
INSTALL A Tl 0 N 
Westinghouse I.L. 41-118G 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE COV 

VOLTAGE CONTROLLED OVERCURRENT RELAY 

CAUT ION 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 elec­
trical connections. 

APPLICATION 

The type COV relay is applicable where it is 
desired that an overcurrent unit be set to operate on 
less than full load current when the voltage falls 
below a predetermined value, and it is desired not to 
operate for any magnitude of current when the voltage 
is above the predetermined value. A typical appli­

cation is overcurrent back-up protection for generators. 

CONTENTS 

This instruction leaflet applies to the following 
types of relays: 

Type COV-6 Definite Minimum Time Relay 
Type COV-7 Moderately Inverse " " 

Type COV-8 Inverse " 

Type COV-9 Very Inverse " 

Type COV-11 Extremely Inverse " 

n 

CONSTRUCTION AND OPERATION 

The relay consists of an overcurrent unit, a volt­
age unit with adjustable resistor, an indicating con­
tactor switch unit and an indicating instantaneous 
trip unit when required. 

A. OVERCURRENT UNIT (CO) 

The electromagnets for the types COV-6, COV-7, 

COV-8 and COV-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 

cause a contact closing torque . 

The electromagnet for the types COV-11 relay 
has a main coil consisting of a tapped primary 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 pro­

duced 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. 

B. INDICATING CONTACTOR SWITCH UNIT (ICS) 

The indicating contactor switch is a small d-e 
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, completing 
the trip circuit. Also during this operation two fin­
gers on the armature deflect a spring located on the 
front of the switch, which allows the operation in­

dicator target to drop. The target is reset from the 
outside of the case by a push rod located at the bot­
tom of the cover. 

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

C. INDICATING INSTANTANEOUS TRIP UNIT (llT) 

The instantaneous trip unit is a small a-c 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 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. 
The target is reset from the outside of the case by a 
push rod located at the bottom of the cover. 

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

. ·Ill po.1sihle contingencies which may arise during installation, operation. or maintenance. and all 
details and mriations of' this equipment do not purport to be covered by these instructions. l fjimher 
inf(mwllion is desired hr purchaser regarding his particular installation. operation or maintenance of 
his equip111ent. the local Westinghouse Electric Corporation representative should be contacted. 
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TYP E COV R ELAY __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ ____________________________ __ 
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INTUUL SCHEMATIC 

fRONT YIE.W 

783A047 

Fig. J. Internal Schematic of the Type COV Relay in the Type FT27 
Case. 

D. VOLTAGE UNIT (V) 

The voltage unit is an induction cylinder type unit. 

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

The frame serves as the mounting structure for the 
magnetic core. The magnetic core which houses the 
lower pin bearing is secured to the frame by a locking 

nut. The bearing can be replaced, if necessary, with­
out having to remove the magnetic core from the frame. 

The electromagnet has two pairs of voltage coils. 
Each pair of diametrically opposed coils is connected 
in series. In addition; one pair is in series with an 
adjustable resistor. These sets are paralleled as 
shown in Fig. 1. The adjustable resistor serves not 
only to shift the phase angle of the one flux w:tth re­
spect to the other to produce torque, but it also pro­
vides a dropout adjustment. 

Locating pins in the electromagnet are used to 
accurately position the lower pin bearing, which is 
mounted on the frame, with respect to the upper pin 
bearing, which is threaded into the bridge. The elec­
tromagnet is secured to the frame by four mounting 
screws. 

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

2 

INTERNAL SCHEMAT I C  

783A048 

Fig. 2. Internal Schematic of the Type COV Relay With Indicating 
Instantaneous Trip Unit in the Type FT27 Case. 

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

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

CHARACTE RISTICS 

To prevent the relay from operating for currents 
above the ·overcurrent unit pick-up, the voltage unit 
contact is connected in the shading coil circuit of the 
overcurrent unit. The voltage contact is held open at 
voltages above the set point, to prevent torque from 
being produced in the overcurrent unit. This arrange­
ment yields a tripping characteristic as shown in 
l''ig. 3. 

OVERCURRENT UNIT 

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

Range 

0.5- 2.5 
2 -6 
4 -12 

0.5 
2 
4 

0.6 0.8 
2.5 3 
5 6 

1.0 
3.5 
7 

1.5 2.0 
4 5 
8 10 

2.5 
6 

12 

These relays may have either single or double 
circuit closing contacts for tripping either one or two 
circuit breakers. www . 
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The time vs. current characteristics are shown in 
Figs. 4 to 8. 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. 

liT Unit 

Current ranges available for this unit are: 2-8, 4-16, 

10-40, 20-80, and 40-160. 

VOLTAGE UNIT 

The contact can be arl.justed to close over a range 
of 80 to 100 volts. The contact opens if the voltage 
is higher than the set value. The drop-out ratio of the 
unit is 98% or higher. Relays are shipped from the 
factory with a 90 volt settin g

. 

TRlP CIRCUIT 

The main contacts will safely close 30 amperes 

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

dicating contactor switch will safely carry this cur­

rent long enough to trip a circuit breaker. 

The indicating instantaneous trip contacts will 

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

c arry 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 connection. 

TRIP CIRCUIT CONSTANTS 

Indicating Contactor Switch -

0 .2 amp tap 6.5  ohms d-e resistance 

2.0 amp tap 0 . 15  ohms d-e resistance 

The Trip Area May Be Changed As I<'ollows: 

_J <t 
� 0:: 0 150 z 
LL.. 
0 
...... 
z 
w 100 (.) 
0:: 
w Cl.. 
z 
w 50 (.!) 
<[ 
� 0 > 

0 
0 

The line "be" may be moved in the direction of arrow "y" by changing 

the voltage unit setting. The line "ab" may be moved in the direction of 

arrow "x" by changing the CO unit tap setting. Tap value current expressed 

in % I< ull Load defines line ab, and voltage unit setting expressed in % 

normal voltage defines line be. 

---------- _ _l __ _ 

50 

I 
I 

a 100 150 200 250 
C U R R E N T  I N  PERCENT OF F U L L  LOAD 

Fig. 3. Typical Tripping Characteristics of Type COV Relay. 
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T YPE COV RELAY __________________________________________________________ __ 

Frequency 

60 

Drop-Out 
Adj ustment 

Volts 

80- 100 

ENERGY REQUIREMENTS 

VOLT AGE UNIT 

Maximum 
Volts 

Continuous 

132 

+ Volt-Ampere burcfen is average for the various settings. 

Volt-Ampere + 
Burden 

at 120 volts 

8 .0 

COV-6 OVE R CUR R E NT UNITS 

VOLT AMPERES** 

Continu ou s One Second Power At At 3 Times At 10 Times 
Arr,pere Rating Rating * Factor Tap Value Tap Value Tap Value 
Range Tap (Amperes) (A mperes) Angle ¢ Current C urrent Curren t 

( 0. 5 2 . 7  88 6 9  3. 92 20.6 103 
( 0.6 3. 1 88 68 3. 96 20. 7 106 
( 0.8 3 . 7  88 6 7  3. 96 2 1  1 1 4  

0. 5/2. 5 ( 1.0 4. 1 88 66 4.07 2 1.4 122 
( 1. 5 5. 7  88 62 4. 19 23.2 147 
( 2.0 6 .8 88 60 4.30 24. 9  168 
( 2.5 7 . 7  88 58 4.3 7 26.2 180 

2 8 230 6 7  3.88 2 1  1 10 
2.5 8.8 230 66 3.90 21.6 1 18 
3 9. 7 230 64 3. 93 22. 1 126 

2 /6 3. 5 10. 1 230 63 4.09 23. 1 136 
4 1 1.2 230 62 4. 12 23.5 1 44 
5 12. 5 230 59 4.20 24.8 162 
6 13. 7 230 5 7  4.38 26.5 183 

( 4 16 460 6 5  4.00 22 .4 126 
( 5 18.8 460 63 4. 15 23. 7 143 
( 6 1 9.3 460 6 1  4.32 25.3 162 

4 / 12 ( 7 20.8 460 59 4.37 26.4 183 
( 8 22. 5 460 56 4.40 2 7.8 204 
( 10 2 5  460 53 4.60 30. 1 247 
( 12 28 460 47 4 . 92 35 .6 288 

Drop-Out 
Ratio 

98% 

At 20 Times 
Tap Value 

Current 

2 70 
288 
325 
360 
462 
5 48 
630 

308 
342 
38 1 
4 17 
448 
540 
624 

3 76 
450 
53 1 
6 1 1  
6 99 
880 

1056 

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

¢ Degrees current lags voltage at tap value current. 

* * Voltages taken with Rector. type voltmeter. 
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TYPE COY REL AY ------------------------------I . L_._4_1 -_11_8_G 

ENERGY REQUIREMENTS 

COV-7 OVERCURRENT UNITS 

VOLT AMPERES** 

Continuous One Second Power At At 3 Times At 10 Times At 20 Times 

Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value 

Range Tap (Amperes) (Amperes) Angle ¢ Current Current Current Current 

0.5 2. 7 88 68 3.88 20. 7 103 2 78 
0. 6 3. 1 88 67 3. 93 20. 9 107 288 
0 .8 3. 7 88 66 3.93 2 1. 1  1 14 320 

0 .5 /2.5 1.0 4. 1 88 64 4.00 2 1. 6  122 356 
1.5 5. 7 88 6 1  4.08 22. 9 148 459 
2 .0 6.8 88 58 4 .24 24.8 1 74 552 
2 .5 7. 7 88 56 4.38 2 5. 9  185 640 

2 8 230 66 4.06 2 1 .3 1 1 1  306 
( 2.5 8.8 230 63 4 .07 2 1.8 120 342 
( 3 9.7 230 63 4. 14 22.5 12 9 366 

2/6 ( 3.5 10.4 230 62 4.34 23.4 1 4 1  4 13 
4 1 1.2 230 6 1  4.34 23.8 149 448 
5 12.5 230 5 9  4.40 2 5.2 163 530 
6 13.7 230 58 4.62 2 7  183 624 

( 4 16 460 64 4.2 4 22.8 129 392 
( 5 18.8 460 61 4.30 2 4.2 149 460 

4/ 12 ( 6 19.3 4 60 60 4.62 2 5. 9  168 540 
( 7 20.8 460 58 4. 69 2 7.3 187 62 6 
( 8 22.5 460 55 4 .80 2 9.8 2 1 1 688 
( 10 2 5  460 5 1  5 .20 33 2 60 8 60 
( 12 28 4 60 46 5.40 3 7. 5  308 1032 

* Thermal capacit ies for short times other than one second may be calculated on the bas is of time be ing inversely 
proportional to the square of the current. 

¢ Degrees current lags voltage at tap value current. 

** Voltages taken with R ectox type voltme ter. 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP ECOVR ELAY------------------------------------------------------------

ENE RGY R EQUIR EMENTS 

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

AMPERE 
RANGE 

0.5/2.5 

2/6 

4/12 

AMPERE 
RA!"-:GE 

0.5/2.5 

2/6 

4/l;l 

CONI"INUOUS 
RATING 

TAP (AMPER�!l_ 

(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 

TAP 

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 

2.1 
3.1 

3.1 

4.1 
5.7 
6.8 
7.7  

8 

8.8 

9.7 

10.4 

11.2 

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 

10.0 
11.0 
12.0 

14 
16 

17 
18 
20 
22 
26 

ONE SECOND 
RATI NG ' 

(AMPE !tE S) --------

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) 

88 

88 

88 
88 

88 

88 

88 
230 
230 
230 
230 

230 
230 
230 

460 
460 
460 
460 
460 
460 
460 

VOLT AMPEHES'' ... . --··- -·--·-·---···-··--- ------ ----
!'OllER 

b'1\CTOF( 

ANGLE / 

7L' 

71 

69 

67 

62 

57 

53 

70 

66 
64 
62 
60 

58 
56 

68 

63 

60 

57 
54 

48 

45 

AT 
TAP VALliE 

CU!UU<NT 

2.:Hl 

2.38 

2.40 

2.42 

2.51 

2.65 

2. 74 

2.:!8 

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 

TYPE COV-11 RELAY 

AT 3 11MES 
TAP VALUE 

CURill<NT 

21 

21 

21.1 

21.2 

22 

2:3.5 
24.8 

21 

21.1 

21.5 

22 

22.7 

24 
25.2 

21.3 

21.8 

22.6 

23.6 

24.8 

27.8 

31.4 

AT 10 TIMES 

TAP VALUE 
Cl1F(HFNT 

132 

13-1 

142 

150 

170 

200 

228 

136 

142 

149 

157 

164 

180 
]"'8 

146 

158 

172 

�90 
207 

248 

292 

AT 20 TIMES 

TAP VALUE 

CVRHI-:IiT 

3:Jt) 

3G5 

400 

440 

530 

675 

800 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

________ VOLT AMPER� E_S _'_' ____ _ 

POWER AT 
FACTOR TAP VALUE 
ANGLE¢ CURRENT --- ---- ------

36 
34 
30 
27 

22 

17 
16 

32 

30 

27 

24 

23 

20 
20 

29 

25 

22 

20 

18 

17 

16 

0.72 

0.75 

0.81 

0.89 

1.13 
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 
11.95 

13.95 

6.30 
7.00 
7.74 
8.20 
9.12 
9.80 

1 1.34 

7.08 
8.00 
9.18 

10.00 
11.1 
14.9 
16.3 

AT 10 TIMES AT 20 TIMES 
TAPVALUE TAPVALUE 

CURRENT CURRENT 

71.8 
75.0 
84.0 
93.1 

115.5 
136.3 
160.0 

74.0 
78.5 
84.0 
89.0 

102.0 
109.0 
129.0 

78.4 
90.0 

101.4 
110.0 
124.8 
131.6 
180.0 

250 
267 
298 
330 
411 
502 
610 

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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TYPE COY REL AY __ _________________________________________________________ I _.L_._41_- _11_&_G 

(f) 
a 
z: 
0 
<J 
L.U 
(f) 

3 

0 1 2 3 � 5 6 7 8 9 10 12 1� 16 18 20 
MULTIPLES OF TAP VALUE CURRENT 

418246 

Fig. 4. Typical 50 and 60 hertz Time Curves ol COV-6 Overcurrent Unit. 
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TYPECOV RELAY ____________________ __ __ __ __ ______________________________ _ 

418247 

Fig. 5. Typical 50 and 60 hertz Time Curves of COV-7 Overcurrent Unit. 
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TYPE COY RELAY I.L. 41·1110 
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Fig. 6. Typical 50 and 60 hertz Time Curves of COV-8 Overcurrent Unit. 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPECOV RELAY ____________________________________________________________ __ 
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Fig. 7. Typical 50 and 60 hertz Time Curves of COV-9 Overcurrent Unit. 
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Fig, 8. Typical Time Curves of the Type COV-11 Overcurrent Unit. 
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TYP E COVR E L AY--
---------------------------------------------------------

COW RELAY 
FROIIT VIEll) 

}TO ( ��:· .��?PS l TI•U �REUV COIITlCT) 
-* STOP ( OPEMS ) "-. } TO ( TI•U SUITS

! 
TI•ER (lOt EM SWI TCII 
START ('S' CLOSES 

SWITCII •s• 

f'u--o i20 VOLTS c__"-------------+-� � 110 CYC· 

183A172 

Fig. 9. Diagram of Test Connections of the Overcurrent Unit. 

SETTINGS 

A. OVERCURRENT UNIT (CO) 

The overcurrent unit settings can be defined 
either by tap settings 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 pos ition 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 break­
er time is recommende d between the relay being set 

and the relays with which coordination is to be 
effected. 

The connector screw on the terminal pl ate above 
the time dial makes connection s to various turns on 
the operating coil. By placing this screw in the various 
terminal plate holes, the relay will respond to mul ti­
p les of tap value currents in accordance with the 
various typical time-current curves. 

CAUTION 

Since the tap block connector screw carries opera­
ting 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 tap screw in the desired tap position before 
removing the other tap screw from the original tap 
position. 

INSTANT AN EO U S  RECLOSING 

The factory adjustment of the CO unit contacts 
provides a contact follow. Where circuit breaker re­
closing will be initiated immediately after a trip by 
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81!_5 
A B C 

·:o{,SE
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" 
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TO 
EXCITER 

TRIP COIL 

TO MAIN ALARM 
BREAKER 

TRIP COIL 

MEG. --.1---------

VB 
VC 

DE'IICE MUMiiER CHARTS 

51•27 • VOLTAGE CONTROLLED 
OVERCURREM T RELAY 
TYPE COY 

27- VOLTAiJE UNIT Of 
TYPE COY 

51 - OVERCURRENT UNIT 
Of TYPE COl/ 

86- AUXILIARY TRIPPING 
RELAY, TYPE WL 

52· POWER CIRCUIT 
�A EAKER 

ICS- INDICATING CONUCTOR 
SWITCH 

183A171 

Fig. 10. External Schematic of the Type COV Relay on a Generator. 

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, re­
mo ving the contact plate and then replacing the plate 
with the bent end resting against the contact spring. 

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

B. INDICATING CONTACTOR SWITCH (ICS) 

The only setting required on the ICS unit is the 
selection of the 0.2 to 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. 

C. INDICATING INSTANTANEOUS TRIP (liT) 
The core screw mus t be adjusted to the value of 

pick-up desired. 
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The nameplate data will furnish the actual cur­
rent range that may be obtained from liT unit. 

D. VOLTAGE UNIT ( V) 

The voltage unit spring calibration is set to close its 

contact when the applied voltage is reduced to 80 volts. 

The voltage unit can be set to close its contacts from 80 

volts to 100 volts by adjusting the resistor located at the 

rear of the voltage unit. The spiral spring is not disturbed 

when making any setting other than the calibrated setting 

of 80 volts. 

INSTALLATION 

The relays should be mounted on switchboard panels 

or their equivalent in a location free from dirt, moisture, 

excessive vibration and heat. Mount the relay vertically 

by means of the rear mounting stud or studs for the type 

FT projection case or by means of the four mounting 

holes on the flange for the semi-flush type FT case. Either 

the stud or the mounting screws may be utilized for 

grounding the relay. External toothed washers are provid­

ed 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 are aff!xed 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 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 I.L. 

41-076. 

ADJUSTMENTS AND MAINT ENANCE 

The proper adjustments to insure c orrect operation 
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. 

The indicating Instantaneous Trip unit (liT) used in 

some relays requires a much higher current for tripping 

than is required by the other units. For this reason, the 

junction of the CO unit coil and the liT unit coil is brought 

out to switch jaw no. 3 (whenever it is available) to permit 

the testing of these units separately. 

CAUTION: When applying current in excess of 50 amperes 

to test the liT, the current should not be left on while ad­

justing it to the trip level. Instead, apply the current in 

short burst, not more than 2 seconds long, to check for 

tripping. Make adjustments in the current control while 

the current is off. 

High currents left on for excessive time periods can 

result in the softening and possible melting of insulation 

on the interconnecting wires. 

ACCEPTANCE CHECK 

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

A. OVERCURRENT UNIT (CO) 

The directional unit contacts must be in the closed 
position when checking the operation of the overcur­
rent unit. 

1. Contact 

a) By turning the tim e  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 should coincide 
with the "0" m ark on the tim e dial . For double 
trip relays, th e follow on the stationary contacts 
should be approximately 1/6 4". 
For rel ay s  identified with a "T", located at 
lower l eft of stationary contact block , the index 
mark on the m ovement frame wil l coincide with 
the "0" mark on the time dial when the station­
ary contact has moved through appro ximately 

one-hal f of its normal d eflection. Therefore, 
with the stationary contact resting against the 
backstop, the index mark is offset to the right 
of the "0" m ark by appro ximately .020". The 
placem ent of the various time dial positions in 
line with th e index m ark 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. Alternately apply tap val ue current plus 
3% and tap value current minus 3%. The moving con­
tact should l eave 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 COV-8, 
2 and 20 times tap value current) and measure the 
operating time of the relay. The operating times 
should equal those of Table 1 plus or minus 5 percent. 

For type CO- 11 relay only. the 1. 30 times tap 
value operating time from the number 6 time dial posi­
tion is 54.8 ±5% seconds and should be check ed first. 
It is important that the 1. 30 times tap value current 
be maintained accurately. The maintaining of this 
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T YP E  COY R ELAY-----------------------------------------------------------

current ace urately is necessary because of the steep­
ness of the slope of the time- current characteristic 
(Figure 8). A 1% variation in the 1.30 times tap value 
current (including measuring instrument deviation) 
will change the nominal operating time by approxi­
mately 4%. 

Table I shows the time curve calibration points 
for the various types of relays. 

B. INDICATING CONTACTOR SWITCH (ICS)-Close 
the main relay contacts and pass sufficient d-e em­
rent through the trip circuit to close the contacts of 
the ICS. This value of current should not be greater 
than the particular ICS tap setting being used. The 
indicator target should drop freely. 

C. 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 
accmacy within the limits of 10%. 

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

D. VOLTAGE UNIT (V) 

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

0 2. Sensitivity - The contacts should close when 
voltage is reduced to approximately 90 volts. The voltage 
unit should be energized for one hour before checking 
the sensitivity. 

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 partic­
ular application. Phantom loads shoUld not be used 
in testing induction-type relays because of the re­
sulting distorted current wave form which produces an 
error in timing. 

All contacts should be periodically cleaned. A 
contact burnisher Stt182A836H0 1 is recommended for 
this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the dan­
ger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

CALIBRATION 

Use the following procedme for calibrating the 
relay if the relay has been taken apart for repairs or 
the adjustments have been disturbed. This procedure 
should not be used unless it is apparent that the 
relay is not in proper working order. (See "Accept­
ance Check • ). 

A. OVERCURRENT UNIT (CO) 

1. Contact 
a) By turning the time dial, move the moving con-

14 

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 1/6 4". 

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 contact will leave the backstop at tap value 
current + 1. 0% and will ret urn to the backstop at tap 
value current - 1.0%. 

3. Time Curve Calibration - Install the permanent 
magnet. 

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

For type C0-11 relay only, the 1. 30 times tap 
value operating time from the number 6 time dial posi­
tion is 54.9 ±5% seconds. It is important that the 1.30 
times tap value current be maintained acc urately. The 
maintaining of this current accurately is necessary 
because of the steepness of the slope of the time­
current characteristic (Figure 8). A 1% variation in 
the 1.30 times tap value current (including measuring 
instrument deviation) will change the nominal opera­
ting time by approxim ately 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 
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TABLE 1 
TIME CURVE CALIBRATION DATA -50-60 HERTZ FOR 

OVERCURRENT UNIT 

Permanent Electromagnet 
Magnet Adjustment Plug Adjustment 

Time Current Operating Current Operating 
Relay Dial (Multiples of Time (Multiples of Time 
Type Position Tap Value) (Seconds) Tap Value) (Seconds) 

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 

L11 6 2 11.27 20 0 . 246 
!:::. For 50 hertz COV-11 relay, 20 times operating time limits are 0.24 t 10%, -5% 

be made after the 2 times tap value adjustment has 
been completed. 

Apply the indicated current per Table 1 for th€ 
electromagnet plug adjustment (e.g. COV-8, 20 times 
tap value) and measure the operatine: 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 with­
drawing 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. 

B. INDICATING CONTACTOR SWITCH- UNIT (ICS) 

Close the main relay contacts and pass sufficient 
d-e 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 being used. 
The indiCator target should drop freely. 

C. 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 III' unit. 

D. VOLTAGE UNIT (V ) 

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

2. The contact gap adjustment for the directional 
unit is made as follows: 

With the moving contact in the normally-closed 
position, i.e. against the left stop on bridge, screw in 
the stationary contact until both contacts just close 
as indicated by a neon lamp in the contact circuit. 
Then, screw the stationary contact in towards the 
moving contact an additional one-half turn. The clamp 
holding the stationary contact housing need not be 
loosened for' the adjustment since the clamp utilizes 
a spring-type action in holding the stationary contact 
in position. 

0 3. The sensitivity adjustment is made in two 
steps. The voltage unit should be energized for one hour 
before these adjustments are made. 

A. The adjustable resistor, located at the 
rear of the voltage unit, is adjusted such that the 
maximum resistance is in the eire uit (Approximately 
2500 ohms). 

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

The spring is to be adjusted such that the con­
tacts will close as indicated by a neon lamp in the 
contact circuit when the applied voltage is reduced 
to 80 volts. The contacts should open with 80 plus 
volts applied. 

Any setting other than the 80 volts then can be 
made by adjusting the resistor for the desired contact 
closing voltage. 

R ENEWAL PART� 

Repair work can be done most satisfactorily at the 
factory. However, interchangeable parts can be fur­
nished to the cutomers who are equipped for doing 
repair work. When ordering parts, always give the 
complete nameplate data. 
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Fig. 11. Outline and Drilling Plan for the Type COV Relay in Type FT21 Case. 
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II() I CAT I Nil 

CONTACTOR SWITCn 

I C::i -

1\ 
co 

INTERNAL SCHEMATIC 

-�---------------. 

FRONT VIEW 
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INDICATI,.Il 

I HSTA,. TA�EOUS 

UNIT 

CnASSIS OPERATELl 

SHORTINu SwiTCH 

··RED nANDLE 

TEST SWITCH 

CuRRENT TEST JACK 
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184A471 

Fig. 12. Relay-Type COV-6, COV-7, COV-8, COV-9 & COV-11 Voltage Controlled Overcurrent Relay Double Trip with 
Indicating Instantaneous Trip-In Type FT 21 Case. 
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VOLT AGE UN I T  
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SHORTING SWITCH 

......,"'-++--- � RED HANDLE 
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CURRENT TEST �ACK 

184A400 

Fig. 13. Relay-Type COV-6, COV-7, COV-8 & COV-9 Voltage Controlled Overcurrent Relay - Double Trip in FT 21 Case. 
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Westinghouse I.L. 41-116D 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE COV 

VOLTAGE CONTROLLED OVERCURRENT RELAY 

CAUTION Before putting relays into serv ice , remove 
all blocking which may have been inserted for the 
purpose o f  securing the parts during ship men t, 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 elec­
trical connections. 

A P PLICATION 

The type COV relay is applicable where it is 
desired that an overcurrent unit be set to orerate on 
less than full load current when the voltage falls 
below a predetermined value, and it is desired not to 
operate for any magnitude o f  current when the voltage 
is above the predetermined value. A typical appli­
cation is overcurrent back-up protection on generators. 

CON T E NTS 

This instruction leaflet applies to the following 
types of relays: 

Type COV-6 Definite Minimum Time Relay 
Type COV-7 Moderately Inverse I I  n 

Type COV-8 Inverse " 

Type COV-9 Very Inverse " 

Type COV- 1 1  Extremely Inverse " 

" 

CONSTRUCTION AND OPERATION 

The relay consists of an overcurrent unit, a volt­
age unit with adjustable resistor, an indicating con­
tactor switch unit and an indicating instantaneous 

trip unit when required. 

A. OVERCURRENT UNIT (CO ) 

The electromagnets for the types COV-6, COV-7, 
COV-8 and COV-9 relays have a ma in tapped coil 
located on the center leg of an "E" type laminated 
structure that produces a flux w hich div ides and re­
turns through the outer legs. A shading coil causes 
the flux through the left leg to lag the ma in pole flux. 
The out-of-phase fluxes thus produced in the air gap 
cause a conta ct closing torque . 

The ele ctromagne t for the types COV- 1 1  relay 
has a main coil consisting of a tapped primary winding. 
Two identical coils on the outer Jegs of the lamination 
structure are connected to the main coil secondary in 

SUPERSEDES I. L. 41-116C 
*Denotes change from superseded issue. 

a manner so that the co mbination of all the fluxes pro­
du ced by the electromagnet result in out-of-phase 
fluxes in the air gap . T he out-of-phase air gap fluxes 
produced cause a contact clos ing torque. 

B. INDICATING CONTACTOR SWITCH UNIT (ICS) 

The indicating contactor switch is a small d-e 
operated clapper type device. A magnetic armature, 
to which leaf-spring mounted conta cts are attached, 
is attra cted to the magnetic core upon energization 
of the switch. When the switch closes, the moving 
contacts bridge two stationary con ta cts, completing 
the trip circuit. Also during this operation two fin­
gers on the armature deflect a spring lo cated on the 
front o f  the switch, which allows the operation in­
dicator target to drop. The target is reset fro m the 
outside of the case by a push rod lo cated at  the bot­
tom of the cover. 

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

C. INDICATING INSTANTANEOUS TRIP UNIT (llT) 

The instantaneous trip unit is a s mall a-c 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 mov ing contacts br idge 
two s tationary contacts completing the trip circuit. 
Also d uring the operation two fingers on the armature 
deflect a spr ing located on the front of the switch 
which allows the operation indicator target to drop . 
The target is reset fro m  the outside of the case by a 
push rod located at the botto m  of the cover. 

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

D .  VOLTAGE UNIT (V) 

The voltage unit is an induction cylinder type unit. 

Me chanically, the voltage unit is co mposed of fo ur 
basic components: A die-cast aluminum frame , an 
ele ctromagnet, a mov ing element assembly, and a mold­
ed bridge . 

The fra me serves as the mounting structure for the 
magnetic core.  The magnetic core which houses the 
lower pin bearing is secured to the fra me by a locking 
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VOLTAGE UM I T  

IMDICATIN.O 
COJriTACTOR SWI TCI1 

INTERIAL SCHEMI.TIC 

FRONT YIE:W 

OVERCURREMT UN I T  

CHASS I S  OPERATED 
SKORTI JIIG SW I TCH 

RED HAHDLE 
TEST SWI TCH 
CURREMT TEST JACK • 

TERNIMAL 

l 83A047 

Fig. 1 .  Internal Schematic: of the T ype COV Relay in the 

Type FT2 1 Case. 

nut . The bearing can be replaced, if necessary, with­
out having to remove the magnetic core from the frame . 

The electromagnet has two pairs of voltage coils. 
Each pa ir of diametrically opposed coils is connected 
in series . In addition ; one pair is in series w ith an 
adjustable resistor . These sets are paralleled as 
shown in Fig . 1. The adjustable resistor serves not 
only to shift the phase angle of the one flux w ith re­
spect to the other to produce torque, but it also pro­
vides a dropout adjustment. 

Locat ing pins in the electromagnet are used to 
accurately position t he lower pin bearing, which is 
mounted on the frame, w ith respect to the upper pin 
bearing, w hich is threaded into the bridge . The elec­
tromagnet is secured to the frame by four mounting 
screws. 

The moving element assembly cons ists of a spiral 
spring, contact carrying member, and an aluminum 
cylinder assembled to a molded hub w hich 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 stops for the moving element 
contact arm are an integral part of the bridge . 

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

2 

INTERNAL SCHEMATIC 

voL TAGE u "! t r  tL�- -� 

I H D I CA T I M C  

', 

I C ' 11 V -L__]�""---._--._}! COHHCTOR SYrt TCri ..; 

1 ® @ 
2 C0 6 

FROliT V I E W  

) ovERCURREH T UH I T  

I H f ll C A T I N G  
I N STANTAIIEOUS 
tiN I T  

CHASS I S  OPERATED 
SHORTING S w i TCH 
RED Hii.NDl[ 
TEST S II I Wi 
CURRENT TE ST JACK 

TERMINAL 

l 83A048 

Fig.  2. Internal Schematic: of the Type C O V  R elay with 

Indicating Instantaneous Trip Unit In the Type 

FT2 1 Case. 

W ith the contacts closed, the electrical connection 
is made t hrough the stationary contact hous ing clamp, 
to the mov ing contact, through the spiral spring out to 
the spring adjuster clamp . 

CHARAC T E R I ST I CS 

To prevent the relay from operating for currents 
above the over current unit p ick-up, the voltage unit 
contact is connected in the shading coil circuit of the 
overcurrent unit .  The voltage contact is held open at 
voltages above the set po int, to prevent tor que from 
being produced in t he overc urrent unit . This arrange­
ment yields a tr ipping characteristic as shown in 
Fig . 3. 

OVERCURRENT UNIT 

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

R o n g e  

0 . 5 - 2. 5 
2 - 6  
4 - 12 

0 . 5  0.6 0.8 1.0 1.5 
2 2. 5 3 3. 5 4 
4 5 6 7 8 

2 .0 
5 

10 

2.5  
6 

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 
oJl< F igs.  4 to 8. These characteristics give the contact 

closing time for the various time dial settings when 
the indicated multiples of tap value current are appl ied 
to the relay. 
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TYPECOV R E L AY ____________________________________________________________ 1_- L_._4_1 ·_1 1_6_0 

VOLTAGE UNIT 

The contact can be adjusted to close over a range 
of 80 to 100 volts. The contact open s  if the voltage 
is higher than the set val ue. The drop-out ratio of the 

unit is 98% or higher. Relays are shipped from the 
factory with a 90 volt setting. 

The indicating instantaneous trip contacts will 

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

c arry this current long enough to trip a breaker. 

TRlP CIRCUIT 

The indicating contactor switch has two taps that 

provide a pickup setting of 0 . 2  or 2 amperes. T o  

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 

The main contacts will safely close 30 amperes 

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

dicating contactor switch will safely carry this cur­

rent long enough to trip a circuit breaker. 

Indicating Contactor Switch -

0 . 2  amp tap 6.5  ohms d-e resistance 

2.0 amp tap 0. 15 ohms d-e resistance 

_.J <{ 
� 0:: 0 1 50 z 
I.L 0 
...... z w 100 0 0:: w CL 
z 
w 50 � 
<{ 
� 0 > 

0 
0 

T �.e Trip Area May Be Changed As F'ollows: 

The line " be "  may be moved in the direction of arrow "y" by changing 

the voltage unit setting. The line "ab" may be moved in the direction of 

arrow " x "  by changing the CO unit tap setting. Tap value current expressed 

in % l:<'ull Load defines line ab, and voltage unit setting expressed in % 

normal voltage defines line be. 

50 a 100 150 200 250 
C U R R E N T  IN  PERCENT OF F U L L  LOAD 

Fig. 3 .  Typ ical Tripp ing Characteristics a f  Type CO V Relay. 
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T YP E  COY R E L A Y  __________________________________________________________ __ 

4 

Frequency 

60 

Drop-O ut 
Adj ust ment 

Volts 

80- 100 

E N ERGY R EQU I R EMENTS 

VOLT AGE U NIT 

Maximum 
Volts 

Co ntinuous 

132 

+ Volt-Ampere burden is average for the various settings. 

Volt-A mpere + 
B urden 

at 120 volts 

8 .0 

COV-6 OVE R CUR R E NT UNIT S 

VOLT AMPERES* * 

Cont inuo us One Second Power At At 3 Times At 10 Times 
Ampere Rating Rat ing * Factor Tap Value Tap Value Tap Val ue 
Range Tap (Am pere s )  (A mpere s) Angle ¢ Current C urrent Current 

0.5 2 . 7  88 6 9  3. 92 20.6 103 
0.6 3. 1 88 68 3.96 20. 7 106 
0.8 3 . 7  88 67 3. 96 2 1  1 14 

0.5/2.5 1 .0 4. 1 88 66 4 .07 2 1.4 122 
1.5 5 . 7  88 62 4. 19 23.2 147 
2 .0 6 .8 88 60 4 .30 24. 9  168 
2.5 7 . 7  88 58 4 .3 7  26.2 180 

( 2 8 230 6 7  3.88 2 1  1 10 
( 2.5  8.8 230 66 3 . 90 2 1 . 6  1 18 
( 3 9. 7 230 64 3. 93 22. 1 126 

2/6 ( 3.5 10. 1 230 63 4.09 23. 1  136 
( 4 1 1 .2 230 62 4. 12 23.5 144 
( 5 12 . 5  230 5 9  4.20 24.8 162 
( 6 13 . 7  230 57 4 .38 26.5 183 

( 4 16 460 6 5  4 .00 22.4 126 
( 5 18.8 460 63 4. 15 23. 7  143 
( 6 19 .3 460 6 1  4.32 25.3 162 

4 / 12 ( 7 20.8 460 59 4.37 26.4 183 
( 8 22. 5 460 56 4.40 2 7 .8 204 
( 10 2 5  460 53 4.60 30. 1 247 
( 12 28 460 47 4.92 3 5 .6 288 

Drop-O ut 
Ratio 

98% 

At 20 T ime s 
Tap Value 

Current 

2 70 
288 
32 5 
360 
462 
548 
630 

308 
342 
38 1 
4 1 7  
448 
540 
624 

3 76 
450 
53 1 
6 1 1  
6 99 
880 

1056 

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

¢ Degrees current lags voltage at tap value current. 

** Voltages taken with Rectox type voltmeter. 
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TYP E COY R E L AY ------------------------------1 ·-L_. _41_-1_1_6 0_ 

E N ERGY R EQUI R EMENTS 

COV- 7  OVE RCURRE NT UNITS 

VOLT A MPER ES* * 

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 68 3.88 20. 7 103 2 78 
0.6 3. 1 88 6 7  3.93 20. 9  107 288 
0.8 3. 7 88 66 3.93 2 1 . 1  1 14 320 

0 . 5/2 . 5  1.0 4. 1 88 64 4.00 2 1.6 122 356 
1.5 5. 7 88 6 1  4.08 22. 9 148 459 
2.0 6.8 88 58 4.24 24.8 1 74 552 
2.5 7. 7 88 56 4. 38 2 5. 9  185 6 40 

( 2 8 2 30 66 4.06 2 1.3 1 1 1  306 
( 2.5 8 .8 2 30 63 4.07 2 1.8 120 342 
( 3 9. 7 2 30 63 4. 1 4  22 . 5  12 9 366 

2/6 ( 3.5 10.4 2 30 62 4. 34 23.4 1 4 1  4 13 
( 4 1 1.2 2 30 6 1  4. 34 23.8 149 448 
( 5 12.5 2 30 59 4.40 2 5.2 163 530 
( 6 13. 7  2 30 58 4.62 27 183 624 

4 16 460 64 4.24 22.8 129 3 92 
( 5 18.8 460 6 1  4.30 24.2 149 460 

4/ 12 ( 6 19.3 460 60 4 .62 25.9 168 540 
( 7 20.8 460 58 4 .69 2 7.3 187 626 
( 8 22. 5 46 0 55 4.80 29.8 2 1 1 688 
( 10 2 5  460 5 1  5 .20 33 260 860 
( 12 28 460 46 5.40 37.5 308 1032 

* Thermal capacit ies for short times other than one second may be calculated on the bas is 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 COV R EL A Y  __________________________________________________________ _ 

ENE RGY R E QUIR EMENTS 

COV-8 INVERSE TIME AND COV-9 VERY INVERSE TIME RELAYS 
VOLT AMPERE S* * 

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

AMPERE 

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 

(2.5 

( 3  

(3 .5  

(4 

(5 

(6 

(<l  
( 5  

(6 

(7 

(8 

(10 

( 1 2  

RATING 

( A MPERES) 

2.1 
3. 1 
3.1 
4. 1 

5.7 

6.8 

7.7 

8 

8 . 8  

9 . 7  

1 0 . 4  

1 1. 2  

1 2 . 5  

13 .7  

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

RATING* 

(AMPERES) 

8 8  

8 8  

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

CONTINUOUS ONE SECOND 

AMPERE RATING RATING* 

RA!'IGE 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  

1 0 . 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 

14 

1 6  

1 7  

1 8  

2 0  

2 2  

26 

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 VAL U E  TAP VALUE 

ANGLE ¢ CURRENT CURRENT CURRENT CURRENT 

72 

7 1  

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 

TYPE COV- 1 1  R ELAY 

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 

1 8  

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 

2 1  

2 1  

2 1 . 1  

2 1 . 2  

22 

23. 5 

24.8 

2 1  

2 1 . 1  

2 1 . 5  

22 

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 

1"�8 

146 

158 

172 

�90 

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 

TAP VALUE TAP VALUE TAP VALUE 

CURRENT CURRENT 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 .3 4  

7 . 08 

8.00 

9 . 1 8  

10.00 

1 1 . 1  

1 4 . 9  

1 6 . 3  

7 1 . 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 

610 

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

720 

• Thermal capacities for short times other than one s econd may be calculated on the basis of time being inverse ly proportional to the 
square of the c urrent. 

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

•• Voltages taken with Rectox type voltmeter. 
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TYP E COY R E L AY ------------------------------' ·_L_. _ .. 1_- 1_1_6 0 
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I TYPE C0-6 

I OVER CURRENT RELAY 
! , .  

!50-60 CYCLES 
I I 

I I I 
• ! I I 
I 

I 

I 

I I I I I ' 

j I 

' 

I I 

I 

+' . I I , ,  ' I I I 

" I-,.. I ). '\. I J'\  
SETT I NG 

· '  
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Fig. 4. Typlcai 50 tmd 60 Cycle Time Curves of COV·6 Overc:urrent Unit, 

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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Fig. 5. Typical 50 and 60 Cycle TimP. Curves of C O V- 7  Overcurrent Unit. 
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TYP E  COY RELAY 
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Fig. 6.  Typical 50 and 60 Cycle Time C urves ol COV-8 Overcurrent Unit. 
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T YP E COV R ELAY ________________________________________________________ __ 

7 CURVE 1&182lla 
TYA I OAL T I ME CURVES 

TYPE C0-9 
OVER CURRENT REL·AY 

50•00 CYCL ES 

1\ 

1\ 
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Fig. 7. Typ ical 50 aml 60 Cycle Time Curv . .  of COV-9 Overcurrellt Unit. 
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TYP E COV R E L AY __________________________________________________________ __ 

}TO ( ��:�A��?
PS � 

T INER � RELAY CONTACT ! STOP (OPENS }TO ( Tl>l£1 STAITS l 
TINER ( WEM SWITI:II 
START ( •s• CLOSES 

SWITI:II 
•s• 

.f'o-----D i.zo VOLTS �-----------�.__-o � eo eve. 

183Al72 

Fig. 9. Diagram af Test Connections of the Overcurrent 

Unit. 

SETTI NGS 

A. OVERCURRENT UNIT (CO) 

The overcurrent unit settings can be defined 
eit her by tap settings and time dial position or by tap 
setting and a specif ic time of operation at some cur­
rent multiple of t he 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 prov ide selective circuit breaker operation , a 
minimum coord inating t ime of 0.3 seconds plus break­
er time is recommended between t he relay being set 
and the relays with which coordination is to be 
effected. 

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

CAUTION 

Since the tap block connector screw carries opera­
ting 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 tap screw in the desired tap position before 
removing the other tap screw from the original tap 
position. 

INSTANTANEOU S RECLOSING 

The factory adjustment of the CO unit contacts 
provides a contact follo w. Where circuit breaker re­
closing will be initiated immediatel y after a trip by 

1 2  

POI·--....:DC�TI�I P:.....:.,:_S ----

TO MAIM ALAIN BIUl£1 
TIIP COIL 

OEYICE NUMBER CHARTS 
Sl-e7 • VOLTAGE COMTROLLEO 

OY!ICUUEMT RELAY 
TYPE COY 

27 • VOLTAGE UMI T  OF 
TYPE COY 

si • OYERCURREMT UN I T  
O F  TYP£ COV 

86 • AUXI L IARY TRIPPING 
RELAY, TYPE WL 

S2 • PIMR CIRCU I T 
BREAKER 

ICS • IMOICATIMG COMTACTOI 
SWI TCK 

183Al71 i 
Fig. 10. External Schematic of the T ype COV Relay on a 

Generator. 

the CO contact, the time of the open ing of the contacts 
s hould be a minimum. This condition is obtained by 
loosening the stationary contact mounting screw, re­
moving the contact plate and then replacing the plate 
with the bent end resting against the contact spring. 

For double trip relays , the upper stationary con­
tact is adjusted such that the contact spring rests 
solidly against the back stop. The lo wer stationary 
contact is t hen adjusted such that both stationary 
contacts make contact simultaneously with their re­
spective moving contact. 

* B .  INDICATING CONTACTOR SWITCH (ICS) 

The only setting required on the res unit is the 
sel ection of the 0 .2 to 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. 

C .  INDICATING INSTANTANEOUS TRIP ( liT) 

The core screw must be adjusted to the value of 
pick-up desired. 
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The nameplate data will furnish the actual cur­
rent range that may be obtained from ITT unit. 

D. VOLTAGE UNIT ( V) 

The voltage unit is calibrated to close its contact 
whe n  the applied voltage is reduced to 80 volts. The 
voltage unit can be set to close its contacts from 80 
volts to 100 volts by adjusting the resistor located at 
the rear of the voltage unit. The spiral spring is not 
disturbed when making any setting other than the cali­
brated setting of 80 volts. 

INSTALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from dirt , 
moisture , excessive vibration and heat. Mount the 
relay vertically by means of the two mounting studs 
for the projection mounting or by means of the four 
mounting holes on the flange for the semi-flush mount­
ing. Either of the studs or the mounting screws may 
be utilized for grounding the relay. The electrical 
conne ctions may be made directly to the terminals by 
means of screws for steel panel mounting or to termi­
al studs furnished with the relay for thick panel mount­
ing. The terminal studs may be easily removed or in­
serted by locking two nuts on the studs and then 
turning the proper nut with a wrench. 

ADJUSTMENTS AND MAI NT E NANCE 

The proper adjustments to insure correct operation 
of this relay have been made at the factory. Upon 
receipt of the relay, no customer adjustments, other 
than those covered under "SETTINGS" ,  s hould be 
required. 

ACCEPTANCE CHECK 

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

A. OVERCURRENT UNIT (CO) 

The directional unit contacts must be in the closed 
position when checking the operation of the overcur­
rent unit. 

1. Contact 

a) By turning the tim e 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 double 
trip relays, the follow on the stationary contact s 
should be approximately 1/6 4". 

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 defl ection. Therefore ,  
with the stationary contact resting against the 
backstop, the index mark is offset to the right 
of the "0" m ark by approximately .0 20". The 
placem ent 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. Alternately apply tap value current plus 
3% and tap value current minus 3%. The moving con­
tact should l eave 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 COV-8, 
2 and 20 times tap value current) and measure the 
operating time of the relay. The operating times 
should equal those of Table 1 plus or minus 5 percent. 

* For type C0- 1 1  relay only, the 1 .  30 times tap 
value operating time from the number 6 time dial posi­
tion is 5 4 . 8  ±5% seconds and should be checked first . 
It i s  important that the 1 . 30 times tap value current 
be maintained accurately. The maintaining of this 
current accurately is necessary because of the steep­
ness of the slope of the time- current characteristic 
(Figure 8) . A 1% variation in the 1. 30 times tap value 
current ( including measuring instrument deviation) 
will change the nominal operating time by approxi­
mately 4%. 

Table I shows the time curve calibration points 
for the various types of relays .  

B. INDICATING CONTACTOR SWITCH (ICS)- Close 
the main relay contacts and pass sufficient d-e cur­
rent through the trip circuit to close the contacts of 
the ICS. This value of current sho uld not be greater 
than the particular ICS tap setting being used. The 
indicator target should drop freely. 

C. INDICATING INSTANTANEOUS TRIP UNIT (ITT) 
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 curre nt  to operate the ITT. The 
indicator target s hould drop freely. 

D. VOLTAGE UNIT ( V) 

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

2 .  Sensitivity - The contacts should close when 
voltage is reduced to approximately 90 volts. 
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ROUTINE MAINTENANCE 

All relays should be inspected periodically and 
the time of operation should be c hecked at least once 
every year or at such other time intervals as may be 
dictated by experience to be suitable to the partic­
ular application. Phantom loads should not be used 
in testing induction-type relays because of the re­
sulting distorted current wave form which produces an 
error in timing. 

All contacts should be periodically cleaned. A 
contact burnisher S�t182A836H01 is recommended for 
this purpose . The use of abrasive material for clean­
ing contacts is not recommended, because of the dan­
ger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

CALIBRATION 

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

A. OVERCURRENT UNIT (CO) 

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 double 
trip rel ays, the follow on the stationary contacts 
shoul d be approximately 1/64". 

b) For relays identified with a "T" , located at 
lower l eft of stationary contact block, the index 
m ark 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 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 .020".  The 
pl acement 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. 

14  

Adj ust the control spring tension s o  that the 
moving contact will leave the backstop at tap value 
curre nt + 1.0% and will return to the backstop at tap 
value current - 1.0%. 

3. Time Curve Calibration - Install the permanent 
magnet. 

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

* For type C0- 1 1  relay only, the L 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 o f  this current accurately is  necessary 
because of the steepness of the slop e of the time­
current characteristic (Figure 8) .  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 tim e 
at 1 . 3  times tap value is not within these limits ,  a 
minor adj ustment of the control spring will give the 
correct operating time without any undue effect on 
the minimum pick-up of  the relay. This check is  to 
be made after the 2 times tap value adjustment has 
been completed. 

Apply the i.ndlcated current per Tabla 1 for the 
electromagnet plug adjustment (e.g.  COV-8, 20 times 
tap value) and measure the op erating 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 with­
drawing the right-hand plug, front view, decreases 
the time. ) In adjusting the plugs, one plug should be 
screwed in �,;ompletely and the other plug run in or 
out until the proper operating time has been obtained. 

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

B. INDICATING CONTACTOR SWITCH - UNIT (ICS) 

Close the main relay contacts and pass sufficie nt 
d-e 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 being used. 
The indicator target should drop freely. 

C. 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 nr unit. 
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TA B L E  1 
!IM E CUR VE CAL I B RAT ION DATA - 50 - 60 C Y C L E S  F OR 

OVE R CUR R E N T  UN I T  

Permanent E lectromagnet 
M�gnet Adjustment Plug Adjustment 

Time Current Operating Current Operating 
Rel ay Dia l (Mu l tiples of T ime (Mu ltiples of Time 
Type Position Tap Value) (Seconds) Tap Val ue) (Seconds) 

6 6 2 2 .46 2 0  1 . 1 9  

7 6 2 4.2 7  2 0  1 . 1 1  

8 6 2 1 3 .35 2 0  1 . 1 1  

9 6 2 8.87 20 0 .65 

1 1  6 2 1 1 .27 20 0 . 246 

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

D. VOLTAGE UNIT (V) 

1.  The upper pin bearing should be screwed down 
until there i s  approximately .025-' '  clearance between 
it and the top of s haft bearing. The upper pin bearing 
should then be securely locked in position with the 
lock nut. The lower bearing position is fixed and 
cannot be adjusted. 

2. The contact gap adjustment for the directional 
unit is made as follows :  

With the moving contact i n  the normally-closed 
position, i . e .  against the left stop on bridge , screw in 
the stationary contact until both contacts just close 
as indicated by a neon lamp in the contact circ uit. 
Then, screw the stationary contact in towards the 
moving contact an additional one-half turn. The clamp 
holding the stationary contact housing need not be 
loosened for the adjustment since the clamp utilizes 
a spring-type action in holding the stationary contact 
in position. 

3. The sensitivity adjustment is m ade in two 
steps. 

A. The adjustable resistor, located at the 
rear of the voltage unit , is adjusted such that the 
maximum resistance is in the circuit (Approximately 
2500 ohms). 

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

The spring is to be adjusted s uc h  that the con­
tacts will close as indicated by a neon lamp in the 
contact circuit when the applied voltage is reduced 
to 80 volts. The contacts s ho uld open with 80 plus 
volts applied. 

Any setting other than the 80 volts then can be 
made by adjusting the resistor for the desired contact 
closing voltage. 

R E N E WAL P ARTS 

Repair work can be done most satisfactorily at the 
factory. However, interchangeable parts can be fur­
nished to the c utomers who are equipped for doing 
repair work. When ordering p arts , always give the 
complete nameplate data. 
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PAt-lE L LOC.A.\\0\-.1 
'SEM i -FLI..lS\-1 MIG. 
'PRO\i'ECT \ O N  l-1\TC:.. 

� -IBSCRE.W IG (FOR I�ICK 
PANEL l..lSE �-IB '=>TUD) 
. ! '7 0 · 3'2. SCREW 

T ERMINAL 1!-N D 
MOUNT I N G- Ot:TA.IL� 

N O T E : A l l- D \ M e N� \ O N S  
I N  I N C H E S 

l Dl}>o.. -4- \-IOLE.S FOR + . 190·3'2. MTC:r. SCREW$ 

PANEL CUTOUT i DR.ILLI MG­
�OR. SEMI-F LU!:.\-1 'MTG. 

I I 
':rz. '3'-

PANE\.. t>R\LL \ NG OR CUTOUT FOR 
PROJE.C.T\Ot-l MTG. 

(rRO"-lT V \E.W) 

Fig. 1 1 .  O utline and Drilling P lan for the Type COV Relay In Type FT2 1  Case. 

W E S T I N G H O U S E  
R E LAY D E PA RT M E N T  

E L E C T R I C  C O R P O R A T I O N  
N EWA R K, N . J. 

Printed in U S. t\ .  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 




