. Time Overc urrent Unit (Front View). 1· Tap Block. 2· Time Dial. 3-Control Spring A ssembly. 4-Disc. 5-Stationary 

Contact Assembly. 6-Magnetic Plugs. ?-Permanent Magnet. 
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TYP E  CO OVERCURRENT RELAYS ___________________________________________ __ •�· L_. _4_1 -_l o_1 N_ 

Fig. 3. "E" Type Electromagnet. 1- Magnetic P lugs. 2-Tap 

B lock. 3- Tap Screw. 

T 

Fig. 4. Indicating Instantaneous Trip Unit ( l i T). 

Fig. 5. Indicating Contactor Switch (I CS). 
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TYPE CO OVERCURRENT RELAYS ______________________________________________ __ 

CHARACTERI STI CS 
The relays are generally available in the follow­

ing current range s :  

Range 

.5 - 2 . 5  

2 - 6 

4 - 12 

Taps 

0 . 5  0 . 6  0 . 8  1 .0 1 . 5  2 . 0  2 . 5  

5 6 2 2 . 5  3 3 . 5 4 

4 5 6 7 8 10 12 

These relays may have either single or double 

c ircuit closing contacts for tripping either one or two 

c ircuit breakers .  

The time vs . current characteristics are shown in 

Figs . 7 to 13. The se characteristics give the c ontact 

closing time for the various time dial se ttings whe n 

the indicated multiples of tap value current are ap­

plied to the relay. 

Trip C i rc u i t  

The main contacts will safely close 30 a:n!')eres 

STAT I ON BUS 

--��---------------------------- 2 
--�4--.------------------------- 3 

&1 � 1- 1  51  

�4---�9 �-� PH. l 

PH . L 

PH . J  

GRD 

D E V I C E N U M B E R  C H A R T  
5 1  � OY ERCURREHT REL AY,  TYPE CO 

at 250 volts d-e and the seal-in c ontacts of the inli­

cating c ontactor switch wiil s afely carry this current 

long enough to trip a circuit breaker. 

The indicating instantaneous trip c ontacts will 

safely clos e 30 amperes at 250 volts d-e, and will 

carry this current long enough to trip a bre aker. 

The indicating contactor switch has two taps that 

provide a pickup setting of 0 . 2  or 2 amperes. To 

change taps requires c onnecting the lead located in 

front of the tap block to the desired setting by means 

of a screw c onnection. 

Trip C ircu i t  Constants 

Contactor Switch -

0.2  ampere tap - 6 . 5  ohms d-e resistance 

2. 0 ampere tap - 0. 15 ohms d-e resistance 

D. C .  TR I P  BUS 
Pos. -.... ------------

OR 
N EG.  

&2 a 

:.1-3 S1-H 

I CS 

o i N  - GROUND OVERCLIRRENT RELAY, TYPE CO 
tiL - POwER C I RCU I T  BREAKER 

HEG. � I CS - I ND I CAT I N G  COHTACTOR SWI TCH 
a - BREAKER AUX I L  I ARl CONTACT 

TC - BREAKER TR I P  CO I L  
OR 

POS. 

1 8 2 -A -7 5 5  I 
Fig. 6. External Schematic of the Circuit-Closing Type CO Relay for Phose and Ground Overcurrent Protection on o Three­

Phase System. 
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TYP E  CO OVERCURRENT RE LAYS _____________________________________________ 1 ·_L_4_1 -_10_1_N 

( ENERGY REQUIREMENTS L\ 

Instantaneous Tr ip  Un it (liT) 

RANGE IN BURDEN IN VOLT-AMPS. AT 

AMPERES MINIMUM SETTING MAXIMUM SETTING 

2 - 8 4 . 5  3 2  

4 - 1 6  4 . 5  3 2  

1 0 - 40 4 . 5  40 

20 - 80 6 . 5  70 

4 0  - 160 9 . 0  144 

T Y P E  C0-2 R E L A Y  

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) ANGL E ¢ 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 85 1 
0.8 1 . 18 28 53 5.0 42.7 308 10 24 

0 .5/2.5 1 .0  1 . 37 28 50 5 .3  45 .4  348 1220 

1 . 5  1 .95 28 40 6.2 54.-4 435 1740 

2.0 2 .24 28 36 7 .2  65 .4  580 2280 

2.5 2.50 28 29 7.9 73.6 700 2850 

2.0 3. 1 1 10 59 5.04 38 . 7  262 800 

2.5 4.0 1 10 55 5. 13 39.8 280 920 

3.0 4 .4  1 10 51  5 .37  42.8 3 12  1008 

2/6 3.5 4.8 1 10 47 5.53 42.8 329 1 120 

4.0 5. 2 1 10 45 5 .72 46.0 360 1216 
5.0 5 .6 1 10 4 1  5.90 50 .3  420 1500 

6.0 6.0 1 10 37 6.54 54.9 474 1800 

4.0 7 .3 230 65 4 .92 39. 1 268 848 
5.0 8 .0 230 50 5. 20 42.0 305 1020 

6.0 8 .8  230 47 5 .34 44. 1 330 1 128 

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 1 1 . 2  230 37 6 .6  55.5 470 1720 

12.0 12.0 230 34 7.00 62.3 528 2064 

* Th ermal c ap a c i t i e s  for short t i m e s  o t h e r  than one s e cond m ay b e  c a l c u l a t e d  on the b a s i s  of t i m e  being invers ely 
p roportion al to the s quare of the currenlo 

¢ D egre e s  current l ag s  voltage at lap value c urrent. 

** ! 'oltages t aken u ith R e ctox typ e vol t m et er. 

i\ Further information c an b e  o b t ai n ed in  P erform an c e  Data 4 1 - 100. 
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TYPE CO OVERCURREHT RELAYS ______________________________________________ __ 

AMPERE 

RANGE 

0.5/2.5 

2/6 

4/12 

AMPERE 

RANGE 

0.5/2. 5 

2/6 

4/12 

ENERGY REQU I R EMEHTS 

C O-S L O NG T I M E  A N O  C 0-6 D E F I N IT E  M I N IM U M  T I ME R E LA Y S 

CONTINUOUS 
RATING 

TAP (AMPERES} 

(0. 5 2.7 

(0.6 3. 1 

(0.8 3.7 

( 1 .0 4. 1 

( 1 . 5  5.7 

(2.0 5.8 

(2.5 

(2 

( 2 . 5  

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 1 0  

( 1 2  

7 . 7  

8 

8.8 

9.7 

1 0.4 

1 1 . 2  

1 2 . 5  

1 3 . 7  

16 

18.8 

1 9 . 3  

20.8 

22.5 

25 

28 

ONE SECOND 
RATING* 

(AMPERES} 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER AT 

FACTOR TAP VALUE 
ANGLE ¢ C URRENT 

69 3 . 92 

68 3 . 96 

67 3.96 

66 4.07 

62 4 . 1 9  

60 4.30 

58 

67 

66 

64 

63 

62 

59 

57 

65 

63 

61 

59 

56 

53 

47 

4.37 

3 .88 

3 .90 

3 . 93 

4.09 

4 . 1 2  

4 . 20 

4.38 

4 .00 

4. 15 

4 . 3 2  

4 . 3 5  

4.40 

4 . 60 

4 . 92 

VOLT AMPERES** 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.6 

20.7 

2 1  

2 1 .4 

2 3 . 2  

2 4 . 9  

2 6 . 2  

2 1  

2 1 . 6  

2 2 . 1  

2 3 . 1  

23.5  

24 . 8  

2 6 . 5  

22.4 

23.7 

25.3 

26.4 

27.8 

30. 1 

35.6 

AT 1 0  TIMES 
TAP VALUE 

CURRENT 

103 

106 

1 14 

122 

147 

168 

180 

1 10 

1 1 8 

1 26 

136 

144 

162 

183 

126 

143 

162 

183 

204 

247 

288 

C 0 ·7 M O D E R A T E L Y  I NV E R S E T I M E  R E L A Y  

VOLT AMPERES* • 

AT 20 TIMES 
TAP VALUE 

CURRENT 

270 

288 

3 25 

360 

462 

548 

630 

308 

342 

3 8 1  

4 1 7  

448 

540 

624 

376 

450 

5 3 1  

6 1 1  

699 

880 

1056 

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

TAP 

(0.5 

(0.6 

(0.8 

( 1. 0  

( 1 . 5  

(2.0 

(2.5 

(2 

( 2 . 5  

(3 

( 3 . 5  

( 4  

( 5  

( 6  

(4 

(5 

(6 

(7 

(8 

(10 

( 1 2  

RATING 
(AMPERES} 

2.7 

3. 1 

3.7 

4.1 
5.7 

6.8 
7.7 

8 

8.8 

9.7 

10.4 

1 1 .2 

1 2. 5  

1 3 . 7  

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

RATING * 

(AMPERES} 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

FACTOR TAP VALUE TAP VALUE TAP VALUE 

ANGLE ¢ CURRENT CURRENT CURRENT 

68 

67 

66 

64 

6 1  

58 

56 

66 

63 

63 

62 

6 1  

5 9  

5 8  

64 

6 1  

60 

58 

55 

5 1  

4 6  

3 . 88 

3 . 93 

3.93 

4.00 

4 . 08 

4 . 24 

4 .38 

4 . 06 

4 .07 

4 . 14 

4 .34 

4.34 

4 . 40 

4 .62 

4 . 24 

4.30 

4.62 

4 .69 

4 .80 

5 . 20 

5 . 40 

20 .7 

20. 9  

2 1 . 1  

2 1 .6 

22.9 

24.8 

25.9 

2 1 . 3  

2 1 .8 

22.5 

23.4 

23.8 

25.2  

27 

22.8 

24 . 2  

25.9 

27.3  

29.8 

33 

37.1i 

103 

107 

1 14 

1 22 

148 

174 

185 

1 1 1  

1 20 

1 29 

1 4 1  

149 

163 

183 

1 29 

149 

168 

187 

2 1 1  

260 

308 

TAP VALUE 

CURRENT 

278 

288 

3 20 

356 

459 

552 

640 

306 

342 

366 

4 1 3  

448 

530 

624 

392 

460 

540 

626 

688 

860 

1032 

* Thermal capacities for short times other than one second may be calculated on the basis of time be ing 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 _______________________ I. L_._4_1 -_lo_l N  

AMPERE 

RANGE TAP 

(0.5 

(0.6  

(0.8 

0.5/2.5 ( 1 . 0  

( 1 . 5  

(2.0 

(2.5 

( 2  

(2.5 

(3 

2/6 (3.5  

(4 

(5 

(6 

(4 

(5 

(6 

4/ 12 (7 

AMPERE 

(8 

( 10 

( 1 2  

RANGE TAP 

0.5/2.5 

2/6 

4/12 

0.5 

0 . 6  

0 . 8  

1 .0 

1 :5 

2.0 

2 .5  

2 . 0  

2 . 5  

3 . 0  

3 . 5  

4 . 0  

5 . 0  

6 . 0  

4 . 0  

5 . 0  

6.0 

7.0 

8 . 0  

10.0 

1 2 . 0  

E N E RGY REQUI R EMENTS 

C 0-8 I NV E R S E  T I M E  A N D  C 0-9 V E R Y I N V E R S E  T IM E  R E L A Y S  

VOLT AMPERE S * *  

CO NI'INUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 

RATING 

(AMPERES) 

2.1 
3. 1 

3.7 

4. 1 

5.7 

6.8 

7.7 

8 

8.8 

9.7 

10.4 

11.2 

1 2 . 5  

1 3 . 7  

16 

18.8  

19.3 

20.8 

22.5 

25 

28 

RATING* 

(AMPERES) 

8 8  

8 8  

8 8  

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

FACTOR TAP VALUE TAP VALUE TAP VAL UE TAP VALUE 

A NGLE ¢ CURRENT CURRENT CURRENT CURRENT 

72 2.38 21 132 350 

7 1  2.38 2 1  134 365 

69 2 . 40 2 1 . 1  142 400 

67 2 .42 2 1 . 2  150 440 

62 2 . 5 1  22 170 530 

57 2 . 65 23 . 5  200 675 

53 2. 74 24.8 228 800 

70 2.38 21 136 360 

66 2.40 2 1 . 1  142 395 

64 2.42 2 1 . 5  149 430 

62 2.48 22 157 470 

60 2 . 53 22.7 164 500 

58 2.64 24 180 580 

56 2.75 25.2 198 660 

68 2.38 2 1 . 3  146 420 

63 2.46 2 1 .8 158 480 

60 2. 54 22.6 172 550 

57 2 . 62 23.6 190 620 

54 2.73 24.8 207 700 

48 

45 

3.00 

3. 46 

T Y P E C 0 - 1 1  R E L A Y  

27.8 

3 1 . 4  

248 

292 

VOLT AMPERES* • 

850 

1020 

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

RATING 

(AMPERES) 

1 . 7  

1 . 9  

2 . 2  

2 . 5  

3 . 0  

3 . 5  

3 . 8  

7 . 0  

7.8 

8 . 3  

9 . 0  

1 0. 0  

1 1 .0 

1 2 . 0  

1 4  

1 6  

1 7  

1 8  

2 0  

2 2  

26 

RATING* 

(AMPERES) 

56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

FACTOR TAP VALUE 

ANGLE ¢ CURRENT 

36 

34 

30 

27 

22 

1 7  
1 6  

32 

30 

27 

24 

23 

20 

20 

29 

25 

22 

20 

18 

17 

16 

0.72 

0.75 

0.81  

0.89 

1 . 1 3  

1 . 30 

1 .48 

0.73 

0.78 

0.83 

0.88 

0.96 

1 .07 

1 .23 

0.79 

0.89 

1 .1)2 

1 . 10 

1 . 23 

1 . 3 2  

1 . 8  

TAP VAL'JE TAP VALUE TAP VALUE 

CURRENT CURRENT CURRENT 

6 . 54 

6 . 80 

7.46 

8 .30 

10.04 

1 1 .95 

13 .95 

6 .30 

7 .00 

7 . 74 

8.20 

9 . 1 2  

9 . 80 

1 1 .34 

7.08 

8.00 

9 . 18 

10.00 

1 1 . 1  

14.9  

16.3 

71.8 

75 . 0  

84 .0 

93 . 1  

1 1 5 . 5  

136.3 

160.0 

74 .0 

78.5 

84.0 

89.0 

102.0 

109.0 

129.0 

78.4 

90.0 

1 0 1 . 4  

1 1 0 . 0  

1 2 4 . 8  

1 3 1 . 6  

180.0 

250 

267 

298 

330 

4 1 1  

502 

6 1 0  

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

720 

* Thermal capacities for short times other than one second may be calculated on the basis of time be ing 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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I . L o  4 1- l O l N  

IIIOICATIII!l 
COIHACTOR 
SWITCH--- -

-� 

FRONT V I EW 

- I NDUCTION LIMIT 

RED KAIIDLE 

- TEST SIIII TCH - � -CURRENT TEST JACK 

-
- CHASSIS OPERATED 

SIIORTING SWITCH 

TEIIMIIIAL 

57-D-4524 

Fig. 1 4 .  Internal Schematic of the Double Trip C ircu it 

Closing R e lay. For the Single Trip Relay the 

Circuits A ssociated with Terminal 2 are Om itted. 

D wg. 57-D-4523. 

SETTINGS 
CO Unit  

The overcurrent unit settings can be define d 

either by tap setting and time dial position or by tap 

setting and a specific time of operation at s ome cur­

rent multiple of the tap setting (e .g . 4 tap s etting, 2 

time dial position or 4 tap setting, 0 .  6 seconds at 6 

times tap value curre nt). 

To provide s elective circuit breaker operation, a 

minimum coordinating time of 0. 3 s ec onds plus circuit 

breaker time is recommended between the relay being 

set and the relays with which c 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 placing this screw in the various 

terminal plate holes,  the rel ay will respond to multiples 

of tap value currents in accordance with the various 

typical time-current curves. 

Caution 

Since the tap block connector screw carries oper­

ating current, be sure that the s crew is turned tight. 

In order to avoid opening the current transformer c ir­

cuits when changing taps under load ,  c onnect the 

spare connector screw in the desired tap position 

before removing the other tap screw from the original 

tap position. 

INDICATIIUJ 
CONTACTOR 
SIITCrt --- - -

_11 l i T  6- - 0 0 -0- 0 
� c 0 0 ¢ 0 

IIIOUCTIOM UIIT 

IIIDICATUIIi 
IIISTAITAIIEOVS 
UNIT 

REI MANDl.£ 

- - �  CHASS I S  otEIATED 
SHORTING SWITCH 

I T T l 
l 0t0GS,;0 s '-----'0"'-------'�='-------"\__V"'-------"�-----'� -TEitMIIIAL 

FRONT \I I EW 

57-D-4525 

Fig. 15.  Internal Schematic o f  the Single Trip Circuit­

Closing Relay with Indicating Instantaneous 

Trip Unit. 

I nstantaneous Reci o� 

The factory adjustment of the CO unit contacts 

provides a contact follow. Where circuit breaker re­

cl osing 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 doubl e 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. 

I nd i cati ng Contactor Swi tch (ICS) 

The only s etting required on the ICS unit . is th e 

sel ection of the 0 .  2 or 2.0  amp ere tap setting. Thi s 

selection is made by connecting the lead located in 

front of the tap block to the de sired. s etting by tneans 

of the connecting screw. 

Indi cating l nstantan·eous Trip (l iT) 

T he core screw m ust 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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}' TO T I M E R  ( T I Mfil STOPS WHEPI ) 
STOP ( AUX.RHAY CONTACT) (OPENS l 

} TO T I M E R  ( T I M E R  STARTS WHEN ) 

�� f S�STANCE 

SWITCH 

r STA RT (SWI TCH "S" CLOSES) 

..-nE� "5" 
----� .--.a � 120 'I.JLTS 

------- --0 � 60 CYCLES 

ALT£RIIATI 'IF  COM!o!EC T I O N S  FOR . 5  TO 2.5 M�PERE RAN.Jf 
C0-5 ANO C0-6 REL,t,YS 

182-A-754 

Fig. 1 6. Diagram of Test Connections for the Circuit­

Closing Type CO Relay. 

I N S T A L L AT I O N  

The relays should b e  mounted on switchboard 

panels or their e qui valent in a location free from 

dirt, moisture, e xcessive 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 el ectrical connections 

may be m ade directly to the terminals by means of 

screws for steel panel mounting or to b e  terminal stud 

furnish ed 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 

IL 4 1-076. 

ADJUSTMENTS AND MAINTENANCE 
The proper adjustments to insure c orrect opera­

tion of this relay have been m ad e  at the factory. 

Upon receipt of the relay no customer adjustments , 

other than those covered under "SETTINGS" should 

be requirerl. 

16 

F'or relays which include an indicating instantan­

eous trip unit (liT), the junction of the induction and 

indicating instantaneous trip coi l s  is brought out to 

switch jaw 1t3 . With this arrangement the overc urrent 

units can be tested separately. 

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 moving con­

tacts until they defl ect 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 "0" mark on the time dial . For r:louble 

trip relay s ,  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 inrlex 

mark on tlie movement frame will coincide with 

the "0" mark on the time di al when the st ation­

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 "0" mark by approximately . 0 20 " .  The 

placement of the various time dial positions in 

line with the ind e x  mark will give operating 

times as shown on the respective time-current 

curves. For double trip rel ays,  the follow on 

the stationary contacts shoul d be approximat ely 

1/32". 

2 .  Minimum Trio 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 C0- 1 1  rel ay only, th e 
1 . 30 times tap value op erating time from the number 

6 time dial po sition is 54. 9 ±5% seconds and should 

be check ed first It is important that the 1 . 30 times 

tap value current be maintained accurately" The main­

taining of thi s current accurately is nece ssary be­

cause of the steepness of the slope of the time- current 

characteristic ( Fi gure 13) .  A lo/c variation in the 1. 30 

times tap value current ( including measuring instru­

ment deviation) will change the nominal op erating 

time by appro ximately 4o/c 

Tabl e I shows the time curve calibration 

points for the various typ es of relays" With th e tim e  
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INDICATIIhl 
COMTACTGII 
SWITCH 

-- I MOUCTIOII UNIT 

INDUCTION UNIT 
-LAO COIL 

REO HAHDLE 

-- TEST SWITCH 

CURRENT TEST JACK 

CHASSIS OPERATED 
SHORTING SWITCH 

- TERMINAL 

57-D-4528 

Fig. 17. Internal Schematic of the Double Trip Circuit 

Closing R elay with Torque Con trol Terminals. 

For the Single Trip Relay, the Circuits A sso­

ciated with Terminal 2 are Omitted. Dwg. 57-D-

4527. 

dial set to the indicated p o sition and the relay set 

on the lowest tap setting, apply the currents sp eci­

fi ed by Table I, ( e , g. for the C0- 2, 3 and 20 time s  

tap value current) and measure the op erating time o f  

the relay, T h e  op erating times should equal tho se 

of Table I plus or minus 5o/c 

4 .  Indic:::ting Instantaneous Trip TJnit (liT) -

The core screw which is adju stable frorr. the top o f  

t L e  trip unit determines t h e  pickup value. T !o e  trip 

unit bas a nominal ratio of adjustn ent of 1 to 4 awl 
2.n accuracy within the limits o f  lO'k. 

The making of the cdntacts and target indication 

should occur at approximately the same instant. 

Position the stationary contact for a minimum of 1/32" 

wipe . The bridging moving contact should touch both 

stationary contacts simultaneously. 

Apply sufficient current to operate the liT. The 

operation indicator target should drop fre ely. 

5. Indicating Contactor Switch (ICS) - Close the 

main relay contacts and pass sufficient d-e c urrent 

through the trip circuit to c lose the c ontacts of the 

ICS. This value of current shtmld be not greater 

than the particular ICS tap setting being used. The 

operation indicator target should drop freely .  

The contact gap s houl d  be approximately .047" 
between the bridging moving contact and the adjust­
able stationary contacts . The bridging moving con­
tact should touch both stationary contacts s imultan­
eously, 

IIIOICATIII.G 
COIITACTOR 
SlfiTC"--

INDUCTION UNIT 

NDUCTIOH UNIT 
LAG COIL 

IHDICUIIIG 
IM1TANTANfOUS UN I T  

---t£0 IIAJIDlE 

UIUIEJIT TEST JACK 

-CHASSIS Of'EUTED 
SHOilTI NG SWITCH 

- TEINIIIAL 

57-D-4529 

Fig. 18. Internal Schematic of the Single Trip Circuit 

Closing R elay with Torque Control Terminals 
and Indicating Instantaneous Trip Unit. 

R o ut i n e M a i nt e n a n c e  

All relays should be insp ect ed and check ed peri­

odically to as sure proper operation. Generally a visual 

inspection should call attention to any notic eable 

ch anges. A minimum sugges ted check on the relay 

sy stem is to close the contacts manually to assure 

that the b r eaker trips and the target drop s. Then re­

lease t he cont act s and observe that the reset is 

smooth and po sitive. 

If an additional ti me check is  desired, pass sec­

ondary current through the relay and check the time of 

op eration. It is preferable to make this at sev eral 

times pick-up curr ent at an expected op erating point 
for the p articular application. For the . 5  to 2. 5 amp ere 

range C0-5 and C0-6 induction unit use the alternative 
test circuit in Fig . 16  as these relay s  ar e affected by 

a distorted w ave form. With thi s  connection the 25/5 

ampere current transfo rmers should b e  worked well b e­

low the knee  of the saturation (i . e. use 10L50 or 

better). 

All contacts should be periodically cleaned .  

.\ contact burnisher tt·1 82A83f3E0 1 is recomn:ended 

for this purpose. The use of abrasive !l'aterial for 

cleaning contacts is not recorrmended,  because of 

the danger of embedding small particles in the face 

of tre soft silver and thus impairing the contact . 

CALI BRATION 
Use the following procedure for calibrating the 

relay if the relay has been taken apart for repairs or 
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TYP E 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 " Acceotance Check")  

CO U n i t  

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 "0" 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 "0" 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 "0" mark by approximately .020".  The 

placement of the various time dial positions in 

line with the index mark will give operating 

times as shown on the 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 current 

value of the relay is most conveniently made with 

the damping magnet removed. 

With the time dial set on "0 " , wind up the spiral 

spring by means of the spring adjuster until 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 c ontact 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 .  C0-8, 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 C0- 1 1  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 nominal opera­

ting time by approximately 4%. If the operating time 

at 1. 3 times tap value is not within these limits, a 

minor adjustment of the control spring will give the 

correct operating time without any undue effect on 

the minimum pick-up of the relay. This check is to 

be made after the 2 times tap value adjustment has 

has been completed.  

Apply the indicated current per Table I for the 

electromagnet plug adjustment (e .g .  C0- 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 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 c ontacts and pass sufficient d-e curr•ent 
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 (liT) 

The core screw must be adjusted to the value 

of pick-up current desired. 

The nameplate data w ill furnish the actual cur­

tent range that may be obtained from the liT unit . 

R E NEWAL 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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, 190-32 SCREW 

lf'ACEJS FOR 
Til l  II "All ELS 

5 - II! SCREW II ( FOil TH I CIC 
PAIIEL US£ 
Ltl! miD) 
• •  

• 1 90-32 SCREW 

9 
li 

I 
9 --1 �'  �lA,, MOLES FOR t f_ . ...... .... " .... 

�,:----r---+-------', . f 
-IN 
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PAIIEL DttLLIIIG OR ctmuT FCHI 
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(FROIIT Y I EW) 

)'( -D-7900 

F ig. 1 9. Outline and Drill ing P lan for the Type CO R elay. 
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TABLE 1 

T IM E  C U R V E  CA L I B RA T I O N  D A T A - SO & 60 C Y C L E S  

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 

C0-2 6 3 0.57 20 0.22 

CQ-5 6 2 37.8 0 1 0  14.30 

C0-6 6 2 2.46 20 1 . 19 

C0-7 6 2 4.27 20 1 . 1 1  

C0-8 6 2 13.35 20 1 . 1 1  

C0-9 6 2 8.87 20 0.65 

C0- 1 1  6 2 11.27 20 0.24 6. 

6. For 50 cycle C0- 1 1  relay 20 times operating time limits are 0. 24 + 10%, -5%. 
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Westinghouse IL 4 1 - 1 01 .  1 
I N STA L L ATI ON • OPE R A T I O N  • M A I N TE N A N CE 

I N S T R U C T I O N S  
TYPE CO RE LAY COORDINATION AND IMPULSE 

MARGIN TIME 

The s e  ins t ruc t i ons de f ine the s ignificanc e  of the impuls e or 
c oa s t ing c hara c t e ri s t i c  of CO uni t s  up on the time -c oo rdina t i on 
of tw o re lays . 

R e lay I ope ra t ing t ime in f igure 1 s h ou ld b e  de laye d s uffic ient ly 
for fa u l t  1 ,  to a l l ow Re lay I I  t o  c omp le te i t s  ope rat ion and 
b reaker I I  to c lear the fau lt . A t  the ins tant tha t  fault 1 is 
c leared , the d i s c  of re lay I w i l l  be moving t owards the c losed 
p o s i t i on; there fore , the disc w i l l  c oa s t  for a w h i le after be ing 
deene rg i z e d . A l lowanc e f o r  c oa s t ing mus t be inc luded in the 
c oord in a t ing t ime inte rva l ,  w h i c h  i s  t ime S -W in f igure 2 ,  where 
O -W is the re lay II ope ra t ing t ime . 

A c oordina t ing t ime interva l of 0 . 3 sec o nds p lus b reake r t ime is 
re c ommended ;  h oweve r ,  for those who w i s h  to c ons ide r us ing a 
s h orte r int e rva l ,  the imp u lse .. rgin t imes of Tab le I s hould be 
used . 

D i s c  Uni t  Type 

C 0 -2 
co-6 
C0-7 
co-8 
C0-9 
C 0 - 1 1  

TABLE I 

Impu ls e Margin Time - Sec onds 

0 . 05 
o . o6 
0 . 05 
0 . 03 
0 . 03 
0 . 03 

In F ig .  2 the inte rva l ,  Y-Z , of 0 . 03 s e c onds is the impu ls e  
ma rgin t ime . I t s  s ignif icanc e  w i l l  now be exp la ine d .  

Imp u l s e  ma rgin t ime , TIM is de f ined a s : 

TIM = Top - TI ( 1 )  
where Top = ope ra t ing t ime f rom t ime -c urrent c urve s  a t  s ome t ime ­

dia l & tap -mu l t ip le s e t t i ng .  
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TI = Mbimum imp u l s e  t ime during wh i c h  suffic i ent inertia is 

s upp l ie d  t o  the d i s c  t o  eventua l ly cause the d i s c  t o  c oa s t  
c l o s e d , f o l low ing de e ne rg i z a t i o n ;  based upon t e s t  a t  same 
s e t t ing & c urrent as us ed to de t e rmine �op · 

For e xamp le , in f igure 2 ,  a s s ume tha t the C 0-8 re lay i s  ene rg i z e d  
a t  7 . 8  t ime s tap c urrent , w i t h  a #2 t ime d ia l  s e t t ing . From 
pub l i s he d  c urve , Top = 0 . 53 s e c onds . From t e s t  da ta , 

T
I = 0 . 947 ; this means that the re lay mus t be deen�rg i z e d  b e f ore 

Top 

0 . 947 x 0 . 53 = 0 . 50 s ec onds t o  prevent e ventua l  c lo s uTe . 

From equa t ion ( 1 ) , T
IM

= 0 . 5 3 ( 1-0 . 947 ) = 0 . 028 s ee s . An ana lys i s  

of and c a l c u la t i ons from t e s t  da ta of t h e  various d i s c  uni t s  in 
the manne r j us t  i l lus tra te d  re s u l t e d . in the re p re s entat ive da ta of 
Tab le I .  

A re lay I c urve in Fig . 2 ,  p roduc ing a de lay of t ime 0 - z ,  
w o u ld make no a l lowanc e f o r  the f o l low ing : 

a 
b 
c 
d 
e 

Error in fau l t  c urrent c a lc u la t i ons 
CT e rrors 
Se t t ing e rro:s 
Re lay opera t ing t ime var ia t i ons 
Changes c a us e d  by sys tem growt h  

B y  e xe r c i s ing extreme care , a c oordina t ing t ime inte rva l a s  
low as 0 . 15 s ee s . p lus breake r time is pos s ib le . 
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I. L. 4 1 - 1 0 1 .  1 

n 1 

f i Q .. l OPERAT I ON OF PROTECTED R ELAY , I ,  SHOULD BE DELAY ED TO PERM I T  THE 
PROTECT I NG RELA Y ,  ll, TO CLEAR FAULT 1 . 

rn Q 
-0 0.4 <.) &&I � ' 
- ' 

' ....... 
..., ........ 
z -
,_ 

0.2 

FAULT 
1 

RELAY I SETT I NG 

co-a� f2TD 

RECOMMENDED SETT I NG 

- - - - - - - - - - - - - -r - - - -

COORD I NAT I NG 

z J M I N IMUM SETT I N G 
I N����AL 

y� _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l _ _  _ 

�� RELAY n T I ME 

0 
7.8 X  

RELAY CU RRENT 

fHI. 2 - I f  -RELAY I I S  S ET TO OPERATE I H Tl ME , Z, ALLOWANCE I S  MADE FOR COAST I NG 
BUT NO ALLOWANCE I S  MAD £  FOR ERRORS AND RELAY T I M I NG VAR I AT I ON S .  
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Re set time when c urrent drop s to 60% of tap va lue 
is 1 . 55 t ime s c urve va lue s . Us e an interp o lated 
multip lying fac tor for currents below 60% of tap • 

Reset t ime when the moving c ontac t is only 
part ia l ly c losed is approxima te ly the tota l t ime 
less the reset t ime to the intermediate t ime dia l  
pos ition . (e . g . with the moving c ontac t at #2 
t ime dia l p o s i t ion when t he re lay is deenergized,  
the res e t  t ime to the #5 time dia l pos ition is 
about 3 . 1 - 1 . 2  = 1 . 9  sec onds ) . 

.. • • 1 , 
JIME QW. SETTING 

' 10 ll  @) CURYE NO.. .ttn08t .st;f4 '"'�' www . 
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Westinghouse I .L. 41 -1 01 R 

I NST A L L A TION • OPE R A TION • M A I N TE N A N CE 

I N S T R U C T I O N S  
TYPE CO OVERCURRENT RELAY 

CAUTION O APPLICATION 

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. 

The CO relay is a single 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 of characteristics permit applications in­
volving coordination with fuses, reclosers, cold 
load pickup, motor starting, or essentially fixed 
time applications. 

0 The following describes typical applications of the CO Relay: 

RELAY TIME 
TYPE CURVE 

C0-2 Short 

C0-5 Long 

C0-6 Definite 

C0-7 Moderately Inverse 

C0-8 Inverse 
C0-9 Very Inverse 
CO- l l Extremely Inverse 

1 )  

2) 

TYPICAL APPLICATIONS 

Differential protection where saturation of current transformers 
is not expected, or where delayed tripping is permissible. 
Overcurrent protection, phase or ground, where coordination 
with downstream devices is not involved and 2 to 60 tripping 
cycle is allowable. 
Motor locked rotor protection where allowable locked rotor 
time is approximately between 10 and 70 seconds. 
Overcurrent protection where coordination with downstream 
devices is not involved and C0-2 is too fast. The operating time 
of this relay does not vary greatly as current level varies. 

l )  Overcurrent protection where coordination with other devices 
is required, and generation varies. 

2) Backup protection for relays on other circuits. 

l )  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. 

A II 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. 

SU PERSEDES I.L. 41 -1 01 Q, DATED MARC H 1 978 
AND ADDEN DUM 41 -101 DATED J U N E  1 980 

0 Denotes changed since previous Issue. EFFECTIVE SEPTEMBER 1 980 www . 
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® 

Fig. 1. Type CO Relay Without Case. 1- lndicating Instantaneous Trip (/IT). 2-1/T Adjusting Screw. 3-lndicating Contactor Switch 

(ICS). 4-lndicating 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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I .L. 41-101 R 

Fig. 3. "E" Type Electromagnet. 1 -Magnet Plugs. 2- Tap Block. 

3- Tap Screw. 

Fig. 4. Indicating Instantaneous Trip Unit (liT). 

T 

Fig. 5. Indicating Contactor Switch (ICS). 
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CONSTRUCTION AND OPERATION 

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

ELECTROMAGNET 

The electromagnets for the types C0-5,  C0-6, 
C0-7, C0-8 and C0-9 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 C0-2 and 
C0- 1 1 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-

STA T I ON BUS 
---.------------ A 

----lH----------- B 
-;-+-.------------- c 

PH.A 

PH .B 

PH.C 

GRO 

DE V I C E N UMbER  CHART 
51  - OVERCURREHT R E L A Y .  T Y P E  C O  

S�H - GROUND O VERCURRENT R E L A Y ,  T Y P E  C O  
5 2  - POWER C I RCU I T BREAKER 

dary 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 tor­
que. 

INDICATING CONTACTOR SWITCH UNIT 
(ICS) 

The de 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, com­
pleting the trip circuit. Also during this operation 
two fingers on the armature deflect a spring 
located on the front of the switch, which allows the 
operation indicator target to drop. 

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

INDICATING INSTANTANEOUS TRIP 
UNIT (l iT) 

The instantaneous trip unit is a small ac 
operated clapper type device. A magnetic ar-

0 C TR I P  BUS 
POS. ��----------

OR 
N EG. 

I C � 

!>1-C Sl-H 

( SAME AS PHASE A )  

52 &.- BREAKER AUX I L I A R Y  CONTACT 'l EG. 
I C S - I N D I CATING CONTACT O R  SWITCH OR �-----------

4 

A B C 
TC - BREAK ER TR I P  CO i l  POS. 

S ub 3 
182 A 755 

F1g. 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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I.L. 41-101R 

EN ERGY REQU IREME NTS 

TYPE C0-2 RELAY 
VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0  Times At 20 Times 
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value 
Range Tap (Amperes) (Amperes) Angle ,I( Current Current Current Current 

---

0.5 0.9 1 28 58 4.8 39.6 256 790 
0.6 0.96 28 57 4.9 39.8 270 85 1 
0.8 1 . 1 8  28 53 5.0 42.7 308 1 024 

0.5/2.5  1 .0 1 . 37 28 50 5.3 45.4 348 1 220 
1 . 5 1 .95 28 40 6.2 54.4 435 1 740 
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  1 1 0 59 5.04 38.7 262 800 
2 .5  4.0 1 1 0 55 5 . 1 3  39.8 280 920 
3.0 4.4 1 1 0 5 1  5.37 42.8 3 1 2  1 008 

2/6 3 .5  4 .8  1 1 0 47 5.53 42.8 329 1 1 20 
4.0 5 .2  1 1 0 45 5.72 46.0 360 1 2 1 6  
5 .0  5 .6 1 1 0 4 1  5 .90 50.3 420 1 500 
6.0 6.0 1 1 0 37 6.54 54.9 474 1 800 

4.0 7.3 230 64 4.92 39. 1 268 848 
5 .0 8 .0 230 so 5 .20 42.0 305 1 020 
6.0 8 . 8  230 47 5 .34 44. 1 330 1 1 28 

4/ 1 2 7 .0 9.6 230 46 5 .53  45 .8  364 1 260 
8.0 1 0 .4 230 43 5.86 49.9 400 1 408 

10.0 1 1 .2 230 37 6.6 55.5 470 1 720 
1 2 .0 1 2 .0 230 34 7.00 62.3 528 2064 

C0-5 LONG TIM E  AND C0-6 DEFINITE MINIMUM TI ME RELAYS 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0 Times At 20 Times 
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value 
Range Tap (Amperes) (Amperes) Angle Ji Current Current Current Current 

0.5 2.7 . 88 69 3 .92 20.6 1 03 270 
0.6 3 . 1  88 68 3 .96 20.7 1 06 288 
0.8 3 .7 88 67 3.96 2 1  1 1 4 325 

0 .5/2 .5  1 .0 4. 1 88 66 4.07 2 1 .4 1 22 360 
1 . 5 5 .7  88 62 4. 1 9  23.2 1 47 462 
2 .0 6 .8 88 60 4.30 24.9 1 68 548 
2 . 5  7.7 88 58 4.37 26.2 1 80 630 
2 8 230 67 3 .88 2 1  1 1 0 308 
2 .5  8 .8  230 66 3 .90 2 1 .6 1 1 8 342 
3 9.7 230 64 3 .93 22. 1 1 26 38 1 

2/6 3 . 5  1 0 .4 230 63 4.09 23 . 1 1 36 4 1 7  
4 1 1 . 2  230 62 4. 1 2  23 .5  1 44 448 
5 1 2 .5  230 59 4 .20 24.8 1 62 540 
6 1 3 . 7  230 57 4.38 26.5 1 83 624 

4 1 6  460 65 4.00 22.4 1 26 376 
5 1 8 .8 460 63 4. 1 5  23.7 143 450 
6 1 9 .3  460 6 1  4 .32 25.3 1 62 53 1 

4/ 1 2  7 20.8 460 59 4.35 26.4 1 83 6 1 1 
8 22 .5  460 56 4.40 27.8 204 699 

1 0  2 5  460 53 4.60 30. 1 247 880 
1 2  28 460 47 4.92 35.6 288 1 056 

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

/ Degrees current lags voltage at tap value current. 

* * Voltages taken with Rectox type voltmeter. 
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ENERGY REQU IREMENTS 

C0-7 M ODERATELY INVERSE TIM E  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) Anglep Current Current Current Current 

0.5 2 .7  88  68 3 .88  20.7 1 03 278 
0.6 3 . 1  88 67 3 .93 20.9 107 288 
0.8 3 . 7  8 8  66 3 .93 2 1 . 1  1 1 4 320 

0 .5/2 .5  1 .0 4. 1 88 64 4.00 2 1 .6 1 22 356 
1 .5 5 . 7  8 8  6 1  4.08 22.9 1 48 459 
2 .0 6 .8  88 58 4.24 24.8 1 74 552 
2 . 5  7 .7  88 56 4.38 25.9 1 85 640 

2 8 230 66 4.06 2 1 .3 I l l  306 
2 . 5  8 . 8  230 63 4.07 2 1 .8 1 20 342 
3 9 . 7  230 63 4 . 1 4  22.5 1 29 366 

2/6 3 . 5  1 0 .4 230 62 4.34 2 3 .4 1 4 1  4 1 3  
4 1 1 .2 230 6 1  4 .34 23.8 1 49 448 
5 1 2 . 5  230 59 4.40 25 .2  1 63 530 
6 1 3 .7  230 58 4.62 27 1 83 624 

4 1 6  460 64 4.24 22.8 1 29 392 
5 1 8 . 8  460 6 1  4.30 24.2 1 49 460 
6 1 9 . 3  460 60 4.62 25.9 1 68 540 

4/ 1 2  7 20.8 460 58 4.69 27 .3  187 626 
8 22.5  460 55 4.80 29.8 2 1 1 688 

1 0  2 5  460 5 1  5 .20 33 260 860 
1 2  28 460 46 5 .40 37.6 308 1 032 

�?>, 
CO-S INVERSE TI ME AND C0-9 VERY INVERSE TI ME RELAYS 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 10 Times At 20 Times 
Ampere Rating Rating• Factor Tap Va1ue Tap Value Tap Value Tap Value 
Range Tap (Amperes) (Amperes) Angle' Current Current Current Current 

0 . 5  2 .7  88 7 2  2 . 3 8  2 1  1 32 3 50 
D.6 3 . 1  88 7 1  2 .38 2 1  1 34 365 
0.8 3 . 7  88 69 2.40 2 1 . 1  1 4 2  400 

0.5/2.5  1 .0 4 . 1 88 67 2.42 2 1 .2 1 50 440 
1 .5 5 . 7  8 8  6 2  2 .5 1 22 1 70 530 
2.0 6.8 88 57 2.65 23 .5  200 675 
2 . 5  7 . 7  88 53 2 .74 24.8 228 800 

2 8 230 70 2.38 2 1  1 36 360 
2 . 5  8 . 8  230 66 2.40 2 1 . 1  1 42 395 
3 9 .7  230 64 2.42 2 1 .5 1 49 430 

2/6 3 . 5  1 0.4 230 62 2.48 22 1 57 470 
4 1 1 .2  230 60 2.53 22.7 1 64 500 
5 1 2 . 5  230 58 2 .64 24 1 80 580 
6 1 3 . 7  230 56 2 .75 25.2 198 660 

4 1 6  460 68 2 .38 2 1 .3 1 46 420 
5 1 8 .8  460 63 2.46 2 1 .8 1 58 480 
6 1 9 .3 460 60 2 .54 22.6 1 72 550 

4/ 1 2  7 20.8 460 57 2.62 23.6 1 90 620 
8 22.5 460 54 2.73 24.8 207 700 

1 0  2 5  460 48 3 .00 27.8  248 850 
1 2  28 460 45 3 .46 3 1 .4 292 1 020 

* Thermal capacities j(Jr 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 c;Jrrent. 

** Voltages taken with Rectux type voltmeter. 
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I.L. 41·101 R 

ENERGY REQU IREMENTS 

TYPE C0-11 RELAY 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0  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. 1 0.4 1 1 . 5 34 0.64 6 .5  70 .3  240 
0 . 1 2  0.4 1 1 . 5  3 2  0.67 6 .66 75.4 264 
0 . 1 6  0 .4 1 1 .5 30 0.76 7 . 3  8 2 .4 297 

0. 1 ;o.5 0 .20 0.4 1 1 . 5  2 6  0 .83  8 . 3  8 7 . 8  3 3 6  
0 . 3 0  0 . 4  1 1 .5 2 2  1 .0 1  1 0 .3  1 1 7 .6  420 
0.40 0.4 1 1 .5 1 8  1 .2 1  1 1 .2 2  1 40 .0 520 
0.50 0.4 1 1 .5 1 6  1 .38 1 3 .8  1 68 .0 630 

0.5 1 . 7 56 3 6  0.72 6 . 54 7 1 .8 250 
0.6 1 . 9 56 34 0 .75  6 .80 7 5 .0 267 
0.8 2 . 2  5 6  30 0 .8 1 7 .46 84.0 298 

0 .5/2 .5  1 .0 2 . 5  56 27 0.89 8 . 30 93 . 1  330 
1 . 5 3 .0 56 22 1 . 1 3 1 0 .04 1 1 5 .5 4 1 1 
2 .0  3 . 5  5 6  1 7  1 .30 1 1 .95 1 36 . 3  502 
2 . 5  3 . 8  5 6  1 6  1 .48 1 3 .9 5  1 60.0 6 1 0  

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 2 7  0 .83  7 .74 84.0 309 

2/6 3 . 5  9.0 230 24 0.88 8 .20 89.0 340 
4 .0 1 0 .0 230 23 0.96 9 . 1 2  1 02 .0 372 
5 .0 1 1 .0 230 20 1 .07 9 .80 1 09.0 430 
6 .0 1 2 .0 230 20 1 .2 3  1 1 .34 1 29 .0 504 

4.0 14 460 2 9  0.79 7 .08 78.4 296 
5 .0 1 6  460 2 5  0.89 8 .00 90 .0 340 
6.0 1 7  460 2 2  1 .02 9 . 1 8  1 0 1 .4 378 

4/ 1 2  7 .0  1 8  460 20 1 . 1 0 1 0 .00 1 1 0 .0 454 
8 .0 20 460 1 8  1 .2 3  1 1 . 1  1 24.8 480 

1 0 .0 22 460 1 7  1 .3 2  1 4 .9 1 3 1 .6 600 
1 2 .0 26 460 1 6  1 .8 1 6 .3  1 80.0 720 

* Thermal capucities fi;r short times other than one second may be calculated on the basis of time being in versely proportional to the 
square of the current .  

jf Degrees current lags voltage at tap value current. 

* * Voltages taken with Rectox type voltmeter. 

INSTANTANEO U S  TRIP U N IT ( l iT) 

RANGE IN BURDEN IN VOLT-AMPS. AT 

AMPERES MINIMUM SETTING MAXIMUM SETTING 

2 - 8 4 . 5  3 2  

4 - 1 6  4 . 5  3 2  

1 0 - 40 4.5 40 

20 - 80 6 . 5  7 0  

40 - 1 60 9 .0 1 44 
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Fig. 7. Typical Time Curves of the Type C0-2 Relay. 
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Fig. 1 0. Typical Time Curves of the Type C0- 7 Relay. 
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Fig. 1 1 . Typical Time Curves of the Type CO-B Relay. 
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Fig. 12. Typical Time Curves of the Type C0-9 Relay. 
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IIDICATIIIQ 
COIIT.lCTOI 
SWITQI-- --

5 7 - D - 45 2 4  

Fig. 14.  Internal Schematic o f  the Double Trip Circuit Closing 

Relay. For the Single Trip Relay the Circuits Associated 

with Terminal 2 are Omitted. Owg. 5 7-0-4523. 

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 the top of the 
switch provides the adjustable pickup range. 

C HARACTERISTICS 

The relays are generally available in the 
following current ranges. 
Range Taps 
t . 1 - .5  0. 1 0 . 1 2  0. 1 6  0.2 0 .3  0.4 0 .5  

.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 - 1 2  4 5 6 7 8 1 0  1 2  

t Available for Type C0- 1 1 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 
shown in Figs. 7 to 1 3 .  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. 

IIID ICATIIICJ 
COKTACTDR 
SWITCII ---� 

FRONT \II Eli 

l 

I.L. 41-101R 

--IUUCTICMI UI I T  

-IIIOICATIU 
IIISTAitTAIIIEOUS 
IJII I T  

liED NAIIDl£ 

--(UIIEIIT TEST oiiiCI 
CHAIS I S  GrEUTEI SIIOUIMG .ITCII 

5 7 - D - 45 2 5  

Fig. 1 5. Internal Schematic o f  the Single Trip Circuit-Closing 

Relay with Indicating Instantaneous Trip Unit. 

TRIP CIRCUIT 

The main contacts will safely close 30 amperes 
at 250 volts de 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 de, 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 de resistance 
2 .0 ampere tap - 0. 1 5  ohms de 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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18 2 A 754 

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 coordina­
tion is to be effected. 

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

CAUTION 

Since the tap block connector screw carries 
operating current, be sure that the screw is turned 
tight. In order to avoid opening the current 
transformer circuits when changing taps under 
load, connect the spare connector screw in the 
desired 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 cirruit breaker 

1 6  

reclosing will b e  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 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 only setting required on the ICS unit is the 
selection of the 0.2 or 2.0 ampere 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. 

0 INDICATING INSTANTANEOUS TRIP ( l iT) 

The liT 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 1 30% for an 80° circuit angle or 1 08% 
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. 

IN STALLATI ON 

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 �ase. 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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5 7 - D - 45 2 8  

Fig 1 7. Internal Schematic o f  the Double Trip Circuit Closing 

Relay with Torque Control Terminals. For the Single 

Trip Relay, the Circuits Associated with Terminal 2 are 

Omitted. Owg. 5 7-0-4527. 

mounting screws or studs. and the relay panel. 
Ground Wires are affixed to the mounting screws or 
studs as required for poorly grounded or insulating 
panels . Other electrical connections may be 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 removed or in­
serted by locking two nuts on the stud and then 
turning the proper nut with a wrench. 

For detail information on the FT case refer to 
I .L.  4 1 -076. 

ADJ U STME NTS A N D  MAINTENANCE 

The proper adjustments to insure correct 
operation of this relay have been made at the fac­
tory. Upon receipt of the relay no customer ad­
justments, other than those covered under 
"SETTINGS" should be required. 

For relays 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. 

IIIDICATIII COITACTOI 
SWITCI-

ICS 

I.L. 41-101R 

5 7 - D - 45 2 9  

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 "0" 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 "0" mark on the 
time dial when the stationary contact has 
moved through approximately one-half 
of its normal deflection. Therefore, with 
the stationary contact resting against the 
backstop, the index mark is offset to the 
right of the "0" mark by approximately 
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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 C0- 1 1  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 

0 1 3) .  "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 ± 1 5% .  

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 C0-2, 3 and 20 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% (Use .5 tap for . 1  to .5  
range). 

4. Indicating Instantaneous Trip Unit (liT) -

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% .  

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

1 8  

contact should touch both stationary contacts 
simultaneously. 

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

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

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

ROUTINE MAINTENANCE 

All relays should be inspected and checked 
periodically to assure proper operation. Generally 
a visual inspection should call attention to any 
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 C0-5 and C0-6 induc­
tion unit use the alternative test circuit in Fig. 1 6  
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 1 OL50 or 
better). 

All contacts should be periodically cleaned. A 
contact burnisher # 1 82A836H01 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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CALI BRATION 

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 

l .  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 "0" mark on the time dial. For 
double trip relays, the follow on the 
stationary contacts should be ap­
proximately l /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 "0" mark on the 
time dial when the stationary contact has 
moved through approximately one-half 
of its normal deflection. Therefore, with 
the stationary contact resting against the 
backstop, the index mark is offset to the 
right of the "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 dou­
ble trip relays, the follow on the 
stationary contacts should be ap­
proximately l /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 "0", wind up the 
spiral spring by means of the spring adjuster until 
approximately 6-3/4 convolutions show. 

I.L. 41-101 R 

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. C0-8, 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- I l relay only, the 1 . 30 times tap 
value operating time from the number 6 time dial 
position is 54.9 ± 5% seconds. It is important that 
the 1 .30 times tap value current be maintained 
accurately. The maintaining of this current ac­
curately is necessary because of the steepness of 
the slope of the time-current characteristic (Figure 

0 1 3) .  "A slight variation ± l %, in the 1 .3 times tap 
value current (including measuring instrument 
deviation) will change the timing tolerance to 
± l 0% and the effect of different taps can make 
the total variations appear to be ± 1 5%.  I f  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 com pleted . 

Apply the indicated current per Table I for the 
electromagnet plug adjustment (e.g. C0-8, 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 de 
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 (liT) 

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 liT 
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. 

TABLE 1 
TI ME C U RVE CAUBRATION DATA - 50 & 60 H ERTZ 

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 

C0-2 6 3 0.57 20 0 .22 

C0-5 6 2 37.80 1 0  1 4 .30 

C0-6 6 2 2.46 20 1 . 1 9 

C0-7 6 2 4.27 20 ! . I I  

C0-8 6 2 1 3 .35 20 ! . I I 

C0-9 6 2 8 .87 20 0.65 

CO- I l  6 2 1 1 .27 20 0.24 � 

6 For 50 hertz CO- I l relay 20 times operating time limits are 0 .24 + 1 0%, -5% . 
• 
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i6.375 
( 16 1 .93) 

I .L. 41-101R 

. 250 DIA.  4 HOL ES FOR 1 6· 351  . 190-32 MTG. SCREWS 

J-.--.....j.- 2 . 9 38 
(74.63) 

PAN E L  CUTOU T 8 DRI L LI N G  

FOR SEM I - FLUSH M T G .  

Fig. 1 9. Outline a n d  Drilling Plan tor the Type C O  Relay. 

S ub 12 

5 7D 79 0 1  
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I N T ERNAL SCHOtAT I C  

""'""" -- �--l 
��i��0�--- --- lta)---t-----------, / 

-- + ---IIIDUCTIOI UMIT 

- I .DtC.HIIb 
IIITAIITMIEDIJS 
UIIT 

.----tED HMDlE 
- TEll SlliiTCH --7" -CURRENT TEST J,\CI: 

/ CHAIII S OPERATED 
WIOITIMt .ITCH 

TEIMIIIAL 

5 7 - D - 45 2 6 

Fig. 20. Internal Schematic of the Double Trip Circuit Closing 

Relay with Indicating Instantaneous Trip Unit. 

2 2  

lftOICATUii 
COIT.t.CTOI 
SWJTCii 

INTERNAL SCHEMATIC 

__ IIIOUCTIOI U I I T  

IIOICATI16 
---- I ISTAITAIIE OUS 

Ul\T 

_ __ -lED KAifDL.E 
-TEST SWI TCH 
�liEU TEST JACK 

- __ _  CHASS I S  OI'EUTf.O 
SHOll IIi SWITCH 

- -TEIMIMAL. 

1 84A0 6 1  

Fig. 2 1 .  Internal Schematic of the Double Trip Circuit Closing 

Relay with Indicating Instantaneous Trip Unit to Separate 

Terminals. 
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I N ST A L L A TION • 

Westinghouse I . L. 4 1 - 1 0 1 M  

OPE R A T ION • M A I N T E N A N CE 

I N S T R U C T I O N S  
TYPE CO OV ERC U R R ENT RE LAY 

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 cir.cuit breaker. 

CONTENTS 
This instruction leaflet applies to the following 

types of relays : 

Type C0-2 Short Time Relay 

CD-5 Long Time Relay 

C0-6 Definite Minimum Time Relay 

C0- 7 Moderately Inverse Time Relay 

C0-8 Inverse Time Relay 

CD- 9 Very Inverse Time Relay 
Co- 11 Extremely Inverse Time Relay 

CONSTRUCTION AND OP E RATION 
The type CO relays consist of an overcurrent unit 

(CO), an indicating contactor switch (ICS), and an in­

dicating instantaneous trip unit (liT) when required. 

The principal component parts of the relay and their 

location are shown in Figs . 1-5. 

E I ectromagnet 

The electromagnets for the types co-5,  CD- 6, 

co-7, C0-8 and C0-9 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 .  4 1 -1 01 L 
* Denotes cha n g e  from su perseded issue .  

cause a contact closing torque. 

The electromagnets for the types CD-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 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 �ause 

a contact closing torque . 

I ndi cati ng Contactor Swi tch Un i t  (ICS) 

The d-e 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 cati ng Instantaneous Trip Un i t  ( l iT) 

The instantaneous trip unit is a small a-c oper­

ated clapper type device.  A magnetic armature , to  

which leaf-spring mounted c ontacts are attached ,  is 

attracted to the magnetic c ore 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. 

CHARACTERI STICS 
The relays are generally available in the follow­

ing current ranges :  
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TYPE CO OVERCURRENT RELAYS ______________________ _ 

Fig. 1. Type CO Relay Without Case. 1-lndicating Instantaneous trip (li T). 2-1 / T  Adjusting Screw. 3-lndicating Contactor 

Switch (I CS). 4-lndicating Contactor Switch Tap B lock. 

Fig. 2. Time Overcurrent Unit (Front View). 1· Tap B lock. 2· Time Dial. 3-Control Spring Assembly. 4-Disc. S·Stationary 

Contact A ssembly. 6-Magnetic Plugs. 7- Permanent Magnet. 
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TYP E  CO OVERCURRENT RELAYS------------------------------------------�I.L�-�4�1-�lO�lM 

Fig. 3. "E" Type Electromagnet. 1- Magnetic Plugs. 2-Tap 

Block. 3-Tap Screw. 

T 

Fig. 4. Indicating Instantaneous Trip Unit (li T). 

Fig. 5. Indicating Contoctor Switch (I CS). 
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TYPE CO OVE RCU RRENT R ELAYS 

H,ange 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 1 2  

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 s hown in 

F igs . 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 C i rc u i t  

The main contacts will safely close 3 0  amperes 

at 250 volts d-e and the seal-in contacts of t he inJi-

STA T I ON BUS 

--��--------------------------- 2 
--�+-.---------------------- 3 

51  5 1- 1  51 

r+-+---<9 �� PH. 1 

PH. 3 

GRD 

eating contactor s witch wiil s afely carry this current 

long e nough to trip a circuit breaker. 

The indicating instantaneous tri!J c ontacts will 

safely clos e 30 amperes at 250 volts d- e ,  and will 

carry this current long enough to trip a bre aker. 

The indicating contactor switch has two taps that 

provide a pickup setting of 0 .  2 or 2 amperes. ro 

change taps requires c onnecting t he lead located in 

front of the tap block to the desired setting by means 

of a screw connection. 

Trip C i rcu i t  Constants 

Contactor Switch -

0 . 2  ampere tap - 6 . 5  ohms d- e resistance 

2 . 0  ar:-mere tap - 0.15 ohms d-e resistance 

D. C .  TR I P  BUS 
POS. _..,.. _______________ _ 

OR 
N EG.  

I CS 

b l-L til-3 51-H 

D E V I C E N U M B E R  C H A R T  
5 1  � OVERCURRENT  REL AY . TYPE CO 

5 1 N - GROUND O VERCURRENT RELAY ,  TYPE CO 
5L - POwER C I RCU I T  BREAKER 

52 a 

N EG. � I CS - I ND I CAT I N G  CON TACTOR SW I TCH 
a - BREAKER AUX I L I ARY CONTACT 

TC - BREAKER TR I P  CO I L  
OR 

POS. 

182 -A -7 5 5  

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

Phase System. 
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TYPE CO OVE RCURRENT RELAYS ____________________________________________ �I�. L�- �41�-l�O�l M  

E NERGY REQUIREMENTS 

* I n stantaneous T r i p  U n it (liT) 

RANGE IN B URDEN IN VOLT-AMP S. AT 

AMPERES MINIMUM SETTING MAXIMUM SETTING 

2 - 8 4 . 5  3 2  

4 - 1 6  4 . 5  3 2  

10 - 40 4 . 5  4 0  

2 0  - 80 6 . 5  7 0  
--r------------

4 0  - 160 9 . 0  144 

T Y P E  C0-2  R E L A Y  

VOLT AMPERES * *  

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TniES 

Al\1P E R E  RATING RATIN G *  FACTOR TAP V AL U E  TAP VALUE TAP VALUE TAP VALUE 

RANGE TAP ( A MPERES) ( A M P ERES) ANGL E ¢  CURRENT CURRENT CURRENT CURRENT 
------- ------ --- ---

0 . 5  0 . 9 1  2 8  58 4.8 3 9 . 6  256 790 

0 . 6  0 . 96 28 57 4.9  39.8 270 85 1 

0 . 8  1 . 18 28 53 5 .0  4 2 . 7  308 10 24 

0 . 5/ 2 .5  1 . 0  1 . 3 7  28 50 5 . 3  45 . 4  348 1 2 20 

1 . 5  1 . 95 28 40 6. 2 5 4 . 4  435 1740 

2 . 0  2 . 24 28 36 7 . 2  6 5 . 4  580 2280 

2.5 2.50 28 29 7.9 73.6  700 2850 

2 . 0  3 . 1  1 10 59 5.04 38 . 7  262 800 

2 . 5  4 . 0  1 10 55 5. 1 3  3 9 . 8  280 920 

3 .0  4 . 4  1 10 5 1  5 . 3 7  4 2 . 8  3 1 2  1008 

2/6 3 . 5  4 . 8  1 10 47 5 . 5 3  42. 8 3 29 1 1 20 

4 . 0  5 . 2  1 10 45 5 . 72 46.0  360 1 2 1 6  

5 . 0  5 . 6  1 10 4 1  5 . 90 50.3  4 20 1500 

6.0 6 . 0  1 10 37 6 . 54 5 4 . 9  474 1800 

4 . 0  7 . 3  230 65 4 . 9 2  39. 1 268 848 

5 . 0  8 . 0  230 50 5 . 20 4 2 . 0  3 0 5  1020 

6.0 8. 8 230 47 5. 34 44. 1  330 1 1 28 

4/ 1 2  7 . 0  9 . 6  230 46 5 . 53 4 5 . 8  364 1 260 

8 . 0  10 . 4  230 43 5.86 49. 9  400 1408 

10.0 1 1 . 2  230 37 6 . 6  5 5 . 5  470 1720 

12.0 12.0  230 34 7 .00 62.3  5 28 2064 

* Thermal cafa c ities for s hort times other than one s e c ond may be calc ulated on the bas is of time be ing inversely proportional to the 
s q uare of t e current. 

¢ Degre e s  c urrent lags voltage at tap value c urrent. 

Voltages taken with R e c tox type voltmeter. 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E  CO OVERCURRENT RELAYS-------------------------

AMPERE 

RANGE 

0.5/2.5 

2/6 

4/12 

AMPERE 

RANGE 

0. 5/2. 5 

2/6 

4/12 

TAP 

(0.5 

(0.6 

(0.8 

( 1 .0 

( 1 . 5  

(2.0 

(2.5 

(2 

(2.5 

(3 

(3 .5  

(4  

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 1 0  

( 1 2  

TAP 

(0 . 5  

(0.6 

(0.8 

( 1. 0  

( 1 . 5  

(2.0 

(2.5 

(2 

( 2 . 5  

( 3  

( 3 . 5  

(4 

( 5  

(6 

(4 

(5 

(6 

(7 

(8 

( 10 

( 1 2  

ENERGY R EQUIREMENTS 
CO·S L O N G  TIME AND C 0 -6 D E F I N IT E  M I N IM U M  T I M E  R E LA Y S 

CONTINUOUS 
RATING 

(AMPERES) 

2.7 

3 . 1  

3.7 

4. 1 

5.7 

5.8 

7.7 

8 

8 . 8  

9.7 

10.4 

1 1 . 2  

12.5 

1 3 . 7  

16 

18.8 

1 9 . 3  

20.8 

22.5 

25 

28 

ONE SECOND 
RATING* 

(AMPERES) 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER AT 

FAC'IOR TAP VALUE 
ANGLE ¢ CURRENT 

69 3 . 92 

68 3 . 96 

67 3.96 

66 4.07 

62 4 . 1 9  

60 4.30 

58 4.37 

67 3 .88 

66 3.90 

64 3 . 93 

63 4 . 09 

62 

59 

57 

65 

63 

6 1  

5 9  

5 6  

5 3  

47 

4 . 1 2  

4 .20 

4.38 

4.00 

4. 15 

4 . 3 2  

4 . 3 5  

4.40 

4.60 

4 . 92 

VOLT AMPERES** 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.6 

20 . 7  

2 1  

2 1 .4 

23.2 

24.9 

26. 2 

2 1  

2 1 . 6  

2 2 . 1  

23 . 1  

23.5 

24 . 8  

2 6 . 5  

22.4 

23.7 

25.3 

26.4 

27 . 8  

30.1  

3 5 . 6  

AT 1 0  TIMES 
TAP VALUE 

CURRENT 

103 

106 

1 14 

122 

147 

168 

180 

1 10 

1 1 8 

1 26 

136 

144 

162 

183 

126 

143 

162 

183 

204 

247 

288 

AT 20 TIMES 
TAP VALUE 

CURRENT 

270 

288 

325 

360 

462 

548 

630 

308 

342 

381 

4 17 

448 

540 

624 

376 

450 

53 1 

6 1 1  

699 

880 

1056 

C 0 ·7 M O D E R A T E L Y  I N V E R S E  T I M E  R E L A Y  

CONTINUOUS ONE SECOND POWER 
RATING 

(AMPERES) 

2.7 

3 . 1  

3.7 

4. 1 

5.7 

6.8 

7. 7  

8 

8.8 

9.7 

10.4 

1 1 .2 

1 2.5 

1 3 . 7  

16 

18.8 

1 9 . 3  

20.8 

22.5 

25 

28 

RATING • 

(AMPERES) 

88 

88 
88 

88 

88 

88 
88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

FAC'IOR 
ANGLE ¢ 

68 

67 

66 

64 

6 1  

58 

56 

66 

63 

63 

62 

61 

59 

58 

64 

6 1  

60 

58 

55 

51 

46 

AT 
TAP VALUE 

CURRENT 

3 . 88 

3 .93 

3 . 93 
4.00 

4 . 08 

4 . 24 

4 . 3 8  

4 . 06 

4.07 

4 . 14 

4 . 34 

4 .34 

4 . 40 

4 . 6 2  

4 . 24 

4.30 

4.62 

4.69 

4.80 

5 . 20 

5.40 

VOLT AMPERES* • 

AT 3 TIMES AT 10 TIMES AT 20 TIMES 
TAP VALUE 

CURRENT 

20. 7  

20. 9  

21 . 1  

2 1 . 6  

22 . 9  

24 . 8  

25.9 

2 1 . 3  

2 1 . 8  

2 2 . 5  

23.4 

23.8 

25.2 

27 

22.8 

24 .2 

25.9 

27. 3 

29.8 

33 

37.1i 

TAP VALUE 

CURRENT 

103 

107 

1 14 

1 22 

148 

174 

185 

1 1 1  

120 

1 29 

141 

149 

163 

183 

1 29 

149 

168 

187 

2 1 1  

260 

308 

TAP VALUE 

CURRENT 

278 

288 

320 

356 

459 

552 

640 

306 

342 

366 

4 1 3  

448 

530 

624 

392 

460 

540 

626 

688 

860 

1032 

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

cp Degrees current lags voltage at tap value current. 

** Voltages taken with R ectox type voltmeter. 
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TYP E  CO OVERCURRENT R ELAYS ____ �-·-------------------=-I .c::L..:.... 4..:...1�-l�Ol:.:.;.;M 

AMPERE 

RANGE TAP 

0.5/2.5 

2/6 

4/ 1 2  

AMPERE 

(0. 5 

(0.6 

(0. 8 

( 1 . 0  

( 1 . 5  

( 2 . 0  

( 2 . 5  

( 2  

( 2 . 5  

(3 

( 3 . 5  

( 4  

( 5  

(6 

(4 

(5 

(6 

(7 

( 8  

( 10 

( 1 2  

RA!\'GE TAP 

0.5/2.5 

2/6 

4/ 1 2  

0 . 5  

0 .6  

0 .8  

1 .0 

1 . 5  

2 .0  

2 . 5  

2 .0  

2 .5  

3 . 0  

3 . 5 

4 .0  

5 .0  

6 .0  

4 .0  

5.0  

6.0 

7.0 

8.0 

10.0 

12.0 

E N E RGY REQUI R EMENTS 

C 0-8 I NV E R S E  T I M E  A N D  C 0-9 V E R Y  I N V E R S E  T I M E  R E L A Y S  

CONTINUOUS ONE SECOND POWER AT 

VOLT AMPERES . .  

A T  3 TIMES AT 10 TIMES AT 20 TIMES 

RATlNG 

(AMPERES) 

RATING* 

(AMPERES) 

FACTOR TAP VALUE TAP VALUE TAP VAL U E  TAP VALUE 

A NGLE ¢ CURRENT CURRENT CURRENT CURRENT 

2.1 
3 . 1  

3.7 

4. 1 

5.7 

6.8 

7.7 

8 

8 . 8  

9 .7  

10.4 

1 1 . 2  

1 2 . 5  

13 .7  

1 6  

1 8 . 8  

1 9 . 3  

20.8 

22.5  

25 

28 

88 

88 

88 

88 

88 

88 

88 

230 

230 

2 30 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

72 

71 

69 

67 

62 

57 

53 

70 

66 

64 

62 

60 

58 

56 

68 

63 

60 

57 

54 

48 

45 

2 .38 

2 . 38 

2 . 40 

2.42 

2.51 

2 . 65 

2.74 

2.38 

2 .40 

2 . 4 2  

2.48 

2 . 53 

2.64 

2 . 75 

2.38 

2 .46 

2 . 54 

2 .62 

2.73 

3 . 00 

3 .46 

T Y P E  C 0 - 1 1  R E L P. Y  

CONTINUOUS ONE SECOND POWER AT 

2 1  

2 1  

2 1 . 1  

2 1 . 2  

22 

23.5  

24.8 

21 

2 1 . 1  

2 1 . 5  

2 2  

2 2 . 7  

24 

2 5 . 2  

2 1 . 3  

2 1 . 8  

2 2 . 6  

23.6 

24 . 8  

27.8 

3 1 . 4  

1 3 2  

134 

142 

150 

170 

200 

228 

136 

1 4 2  

1 4 9  

1 5 7  

164 

180 

198 

146 

158 

172 

190 

207 

248 

292 

VOLT AMPERES* * 

350 

365 

400 

440 

530 

675 

800 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

AT 3 TIMES AT 10 TIMES AT 20 TIMES 

RATING 

(AMPERES) 

RATING* 

(AMPERES) 

FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 

1 . 7  

1 . 9  

2 . 2  

2 . 5  

3 . 0  

3 . 5  

3 . 8  

7 . 0  

7 .8  

8.3 

9.0 

1 0 . 0  

1 1 .0 

1 2 . 0  

1 4  

1 6  

1 7  

1 8  

20 

22 

26 

56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

ANGLE ¢ CURRENT CURRENT CURRENT CURRENT 

36 

34 

30 

27 

22 

1 7  

1 6  

32 

30 

27 

24 

23 

20 

20 

29 

25 

22 

20 

18 

17 

16 

0.72 

0 . 75 

0.81 

0.89 

1 . 1 3  

1 .30 

1 . 4 8  

0.73 

0.78 

0.83 

0.88 

0.96 

1 .07 

1 . 23 

0.79 

0.89 

1 .02 

1 . 10 

1 . 23 

1 . 3 2  

1 . 8  

6 . 54 

6 .80 

7.46 

8.30 

10.04 

1 1 .95 

13.95 

6.30 

7 . 00 

7 . 74 

8 . 20 

9 . 1 2  

9 . 80 

1 1 .34 

7.08 

8.00 

9 . 18 

10.00 

1 1 . 1  

1 4 . 9  

16.3  

71.8 

75.0 

84.0 

93 . 1  

1 1 5 . 5  

136.3 

160.0 

74.0 

78.5 

84.0 

89 .0 

102.0 

109.0 

1 29.0 

78.4 

90.0 

1 0 1 .4 

1 10.0 

124.8  

1 3 1 .6 

180.0 

250 

267 

298 

330 

4 1 1  

502 

6 1 0  

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

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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Fig. 7. Typical Time Curves o f  the Type C0-2 Relay. 
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IIIDICATIIIO 
COIITACTOII 
SIITCtl -

-- - - - INDUCTION UNIT 

TEST SWI TCH 

URREMT TEST JACK 

TEIIUIIAL 

57-D-4524 

* Fig. 14. I n ternal Schematic of the Double Trip Circu it 

Closing R elay. For the Single Trip Relay the 

C ircuits A ssociated with Terminal 2 are Omitted. 

D wg. 57-D-4523. 

S E TTI NGS 

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 s ome cur­

rent multiple of the tap setting (e .g.  4 tap setting, 2 

time dial position or 4 tap setting, 0. 6 seconds at 6 

times tap value current). 

To provide s elective circuit breaker operation, a 

minimum coordinating time of 0 . 3  seconds plus circuit 

breaker time is recommended between the relay being 

set and the relays with which coordination is to be 

effected. 

The connector 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 holes,  the relay will respond to multiples 

of tap value currents 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

cuits when changing taps under load ,  c onnect the 

spare connector screw in the desired tap position 

before removing the other tap screw from the original 

tap position. 

IMDICATIM8 
ti*TACTOII 
SWITClt--

I.OICATIU 
IJISTAIITAIEOt,IS 
UNIT 

57-D-4525 

Fig. 15. Internal Schematic of the Single Trip Circuit­

Closing Relay with Indicating Instantaneous 

Trip Unit. 

I nstantaneous R e c i o� 

The factory adjustment of the CO unit contacts 

provides a contact follow. Where circuit breaker re­

el osing 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 Swi tch (ICS) 

The only settin g  required on the ICS uni t ,  is th e 

s el ection of the 0 .  2 or 2. 0  amp ere tap s etting. This 

selection is made by connecting the lead located in 

front of the tap block to the desired. setting by tneans 

of the connecting screw. 

Indicating Instantan-eous Trip (l iT) 

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 liT. unit. 
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All X. 
RELAY } TO T I M E R  ( T I MER STO"S WHEN ) 

STOP (AUX.R[LAY CONTACT) 
(OP£MS ) 

} TO T I M E R  ( T IMER STARTS WHEN ) 

SWITCH 

1 START (SWI TCH "S" CLOSES) fS,-..��ES I STAto!Cf 
OAO 

AM'-'�Tf� "S" 
��-�--� ---o �----o 120 VJlTS 

-o � 60 CYCLES 

o\LTERIIA T I � f  CONNECTIONS FOR . 5  TO 2.5 AMPERE RAN;>£ 
CO-S ANO CO-o; i!El..t.YS 

182 -A- 754 

Fig. 1 6. Diagram of Test Connections for the Circuit­

Closing Type CO Relay. 

I N S T  A L L A T I  O N  

The relays should be mounted on switchboard 

panels or their e qui valent in a location free from 

dirt, moisture, e xcessive vibration and heat . Mount 

the relay vertically by means of the mounting stud 

for projection mounting or by m eans of the four mount­

ing hol es on the flange for the semi-flush mounting. 

Either the stud or the mounting screws may be utiliz­

ed for grounding the rel ay.  The electrical connections 

may be m ade directly to the terminals 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 l ocking two nuts on the stud and then turning the 

proper nut with a wrench. 

For detail information on the FT case refer to 

IL 4 1- 076. 

ADJUSTMENTS AND MAIN TENANCE 
The proper adjustments to insure c orrect opera­

tion of this rel ay have been m ad e  at the factory. 

Upon receipt of the relay no customer adjustm ents , 

other than those covered under "SETTINGS" should 

be requirerl.. 

16 

F'or relays which include an indicating instantan­

eous trip unit (liT), the junction of the induction and 

indicating instantaneous trip coils is brought out to 

switch jaw 1t3.  With this arrange ment the overcurrent 

units can be tested separately. 

Ac cepta n ce C h eck 

The following check is recommended to ins ure 

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 back stop , The index mark 

located on the movement frame shoul d coincide 

with the "0" mark on the time dial . For rl.ouble 

trip relays,  the follow on the stationary contacts 

should be approximately 1/64 " .  • 

b) For relays identified with a "T" , l ocated at 

l ower l e ft of stationary contact block, the inrtex 

mark on tll.e movement frame will  coincide with 

the "0" mark on the time dial when the station­

ary contact has moved through approxirr.ately 

one-half of its normal deflection . Therefore ,  

with the stationary contact resting against the 

backstop,  the index mark is offset to the right of 

the "0 " mark by approximately . 0 20 " .  The 

placement of the various time dial positions in 

line with the inde x  mark will give operating 

times as shown on the respective time-current 

curves.  For double trip rel ays,  the follow on 

the stationary contacts shoul d be appro xi mat ely 

1/32".  

2 . Minimum Trin Current - Set the time dial to 

position 6 using the lowest tap setting,  alternately 

app ly tap value current plus 3% and tap value current 

min us 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 C0- 1 1 relay only,  th e 
1 . 30 times tap value op erating time from the number 

6 tim e  dial position is 5 4 . 9  ±5o/c seconds and should 

be check ed first It is important thai th e 1 . 30 times 

tap value current be m aintained accurately" The main­

taining of thi s current accurately is nece ssary be­

cause of the steepness of the slope of the time- current 

characteristic ( Fi gure 1 3) .  A lo/c variation in the 1 . 30 

times tap value current (including measuring instru­

ment deviation) will change the nominal op erating 

tim e  by approximately 4o/c 

Tabl e I shows the time curve calibration 

points for the various typ es of relays" With the tim e  
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IMOICATIII!.i 
CDMTACTOR 
SWITC� 

�-- - ---- --� 

- I MOUCTIOM UNIT 

IMOUCTIOM UMIT 
LAG COIL 

REO HANDLE 

- - TEST !'! I TCH 

CURRENT TEST JACK 

CHASS I S  OPERATED 
SHORTING SWITCH 

-- TERHIMAL 

5'7-D-4528 

* Fig. 1 7. Internal Schematic of the Double Trip Circu it 

Closing R elay with Torque Control Terminals. 

For the Single Trip Relay, the Circuits A sso­

ciated with Terminal 2 ore Omitted. D wg. 57-D -

4527. 

dial set to the indicated po sition and the relay set 

on the lowe st tap setting, apply the currents sp eci­

fi ed by Tabl e I, ( e _ g_ for the C0- 2,  3 and 20 tim e s  

tap value current) and measure t h e  op erating time of 

the relay_ The op erating time s  should equal tho se 

of  Table I plus or minus 5o/c 

4. Indicating Instantaneous Trip Unit ( liT) -

The core screw which is P.dj ustable from the top of 

tf :e trip ur:it determines the pickup value. Tbe trip 

ur.it bus a nomi11�l ratio of adjustrr·ent of 1 to 4 ancl 

a n accuracy within the lirrits of 1 0%. 

The making of the contacts and target indication 

should occur at approximately the s ame instant. 

Position the stationary contact for a minimum of 1/32 "  

wipe . The bridging moving contact should touch both 

stationary contact s simultaneously . 

A pply sufficient current to operate the liT. The 

operation indicator target should drop freely. 

5. Indicating Contactor Switch (ICS) - C lose the 

main relay contacts and pass sufficient d-e current 

through the trip circuit to close the contacts of the 

ICS. This value of current s htmld be not greater 

than the particular ICS tap setting being used.  The 

operation indicator target s hould drop free ly .  

T he contact gap s hould be approximately .047" 
between the bridging moving contact and the adjust­
able stationary contacts . The bridging moving con­
tact should touch both stationary contacts s imultan­
eously, 

IMDICATIMG COIITACTOR 
SWITCH - --

ItS I MDUCTIOM UNIT 

__.-1NDUCTIOM UNIT 
LAQ COIL 

--r----t---L- IMDICATIMG 
IMSTAMTANEOUS UNIT 

TEST SWITCH 

---cuaaatT TEST JlCl 

--CHASSIS DPEII:ATED 
SHOITI NG SWITCH 

TEilNIMAl 

5'7-D-4529 

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

Ro u t i n e  M a i n t e n a n c e  

All relays should be i nspect ed and checked peri­

odically to assure proper operatio n .  Generally a visual 

inspection should call attention to any noticeable 

chan ges. A minimum suggested check on the relay 
sy stem is to close the cont acts manually to assure 

that the b r eaker trip s and the target drop s. Then re­

lease the contacts and observe that the reset is 

smooth and po sitiv e.  

If an additional ti me check i s  desired,  pass sec­

ondary current through the relay and check the time of 

operation. It is preferable to make this at sev eral 

times pick-up current at an expected operating point 

for t he p articular application. For the . 5 to 2 .  5 amp ere 

range C0-5 and C0-6 induction unit use the alternative 
test circuit in Fig. 16 as these rel ay s  ar e affected by 

a distorted wave form. With thi s  connection the 25/ 5 

ampere current transformers should b e  worked well b e­

low the knee  of the saturation ( i . e.  use 10L50 or 

better). 

All contacts should be periodically cleaned. 

A contact burnisher �t-1 82A836E01 is recowrr:ended 

for this purpo se. The use of abrasive rraterial for 

cleaning contacts is not recorr.J11 ended,  beca1.1se of 

the danger of errbedding 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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TYP E 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 " Acceotance Check" ) 

CO U n i t  

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 "0" 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 "0" 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 "0" mark by approximately .020". The 

placement of the various time dial positions in 

line with the index  mark will give operating 

times as shown on the 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 current 

value of the relay is most conveniently made with 

the damping magnet removed. 

With the time dial set on "0 " , wind up the spiral 

spring by means of the spring adjuster until 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 c ontact 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. C0-8 , 2 times tap 

value) and meas ure the operating time. Adjust the 

permanent magnet keeper until the operating time 

corresponds to the value of Table I. 

18 

For type C0- 1 1  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 nominal opera­

ting time by approximately 4%. If the operating time 

at 1. 3 times tap value is not within these limits , a 

minor adjustment of the control spring will give the 

correct operating time without any undue effect on 

the minimum pick-up of the relay, This check is to 

be made after the 2 times tap value adjustment has 

has been completed. 

Apply the indicated current per Table I for the 

electromagnet plug adjustment (e .g. C0- 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 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 -€lectromagnet plug adjustment. 

4. Indicating Contactor Switch (ICS) - Close the 

main relay contacts and pass sufficient d-e cum�nt 

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 (liT) 

The core screw must be adjusted to the value 

of pick-up c urrent desired. 

The nameplate data will furnish the actual cur­

tent range that may be obtained from the liT 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 R ELA YS----------�-------------!1"-!. L:.:..- ..:!.4!..:1 -.!..::1 D:..:..::.:1 M 

TDMIUL MD 
NOUITIIG .oETAI LS 

• 190-32 SCREW 

5 
- II! SCREW II ( FOil TII ICIC 

PAIIEL USE 
L t l!  STUD) 
I I  

• 1 90-32 SCREW 

9 
•• 

P'MEL CUTGUT I DIULLIIG 
Fit IEMI-FLUSM MT8 • 

PAIIEL DtltLLIH Ott CU10VT FOI 
PIICIIIEetiOII MTG· 

(FIIOIIT Y1 EW) 

Fig. 1 9. Outline and Drilling Plan for the Type CO Relay. 

I 
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TYP E  CO OVERCURRENT R E LAYS ______________________________________________ __ 

TABLE 1 

T I M E  C U R V E  CA L I B RA T I O N  D A T A  - 50 & 60 C Y C L E S  

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 

C0-2 6 3 0.57 

CQ-5 6 2 37.80  

C0-6 6 2 2.46 

C0-7 6 2 4.27 

CO-B 6 2 13.35 

C0-9 6 2 8.87 

C0- 1 1  6 2 1 1.27 

6 For 50 cycl e C0- 1 1  relay 20 times operating time limits are 

I N TERNAL SCHEMAT I C  

fRONT V I EW 

UUJUCTIOI Ult i T  

UD.CATIN6 
IIITANTM£0\JS 
UNIT 

Fig. 20 In ternal Schematic of th e Double Trip 

Circuit Closing Relay with I n di cating 

I n stantaneous Trip Un it. 

20 

1 0  

20 

20 

20 

20 

20 

0 . 24 + 10%. -5%. 

IIUUCATI18 
COITACTOI 
SWJTCII 

INTERNAL SCHEMATIC 

0.22 

14.30 

1 . 19 

1 . 1 1  

1 . 1 1  

0.65 

0.24 6 

I NDUCT I 01 UIIT 

IIIDICATIIIQ 
IISTAaTAJIEOUS 
UIIT 

RED HAIDlE 
TEST SWITCH 1'�-+1 f--- C'-IRIEIT TEST JACI 

__ .J _CHASS IS OPEUH:D 
SKOITII8 SWI TCH 

T.E .. IIAL 

184A061 
Fig. 21 I n ternal Schematic of the Double Trip 

Circuit Clo sing R ealy with I n di cating 
I n stantan eo u s  Trip Uni t  to Separate 

Terminals. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
N EWAR K, N .  J. R E LAY- I N STR U M E NT D IVI S I O N  

Printed in U.S.A. 
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Westinghouse L L .  4 1 - 1 0 1 L  

I NSTA L L A TION • OPE R A T ION • MA I N TEN A N CE 

I N S T R U C T I O N S  
TYPE CO OVERC U R R ENT RE LAY 

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. 

APP LICATION 

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. 

CO NTE NTS 

This instruction leaflet applies to the following 

types of relays : 

Type co-2 Short Time Relay 

co-5 Long Time Relay 
C0-6 Definite Minimum Time Relay 

Co-7 Moderately Inverse Time Relay 

C0-8 Inverse Time Relay 

Co-9 Very Inverse Time Relay 

co- n Extremely Inverse Time Relay 

CONSTRUCTION AND OPE RATI ON 

The type CO relays consist of an overcurrent unit 

(CO), an indicating contactor switch (ICS), and an in­

dicating instantaneous trip unit (liT) 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-s 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. 4 1 - 1 0 1 K  
*Denotes change from superseded i ssue. 

cause a contact closing torque. 

The electromagnets for the types co-2 and co- n 

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 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 .::ause 

a contact closing torque. 

Indi cating Contactor Switch Unit  (ICS) 

The d-e 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. 

lndi eating Instantaneous Tri p  Unit  ( l iT) 

The instantaneous trip unit is a small a-c oper­

ated clapper type device. A magnetic armature , to 
which leaf-spring mounted c ontacts are attached ,  is 
attracted to the magnetic c ore 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: 
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TYP E  CO OVERCURRENT RELAYS _______________________ _ 

* Fig. 1. Type CO Relay Without Case. l·lndicating Instantaneous trip ( l iT). 2·1 / T  Adjusting Screw. 3-/ndicating Contactor 

Switch (I CS). 4-/ndicating Contactor Switch Tap B lock. J'l"'t> 

Fig. 2. Time Overcurrent Unit (Front View). J. Tap B lock. 2· Time Dial. 3-Contro/ Spring Assembly. 4-Disc. 5-Stationary 

Contact Assembly. 6-Magnetic Plugs. 7-Permanent Magnet. 
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TYP E  CO OVERCURREHT RE LAYS ___________________________________________ 
1
_·

L
_. _

41
_· 1

_
0 

__ 1 L  

Fig. 3. "E" Type Electromagnet. 1- Magnetic Plugs. 2· Tap 

B lock. 3· Tap Screw. 

Fig. 4. Indicating Instantaneous Trip Unit (li T). 

Fig. 5. Indicating Contdctor Switch (I CS). 
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TYPE CO OVE RCU RRENT RE LAYS 

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 c ontact 

closing time for the various time dial settings when 

the indicated multiples of t.:'"LP value current are ap­

plied to the relay. 

Trip Circuit 

The main contacts will safely close 30 amperes 

at 250 volts d-e and the seal-in contacts of the indi-

STAT I ON BUS 

--�.-------------------------- 2 
--��.---------------------- 3 

PH. l 

PH . 3 

GRD 

D E V I C E N UM B E R C H A R T  
51  - OVERCURRENT REL AY, TYPE CO  

eating contactor switch wi11 s afely carry this current 

long e nough to trip a circuit breaker. 

The indicating instantaneous trip c ontacts will 

safely close 30 amperes at 250 volts d-e,  and will 

carry this current long enough to trip a breaker. 

The indicating contactor switch has two taps that 

provide a pickup setting of 0 . 2  or 2 amperes. To 

change taps requires c onnecting the lead located in 

front of the tap block to the desired setting by means 

of a screw c onnection. 

Trip C i rcuit Constants 

Contactor Switch -

0.2 ampere tap - 6 . 5  ohms d-e resistance 

2 . 0  ampere tap - 0.15 ohms d-e resistance 

D. C .  TR I P  BUS 
POS. -.---------------

OR 
N EG. 

52 a 

I CS 

:>1-3 Sl-N 

5 1 N  - GROUND OVERCURRENT R ELAY, TYPE CO 
52 - POwER C I RCU I T  BREAKER 

MEG. � I CS - I ND I CAT I N G  CONTACTOR SW I TCH 
a - BREAKER AUX I L I ARY CONTACT 

TC - BREAK ER TR I P  CO I L  
OR 

POS. 

182-A -755 

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

Phose System. 
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TYP E  CO OVERCURRENT RELAYS _____________________________________________ r ._L_- 4_1_· 1_01 
__ � 

E N ERGY R EQUIR EMENTS 

* Instantaneous T r i p  Un it (IIT) 

RANGE IN BURDEN IN VOLT-AMPS. AT 

AMPERES MINIMUM SETTING MAXIMUM SETTING 

2 - 8 4 . 5  3 2  

4 - 16 4 . 5  3 2  

10 - 40 4 . 5  40 

20 - 80 6 . 5  7 0  

40 - 160 9 . 0  144 

T Y P E  C0-2 R E L A Y  

VOLT AMPERES** 

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

AMPERE RATING RATING* FACTOR TAF VALUE TAP VALUE TAP VALUE TAP VALUE 

RANGE TAP (AMPERES) (AMPERES) ANGL E ¢  CURRENT CURRENT CURRENT CURRENT 

0.5 0.91 28 58 4.8 39. 6  256 790 

0 .6  0 .96 28 57 4 .9  39.8 270 851 
0.8 1 . 18 28 53 5.0 42.7 308 1024 

0 .5/2.5 1.0 1.37 28 50 5 .3  45 .4  348 1220 
1 . 5  1 .95 28 40 6.2 54.4 435 1740 
2 .0  2 .24 28 36 7 .2  65.4 580 2280 
2.5 2.50 28 29 7 .9 73.6 700 2850 

2.0 3. 1 1 10 59 5.04 38.7 262 800 

2 .5  4.0 1 10  55 5. 13 39.8 280 920 

3.0 4 .4  1 10 5 1  5 .37  42 .8  312  1008 

2/6 3 .5  4 .8 1 10 47 5.53 42.8 329 1 120 
4.0 5 .2 1 10 45 5 . 72 46.0 360 1216 
5 .0  5 .6  1 10 4 1  5 .90 50.3 420 1500 
6.0 6.0 1 10 37 6.54 54.9 474 1800 

4.0 7 .3  230 65 4 .92 39. 1 268 848 
5 .0  8 .0  230 50 5 . 20 42.0 305 1020 
6.0 8.8 230 47 5 .34 44. 1 330 1 128 

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 1 1 . 2  230 37 6.6 55.5 470 1720 
12.0 12.0 230 34 7.00 62.3 528 2064 

• Thermal cafacities for short times other than one second may be calc ulated on the basis of time being invers ely proportional to the 
square of t e c urrent. 

¢ Degrees current lags voltage at tap value current. 

. .  Voltages taken with Rectox type voltmeter . 
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TYP E CO OVERCURRENT RELAYS ______________________________________________ __ 

AMPERE 

RANGE TAP 

(0.5 

(0.6 

(0.8 

0.5/2.5 ( 1 .0 

( 1 . 5  

(2.0 

(2.5 

(2 

(2.5 

(3 

2/6 (3.5 

4/12 

AMPERE 

RANGE 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 10 

( 1 2  

TAP 

(0 . 5  

(0.6 

(0.8 

0. 5/2. 5 ( 1.0 

( 1 . 5  

(2.0 

(2.5 

(2 

(2.5 

(3 

2/6 (3.5 

(4 

(5 

(6 

(4 

(5 

4/12 (6 

(7 

(8 

( 10 

( 1 2  

E N E RGY R EQUIREME NTS 

CO·S L O N G  T I M E  A N D  C 0-6 D E F I N IT E  M I N IM U M  T I ME R E LA Y S  

CONTINUOUS 
RATING 

(AMPERES) 

2.7 

3.1  

3 .7  

4. 1 

5.7 

5.8 

7.7 

8 

8.8 

9.7 

10.4 

1 1 . 2  

12.5 

13.7 

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

CONTINUOUS 
RATING 

(AMPERES) 

2.7 

3.1 

3.7 
4. 1 

5.7 

6.8 

7.7 

8 

8.8 

9.7 

10.4 

1 1 .2 

1 2.5 

13.7 

16 

18.8 

19.3 

20.8 

2 2.5 

25 

28 

ONE SECOND 
RATlNG* 

(AMPERES) 

88 

88 

88 
88 

88 

88 
88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER AT 
FACTOR TAP VALUE 

ANGLE ¢ CURRENT 

69 3.92 

68 3 . 96 

67 3.96 

66 4.07 

62 4 . 1 9  

60 4.30 

58 4.37 

67 3.88 

66 3.90 

64 3 . 93 

63 4.09 

62 

59 

57 

65 

63 

61 

59 

56 

53 

47 

4 . 1 2  

4 . 20 

4.38 

4.00 

4. 15 

4 . 32 

4 . 35 

4 . 40 

4.60 

4 . 92 

VOLT AMPEREs•• 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.6 

20.7 

21 

2 1 .4 

23.2 

24.9 

26.2 

21 

21 .6  

22.1  

23.1  

23.5 

24.8 

26.5 

22.4 

23 . 7  

25.3 

26.4 

27 .8 

30. 1 

35.6 

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 

106 

1 14 

122 

147 

168 

180 

1 10 

1 1 8 

126 

136 

144 

162 

183 

126 

143 

162 

183 

204 

247 

288 

C 0·7 M O D E R A T E L Y  I N V E R S E  T I M E  R E L AY 

ONE SECOND 
RATlNG * 

(AMPERES) 

88 

88 
88 

88 

88 

88 
88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER 
FACTOR 
ANGLE ¢ 

68 

67 

66 
64 

6 1  

58 

56 

66 

63 

63 

62 

61 

59 

58 

64 

6 1  

60 

58 

55 

51 

46 

AT 
TAP VALUE 

CURRENT 

3 . 88 

3.93 

3.93 
4.00 

4.08 

4 . 24 

4.38 

4.06 

4.07 

4 . 14 

4 .34 

4 . 34 

4.40 

4.62 

4 . 24 

4.30 

4 . 62 

4.69 

4.80 

5.20 

5.40 

VOLT AMPERES* • 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20 . 7  

20.9 

21 . 1  
21.6 

22.9 

24 . 8  

25.9 

2 1 . 3  

2 1 . 8  

22.5 

23.4 

23.8 

25.2 

27 

22.8 

24 .2 

25.9 

27. 3 

29.8 

33 

37.!; 

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 

107 

1 14 
122 

148 

174 

185 

1 1 1  

120 

129 

141 

149 

163 

183 

129 

149 

168 

187 

211  

260 

308 

AT 20 TIMES 
TAP VALUE 

CURRENT 

270 

288 

325 

360 

462 

548 

630 

308 

342 

381 

4 1 7  

448 

540 

624 

376 

450 

53 1 

611  

699 

880 

1056 

AT 20 TIMES 
TAP VALUE 

CURRENT 

278 

288 

320 

356 

459 

552 

640 

306 

342 

366 

4 1 3  

448 

530 

624 

392 

460 

540 

626 

688 

860 

1032 

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

cp Degrees current lags voltage at tap value current. 

** Voltages taken with Rectox type voltmeter. 
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TYP E  CO OVERCURREN T  RELAYS ____ �-----------------' ·_L ._4_1 -_l _O l_L. 

E NERGY REQUIREMENTS 

C 0-8 I NV E R S E  T I M E  A N D  C 0·9 V E R Y I NV E R S E T IM E  R E L A Y S  

CONTINUOUS ONE SECOND 
AMPERE RATING RATING* 
RANGE TAP (AMPERES) (AMPERES) 

0.5/2.5 

2/6 

4/ 1 2  

AMPERE 

(0.5 

(0.6 

(0.8 

( 1 . 0  

( 1 .5 

(2.0 

(2.5 

(2 

(2.5 

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 10 

( 1 2  

RANGE TAP 

0.5 

0.6 

0.8 

0.5/2.5 1 . 0  

2/6 

4/ 1 2  

1 .5 

2.0 

2 .5  

2.0 

2.5 

3 .0  

3 .5 

4.0 

5.0 

6.0 

4.0 

5.0 

6.0 

7.0 

8.0 

10.0 

1 2 . 0  

2.1 
3.1  
3.1  
4. 1 

5.7 

6.8 

7.7 

8 

8.8 

9.7 

10.4 

1 1. 2  

12.5 

13.7 

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

CONTINUOUS 
RATING 

(AMPERES) 

1 . 7  

1 . 9  

2 . 2  

2.5 

3.0 

3.5  

3 . 8  

7 . 0  

7.8 

8.3 

9.0 

1 0 . 0  

1 1 .0 

1 2 . 0  

1 4  

1 6  

1 7  

1 8  

20 

22 

26 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

ONE SECOND 
RATING* 

(AMPERES) 

56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

VOLT AMPERES** 

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 

72 

7 1  

6 9  

6 7  

62 

57 

53 

70 

66 

64 

62 

60 

58 

56 

68 

63 

60 

57 

54 

48 

45 

2.38 

2.38 

2 .40 

2.42 

2.51 

2 . 65 

2.74 

2.38 

2.40 

2.42 

2.48 

2.53 

2.64 

2.75 

2.38 

2.46 

2.54 

2.62 

2 .73 

3 .00 

3.46 

T Y P E  C 0 - 1 1 R E L A Y 

POWER AT 
FACTOR TAP VALUE 
ANGLE ,P CURRENT 

36 0.72 

34 0.75 

30 0.81 

27 0.89 

22 1 . 1 3  

17 
16 

3 2  

30 

27 

24 

23 

20 

20 

29 

25 

22 

20 

18 

1 7  

16 

1 .30 

1 .4 8  

0.73 

0.78 

0.83 

0.88 

0.96 

1 .07 

1 .23 

0.79 

0.89 

1 .02 

1 . 1 0  

1.-23 

1 .3 2  

1 .8 

2 1  

2 1  

2 1 . 1  

2 1 . 2  

22 

23 . 5  

24.8 

21 

2 1 . 1  

2 1 . 5  

2 2  

22.7 

24 

25.2 

2 1 . 3  

2 1.8 

22.6 

23.6 

24.8 

27.8 

3 1 . 4  

132 

134 

142 

150 

170 

200 

228 

136 

142 

149 

157 

164 

180 

198 

146 

158 

172 

190 

207 

248 

292 

350 

365 

400 

440 

530 

675 

800 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

VOLT AMPERES* *  

AT 3 TIMES 
TAP VALUE 

CURRENT 

6.54 

6.80 

7.46 

8.30 

10.04 

1 1 .95 

1 3 . 95 

6 .30 

7.00 

7 . 74 

8.20 

9 . 1 2  

9.80 

1 1 .34 

7.08 

8.00 

9 . 18 

10.00 

1 1 . 1  

1 4 . 9  

1 6 .3 

AT 10 TIMES AT 20 TIMES 
TAP VALUE TAP VALUE 

CURRENT CURRENT 

7 1 . 8  250 

75.0 267 

84.0 298 

93 . 1  330 

1 15.5  4 1 1  

136.3 

160.0 

74.0 

78.5 

84.0 

89.0 

102.0 

109.0 

129.0 

78.4 

90.0 

1 0 1 .4 

1 10.0 

124.8 

13 1 .6 

180.0 

502 

6 1 0  

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

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 R ectox type voltmeter. 
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TY P E OO OVERCURR EN T RELAYS ______________________________________________ _ 
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Fig. 7 .  Typical Time Curves o f  the Type C0-2 Relay. 
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TYP E  CO OVERCURRENT RE LAYS --------------------------------------�--I ._L ._4_1 -_J o_J L_ 
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' 50 - 60 CYC L ES 1 
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Fig. 8 .  Typical Time Curves o f  the Type C0-5 Relay. 
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TYP E  CO OVE RCURREHT R ELAYS ________________________________________________ _ 
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Fig. 9 .  Typical Time Curves of the Type C0-6 Relay. 
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TYP E  CO OVERCURRENT RELAYS _______________________ I_. L_. _4 1_-_1 0_1 L 
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Fig. 1 0 .  Typical Time Curves of the Type C0-7 Relay. 
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TYP E  CO OVERCURR ENT R ELAYS _______________ _ 
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Fig. 1 1 . Typical Time Curves o f  the Type C0-8 Relay. 
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TYP I CAL T I ME CU RVES 

TYPE C0-9 
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Fig. 12. Typical Time Curves of the Type C0-9 Relay. 
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TYPE CO OVERCU R R ENT R ELAYS ______________________________________________ __ 
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Fig. 13.  Typical Time Curves of the Type C0· 1 1  Relay. 
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TYP E  CO OVERCU RRENT RELAYS-------------------

I .L .  41 - l O l L  

IIIICATII\i 

=��-----� ·�------------� 

57-D-4524 

Fig. 14. Internal Schematic of the Double Trip Circuit 

Closing Relay. For the Single Trip Relay the 

Circuits Associated with Terminal 2 are Omitted. 

SE TTI NGS 

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 cur­

rent multiple of the tap setting (e.g.  4 tap setting, 2 

time dial position or 4 tap setting, 0. 6 seconds at 6 

times tap value current). 

To provide selective circuit breaker operation, a 

minimum coordinating time of 0. 3 seconds plus circuit 

breaker time is recommended between 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 holes , the relay will respond to multiples 

of tap value currents 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

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. 

UID ICATI .. 
COIIITACTOI 
SWITCH ---

IHICATIH 
IISTMITMEHI 
,.,, 

57-D-4525 

Fig. 15. Internal Schematic of the Single Trip Circuit­

Closing Relay with Indicating Instantaneous 

Trip Unit. 

Instantaneous Reclo.!!!!.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 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 Swi tch (ICS) 

The only setting required on the ICS unit , is the 

s el ection of the 0. 2 or 2. 0 amp ere tap s etting. 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 Instantan-eous  Trip (l iT) 

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 liT. unit. 
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TYP E  CO OVERCU RRE NT RE LAYS ______________________ _ 

} TO TIMER ITIJoiER STO"S WHEN ) 
STOP AUX.REUY CONTACT) 

(OPE!IS ) 

} TO TIMER { T I Io!ER STARTS wtiEN) 
START (SWI TCH •s• CLOSES) 

SWITCH •s• 
-,::__�����_._!---o.f'-.o-------o 120 VOLTS � 60 CYCLES 

ALTEIIMATI Y E  CONNECTIONS FOR .5 TO 2.5 AMPERE RANGE 
C0-5 AND CO·I3 REL.US 

182-A-754 

Fig. 1 6. Diagram of Test Connections for the Circuit· 

Closing Type CO Relay. 

I N S T  A L L A T I  O N  

The relays should be mounted on switchboard 

panels or their e quivalent 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 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 nut with a wrench. 

For detail information on the FT case refer to 

IL 4 1-076. 

ADJUSTMENTS AND MAINTENANCE 

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

Upon receipt of the relay no customer adjustments , 

other than those covered under •sETTINGS" should 

be required. 

16 

For relays which include an indicating instantan­

eous trip unit (liT), the junction of the induction and 

indicating instantaneous trip coils is brought out to 

switch jaw tt3. With this arrangement the overcurrent 

units can be tested separately. 

Acceptance Check 

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

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 "0" 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 "0" 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 lowe st 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 C0- 1 1  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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TY P E  CO OVERCURRE H T  RE LAYS __________________________________________ �1_. L_. _41_· 1_0_1 L_ 

IIIOICATIItd 
COIITACTOR 
SWITCH 

lltDUCTIOI UNIT 

INDUCTION UIIIT ---'br---r----r-l -LAe COl L 

FRONT VI  E'li 

...-------1£0 HAIOt.E 

TEST .ITCH 
- I -CURIEIIT TEST rJACI( 

_ .J  CHASSIS OPEIATED 
SHORTING SWITCH 

TERMIIIAL 

57-D-4528 

Fig. 1 7. Internal Schematic of the Double Trip Circuit 

Closing Relay with Torque Control Terminals. 

For the Single Trip Relay, the Circuits A sso• 

cioted with Terminal 2 ore Omitted. 

di al set to the indicated po sition and the rel ay set 

on the lowest tap setting, apply the currents sp eci­

fied by Tabl e I ,  ( e. g. for the C0- 2, 3 and 20 tim e s  

tap value current) and measure t h e  op erating time o f  

t h e  relay. T h e  op erating time s  should equal tho se 

of Tabl e I plus or minus 5o/c 

4 .  Indicating Instantaneous Trip Unit (liT) -

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 adjustiY'ent of 1 to 4 and 

an accuracy within the limits of 1 0%. 

The making of the cdntacts and target indication 

should occur at approximately the same instant. 
Position the stationary contact for a minimum of 1/32" 

wipe . The bridging moving contact should touch both 
stationary contacts simultaneously. 

Apply sufficient current to operate the liT. The 

operation indicator target should drop freely. 

5. Indicating Contactor Switch (ICS) - C lose the 

main relay contacts and pass sufficient d-e current 
through the trip circuit to close the contacts of the 

ICS. This value of current shtmld be not greater 

than the particular ICS tap setting being used. The 

opecation 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, 

IIIICATIII ::m _____ � �--------------, 

ICS 

57-D-4529 

Fig. 18. Internal Schematic of the Single Trip Circuit 

Closing Relay with Torque Control Terminals 

and Indicating Instantaneous Trip Unit. 

R o ut i n e  M a i nt e n a n c e  

All relay s  should b e  inspected and check ed peri­

odic ally to as sure prop er operation. Generally a visual 

inspection s hould call attention to any noticeable 

changes. A minimum suggested check on the relay 

sy stem is to close the contacts manually to assure 

that the b r eaker trip s and the target drop s. Then re­

lease the contacts and obse rve that the reset i s  

smooth and po sitive. 

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 sev eral 

times pick-up current at an expected operating point 
for the p articular application. For the . 5 to 2. 5 amp ere 

range C0-5 and C0-6 induction unit use the alternative 

test circuit in Fig . 16 as these rel ay s  ar e affected by 

a distorted wave form. With thi s  connection the 25/5 

amp ere curr ent transformers should b e  work ed well b e­

low the knee of the saturation (i . e. use 10L50 or 

better). 

All contacts should be periodically cleaned. 

A contact burnisher 11 1 82A836H01 is recommended 

for this purpose. The use of abrasive material for 

cleaning contacts is not recorr.mended, becau.se of 

the danger of  embedding small particles in the face 

of the soft silver and thus impairing the contact. 

CALI BRATION 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
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TYP E CO OVERCU R R ENT 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" ) 

C O  U n i t  

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 "0" mark on the time dial. For double 

trip relays, the follow on the stationary contacts 

should be appi"Oximately 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 "0" 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 "0" mark by approximately .020". The 

placement of the various time dial positions in 

line with the index mark will give operating 

times as shown on the 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 current 

value of the relay is most conveniently made with 

the damping magnet removed.  
With the time dial set  on " 0  " ,  wind up the spiral 

spring by means of the spring adjuster until 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 c ontact 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;�· .  C_Q-8, 2 �imes 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- 1 1  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 1 3). A 1% variation in 

the 1 . 30 times tap value current (including measuring 

instrument deviation) will change the nominal opera­

ting time by approximately 4%. If the operating time 

at 1 .3  times tap value is not within these limits ,  a 

minor adjustment of the control spring will give the 

correct operating time without any undue effect on 

the minimum pick-up of the relay. This check is to 

be made after the 2 times tap value adjustment has 

has been completed. 

Apply the indicated current per Table I for the 

electromagnet plug adjustment (e.g.  C0- 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 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-e currPnt 
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 (liT) 

The core screw must be adjusted to the value 

of pick-up current desired. 

The nameplate data will furnish the actual cur­

tent range that may be obtained from the liT 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 ______________________ ,_. L_- �4 1:._- 1....:.0..:...:..1 L. 

T'EJMIIIAl MD 
MOUIITI118 .oETAILS 

5 - 18 SCREW 
II ( FOR lltiCIC 

PAIIEL US£ 
Lt8 mo) 
II  

• I 90-3 2 SCR£W 

9 
•• 

ftMEL CUTIUT I IIIIIUI18 
Fit SEMI•FLUSII MT8. 

ft All EL DltLLIII ott CU10UT FOil 
Pl!o.JECTIOII MTQ. 

(FI!OIIT YIEW) 

s .!  8 

Fig. 1 9. Outline one/ Drilling Plan for the Type CO Relay. 

• _
_ __.,. tl DIA.IICIU 

57-D-7900 
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TY P E  CO OVERCURREN T  R ELAYS 

TABLE 1 

T I M E  C U R V E  C A L I B RA T I O N  D A T A - 50 & 60 C Y C L E S  

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 

C0-2 6 3 0.57 20 0.22 

CQ-5 6 2 37.80  1 0  14.30 

C0-6 6 2 2.46 2 0  1.19 

C0-7 6 2 4.27 20 1 . 11  

C0-8 6 2 13.35 20 1 . 1 1  

C 0-9 6 2 8.87 2 0  0.65 

C0-1 1 6 2 11.27 20 0.24 6 

6 For 50 cycle C0- 1 1  relay 20 times operating time limits are 0. 24 + 10%, -5%. 

INTERN,AL SCHEMA T I C  

I CI 

fRONT Vll� 

I•OUCTHNt UIIT 

UOICATIM11 
IIITMTMEOUS 
UIIT 

ED HANDLE 

TEIMI.IIAL 

57 -D- 4526 

Fig. 20 I nternal Schematic o f  th e Double Trip 

Circuit  Clo sing Relay with I n di catin g 
I n s tantaneous Trip Unit. 

UOtCATIII 
COIITlotTOI IWJlCII 

INTERNAL SCHEMA.nc 

IIDUCTIOII UIIT 

IIDICATIIQ 
IIIIT .. T .. £0111 
UIIT 

l£0 IWIOLE 

TUT SWI TCH 

"-,---...__ tuiiUT TEST ..tAU: 

.......-��- tMAIIIS OP£1ATU 
IIIOIT1118 IWI TCII 

1l .. IIAL 

184A061 

Fig. 21 In ternal Schem ati c of the Double Trip 

Circuit Closing R ealy with Indi cating 
I n stantaneous Trip Unit to Separate 

Terminals. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
N EWAR K, N .  J. R E LAY- I N STR U M E NT D IVI S I O N  

Printed in U.S.A. 
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CAUTION 

Westinghouse I.L. 41 -1 01 R 

I N STA L L ATI O N  • O P E R A T I O N  • M A I N TE N A N CE 

I N S T R U C T I O N S  
TYPE CO OVERCURRENT RELAY 

O APPLICATION 

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 .  

The CO relay is a single 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 of characteristics permit applications in­
volving coordination with fuses, reclosers, cold 
load pickup, motor starting, or essentially fixed 
time applications. 

0 The following describes typical applications of the CO Relay: 

RELAY 
TYPE 

C0-2 

C0-5 

C0-6 

C0-7 

C0-8 
C0-9 
C0- 1 1 

TIME 
CURVE 

Short 

Long 

Definite 

Moderately Inverse 

Inverse 
Very Inverse 
Extremely Inverse 

TYPICAL APPLICATIONS 

1 )  Differential protection where saturation of current transformers 
is not expected, or where delayed tripping is permissible. 

2) Overcurrent protection, phase or ground, where coordination 
with downstream devices is not involved and 2 to 60 tripping 
cycle is allowable. 
Motor locked rotor protection where allowable locked rotor 
time is approximately between 1 0  and 70 seconds. 
Overcurrent protection where coordination with downstream 
devices is not involved and C0-2 is too fast. The operating time 
of this relay does not vary greatly as current level varies. 

1 )  Overcurrent protection where coordination with other devices 
is required, and generation varies. 

2) Backup protection for relays on other circuits. 

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. 

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

S U PERSEDES I.L. 41 -1 01 0, DATED M ARC H 1 978 
AND ADDEN D U M  41-101 D ATED J U N E  1 980 

0 Denotes changed since previous l11ue. 
EFFECTIVE S EPTE M BER 1 980 www . 
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Fig. 1. Type CO Relay Without Case. 1-lndicating Instantaneous Trip (liT). 2-1/T Adjusting Screw. 3-lndicating Contactor Switch 

(ICS). 4-lndicating 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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I.L. 41-101 R  

Fig. 3. "E" Type Electromagnet. 1-Magnet Plugs. 2-Tap Block. 
3-Tap Screw. 

Fig. 4. Indicating Instantaneous Trip Unit (liT) . .  

Fig. 5. Indicating Contactor Switch (ICS). 
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CONSTRUCTION AND OPERATION 

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

ELECTROMAGNET 

The electromagnets for the types C0-5, C0-6, 
C0-7, C0-8 and C0-9 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 C0-2 and 
C0- 1 1 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-

STAT I ON BUS 
-1�----------- A 

-t-1----------- B 
-t�-.---------- c 

PH. A 

PH .B 

PH.C 

GRO 

D E V I C E  NUMb E R  CHART 
51 - OVERCURREHT R E L A Y .  TYPE CO 

S�N - GROUND OVERCURRENT RELAY, TYPE CO 
52 • POWER C I RCU I T  BREAKER 

dary 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 tor­
que. 

INDICATING CONTACTOR SWITCH UNIT 
(ICS) 

The de 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, com­
pleting the trip circuit. Also during this operation 
two fingers on the armature deflect a spring 
located on the front of the switch, which allows the 
operation indicator target to drop. 

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

INDICATING INSTANTANEOUS TRIP 
UNIT (l iT) 

The instantaneous trip unit is a small ac 
operated clapper type device. A magnetic ar-

D C  TR I P  BUS 
POS. ��----------

OR 
NEG. 

5 1 - B  !>1-C &1-N 

( SAME AS PHASE A )  

52 a.- BREAKER AU X I L l  A R Y  CONTACT !lEG. 
ICS - INDI CATING CONTACT OR SWITCH OR ----4�----------

4 

A B C 
TC - BREAK ER TR I P  CO l l  POS. 

S ub 3 
1 8 2 A 7 5 5  

F1g 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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I.L. 41-101 R  

E N ERGY REQU IREMENTS 

TYPE C0-2 RELAY 
VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0 Times A1 20 Times 
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value 
Range Tap (Amperes) (Amperes) Angle- Current Current Current Current 

0.5 0.9 1 28 58 4.8 39.6 256 790 
0.6 0.96 28 57 4.9 39.8 270 8 5 1  
0.8 1 . 1 8  28 53 5 .0 42.7 308 1 024 

0.5/2.5 1 .0 1 . 37 28 50 5.3 45.4 348 1 220 
1 . 5 1 .95 28 40 6.2 54.4 435 1 740 
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  1 1 0 59 5.04 38.7 262 800 
2.5 4.0 1 1 0 55 5. 1 3  39.8 280 920 
3 .0 4.4 1 1 0 5 1  5 .37 42.8 3 1 2  1 008 

2/6 3 .5  4 .8  1 1 0 47 5.53 42.8 329 1 1 20 
4.0 5 . 2  1 1 0 45 5 .72 46.0 360 1 2 1 6  
5 .0 5 .6 1 1 0 4 1  5.90 50.3 420 1 500 
6.0 6.0 1 1 0 37 6.54 54.9 474 1 800 

4.0 7 .3  230 64 4.92 39. 1 268 848 
5.0 8 .0 230 50 5 .20 42.0 305 1 020 
6.0 8.8 230 47 5 .34 44. 1  330 1 1 28 

4/ 1 2 7 .0 9 .6  230 46 5.53 45.8 364 1 260 
8.0 1 0.4 230 43 5 .86 49.9 400 1 408 

10.0 1 1 .2 230 37 6.6 55.5 470 1 720 
1 2 .0 1 2 .0 230 34 7.00 62.3 528 2064 

C0-5 LONG TIME AND C0-6 DEFINITE MINIMUM TIME RELAYS 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0 Times At 20 Times 
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value 
Range Tap (Amperes) (Amperes) Angle t Current Current Current Current 

0.5 2.7 88 69 3 .92 20.6 1 03 270 
0.6 3 . 1  88 68 3 .96 20.7 1 06 288 
0.8 3 . 7  8 8  6 7  3 .96 2 1  1 1 4 325 

0.5/2.5 1 .0 4. 1 88 66 4.07 2 1 .4 1 22 360 
1 .5 5 .7 88 62 4. 1 9  23 .2  147 462 
2.0 6.8 88 60 4.30 24.9 1 68 548 
2 . 5  7 . 7  8 8  5 8  4.37 26.2 1 80 630 

2 8 230 67 3 .88 2 1  1 1 0 308 
2 .5  8 .8 230 66 3.90 2 1 .6 1 1 8 342 
3 9.7 230 64 3 .93 22. 1 1 26 3 8 1  

2/6 3 . 5  1 0.4 230 63 4.09 2 3 . 1  1 36 4 1 7  
4 1 1 .2 230 62 4. 1 2  23 .5  1 44 448 
5 1 2 .5  230 59 4.20 24.8 1 62 540 
6 1 3 . 7 230 57 4.38 26.5 1 83 624 

4 1 6  460 65 4.00 22.4 1 26 376 
5 1 8 .8 460 63 4. 1 5  23 .7  143 450 
6 1 9 . 3  460 6 1  4.32 25 .3  1 62 53 1 

4/ 1 2  7 20.8 460 59 4.35 26.4 1 83 6 1 1 
8 22.5 460 56 4.40 27.8 204 699 

1 0  25 460 53 4.60 30. 1 247 880 
1 2  28 460 47 4.92 35.6 288 1 056 

* 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. 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



ENERGY REQU IREM E NTS 

C0-7 MODERATELY I NVERSE TIM E  RELAY 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0 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 68 3 .88 20.7 1 03 278 
0.6 3 . 1  88 67 3.93 20.9 1 07 288 
0.8 3 .7  88 66 3.93 2 1 . 1  1 1 4 320 

0.5/2.5 1 .0 4. 1 88 64 4.00 2 1 .6 1 22 356 
1 .5 5 .7  88 6 1  4.08 22.9 1 48 459 
2.0 6.8 88 58 4.24 24.8 1 74 552 
2.5 7.7 88 56 4.38 25.9 1 8 5  640 

2 8 230 66 4.06 2 1 .3 I l l  306 
2.5 8 .8 230 63 4.07 2 1 .8 1 20 342 
3 9.7 230 63 4. 1 4  22.5 1 29 366 

2/6 3.5 1 0.4 230 62 4.34 23.4 1 4 1  4 1 3  
4 1 1 .2 230 6 1  4.34 23.8 1 49 448 
5 1 2 .5 230 59 4.40 25.2 1 63 530 
6 1 3 .7 230 58  4.62 27 1 83 624 

4 1 6  460 64 4.24 22.8 1 29 392 
5 1 8.8 460 6 1  4.30 24.2 149 460 
6 1 9 .3 460 60 4.62 25.9 1 68 540 

4/ 1 2  7 20.8 460 58 4.69 27.3 1 87 626 
8 22.5 460 55 4.80 29.8 2 1 1 688 

1 0  2 5  460 5 1  5.20 33 260 860 
1 2  28 460 46 5.40 37.6 308 1 032 

C O-S I NVERSE TIM E  AND C 0-9 VERY I NVERSE 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 

0.5 2.7 88 72 2.38 2 1  1 32 350 
U.6 3 . 1  88 7 1  2.38 2 1  1 34 365 
0.8 3.7 88 69 2.40 2 1 . 1  142 400 

0.5/2.5 1 .0 4. 1 88 67 2.42 2 1 .2 1 50 440 
1 . 5 5 .7  88 62 2.5 1 22 1 70 530 
2.0 6.8 88 57 2.65 23.5 200 67 5 
2 .5  7 .7 88 53 2.74 24.8 228 800 

2 8 230 70 2.38 2 1  1 36 360 
2 .5 8.8 230 66 2.40 2 1 . 1  1 42 395 
3 9.7 230 64 2.42 2 1 .5 1 49 430 

2/6 3 .5 1 0 .4 230 62 2.48 22 1 57 470 
4 1 1 .2 230 60 2.53 22.7 1 64 500 
5 1 2 .5 230 58 2.64 24 1 80 580 
6 1 3 .7  230 56 2.75 25.2 1 98 660 

4 1 6  460 68 2.38 2 1 .3 146 420 
5 1 8 .8 460 63 2 .46 2 1 .8 1 58 480 
6 19 .3  460 60 2 .54 22.6 1 72 550 

4/ 1 2  7 20.8 460 57 2.62 23.6 1 90 620 
8 22.5 460 54 2.73 24.8 207 700 

1 0  25 460 48 3 .00 27.8 248 850 
1 2  28 460 45 3.46 3 1 .4 292 1 020 

* Thermal capacities fur 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 �rrent. 

* * Voltages taken with Rectox type voltmeter. 
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I.L. 41·101R 

EN ERGY REQU IREMENTS 

TYPE C0-1 1 RELAY 

VOLT AMPERES** 

Continuous One Second Power At At 3 Timea At 1 0 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. 1 0.4 1 1 .5 34 0.64 6.5 70.3  240 
0. 1 2  0.4 1 1 .5  32 0.67 6.66 75.4 264 
0. 1 6  0.4 1 1 .5  30 0.76 7 .3  82.4 297 

0. 1 /0.5 0 .20 0.4 1 1 .5  26 0.83 8 .3  87 .8  336 
0.30 0.4 1 1 .5 22 1 .0 1  10 .3  1 1 7 .6 420 
0.40 0.4 1 1 .5  1 8  1 .2 1  1 1 .22 1 40.0 520 
0.50 0.4 1 1 .5 1 6  1 .38 1 3 .8 1 68 .0 630 

0.5 1 . 7 56 36 0.72 6.54 7 1 .8 250 
0.6 1 .9 56 34 0.75 6.80 75.0 267 
0.8 2.2 56 30 0.8 1 7.46 84.0 298 

0.5/2.5 1 .0 2.5 56 27 0.89 8.30 93. 1  330 
1 .5 3 .0 56 22 1 . 1 3  1 0 .04 1 1 5 .5 4 1 1 
2 .0 3.5 56 1 7  1 .30 1 1 .95 1 36.3 502 
2.5 3.8 56 1 6  1 .48 1 3 .95 1 60.0 6 1 0  

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 1 0.0 230 23 0.96 9 . 1 2  1 02 .0 372 
5 .0 1 1 .0 230 20 1 .07 9.80 1 09.0 430 
6.0 1 2 .0 230 20 1 .23 1 1 .34 1 29.0 504 

4.0 14 460 29 0.79 7.08 78.4 296 
5 .0 1 6  460 25 0.89 8.00 90.0 340 
6.0 1 7  460 22 1 .02 9 . 1 8  1 0 1 .4 378 

4/ 1 2  7 .0 1 8  460 20 1 . 1 0 1 0.00 1 1 0.0 454 
8 .0 20 460 1 8  1 .23 1 1 . 1  1 24.8 480 

10.0 22 460 1 7  1 .32  1 4.9 1 3 1 .6 600 
1 2 .0 26 460 1 6  1 .8 1 6.3 1 80.0 720 

* 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.  

I Degrees current lags voltage at tap value current. 

* * Voltages taken with R ectox type voltmeter. 

INSTANTANEOUS TRIP U NIT (l iT) 

RANGE IN BURDEN IN VOLT-AMPS. AT 

AMPERES MINIMUM SETTING MAXIMUM SETTING 

2 - 8 4.5 32 

4 - 1 6  4.5 32 

1 0 - 4o 4.5 40 

20 - 80 6.5 70 

40 - 1 60 9.0 1 44 
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Fig. 7 .  Typical Time Curves of the Type C0-2 Relay. 
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Fig. 9 .  Typical Time Curves o f  the Type C0-6 Relay. 
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IIDICATIIi =�:TH-----f--<- 1}---------, 

5 7 - D - 45 2 4  

Fig: 14. Internal Schematic of the Double Trip Circuit Closing 

Relay. For the Single Trip Relay the Circuits Associated 

with Terminal 2 are Omitted. Owg. 5 7-0-4523. 

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 the top of the 
switch provides the adjustable pickup range. 

C HARACTERISTI C S  

The relays are generally available in the 
following current ranges. 
Range Taps 
t . 1 - .5 0. 1 0. 1 2  0. 1 6  0.2 0.3 0.4 0.5 

.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 - 1 2  4 5 6 7 8 1 0  1 2  

t Available for Type CO- I l 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 
shown in Figs. 7 to 1 3 .  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. 

IIDICATIIt 
COIITAC:1'01 
SWITCif� 

FRONT Y l fW 

I.L. 41-101 R 

IIIICATIII 
IISTAIITAIIltd 
UO I T  

IEI MIDU 

fiST SWITCI /'-f--7+--IIOT TliT .fiCK 
CIAISII CW£UTU 
._Till .ITCI 

5 7- D - 4 5 2 5  

Fig. 15. Internal Schematic 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 de 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 de, 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 de resistance 
2.0 ampere tap - 0. 1 5  ohms de resistance 

S ETTINGS 

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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UHRU T I H  CO�t.tCT I ( t. :i  
CO-:> A�O 

18 2 A 754 

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 coordina­
tion is to be effected. 

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

CAUTION 

Since the tap block connector screw carries 
operating current, be sure that the screw is turned 
tight. In order to avoid opening the current 
transformer circuits when changing taps under 
load, connect the spare connector screw in the 
desired 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, the upper stationary 
contact is adjusted such that the contact 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 only setting required on the ICS unit is the 
selection of the 0.2 or 2 .0 ampere 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. 

0 INDICATING INSTANTANEOUS TRIP (l iT) 

The liT 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 1 30% for an 80° circuit angle or l 08% 
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. 

I NSTALLATION 

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 �ase. 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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IMDICATIIU 

::���T
OI ---J'o..\f :s)-�-------, 

FRONT VI fW 

INOUCTIO. IHI I T  

INDUCTION UN I T  -LAe CO I L  

- --REO WDL£ 
--TEST SWITCH - -} - CURIEIIT TEST JACK 

- j / CIIASS I S IWEIATED 
__.- SftOI:TING SWITCtl 

TERMIUL 

5 7 - D - 45 2 8  

Fig. 1 7. Internal Schematic o f  the Double Trip Circuit Closing 

Relay with Torque Control Terminals. For the Single 

Trip Relay, the Circuits Associated with Terminal 2 are 

Omitted. Dwg. 57-0-4527. 

mounting screws or studs. and the relay panel. 

Ground Wires are affiXed to the mounting screws or 
studs as required for poorly grounded or insulating 
panels. Other electrical connections may be made 
directly to the terminals by means of screws for 
:;teel panel mounting or to the terminal stud fur­
nished with the relay for thick panel mounting. 
The terminal stud may be easily removed or in­
serted by locking two nuts on the stud and then 
turning the proper nut with a wrench. 

For detail information on the FT case refer to 
I .L .  4 1 -076. 

ADJ U STMENTS A N D  MAINTENANCE 

The proper adjustments to insure correct 
operation of this relay have been made at the fac­
tory. Upon receipt of the relay no customer ad­
justments,  other than those covered under 
"SETTINGS" should be required. 

For relays 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. 

I.L. 41·101 R 

5 7 - D - 4 5 2 9  

F g. 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 "0" mark on the time dial. For 
double trip relays, the follow on the 
stationary contacts should be ap­
proximately 1 j64".  

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 "0" mark on the 
time dial when the stationary contact has 
moved through approximately one-half 

of its normal deflection. Therefore, with 
the stationary contact resting against the 
backstop, the index mark is offset to the 
right of the "0" mark by approximately 
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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 Cune - For type C0- 1 1 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 

0 1 3). "A slight variation, ± 1 %, in the 1 .3 times 
tap value current (including measuring instrument 
deviation) will change the timing tolerance to 
± 1 0% and the effects of different taps can make 
the total variations appear to be ± 1 5%. 

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 C0-2, 3 and 20 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% (Use .5 tap for . 1  to .5 
range). 

4. Indicating Instantaneous Trip Unit (liT) -

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%. 

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

1 8  

contact should touch both stationary contacts 
simultaneously. 

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

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

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

ROUTINE MAINTENANCE 
All relays should be inspected and checked 

periodically to assure proper operation. Generally 
a visual inspection should call attention to any 
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 C0-5 and C0-6 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 1 OL50 or 
better). 

All contacts should be periodically cleaned. A 
contact burnisher # 182A836HOl 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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CALI BRATION 

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 
l .  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 "0" 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 "0" mark on the 
time dial when the stationary contact has 
moved through approximately one-half 
of its normal deflection. Therefore, with 
the stationary contact resting against the 
backstop, the index mark is offset to the 
right of the "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 dou­
ble trip relays, the follow on the 
stationary contacts shou ld be ap­
proximately I /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 "0", wind up the 
spiral spring by means of the spring adjuster until 
approximately 6-3/4 convolutions show. 

I.L. 41·101 A 

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 Cune Calibration - Install the per­
manent magnet . 

Apply the indicated current per Table I for per­
manent magnet adjustment (e.g. C0-8, 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- I l relay only, the 1 .30 times tap 
value operating time from the number 6 time dial 
position is 54.9 ±5% seconds. It is important that 
the 1 .30 times tap value current be maintained 
accurately. The maintaining of this current ac­
curately is necessary because of the steepness of 
the slope of the time-current characteristic (Figure 

0 1 3) .  "A slight variation ± l %, in the 1 .3 times tap 
value current (including measuring instrument 
deviation) will change the timing tolerance to 
± I  0% and the effect of different taps can make 
the total variations appear to be ± 1 5% .  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. C0-8, 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 de 
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 (liT) 

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 liT 
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. 

TABLE 1 

TIME C U RVE CALIBRATION DATA - 50 & 60 HERTZ 

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME C URRENT OPERATING CURRENT OPERATING 

RELAY DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME 
TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS 

C0-2 6 3 0.57 20 0.22 

CO-S 6 2 37.80 1 0  14 .30 

C0-6 6 2 2.46 20 1 . 1 9  

C0-7 6 2 4 . 27 20 I .  I I  

C0-8 6 2 1 3 .35 20 1 . 1  I 

C0-9 6 2 8.87 20 0.6S 

CO- I l 6 2 1 1 .27 20 0.24 Ll 

6 For SO hertz CO- I l relay 20 times operating time limits are 0.24 + 1 0%, - S% . • 
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i . . m 
( 16 1 . 93) 

• 
7.250 
( 184.15 ) 

TERMINAL AND MOUNTING DETAILS 

I .L. 41-1 01 A 

1l��p 1A. 4 HOLES FOR . . 190-32 MTG. SCREWS 

PANEL CUTO U T  8 DRILL ING  
FOR SEM I - FLUSH MTG . 

2 . 328 
( 59 . 1 3 )  

S ub 12 

5 7D 7 9 0 1  

Fig. 1 9. Outline and Drilling Plan for the Type C O  Relay. 
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I N TERNAL SCHEMA T I C  

fRONT V I [W 

__..----IRO tCATih 
IUT.UITAII EOaS 
I.IIUT 

-- TEIT S.ITCH 

-tUilREMT TEST JAtl 

CHAlliS OPEUTEO 
MITIMI .. ITCH 

TfbiiM� 

5 7 - D - 45 2 6 

Fig. 20. Internal Schematic of the Double Trip Circuit Closing 

Relay with Indicating Instantaneous Trip Unit. 

2 2  

IIIOIUTUi 
COIITACTOI 
SW)ttli 

INTERNAL. SCH£11AllC 

IMOICATI.i 
I MSTAIITAME®S 
UMIT 

lEO MAMOlE 

TEST SII TCM 

- C4111EU TEST .lA" 
_CKASS I S  OPEUHO 

SMOIT l.i SWI Tttl 

L---'""--�"---"='--=----'"--' - - -TE .. I Ul 

1 8 4 A0 6 1 

Fig. 2 1 .  Internal Schematic of the Double Trip Circuit Closing 

Relay with Indicating Instantaneous Trip Unit to Separate 

Terminals. 
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I N ST A L L A TI O N  • 

Westinghouse I .L. 41-1010 
O PE R A T I O N  • M A I N TE N A N C E 

II N S T R U C T li ® N S  
TY P E  C O  OVERC U RR E N T  R E LAY 

CAUTION 

lkfor<.: putting relays i n t o  service, remove a l l  blocking 

\\ hich may hav<.: h�.:en inserted for the purpose of securing the 

parts Juring shipment, make sure that al l  moving parts 

up<.:rat<.: fr<.:<.: ly,  inspect the contacts to see that they are clean 

and c los<.: properly, and operate the relay to check the settings 

and <.:kctrical connections. 

0 APPLI CATION 

These induction type of relays are s ingle phase, non­

directional, ac current sensitive devices. They are used for 

phase or ground overcurrent  protection of feeders, transmis­

sion l ines, ac machines, transformers, capacitors, reactors, 

and in other applicatio n  where a relay is required whose 

op<.:rating time inversely is related to operating current. 

For selective coordination between relays, 7 different 

types of relays are available as listed below. Their time curves 

are as shown in figures 7 to 1 3 .  

Type C0-2 

CO-S 

C0-6 

C0-7 

C0-8 

C0-9 

Short Time Relay 

Long Time Relay 

Definite Minimum Time Relay 

M oderately I nverse Time Relay 

I nverse Time Relay 

Very I nverse Time Relay 

CO- I l Extremely I nverse Time Relay 

In general, the application will indicate the use o f  a 

speci fic type of CO relay . Short time relays act fast to avoid 

equipment damage. Long time relays hold off tripping on 

heavy initial overload or more extended moderate overloads . 

At higher fault currents, definite-time and moderately inverse 

relays maintain more nearly constant operating time, despite 

variation in  fault currents. I n verse and extremely inverse 

relays operate respectively faster o n  higher fault currents. 

CONTENTS 

This instruction teanet applies to the following types of 

n.:Ltys: 

Type C0-2 Short Time Relay 

CO-S Long Time Relay 

C0-6 Definite Minimum Time Relay 

C0-7 M oderately I nverse Time Relay 

C0-8 I nverse Time Relay 

C0-9 Very I nverse Time Relay 

CO- I l Extremely I nverse Time Relay 

C ONSTRUCTION AND O PERATION 
T h e  type C O  relays consist o f  an overcurrent u n it (CO), 

an indicating contactor switch ( ICS), and an indicating in­

stantaneous trip unit ( l iT) when required. The principal com­

ponent parts of the relay and their location are shown in Figs. 

l - 5 .  

ELECTROMAGNET 

The electromagnets for the types CO-S, C0-6, C0-7, C0-

8 and C0-9 relays have a m ain tapped coil located on the 

center leg of an "E" type laminated structure that produces a 

flux wh ich divides and returns through the outer legs. A 

shading coil causes the nux through the left leg to lag the 

main pole flux. The out-of-phase nuxes thus produced i n  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  t he unit  operate. 

The electromagnets for the types C0-2 and CO- I l 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 

hy the electromagnet resu lt in  out-of-phase nuxes in  the air 

gap. The out-of-phase air  gap nuxes produced cause a contact 

closing torque. 

INDICATING CO NTACTOR SWITCH U N IT 
( ICS) 

The de indicating contactor switch is a small  clapper type 

device. ;\ magnetic armature, to which leaf-spring mounted 

contacts are attached, is attracted to the m agnetic core u pon 

A II 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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TYPE CO OVERCURRENT RELAYS-------------------------

Fig. 1. Type CO Relay Without Case. 1- lndicating Instantaneous Trip (/IT). 2-IfT A djusting Screw. 3-lndicating Contactor Switch 

(ICS). 4-lndicating Contactor S witch Tap Block. 

Fig. 2. Time Overcurrent Unit (Front Vie w). 1- Tap Block. 2- Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary Contact 

Assembly. 6-Magnetic Plugs. ?-Permanent Magnet. 
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TYPE CO OVERCURRENT RELAYS ---------------------__:•�· L::.;. 4�1�-1�0�1 0 

Fig. 3. 'T' Type Electromagnet. 1 -Magnet Plugs. 2- Tap Block. 

3- Tap Screw. 

T 

Fig 4. Indicating Instantaneous Trip Unit (liT). 

Fig. 5. Indica ting Contactor Sw.itch (ICS). 
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TYPE CO OVERC URRENT RELAYS---.-----------------------

cm:rgi1.ation of the switch. When the switch closes the moving 

contacts bridge two stationary contacts, completing the trip 

circuit. A lso during this operation two fingers on the ar­

mature deflect a spring located on the front of the switch,  

which al lows the operation indicator target to drop. 

The front spring, in  addition to holding the target, 

provides restraint for the armature and thus controls the 

pick up value of the switch. 

INDICATI NG INSTANTANEOUS TRIP UNIT 
( l iT) 

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 th e adj ustable pickup range. 

CHARACTERISTICS 
The relays are generally available i n  t h e  following cur­

ro.:nt ranges. 

Range 

t . I  - . 5  0 . 1  0 . 1 2  

.5 - 2 . 5  0 . 5  0.6 

2 - 6  2 2 .5 

4 - 1 2  4 5 

Taps 

0 . 1 6  0.2 

0.8  1 .0 

3 3 . 5  

6 7 

0.3 

1 .5 

4 

8 

0.4 0.5 

2 .0 2 . 5  

5 6 

1 0  1 2  

t A vailable for Type CO- I l Relay. 

STA T I ON BUS 
A 

B 
c 

!>1 51-A ol 9 8 
PH .A 

51-B 

PH . B 

51-C 

PH .C 

GRO 

DE V I CE N UMBER CHART 
51 - OVERCURR E H T  REL AY, TYPE CO 

These rel ays may have either single or double circuit clos­

ing contacts for tripping either one or two circuit breakers. 

The time vs. cu rrent characteristics are shown in  Figs. 7 to 

1 3 . These characteristics give the contact closing time for the 

various time dial settings when the indicated m u ltiples of tap 

value current are applied to the relay. 

TRIP C I RCUIT 

The m ain contacts wil l  safely close 30 amperes at 250 

volts de and the seal-in contacts of the indicating contactor 

switch will  safely carry this current long enough to trip a cir­

cuit breaker .  

The indicating instantaneous tr ip contacts wil l  safely close 

30 amperes at 250 volts de, and will  carry this current long 

enough to trip a breaker.  

The indicating contactor switch h as two taps that provide 

a pickup setting of 0.2 to 2 am peres. 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  ampere tap - 6.5  ohms de resistance 

2.0 am pere tap - 0. 1 5  ohms de resistance 

POS. 
OR 

NEG. 

S I - B  51-C 51-H 

( SAME AS PHASE A )  

�N - GROUND OVERCURRENT RELAY , TYPE CO 
52 - POWER C I RCU I T  BREAKER 

A B C 

52 a.- BREAKER AUXI L I A R Y  CONTACT !lEG._._ ___________ _ 

ICS - INDI CATING CONTACT O R  SWITCH OR 
TC - BREAk ER TR I P  CO l l  POS. 

S ub 3 
182 A 755 

0 Fig. 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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TYPE CO OVERCU RRENT RELAYS I. L. 41-1010 

ENERGY REQU IREMENTS 

TYPE C0-2 RELAY 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0  Times At 20 Times 
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value 
Range Tap (Amperes) (Amperes) Angle ,If Current Current Current Current 

0 . 5  0.9 1 28 58 4.8 39.6 256 790 
0.6 0 .96 28 57 4.9 39 .8  270 85 1 
O.K  1 . 1 8 28 5 3  5 .0 42.7 308 1 024 

0 . 5 / 2 . 5  1 . 0 1 . 37 28 50 5 . 3  4 5 .4 348 1 220 
1 . 5 1 . 9 5  2 8  40 6 . 2  54.4 435  1 740 
2.0 2 . 24 28 36 7 .2  65 .4 580 2 280 
2 . 5  2 .50 28 29 7 .9  7 3 .6 700 2850 

2 .0 3 . 1  1 1 0 59 5 .04 38 .7  262 800 
2 . 5  4 .0 I 1 0  5 5  5 . 1 3  39 .8  280 920 
3.0 4.4 1 1 0 5 1  5 .37  42.8  3 1 2  1 008 

2/6 3 .5  4 .8  1 1 0 47 5 . 5 3  4 2 . 8  329 1 1 20 
4.0 5 . 2  1 1 0 45 5 .7 2  46.0 360 1 2 1 6  
5 .0 5 . 6  1 1 0 4 1  5 . 90 50.3 420 1 500 
6 .0 6.0 1 1 0 37 6 .54 54.9 474 1 800 

4.0 7 . 3  230 64 4.92 39 . 1  268 848 
5 .0 8 .0 230 so 5 . 20 42.0 305 1 020 
6 0  8 . 8  230 47 5 .34 44. 1 330 1 1 28 

4 / 1 2  7 .0 9 . 6  230 46 5 . 5 3  4 5 . 8  364 1 260 
8 .0  1 0 .4 230 43 5 .86 49.9 400 1 408 

1 0 .0 1 1 .2  230 37 6 . 6  5 5 . 5  470 1 720 
1 2 .0 1 2 .0 230 34 7.00 62 .3  528 2064 

C0-5 LO N G  TIME A N D  C0-6 DEFINITE MINIMUM TIME RELAY S 

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 t Current Current Current Current 

0 . 5  2 . 7  8 8  69 3 .92 20.6 1 03 270 
0.6 3 . 1 88 68 3 .96 20.7 1 06 288 
0 .8  3 . 7  88 67 3 .96 2 1  1 1 4 325 

0 . 5 / 2 . 5  1 .0 4 . 1  88 66 4.07 2 1 .4 1 22 360 
1 . 5 5 7  88 62 4. 1 9  2 3 . 2  1 47 462 
2.0 6.8 88 60 4.30 24.9 1 68 548 
2 . 5  7 . 7  8 8  5 8  4.37 26 .2  1 80 630 

2 8 230 67 3 .88 2 1  1 1 0 308 
2 . 5  8 . 8  230 66 3 . 90 2 1 .6 1 1 8 342 
3 9 . 7  230 64 3 .93 2 2 . 1 1 26 38 1 

2 / 6  3 . 5  1 0 .4 230 63 4.09 23 . 1  1 36 4 1 7  
4 1 1 . 2 230 62 4. 1 2  2 3 . 5  1 44 448 
5 1 2 . 5  230 59 4.20 24.8 1 62 540 
6 1 3 . 7  230 57 4.38 26 .5  1 8 3  624 

4 1 6  460 65 4.00 22.4 1 26 376 
5 1 8 . 8  460 63 4 . 1 5  23 .7  1 4 3  450 
6 1 9 . 3  460 6 1  4 . 3 2  2 5 . 3  1 62 5 3 1 

4/ 1 2  7 20.8 460 59 4 .35  26 .4  1 8 3  6 1 1 
K 22 .5  460 56 4.40 27 .8  204 699 

1 0  25 460 53 4.60 30. 1  247 880 
1 2  28 460 47 4 .92 3 5 . 6  288 1 056 

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

;I Degrees current lags voltage at tap value current. 

* * Voltages taf.. en with Rectox IJ'pe voltm eter. 
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TYP E  CO OVERCURRENT RELAYS 

ENERGY REQ U IRE MENTS 

C0-7 M ODERATELY INVERSE TI ME RELAY 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0  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 68 3 .88 20.7 1 03 278 
0.6 3 . 1  88 67 3 .93 20.9 1 07 288 
O .il  3 . 7  8 8  6 6  3 .9 3  2 1 . 1  1 1 4 320 

0 . 5 / 2 . 5  1 .0 4. 1 88 64 4.00 2 1 .6 1 2 2  356 
1 . 5 5 .7 88 6 1  4.08 22.9 1 48 459 
2 .0 6 . 8  88 58 4.24 24.8 1 74 5 5 2  
2 . 5  7 . 7  8 8  5 6  4 .38  25 .9 1 8 5 640 

2 8 230 66 4.06 2 1 .3 I l l  306 
2 . 5  8 . 8  230 63 4.07 2 1 .8 1 20 342 
3 9 . 7  230 63 4. 1 4  22 .5  1 29 366 

2 / 6  3 . 5  1 0 .4 230 62 4 .34 2 3 .4 1 4 1  4 1 3  
4 1 1 .2 230 6 1  4 .34 23.8 1 49 4411 
5 1 2 . 5  2 3 0  5 9  4 .40 25 .2  1 63 5 30 
6 1 3 . 7  230 58 4 . 62 27 1 83 624 

4 1 6  460 64 4.24 22.8 1 29 392 
5 1 8 .8  460 6 1  4.30 24.2 1 49 460 
6 1 9 . 3  460 60 4.62 25 .9  1 68 540 

4/ 1 2  7 20.8 460 5 8  4 . 69 27 .3  1 87 626 
8 2 2 .5 460 5 5  4.80 29.8 2 1 1 688 

1 0  2 5  460 5 1  5 .20 3 3  260 860 
1 2  28 460 46 5 .40 3 7 .6 308 1 032 

CO-S INVERSE TIME AND C0-9 VERY INVERSE TIME RELAYS 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 1 0  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  8 8  7 2  2 . 3 8  2 1  1 32 3 50 
0.6 3 . 1 88 7 1  2 .38  2 1  1 34 365 
O.H 3 . 7  88 69 2.40 2 1 . 1  1 42 400 

0.5/2 . 5  1 .0 4 . 1 88 67 2.42 2 1 .2 1 50 440 
1 . 5 5 . 7  88 62 2 . 5 1 22 1 70 5 3 0  
2 .0 6.8 88 57 2 .65 2 3 . 5  200 675 
2 . 5  7 . 7  8 8  5 3  2 .74 24 8 228 800 

2 8 230 70 2 .38 2 1  1 36 360 
2 . 5  8 .8 230 66 2.40 2 1 . 1  1 42 395 
3 9 . 7  2 3 0  64 2.42 2 1 .5 1 49 430 

2 /6 3 . 5  1 0 .4 230 62 2.48 22 1 5 7 470 
4 1 1 .2  230 60 2 .5 3  22 .7  1 64 500 
5 1 2 . 5  230 58 2 .64 24 1 80 580 
6 1 3 .7  230 56 2.75 25.2 1 98 660 

4 1 6  460 68 2 .38 2 1 .3 1 46 420 
5 1 8 .8  460 63 2 .46 2 1 .8 1 58 480 
6 1 9 . 3  460 60 2 .54 22.6 1 72 550 

4/ 1 2  7 20.8 460 5 7  2 .62 23 .6  1 90 620 
8 2 2 . 5  460 54 2.73 24.8 207 700 

1 0  2 5  460 48 3.00 27 .8  248 850 
1 2  28 460 45 3 .46 3 1 .4 292 1 020 

* Thermal capacities jiJr 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 t vpe voltmeter. 
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TYPE CO OVERCU R'RENT RELAYS I . L .  41 -101 0 

0 ENERGY REQU IREMENTS 

TYPE C0-11 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. 1 0 .4 I 1 . 5 34 0.64 6 . 5  70 . .\ 240 
() 1 2  0.4 I 1 . 5 32 0 .67 6 .66 75 .4  2 64 
0 . 1 6  04 1 1 . 5  30 0.76 7 . 3  g2.4 297 

o 1 ;o 5 0 20 04 I 1 . 5 26 0.83 8 . 3  g 7  ,g  336 
0 . .\0 0.4 1 \ . 5  22 1 .0 1  1 0. 3  1 1 7 .6 420 
040 0 .4  1 1 . 5 1 8  1 .2 1  1 1 . 22 1 40.0 5 20 
0 50 0 .4  1 I .  5 1 6  1 . 38 1 3 .8  1 6g . o  6.\0 

() 5 1 . 7  5 6  36 0.72 6 . 54 7 Ul  2 50 
0.6 1 . 9 5 6  34 0 .75  6 .80 7 5 .0 267 
O . X  2 . 2  5 6  30 0.8 1 7 .46 g4.0 2'}g 

0 . 5 / 2 . 5  1 .0 2 . 5  5 6  2 7  0.89 8 .30 93 . 1  330 
1 . 5 3 . 0  5 6  22 1 . 1 3  1 0.04 1 1 5 . 5  4 1 1 
2 0  3 . 5  5 6  1 7  1 .30 1 1 .9 5  1 36 . 3  502 
2 5 3 . X  56 1 6  1 .48 1 3 .95 1 60 .0 6 1 0  

2 .0 7 .0  230 32 0.73 6 . 30 74.0 264 
2 . 5  78 230 30 0.78 7 .00 n . 5  n s  
3 .0 X . 3  230 27 0 .83  7 .74 g4.0 309 

2 / 6  .\ . 5  9 .0 230 24 0.88 8 . 20 89 .0 340 
4.0 1 0.0 230 23 0 .96 9 . 1 2  1 02.0 372 
5 .0 1 1 .0 230 20 1 .07 9 .80 1 09 .0  430 
6 .0 1 2 .0 230 20 1 .23 1 1 .34 1 29 .0 504 

4 0  1 4  460 29 0.79 7 .08 78.4 296 
5 .0 1 6  460 2 5  0.89 8 .00 90 .0 340 
6.0 1 7  460 22 1 .02 9 . 1 8  1 0 1 .4 Jn 

4/ 1 2  7 0 1 8  460 20 1 . 1 0 1 0.00 1 1 0 .0 454 
8 0  20 460 1 8  1 .23 1 1 . 1 1 24 . 8  480 

1 0 .0 2 2  460 1 7  1 .32 1 4 .9 1 3 1 . 6 600 
1 2 .0 26 460 1 6  1 .8 1 6 . 3  1 go.o 7 20 

* Thermal capacil irs for shor/ limes o/her /han one second may be calculated on the bas is of lime being in 1·er.1 elr proporlional /o !he 
squarr of lhr curre1l l .  

;1 Degrees curren/ lags l 'ol/agr a/ lap value current. 

* * Voltage.\ wJ.. cn "·ith Rl'c/ox t i'{J£' vol!me/er. 

0 I N STANTANEO US TRIP UNIT  ( l iT) 

RANGE IN BURDEN IN VOL T-AMPS. AT 

AMPERES MINIMUM SETTING MAXIMUM SETTING 

2 - 8 4 . 5  3 2  

4 - 1 6  4 . 5  3 2  

1 0 - 40 4 . 5  40 

20 - 80 6 . 5  7 0  

40 - 1 60 9 .0 1 44 
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TYPE CO OVERC U RRENT RELAYS------------------------
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Fig_ 7_ Typical Time Curves of the Type C0-2 Relay. 
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TYPE CO OVERC U RRENT RELAYS ----------------------':::· L=.. . .::.41.:..·.:..:1 0::..:_:10  
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Ftg. 8. Typtcaf Time Curves of the Type C0-5 Relay. 
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TYPE CO OVERC U RRENT RELAYS------------------------

·-··-·-------------------------------------

M U L T I P L E S O F  T A P  V A L U E CU R R E N T  

Fig. 9. Typical Time Curves o f  the Type C0-6 Relay. 
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TYPE C O  OVERCU RRENT RELAYS ----------------------:.:.:I.L:;.·..:::4.:..:1-:.!.:10::.!1�Q 
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Fig. 10. Typical Time Curves of the Type C0- 7 Relay. 
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TYPE CO OVERCU RRENT RELAYS-------------------------

(/) 0 :z 
0 u LIJ (/) 

12 

2 3 l.i 5 6 7 8 Q 10 12 
� U L T I P L ES O F  TAP Y A L U E  � 0 R R E N l 

4 1 8 2 4 8  
Fig. 1 1 . Typical Time Curves of the Type CO-B Relay. 
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TYPE C O  OVERC U RRENT RELAYS --------------------....:;1-:.:::L·:....::4:.:..1·:...:.1:::..:01�0 

2 3 ij !5 6  7 8  

M U L T I P L ES O F  TAP V A L U E CU R R E N T  

9 10 

Fig. 1 2. Typical Time Curves of the Type C0-9 Relay. 
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TYPE CO OVERCU RRENT RELAYS-------------------------· 

AL TfRNAT I V F  

J 
r--- l Tl) T l l� f �  ( T i f.<r� qARTS WK�N\ ._j  STA�T ( SW ITGK "S "  CLOSES) 

·-uto 1 2 1'l �JLTS 
-- ' !  u -o li'l HERTZ 

182 A 754 

Fig. 1 6. 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 th ick 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 i n formation on the FT case refer to l . L .  4 1 -076. 

ADJ U STM ENTS A N D  M A I NT E N A N C E  

The proper adjustments t o  insure correct operation o f  this 

relay have been made at the factory. U pon receipt of the relay 

no customer adj ustments, other than those covered under 

" S ETT I N GS" should be required. 

For relays which include an indicating instantaneous trip 

unit  ( ITT), the j u nction of the induction and indicating in­

stantaneous trip coils is brought out to switch jaw #3. With 

this arrangement the overcurrent u nits can be tested separate­

ly .  

ACC EPTANCE C H ECK 

The following check i s  recommended t o  i nsure that the 

relay is in proper working order: 

16 

I .  Contact 

a) By turning the time dial, m ove the moving contacts 

until they deOect the stationary contact to a posi-

tion where the stationary contact is resting against 

its backstop. The index mark located o n  the move­

ment frame should coincide with the "0" mark on 

the time dial .  For double trip relays, the follow on 

the stationary contacts should be approximately 

1 /64" . 

h) For relays identified with a "T" , located at lower 

left o f  stationary contact block, the index mark on 

the movement frame will  coincide with the "0" 
mark on the time dial when the stationary contact 

has moved through approximately one-half of its 

normal deOection . Therefore, with the stationary 

contact resting against the backstop, the index mark 

is offset to the r ight  of the "0" mark by ap­

proximately .020 " .  The placement of the various 

time dial positions i n  l ine with the index mark will  

give operating times as shown o n  the respective 

time-current curves. For double trip relays, the 

follow on the stationary contacts should be ap­

proximately I /  32" .  

2 .  M inimum Trip Current - Set the time dia l  to posi­

t ion 6 using the lowest tap setting, alternately apply tap value 

cu rrent plus 3 '1(, 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 

J % .  

3 .  Time Curve - F o r  type CO- I l relay only,  t h e  1 . 30 

t imes tap value operating time from the n umber 6 time dial 

posi t ion is 54.9 ± 5% seconds and should be checked first. 

I t  is im portant 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 1 3) .  A I %  variation in 

the 1 . 30 times tap value current (including measuring instru­

ment deviation) will change the nominal  operating time by 

approximately 4'7r; . 

Table I shows the time curve calibration points for the 

various types of relays. W ith the time dial set to the i ndicated 

position and the relay set on the lowest tap setting, apply the 

currents specified by Table I, (e .g.  for the C0-2, 3 and 20 

t imes tap value current) and measure the operating time of 

the relay. The operating times should equal those of Table I 

plus or minus 5% ( U se .5 tap for . I  to .5 range). 

4 .  Indicating Instantaneous Trip Unit ( liT)  - The core 

screw which is adjustable from the top of the trip unit deter­

mines the pickup value. The trip unit has a n om inal  ratio of 

adj u stment of  I to 4 and an  accuracy within the l im its of 1 0% .  

The making o f  the contacts and target indication 

should occur at approximately the same instant .  Posit ion the 

stationary contact for a minimum of I /32" wipe.  The bridg-
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TYPE CO OVERCU RRENT RELAYS-----------------------"-"I.L::.:.·...::;4_,_1--'-'10:...:.:1Q 

INDICATIJiij 
COIHACTGII 
SWITCK 

���� - -���� 

FRONT V I EW 

__ - J NDUCTIO" UNIT 

INOUCTIOM UNIT - LAO COIL 

REO HNIOLE 

- TEST SWI TCH 

-- CURRENT TEST .IACIC 

CHASSI S  OPERATED 

SHORTING SWITCH 

TERM IUL 

5 7 - D - 45 2 8  

Fig. 1 7. Internal Schematic o f  the Double Trip Circuit Closing 

Relay with Torque Control Terminals. For the Single 

Trip Relay, the Circuits Associated with Terminal 2 are 

Omitted. Owg. 5 7-0-452 7. 

ing moving contact should touch both stationary contacts 

simultaneously. 

Apply sufficient current to operate the l iT.  The opera­

tion indicator target should drop freely. 

5. Indicating Contactor Switch (ICS) - Close the main 

relay contacts and pass sufficient de current through the trip 

circuit to close the contacts of the I C S .  This value of current 

should be not greater than the particular I C S  tap setting be­

ing used. The operation indicator target should d rop freely. 

The contact gap should be approximately .047" 

between the bridging moving contact and the adjustable 

stationary contacts. The bridging moving contact should 

touch both stationary contacts simultaneously. 

ROUTINE MAINTENANCE 

All  relays should b e  inspected a n d  checked periodically to 

assure proper operatio n .  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 release the contacts and observe that the reset is smooth 

and positive. 

If an additional time check is desired, pass secondary 

current th rough the relay and check the time of operation. I t  

,------------------�-----

ICS INDUCTION UNIT 

__.-1NotJCTION UMIT 
LAG COIL 

INDICATING 

I N STAMTUEOUS UIIIT 

TEST SWI TCH 

1'-1-:.+....-�uRREfH TEST .IACIC 

CHASS I S  OPERATED 

SHOITI NO SWITCH 

- ·TERMINAL 

5 7- D - 45 2 9 

Fig. 1 8. 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  a m pere range C0-5 and C0-6 induction unit 

use the alternative test circuit in Fig. 1 6  as these relays are 

a ffected by a distorted wave form. With this connection the 

25/5 am pere cu rrent transformers should be worked well 

below the k nee of the saturation (i.e. use I OL50 or better). 

All contacts should be periodically cleaned . A contact 

burnisher # 1 82A�B6HO I is recommended for this purpose. 

The use of abrasive m aterial for cleaning contacts is not 

recom mended,  because of the danger of embedding small par­

t ic les in  the face of the soft silver and thus impairing the con­

tact. 

CALIBRATION 

U se t h e  fol lowing procedure for calibrating t h e  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 orde r .  (See "Accep­

tance Check")  

C O  UNIT 

I .  Contact 

a) By turning the time dial,  move the moving contacts 

until they deflect the stationary contact to a posi-
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TYPE CO OVERC U R RENT RELAYS _______________________ _ 

l ion where the stationary contact is resting against 

its backstop. The index mark located on the move­

ment frame should coincide with the "0" mark on 

the time dial. For double trip relays, the follow on 

the stationary contacts should be approximately 

I /64 " .  

h )  For relays iden tified w i t h  a "T ' ,  located at lower 

left of stationary contact block, the index mark on 

the move1nent frame wil l  coincide with the "0" 

mark on the time dial when the stationary contact 

has moved th rough approximately one-half  of its 

normal deflection . Therefore, with the stationary 

contact resting against the backstop, the index mark 

is o ffset to the right of the "0" mark by ap­

proxim ately .020" . The placement of the various 

t ime dial positions in l ine with the index mark will 

give operating times as shown on the respective 

t ime-current cu rves. For double trip relays, the 

follow on the stat ionary contacts should be ap­

proximately I / 32" .  

2 .  Minimum Trip Current - The adjustment of the spring 

tension i n  setting the minimum trip current value of the relay 

i s  most conveniently made with the damping magnet remov­

ed . 

W ith the t ime dial set on "0" , wind up the spiral spr­

ing by means of the spring adjuster u nti l  approximately 6-3/4 

convolutions show. 

St:t the relay on the minimum tap setting, the t ime dial 

to position 6.  

Adjust the control spring tension so that the moving 

contact wil l  leave the backstop at tap value current + 1 .0% 

and will  return to the backstop at tap value current - 1 .0%. 

J. Time Curve Calibration - I nstall  the permanent 

magnet. 

A pply the indicated current per Table I for permanent 

magnet adj ustment (e.g. C0-8, 2 times tap value) and 

measure the operating time. Adjust the permanent magnet 

keeper u ntil the operating time corresponds to the value of 

Table I .  

For type CO- I l relay only, the 1 .30 times tap value 

operating time from the number 6 time dial position is 54.9 

± 5 ' (  seconds. It is im portant that the 1 .30 times tap value 

18 

cu rrent he maintained accurately.  The maintaining of this 

cu rrent accurately is necessary because o f  the steepness of the 

slop..: o f  the ti me-current characteristic ( Figure 1 3) .  A I %  

va riation i n  the 1 . 30 t imes tap value current ( including 

measuring instrument deviat ion)  wil l  change the nominal 

operating time by approximately 4%.  If  the operating time at 

I . J t imes tap value is not within these l imits, a minor adjust­

ment o f  the control spring will give the correct operating t ime 

without any undue effect on the minimum pick-up of the 

relay.  This check is to be made after the 2 t imes tap value ad­

j ustment has been com pleted. 

A pply the indicated current per Table I for the elec­

tromagnet plug adj ustment (e.g. C0-8, 20 times tap value) 

and measure the operating t ime. Adjust the proper plug until 

the operating time corresponds to the value i n  Table I .  

(Withdrawing the left hand plug, front view, i ncreases the 

operating time and withdrawing the right hand plug, front 

view , decreases the t ime.)  I n  adj usting the plugs, one plug 

should he screwed in completely and the other plug run i n  or 

out u ntil the proper operating time has been obtained. 

Ro.:check the permanent magnet adj ustment .  If the 

operat ing time for this cal ibration point has changed, readjust 

the permanent magnet and then recheck the electromagnet 

plug adj ustment.  

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 

shou ld he not greater than the particular ICS tap setting be­

ing used. The operation indicator target should d rop freely. 

5 .  Indicating Instantaneous Trip Unit ( liT) 

The core screw must be adj usted to the value of pick-up 

cu rr<.:nt do.:siro.:d . 

The nameplate data wil l  furnish the actual current 

range that may be obtained from the l iT unit .  

RENEWAL PARTS 

R epair work can be done most satisfactorily at the 

factory. H owever, interchangeable parts can be furnished to 

the customers who are equipped for doing repair work . W hen 

ordering parts,  always give the complete n ameplate data. 
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TYPE CO OVERCU RRENT RELAYS ----------------------I ._L._4_1 -...;.1..:.01.:...::_a 

i . . m 
( 16 1 .93) 

TERMINAL AND 
MOUNTING DETAILS 

. 563 
( 14.30 ) .250 DIA. 4 HOLES FOR 16• 35 1 , 190-32 MTG. SCREWS 

�+-2.938 
(74.63) 

PAN E L  CUTO U T  S DRI L LI N G  

FOR SEM I - FLUSH MTG .  

2 . 328 _--.� 
( 59. 1 3 ) 

. 516 (13. 1 1 )  
1.031 +. 1.031 

CUTOUT (26. 19)  '26.19) {26 . 19) (26.19) 
PANEL DRILLING OR CUTOUT FOR 
PROJECTION MTG. (FRONT VIEW ) 

S ub 1 2  
5 7D 7 9 0 1  

0 Fig. 1 9. Outline and Drilling Plan for the Type C O  Relay. 

1 9  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE CO OVERC U RRENT RELAYS----------------------· 

TABLE 1 

TIME C U RVE CALI BRATI ON DATA - 50 & 60 HERTZ 

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME CURRENT OPERATING CURRENT OPERATING 
RELAY DIAL (MULTI PLES OF TIME (MULTIPLES OF TI ME 
TYPE POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS 

C0-2 6 3 0 .57 20 0.22 

C0-5 6 2 37 .80 10  1 4 .30 

C0-6 6 2 2 .46 20 LI 9  

C0-7 6 2 4.27 20 1 . 1 1  

CO-X 6 2 1 3 . 3 5  20 1 . 1 1 

CO-'! 6 2 8 .87 20 0.65 

CO- I l 6 2 1 1 .27 20 0 . 24 � 

0 /\ For 50 hertz CO- I l relay 20 times operating time limits are 0.24 + 1 0%,  -5%.  

INDICATING 
COMTAOTOit 
SWITCit ----

I NTERNAL SCHEMATIC  

ICS)----r--------, 

fRONT � l EW 

IIIDUCTIOM UIII I T  

IIIID.CHIMij 
IMITAIHAIIIEOUS 
UIIIT 

ED HN6DLE 

5 7 - D - 45 2 6 

F1g 20. Internal Schematic of the Double Trip Circuit Closing 

Relay with Indicating Instantaneous Trip Unit. 

IIIDitATUIEI 
COIITACTOR 
SWJTCII 

INTERNAL SCHEMATIC 

UIDICUIM6 
I MSTUTAIIEOUS UIIT 

RED KAIDLE 

TEST SWITCH 

l'�t----i+----CtJIIEIT TEST JACI 

CHASS IS OPEUTlO SHOITIIQ SWI TCH 

TUNIIAL 

184A0 6 1 

F1g. 2 1 .  Internal Schematic of the Double Trip Circuit Closing 

Relay with Indicating Instantaneous Trip Unit to Separate 

Terminals. 

W E S TIN G H O U S E  E L E C T RI C  C OR P ORA T IO N  
R E LAY- I N STR U M E N T D I V I S I O N  N EWA R K ,  N .  J. 

Printed in U.S .A.  
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Westinghouse I . L. 4 1 - 10 1 L  

I N ST A L L A TI O N  • O PE R A T I O N  • M A I N TE N A N C E  

I N S T R U C T I O N S  
TYPE CO OVERC U R R ENT RE LAY 

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. 

APP LICATION 

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. 

CONT ENTS 

This instruction leaflet applies to the following 

types of relays: 

Type CQ-2 Short Time Relay 

CQ-S Long Time Relay 

C0-6 Definite Minimum Time Relay 

CQ- 7 Moderately Inverse Time Relay 

C0-8 Inverse Time Relay 

CQ-9 Very Inverse Time Relay 

co- n Extremely Inverse Time Relay 

CONSTRUCTION AND OPE RATION 

The type CO relays consist of an overcurrent unit 

(CO), an indicating contactor switch (ICS), and an in­

dicating instantaneous trip unit (liT) when required. 

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

Electromagnet 

The electromagnets for the types co-s, C0-6, 

co-7, co-8 and C0-9 relays have a main tapped coil 

located on the center leg of an "E" type laminated 

structure that produc es 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. 4 1 - 1 0 1 K  
*Denotes change from superseded i ssue. 

cause a contact closing torque. 

The electromagnets for the types CQ-2 and co- n 

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 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 .::ause 
a contact closing torque. 

Indi cating Contactor Swi tch Unit  (ICS) 

The d-e 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 Un i t  ( l iT) 

The instantaneous trip unit is a small a-c oper­

ated clapper type device.  A magnetic armature , to 
which leaf-spring mounted c ontacts 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 :  
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TYPE CO OVE RCURREHT RELAYS _______________________ _ 

* Fig. 1 .  Type CO Relay Without Case. 1-lndicating Instantaneous trip (li T). 2-1/ T  Adjusting Screw. 3-lndicating Contactor 

Switch (I CS). 4-lndicating Contactor Switch Tap B lock. 

Fig. 2. Time Overcurrent Unit (Front View). 1- Tap B lock. 2- Time Dial. 3-Control Spring A ssembly. 4-Disc. 5-Stationary 

Contact Assembly. 6-Magnetic Plugs. ?-Permanent Magnet. 
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TY P E  CO OVERCURRENT RE LAYS _________________________________________ __ 
1_· L_. _4 1_- 1_0_1 L_ 

Fig. 3. "E• Type Electromagnet. 1· Magnetic Plugs. 2-Tap 

B lock. 3· Tap Screw. 

Fig. 4. Indicating Instantaneous Trip Unit ( l iT). 

Fig. 5. Indicating Contoctor Switch (I CS). 
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TYP E  CO OVE RCU RRENT R ELAYS 

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. 

Tri p Circuit 

The main contacts will safely close 30 amperes 

at 250 volts d-e and the seal-in contacts of the indi-

STAT I ON BUS 

--��--------------------------- 2 
--�+-.---------------------- 3 

PH. l 

PH. J 

GRD 

D E V I C E  N UM B E R  C H A R T  
51  - OYERCURREHT REL AY,  TYPE CO 

eating contactor switch wi11 s afely carry this current 

long enough to trip a circuit breaker. 

The indicating instantaneous trip contacts will 

safely close 30 amperes at 250 volts d-e ,  and will 

carry this current long enough to trip a breaker. 

The indicating contactor switch has two taps that 
provide a pickup setting of 0 . 2  or 2 amperes. To 

change taps requires connecting the lead located in 

front of the tap block to the desired setting by means 

of a screw c onnection. 

Trip Ci rcuit  Constants 

Contactor Switch -

0.2 ampere tap - 6 .5  ohms d-e resistance 
2 . 0  ampere tap - 0.15 ohms d-e resistance 

D . C .  TR I P  BUS 
POS. -------------------

OR 
N EG. 

&2 a 

l;il-3 Sl-N 

I CS 

5 1 N  - GROUND O YERCURREHT RELAY , TYPE CO 
5L - POwER C I RCU I T  BREAKER 

N EG. � I CS - I N D I CAT I NG COHTACTOR SW I TCH 
a - BREAKER AUX I L I ARY CONTACT 

TC - BREAKER TR I P  CO I L  
OR 

POS. 

1 8 2 -A -7 5 5  

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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TYP E  CO OVERCURRENT RELAYS _____________________________________________ 1 ·_L_. 4_1_· 1_0 1 __ � 

E N ERGY R EQUI REMENTS 

* Instantaneous T r i p  Un it (IIT) 

RANGE IN BURDEN IN VOLT-AMPS. AT 

AMPERES MINIMUM SETTING MAXIMUM SETTING 

2 - 8 4 . 5  3 2  

4 - 1 6  4 . 5  3 2  

10 - 40 4 . 5  40 

20 - 80 6 . 5  70 

40 - 160 9 . 0  144 

T Y P E  C0-2 R E L A Y  

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) ANGL E ¢  CURRENT CURRENT CURRENT CURRENT 

0.5 0 .91  28 58 4.8 39. 6 256 790 
0.6 0 .96 28 57 4.9 39.8 270 851 
0.8 1 . 18 28 53 5.0 42.7 308 1024 

0.5/2.5 1.0 1 . 37 28 50 5 .3  45 .4  348 1220 
1 . 5  1 .95 28 40 6.2 54.4 435 1740 
2.0 2 .24 28 36 7 . 2  65.4 580 2280 
2.5 2.50 28 29 7.9 73.6 700 2850 

2.0 3. 1 1 10 59 5.04 38. 7  262 800 
2 .5  4 .0  1 10 55 5. 13 39.8 280 920 
3.0 4 .4  110 5 1  5 .37  42 .8  312  1008 

2/6 3.5 4 .8 1 10 47 5 .53 42.8 329 1 120 
4.0 5. 2 1 10 45 5.72 46.0 360 1216 
5 .0  5 .6 110 41 5 . 90 50 . 3  420 1500 
6.0 6.0 1 10 37 6.54 54.9 474 1800 

4 .0  7 .3  230 65 4.92 39. 1 268 848 
5 .0  8.0 230 50 5 .20 42.0 305 1020 
6.0 8.8 230 47 5 .34 44. 1 330 1 128 

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 1 1 . 2  230 37 6 .6  55.5 470 1720 
12.0 12.0 230 34 7.00 62.3 528 2064 

* Thermal cafacities for short times other than one s econd may be calculated on the basis of time being inversely proportional to the 
square of t e current. 

¢ Degrees current lags voltage at tap value c urrent. 

• •  Voltages taken with Re ctox type voltmeter . 
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TYP E CO OVERCURRENT R ELAYS ____________________________________________ __ 

E N E RGY REQUIREMENTS 

C O·S L O N G  T I ME A N D  C 0·6 DE F I N IT E  M I N IM U M  T I ME R E LA Y S  

AMPERE 

RANGE 

0.5/2.5 

2/6 

4/12 

TAP 

(0.5 

(0.6 

(0.8 

( 1 .0 

(1 .5  

(2.0  

(2.5  

(2  

(2.5  

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

(10 

(12  

CONTINUOUS 
RATING 

(AMPERES) 

2.7 

3. 1 

3.7 

4. 1 

5.7 

6.8 

7.7 

8 

8.8 

9.7 

10.4 

1 1 .2 

1 2.5 

1 3 . 7  

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

ONE SECOND 
RATING* 

(AMPERES) 

88 

88 

88 
88 
88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER 
FACTOR 
ANGLE ¢ 

69 

68 

67 

66 

62 

60 

58 

67 

66 

64 

63 

62 

59 

57 

65 

63 

61 

59 

56 

53 

47 

AT 
TAP VALUE 

CURRENT 

3.92 

3 . 96 

3.96 

4.07 

4 . 1 9  

4.30 

4.37 

3 .88 

3.90 

3.93 

4.09 

4 . 1 2  

4 . 20 

4.38 

4.00 

4. 15 

4 .32 

4 . 35 

4.40 

4 . 60 

4 . 92 

VOLT AMPERES* • 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.6 

20.7 

2 1  

2 1 .4 

23.2 

24.9 

26. 2 

2 1  

2 1 . 6  

22. 1 

23 . 1  

23.5 

24.8 

26.5 

22.4 

23.7 

25 .3 

26.4 

27 . 8  

30. 1 

35.6 

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 

106 

1 14 

122 

147 

168 

180 

1 10 

1 1 8  

1 26 

136 

144 

162 

183 

126 

143 

162 

183 

204 

247 

288 

AT 20 TIMES 
TAP VALUE 

CURRENT 

270 

288 

3 25 

360 

462 

548 

630 

308 

342 

381 

417 

448 

540 

624 

376 

450 

53 1 

6 1 1  

699 

880 

1056 

C 0 ·7 M O D E R AT E L Y  I NV E R S E T I M E  R E L A Y  

CONTINUOUS ONE SECOND 
AMPERE RATiNG RATiNG* 

RANGE TAP (AMPERES) (AMPERES) 

0. 5/2. 5 

2/6 

4/ 1 2  

(0.5 

(0.6 

(0.8 

( 1.0  
( 1 . 5  

(2.0 

(2.5 

(2 

(2.5  

(3  

(3 . 5  

(4 

(5 

( 6  

(4 

(5 

(6 

(7 
(8 

(10 

(12  

2.7 

3. 1 

3.7 

4. 1 
5.7 
6.8 

7.7 

8 

8.8 

9.7 

10.4 

1 1 .2 

1 2.5 

13.7  

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

88 

88 
88 

88 

88 

88 
88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

VOLT AMPERES* • 

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 

68 

67 

66 

64 

6 1  

58 

56 

66 

63 

63 

62 

6 1  

59 

58 

64 

61 

60 

58 

55 

51 

46 

3.88 

3 . 93 

3 . 93 

4.00 

4 .08 

4.24 

4.38 

4.06 

4.07 

4 . 14 

4 . 34 

4.34 

4 . 40 

4 . 62 

4 . 24 

4.30 

4.62 

4.69 

4.80 

5 . 20 

5.40 

20.7 

20.9 

2 1 . 1  

2 1 . 6  

22.9 

24.8 

25.9 

2 1 . 3  

2 1 . 8  

22.5 

23.4 

23.8 

25. 2  

27 

22.8 

24 . 2  

25.9 

27.3 

29.8 

33 

37.5 

103 

107 

1 14 

1 22 

148 

174 

185 

1 1 1  

1 20 

129 

141 

149 

163 

183 

1 29 

149 

168 

187 

2 1 1  

260 

308 

278 

288 

320 

356 

459 

552 

640 

306 

342 

366 

4 1 3  

448 

530 

624 

392 

460 

540 

626 

688 

860 

1032 

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

¢ Degrees current lags voltage at tap value current. 

** Voltages taken with Rectox type voltmeter. 

6 

-· 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E  CO OVERCURRENT R ELAYS ____ �-----------------I ._L_. 4_1_- l_Ol_L._ 

E N E RGY R EQUIREMENTS 

C 0-8 I NV E R S E  T I M E  A N D  C 0-9 V E R Y  I NV E R S E T IM E  R E L A Y S  

CONTINUOUS ONE SECOND 
AMPERE RATING RATING* 
RANGE TAP (AMPERES) (AMPERES) 

0.5/2 .5 

2/6 

4/ 1 2  

AMPERE 

(0.5 

(0.6 

(0.8 

( 1 . 0  

( 1 .5 

(2.0 

(2.5 

(2 

(2.5 

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 10 

( 1 2  

RANGE TAP 

0.5/2.5 

2/6 

4/ 1 2  

0.5 

0 . 6  

0 . 8  

1 . 0  

1 .5 

2 .0 

2.5 

2.0 

2 .5  

3.0 

3 .5  

4 .0 

5.0 

6.0 

4 . 0  

5.0 

6.0 

7.0 

8.0 

10.0 

1 2 . 0  

2.7 
3.1  
3.7 
4.1 

5.7 

6.8 

7.7 

8 

8.8 

9.7 

10.4 

1 1. 2  

1 2 . 5  

1 3 . 7  

1 6  

18.8 

1 9 .3 

20.8 

22.5 

25 

28 

CONTINUOUS 
RATING 

(AMPERES) 

1 . 7  

1 . 9  

2 . 2  

2 . 5  

3 . 0  

3 .5 

3 . 8  

7.0 

7.8 

8.3 

9.0 

1 0 .0 

1 1 .0 

1 2.0 

1 4  

1 6  

1 7  

1 8  

2 0  

2 2  

2 6  

8 8  

8 8  

8 8  

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

ONE SECOND 
RATING* 

(AMPERES) 

56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

VOLT AMPERES** 

POWER AT AT 3 TIMES 

FACTOR TAP VALUE TAP VALUE 
ANGLE ¢ CURRENT CURRENT 

72 

7 1  

69 

67 

6 2  

57 

53 

70 

66 

64 

62 

60 

58 

56 

68 

63 

60 

57 

54 

48 

45 

2.38 

2.38 

2 . 40 

2.42 

2.51 

2.65 

2.  74 

2.38 

2.40 

2.42 

2.48 

2 . 53 

2.64 

2.75 

2.38 

2.46 

2.54 

2 . 62 

2.73 

3.00 

3.46 

T Y P E C 0- 1 1  R E L AY 

2 1  

2 1  

2 1 . 1  

2 1 . 2  

22 

23.5 

24.8 

21 

2 1 . 1  

2 1 . 5  

2 2  

2 2 . 7  

24 

25.2 

2 1 . 3  

2 1 . 8  

22.6 

23.6 

24.8 

27.8 

3 1 . 4  

A T  1 0  TIMES AT 20 TIMES 
TAP VAL UE TAP VALUE 

CURRENT CURRENT 

132 

134 

142 

150 

170 

200 

228 

136 

142 

149 

157 

164 

180 

198 

146 

158 

172 

190 

207 

248 

292 

350 

365 

400 

440 

530 

675 

800 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

VOLT AMPERES* *  

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

36 

34 

30 

27 

22 

17 

1 6  

3 2  

30 

27 

24 

23 

20 

20 

29 

25 

22 

20 

18 

17 

1 6  

0.72 

0.75 

0.81 

0.89 

1 . 1 3  

1 .30 

1 .48 

0.73 

0.78 

0.83 

0.88 

0.96 

1 .07 

1 . 23 

0.79 

0.89 

1 .02 

1 . 10 

1 . 2 3  

1 . 3 2  

1 .8 

AT 3 TIMES 
TAP VALUE 

CURRENT 

6.54 

6.80 

7.46 

8.30 

10.04 

1 1 .95 

1 3 . 95 

6 .30 

7.00 

7 . 74 

8.20 

9 . 1 2  

9 .80 

1 1 .34 

7.08 

8.00 

9 . 1 8  

10.00 

1 1 . 1  

14.9 

16.3 

AT 1 0  TIMES 
TAP VALUE 

CURRENT 

7 1 . 8  

75.0 

84.0 

93 . 1  

1 15 .5 

136.3 

160.0 

74.0 

78.5 

84.0 

89.0 

1 02.0 

109.0 

129.0 

78.4 

90.0 

101 .4 

1 10.0 

1 24.8 

13 1 .6 

180.0 

AT 20 TIMES 

TAP VALUE 
CURRENT 

250 

267 

298 

330 

4 1 1  

502 

6 1 0  

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

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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Fig. 7 .  T ypical Time Curves of the Type C0-2 Relay. 
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Fig. 8 .  Typical Time Curves o f  the Type CO-S Relay. 
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Fig. 9 .  Typical Time Curves of the Type C0-6 Relay. 
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Fig. 1 0 .  Typ ical Time Curves o f  the Type C0-7 Relay. 
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Fig. 1 1 . Typical Time Curves o f  the Type CO-B Relay. 
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Fig. 13. Typical Time Curves of the Type C0- 1 1  Relay. 
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---11t0UCTIOM UMIT 

RED KNtDLE 

TfSf IWITCH 

URREJIT TEST JACK 

CHASS IS OPERATED 
SfDRTIItG SWITCH 

TEMIJIAL 

57-D-4524 

Fig. 14. Internal Schematic of the Double Trip Circuit 

Closing Relay. For the Single Trip Relay the 

Circuits Associated with Terminal 2 are Omitted. 

SETTI NGS 

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 cur­

rent multiple of the tap setting (e .g .  4 tap setting, 2 

time dial position or 4 tap setting, 0. 6 seconds at 6 

times tap value current). 

To provide selective circuit breaker operation, a 

minimum coordinating time of 0. 3 seconds plus circuit 

breaker time is recommended between 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 holes,  the relay will respond to multiples 

of tap value currents 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

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. 

IMDICATIIUI 
COMTACTOR 
SWITtlt--

FROtH V I EW 

IIIICATIIi 
IUTAIITMfOM Ill I T  

lEI lllfiDLE 
JUT SWITCI 

f�l------"-1---< .. llbT TEll "tel 
CIAISIS OHUTU 
saTUMI •1 Tel 
TEINIIAI. 

57-D-4525 

Fig. 15. Internal Schematic of the Single Trip Circuit• 

Closing Relay with Indicating Instantaneous 

Trip Unit. 

I nstantaneous Reel o.!!.!!.!L 
The factory adjustment of the CO unit contacts 

provides a contact follow. Where circuit breaker re­

el osing 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. 

I nd i cating Contactor Swi tch ( ICS) 

The only setting required on the ICS unit , is the 

s el ection of the 0. 2 or 2. 0 amp ere 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. 

I ndi cating I nstantan-eous Trip {l i T) 

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 liT. unit. 
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} TO TIMER ( T IMER STOPS WHEN ) 
STOP {AUX.RELAY CONTACT) 

{OPENS ) 

} TO TIMER ( T IMER STARTS WHEN) 
START ( SWI TCH •sw CLOSES) 

SWITCH •s• 
'----------+--1----o ..f'-o...------ 120 VOLTS � 60 CYCLES 

ALTERMAT IU: COMIUCTIOMS FOR .5 TO 2.5 A"'PERE RANGE 
C0-5 AND C0-6 REL<I.YS 

182-A- 754 

Fig. 16. Diagram of Test Connections for the Circuit· 

Closing Type CO Relay. 

I N S T A L L A T I  O N  
The relays should be mounted on switchboard 

panels or their e quivalent 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 el ectrical connections 

may be made directly to the terminals 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 b e  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 

IL 4 1-076. 

ADJUSTMENTS AND MAINT ENANCE 

The proper adjustments to insure correct opera­

tion of this relay have been mad e  at the factory. 

Upon receipt of the relay no customer adjustments, 

other than those covered under •sETTINGS" should 

be required. 

16 

For relays which include an indicating instantan­

eous trip unit (llT), the junction of the induction and 

indicating instantaneous trip coils is brought out to 

switch jaw �t3. With this arrangement the overcurrent 

units can be tested separately. 

Acceptance Check 

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

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 "0" 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 "0" 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 "0" mark by approximately .020".  The 

placement of the various time dial positions in 

line with the index mark will give operating 

times as shown on the 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 lowe st 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 C0- 1 1  relay only, the 
1. 30 times tap value operating time from the number 

6 time dial po sition is 54.9 ±5o/c 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 1o/c variation in the 1. 30 

times tap value current (including measuring instru­

ment deviation) will change the nominal operating 

time by approximately 4o/c 

Table I shows the time curve calibration 

points for the various types of relays. With the time 
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INDICATUiij 
COIHACTOR 
SWITCH 

INDUCTION UNIT 

INDUCTION UNIT 

L�l-------'1----t--r- - - -LAG COIL 

FRONT V I EW 

�"REO HAIIDLE 

TEST SWITCH 

CltASSI S Of'EIATEO 
SHORTIIIQ SWITCH 

TERNIMAl. 

57-D-4528 

Fig. 1 7. Internal Schematic of the Double Trip Circuit 

Closing Relay with Torque Control Terminals. 

For the Single Trip Relay, the Circuits Asso• 

elated with Terminal 2 are Omitted. 

dial set to the indicated position and the rel ay set 

on the lowest tap setting, apply the currents speci­

fi ed by Tabl e I, ( e. g. for the C0- 2,  3 and 20 time s  

tap value current) and measure t h e  op erating time o f  

the relay. The operating times should equal tho se 

of Table I plus or minus 5o/c 

4. Indicating Instantaneous Trip Unit (liT) -

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  1 0%. 

The making of the contacts and target indication 

should occur at approximately the same instant. 

Position the stationary contact for a minimum of 1/32" 

wipe . The bridging moving contact should touch both 

stationary contacts simultaneously. 

Apply sufficient current to operate the liT. The 

operation indicator target should drop freely. 

5. Indicating Contactor Switch (ICS) - C lose the 

main relay contacts and pass s ufficient d-e current 

through the trip circuit to c lose the contacts of the 

ICS. This value of current s htmld be not greater 

than the particular ICS tap setting being us ed.  The 

oper ation indicator target s hould drop freely. 

The contact gap s hould be approximately .04 7 "  
between the bridging moving contact a n d  the adj ust­
able stationary contacts . The bridging moving con­
tact should touch both stationary contacts s imultan­
eously, 

IMDICATI•I 
=�:1111'-------1"� 

ItS 

57-D-4529 

Fig. 18. Internal Schematic of the Single Trip Circuit 

Closing Relay with Torque Control Terminals 

and Indicating Instantaneous Trip Unit. 

R o ut i n e  M a i nt e n a n c e  

All relays should b e  insp ected and check ed peri­

odically to as sure prop er operation. Generally a visual 

inspection should call attention to any noticeable 

chan ges. A minimum suggested check on the relay 

sy stem is to close the contacts manually to assu re 

that the b r eaker trips and the target drop s. Then re­

lease the contacts and observe that the reset is 

smooth and po sitive. 

If an additional time check is desir ed, pass sec­

ondary current through the relay and check the time of 

op eration. It is pr eferable to make this at sev eral 

times pick-up current at an expected operating point 

for the p articular application. For t he . 5  to 2. 5 amp ere 

range C0- 5  and C0-6 induction unit use the alternative 
t est circuit in Fig. 16 as these rel ays are affected by 

a distorted wave form. With this connection the 25/ 5 

ampere current transformers should b e  worked well b e­

low the knee  of the saturation (i . e. use 10L50 or 

better). 

All contacts should be periodically cleaned. 

A contact burnisher # 1 82A836H01 is recommended 

for this purpo se. The use of abrasive material for 

cleaning contacts is not recorr;mended, because of 

the danger of embedding small particles in the face 

of the soft silver and thus impairing the contact . 

CALl BRA TION 

Use the following procedure for calibrating the 

relay if the relay has been taken apart for repairs or 
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TYP E 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") 

C O  U n i t  

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 "0" 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 "0" 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 "0" mark by approximately .020 " .  The 

placement of the various time dial positions in 

line with the index mark will give operating 

times as shown on the 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 current 
value of the relay is most conveniently made with 

the damping magnet removed.  
With the time dial set  on "0 " ,  wind up the spiral 

spring by means of the spring adjuster until 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 s o  that the 

movlng c ontact 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. C0-8 , 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 C0- 1 1  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 nominal opera­

ting time by approximately 4%. If the operating time 

at 1. 3  times tap value is not within these limits, a 

minor adjustment of the control spring will give the 

correct operating time without any undue effect on 

the minimum pick-up of the relay. This check is to 

be made after the 2 times tap value adjustment has 

has been completed. 

Apply the indicated current per Table I for the 

electromagnet plug adjustment (e .g. C0- 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 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-e 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 (liT) 

The core screw must be adjusted to the value 

of pick-up current desired. 

The nameplate data will furnish the actual cur­

tent range that may be obtained from the liT 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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TY P E  CO OV ERCURRENT R E LAYS ______________________________________________ __ 

TABLE 1 

T I M E  C U R V E  C A L I B RA T I O N  D A T A - 50 & 60 C Y C L E S  

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 

C0-2 6 3 0.57 

CD-5 6 2 37.8 0 

C0-6 6 2 2.46 

C0-7 6 2 4.27 

C0-8 6 2 13.35 

C0-9 6 2 8.87 

C0-11  6 2 11.27 

6 For 50 eyel e C0- 1 1  relay 20 times operating time l imits are 

INTERN,Al SCHEMAT I C  

IIDICATIM& 

=��r;= .. =-------J-1 

fRONT Y I EW 

UDICATUhi 
IIITAITMEOUS 
UNIT 

D NAitOLE 

TEll S.ITCH 

57 -D- 4526 

Fig. 20 In ternal Schemati c of the Double Trip 

Circuit Clo sing Relay with Indi cati n g  
In stantaneou s  Trip Unit. 

20 

1 0  

20 

20 

20 

2 0  

2 0  

0. 24 + 10%, -5%. 

INTERNAL SCHEMATtC 

0.22 

14.30 

1.19 

1 .11  

1 .11  

0.65 

0.24 6 

IMDUCTIOI UIIT 

IIDICATIIG 
IISTAITAIIEOUS 

UIIT 

lED IWIDLE 

TEST SWITCH 

1'--,--+1--CUIIEIT TEST JACI 
CHASSIS OPEIATlO 
StiOITII8 SWITCit 

TE•IIAL 

184A061 

Fig. 2 1  I n ternal Schematic of the Dou ble Trip 

Circuit Closing R ealy with Indi catin g 

I n stantaneous Trip Unit to Separate 

Terminals, 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E NT D IVI S I O N  N EWAR K, N .  J.  
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Westinghouse I . L. 4 1 - 1 0 1 M  

I N ST A L L A TI O N  • OPE R A T I O N  • M A I N TE N A N C E  

I N S T R U C T I O N S  
TYPE CO OV ERC U R R ENT RE LAY 

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. 

APP LICATION 

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 cir.cuit breaker. 

CO NTENTS 

This instruction leaflet applies to the following 

types of relays : 

Type co-2 Short Time Relay 

CD-S Long Time Relay 
C0-6 Definite Minimum Time Relay 

CD-7 Moderately Inverse Time Relay 

C0-8 Inverse Time Relay 

CD-9 Very Inverse Time Relay 

CD- 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 instantaneous trip unit (liT) when required. 
The principal component parts of the relay and their 
location are shown in Figs. 1-S. 

El ectromagnet 

The electromagnets for the types CD-S, CD-6, 

co-7, co-s and C0-9 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 

SUPERSEDE S I . L .  4 1 - 1 01 L  
* Denotes change from su perseded issue .  

cause a contact closing torque. 

The electromagnets for the types CD-2 and CD- 1 1  

relays have a main coil consisting o f  a tapped primary 
winding and a secondary winding. Two identical coils 

on the outer legs of the lamination structure are con­

nected to the main coil secondary in a manner so that 

the combination of all the fluxes produced by the 
electromagnet result in out-of-phase fluxes in the air 

gap. The out-of-phase air gap fluxes produced �ause 

a contact closing torque . 

Indi cating Contactor Switch Unit  (ICS) 

The d-e 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  ( l iT) 

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 .  

CHARACTERI STICS 

The relays are generally available in the follow­

ing current ranges: 
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TYPE CO OVERCURRENT R ELAYS ______________________ _ 

Fig. 1. Type CO Relay Without Case. !-Indicating Instantaneous trip (l i T). 2-1 / T  Adjusting Screw. 3-lndicating Contactor 

Switch (I CS). 4-lndicating Contactor Switch Tap B lock. 

Fig. 2. Time Overcurrent Unit (Front View). l·  Tap B lock. 2· Time Dial. 3-Control  Spring A ssembly. 4-Disc. 5-Stationory 

Contact Assembly. 6-Magnetic P lugs. ?-Permanent Magnet. 
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TY P E  CO OVERCURREN T RELAYS _____________________________________________ �I�. L�-�41�-�� o�l M  

Fig. 3. "E" Type Electromagnet. 1 - Magnetic Plugs. 2- Tap 

B lock. 3- Tap Screw. 

T 

Fig. 4. Indicating Instantaneous Trip Unit (li T). 

Fig. 5. Indicating Contactor Switch (I CS). 
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TYPE CO OVE RCU R R EN T  RELAYS 

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 s hown in 

Figs . 7 to 13. The se characteristics give the contact 

closing time for the various time dial settings whe n 

the indicated multiple s  of tap value current are ap­

plied to the relay . 

Trip C i rc u i t  

The main contacts will safely close 30 a·.nneres 

at 25 0 volts d-e and the seal-in contacts of the inJi-

$TA T I OII BUS 

--��--------------------------- 2 

51 5 1- 1  51 

��--�9 �� 
& 1  9 

P H ,  1 

Pfi , :£  

P H . 3 

GRD 

eating contactor s witch 'Niil s afely carry this current 

long enough to triP a circuit breaker. 

The indicating instantaneous tri!l c ontacts will 

safe ly close 30 amperes at 2 5 0  volts d-e ,  and will 

curry this current long enough to trip a breaker. 

The indicating contactor s witch has two taps that 

provide a pickup s e tting of 0 . 2  or 2 amperes. ro 

change taps requires connecting t he lead located in 

front of the tap block to the de s ired setting by means 

of a screw connection. 

Trip C i rcu i t  Constants 

Contactor S witch -

0 . 2  ampere tap - 6 . 5  ohms d- e resistance 

2 . 0  ampere tap - 0.15 ohms d-e resistance 

D. C .  TR I P  BUS 
POS. -�------------

OR 
N EG. 

I CS 

!)1-3 Sl-N 

D E V I C E N UM B E R  C H A R T  
5 1  - OVERCURREHT  REL AY. TYPE CO 

b i N  - GROUND O VERCURRENT R ELAY , TYPE CO 
5L - POWER C I RCU I T  BREAKER 

52 a 

NEG. � I CS - I ND I CAT I N G  COHTACTOR SW I TCH 
a - BREAKER AUX I L I ARY CONTACT 

TC - BREAKER TR I P  CO I L  
OR 

POS. 

182 -A -7 5 5  

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

Phase System. 
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TYPE CO OVERCURRENT RELAYS ____________________________________________ �I .�L�- �41�-l�O�l M  

ENERGY REQUIREMENTS 

* I n stantaneou s  T r i p  U n i t  (liT) 

RANGE IN B URDEN IN VOLT-AMP S. AT 

AMP ERES MINIMUM SETTING MAXIMUM SETTING 

2 - 8 4 . 5  3 2  

4 - 1 6  4 . 5  3 2  

1 0  - 40 4 . 5  4 0  

2 0  - so 6 . 5  7 0  

4 0  - 160 9 . 0  1 4 4  

T Y P E C0-2  R E L A Y  

VOLT AMPERES* • 

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIM ES AT 20 TI�lES 

MIP ERE RATING RATIN G *  FACTOR TAE' V A L U E  TAP V AL U E  TAP V A L U E  TAP V A L U E  

R A NGE TAP ( A M P ERES) (AMP ERES) ANGL E ¢  CURRENT CURRENT CURRENT CURRENT 
�---- -�-----

0 . 5  0 . 9 1  2 8  58 4.8 3 9 . 6  256 790 

0 . 6  0 . 96 28 57 4 . 9  39.8 270 85 1 

0 . 8  1 . 18 28 5 3  5 . 0  4 2 . 7  308 1024 

0 . 5 / 2 . 5  1 . 0  1 . 37 28 50 5 . 3  4 5 . 4  348 1 2 20 

1 . 5  1 . 95 28 40 6 . 2  5 4 . 4  435 1740 

2 . 0  2 . 24 28 36 7 . 2  65 .4  580 2280 

2 .5  2 . 50 28 29 7.9  7 3 . 6  700 2850 

2 . 0  3 . 1  1 10 59 5.04 38 . 7  262 800 

2 . 5  4 . 0  1 10 55 5. 1 3  3 9 . 8  280 9 20 

3 .0  4 . 4  1 10 5 1  5 . 3 7  42. 8 3 1 2  1008 

2/6 3 . 5  4 . 8  1 10 47 5 . 5 3  4 2 . 8  329 1 1 20 

4 . 0  5 . 2  1 10 45 5 . 7 2  46.0 360 1 2 1 6  

5 . 0  5 . 6  1 10 4 1  5 .90 5 0 . 3  420 1500 

6 . 0  6 . 0  1 10 37 6.54 5 4 . 9  474 1800 

4 . 0  7 . 3  230 65 4 . 9 2  39. 1 268 848 

5 . 0  8 . 0  230 50 5 . 20 42.0  305 10 20 

6.0 8 . 8  230 47 5 . 34 44 . 1  330 1 1 28 

4/ 1 2  7 . 0  9 . 6  230 46 5 . 53 4 5 . 8  364 1 260 

8 . 0  10 . 4  230 43 5 . 8 6  4 9 . 9  400 1408 

10.0 1 1 . 2  230 37 6.6 5 5 . 5  470 1720 

1 2.0 12 .0  230 34 7.00 62.3 528 2064 

. Thermal cafacities for short times other than one s e cond may be calc ulated on the basis of time be ing inversely proportional to the 
s quare of t e c urrent. 

¢ Degre e s  c urrent lags voltage at tap value c urrent. 

. .  Voltages taken with R e ctox type voltmeter . 
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TYP E CO OVERCU RRENT RELAYS ______________________________________________ __ 

AMPERE 

RANGE 

0 . 5/2.5 

2/6 

4/12 

AMPERE 

RANGE 

0 . 5/2. 5 

2/6 

4 / 1 2  

TAP 

(0.5 

(0.6 

(0. 8  

( 1 .0 

( 1 . 5  

( 2 . 0  

(2.5 

(2 

(2. 5 

(3 

(3 .5  

(4  

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 1 0  

( 1 2  

TAP 

(0.5 

(0.6 

(0.8 

( 1. 0  

( 1 . 5  

(2.0 

( 2 . 5  

( 2  

( 2 . 5  

(3 

( 3 . 5  

( 4  

( 5  

(6 

(4 

( 5  

( 6  

(7 

(8 

( 10 

( 1 2  

ENERGY REQUIREME NTS 

C O·S L O NG T I M E  A N O  C 0 -6 D E F I N I T E  M I N IM U M T I ME R E LA YS 

CONTINUOUS 
RATING 

(AMPERES) 

2.7 

3. 1 

3.7 

4. 1 

5.7 

5 .8 

7 . 7  

8 

8.8 

9.7 

10.4 

1 1 . 2 

1 2. 5  

1 3 . 7  

1 6  

18.8  

1 9 . 3  

20.8 

22.5 

25 

28 

ONE SECOND 
RATING* 

(AMPERES) 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER 
FAC'IDR 
ANGLE ¢ 

69 

68 

67 

66 

62 

60 

58 

67 

66 

64 

63 

62 

59 

57 

65 

63 

61 

59 

56 

53 

47 

AT 
TAP VALUE 

C URRENT 

3 . 92 

3 . 96 

3 . 96 

4 .07 

4 . 1 9 

4 . 30 

4 . 3 7  

3 . 88 

3 . 9 0  

3 . 93 

4.09 

4 . 1 2  

4 . 20 

4 . 3 8  

4 .00 

4 . 15 

4 . 32 

4 . 35 

4.40 

4 . 60 

4 . 92 

VOLT AMPERES . .  

A T  3 TIMES 
TAP VALUE 

CURRENT 

20.6 

20.7 

21 

2 1 .4 

23.2 

24.9 

26. 2 

2 1  

2 1 . 6  

22. 1 

23 . 1  

23.5 

24 .8 

26.5 

22.4 

23.7 

25.3 

26.4 

27 . 8  

30 . 1  

35.6 

AT 1 0  TIMES 
TAP VALUE 

CURR ENT 

103 

106 

1 14 

122 

147 

168 

180 

1 10 

1 18 

126 

136 

144 

162 

183 

126 

143 

162 

183 

204 

247 

288 

C 0·7 M O D E R A T E L Y I NV E R S E T I M E  R E L A Y 

VOLT AMPERES . .  

AT 2 0  TIMES 
TAP VALUE 

CURRENT 

270 

288 

325 

360 

462 

548 

630 

308 

342 

381 

4 1 7  

448 

540 

624 

376 

450 

53 1 

6 1 1  

699 

880 

1056 

CONTINUOUS ONE SECOND POWER AT 
TAP VALUE 

CURRENT 

AT 3 TIMES AT 10 TIMES AT 20 TIMES 

RATlNG 

(AMPERES) 

2.7 

3. 1 

3.7 
4 . 1  

5.7 

6.8 

7.7 

8 

8.8 

9 . 7  

1 0 . 4  

1 1 .2 

1 2. 5  

1 3 . 7  

1 6  

1 8 . 8  

1 9 . 3  

20 . 8  

2 2 . 5  

2 5  

28 

RATlNG * 
(AMPERES) 

88 

88 
88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

FAC'IDR 
ANGLE ¢ 

68 

67 

66 
64 

6 1  

58 

56 

66 

63 

63 

62 

61 

59 

58 

64 

6 1  

60 

58 

55 

5 1  

46 

3 . 88 

3 . 93 

3 . 9 3  
4.00 

4 . 08 

4 . 24 

4 . 3 8  

4.06 

4.07 

4 . 14 

4 .34 

4.34 

4 . 40 

4.62 

4 . 24 

4 . 30 

4.62 

4 . 69 

4 . 80 

5 . 20 

5.40 

TAP VALUE 

CURRENT 

20. 7  

20. 9  

2 1 . 1  
2 1 . 6  

22.9 

24 . 8  

25.9 

2 1 . 3  

2 1 . 8  

2 2 . 5  

2 3 . 4  

23.8 

25. 2 

27 

22.8 

24.2 

25.9 

27.3 

29.8 

33 

37.fi 

TAP VALUE 

CURRENT 

103 

107 

1 1 4  
1 22 
148 

174 

185 

1 1 1  

1 20 

129 

1 4 1  

149 

163 

183 

1 29 

149 

168 

187 

2 1 1  

260 

308 

TAP VALUE 

CURRENT 

278 

288 

320 
356 
459 

552 

640 

306 

342 

366 

4 1 3  

448 

530 

624 

392 

460 

540 

626 

688 

860 

103 2 

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

¢ D egrees current lags voltage at tap value current. 

• •  Voltages taken with Rectox type voltmeter. 
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TY P E  CO OVERCURRENT RELAYS -------------------------.:'�· L:.:.·....:.41.:....·.:....::1 0;.:.::.;
1 M 

E N E RGY REQUIREMENTS 

C 0-8 I NV E R S E  T I M E  A N D  C 0-9 V E R Y I NV E R S E T IM E  R E L A Y S  

VOLT AMPERE S * *  

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

0.5/2.5 

2/6 

4/ 1 2  

(0.5 

(0.6 

(0. 8 

( 1 . 0  

( 1 . 5  

(2.0 

(2.5 

(2 

(2.5 

(3 

(3 .5  

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 10 

( 1 2  

2.1 

3 . 1  

3 . 1  

4. 1 

5.7 

6.8 

7.7 

8 

8.8 

9.7 

10.4 

11.2 

1 2 . 5  

13.7  

1 6  

1 8 . 8  

1 9 . 3  

20.8 

22.5 

25 

28 

8 8  

8 8  

8 8  

8 8  

8 8  

8 8  

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

CONTINUOUS ONE SECOND 
AMPERE RATING RATING* 
RANGE TAP (AMPERES) (AMPERES) 

0.5/2.5 

2/6 

4/12 

0.5 

0.6 

0 . 8  

1 .0 

1 . 5  

2 . 0  

2 . 5  

2 . 0  

2 . 5  

3 .0 

3 . 5  

4 .0 

5 . 0  

6 . 0  

4 . 0  

5 . 0  

6 . 0  

7 . 0  

8 . 0  

10.0 

1 2 . 0  

1 . 7 

1 . 9  

2 . 2  

2 . 5  

3 . 0  

3 . 5  

3 . 8  

7.0 

7.8 

8.3 

9 . 0  

1 0.0 

1 1 .0 

1 2 . 0  

1 4  

1 6  

1 7  

1 8  

2 0  

2 2  

2 6  

-----
56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

72 

71 

69 

67 

62 

57 

53 

70 

66 

64 

62 

60 

58 

56 

68 

63 

60 

57 

54 

48 

45 

2.38 

2.38 

2 . 40 

2.42 

2.51  

2 . 65 

2.74 

2 . 38 

2.40 

2.42 

2.48 

2 . 53 

2.64 

2.75 

2.38 

2.46 

2.54 

2 . 62 

2.73 

3 . 00 

3 .46 

T Y P E  C 0 - 1 1 R E L io. Y  

POWER AT 

FACTOR TAP VALUE 
ANGLE </> CURRENT 

36 

34 

30 

27 

22 

1 7 

16 

32 

30 

27 

24 

23 

20 

20 

29 

25 

22 

20 

18 

17 

16 

0.72 

0.75 

0.81 

0.89 

1 . 1 3  

1 .30 

1 .4 8  

0.73 

0.78 

0.83 

0.88 

0.96 

1 .07 

1 .23 

0.79 

0.89 

Ul2 

1 . 10 

1 . 23 

1 . 32 

1 . 8  

2 1  

21 

2 1 . 1  

2 1 . 2  

22 

23.5 

24.8 

21 

2 1 . 1  

2 1 . 5  

2 2  

22.7 

24 

25.2 

2 1 . 3  

2 1 . 8  

22.6 

23.6 

24.8 

27. 8 

3 1 .4 

132 

134 

I42 

150 

170 

200 

228 

136 

142 

I49 

157 

164 

180 

198 

146 

158 

172 

1 90 

207 

248 

292 

350 

365 

400 

440 

530 

675 

BOO 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

VOLT AMPERES* • 

AT 3 TIMES 
TAP VALUE 

CURRENT 

6.54 

6 . 80 

7.46 

8.30 

10.04 

1 1 .95 

1 3 .95 

6 .30 

7 .00 

7 . 74 

8 . 20 

9 . 1 2  

9 . 80 

1 1 .34 

7.08 

8 .00 

9 . 1 8  

10.00 

1 1 . 1  

14.9  

16.3 

AT 10 TIMES AT 20 TIMES 
TAP VALUE TAP VALUE 

CURRENT CURRENT 

71.8 

75 . 0  

84 .0 

93 . 1  

1 1 5 . 5  

136 . 3  

160.0 

74. 0  

78.5 

84 .0 

89.0 

102.0 

109.0 

129.0 

78.4 

90.0 

101.4  

1 10.0 

124.8 

131.6 

180.0 

250 

267 

298 

330 

4 1 1  

502 
6 1 0  

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

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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TY P E CO OVERCURR EN T R ELAYS ______________________________________________ _ 
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Fig. 7 .  Typical Time Curves o f  the Type C0-2 Relay. 
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Fig. 8 .  Typical Time Curves o f  the Type C0-5 Relay. 
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TYP E CO OVERCURRENT RELAYS _______________________ _ 
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Fig. 9 .  Typical Time Curves o f  the Type C0-6 Relay. 
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TYPE CO OVERCURRENT RELAYS -------------------------=-':..::· L:.:... . ...:..:4 1'-'· l:..:.O.:..:.:.:l M 

IIIDICATIMG 
COIHACTOI 
SWITQI ---

J 
I 

fRONT V I EW 

INDUCTION UNIT 

57-D-4524 

* F i g. 14.  I n ternal Schematic of the Doub le Trip Circu it 

C losing R elay. For the Single Trip Relay the 

C ircuits A ssociated with Terminal 2 are Omit ted. 

D wg. 57-D-4523. 

SETTI NGS 
CO Unit  

The overcurrent unit settings can be define d 

either by tap setting and time dial position or by tap 

setting and a specific time of operation at s ome cur­

rent multiple of the tap setting (e . g. 4 tap setting, 2 
time dial position or 4 tap setting, 0 . 6  seconds at 6 

times tap value current). 

To provide s elective circuit breaker operation, a 

minimum coordinating time of 0. 3 seconds plus circuit 

breaker time is recommended between t he relay being 

set and the relays with which coordination is to be 

effecte d. 

The connector screw on the terminal pl ate above the 
time dial makes connections to various turns on the 

operating coil. By placing this screw in the various 

terminal plate holes,  the rel ay will respond to multiples 

of tap value currents in accordance with the various 

typical time-current curves. 

Caution 

Since the tap block connector screw carries oper­

ating current, be sure that the s crew is turned tight. 

In order to avoid opening the current transformer cir­

cuits when c hanging taps under load , c onnect the 

spare connector scre w  in the desired tap position 

before re moving the other tap screw from the original 

tap position. 

IIIDICATIIIG 
CONTACTOR 

SWITCtt - -

IMDUCTIOfi UIIIT 

IJDICATIMQ 
IIISTAITMEOUS 
UJIIT 

57-D-4525 

Fig. 15. Internal Schematic of the Single Trip Circuit· 

Closing Relay with Indicating Instantaneous 

Trip Unit. 

Instantaneous Reci o� 

The factory adjustment of the CO unit contacts 

provides a contact follow. Where circuit breaker re­

cl osing 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 Swi tch (I CS) 

The only setting required on the ICS uni t .  is the 

s el ection of the 0. 2 or 2. 0 amp ere tap s etting. Thi s 

sele ction is made by connecting the lead located in 

front of the tap block to the de sired. setting by tneans 

of the connecting screw. 

I ndicating lnstantan·eous Trip ( l iT) 

T he 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 b e  obtained from the liT. unit. 
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TYP E  CO OV ERCU RRE NT RELAYS ______________________________________________ __ 

ALTERIU T I V f  COMtiECT I O N S  FOR .5 TO 2 . 5  AM0ERE RAN-'E 
C0-5 AND CO-Ii REL.A.YS 

} TO T I M E R  ( T IMER STO"S WHEN ) 
STOP ( A U X . R E L A Y  CONTACT) 

(OP£115 ) 

182-A- 754 

Fig. 1 6. Diagram of Test Connections for the Circuit­

Closing Type CO Relay. 

I N S T A L L A T I O N  

The relays shou ld b e  mounted on switch board 

panels or their e quivalent in a location free from 

dirt, moisture, e xcessive 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 rel ay .  The el ectrical connections 

may be made directly to the terminal s 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 l ocking two nuts on the stud and then turning the 

proper nut with a wrench. 

For detail information on the FT case refer to 

IL 4 1- 076 . 

ADJUSTMEN TS AND MAI NT ENANCE 

The proper adjustments to insure correct opera­

tion of this rel ay have been m ad e  at the factory. 

Upon receipt of the relay no customer adjustments ,  

other than those covered under "SETTINGS" should 

be requireri. 

16 

F'or relays which include a n  indicating instantan­

eous trip unit ( liT), the j unction of the induction and 

indicating instantaneous trip coils is brought out to 

switch jaw 1t3 . With this arrangement the overcurrent 

units can be tested separately. 

Ac ceptance 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 moving con­

tacts until they defl ect the stationary contact 

to a position where the stationary contact is 

resting against its back stop . The index mark 

located o n  the movement frame should coincide 

with the "0" mark on the time dial . For rioubl e 

trip re lay s ,  the follow on the stationary contacts 

should be approximately 1/64". ' 

b) For rel ays identified with a "T", l ocated at 

l ower left of stationary contact block, the inrlex 

mark on tlie movement frame will coincide with 

the "0" mark on the time dial when the station­

ary contact has moved through approxirr.ately 

one-half of its normal defl ection . Therefore , 

with the stationary contact resting against the 

backstop , the index mark is offset to the right of 

the "0" mark by approximately . 0 20 " .  The 

placement of the various time dial position s  in 

l ine 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 shoul d be approximat ely 

1/32".  

2 .  Miniipum Trio Current - Set the time dial to 

position 6 using the lowe st tap setting,  alternately 

apply tap value current plus 3% and tap value current 

min us 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 C0- 1 1  relay only, the 
1 . 30 tim es tap value op erating time from the number 

6 time dial position is 5 4 . 9  ±5% seconds and should 

be check ed first It is  important that the 1 . 30 times 

tap value current be maintained accuratelyo The m ain­

taining of thi s current accurately is nece ssary be­

cause of the steepness of the slop e of the time- current 

characteristic ( Figure 13) .  A 1% vari ation in the 1. 30 

times tap value current (including measuring instru­
ment devi ation) will change the nominal operating 

tim e by approximately 4% 

Table I sho ws the time curve calibration 

points for the various typ es of relayso With the tim e  

.. 
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TY P E  CO OVERCURRENT RELAYS ____________________________________________ �1 -�L�. 4�1�-l�Ol�M 

INOICATIMb 
COtHACTOR 
SWITCH 

�------ - -------

FRONT Il l  EW 

I NOUCTIOM UMIT 

INDUCTIOM UMIT 
LAG COI L  

RED HANDLE 

TEST SI'ITCH 

CURRENT TEST .JACK 

CHUS I S OPEI:ATED 
SHORTING SWI TCH 

- TERMIUL 

57-D-4528 

* Fig. 1 7 .  Internal Schematic of the Double Trip C i rcuit 

Closing Relay with Torque Control Terminals. 

For the Single Trip Relay, the Circuits A sso­

ciated with Terminal 2 are Omi tted. Dwg. 57-D-

4527. 

dial s et to the indicated po sition and the relay set 

on the lowest tap setting, apply the currents sp eci­

fi ed by Tabl e I .  ( e , g  for the C0- 2, 3 and 20 time s  

tap value current) and measure t h e  op erating time o f  

the relay, The op erating times should equal tho se 

o f  Tabl e I plus or minus 5o/c 

4. Indicding Instantaneou::> Tri p Vnit ( liT) -

The core scre vv which is r.dj ustable fro!"' the tor o f  

U e trip unit deterrnines t h e  pickup value. T h e  trip 
ur.it bas a nomirw.l ratio of 8 rlj ustn-·ent of 1 to 4 and 

<m accuracy within the lirrits of 10'1�. 
The making of the contacts and target indication 

should occur at approximately the same instant. 
Position the stationary contact for a minimum of 1/32 "  

wipe . The bridging moving contact should touch both 

stationary contacts simultaneously . 

A rrly sufficient current to operate the IIT. The 

operation indicator tarr;et stould drop fre ely. 

5 .  Indicating Contactor Switch (ICS) - Close the 

main relay contacts and pass sufficient d-e c urrent 

through the trip circuit to clos e the contacts of the 

ICS. This value of current s htmld be not greater 

than the particular ICS tap setting being us ed. The 

operation indicator target should drop freely. 

The contact gap s ho uld be approximately .047" 
between the bridging moving contact and the adjust­
able stationary contacts . The bridging moving con­
tact should touch both statio nary contacts s imultan­
eously, 

IMOICATIM& 
CHUCTOR 
SWI TCH -- -

ICS I NDUCTION UNIT 

co ___.-I NDUCTION UNIT 
LAG COIL fTl I M O I CATIIUi 
INST.u!TAIEOUS UMIT 

r-
-

-Q T£ST SWI TCH 
1 A ---cuRitEMT TEST .lACK 

'
- -2 - �3- -®Y

�-
-

.
- - CHASSIS OPERATED 

\V "J SHQRTIIIQ SWITCH 

'-. ----""------""----"'"----"'"-----.:"� -TERMIIIA&. 

57-D-4529 

Fig. 18. Internal Schematic o f  the Single Trip Circuit 

Closing Relay with Torque Control Terminals 
and Indicating Instantaneous Trip Unit. 

R o ut i n e  M a i n t e n a n c e  

All relay s  should be inspected and checked peri­

odically to as sur e proper operation.  Gener ally a visual 

inspection s hould call attention to any noticeable 

ch an ges. A minimum suggested check on the relay 

sy stem is to close the cont acts manually to assure 

that the b r eaker trip s and the target drop s.  Then re­

lease the contact s and observe that the reset is 

smooth and po sitive. 

If an additional time check is desired,  pass sec­

ondary current thr ough the relay and che ck the time of 

operation.  It  is pr eferable to make this at sev eral 

tim es pick-up curr ent at an expected op erating point 
for the p articular application.  For t he . 5 t o  2. 5 amp ere 

range C0- 5 and C0-6 induction unit use the alternative  
test  circuit in  Fig. 16 as these relay s  ar e affected by 

a dist orted w ave form. With t hi s  connection the  25/ 5 

ampere current transformers should b e  worked well b e­

low the knee  of the saturation (i . e. use 10L50 or 

better). 

All contacts should be periodically cleaned.  

A contact burnisher 1t'l82A836E01 is recomrr:ended 

for this purpo se. The use of abrasive rrnterial for 

cleaning contacts is not recorr.rn ended, because of 

the danger of embedding small particles in the face 

of tre soft silver and thus impairing the contact . 

CALI BRATION 

Use the following procedure for calibrating the 

relay if the relay has been taken apart for repairs or 
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TYP E 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 " Acceotance Check" ) 

CO U n i t 

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 "0" mark on the time dial. For double 

trip relays ,  the follow on the stationary contacts 

shoul d 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 "0" 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 "0" mark by approximately .020 " .  The 

placement of the various time dial positions in 

line with the index mark will give operating 

times as shown on the 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 current 

value of the relay is most conveniently made with 

the damping magnet removed.  

With the time dial set on "0 ",  wind up the spiral 

spring by means of the spring adjuster until 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 s o  that the 

moving c ontact 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. C0-8 ,  2 times tap 

value) and meas ure the operating time. Adjust the 

permanent magnet keeper until the operating time 

corresponds to the value of Table I. 

18 

For type C0- 1 1  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 nominal opera­

ting time by approximately 4%. If the operating time 

at 1. 3 times tap value is not within these limits, a 

minor adjustment of the control spring will give the 

correct operating time without any undue effect on 

the minimum pick-up of the relay. This check is to 

be made after the 2 times tap value adjustment has 

has been completed. 

Apply the indicated current per Table I for the 

electromagnet plug adjustment (e .g .  C0- 8 ,  2 0  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 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-e c urr�'mt 

through thf :; ip circuit to close the c ontacts 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 (liT) 

The core screw must be adjusted to the value 

of pick-up current desired. 

The nameplate data w ill furnish the actual cur­

tent range that may be obtained from the liT 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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T£RMIIIAL AID 
MOUIITIIG .DETAI LS 

• 190-32 SCIIEW 

5 
- Ill SCREW 
It ( FOil TH I CK 

PAIIEL US£ 
L 111 miD) 
II 

. 190-32 SCIIEW 

" 

9 •• 

I 

9 1 r 'i �I A.II IIOLES fOil 

k-j_ . ...... .... 
" .... --yt--�--+-�·· t 

_, .... 

PAIEL CUTOUT l DIIILLIIG 
Fll SEMI-FLUSH MT8 • 

PAIIEL Dttlll118 Ott CUlOUT FOR 
PI!OJECTIOII MT6. 

(F�T Y IEW) 

T£JIM.111Al 
IIUMifll 

57-D-7900 

Fig. 1 9. Outline and Drilling P lan for the Type CO R e lay. 
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TYP E  CO OVE RCURRENT R ELAYS 

TABLE 1 

T I M E  C U R V E  C A L I B RA T I O N  D A T A - 50 & 60 CYCL E S  

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 

C0-2 6 3 0.57 2 0  0.22 

C0-5 6 2 37.80  1 0  14.30 

C0-6 6 2 2.46 20 1 . 19 

C0-7 6 2 4.27 20 1 . 1 1  

C0-8 6 2 13.35 20 1 . 1 1  

C0-9 6 2 8.87 2 0  0.65 

C0-11  6 2 11.27 20 0.24 6 

6 For 50 cycl e C0- 1 1  relay 20 times operating time limits are 0 . 24 + 10%, -5%. 

IHDICATIN8 
CONTAOTOR 
SWITCH--

I N TERNAL SCHEMAT I C  

FRONT V I EW 

IIIINCTIOI UI I T  

IIDJCATIIIQ 
IIITANTMEOUS 
UIUT 

57-D- 4526 

Fig. 20 In ternal Schematic of th e Double Trip 

C i rcuit  Clo sing Relay with Indi cating 

In stan taneous Trip Unit. 

U IOICATUI6 

COMTM.TOI ------SWJTCII ---

INTERNAL SCHEMATIC 

IIOUCTIOI UMIT 

UIDICATII6 

IISTAITAIEOUS 
UIIT 

lED WDLE 

TEST SWI TCH 

f'-o--,>--WIIfll TEST JACK 
,......, ,__--+-- CHASS IS OrEUTU 

SHOITIH SWITCH 

n•••AL 

184A061 

Fig. 21 In ternal Schematic of the Dou ble Trip 

Circuit Closing R ealy with Indi cating 
I n stantaneous Trip Unit to Separate 

Terminals, 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
N EWAR K, N .  J.  R E LAY- I N ST R U M E NT D IV I S I O N  

Printed in U.S.A. 

·""" 

:c ' 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I.L. 41-1 01 8 

I N STA L L AT I O N  • OPERATI O N  • M A I N T E N A N C E  

I N S T R U C T I O N S  
TYPE CO OVERC U R R ENT RE LAY 

CAUTION 

Before putting relays into service,  remove all 

blocking which may have been inserted for the purpose 

of securing the parts during s hipment, 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. 

APP L I CATION 

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. 

CO NTE NTS 

This instruction leaflet applies to the following 

types of relays : 

Type CQ-2 Short Time Relay 
CQ-5 Long Time Relay 

C0-6 Definite Minimum Time Relay 

CQ-7 Moderately Inverse Time Relay 

C0-8 Inverse Time Relay 

CQ- 9 Very Inverse Time Relay 
CQ- 11  Extremely Inverse Time Relay 

CONSTRUCTION AND O P E RATION 

The type CO relays consist of an overcurrent unit 

(CO), an indicating contactor switch (ICS), and an in­

dicating instantaneous trip unit (liT) when required. 

The principal component parts of the relay and their 

location are shown in Figs .  1-5. 

Electromagnet 

The electromagnets for the types C0-5, CQ-6, 

CQ-7, co-s and C0-9 relays have a main tapped coil 

located on the center leg of an "E" type laminated 

structure that produc es 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 issue. 

cause a contact closing torque. 

The electromagnets for the types CQ-2 and co- 1 1  

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 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. 

I ndi cating Contactor Switch Unit  (ICS) 

The d-e 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. 

I ndi cating Instantaneous Trip Unit  ( l iT) 

The instantaneous trip unit is a s mall 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. 

CHARACTERI STICS 

The relays are generally available in the follow­

ing current ranges: 
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TYP E CO OVE RCURRENT RELAYS ______________________ _ 

Fig. 1 .  Type CO Relay Without Case. 1-lndicating Instantaneous trip (/IT). 2-1/ T  Adjusting Screw. 3-lnc/icating Contactor 

Switch (ICS). 4-lndicating Contactor Switch Tap B lock. 

Fig. 2. Time Overcurrent Unit (Front View). 1- Tap B lock. 2- Time Dial. 3-Control Spring A ssembly. 4-Disc. 5-Stationary 

Contact Assembly. 6-Magnetic Plugs. ?-Permanent Magnet. 
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TYPE OO OVERCURRENT RELAYS ___________________________________________ I_.L_. _41_� __ o1 B 

Fig. 3. •E• Type Electromagnet. 1· Magnetic Plugs. 2-Tap 

B lock. 3-Tap Screw. 

Fig. 4. Indicating Instantaneous Trip Unit (liT). 

Fig. 5. Indicating Contactor Switch (I CS). 
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TYPE CO OVERCURRENT RELAYS-----------------------

Range 

.5 - 2 .5 

2 - 6 

4 - 12 

0.5 

2 

4 

0 . 6  0 .8  

2 .5 3 

5 6 

Taps 

1 . 0  1 .5  

3 .5 4 

2.0 2.5 

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 . 7 to 13. These characteristics give the c ontact 

closing time for the various time dial settings when 

the indicated multiples of tap value current are ap­

plied to the relay. 

Trip Circuit 

The main contacts will safely close 30 amperes 

at 250 volts d-e and the seal-in contacts of the indi-

STAT I ON BUS 

--�.-------------------------- 2 
3 

5 1- 1  

PH. 1 

Ptt. L 

PH . 3  

GRD 

D E V I C E N U M B E R  C H A R T  
5 1  - OVERCURREHT REL AY,  TYPE CO 

eating contactor switch wifl s afely carry this current 

long enough to trip a circuit breaker. 

The indicating instantaneous trip c ontacts will 

safely close 30 amperes at 250 volts d-e, and will 

carry this current long enough to trip a breaker. 

The indicating contactor switch has two taps that 

provide a pickup setting of 0 . 2  or 2 amperes. To 

change taps requires c onnecting the lead located in  

front of the tap block to the desired setting by means 

of a screw c onnection. 

Trip C i rcuit  Constants 

Contactor Switch -

0.2 ampere tap - 6.5 ohms d-e resistance 

2 . 0  ampere tap - 0 .15 ohms d-e resistance 

D. C .  TR I P  BUS 
Pos. -.,;..;.,;,_ _________ _ 

OR 
N EG .  

52 a 

I CS 

bl-L bl-3 51-N 

b i N  - GROUND O VERCORRENT R ELAY , TYPE CO 
5L - POwER C I RCU I T  BREAKER 

NEG, � I CS - I ND I CAT I N G  COHTACTOR SW I TCH 
a - BREAKER AUX I L I ARY CONTACT 

TC - BREAKER TR I P  CO I L  
OR 

POS. 

1 8 2 -A -7 5 5  

Fig. 6. External Schemat ic of the Circuit-Closing Type CO Relay for Phase and Ground Overcurrent Protection o n  a Three• 

Phase System. 
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TYPE CO OVERCURRENT RELAYS _______________________ •_.L_. _"1_·1_01_8 

ENERGY REQUIREMENTS 

T Y P E  C0-2 R E L A Y  

VOLT AMPERES** 

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

AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 

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

0.5 0.91 28 58 4 .8  39 .6  256 790 
0 .6  0 .96  28 57 4.9 39.8 270 851 
0.8 1 . 18 28 53 5 .0  42 .7  308 1024 

0 .5/2.5 1.0 1.37 28 50 5 .3  45 .4  348 1220 
1 . 5  1.95 28 40 6.2 54.4 435 1740 
2.0 2.24 28 36 7 .2  65 .4  580 2280 
2.5 2.50 28 29 7.9 73.6 700 2850 

2.0 3 . 1  1 10 59 5.04 38. 7  262 800 
2.5 4.0 110 55 5. 13 39.8 280 920 
3.0 4.4 1 10 5 1  5 .37 42.8 312 1008 

2/6 3 .5  4.8 1 10 47 5.53 42.8 329 1 120 
4.0 5 .2  1 10 45 5 .72 46.0 360 1216 
5.0 5 .6  1 10 4 1  5.90 50 . 3  420 1500 
6.0 6.0 1 10 37 6.54 54. 9 474 1800 

4.0 7 .3 230 65 4.92 39. 1 268 848 
5.0 8 .0 230 50 5 .20 42.0 305 1020 
6.0 8.8 230 47 5 .34 44. 1  330 1128 

4/12 7.0 9 .6  230 46 5 .. 35 45.8 364 1260 
8.0 10 .4  230 43 5.86 49.9 400 1408 

10.0 1 1 . 2  230 37 6.6 55.5 470 1720 
12.0 12.0 230 34 7.00 62.3 528 2064 

* Thermal cafacities for short times other than one s e cond may be calc ulated on the basis of time be ing inversely proportional to the 
s quare of t e current. ., 

¢ Degrees current lags voltage at tap value c urrent. 
A 

* *  Voltages taken with R e c tox type voltmeter. 
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TYPE CO OVERCURRENT RELAYS ____________________________________________ __ 

AMPERE 

RANGE TAP 

(0.5 

(0.6 

(0.8 

0.5/2.5 ( 1 .0 

( 1 . 5  

(2.0 

(2.5 

( 2  

( 2 . 5  

(3 
2/6 (3.5 

(4 

(5 

(6 

(4 

(5 

(6 

4/12 (7 

AMPERE 

RANGE 

0. 5/2. 5 

2/6 

4/12 

(8 

(10 

( 1 2  

TAP 

(0 .5 

(0. 6  

(0. 8  

( 1 . 0  

( 1 . 5  

(2.0 

(2.5 

(2 

( 2 . 5  

(3 

(3 .5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 10 

( 1 2  

EN ERGY REQU I R EMENTS 

C O·S L O N G T I M E  A N D  C 0·6 D E F I N IT E  M I N IM U M  T I M E  R E LA Y S  

CONTINUOUS 
RATING 

(AMPERES) 

2 

2 . 2  

2 .5 

2.8  

3.4 

4 . 0  

4.4 

8 

8.8 

9.7  

10.4 

1 1 . 2  

12.5  

13.7 

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

CONTINUOUS 
RATING 

(AMPERES) 

2 

2 . 2  

2 . 5  

2.8 

3.4 

4.0 

4.4 

8 

8.8 

9.7 

10.4 

1 1. 2  

1 2.5 

13.7 

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

ONE SECOND 
RATING* 

(AMPERES) 

56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

69 3.92 

68 3.96 

67 3.96 

66 4.07 

62 4 . 19 

60 4.30 

58 4.37 

67 3.88 

66 3.87 

64 3 . 93 

63 4.09 

62 4 .08 

59 4 . 20 

57 4.38 

65 4.00 

63 4 . 15 

6 1  4.32 

59 4.27 

56 4.40 

53 4.60 

47 4 . 92 

VOLT AMPERES* • 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.6 

20.7 

21 

2 1 .4 

23.2 

24.9 

26.2 

21 

21.6 

22.1  

23 . 1  

23.5 

24.8 

26.5 

22.4 

23 .7 

25.3 

26.4 

27.8 

30.1 

35.6 

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 

106 

1 1 4  

1 2 2  

147 

168 

180 

1 10 

118 

1 26 

136 

144 

162 

183 

126 

143 

162 

183 

204 

247 

288 

C 0·7 M O D E R A T E L Y  INV E R S E  T I M E  R E L A Y  

ONE SECOND 
RATING* 

(AMPERES) 

56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER 
FACTOR 
ANGLE ¢ 

68 

67 

66 

64 

61 

58 

56 

66 

63 

63 

62 

6 1  

5 9  

58 

64 

61 

60 

58 

55 

51 

46 

AT 
TAP VALUE 

CURRENT 

3.88 

3 .93 

3.93 

4.00 

4.08 

4 . 24 

4.38 

4.06 

4.07 

4 . 14 

4.34 

4.34 

4.40 

4.62  

4 . 24 

4. 30 

4.62 

4.69 

4.80 

5 . 20 

5.40 

VOLT AMPERES* • 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.7 

20.9 

2 1 . 1  

21.6 

22.9 

24.8 

25.9 

2 1 . 3  

2 1 .8 

22.5 

23.4 

23.8 

25.2 

27 

22.8 

24.2 

25.9 

27.3 

29.8 

33 

37.5 

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 

107 

1 14 

1 22 

148 

174 

185 

1 1 1  

120 

1 29 

141 

149 

163 

183 

129 

149 

168 

187 

2 1 1  

260 

308 

AT 20 TIMES 
TAP VALUE 

CURRENT 

270 

288 

3 25 

360 

462 

548 

630 

308 

342 

381 

417 

448 

540 

624 

376 

450 

53 1 

6 1 1  

699 

880 

1056 

AT 20 TIMES 
TAP VALUE 

CURRENT 

278 

288 

320 

356 

459 

552 

640 

306 

342 

366 

413 

448 

530 

624 

392 

460 

540 

626 

688 

860 

1032 

* Thermal capacities for short times other than one second may be calcu 'oted 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 ______________________ I._L._4_1_·1_01_B 

ENERGY REQUIREMENTS 

C0-8 I NV E R S E  T I M E  A N D  C0·9 V E R Y  INV E R S E  T I M E  RE LAYS 

VOLT AMPERES** 

AMPERE 

RANGE TAP 

(0.5 

(0.6 

(0.8 

0.5/2.5 (1 .0  

( 1 . 5  

(2.0 

(2.5 

(2 

(2.5 

(3 

2/6 (3.5 

(4 

(5 

(6 

(4 

(5 

(6 

4/12 (7 

(8 

(10 

( 1 2  

CONI'INUOUS ONE SECOND POWER A T  A T  3 TIMES 

RATING RATING* FACTOR TAP VALUE TAP VALUE 

(AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT 

2 56 72 2.38 2 1  

2.2 56 7 1  2.38 2 1  

2 . 5  56 69 2 . 40 2 1 . 1  

2 . 8  56 6 7  2 . 4 2  2 1 . 2  

3 .4 5 6  62 2 . 5 1  22 

4.0 56 57 2 . 65 23 . 5  

4 .4 56 5 3  2 .  74 24.8 

8 230 70 2.38 2 1  

8.8 230 6 6  2 . 4 0  2 1 . 1  

9 .  7 2 3 0  6 4  2.42 2 1 . 5  

10.4 230 6 2  2.48 2 2  

1 1.2 230 60 2.53 22.7 

12.5 230 58 2.64 24 

13.7 230 56 2. 75 25.2 

16 460 68 2.38 21.3 

18.8 460 63 2.46 2 1.8 

19.3 460 60 2.54 22.6 

20.8 460 57 2.62 23.6 

22.5 460 54 2.73 24.8 

25 

28 

460 

460 

48 

45 

3.00 

3.46 

T Y P E  C0- 1 1  R E LAY 

27. 8 

3 1 . 4  

A T  10 TIMES AT 20 TIMES 

TAP VAL UE TAP VALUE 

CURRENT CURRENT 

132 350 

134 365 

142 400 

150 440 

170 530 

200 675 

228 800 

136 360 

142 395 

149 430 

157 470 

164 500 

180 580 

198 660 

146 420 

158 480 

172 550 

190 620 

207 700 

248 

292 

850 

1020 

VOLT AMPERES* * 

CONTINUOUS ONE SECOND 

AMPERE RATING RATING* 

RANGE TAP (AMPERES) (AMPERES) 

0.5/2.5 

2/6 

4/12 

0.5 

0.6 

0.8 

1.0 

1.5 

2.0 

2.5 

2.0  

2.5 

3 .0  

3 .5 

4.0 

5.0 

6 .0  

4 . 0 

5.0  

6.0 

7.0 

8.0 

10.0 

12.0 

1.7 

1.9 

2.2 

3 .5  

3.0 

3 . 5 

3 .8  

7.0 

7.8 

8.3 

9.0 

10.0 

1 1 .0 

12.0 

1 4  

1 6  

1 7  

18 

20 

22 

26 

56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER AT 

FACTOR TAP VALUE 

ANGLE cp CURRENT 

36 

34 

3 0  

27 

22 

1 7  

16 

32 

30 

27 

24 

23 

20 

20 

29 

25 

22 

20 

18 

1 7  

16 

0.72 

0.75 

0.81 

0.89 

1 . 1 3  

1 .30 

1 .48 

0.73 

0.78 

0.83 

0.88 

0.96 

1 .07 

1 .23 

0.79 

0.89 

1.02 

1 . 10 

1 . 23 

1 .32 

1 .8 

AT 3 TIMES 

TAP VALUE 

CURRENT 

6 .54 

6 .80 

7.46 

8.30 

10.04 

1 1 .95 

13 .95 

6.30 

7.00 

7.74 

8.20 

9 . 1 2  

9 . 80 

1 1 .34 

7.08 

8.00 

9 . 18 

10.00 

1 1 . 1  

14.9 

16.3 

AT 10 TIMES AT 20 TIMES 

TAP VALUE TAP VALUE 

CURRENT CURRENT 

71.8 

75.0 

84.0 

93 . 1  

1 15.5 

136.3 

160.0 

74.0 

78.5 

84.0 

89.0 

102.0 

109.0 

129.0 

78.4 

90.0 

101.4 

1 10.0 

124.8 

1 3 1 . 6  

180.0 

250 

267 

298 

330 

4 1 1  

502 

6 1 0  

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

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 c urrent. 

cp Degrees c urrent lags voltage at tap value current. 

** Voltages taken with R ectox type voltmeter. 
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Fig. 1 3. Typ ical Time Curves of the Type C0- 1 1  Relay. 
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TYPE CO OVERCURREHT RELAYS ----------------------'-·L_._ .. _1._1 0_1 8  

57-D-4524 

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 be defined 

either by tap setting and time dial position or by tap 

setting and a specific time of operation at s ome cur­

rent multiple of the tap setting (e .g.  4 tap setting, 2 

time dial position or 4 tap setting, 0 . 6  seconds at 6 

times tap value current). 

To provide s elective circuit breaker operation, a 

minimum coordinating time of 0. 3 seconds plus circuit 

breaker time is recommended between the relay being 

set and the relays with which coordination is to be 

effected. 
The connector screw on the terminal plate above 

the time dial makes connections to various turns on 

the operating coil. By placing this screv-: in the 

various terminal plate holes, the relay will just 

close its contacts at the corresponding current 

4-5-6-7-8- 1 0- 1 2  amperes , or as marked on the termin­

al plate. 

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. 
I nstantaneous Recio� 

The factory acljustment of the CO unit contact 

IMDICATittG 
COII.T.lClO« 
SWiltlt--

lltiCA1118 
IUTAIITMRIJI 
UIIT 

57-D-4525 

Fig. 7 5. Internal Schematic of the Single Trip Circuit· 

Closing Relay with Indicating Instantaneous 

Trip Unit. 

provides a c ontact follow. Where instantaneous circuit 

breaker reclosing will be initiated upon the closure of 

the CO c ontact , 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 c ontact 

s pring. 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 s uch 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. 

Indi cating Contactor Swi tch (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 me am 

of the connecting screw. 

Indi cating l nstantan·eou s  Trip (l iT) 

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 liT. un 
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} TO TUt£11 � TIN£11 STOPS WK£11 ! 
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S
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I
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SUitT SWI TCII • s •  CLOSES) 

SWITCII 
.,. 

L-----�.__---c ..r-o---o 12.0 'IOLTS 
� 60 CYC. 

182-A -754 

Fig. 16. Diagram o f  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 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. 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 nut with a 

wrench. 

For detail information on the FT case refer to 

IL 4 1-076. 

ADJUSTMENTS AND MAINTENANCE 

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

Upon receipt of the relay no customer adjustments, 

other than those covered under •sETTINGS" should 

be required. 

For relays which include an indicating instantan­

eous trip unit (liT), the junction of the induction and 

indicating instantaneous trip coils is brought out to 

switch jaw #3. With this arrangement the overcurrent 

units can be tested separately. 

Acceptance Check 

The following check is recommended to insure 

that the relay is in proper working order: 

l 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 "0" mark on the time dial. For double trip relays, 

the follow on the stationary contacts should be ap­

proximately 1/64". 

2 .  Minimum Trip Current - Set the time dial t.o 

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 value current) and measure the 

operating time of the relay. The operating times 
should equal those of Table I plus or minus 5 percent. 

* For Type CQ-1 1  Relay only, the 1. 3 times tap 

value operating time from the number 6 time dial 

position is 54.9 ± 5% seconds. 

4. Indicating Instantaneous Trip Unit (liT) -

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 liT. The 

operation indicator target should drop freely. 

5. Indicating Contactor Switch (ICS) - Close the 

main relay contacts and pass sufficient d-e 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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57-D-4528 

Fig. 11, 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 the face 

of the soft silver and thus impairing the contact. 

CALIBRATION 

Use the following procedure for calibrating the 

relay if the relay has been taken apart for repairs or 

the adjustments disturbed . This procedure s hould 

not be used until it is apparent that the relay is not 

in proper working order. (See " Acceptance Check") 

C O  Uni t 

1 )  Contacts - By turning the time dial move the 
moving c ontacts until they deflect the stationary con­

tact to a position where the stationary c ontact is 
just resting against its backstop. The index mark 

located on the movement frame should c oincide with 
the "0" mark on the time dial. 

For double trip 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 s uch that there is ap­

proximately 1/64" follow. The lower stationary con­

tact is then adjJ,Isted 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 
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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 " 0  " ,  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.  C0-8 , 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 C0-11 Relay only, the 1 . 3  times tat 

value operating time from the number 6 time dia 

position is 54.9 ± 5% seconds. If the operating timl 

at 1.3  times tap value is not within these limits, 

minor adjustment of the control spring will give tr 
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-s, 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 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-e 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 s hould drop freely. 

5. Indicating Instantaneous Trip Unit (liT) 
Since the minimum and maximum markings on 

the scale only indicate the working range of the 

core screw, 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 liT 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. 

TABLE 1 

T IM E  C U R V E  C A L IB RAT I O N  DA T A - 50 & 60 C Y C L E S  

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME CURRENT OPERATING CURRENT OPERATING 

RELAY DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME 

TYPE POSmON TAP VALUE) SECONDS TAP VALUE) SECONDS 

C0-2 6 3 0.57 20 0.22 

CQ-5 6 2 37.80 1 0  14.30 

C0-6 6 2 2.46 20 1.19 

CQ-7 6 2 4.27 20 1.11  

C0-8 6 2 13.35 20 1 . 1 1  

CQ-9 6 2 8.87 2 0  0.65 

C0-11 6 2 1 1.27 20 0.24 
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Fig. 19. Outline and Drilling Plan lor the Type CO Relay. 
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