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INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES CO AND COH OVER CURRENT RELAYS 

CAUTIDN Before putting protective 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. 

contacts to see that they are 
Inspect the 

clean and can 

close properly. Operate the relay to check 

the settings and electrical ��nnections. 

APPUCATION 

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 closihg type relays are 

normally used to trip the circuit breaker. 

Where low voltage or no station battery 
exists, the circuit opening type relay in con-

junction with a-c series trip coils 
used to open the breaker. 

can be 

The inverse time (low-energy) type relay 

is used in preference to the definite minimum 
time (standard energy) relay where the re­

quirements necessitate (1) a lower burden on 
the current transformer, or (2) a more inverse 
curve for selectivity, or (3) a very low cur­
rent range as for example, ground protection 
of transmission systems. 

The very-inverse time (low-energy) relay is 

similar to the inverse relay and is used where 
a still more inverse curve is desired. The 
term "low energy" refers to the burden at tap 

value that is placed on the current trans­
formers and does not refer to the current 

rating. 

The long time (40 second) relay is designed 

to protect motors against overloads. This can 

be equipped with an instantaneous attachment 

SUPERSEDES l.l. 41-280 G 

that will operate, if a short-circuit occurs 
in the motor. 

The type COH relay finds application for 

phase and ground protection where a high speed 

induction type relay is desired. It is some­
times used in differential protective schemes. 

The above relays can be supplied with the 

secondary electromagnet circuit brought out to 
separate terminals. This variety is known as 

the type CO or COH Torque Control Relay. Thus 

the contacts of a separate relay can be used 

to control the operation of the torque control 

relay. For example, a three phase directional 

relay plus suitable auxiliary relays can be 
used to directionally control three torque 

control relays. 

CONSTRUCTION AND OPERATION 
Circuit-Closing Relay 

The circuit-closing types CO and COH relays 

consist of an overcurrent element, an opera­
tion indicator, a contactor switch, and an 
instantaneous trip attachment where required. 

Overcurrent Element 

This element is an induction-disc type ele­
ment operating on overcurrent. The induction 
disc is a thin four-inch qiameter, aluminum 
disc mounted on a vertical shaft. The shaft 
is supported on the lower end by a steel ball 
bearing riding between concave sapphire jewel 

surfaces, and on the upper end by a stainless 

steel pin. 

The moving contact is a small silver hemi-

sphere fastened on the end of an arm. The 

other end of this arm is clamped to an insu-

lated section of the disc shaft in the non-
geared type relays, or to an auxiliary shaft 

EFFECTIVE MAY 1950 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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Fig. 1-Flux And Current Relations in The Type OOH. Type 
CO Inverse and Very Inverse Time Relays Without 
The Torque Compensator. 

Operation ___ __,,__..._ 
Indicator 

--:t--
Trip circuit _} 
interlock for 
detachable 
relays 

Contact or ____ -+-___, 
Switch 

Far trip currents 
tess than 2.25 amps.L.-+----' disconnect and 
dead end this lead 

co 

Rear View 

Fig. 3---Internal Schematic Of The Double Trip Circuit 
Closing Types CO And COH Relays In The Stand· 
ard Case. The Single Trip Relays Have Terminal 3 
And Associated Circuits Omitted. 

geared to the disc shaft in the geared type 

relays. The electrical connection is made 

from the moving contact throut:h the arm 

and spiral spring. 

fastened to the 

One end of the spring is 

arm, and the other to a 

slotted spring adjuster disc which in turn 

fastens to the element frame. 

The stat:i.onary contact assembly consists of 

a silver contact attached to the free end of 

a leaf spring. This spring is fastened to a 

Micarta block and mounted on the element 

2 

�Eiectromogne! \.,0-Di&e floto!oon 

Fig. 2-Flux And Current Relations In The Long Time and 
Definite Minimum Time Relays With The Torque 
Compensator. 

co IT 

I 

L. 
Fig. 4-Internal Schematic Of The Single Trip Circuit 

Closing Types CO And COH Relays With Instan­
taneous Trip Attachment In The Standard Case. 

Lrame. A small set screw permits the ad-

justment of contact follow. When double trip 

is required, another leaf spring· is mounted on 

the Micarta bloc'<: and a double contact is 

mounted on the rigid moving arm. Then the 

permit stationary contact 

adjustment so that both 

simultaneously. 

The moving disc is 

magnet in the rear and 

magnet in the front. 

set 

circuits will be made 

rotated by an electro-

damped h'' . J a pc:1-:manent 

The opera tin[ to ue of 

the inverse or very inverse relays -, s :.lbta::.:Jec1 

• 
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" --.r-
Trip circwt j 
interlock for 
detachable 
relays 
��:��tor ---+---" 

For trip currents 
less than 2.25 amps 
disconnect and "'---+----' 
dead end this leod }----_J\----'\,...::.:.....,..---{7) 

Upper Pole 
Coils 

Fig. 5--Internal Schematic Of ·The Double Trip Circuit 
Closing Inverse And Very Inverse Types CO And 
COH Relays With Torque Control Terminals In The 
Standard Case. The Single Trip Relays Have Term­
nial 3 And Associated CirG:uits Omitted. 

������ry 
Transformer 
Secondary 
��f

1
�r Pole'----+------. 

6;,�t��ogc,er --+---+-r 
Auxiliary ----+-��=:;-"' 
Current 
Transformer 
Pr1mary 

Oe-•on 
Contactor 

Sw•lch 

���onton,=:eo�u:_:s___;_�==�--------_..-

Rear V1ew 

Fig. 7-lnternal Schematic Of The Circuit Opening Inverse 
And Very Inverse Time Type CO Relays With In­
stantaneous Trip Attachment In The Standard Case. 

by the circuit arrangement sho1m in Figure 1-

The main pole coil of the relay acts as a 

transformer and induc es a voltare in a secon­

dary coil. Current from this secondary coil 

flov1s through the upper pole coils and thus 

produces torque on the disc by the reaction 

between the fluxes of the upper and lower 

poles. 

The de:inite-time relay obtains its flat 

characteristic curve because of a small 

saturating transformer that is interposed 

between the secondary coil and the upper pole 

coils. This is called the torque conpensator 

and it slows down the disc movement to such an 

--H--
irip circuit _} 
l.nterlodt for 
detoe.hablt 
relays 
��ft���tor• ___ 4--/ 
For trip currents 
le�s than 2.25 amps 
disconnect and 
dead end this leod 

Rear Vie-w 

�--+- ���; Pole 

�----+ rc::,r
1
sformer 

TorQue 
Compensator 

Fig. 6-lnternal Schematic Of The Double Trip Circuit 
Closing Definite Minimum Time Type CO Relay 
With Torque Control Terminals In The Standard 
Case. The Single Trip Relays Have Terminal 3 
And Associated Circuits Omitted. 

Torque 
Compensator 

Rear View 

De-ion 
Contactor 
Switch 

Fig. 8-Internal Schematic Of The Circuit Opening Definite 
Minimum Time Type CO Relays With Instantaneous 
Trip Attachment In The Standard Case. 

extent that no 

( See Fi[ure 2). 

gearing is required. 

The long time relay is a geared relay with a 

torque ;ompensator. 

The type COR relay is a non-geared relay 

without a torque compensator. 

Contactor Switch 

The d-e. contactor switch in the relay Is a 

small solenoid type s•,.;itch. A cylindrical 

plunger with a silver disc mounted on _:ts 

lower end moves in the core of the solenoid. 
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TYPES CO AND COH OVERCURRENT RELAYS 

Cover operated 
switch when used 
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Fig. 9-Internal Schematic Of The Double Trip Circuit 
Closing Types CO And COH Relays In The Type FT 
Case. The Single Trip Relays Have Terminal 3 And 
Associated Circuits Omitted. 

Operot1on ----,,C::.==�---------..._ 
Indicator Test Sw1tch 

G CO CO F 
� 

CO H 

!! o..;;;;;....;=----::F- ro-n"'"t 7V
,.;
Ie
::::;
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Chassis operated shortmq switch 

Fig. 1 1-lnternal Schematic Of The Double Trip Circuit 
Closing Inverse And Very Inverse Types CO And 
COH Relays With Torque Control Terminals In The 
Type FT Case. The Single Trip Relays Have Term· 
ina! 3 And Associated Circuits Omitted. 

As the plun2er travels upward. the d.:sc 

bridges three silver stationary contacts. The 

coil is in series with the main contacts of 

the relay and with the trip coil of the 

brea',;:er. When the relay contacts close. the 

coil becomes energized and closes the switch 

contacts. This shunts the main relay 

4 

Operation tndiCOtar- ----.. 
Covtf0peroted 

----'<---------.... 
Switch WhonVsed 

Short Circuit Switch---

TostSwl�--16 6 

Test Switch 

lnotonto-..s 
Tr1pAttochmont 

Fig. 10-Intemal Schematic Of The Single· Trip Circuit 
Closing Types CO And COH Relays With Instan· 
taneous Trip Attachment In The Type FT Case. 

Covor operated 
switch when used 
Contact or 
Switch ----+----" 
For trip current 

��:����r�;rP5·+----"" 
dead end this lead 

Test Switch 

�--+-- ut!;r; Pole 
·��---If- T�����'�' 

To Relay 

�I I �� To Bose 
Front View Terminals 

Fig. 12-Intemal Schematic Of The Double Trip Circuit 
Closing Definite Minimum Time Type CO Relay 
With Torque Control Terminals In The Type FT 
Case. The Single Trip Relays Have Terminal 3 And 
Associated Circuits Omitted. 

contacts. thereby relievinf them of the duty 

of carrying tripping current. These contacts 

remain closed unttl the trip circuit is openec1 

by the aclXlliary switch on the brea'(er. 

Operation Indicator 

The operation indicator is a small solenoid 
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coil connected in the trip circuit. When the 

coil is energized. a spring-restrained arma­

ture releases the white target which falls by 

gravity to indicate completion of the trip 

circuit. The indicator is reset from outside 

of the case by a push rod in the cover or 

cover stud. 

Instantaneous Trip (When Supplied ) 

The instantaneous tri� attachment is a small 

solenoid type element. A cylindrical plunger 

rides up and down on a vertical guide rod in 

the center of the solenoid coil. The guide 

rod is fastened to the stationary core, which 

in turn screws into the element frame. A 

silver disc is fastened to the moving plunger 

through a helical spring. When the coil is 

energized, the plunger moves upward carrying 

the silver disc which bridges three conical­

shaped stationary contacts. In this position, 

the helical spring is compressed and the 

plunger is free to move while the contact 

remains stationary. Thus, a-c. vibratjons of 

the plunger are prevented from causing contact 

bouncing. A Micarta disc screws on the bottom 

of the guide rod and is locked in position by 

a small nut. Its position determines the 

pick-up current of the element. 

Instantaneous Lock-Out Attachment 

(When Supplied ) 

The loc;<:-out attachment i.s Llsed to prevent 

the relay f'rom tripping a circuit breaker when 

current is too high-above its interrupting 

capacity. 

Circuit-Opening Relay 

The circuit-opening type CO Relay consists 

of an overcurrent element. a de-ion contactor 

s>ritch, an o:oeration c.ncUcator and an instan­

taneous trip attachment where required. 

Overcurrent Element 

The overcurrent construction and operation 

is similar to that described for the circuit 

closing relays. 

De -ion Contact or S1-ri t ch 

This switch is a small a-c. solenoid S'.:itch 

whose coil is ener'cized from a fev turns on 

the lower pole of the overcurrent element in 

the standard-energy type relays. and f'rom a 

small transformer connected in the main 

current circuit in the low-energy type relays. 

Its construction is similar to the d-e. type 

switch except that the plunger operates a 

spring leaf arm with a silver contact surface 

on one end and rigidly fixed to the frame at 

the other end. 

The overcurrent element contacts are in the 

contactor switch coil circuit and when they 

close. the solenoid plunger moves upward to 

open the de-ion contacts which normally short 

circuit the trip coil. These contacts are 

able to transfer the heavy current due to a 

short circuit and permit this current to 

energize the breaker trip coil. 

The transformer coil on the lower pole of 

the overcurrent element and the contactor 

switch circuits in the standard energy type 

relays are connected to the main circuits a� 

sh01m in Figures and 14. When the over­

current contact closes. the contactor switch 

operates, and the voltar;e across the trip coil 

is impressed on the transformer and contactor 

switch coils. This voltage acts to seal-in 

the contactor switch, and to feed energy 

through the transfor-mer coil to the main over­

current winding vhich produces contact closing 

torque. This arrangement provides a definite 

minimum pick-up value larcely independent of 

the value of trip coil impedance. 

Operation Indicator 

The operation · ind:i�ator is in series with 

the breaker trip coi'1. Its construction is as 

described above. 

CHAI\A.CTERISTICS 
The t.ype CO definjte minimum time (standard 

energy ) or long time (40 second ) circuit 

closint; relay is available in either of the 

following c�rrent ranges. 
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�u••lrory Current 
Transformer---+--, 
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Chassis ooeroted st\ortin9 switch 

Fig. 13-Internal Schematic Of The Circuit Opening Inverse 
And Very Inverse Time Type CO Relays With In­
stantaneous Trip Attachment In The Type FT Case. 
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Front View 

Chassis operated shortong switch 

Test Switch 
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Circuit 
Switch 

Red 
Handle 

T·>Relay 

Fig. IS-Internal Schematic Of The Three Element Double 
Trip Circuit Closing Types CO And COH Relays 
With Instantaneous Trip Attachment In The Type 
FT Case. The Single Trip Relays Have Terminal 3 
And Associated Circuits Omitted. 
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Fig. 14-lnternal Schematic Of The Circuit Opening Definite 
Minimum Time Type CO Relays With Instantaneous 
Trip Attachment In The Type FT Case. 
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Fig. 16-Diagram Of Test Connections For Circuit Closing 
Types CO And COH. 
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2 2.5 3 3.5 4 5 6 
4 5 6 8 10 12 15 

The type CO inverse, very inverse ( lo;1 

energy ) or the type COR circuit closing relay 

is available in the follm.Jing current ranges. 

o.s 
2 

0.6 0.8 1.0 
2.') 3 3.5 

1.5 

4 
10 

2.0 
5 

12 

2.5 

4 6 8 15 

The type CO circu�t-opening relay is made 

only in the 4 to 15 ampere range. A lo;1er 

range is not desirable because the burden of a 

lo;1-ran[e trip coil is too heavy on the 

current transformer. 

quired for each relay. 

One trip coil is re-

The tap value is the minimum current 

required to just clos8 the relay contacts. In 

addition to the taps. the initial position of 

the moving contact is adjustable around a 

semicircular lever scale calibrated in 11 
divisions. 

These relays may have either single or 

double circuit closing contacts for tripping 

either one or two breakers. 

cult-opening contacts for 

breakers by current from the 

formers. 

or may have cir­

trippi.ng the 

current trans-

The characteristics of the various varieties 

of type CO and COR relays usually supplied are 

as shovn on page 13. 

The burdens and thermal ratings are listed 

under Ener[y Requirements. 

The instantaneous trip attachment has a 1 
to 4 range. Typical ranges are 10-40 or 20-80 
but other ranges may be supplied as ordered. 

The De-ion contactor sv1itch on the circuit 

opening relays has a minimum pick-up of 4 
amperes a-c. 

The instantaneous loc'<:-out attachment has 

a 3 to 1 range 1·1ith typical ranges similar to 

the instantaneous trip attachment. 

Trip Circuit 

The main contacts will safely close 30 

amperes at 2jOv . d-e, and tho S' .. ·itch contacts 

will safely carry this current lonr enouch to 

trip a brea'cer. 

The relay '0Tithout the ir;stantaneous tr'.p 

attachment is shipped 11::.th the operat.:.on lnd::.­

cator and the contactor switch connected in 

parallel. This ci�cuit is suitable for all 

trip currents above 2.2'') amperes c' .. -c. If the 

trip current is less than 2.25 amperes, there 

is no need 

sll.ould be 

for the contacto� switch and it 
disconnected. To disconnect the 

coil in the standard case relays. remove t�e 

short lead to the coil on the front statlorcmy 

contact of the contactor switch. Th�s lead 

should be fastened ( dead ended ) under tho 
small filisterhoad in the 

Micarta base of the contactor switch. For the 

Flexitest relays, the coil .:.s disconnected by 

removing the coil lead at the sprin� adjus�er 

and dead-endin[ it under a screw at tho top of 

the Micarta support. 

The relay with the instantaneous t_eip 

attachment has a hro ampere contactor S' .. 'itch 

in series vith a one amper•e operation indi­

cator in each trip path. 

Rolay ;rith Quick Opening Contacts 

When the relays are used vith circuit 

breakers that are instantaneously reclosed, it 

is necessary to arrance the relay contacts to 

be quick opening. This is done by screving in 

the small set scre11 on the stationary contact 

assembly until the contact rivet rests solic'ly 

on the Micarta support. When this is done. 

the position of the contact stop on the time 

lever should be sh:i_fted so that the moving and 

stationary contacts barely touch when the time 

lever is set on zero. 

CONTACT CIRCUIT CONSTANTS 
Universal Trip Circuit 

Resistance of 0.2 ampere TaFget . . . . . . 2.8 ohms 

Resistance of 2.0 ampere Contact 

Svltch . . . . . . . . . . . . • . . . . . . . . . . . . . . . .  0 . 25 ohms 

Resistance of Taq:;et and S1.Jitch in 

Parallel . . . . . . . . . . . . . . .. . . . . . . . . . . .  0.23 ohms 
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Au)( Relay 

C1rcud 1,::.pen1nq type CO relay 
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,..,, 
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115 Vol I A-( 
Tesl 
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Fig. 17-Diagram Of Test Connection For Circuit Opening 
Type CO Relay. 
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Fig. 19-External Connections Of The Circuit Closing Types 
CO And COH Relays For Overcurrent Protection 
On A Two-Phase System. 

Trip Circuit with Instantaneous Trip 

Resistance of 1.0 ampere Target . ... .. 0.16 ohms 

Resistance of 2.0 ampere Contactor 

Switch .... .. .. .. .. .. .. .. . . .. .. .. . . .  0.25 ohms 

Resistance of Target and Switch in 

Series .. .. . . .. . . .. . . .. .. .. .. .. .. ... 0.41 ohms 

RELAYS IN TYPE FT CASE 

The type FT cases are dust-proof enclosures 

combinin[ relay elements and knife-blade test 

switches in the same case. This combination 

provides a compact flexible assembly easy to 

8 

�-
-------------------------------A 

Fig. IS-External Connections Of The Circuit Closing Types 
CO And COH Relays For Overcurrent Protection 
On A Single Phase System. 

A 
B 
c 
Pos. �Td�f Neg 

C01l r- HA 

f-<> (). !'<' .,.. _?,.J • SC2 � 2"��-1 
cs s 

(). f-o ()- IQ'I .• � �9 
I iz.'• 'V ·'Tt 

Jj Rear View 
� H· 

1-<> 
). Top terminal no. 

� l for s I'd case 
l:lolfom termmal 

'------� no 8 test sw1tches 
for type F T case 

Fig. 20-External Connections Of The Circuit Closing Types 
CO And COH Relays For Phase And Ground Over· 
current Protection On A Three-Phase System. 

maintain, inspect, test and adjust. There are 

three main units of the type FT case: the 

case, cover and chassis. The case is an all 

welded steel housing containing the hinge half 

of the ccnife-blade test s�Jitches and the 

terminals for external connections. The cover 

is a dra�Jn steel frame �Jith a clear �Jindow 

which fits over the front of the case �Jith the 

s1-1itches clo8ed. The chassis is a frame that 

supports the relay elements and the contact 

jav half of the test sl'itches. This slides 

in and out of the case. The electrical con-

nections betveen the base and chassis are 

completed through the closed knife-blades. 

Removing Chassis 

To remove the chassis. first remove the www . 
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-r-------------------------------------------- A 
��---------------------------------------8 -t-h��====�=====�os I I I ��tg 

� �u��,;��---------M---------, 
' . CO.COH C 

J 
CO.CQH A J 1-" 0.. 2 J _.. • .i.? ed 

2 .. L@k·�·. 1 Top terminal no. 
for sl'd.case 

101 � H 9 

fr-�;:;::1:::=�-======'tJ I Peo' v,ew Bottom termmo r"" "", r� .. ·�l\ . ' 
1 no S.test swttches for type FTcase 

���---���------------�--------� 
A 8 C 

Fig. 21-External Connections Of The Circuit Closing Types 
CO And COH Relays For Phase Overcurrent Pro­
tection On An Underground Three-Phase System. 

cover by unscrewing 

corners. There are 

the captive nuts at the 

two cover nuts en the S 

size case and four on the L and M size cases. 

This exposes the relay elements and all the 

test switches for inspection and testing. The 

next step �s to open the test switches. 

Always open the elongated red handle s1·1itches 

first before any of the black handle s1-Titches 

or the cam action latches. This opens the 

trip circuit to prev�nt accidental trip out. 

Then open all the remaining switches. The 

order of opening the remaining switches is not 

important. In opening the test s11itches they 

should be moved all the way back against the 

stops. With all the switches fully opened, 

crasp the tuo cam action latch arms and pull 

outward. This releases the chassis from the 

case. Usin[ the latch arms as handles. pull 

the chassis out of the case. The chass:cs can 

be set on a test bench in a normal upricht 

position as well as on its top. back or side 

for easy inspection. maintenance and test. 

After removin[ the chassis a duplicate 

chassis may be inserted in the case or the 

blade portion of tho 

and the cover put 

switches can be closed 

in place 1{ithout the 

chassis. The chassis operated short in[ e1witch 

located behind the current test s".·litch pre­

vents open circuiting the current transformers 

vhcm the current type test 

closed. 

S1·titches are 

When the chassis is to be put back in the 

case, the abcve procedure is to be followed in 

A 
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[ L� 

CO·C lr? CO-B CO·A 

.�� 4 

ai'v- 10 �� 10 

J� � � �11 
tl, -· 

cs:�: 
12 .. II 

RE4R VIEW 

j l " ( ( "'*" 
:( 

.,1. 
A B C 

CO COH-GNO. 

2 � ,o. 0CO A I 

2 �y� I 

10·!- � H9 
12 II 

REAR VfEW 

I 
I 

TOP TERIIIN4L NO. FOR ST'D CASE. 

BOTTOW TERMINAL NO. AND TEST 

SWITCHES FOR TYPE FT CASE. 

Fig. 22-External Connections Of The Circuit Opening Type 
CO Relay For Phase Overcurrent Protection And Of 
The Circuit Closing Types CO And COH Relays For 
Ground Protection On A Three-Phase System. 

the r8vcrsed order. T�e eloncated red handle 

switch should not be closed until after the 

chassis he,s been latched in place and all of 

the black he.nd le sv:L t ches closed. 

Electrical Circuits 

Each tcn''cnal in the base connects through a 

test switch to the relay elements in the 

chassis as shown on the internal schematic 

diacrams. The relay terminal is identified by 

numbers IY!ar'(ed on both the inside and outside 

of the base. The test switch positions are 

identified by letters mar�ed on the top and 

hottom surfaces of the moulded bloc�s. These 

letters can be seen 1·Then the chass:i.s is 

re�ovsd :ron the case. 

Thr potential and control circuit2 thru the 

r•/lny Rrr: �s�or:n0cted fro:n thf; e:::·:tel'nal cj r­

c:_LLt by op�nint:: th� a2soc:Lated test s1 .. rl+-ches. 

Opc11in[ t�� c11rrP�t t�st sw�tch sho�t-circuits 

the gurrent trans�ormer 

nects one si�e of the 
the other s j_de o" thP 

secondary and discon­

relay coil but leaves 

coil connected to the 

exter•nal circuit thr�l the current test .iac�c 

ja'Js. Thi c.ircuit can be isolatc::d b;T �n­

serting the curr�nt �est plug ( without 

external connections ) , by i:Jse'."tin[' the te11 

circuit test plug. or by insertinG a piece of 

insulatin[' material approximately l/32" thiclc 

into the current test jack :aws. Both 
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TYPES CO AND COH OVERCURRENT RELAYS _________ _ 

switches of the current test switch pair must 

be open when using the current test plug or 

insulating material in this manner to short­

circuit the current transformer secondary. 

A cover operated switch can be supplied with 

its contacts wired in series with the trip 

circuit. This switch opens the trip circuit 

when the cover is removed. This switch can be 

added to the existing type FT cases at any 

time. 

Testing 

The relays can be tested in service, in the 

case but with the external circuits isolated 

or out of the case as follows: 

Testing In Service 

The ammeter test plug can be inse"'ted in 

the current test jm1s after opening the knife­

blade switch to check the current through the 

relay. This plug consists of two conducting 

strips separated by an insulating strip. The 

ammeter is connected to these strips by termi­

nal screws and the leads are carried out 

through holes in the back of the insulated 

handle. 

VCJltage bet,,reen the potential circuits car, 

be measured corwenient ly b�r c l al'lpi ng #2 clip 

leads on the projecting clip lead lug on tho 

contact jm1. 

Tes ti ng In Case 

With all blades in the :ull open position, 

the ten circuit test luc ca� b0 i�sc rt ed ln 

the contact jaMs. tho relay 
elements to a se t of bindj ng pests &ld 

completely isulatcs the rela;r c!.ccciits Crom 

the external COnl�8Ct-:Lons "t)y l1l'�:ar..3 of a.r: nnn_ 

latlng bRrrier on tb.� pllJg. r_r�lr:: t;:yt�:rnal test 
ci rcu1ts are connected to the2::� binciJP,G_' p'J;::.t . 

The plus ls j_nsertcd �r1 the bott 
with the binding po s ts up and in the top test 

switch j aws with the binding posts down. 

rhe external test circuits l'lay be made to 

th3 relay elements 1<). #2 test t�lip leads i n-

stead of the test plu[. Wh0n connecting an 

external test cirCllit ta the current cls�1snts 

10 

using clip leads, care should be taken to see 

that the relay is completely isolated from the 

external circuits. Suggescea means for iso-

lating this circuit are outlined above, under 

"Electrical Circuits". 

Testing Out of Case 

With the chassis removed from the base, 

relay elements may be tested by using the ten 

circuit test plug or by #2 test clip leads as 

desc:::-ibed above. The factory calibration is 

made with the chassis in the case and removing 

the chassis from the case will change the 

calj_bration values of some relays by a small 

percentage. It is recommended that the relay 

be checked in position as a final check on 

calibration. 

INSTALLATION 

The relays should be mounted on svj_tchboard 

panels or their equivalent in a location f�ee 

from dirt, moisture, axcessive vibration and 

heat. Iv!ount the relay vertically by r:JAans of 

the two mounting studs for the standard caEes 

and the type FT pi'o j ection case or by mean8 o" 

the four mountine; holes on the flance for the 

seJ;Jj_-flush t;rpFc FT case. Eithe� of the studs 

or the mounting screv;s may be:-� utj lizr;,r:l �'01' 
p'ounding tho relay. The ele ctrical con-
nect:l_ons may be made direct. to the t(=::r'Pl=:_r.als 
by means of scre'vJS for stc;ol panc;l 

to tcrmin2l studs _t'"'rJrEisht.;d T.,�tth t".he 

t;e_r'1:1ina1 studs ma-y be "?as.:_l:'] re;ll:)·� o r· .·E-

�rtod by locki�c two nu·ts on tho s�uis s.na 

�lF:<rJ tunl.inc the oro:pc;r Yll1.t ,,;ith a. T.-;rr:EGh. 

e ths oircuit-open=-_nt; relay co�1tacts 

that tLe lay be mounted whero �� wjll not te 

th(' trip coil. Trouble of t his kind can bE 

avo�dsd by preventing jars to the switchboard 

and also by settj_ ng the trip coil hi[h enough 

so tl1a.t it will not operate on normal loac! 

C;.IrJ•ent. 'l'his j_s an 8Xtra safeguard so that 

t�1ere is no danser .Lrom e ven an excessive 

shock unles the c��re nt is also heavy . 
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Typical external connections are s'J.own in 

Figure3 18 to 22. When using the circuit-

opening relays for phase protection, ground 

protection may be secured by using a low--

energy circuit-closing relay operating on a-c. 

voltage trip coil, as shown in Figure 22. 

SETTINGS 

There are two settings-namely the Jurrent 

value at which the relay closes its contacts 

and the time required to close them. When the 

relay is to be used to protect equipment 

against overload, the setting must be de� 

termined by the nature of the load, the magni­

tude of the peaks and the frequency of their 

occurrence. 

For sectionalizing transmission systems the 

current and time setting must be determined by 

calculation, due consideration being given to 

the time required for circuit breakers to open 

so that the proper selective action can be 

obtained throughout the system. 

Current Setting 

The connector screw on the terminal plate 

above the time scale makes connections to 

various turns on the operating coil. By 

placing this screw in the various holes, the 

relay will just close contacts at the corre­

sponding current, 4-5-6-8-10-12 or 15 amperes, 

or as marked on the terminal plate. 

The tripping value of the relay on any tap 

may be altered by changing the initial tension 

of the spiral spring. This can be 

accomplished by turning the spring adjuster by 

means of a screw driver inserted in one of the 

notches of the plate to which the outside 

convolution of the spring is fastened. An 
adjustment of tripping current approximately 

15 percent above or below any tap value, can 

be secured. 

CAUTION Be sure that the connector screw is 

turned up tight so as to make a good contact, 

for the operating current passes through it. 

Since the overload element is connected 

directly in the current transformer circuits 

the latter should be short-circuited before 

changing the connector screw. This can be 

done conveniently by inserting the extra con­

nector screw, in the new tap and removing the 

old screw from its original setting. 

Time Lever Setting 

The index or time lever limits the motion of 

the disc and thus varies the time of 

operation. The latter decreases w.ith lower 

lever settings as shown in the typical time 

curves of Figures 23 to 27. 

ADJUSTMENTS AND MAINTENANCE 

All relays should be inspected periodically 

and the time of operation should be checked at 

least once every six months. For this 

purpose, a cycle counter should 

because of its convenience and 

Phantom loads should not be used 

be employed, 

accuracy. 

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 

with a fine file, 3#1002110 file is recom-

mended for this purpose. The use of abrasive 

material for cleaning contacts is not recom­

mended, because of the danger of embedding 

small particles in the face of the soft silver 

and thus impairing the contact. 

The proper adjustments to insure correct 

operation of this relay have been made at the 

factory and should not be disturbed after 

receipt by the customer. If the adjustments 

have been changed or the relay taken apart for 
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TYPES CO AND COH OVERCURRENT RELAYS __________ _ 

repairs. the following instructions should be 

followed in reassembling and setting it. 

(Overcurrent Element Circuit-Closing Relays) 

Shift the position of the contact stop on 

the time lever and adjust the contacts so that 

they barely touch when the time lever is set 

on zero. 

Adjust the tenooon of the spiral spring so 

that the relay will close its contacts at its 

rated current, as shown by the position of the 

screw on the tap blocko Check the time curve 

as shown by test with a cycle counter, to be 

as shown on the typical time curveso In the 

factory the relay is tested from the No. 10 
lever positiono The calibration is intended 

to be on the basis of the cool or normal oper­

ation condition inasmuch as overloads are of 

short durationo �fuen checking a number of 

points on the time curves, it will be neces­

sary to cool the relay coils between points 

particularly after operating at high currentso 

An air hose may be used for this purposeo 

The position of the torque compensator on 

the overload element is adjustable. influ­

encing the shape of the curve. This is a 

factory adjustment and the location of the 

torque compensator should not be changed in 

the field. If the relay has a metal cover, 

chis cover must be in place when making tests. 

The relays with torque control terminals 

will not operate until these terminals are 

short-circuited either 'by a jumper or by the 

external control contacts. 

Contactor Switch (Circuit-Closing Relays) 

Adjust the stationary core of the switch for 

a clearance between the stationary core and 

the moving core when the switch is picked-up. 

This can be most conveniently done by discon­

necting the switch and turning it or the relay 

upside-down. Screw up the core screw until 

the moving core starts rotating. Now back off 

the core screw until the moving core stops 

rotating. This indicates the point where the 

12 

play in the moving contact assembly is ta�en 

up. and where the moving core just separates 

from the stationary core screw. Back off the 

stationary core screw one turn beyond this 

point and lock in place. This prevents the 

moving core from striking and sticking to the 

stationary core because of residual magnetism. 

Adjust the contact clearance for 3/32 inch by 

means of the two small nuts on either side of 

the Micarta disc. The switch should pick up 

at 2 amperes d-e. Test for sticking after 3 �' 
amperes d-e. have been passed 

coil. 

through the 

Operation Indicator (Circuit-Closin[ Relays) 

Adjust the indicator to operate at :.2 or 

1 .0 ampere d-e. as supplied gradually applJed 

by loosening the two screws on the under side 

of the assembly. and movin� the bracket 

forward or backwardo Test for sticking after 

10 times rated pick-up current has been 

applied. 

Overcurrent Element (Circuit Opening Relays) 

Adjust the relay with the instructions given 

under "Overcurrent Element (Circuit Closing 

Relays)" using the test connection of Figure 
17 except that for the definite minimum time 

circuit opening relay the following caution 

should be observed: 

CAUTION When a signal lamp or other voltage 

operated device is to be connected in series 

with the relay contacts, disconnect the in­

ternal leads of the element from the station­

ary and moving contacts respectively and dead 

end them. Then the lamp or other device can 

be connected to the stationary and moving 

contacts. 

De-ion Contactor Switch (Circuit 

Relays) 

Openir3 

Adjust the core stop on the top as high as 

possible without allowing the insulating 

bushing at the bottom of the plunger to touch www . 
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the Micarta angle. The contact will be sepa­

rated :"rom the Micarta angle by 1/32" to 

1/lt". Adjust the contact gap spacing to 

slightly less than 1/lt of an inch. Bend do\>m 

the contact springs so that a firm contact is 

made but not so strong 

up value cannot be 

that the minimum pick-

obtained. The spring 

tension should be about 15 grams. 

Hold the relay contacts closed and with an 

auxiliary relay coil connected across termi­

nals to simulate the circuit breaker trip 

coil, note that the contactor switch picxs up 

on less than it amperes on the it ampere over­

current tap setting. 

In the case of the standard ener�y circuit 

opening relay the contactor switch should 

pic'c-up and seal itself open at ?5% of minimum 

trip current. 

Operation Indicator ( Circuit Opening Relays ) 

Adjust the indicator similar to that de­

�cribed for the circuit clo�ing relay except 

to operate at C. amperes a-c. 

l:Jstantaneous Tri}! Attachm<ent 

The position of the Micarta disc at the 

bottom of the element with reference to the 

�alibrated guide indicates the minimum over­

�urrent required to operate the element. This 

:Hsc should be lo\>lered or raised to the proper 

position by loosening the locknut which locks 

the Micarta disc and rotating the Micarta 

disc, The nominal range of ad justments is 1 

to 4, for example 10 to 40 amperes, and it has 

an accuracy within the limits of approximately 

10%. 

The drop-out value is varied by raisi�g o: 

lowering the core screw at the top of the 

switch. and after the final adjustment is 

made, the core screw should be securely locked 

in place with the lock nut. It should be 

adjusted for about 2/3 of the minimum pic;c-up. 

This element will not fit in the round-type 

case. 

Instantaneous Lock-Out Attach�ent 

The position of the bottor.1 oC the j1h1Tlf"Pl 
with reference to the calibrated guide indi­
cates the minimum current rcouired to onen the 

contacts. To change the sr?ttinf hold th•' tor' 

slotted head of the plunger rod fixed wjth a 

scre\>rdriver. Then with a second screwdriver 

adjust the lower end of the plunger for the 

current pick-up desired. 

These contacts must be fiven special care 

because they are in series with the main 

tripping circuit and may prevent proper relay 

operation if they become dirty. 

range of adjustment is 3 to 1. 

RENEWAL PARTS 

The nominal 

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. 

Characteristics of Types CO a�d COR Relays 

Type 

co 
co 
co 
co 
cc 
co 
COH 

Ener;y 

Stl. 
Stc". 
L.�w 
Low 
Low 
St,�c. 

Ti:ne 

Definite Time 
Def:Cnlte Time 
Inverse 
Inverse 
VE:ry Inverse 
Def�nlte Time 
Inverse 

Approx. #10 
Lever Tlrne 
at 20 x Tap Value 

2 .sec. 
4 Sec. 
2 Sec. 
it Sec. 

l + Sec. 
40 Sec. 
l'+ Cyc. 

Gearing 

rrc�n-geared 
Non-geared 
Geared 
Geared 
Geared 
Geared 
I'Jon-Geareu 

T�rque 
Comrc;n­

sator 
Yes 
Yes 
No 
Yes 
:'JO 
Yes 
r:o 

Schematic 
pe." Figure !To. 

3,4,6,d,j,lO,l2,14Ll5 
�,'�,6,8,9,1�,12,14&15 
3,4,5, [',:),lJ, ll,l3E:l5 
3,4,6, ;;CJ, 10,12, lit&:l5 
3,4,5, �.l,lll,:'.l,."'\&·15 
3,4,6,6,_,JJ,l2,l4, 15 
3,it,5,9,1C,:l�l5 

Three element l'Ol''"" c:l· rc'C torist :cs are th•? same as in single element forms. 

Ty;.i c c, l 
60 Cycle 

T �-r11e C-:.1rve 
per F: . 
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120 

90 

60 

30 

14  

I 
• 

Type CO Relay 

Defin1te Time Standard Energy 
60 Cycles 

Time Curves 

:II 
II I! 

I II•' ,_! I I I: 
I II 

I, I I 
I II 

1' 
If I; I I I I I 

I 11•. :I 

IJ 
i. �-+-

- -�- �· ----+--+--+----'--+-+ 
i 

+� 
:---

2 3 4 5 6 7 8 9 10 12 14 16 
MULTIPLES OF MINIMUM CLOSING CURRENT 

H 

-·- ---

� --

.;___ 
--

c./) t9 z 
f= 1-w c./) 
0:: L:J > w �J 
w 
L 

6 
5 
4 
3 
2 
I 
� 

18 20 

Fig. 23-Typica!SO Cycle Time Curves Of The Definite Minimum Time (Standard Energy) Type CO Relay. 
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Fig. 24-Typical 60 Cycle Time Curves Of The Inverse Time (Low Energy) Type CO Relay. 
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Fig. 25-Typical 60 Cycle Time Curves Of The Very Inverse Time (Low Energy) Type CO Relay. 
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Fig. 26-Typical 6 0  Cycle Time Curves Of The Type COH Relay. 
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Fig. 27-Typical GO Cycle Time Curves Of The Long Time (40 Second) Type CO Relay. 
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0 

�Gia.hole dr i l l  per 
internal schematic 

for projection mtg., 
an thick panels 

Cut out for 
projection mfg. 

on thin panels 

~ 10,
5 . 190-32 Term. screw 

use .190-32 stud for 
thick panel mtg. 

�-18 Mtg.stud 2 Req. 

0 
-s�� 

2 f6With screw 

2� With stud 
5 . 
i6 R. 

Studs for projection type 
mtg.�dia . hole (2 Req) 

Fiq. 28-0utline And Drillinq Plan For The Sinqle Element Types CO And COR 3elays In The SlO Projection Or Semi-Flusf 

Type FT Flexitest Case. See The Internal Schematics For The Terminals Supplied. For Reference Only. 

3/0ia Ortll(choles) 

Opem:..,g for tlll"n 
panel mtr;. 
Jo/a.On?/ 

.190 32 Term. screws J. /!:_. ;---182� studs, J -<?Omountinq J _ c 
screws &. studs 

Fiq. 29-0utline And Drillinq Plan For The Sinqle Element 
Types CO And COH Relays In The Projection Type 
Standard Case. See The Internal Schematics For 
The Terminals Supplied. For Reference Only. 

�Oia.Dn/1 

Std size opening 
I !'or thin panel 
! (;f desired) 
r size number 
' and location : of openings 
) optiona/ 

Fiq. 30-0utline And Drillinq Plan For The Three Element 
Types CO And COH Relays In The Projection Type 
Standard Case. See The Internal Schematics For 
The Terminals Supplied. For Reference Only. 
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ENERGY REQUIREMENTS 
The burdens and the rmal capacities of the var iou s circuits of the relay are as follow s :  

DEFINITE MINIMUM TIME co RELAYS 
AT 60 CYCLES 

Con- One* 
V.A. at tinuous Second 

Ampere V.A. at 5 Tap Power Rating Rating 
Range Tap Amperes Current Factor (Amperes) (Amperes) 

2 108 17 60° lag 4 140 
2 . 5 68 1 7  60" lag 5 140 

3 47 1 7  60° lag 5 140 
2/6 3 . 5 "Js 1 7  60° lag 6 140 

4 26 1 7  60° lag 7 140 
5 1 7  1 7  60° lag 8 140 
6 12 1 7  60° lag 10 140 

"" I  
4 26 1 7  60 °  lag 8 250 
5 17 1 7  60° lag 8 250 
6 12 1 7  60" lag 9 250 
8 6 . 5  1 7  60° lag 10 250 

10 4 . 5  1 7  60° lag 12 250 
u 3 1 7  60° lag 13 250 
15 2 1 7  60° lag IS 250 

INVERSE TIME CO RELAYS AT 60 CYCLES 
Con- One* 

V.A. at tinuous Second 
Ampere V.A. at 5 Tap Power Rating Rating 
Range Tap Amperes Current Factor (Amperes) (Amperes) "" · ! 0 . 5  200 2 66° lag 2 70 

0 . 6  140 2 66° lag 2 70 
0 . 1 71 2 66° lag 2 70 
1 .0 so 2 66° lag 3 70 
1 . 5 22 2 66° lag 3 70 
2 .0 1 2 . 5  2 66° lag 4 70 
2 . 5 8 2 66° lag 5 70 

2 1 2 . 4  2 66 .4° lag 8 250 
2 . 5  8 2 66 .4° lag 8 250 

.J 5 . 6 2 66 .4° lag 8 250 
2/6 3 . 5 4 . 1  2 66 .4° lag 8 250 

4 3 . I  2 66 . 4° lag 9 250 
5 2 2 66.4° lag 9 250 
6 1 .3 2 66 .4° lag 10 250 

4 3 . I  2 66 .4° lag 16 250 
5 2 2 66 .4° lag 16 250 
6 1 . 4 2 66.4° Jag 16 250 

4/15 a 0 .8 2 66 .4° lag 17 250 
10 0 .5 2 66.4° lag 18 250 
12 0 .3 2 66 . 4° lag 19 250 
15 0 . 2  2 66 .4° lag 20 250 

VERY INVERSE TIME CO RELAYS AT 60 CYCLES 
Con- One* 

V.A. at tinuous Second 
Ampere V.A. at S Tap Power Rating Rating 
Range Tap Amperes 'Current Factor (Amperes) (Amperes) 

0 '" · \ o . s  !25 1 . 25 66 .4° lag 2 100 
0 .6 87 1 . 25 66 .4" lag 2 100 
0 .8 49 1 .25 66 .4" lag 2 100 
1 .0 31 1 .25 66 .4° lag 3 100 
1 .5 14 1 . 25 66 . 4° lag 3 100 
2 .0 8 1 . 25 66 . 4° lag 4 100 
2 . 5 5 1 . 25 66 .4° lag 5 100 

2 8 1 .25 66 .4" lag 8 250 
2 . 5  s 1 .25 66 .4° lag 8 250 

3 3 .5 1 . 25 66.4° lag 8 250 
2/6 3 .5 2 .5 1 .25 66 .4° lag 8 250 

4 1 .9 1 .25 66 .4° lag 9 250 
5 1 .25 1 .25 66 . 4° lag 9 250 
6 0 .9 1 . 25 66 .4° lag 10 250 

"" l  
4 1 . 9 1 . 25 66 .4° la11 16 250 
5 1 . 25 1 .25 66 .4° lag 16 250 
6 0 .9 1 .25 66 .4° lag 16 250 
8 0 .5 1 .25 66 .4° lag 1 7  250 

10 0 .3 1 .25 66.4° lai 18 250 
1 2  0 .2 1 .25 66 .4° lag 19 250 
15 0 . 1 5  1 . 25 66 .4° lag 20 250 

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

2 0  

LONG TIME CO RELAYS AT 60 CYCLES 
Con- One* 

V.A. at tinuous Second 
Ampere V.A. at 5 Tap Power Rating Rating 
Range Tap Amperes Current Factor (Amperes)(Amperes) 

4 26 17  60° Ia� 8 250 
5 17 1 7  60° lag 8 250 
6 12 17  60° lag 9 250 

4/15 8 6 . 5 1 7  60° lag tO 250 

10 4 . 5  1 7  60° lag 1 2  250 
12 3 17  60° lag 13 HO 
IS 2 1 7  60° lag IS 250 

SHORT TIME COH RELAYS AT 60 CYCLES 
Con- One* 

V.A. at tinuous Second 
Ampere V.A. at 5 Tap Power Rating Rating 

Range Tap Amperes Current Factor (Amperes) (Amperes) 

0 . 5/2 .J 0 . 5  400 4 60" lag 2 56 
0 . 6 280 4 60° lag 2 56 
0 . 8 156 4 60" lag 2 56 
1 .0 100 4 60° lag 3 56 l 1 . 5 44 4 60° lag 3 56 
2 . 0 25 4 60" lag 4 56 
2 . 5  16 4 60°� ag 5 56 

2 25 4 60° lag 8 250 
2 . S  1 6  4 60° lag 8 250 

3 1 1  4 60° lag 8 250 
2/6 3 .5 8 4 60° lag 8 250 

4 6 . 3  4 60° lag 9 250 
5 4 4 60" lag 9 250 
6 2 .8 4 60° lag 10 250 

4 6 . 3 4 60" lag 16 250 
5 4 . 0  4 60° lag 16 250 
6 3 . 0 4 60° lag 16 250 

4/15 8 1 . 6 4 60° lag 1 7  250 

10 1 .0 4 60" lag 18 250 
12 0 . 7 4 60° lag 19 250 
1 5  0 . 4 4 60° lag 20 250 

BURDENS AT TAP CURRENT ON 2S AND SO CYCLES 
25 CYCLES 

V.A. Power 
Factor 

Definite Minimum Time CO . . .  16 53" lag 

Inverse Time CO . . . . . . . . . . . . .  2 60° lag 

Very Inverse Time CO . . . . . . . • 1 .25 60° lag 

Long Time CO . . . • . . . . • . . . • . .  16 53° lag 

Short Time COH . . . . . . . . . . . . .  4 53° lag 

50 CYCLBS 
V.A. Power 

Factor 

1 7  60° lag 

2 60" laa 

1 . 25 66 . �0 lag 

17 60° lag 

4 60° lag 

BURDENS FOR SATURATION DATA 
Voltage taken with Rectox t�pe voltmeter. 

Multiples 9f Tap Values of Current 3 10 20 

Definite Time V.A. Burden 1 7  1 00  490 1300 

Inverse Timt: V.A. Burden 2.0 20 136 351 

Very Inverse Time V.A. Burden 1 .25 10.75 97 254 

COH Time V.A. Burden 4 37.4 198 506 
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TYPES CO AND COH OVERCURRENT RELA YS ________ __;;I.�l. �4 ��-2�a o-!.!..H 

0 

I 
L 

Panel location for 
semi flush type mfg. 

0 

2 1� 

I � 
0 

f----6� � 6 

3 103L2 
4Dia.hole drill per 

internal schematic 
for projection mtg. 
on thick panels 

Cut out for 
proj·ection mtg. 
on hin panels 

.190 -32 Term.screw 
use .190-32 stud for 
thick panel mtg. 

�-18 Mlg.stud 2 Req. 

2�With screw 

2i With stud 

10� 

iiR. 
Studs for projection type 
mtg.� dia.hole (2 ReqJ 

9!1 
16 

flq. 31-0utline And Drilling Plan For The Three Element Types CO And COH Relays In The LIO Projection Or Semi-Flush 
Type FT Flexitest Case. See The Internal Schematics For The Terminals Supplied. For Reference Only. 
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