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rcurrent 
Types CR, 

Caution 

an CRA and CRC Directional Overcurrent R l Remove all blocking from relay before 
placing in service. 

Installation 
Carefully unpack the relay and remove 

all dust and packing material with a soft 
brush or cloth. The cover of the relay 
should be removed and the interior parts 
carefully inspected for any damage 
which might have been done in ship­
ment. This inspection should include a 
test of the moving parts to see that they 
have not become misaligned and that 
there is no friction present. The presence 
of friction can usually be determined by 
mov:ing the disc or contactor plunger by 
hand and letting it return to the normal 
position. Owing to the importance of 
proper relay functioning it is a wise 
precaution before placing relays in ser­
vice, to check each relay for operating 
current, time of operation, and polarity. 
For all type CR relays, the left hand 
contacts of the directional element, 
front view, should open when the po­
tential and current applied to the relay 
are in phase, See Fig. S. 

Mount the relay vertically by means of 
the two mounting studs. Connections 
may be made direct to the terminals by 
means of screws for steel panel mounting 
or to the terminal studs, furnished with 
the relay, for slate panel mounting. The 
terminal studs may be easily removed 
or inserted by locking two nuts on the 
stud and then turning the proper nut 
with a wrench. Note that the top 
mounting stud may be utilizerl as a 
grounding stud for grounding the metal 
case. 

Connect the relay as shown on the 
proper diagram in tlns leaflet, or consult 
the nearest Sales Office for additional 
diagrams of connections for cases not 
covered by this leaflet. 

The tripping circuit should not be 
opened by the relay, but an auxiliary 
contact on the circuit-breaker should be 
provided to open the tripping circuit 
the instant the breaker opens. 

This relay is suitable for operating the 
Westinghouse direct trip attachment for 
tripping direct from the current trans­
former and also for operating the trans­
fer relay for the same purpose. 

Instructions for Setting 
In · · 3.TrlVJng at the proper settin overload element 0 1 

g of the 
must be detenn•

' 
d

r re ay, two things me . 
FIRST-In terms of th · · e sec<>ndary ctrcutt of the current tra f . . ns ormer. the mmtmum amperes to trip (tap sett· ) should be h�gher than the overload p:�s 

due to semce load. Under short circuit 
con�itions, the current will be fixed by 
the rmpedaw::e of the circuit to which the 
relays are connected and the minimum 
short circuit current will usually be 
several hundred percent of the tap 
setting. · 

SECOND-The time setting for short 
circuit conditions is determined by 
consideration of the sequence in which 
the breakers should trip, the time re. 
quired for breaker mechanisms to operate 
etc., as required to give proper selective 

10 D.-( TRIPPING 5ooRCE 
rOF< 0NGROUND!ro NE<>n!AL 
TitR.U:: PHA5E CtlltCUiT5. 
FAtL� tN c ... ,E o,.-a.llOuNo ON 
E:l� AND AC.C.IOeNTAL. 6:.C:OUN0 
IN &eN&:RATOR. Ar THe 
5AME TIME. 

aet� h e ays t roughout th C � e system u�t Seffin . as a who/ g. . � 
Th"'-'nne=· 

1 
"' 

""scr 
· . p ate al\,ethe' ewonthe t  . 

tions to various "'1� scale makes 
ern:una! 

. · connec c01l. lly placing th�on the 0 . • 
holes, the re\ay wi\1 Jc ; th:era;mg 
at the corresponding curfll . vanous 
12 or 15 amperes, or as maflO:ntacts 
terminal plate. '· to. 

The tripping value of the relay on� 
tap m ay be altered by changing th .. 

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 when the outside convo­
lution of the spring is fastened. An 
adjustment of tripping current approxi­
mately 15 percent above or below any tap 
value, can be secured without materially 

l.Ovo.; ENERU,"( 
GROUNO RnA't 

?>· P ... A<i>£ To D-C ::.0URC£ 
:3o�4WIRE 

. CoMP\..ETE PfltGTaC.TtoN AND 
Avo•� CoMPLiC.ATeo Wu:tlN6 
WHEN REL"Y!t A�£ Ut>EO WITH 
Omr:rot IN!>T�UM&NT5. 

FIG, !-CoNNECTIONS FOR DIFFERENT INSTALLATIONS OF TYPE CO OvRRCURRENT RELA vs UstNG D-C. TRIPPING SouRCE 
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affecting the operating characteristics of 
the relay. By choosing the proper tap, a 
continuous adjustment of tripping cur­
rent from 3.4 amperes to 17.5 amperes 
may be secured. The characteristic time 
curve will be affected less for any large 
adjustment if the next higher tap is 
selected and the initial tension of the 
spiral spring is decreased to secure the 
de-;ired tripping value. For example, the 
relay should be set on the 8 ampere tap 
with less initial tension in order to secure 
a 7 ampere tripping value. 

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 circuit, the latter should be 
short-circuited before changing the con­
nector screw. This can be done conven-

FiG. 3-CoNTACTOR SwiTCH COIL CoNNECTED IN 
TRIP CIRCUIT. THE TARGET OPERATES ON 

2.25 AMPERES OR MoRE 

CRA and CRC Directional Overcummt Relays 

iently by inserting the extra connector 
screw, located on the right hand mount­
ing boss, in the new tap and removing 
the old screw from its original setting. 

Time Adjustments 

The index or time lever, limits the 
motion of the disc and thus varies the 
time of operation. The latter is pro­
portional to the lever setting, that is, with 
the lever on the number 5 setting, at 
2000 percent load, the relay will operate 
in one second and similarly on the number 
1 setting the time of operation is 0.2 
seconds. 

The relay has been calibrated from the 
f!, 10 time lever setting according to the 
curve engraved on the nameplate. The 
'M 11 time setting may be used to secure 
a time delay approximately 10 per cent 
longer, that is, to secure a setting of 2.2 
seconds for a 2 second relay. 

Be sure that the contacts just touch 
when the time lever is set on zero, other­
wise the time will not be proportional to 
the lever setting. 

Operation Indicator 

This relay is equipped with a universal 
operation indicator suitable for all 
tripping currents above 0.2 amperes. 
The relay leaves the factory with the 
operation indicator coil connected in 
parallel with the contactor switch coil 
and if the tripping current is more than 
2.25 amperes d-e., sufficient current will 
flow through both coils to cause their 

2 

operation. The resistance of both coils 
in parallel is approximately 0.25 ohm. 

If the trip current is less than 2.25 

amperes there is no necessity for the con­
tactor switch and it should be removed 
from the trip circuit so that all trip cur· 
rent will pass through the indicator coiL 
The indicator coil has approximately 2.8 
ohms resistance. To disconnect the con· 
tactor switch coil, remove the lower lead 
on the front stationary contact of the 
contactor switch (See Figure 3) and this 
lead should be fastened (dead ended) 
under the small fillister head screw 
located in the micarta base of the con­
tactor switch (See Figure 4). 

Make sure that the indicator receives 
sufficient current to operate through 
the trip coil. The trip coil has such a 
high inductance that the breaker may 
open and open its pallet switch before 
the current has built up to its full value. 
Also, the voltage may be low resulting 
in a lower trip current. It is advisable 
to assume that the current through the 
indicator will be only half of the value 
calculated from the resistance of the 
coil and normal control voltage .. If the 
trip circuit does not draw enough cur­
rent to drop the target when it is set 
to operate at .2 ampere, more current 
may be secured by putting a small 
loading resistor around the trip coil or 
around the auxiliary relay, if this is used. 

Directional Element 
The standard single trip and double 

trip type CR relays are directionally 
controlled, that is, the directional 
contacts must close in order for the over­
current element to operate. The contacts 
of the latter trip the breaker direct. The 
single tri? 7 terminal stud relay (7th 
terminal between the directional and 
overcurreDt contacts) and the duo­
directional relay cannot be made direct­
ional controlled and therefore the con­
tacts of the overcurrent and directional 
elements are in series in the trip circuit. 

FIG. 4--CONTACTOR SWITCH COIL DISCONNECTED 
FROM TRIP CIRCUIT. ALL THE CURRENT PASSES 
THROUGII THE TARGET COIL SO THAT IT WILL 

OPERATE ON .2 AMPERE OR MORE 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Sinqle 
r-----'--Phose 

Source 

FIG. 5--h,{ETHOD OF TESTING POLARITY OF TYPE 
CR RELAY. THE CoNTACTS REMAIN OPEN 

The directional element is usually 

connected to the system in such a manner 
that the directional contacts close when 
power flow is away from the station bus 
All diagrams shown have this polarity. 

Checking Connections of the Type CR 
Relay 

All type CR relays, except the ground 

relays, have wattmeter characteristics 
for the directional elements and, there­
fore, the directional element disc will 

reverse its direction of rotation when the 

phase relation,of the current and voltage 

becomes 90° or greater. The directional 
relay must be connected so that this 

relation will never exceed 90°. 
Since the power factor of fault currents 

may vary over a considerable range, it is 

necessary that the proper voltage be 

used on the directional element. Con­
nections should be made so that with 
unity power factor on the line, the 

current in the relay directional element 

will be 30% ahead of the potential sup­
plying the directional element. 

The following methods should be used 
in checking up the correct connections to 
the directional element of the relay. 

Wattmeter Method 

With the power flowing in either 
direction, if the current is lagging, so 
that tfue power factor is between 50 and 

lOOper cent, connect the current coils of 

a single phase wattmeter in series with 
the current winding of the relay. 
Then select a pair of voltage leads which 

give the highest reading on the watt­
meter. The two leads should be connect­

ed to the relay potential terminal. In­
spect the contact of the directional 

element, which should be open when the 
power is flowing towards the bus bars. 

If the contacts are closed when the 

current flows toward the bus bars, then 
the potential leads of the relay should be 
reversed. 

Power Factor Meter Method 

A second method is to connect the 

current coils of a single phase power 
factor meter in series with the current. 

coils of the relay. A pair of potential 
leads is then selected which will give 86.6 
per cent power factor leading on the 

power factor meter when the line power 
factor is 100 per cent. These two leads 

should be connected to the relay potential 

terminals. The upper contact should be 

inspected, as before mentioned in the 
preceding paragraph and checked for 

proper direction of operation. 

Novinq Contact 

Phase Indicator Method 

A third method of checking the proper 
connections of the relay is by means of 
the Westinghouse phase indica tor. It is a 
portable instrument built on very much 

the same principle as a power factor 
meter but calibrated to read indegrees, 
and show precisely the phase relation 

between any current and voltage sources 
to which it may be connected. Full 
directions for the use of the portable 

phase indicator are supplied with the 
instrument. 

Relay for 90° Connection 

This relay can be used for the 90" 
connection, that is, with the current 

leading the applied potential by 90° when 

the line power factor is 100%, by instal­

ling a suitable external resistor in series 

with the potential coil. These external 
resistors can be ordered by style number 

as follows. 

25 Cycle, 115 Volts, 760 ohms, SilO 721435 
50 Cycle, 115 Volts, 670 ohms, SilO 721436 
60 Cycle, 115 Volts, 565 ohms, S# 721437 

Type CR Ground Relays 
The directional element of the type 

CR relay which is intended for ground 

protection differs from that of the phase 
relay by not having true wattmeter 
characteristics. It develops its maxi­

mum torque when the relay current 

lags about 15 degrees behind the relay 
voltage. This is essential on systems 

where the neutral is dead grounded, 
These relays may be distinguished from 

Stationary Contacts 

tfovinq Contact 
For trip wrrents less 
than 225 amp,disconnect 
and dead· end this lead. 

___ _.....-

Rear View 

Stationary Contact 

/'fiddle 
Contact 

Punchinqs 

FIG. 6-INTERNAL CONNECTlONS OF SlNGLJ>­
TRil', STANDARD-ENERGY TYPE co REI..AY 

Terminal 

3 

\ 
------ · \ 

l : �Contactor Switcl'l 

Connector Block l����£o_n�acf \ 

",,,J., ·"'_"" _ _, : ! I : 6 6 1 

Rear Vtew 

L -1".: I When usinq inst-
�-- I tripattach.,cur-
' 1 rent in relay trip 
I 1 cirwlt must be 

; qreater than 
/ 2.25amps. 

When usinq /nsf. trip, 
omit this lead, and 

FJG. 7-lNTERNAL CoNNECTIONS OF DOUBLE­
TRIP. !A)w-ENERGY TYPE CO RELAY 
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Westinghouse Types CO and GOA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 8-lNTERNAL CoN�""ECTIONS OF STANDARD-ENERGY, UNI� 
DIRECTIONAL, SINGLE-TRIP TYPE CR RELAY WITH A TAP 
CONNECTION BETWEEN THE DIRECTIONAL AND 0VER CUR-

RENT CONTACTS--REAR VIEW 

J z 

This wlre to be removed 
-�� � ... 
�·� 

��J �.!:1 

.. ., 
<I:� 

3 2 I 
E:xc.ss Cur. "C R "Directional 
Con/:Qcts Overload Relays 
OL Dement 
Contoctor Sw 
OperotiMIM 
Dlrectlona/ £/ement 
Oirettional Contacts 

Aux. switch shown for 
open p()S/tion of breaker 

¢•250 V· SA fnst. rus• 

Case Ground Stud Phase Rotation !·:?,2-J.J·I 

FIG. 1G-EXTERNAL CONNECTION<; OF THE TYPE CRC RELAY USED 
FOR GROUND PROTECTION--REAR VIEW 

others because they are of the low energy 

type and have ratings of .5 to 2.5 or 

2 to 6 amperes. 

Low Energy Types CO and CR 
Relays 

relays are different from the standard 

ones. Instead of obtaining the definite 

minimum time feature by means of The low energy type of CO and CR 

Potenlia! Terminals Overcurrent Contacts 

Dlrechonol 
Contacts 11 

'I 
II 

Dm?chonal 1: 
Element -,1 

: : 

Current 
Termmal 

" 

.Duncnmqs 

fOr tr1p current� 
less than225amp 

--- rm">""- disconnect and 
:' deactend th�steaQ' 

r-+t=c=;. .---11!1f=9-+-!4 •l 
,, 

--:-_--::...-:;,::.. ':.---�----=====.:' 
!?ear View 

FIG. 9--INT!l.aNAL CONNECTIONS OF LOW-ENRRGY, DIRECTIONAL· 
CoNTROL, UNI-DIRECTIONAL, SINGLll:-TRIP TYPE CR. RELAY 

4 

Connector 
Block 

i 
I l 
I 

Terminal 

Torque Compensator Rear Wew 

)/ 
,;? 

/;When usinq inst trip 
omit th/3 leadt wire 
per dotted line. 

FrG. 11-INTER,AL CoNNECTIONS oF CIRCUI T-OPimmG 
TYPE CO RELAY FOR SERIES TRIP CIRCUIT 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 12-THE INSTANTANEOUS ATTACHMENT 

the torque compensator, a somewhat 
similar result is obtained by gearing 
the disc to the shaft which carries the 

contact arm. This results in a char-

acteristic curve which is somewhat more 
inverse than the standard curve and 

also results in much slower resetting 
time. The term "low energy" refers 

to the burden which is placed on the 

current transformers and does not re­
fer to the current rating. All of the 

small · current ranges are of the low 
energy type and some of the higher 
current ranges are also made in the low 

energy type for use on certain current 
transformers which are incapable of 

carrying a heavy burden. The low 

Timing Test 
Termlflals 

energy and standard relays have the same 
external appearance and dimensions. 

When circuit breakers are instan­
taneously reclosed, it is necessary to use 
special quick opening contacts on the 

low energy type of relay. These con­
tacts differ from the normal ones in 

being stiff, without any follow, so that 
they will open quickly. 

Very-Inverse Type CO Relay 
This relay is similar to the low-energy 

relay but contains a different electro­

magnet and has a much more inverse 

curve. The mechanical arrangement of 
the parts is similar to the low-energy 

type, although they are not exact dupli­

cates. The burden on the current trans­
former is considerably less than that of 

the low-energy CO relay. 

The 40-Second Type CO Relay 
This relay is similar in appearance to 

the low energy relay but consists of a 
standard energy 4-second relay with a 
10 to 1 gear reduction, making the total 

time 40 seconds on the fiat part uf the 

curve. The 25 cycle relay has a re­

setting time of approximately 90 sec­
onds. It will overheat before tripping 

from the number 10 position for cur­
rents greater than 750% of the tripping 

value. The 60 cycle relay resets in 

120 seconds and will overheat before 

Contactor Sw. 

�Grd. 

This terminal must be common 
to I:Jot/1 trip coil and cutC-trans. 
circuits. 

Circuit Opening CO Relay 
Internal Oioqram f Rear View! 

Single-Phase Protection where there is no 3-phase qround-
etl neutrtii conn ected to the sinqle-ph(!Se circuit. 

Trans. Trip Aux. Sw. for open .A-C. shu.nt trip cot'l with 31) 
Coil position of bkr. volts mm1mum ptckup 

Rear View �J�����j����i 3-Cirt:.openinq 
Type CO l?etoys 

For internal diagram 
see a Dove. 

lower riqllt hand (I?.V.J 
termmol must be 
common to both trip 
coli and cr eire. 

Circuit closinq ljlpe CfJ 
qround relay 

"'Grtl. ?-- -...l , 
Note: If sensrlive qround pro tection is not required, omit qround 
reloy. a-c.shunt trip and its connections, and complete connec­
tions <:s per dotted lin e. 

Three Phase Protection 

FIG. 14--ADJUSTMENT DETAILS AND METI!OD OF 
MouNTING TH& INSTANTANEOUS ATTACHMKNT 

tripping from the number 10 position 
for current greater than 1000% of the 

tripping value. 

This relay is frequently used for 

motor protection and may require an 

accurate current setting which can be 
given by adjusting the spiral spring. 

The instantaneous a t t a c h m e n t  m e n ­

tioned below is useful o n  this relay to 
protect against short circuits. 

CRC Ground Relay 
Thi.s is a directional relay qttite similar 

to the CR relay with the same dimen· 

sions and internal connections, but the 

RC..f/fVI&W 

O_r;t?,.¥;/'io'l 
lfiffkq/or.s· 

c 

8 

A 

FIG. 13-0VER·CuRRENT PROTECTION UsiNG 3 CIRCUIT-OPENING 
Typa CO R&LAYs FOR LtNE PROT&CT!ON AND ONE CIRCUIT­

CLOSlNG GROUND RELAY 

FIG. 15-lNTBRNAL CoNNECTIONS OF THREE ELEMENT TYPE co AND 
COA RELAY wrnt ExTRA BELL ALARM TERMINAL 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. llr-SINGLE-PHASE TYPE COA RRLAY 
WITH NAMEPLATE REMOVED 

polarizing coil on the directional ele­

ment has a 5 ampere winding. This 

coil is energized by a current trans­
former placed in the neutral of the 
power transformers. 

All the adjustments and manipula­
tions are the same as for the CR relay. 

Circuit Opening Relays 
The conventional method of tripping 

circuit breakers is by means of current 
from a storage battery and a relay which 
closes its contacts to eomplete the cir­
cuit through the trip coil. Where it is 
desired to eliminate the battery, the 
breaker may be tripped by current from 

the current transformers if circuit open­
ing relays are used. As shown in Fig. 
11 the operation of the relay connects 
the circuit breaker trip coil in series 
with the current circuit. The internal 
diagram shows that when the main relay 

contacts close they pull up the con­
tactor whichisenergizedfrom a secondary 
coil on the main pole. When the con­
tactor is lifted, it opens the short circuit 

around the trip coil and allows the cur­
rent to flow through the coiL 

It should be observed that the con­
tacts break the full short circuit current 
and they may be seriously burned. It 
is therefore important that the con-

f8oapement Mat)net 

II 0 V. A.tJ .. 

FIG. 18-CONNECTIONS FOR THE USE OF THE CYCLE COUNTER I!> 
TEST!l>G CIRCUIT-CLOSING TIME-LIMIT RELAYS 

tacts be frequently inspected and kept 
clean and smooth. With frequent 
maintenance, the contacts may safely 
open circuits of 50 amperes. If the 
current is small, the relay may give 
satisfactory service with inspection 

periods as seldom as once a year. It 
should be borne in mind that these con­
tacts carry the current continuously and 
if they become bad, they will begin to 

overheat and finally burn open the cur­
rent transformer circuit. 

Because these contacts short circuit 
the trip coil, it is important that the 
relay be mounted where it will not be 

'subjected to shocks which may jar the 
contacts open and thereby allow current 
to flow through the trip coil. 

Trouble of this kind can be avoided 
by preventing jars to the switchboard 
and also by setting the trip coil high 
enough so that it wlll not operate on 
normal load current. This is an extra 

safe-guard so that there is no danger 
from even an excessive shock unless the 
current is also heavy. 

The circuit opening relay is made only 

in the 4 to 15 ampere range. Lower 
ranges are not desirable because the 
burden of low range trip coils is too 
heavy on the current transformer. One 
trip coil is required for each relay. 

If ground relay protection is re­
quired, the low range ground relay may 

be of the circuit closing type and operate 
an a-c. voltage trip coil. See Fig. 13. 

The circuit opening feature is provided 

only in the Type CO Relay. 

Instantaneous Attachment 
The instantaneous attachment has its 

contacts in parallel with the main con­
tacts of the CO or CR relay. Its pur­
pose is to make the time of operation 

of the relay instantaneous after a pre­
determined current is exceeded. The 
device is usually built to operate at a 
high value, a common style being ad­
justable between 40 and 120 amperes. 
The marking is accurate to within ""' 
25%. The current setting is made by 

raising or lowering the plunger. The 
design of the 25 cycle relay is somewhat 
different from that shown in the illus­
tration and has a piece of felt under 
the contacts to damp out the vibrations. 

The instantaneous attachment is 
usually applied to the relay while it is 
being manufactured but it can be at­
tached to any of the old induction type 
relays. No special mounting arrange­
ments are required-it fits under one 
of the screws holding the permanent 
magnets. (See Fig. 14). 

Lock-Out Attachment 
Sometimes it is desired to prevent a 

relay from tripping a circuit breaker 

1g Drill (2Holes) 
Top 

FIG. 17-StNGLE-TRIP STANDARD AND Low-ENERGY CrRCutT-CLOSING 
TYP& co RELAY. THE TyPB COA RELAY Is oM-INcH DEEP 

INSTEAD OF (i >i·INCH 

6 

FIG. 19-DouBLE-TRIP STANDARD AND Low�ENERGY Tvi'E CO 
RELAY, ALSO THE CIRCUIT-OPENING TYPJo: co FOR SERIES TRIP. 

THE TYPE COA RELAY IS 6 Ji-INCll DEEP INSTEAD OF (i >i-INCH 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

when the current is too high-above its 
interrupting capacity. For this pur­
pose the lockout attachment is provided. 
It is similar to the instantaneous attach­
ment in appearance and method of 
adjusting but its contacts are in series 
with the main contacts and are nor­
mally closed. These contacts must be 
given special care because they are in 
series with the main tripping circuit 
and may prevent proper relay operation 
if they become dirty. 

Three Element Type CO Relay 

i Drill. 6/to/es 

The CO relay, both standard and low 
energy type, is sometimes furnished with 
3 elements in a single case. The out­
side dimensions of this case are shown 
in Fig. 20, but the number of terminals 
varies with the particular style of re­
lays. Similarly Fig. 15 shows a typical 
diagram of internal connections with 
three operation indicators. 

FIG. 21-TYPES CR, CRA AND CRC SINGLE-TltiP CIRCUIT, SIX­
TERMINAL RELAYS 

This 3-element relay is frequently 
supplied with the ammeter attachments 
mentioned in the following section. 

Types COA and CRA Relays 
These relays are standard type CO or 

CR with a self-contained ammeter scale. 
This ammeter operates on the induction 

principle and consists of an aluminum 
vane which swings in the same air gap 
as does the main disc. It, therefore, 
not only indicates the value of the cur­
rent but supervises the entire current 
circuit and assures the operator that 
current is flowing through the relay 
coils. The entire scale moves and the 
reading is indicated by a fixed pointer. 
A small aluminum vane swings above 
the permanent magnet and sufficient 

FIG. 20-THREE EI.EMENT TYPE co OR COA RELAY WITH EXTRA 
ALARM TERMINAL. FoR RELAY WITHOUT ALARM CrRCutT OMIT THE 

BOTTOM TERMISAL 

1 

flux is robbed from the magnet to damp 
the movements of the ammeter. 

The current reading depends upon 
the tap setting of the relay and this 
setting should, therefore, be determined 
before the scale is marked so that it may 
be properly marked in amperes. Some 
relays are marked in percent so that any 
tap value may be used without in­
convenience. 

The ammeter attachment cannot be 
put on existing relays. It does not 
change the diagram of internal con­
nections nor does it change the drilling 
plan of the various relays which may 
contain it. On the single element type 
CO relay it increases the depth from the 
front of the board by .>4 inch. 

Testing Relays 
All relays should be inspected period· 

ically and the time of operation should be 
checked at least once every six months. 
For this purpose, a cycle counter should 
be employed because of its convenience 
and accuracy. Phantom loads should 
not be used in testing induction type 
relays because of the resulting distorted 
current wave form which produces an 
error in timing. 

For the directionally controlled relays, 
the time of operation is the time for the 
directional and overcurrent elements 
to operate, since the former must close 
contacts before the disc on the latter 
can start to rotate. The time of operation 
of the directional element depends upon 
the applied voltage, current and the 
phase angle between the two, but will 
be a matter of a few cycles for nearly all 
faults. Therefore, the relay has been 
calibrated at the factory with the 
directional contacts blocked closed. 
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Westinghouse Types CO and GOA Overcurrent and Types CR, CRA and CR C Directional Overwrrent Relays 

Caution 

The position of the torque compen­
sator on the overload element is ad­
justable but this is primarily a factory 
adjustment and the location of the torque 
compensator should not be changed in 
the field. 

Readjusting Relays 

Overload Element 

If the factory adjustment has been 
disturbed, proceed as follows to make 
readjustment. By shifting the position 
of the contact stop on the time lever, 
adjust contacts so that they barely 
touch when the time lever is set on zero. 

Adjust the tension 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 terminal 
block. Shift the position of the damping 
magnets so that the time characteristics 
of the relay, as shown by test with a 
cycle counter, are the same as shown on 
the calibration curve. 

Directional Element 

The tension of the spiral spring on the 
directional element should be just 
sufficient to return the disc to the stop 
and thus hold the contacts·in the open 
position. 

In many applications there is no 
objection to having the contacts closed 
when the relay is de-energized. This 
can be changed by shifting the spring 
adjuster but the tension on the spring 
should never be enough to prevent the 
contacts from taking their proper po­
sition, either open or closed, during 

time of short circuit when the forces 
acting on the disc are small. 

There is an adjustable magnetic vane 
on each side of the upper pair of poles, 
which is intended to balance the cur­
rent circuit. The normal adjustment 
is to remove all potential from the 
voltage coil and apply heavy current 
to the current coils. The balancing 
vanes are then adjusted till there is no 
pronounced torque in either direction. 
This same adjustment may be used to 
positively close the contacts on cur­
rent alone. This may be desired on 
some installations in order to insure 
that the relay Will always trip the break­
er even though the potential may be 
absolutely zero. 

The upper bearing screw should be 
screwed down until there is only two or 
three thousandths clearance between it 
and the shaft and then securely locked 
in position with the lock nut. 

The contact opening on the direction­
ally controlled relays should be -h" in 
order to reduce the time of operation of 
the directional element to a minimum. 
No harm will result if the directional 
contacts rebound closed momentarily 
after a fault is cleared, because the over· 
current contacts will be in the open 
position. 

The contact opening on relays which 
are not directionally controlled should be 

• If 
32 • 

Contactor Switch 

The stationary core is adjustable so 
that it may be moved up sufficiently to 
keep the plunger from striking against· 
it. This is important because, if the 

/Drill, lffales ,£Dri/1,2Holes 

plunger strikes against the core, it is 
likely to stick due to residual mag­
netism. 

Double Trip Circuit 

If this relay has two stationary con­
tacts on the overload element, it may be 
used for tripping two circuit-breakers 
simultaneously, or for any purpose 
where it is desired to have two circuits 
closed at the same time by the relay and 
yet have them independent when the 
relay is not operated. Double con­
tacts on the relay are necessary so 
that either breaker may be opened 
independently of the other for ordinary 
switching operation and allowing both 
to be tripped if both are closed when 
trouble occurs. 

The double trip type CO relay may 
be used for tripping one breaker and 
energizing a bell alarm circuit. The 
directionally controlled double trip type 
CR relay may also be used in this 
manner. 

Renewal Parts 
Repairing 

Repair work can be most satisfactorily 
accomplished at our Works. However, 
interchangeable renewal parts can be 
furnished to customers who are equipped 
for doing repair work. 

c 

Ordering Instructions 

When ordering renewal parts, give 
the nameplate reading and the name 
of the part wanted. 

FlG. 22-TYPRS CR. CRA AND CRC SEVEN-TERMINAL RELAYS. 
THIS COVERS THE DOUBLE-TRIP, CIRCUIT-CLOSING OR THE SINGLE­
TRIP, Duo-DIRECTIONAL, OR THE StNGLE-TRlP WITH AN ExTRA TAP 
BETWEEN THE DIRECTIONAL AND THE OVER-CURRENT ELEMENTS. 

Westinghouse Electric & Manufacturing Company 
Newark, N. J. 

Printed in U. S. A. (Rep. 9-3i) 
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Westinehouse 

I. L. 1849-C 
(Filing No. 41-000) 

Types CO and COA Overcurrent 
and 

Types CR, CRA and CRC Directional Overcurrent Relays 
Caution 

Remove all blocking from relay before 
placing in s ervice. 

Installation 
Carefully unpack the relay and remove 

all dust and packing material with a soft 
brush or cloth. The cover of the relay 
should be removed and the interior parts 
carefully inspected for any damage 
which might have been done in ship­
ment, This inspection should include a 
test of the moving parts to see that they 
have not become misaligned and that 
there is no friction present. The presence 
of friction can usually be determined by 
moving the disc or contactor plunger by 
hand and letting it return to the normal 
position. Owing to the importance of 
proper relay functioning it is a wise 
precaution before placing relays in ser­
vice, to check each relay for operating 
current, time of operation, and polarity. 
For all type CR relays, the left hand 
contacts of the directional element, 
front view, should open when the po­
tential and current applied to the relay 
are in phase, See Fig. 5. 

Mount the relay vertically by means of 
the two mounting studs. Connections 
may be made direct to the terminals by 
means of screws for steel panel mounting 
or to the terminal studs, furnished with 
the relay, for slate panel mounting. The 
terminal studs may be easily removed 
or inserted by locking two nuts on the 
stud and then turning the proper nut 
with a wrench. Note that the top 
mountin,:; sturl may be utilize<i as a 
grounding stud for grounding the metal 
case. 

Connect the relay as shown on the 
proper diagram in ttns leaflet, or consult 
the nearest Sales Office for additional 
diagrams of connections for cases not 
covered by this leaflet. 

The tripping circuit should not be 
opened by the relay, but an auxiliary 
contact on the circuit-breaker should be 
provided to open the tripping circuit 
the instant the breaker opens. 

This relay is suitable for operating the 
Westinghouse direct trip attachment for 
tripping direct from the current trans­
former and also for operating the trans­
fer relay for the same purpose. 

Instructions for Setting 

In arriving at the proper setting of the 
overload element, or relay, two things 
must be determined. 

FIRST-In terms of the secondary 
circuit of the current transformer, the 
minimum amperes to trip (tap setting) 
should be higher than the overload peaks 
due to service load. Under short circuit 
conditions, the current will be fixed by 
the impedance of the circuit to which the 
relays are connected and the minimum 
short circuit current will usually be 
several hundred percent of the tap 
setting. 

SECOND-The time setting for short 
circuit conditions is determined by 
consideration of the sequence in which 
the breakers should trip, the time re­
quired for breaker mechanisms to operate 
etc., as required to give proper selective 

1 
1i> O.·C.TRIPPING 5ooRCE 

F'Ot�e UNGROIJNDe'.O NEIJ'TIIitAL 
THREE: PHA�E Ctliii!:CUtTS>. 
F" AIL"' IN CA f>E OF "'""UNO ON 
f). AND AC.ClOENrAL. GROuNO 
IN ueN&.IItATol< ,..,.. THe 
5AMe TtME. 

action throughout the system as a whole. 

Current Setting: 

The connector screw on the terminal 
plate above the time scale makes connec­
tions to various turns on the operating 
coil. By placing this screw in the various 
holes, the relay will just close contacts 
at the corresponding 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 when the outside convo­
lution of the spring is fastened. An 
adjustment of tripping current approxi­
mately 15 percent above or below any tap 
value, can be secured without materially 

lO'IV€NERO..., 
GROONO R'Et.A"'f 

�· PHA&E To D-C. :>ouRCE 
�OR4Wuo1!. 

CoMF"L.ETE. PRoTEc.TtoN ANO 
Avot� CoMPt.tCATe.o WtFI:IN6 
WHEN l<.f!LP..'Y� ARE U&EO WtTti 
Onus:fii! IN::;TA:tJMENT5. 

FJG. 1-CONNECTIONS FOR DIFFERENT INSTALLATIONS OF TYPE CO 
0VERCURRENT RELAYS USING D-C. TRIPPING SotiRCE 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

affecting the operating characteristics of 
the relay. By choosing the proper tap, a 
continuous adjustment of tripping cur­
rent from 3.4 amperes to 17.5 amperes 
may be secured. The characteristic time 
curve will be affected less for any large 
adjustment if the next higher tap is 
selected and the initial tension of the 
spiral spring is decreased to secure the 

desired tripping value. For example, the 
relay should be set on the 8 ampere tap 
with less initial tension in order to secure 
a 7 ampere tripping value. 

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 circuit, the latter should be 
short-circuited before changing the con­
nector screw. This can be done conven-

FIG. 3--CON'fAC'fOR SWITCH COIL CONNECTED IN 
TRIP CIRCUIT. THE TARGET OPERATES ON 

2.25 AMPERES OR MORE 

"'R4Auia:rrATCoN t;z .. 3 
c 

e 

iently by inserting the extra connector 
screw, located on the right hand mount­
ing boss, in the new tap and removing 
the old screw from its original setting. 

Time Adjustments 
The index or time lever, limits the 

motion of the disc and thus varies the 
time of operation. The latter is pro­
portional to the lever setting, that is, with 
the lever on the number 5 setting, at 
2000 percent load, the relay will operate 
in one second and similarly on the number 
1 setting the time of operation is 0.2 
seconds. 

The relay has been calibrated from the 
iii 10 time lever setting according to the 
curve engraved on the nameplate. The 
iii 11 time setting may be used to secure 
a time delay approximately 10 per cent 
longer, that is, to secure a setting of 2.2 
seconds for a 2 second relay. 

Be sure that the contacts just touch 
when the time lever is set on zero, other­
wise the time will not be proportional to 
the lever setting. 

Operation Indicator 
This relay is equipped with a universal 

operation indicator suitable for all 
tripping currents above 0.2 amperes. 
The relay leaves the factory with the 
operation indicator coil connected in 
parallel with the contactor switch coil 
and if the tripping current is more than 
2.25 amperes d-e., sufficient current will 
flow through both coils to cause their 

2 

operation. The resistance of both coils 
in parallel is approximately 0. 25 ohm. 

If the trip current is less than 2.25 
amperes there is no necessity for the con­
tactor switch and it should be removed 
from the trip circuit so that all trip cur­
rent will pass through the indicator coil. 
The indicator coil has approximately 2.8 
ohms resistance. To disconnect the con­
tactor switch coil, remove the lower lead 
on the front stationary contact of the 
contactor switch (See Figure 3) and this 
lead should be fastened (dead ended) 
under the small fillister head screw 
located in the micarta base of the con­
tactor switch (See Figure 4). 

Make sure that the indicator receives 
sufficient current to operate through 
the trip coil. The trip coil has such a 
high inductance that the breaker may 
open and open its pallet switch before 
the current has built up to its full value. 
Also, the voltage may be low resulting 
in a lower trip current. It is advisable 
to assume that the current through the 
indicator will be only half of the value 
calculated from the resistance of the 
coil and normal control voltage. If the 
trip circuit does not draw enough cur­
rent to drop the target when it is set 
to operate at .2 ampere, more current 
may be secured by putting a small 
loading resistor around the trip coil or 
around the auxiliary relay, if this is used. 

Directional Element 
The standard single trip and double 

trip type CR relays are directionally 
controlled, that is, the directional 
contacts must close in order for the over­
current element to operate. The contacts 
of the latter trip the breaker direct. The 
single trip 7 terminal stud relay (7th 
terminal between the directional and 
overcurreiJt contacts) and the duo­
directional relay cannot be made direct­
ional controlled and therefore the con­
tacts of the overcurrent and directional 
elements are in series in the trip circuit. 

FlG. 4-CONTACTOR SWITCH COIL DISCONNECTED 
FROM TRIP CIRCUIT. ALL THE CuRRENT PAsSEs 
THROUGH THE TARGET COIL SO THAT IT WILL 

OPERATE ON .2 AMPERE OR MORE 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Single 
r-----L-Phose 

Shunt Source 
-

FIG. 5-METHOD OF TEsTING PoLARITY OF TYPE 
C'R RELAY. THE CONTACTS REMAIN OPEN 

The directional element is usually 

connected to the system in such a manner 
that the directional contacts close when 
power flow is away from the station bus 
All diagrams shown have this polarity. 

Checking Connections of the Type CR 

Relay 

All type CR relays, except the ground 
relays, have wattmeter characteristics 
for the directional elements and, there­

fore, the directional element disc will 
reverse its direction of rotation when the 
phase relation of the current and voltage 
becomes 90° or greater. The directional 
relay must be connected so that this 
relation will never exceed 90°. 

Since the power factor of fault currents 

may vary over a considerable range, it is 
necessary that the proper voltage be 

used on the directional element. Con­
nections should be made so that with 
unity power factor on the line, the 
current in the relay directional element 

Terminal 

-----

Rear View 

will be 30% ahead of the potential sup­
plying the directional element. 

The following methods should be used 
in checking up the correct connections to 
the directional element of the relay. 

Wattmeter Method 

With the power flowing in either 

direction, if the current is lagging, so 
that the power factor is between 50 and 
tOO per cent, connect the current coils of 
a single phase wattmeter in series with 

the current winding of the relay. 

Then select a pair of voltage leads which 

give the highest reading on the watt­
meter. The two leads should be connect­

ed to the relay potential terminal. In­
spect the contact of the directional 
element, which should be open when the 
power is flowing towards the bus bars. 

If the contacts are closed when the 
current flows toward the bus bars, then 

the potential leads of the relay should be 
reversed. 

Power Factor Meter Method 

A second method is to connect the 
current coils of a single phase power 

factor meter in series with the current 
coils of the relay. A pair of potential 
leads is then selected which will give 86.6 
per cent power factor leading on the 
power factor meter when the line power 

factor is 100 per cent. These two leads 
should be connected to the relay potential 
terminals. The upper contact should be 

inspected, as before mentioned in the 
preceding paragraph and checked for 
proper direction of operation. 

Phase Indicator Method 

A third method of checking the proper 
connections of the relay is by means of 
the Westinghouse phase indicator. It is a 
portable instrument built on very much 

the same principle as a power factor 
meter but calibrated to read indegrees, 
and show precisely the phase relation 
between any current and voltage sources 

to which it may be connected. Full 
directions for the use of the portable 

phase indicator are supplied with the 

instrument. 

Relay for 90° Connection 

This relay can be used for the 90° 

connection, that is, with the current 
leading the applied potential by 90" when 
the line power factor is 100%, by instal­

ling a suitable external resistor in series 
with the potential coiL These external 

resistors can be ordered by style number 

as follows. 

25 Cycle, 115 Volts, 760 ohms, S�ji721435 
50 Cycle, 115 Volts, 670 ohms, S# 721436 
60 Cycle, 115 Volts, 565 ohms, S# 7214.37 

Type CR Ground Relays 
The directional element of the type 

CR relay which is intended for ground 
protection differs from that of the phase 
relay by not having trne wattmeter 

characteristics. It develops its maxi­

mum torque when the relay current 
lags about 15 degrees behind the relay 
voltage. This is essential on systems 
where the neutral is dead grounded. 
These relays may be distinguished from 

Stationary Contacts 

For trip currents less 
""-:::__..:::----'l-----7'+:�-"· than 225 amp.,disconmct 

// 
'-.... "-

qnd dead-end this lead 
StatioMry C ontoct 

/'fiddle 
Contact 

Punchinr;s 

I 
I 
I 

I 

I 
I 

I 

/ ) 

I 
\ 
\ 
\ 

\ 
\. 

" 

Terminal 

"#���� 

FIG. 6--lNTERNAL CoNNECTIONS OF SINGLE­
TRIP, STANDARD-ENERGY TYPE co RELAY 

FIG. 7-lNTERNAL CoNNECTIONS OF DoUBLE­
TRIP, Low-ENERGY TYPE CO RELAY 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

,j-:: =: :..-.:: �--"'\.:'" .. .:: .': .. -_-.::;;;:. -=-�--"::.:::=. -;.:_-_-: =­

,. " I 

FIG. 8--lNTERNAL CONNECTIONS OF STANDARD-ENERGY, UNI· 
DIRECTIONAL, SINGLE-TRIP TYPE CR RELAY WITH A TAP 
CONNECTION BETWEEN THE DIRECTIONAL AND 0VERCUR-

RENT Co!>iTACTS·-REAR VIEW 
· 

J z 

T!�t$ wire to be remove<J 

C.x.c�ss Cur. 
Contacts 

.. c R" Diiii:FIO!iil 
Overload Rtlays 

OL Eltment 

tantactor Sw 
OperatiOR Ind. 
D/recfional E:rement 

=::=;�=";;',!_ D�rectfonal Contacts 
Case Graun<l Stud 

Aux. switch shown for 
open position of' breaker 

�=ZSO V- SA In st. Fuse 

Phose RolottM t-?,2-J,J·! 

PIG. to--ExT�<RNAL CoNNECTIONs oF THE TYPE CRC RELAY Ustm 
FOR GROUND PROTECTION--REAR VIEW 

others because they are of the low energy 

type and have ratings of .5 to 2.5 or 

2 to 6 amperes. 

Low Energy Types CO and CR 
Relays 

relays are different from the standard 

ones. Instead of obtaining the definite 

minimum time feature by means of The low energy type of CO and CR 

Potential Terminals 

Dtrecttonal 
Contacts 

Current 
Term mal 

Overcurrent Contacts 

/Juncnmqs 

=- -::_ -----:.:_ ----_;-.:::: = = =..: 
Rear View 

FIG. 9-INTli.RNAL CoNNECTioNs oP Low-ENERGY, DIRECTIONAL· 
CONTROL, UNI-DIRECTIONAL, SINGLK-TRIP TVPK CR RELAY 

4 

I I 
I 
I I 
I 
\ I 

I 
\ 

Terminal 
\ 

Torque CiJmpensator Rear View 

' 
)/ 

_..;:/ 
,; :Vhen usinq inst trip 

om1t this lelldtwire 
p�r dottl!d line. 

FIG. 11-INTERNAL CoNNECTIONS OF CIRCUIT-OPENING 
TYPE co RELAY FOR SERIES TRIP CIRCUIT 0 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 1 2-THE INSTANTANEOUS ATTACHMENT 

the torque compensator, a somewhat 
similar result is obtained by gearing 

the disc to the shaft which carries the 
contact arm. This results in a char-
acteristic curve which is somewhat more 
inverse than the standard curve and 
also results in much slower resetting 
time. The tern1 "low energy" refers 
to the burden which is placed on the 

current transformers and does not re­
fer to the current rating. All of the 
small current ranges are of the low 
energy type and some of the higher 
current ranges are also made in the low 
energy type for use on certain current 
transformers which are incapable of 
carrying a heavy burden. The low 

Ttminq Test 
Termmats 

energy and standard relays have the same 
external appearance and dimensions. 

When circuit breakers are instan­
taneously reclosed. it is necessary to use 
special quick opening contacts on the 

low energy type of relay. These con­
tacts differ from the normal ones in 
being stiff, without any follow, so that 
they wtll open quickly. 

Very-Inverse Type CO Relay 

This relay is similar to the low-energy 
relay but contains a different electro­
magnet and has a much more inverse 
curve. The mechanical arrangement of 
the parts is similar to the low-energy 
type, although they are not exact dupli­
cates. The burden on the current trans­
former is considerably less than that of 
the low-energy CO relay. 

The 40-Second Type CO Relay 

This relay is similar in appearance to 
the low energy relay but consists of a 
standard energy 4-second relay with a 
10 to 1 gear reduction, making the total 
time 40 seconds on the fiat part of the 
curve. The 25 cycle relay has a re­
setting time of approximately 90 sec­
onds. It will overheat before tripping 
from the number 10 position for cur­
rents greater than 750% of the tripping 
value. The 60 cycle relay resets in 
120 seconds and will overheat before 

Contactor Sw. 

� Grd. 

This terminal must be commun 
to both trip COil ond cur-trans" 
circm�s. 

Circutf Opening CO Relay 
Internal Diagram (/lear View) 

Sinqle ·Pflase Protection wflere tflere is no J·pflase qround· 
ed neutral connected to tile sinr;le ·pflase circuit . 

.A -C. shunt trip coif Wi�h 3() 
volts minimum pickup 

���z:::;;;::;;2:_:�1 Rear View 
3 • Ctrc. opening 

Type CO Retoys 
LJt::::::l\-:sl:::::fl.:.�� For internal diagram 

see llbove. 

lower riq!Jt hone! fR. VI 
termmol must be 
common to both trip 
coil and C1: eire. 

Circuit closin:t Type CO 
ground relay 

-= Crt/. /- - -....1 
· 

Note : II sensit!Vl! ground protection is not required, omit qround 
relay, o·c. shunt tripond its connections, and complete connec · 
lions as per dotte d line. 

Tflree Phase Protection 

FIG. 1 4-ADJUSTMENT DETAILS AND METHOD OF 
MOUNTING THJi. INSTANTANEOUS ATTACHMENT 

tripping from the number 10 position 

for current greater than 1000% of the 
tripping value. 

This relay is frequently used for 
motor protection and may require an 
accurate current setting which can be 
given by adjusting the spiral spring. 
The instantaneous a t t a c h m e n t  m e n ­
tioned below i s  useful o n  this relay to 
protect against short circuits. 

CRC Ground Relay 

Thi.> is a directional relay quite similar 
to the CR relay with the same dimen­
;;ions and internal connections, but the 

RCAit VI'EW 

Fm. 13--0vn-C'uRRENT PROTECTION UsiNG 3 CIRCUIT·OPENL'<G 
TYPll CO RELAYS FOR LINE PROTECTION AND ONE CIRCUIT­

CLOSING GROUND RELAY 

FIG. 15 -lNTERNAL CoNNECTlONS OF THREK ELEMENT TYPE CO AND 
COA R&LAY WITH EXTRA BELL ALARM TERMINAL 

5 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



, r 
i 

Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Caution 

The position of the torque compen­
sator on the overload element is ad­
j ustable but this is primarily a factory 
adjustment and the location of the torque 
compensator should not be changed in 
the field. 

Readjusting Relays 

Overload Element 

If the factory adjustment has been 
disturbed, proceed as follows to make 
readjustment. By shifting the position 
of the contact stop on the time lever, 
adjust contacts so that they barely 
touch when the time lever is set on zero. 

Adjust the tension 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 terminal 
block. Shift the position of the damping 
magnets so that the time characteristics 
of the relay, as shown by test with a 
cycle counter, are the same as shown on 
the calibration curve. 

Directional Element 

The tension of the spiral spring on the 
directional element should be just 
sufficient to �urn the disc to the stop 
and thus hold the contacts in the open 
position. 

In many applications there is no 
objection to having the contacts closed 
when the relay is de-energized. This 
can be changed by shifting the spring 
adjuster but the tension on the spring 
should never be enough to prevent the 
contacts from taking their proper po­
sition, either open or closed, during 

time of short circuit when the forces 
acting on the disc are small. 

There is an adjustable magnetic vane 
on each side of the upper pair of poles, 
which is intended to balance the cur­
rent circuit. The normal adjustment 
is to remove all potential from the 
voltage coil and apply heavy current 
to the current coils. The balancing 
vanes are then adjusted till there is no 
pronounced torque in either direction. 
This same adjustment may be used to 
positively close the contacts on cur­
rent alone. This may be desired on 
some installations in order to insure 
that the relay wtll always trip the break­
er even though the potential may be 
absolutely zero. 

The upper bearing screw should be 
screwed down until there is only two or 
three thousandths clearance between it 
and the shaft and then securely locked 
in position with the lock nut. 

The contact opening on the direction­
ally controlled relays should be l·/' in 
order to reduce the time of operation of 
the directional element to a minimum. 
No harm will result if the directional 
contacts rebound closed momentarily 
after a fault is cleared, because the over­
current contacts will be. in the open 
position. 

The contact opening on relays which 
are not directionally controlled should be 

3 II 
1f2 .. 

Contactor Switch 

The stationary core is adjustable so 
that it may be moved up sufficiently to 
keep the plunger from striking against 
it. This is important because, if the 

jOri/1, 7/to/es t!,Drii/, 2Hofes 

plunger strikes against the core, it is 
likely to stick due to residual mag­
netism. 

Double Trip Circ•.rlt 
' 

If this relay has two stationary con� 
tacts on the overload element, it may be 
used for tripping two circuit-breakers 
simultaneously, or for any purpose 
where it is desired to have two circuits 
closed at the same time by the relay and 
yet have them independent when the 
relay is not operated. Double con­
tacts on the relay are necessary so 
that either breaker may be opened 
independently of the other for ordinary 
switching operation and allowing both 
to be tripped if both are closed when 
trouble occurs. 

The double trip type CO relay may 
be used for tripping one breaker and 
energizing a bell alarm circuit. The 
directionally controlled double trip type 
CR relay may also be used in this 
manner. 

Renewal Parts 
Repairing 

Repair work can be most satisfactorily 
accomplished at our Works. However, 
interchangeable renewal parts can be 
furnished to customers who are equipped 
for doing repair work. 

Ordering Instructions 

When ordering renewal parts, give 
the nameplate reading and the name 
of the part wanted. 

FIG. 22-TYPES CR. CRA AND CRC SEVEN-TERMINAL RELAYS. 
THIS CovERs THE DouBLE·TRIP, CIRCUIT-CLOSING oR THE SINGLE· 
TRIP, Duo-DIRECTIONAL, OR THE SINGLE· TRIP WITH AN ExTRA TAP 
BETWEEN THE DIRECTIONAL AND THE OVER-CURRENT ELEMENTS. 

Westinghouse Electric & Manufacturing Company 
Newark, N. J. 

Printed in U. S. A. (Rep. 9-37) 
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Westinehouse 
I. L. 1849-C 

(Filing No. 41-000) 

·�" ' � .  

Types CO and COA Overcurrent 
and 

Types· CR, CRA and CRC Directional Overcurrent Relays 
Caution 

Remove all blocking from relay before 
placing in service. 

Installation 
Carefully unpack the relay .and remove 

a!t dust and packing material with a soft 
brush or cloth. The cover of the relay 
should be removed and the interior parts 
carefully inspected for any damage 
which might have been done in ship­
ment. This inspection should include a 
t�t of th� moving parts to see that they 
have not .. become misaligned and that 
there is no friction present. The pr=ce 
of friction can usually be determined by 
moving the disc or contactor pi unger by 
hand and letting it return to the normal 
position. Owing to the importance of 
proper relay functioning it is a wise 
precaution before placing relays in ser­
vice, to check each relay for operating 
current, time of operation, and polarity. 
For all type CR relays, the left hand 
contacts of the directional element. 
front view, should open when the po­
tential and current applied to the relay 
are in phase, See Fig. 5. 

Mount the relay vertically by means of 
the two mounting studs. Connections 
may be made direct to the terminals by 
means of screws for steel panel mounting 
or to the terminal studs, furnished with 
the relay, for slate panel mounting. The 
terminal studs may be easily removed 
or inserted by locking two nuts on the 
stud and then turning the proper nut 
with a wrench. Note that the top 
mounting stud may be utilizE-r! as a 
grounding stud for grounding the metal 
case. 

Connect the relay as shown on the 
proper diagram in t.!ns leaflet, or consult 
the nearest Sales Office for additional 
diagrams of connections for cases not 
covered by this leaflet. 

The tripping circuit should not be 
opened by the relay, but an auxiliary 
contact on the circuit-breaker should be 
provided to open the tripping circuit 
the instant the breaker opens. 

This relay is suitable for operating the 
Westinghouse direct trip attachment for 
tripping direct from the current trans­
former and also for operating the trans­
fer relay for the same purpose. 

Instructions for Setting 

In arriving at the proper setting of the 
overload element, or relay, two things 
must be determined. 

FIRST -In terms of the secondary 
circuit of the current transformer, the 
minimum amperes to trip (tap setting) 
should be higher than the overload peaks 
due to service load. Under short circuit 
conditions, the current will be fixed by 
the impedance of the circuit to which the 
relays are connected and the minimum 
short circuit current will usually be 
!'evcral hundred percent of the tap 
setting. 

SECOND�-The time setting for short 
circuit conditions is determined by 
consideration of the sequence in which 
the breakers should trip, the time re­
quired for breaker mechanisms to operate 
etc., as required to give proper selective 

PHAf>l! A 

l 
'11> D:C.'lll1Pf'IN6 5oooteE 

F'OIIt ONGROONOCO NE'UTiiil:AL 
IHRf!.E. PHAbE CtllfCUIT.S. 
FAIL .. IN CA .. E 0F(;ROUND ON 
e. AND Ac.c n::>e.NTAL. G•out.ao 
IN GoENE!R:ATOil. AT THe 
5AME TIME 

action throughout the system as a whole. 

Current Setting:  

The connector screw on the terminal 
plate above the time scale makes connec­
tions to various turns 

, · · · . 

coil. By placing this 
holes, the relay will contacts 
at the corresponding 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 �complished by turning the 
spring adjuster by means of a ' screw 
driver inserted in one of the notches of 
the plate to when the outside convo­
lution of the spring 1s fastened. An 
adjustment of tripping current approxi­
mately 15 percent above or below any tap 
value, can be secured without materially 

to'll'.f ENER6'f GROUNO R'£\.A"1" 

::I·P""'"'E To D-C ::XWRce ;)o�4 Wt"E 
CoMF'LETE. PRoT&.C.TION ANt> 
Avot� COMPLICATl!O WtR.INC. WHEN REt..'!'\'@ ARE O!tED WiTH 
Ol'HEiit ,,.., litUMENT.:). 

FIG. !-CONNECTIONS FOR DIFFERENT 1NSTALLATJONS OF TYPE C.O � 
OVIiRCURRENT RELAYS USING D-C. TRIPPING SOURCE 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

o ..... Ct4. 
-

:s 2 I 3/W LINr 
NiOTC;-

� £\l £ f 'I 
''· \C�H ... I;N 

fOa�t�CIJ Nc.� �,.,s.UstC��CuKn l?&u.'(, s-..R-sr..'R � TRA1"4S:,, � .TRA ... s. Attn t:b� CC*IINCCT10tof9.0MIT'0Pe: .. 'Otr.�� 'PoT;1itAN'6.AND C'fiOI'S#-fA-n:::HCt;> Co" wS. 

£>, I r,H �o:.,a 
� �J �t.. !NC�Jn(ll;NE'Vs:CTOW$ \fe.c:.TQ!QSApPt.I£'DTO 'RuA'f.S 

FIG. 2-CONNECTIONS FOR SHORT-CIRCUIT AND GROUND PROTECTION 
UsiNG TYPE CR RELAYS AND HIGH-TENSION PoTENTIAL 

TRANSFORMERS 

affecting the operating characteristics of 
the relay. By choosing the proper tap, a 
continuous adjustment of tripping cur­
rent from 3.4 amperes to 17 .5 amperes 
may be secured. The characteristic time 
curve will be affected less for any large 
adjustment if the next higher tap is 
selected and the initial tension of the 

spiral spring is decreased to secure the 
desired tripping value. For example, the 
relay should be set on the 8 ampere tap 
with less initial tension in order to secure 
a 7 ampere tripping value. 

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 circuit, the latter should be 
short-circuited before changing the con­
nector screw. This can be done conven-

Fie. 3-CONTACTOR SwiTCH CoiL CoNNECTED IN 
TRIP CIRCUIT. THE TARGET OPERATES ON 

2.25 AMPERES OR MORE 

iently by inserting the extra connector 
screw, located on the right hand mount­
ing boss, in the new tap and removing 
the old screw from its original setting. 

Time Adjustments 

The index or time lever, limits the 
motion of the disc and thus varies the 
time of operation. The latter is pro­
portional to the lever setting, that is, with 
the lever on the number 5 setting, at 
2000 percent load, the relay will operate 

in one second and similarly on the number 
1 setting the time of operation is 0.2 
seconds. 

The relay has been calibrated from the 
fl, 1 0 time lever setting according to the 
curve. engraved on the nameplate. The 
fl, 11 time setting may be used to secure. 
a time delay approximately 10 per cent 
longer, that is, to secure a setting of 2.2 
seconds for a 2 second relay. 

Be sure that the contacts just touch 
when the time lever is set on zero, other­
wise the time will not be proportional to 
the lever setting. 

Operation Indicator 

This relay is equipped with a universal 
operation indicator suitable for all 
tripping currents above 0.2 amperes. 

The relay leaves the factory with the 
operation indicator coil connected in 
parallel with the contactor switch coil 
and if the tripping current is more than 
2.25 amperes d-e., sufficient current will 
flow through both coils to cause their 

2 

operation. The resistance of both coils 
in parallel is approximately 0. 25 ohm. 

If the trip current is less than 2.25 
amperes there is no necessity for the con­
tactor switch and it should be removed 
from the trip circuit so that all trip cur­
rent will pass through the indicator coil. 
The indicator coil has approximately 2.8 
ohms resistance. To disconnect the con­
tactor switch coil, remove the lower lead 
on the front stationary contact of the 
contactor switch (See Figure 3) and this 
lead should be fastened (dead ended) 
under the small fillister head screw 
located in the micarta base of the con­
tactor switch (See Figure 4). 

!\fake sure that the indicator receives 
sufficient current to operate through 
the trip coil. The trip coil has such a 
high inductapce that the breaker may 
open and open its pallet switch before 
the current has built up to its full value. 
Also, the voltage may be low resulting 
in a lower trip current. It is advisable 
to assume that the current through the 
indicator will be only half of the value 
calculated from the resistanqe of the 
coil and normal control voltage. If the 
trip circuit does not draw ;enough cur­
rent to drop the taq;et when it is set 
to operate at .2 ampere, more current 
may be secured by putting a small 
loading resistor around the trip coil or 
around the auxiliary relay, if this is used. 

Directional Element 
The standard single trip and double 

trip type CR relays are directionally 
controlled, that is, the directional 
contacts must close in order for the over. 
current element to operate. The contacts 
of the latter trip the breaker direct. The 
single trip 7 terminal stud relay (7th 
terminal between the directional and 
overcurrent contacts) and the duo­
directional relay cannot be made direct­
ional controlled and therefore the con­
tacts of the overcurrent and directional 
elements are in series in the trip circuit. 

FIG. 4--CoNTACTOR SwiTCH CoiL DiscoNNEc-TED 
FROM TRIP CIRCUIT. ALL THE CURRENT PASSES 
THROUGH THE TARGET CoiL SO THAT IT WILL 

OPERATE oN .2 AMPERE oR MoRE 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Si!7(Jie 
.-----&-Phose 

Source 
-

FtG. 5---METHOD OF TESTING POLARITY OF TYPE 
CR RELAY. THE CONTACTS REMAIN OPEN 

The directional element is usually 
connected to the system in such a manner 
that the directional contacts close when 
power flow is away from the station bus 
All diagrams shown have this polarity. 

Checking Connections of the Type CR 
Relay 

All type CR relays, except the ground 
relays, have wattmeter characteristics 
for the directional elements and , there­
fore, the directional element disc will 
reverse its direction of rotation when the 
phase relation of the current and voltage 
becomes 90° or greater. The directional 
relay must be connected so that this 
relation will never exceed 90°. 

Since the power factor of fault currents 
may vary over a considerable range, it is 
necessary that the proper voltage be 
used on the directional element. Con­
nections should be made so that with 
unity power factor on the line, the 
current in the relay directional element 

"'"""'"t::Jr/"i=---=t:==;t::T-r 
I 

I 
I 

1 
I 

..1 
I 
\ 
I 
\ 

T�rminal \ 

- - ---

Rrar View 

will be 30 % ahead of the potential sup­
plying the directional element. 

The following methods should be used 
in checking up the correct connections to 
the directional element of the relay. 

Wattmeter Method 

With the power flowing in either 
direction, if the current is lagging, so 
that the power factor is between 50 and 
100 per cent, connect the current coils of 
a single phase wattmeter in series with 
the current winding of the relay. 

Then select a pair of voltage leads which 
give the highest reading on the watt­
meter. The two leads should be connect­
ed to the relay potential terminal. In­
spect the contact of the directional 
element, which should be open when the 
power is flowing towards the bus bars. 
If the contacts are closed when the 
current flows toward the bus bars, then 
the potential leads of the relay should be 
reversed. 

Power Factor -Meter Method 

A second method is to connect the 
current coils of a single phase power 
factor meter in series with the current 
coils of the relay. A pair of potential 
leads is then selected which will give 86.6 
per cent power factor leading on the 

power factor meter when the line power 
factor is 100 per cent. These two leads 
should be connected to the relay potential 
terminals. The upper contact should be 

inspected, as before mentioned in the 
preceding paragraph and checked for 
proper direction of operation. 

11ovinq Contact 

Phase Indicator Method 

A third method of checking the proper 
connections of the relay is by means of 
the Westinghouse phase indicator. It is a 
portable instrument built on very much 
the same principle as a power factor 
meter but calibrated to read in degrees, 
and show precisely the phase relation 
between any current and voltage sources 
to which it may be connected. Full 
directions for the use of the portable 
phase indicator are supplied with the 
instrument. 

Relay for 90° Connection 

This relay can be used for the 90° 
connection, that is, with the current 
leading the applied potential by 90° when 

the line power factor is 100%, by instal­
ling a suitable external resistor in series 
with the potential coil. These external 
resistors can be ordered by style number 
as follows. 

25 Cycle, 1 15 Volts, 760 ohms, 8!11 72 1435 

50 Cycle, 1 1 5  Volts, 670 ohms, 8!11 721436 
60 Cycle, 1 1 5 Volts, 565 ohms, Sill 72 1437 

Type CR Ground Relays 

The directional element of the type 
CR relay which is intended for ground · 
protection differs from that of the phase 
relay by not having true wattmeter 
characteristics. It develops its maxi­
mum torque when the relay current 
lags about 1 5  degrees behind the relay 
voltage. This is essential on systems 
where the neutral is dead grounded. 
These relays may be disth1guished from 

Stationary Contacts 

- - - - - -., 
l : Confador Swifcl'1 

Connector Block L����-:;t::�{oct \ 
Middle 
Contact 

Punchinqs 

Terminal 

17':I�$�'4�1"-':.;-.., : I I 
!::: : 6 6 1 L--�....._____L When usfnq !nsf. 

Reor View 

r- - / tripattach-,cur-
: 1 rent in relay !rip 
1 ; circuit must be 

1 qreater thon 
/ 225 amps. 

When usinq inst trip, 
omit this lead, and 

l w1re per dotted lines. 
Punchmqs 

FIG. 6-INTERNAL CONNECTIONS OF SL'l"GLE­
TRtP. STANDARD·ENERGY TYPI! co RELAY 

FIG. 7-INTERNAL CoNNECTIONS OF DouBL E· 
TRIP, Low-ENERGY TYPE CO RELAY 
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W estinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 8-lNTERNAL CONNECTIONS OF STANDARD-ENERGY, UNI­
DIRECTIONAL, SI NGLE-TRIP TYPE CR RELAY WITH A TAP 
CONNECTION BETWEEN THE DIRECTIONAL AND 0VERCUR-

RENT Co1'1t!ACTs-REAR VIEW 

L.T.t>. '--+--+--1 Grd. 

�;,§7<-4 t:jiOOV 
3 2 I 

This wire to be remcverJ 

��3 2 1  
f:xcess Cur. "CR" Direct/Mal 
Contacts Overload Re/Qys 

OL f:lement 
Contactar Sw 
Operat/OR Ind. 
Directional Ele-ment 
Directional Contacts 

Aux. switch shown for 
open position tJf breQ!rer 

Case fJroun(f Stud 
Phase Rotatton t-2, 2-3,3 -r 

FIG. 10-ExTERNAL CoNNECTION< oF THE TYPE CRC RELAY Us.:o 
FOR GROUND PROTECTION··-REAR VIEW 

others because they are of the low energy 

type and have ratings of _5 to 2.5 or 

2 to 6 amperes. 

Low Energy Types CO and CR relays are different from the standard 

Relays ones. Instead of obtaining the definite 

The low energy type of CO and CR minimum time feature by means of 

Potenbal Terminals 

Dtrecttonal 
Contacts 

Overcurrent Contacts 

Puncnmqs 

For trip current� 
less than 225amp 
disconnect and 

Dm>cttona 1.---'..._____..,-- i 1 deodi?M th's harJ 
ElemE>nf - 1 r--H===>w--.a:r==c+�-!ll1i 

Current 
Term mal 

R�or View 

\ .  

FIG. 9-INT&RNAL CoNNECTIONS oF Low-ENERGY, DIRECTIONAL­
CONTROL, UNI·DIRRCTIONAL, SINGLE· TRIP TYPE CR RELAY 

4 

11ovinq Contqct 

Connector 
Bfock 

I I 
I 
I I 
\ 
\ 
\ 
\ 
\ \ 

T.rminal 
' 

liJrque Compensator Rear View 

' 
)/ 

,�r 
,;fvhen usinq /nsl trip 

omit th!J lealfrwtre 
per dotted line. 

FIG. 1 1-INTERNAL CoNNECTIONS OF CIRCUIT-OPENING TYPE co RELAY FOR SERIES TRIP CIRCUIT 0 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Pm. 12-THE INsTANTANEous ATTACHMENT 

the torque compensator, a somewhat 
similar result is obtained by gearing 
the disc to the shaft which carries the 
contact arm. This results in a char-
acteristic curve which is somewhat more 
inverse than the standard curve and 
also results in much slower resetting 
time. The term "low energy" refers 
to the burden which is placed on the 
current transformers and does not re­
fer to the current rating. All of the 
small current ranges are of the low 
energy type and some of the higher 
current ranges are also made in the low 
energy type for use on certain current 
transformers which are incapable of 
carrying a heavy burden. The low 

liminq Test 
Termlflals 

energy and standard relays have the same 
external appearance and dimensions. 

When circuit breakers are instan­
taneously reclosed. it is necessary to use 
special quick opening contacts on the 
low energy type of relay. These con­
tacts differ from the normal ones in 
being stiff, without any follow, so that 
they will open quickly. 

Very-Inverse Type CO Relay 
This relay is similar to the low-energy 

relay but contains a different electro­
magnet and has a much more inverse 
curve. The mechanical arrangement of 
the parts is similar to the low-energy 
type, although they are not exact dupli­
cates. The burden on the current trans­
former is considerably less than that of 
the low-energy CO relay. 

The 40-Second Type CO Relay 
This relay is similar in appearance to 

the low energy relay but consists of a 
standard energy 4-second relay with a 
10 to 1 gear reduction, making the total 
time 40 seconds on the flat part uf the 
curve. The 25 cycle relay has a re­
setting time of approximately 90 sec­
onds. It will overheat before tripping 
from the number 10 position for cur­
rents greater than 750% of the tripping 
value. The 60 cycle relay resets in 
1 20 seconds and will overheat before 

Contactor Sw. 

� Grd. 

Thts terminal must be common 
to both trip coil and Cuf:'trans. 
circuits. 

Circuit Opening CO Relay 
Internal ()iaqram f /lear View) 

Single-Phase Protection where tl!ere is no J·phase qround-
ed neutral connected to the single -phase circuit. 

.A·C shunt trip coil wif/1 30 
volts minimum pickup ���Z::��;;::::::=;-:�1 Rear Vt'ew 

r.���t��� 
3 • Ctrr:. openinq 

ljpe CO Relays 
1 11-1\ ... �,..f\,·�-fl:. f'or internal diagram 

see <Joo ve. 

lower riqht !land fii. V.J 
terminal must be 
common to both trip 
coil and c.r eire. 

Circuit closi"'J ljpe CO 
ground relay 

-= Crd. /.- - --' 
Note : II sensitive 9round protection is not required, omit qround 
relay, a-c.sflunt trip ana 1/s conn ections, and complete con nee· 
lio ns qsper aotte d line. 

Three Phase Protection 

/Y�le;- AI/ N,;,.,-.<' 
/n /he l··/;:-,r:'r>y 
c/r.:t;uf t'"c> /;P.k"f¥ 
Jrrt!f!"Dff! Cr.mhcr 
w/1/i fiH:' 1/.C. N/ror�,s 

FIG. 14-ADJUSTMENT DETAILS AND METHOD OF 
MoUNTING THI!. I><STANTAN&ous ATTACHMKNT 

tripping from the number 10 position 
for current greater than 1000% of the 
tripping value. 

This relay is frequently used for 
motor protection and may require an 
accurate current setting which can be 
given by adjusting the spiral spring. 
The instantaneous a t t a c h m en t  m e n ­
tioned below i s  useful on this relay to 
protect against short circuits. 

CRC Ground Relay 
Thi3 is a directional relay quite similar 

to the CR relay with the �!: dimen­
sions and internal connections; but the 

8 

A 

REAI? VI&W 
FIG. 13-0VER·CuRRENT PRoTECTioN UsiNG 3 CIRCUIT-OPENING 

TYPB CO RELAYS FOR LINE PROTRCTION AND ONE: CrRCUIT­
CLOSJNG GROUND RELAy 

FIG. 15-INTERNAL CoNNECTIONS OF THREE ELEMENT TYPE CO AND 
COA RRLA Y WITH ExTRA BELL ALARM TERMINAL 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CR C Directional Overcurrent Relays 

FIG. 16--SINGLE-PHASE TYPE COA RELAY 
WITH NAMEPLATE REMOVED 

polarizing coil on the directional ele­
ment has a 5 ampere winding. This 
coil is energized by a current trans­
former placed in the neutral of the 
power transformers. 

All the adjustments and manipula­
tions are the same as for the CR relay. 

Circuit Opening Relays 
The conventional method of tripping 

circuit breakers is by means of current 
from a storage battery and a relay which 
closes its contacts to complete the cir­
cuit through the trip coil. Where it is 
desired to eliminate the battery, the 
breaker may be tripped by current from 
the current transformers if circuit open­
ing relays are used. As shown in Fig. 
1 1  the operation of the relay connects 
the circuit breaker trip coil in series 
with the current circuit. The internal 
diagram shows that when the main relay 
contacts close they pull up the con­
taetor which is  energized from a secondary 
coil on the main pole. When the con­
tactor is lifted, it opens the short circuit 
around the trip coil and allows the cur­

rent to flow through the coil. 
It should be observed that the con­

tacts break the full short circuit current 
and they may be seriously burned. It 
is therefore important that the con-

;iDri/1 (2Holes} 

[8oapement Maqnet 

110 V. A.C . .  

FIG. 18--CONNECTIONS FOR THE USE O F  THE CYCLE COUNTER I N  
TEsTING CIRCUIT-CLOSING TIME-LIMIT RELAYS 

tacts be frequently inspected and kept 
clean and smooth. With frequent 
maintenance, the contacts may safely 
open circuits of 50 amperes. If the 
current is small, the relay may give 
satisfactory service with inspection 
periods as seldom as once a year. It 
should be borne in mind that these con­
tacts carry the current continuously and 
if they become bad, they will begin to 
overheat and finally burn open the cur­
rent transformer circuit. 

Because these contacts short circuit 
the trip coil, it is important that the 
relay be mounted where it will not be 
subjected to shocks which may jar the 
contacts open and thereby allow current 
to flow through the trip coil. 

Trouble of this kind can be avoided 
by preventing jars to the switchboard 
and also by setting the trip coil high 
enough so that it wlll not operate on 
normal load current. This is an extra 
safe-guard so that there is no danger 
from even an excessive shock unless the 
current is also heavy. 

The circuit opening relay is made only 
in the 4 to 15 ampere range. Lower 
ranges are not desirable because the 
burden of 1ow range trip coils is too 
heavy on the current transformer. One 
trip coil is required for each relay. 

If ground relay protection is re­
quired, the low range ground relay may 

be of the circuit closing type and operate 
an a-c. voltage trip coil. See Fig. 13. 

The circuit opening feature is provided 
only in the Type CO Relay. 

Instantaneous Attachment 
The instantaneous attachment has its 

contacts in parallel with the main con­
tacts of the CO or CR relay. Its pur­
pose is to make the time of operation 
of the relay instantaneous after a pre­
determined current is exceeded. The 
device is usually built to operate at a 
high value, a common style being ad­
justable between 40 and 120 amperes. 
The marking is accurate to within = 
25%. The current setting is made by 
raising or lowering the plunger. The 
design of the 25 cycle relay is somewhat 
different from that shown in the illus­
tration and has a piece of felt under 
the contacts to damp out the vibrations. 

The instantaneous attachment is 
usually applied to the relay while it  is 
being manufactured but it can be at­
tached to any of the old induction type 
relays. No special mounting arrange­
ments are required-it fits under one 
of the screws holding the permanent 
magnets. (See Fig. 14). 

Lock-Out Attachment 
Sometimes it  is desired to prevent a 

relay from tripping a circuit breaker 

1/0n'l/(ZHo/es} 
Top 

FIG. 11-siNGLE-TRIP STANDARD AND Low-ENERGY CtRcun-CLOsiNG 
TYPK CO RELAY, THE TYPE COA RELAY Is 66-INCH DEEP 

INSTEAD OF 6 >+1NCH 

FIG. 19-DouBLE-TRIP STANDARD AND Low-ENERGY TYJ?E CO 
RELAY, ALSO THE CIRCUIT-OPENING TYPE co FOR SERIES TRIP. 

THE TYPE COA RELAY 1s 6 H-rncH DEEP lNsTIMD OF 6 >+INcH 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

when the current is too high-above its 
interrupting capacity. For this pur­
pose the lockout attachment is provided. 
It is similar to the instantaneous attach­
ment in appearance and method of 
adjusting but its contacts are in series 
\vith the main contacts and are nor­
mally closed. These contacts must be 
given special care because they are in 
series with the main tripping circuit 
and may prevent proper relay operation 
if they become dirty. 

lf'"-J-'J! 

S;il l 
"A 

Three Element Type CO Relay 

/Drill, 6 !totes 

The CO relay, both standard and low 
energy type, is sometimes furnished with 
3 elements in a single case. The out­
side dimensions of this case are shown 
in Fig. 20, but the number of terminals 
varies with the particular style of re­
lays. SimHarly Fig. 15 shows a typical 

diagram of internal connections with 
three operation indicators. 

FIG. 21-TYPES CR, CRA AND CRC SiNGLE-TRIP CiRCtaT, SiX• 
TERMINAL RELAYS 

This 3-element relay is frequently 
supplied with the ammeter attachments 
mentioned in the following section. 

Types COA and CRA Relays 
These relays are standard type CO or 

CR with a self-contained ammeter scale. 
This ammeter operates on the induction 

principle and consists of an aluminum 
vane which swings in the same air gap 

as does the main disc. It, therefore, 
not onlv indicates the value of the cur­
rent b�t supervises the entire current 
circuit and assures the operator that 
current is flowing through the relay 
coils. The entire scale moves and the 
reading is indicated by a fixed pointer. 
A small aluminum vane swings above 

the pennanent magnet and sufficient 

FIG. 20-THREE ELEMimT TYPE CO OR COA RELAY WITH ExTRA 
ALARM TERMINAL, FoR RELAY WITHOUT ALARM CIRCUIT OMIT THE 

BOTTOM TERMINAL 

7 

flux is robbed from the magnet to damp 
the movements of the ammeter. 

The current reading depends � 
the tap setting of the relay and'

-
this 

setting should, therefore, be determined 
before the scale is marked so that it may 

be properly marked in amperes.; Some 
relays are marked in percent so that any 
tap value may be used without in­
convenience. 

The ammeter attachment cannot be 
put on existing relays. It does not 
change the diagram of internal con­
nections nor does it change the drilling 

plan of the various relays which may 
contain it. On the single element type 
CO relay it increases the depth from the 
front of the board by %; inch. 

· 

Testing Relays 
All relays should be inspected period· 

ically and the time of operation should be 
checked at least once every six months. 
For this purpose, a cycle counter should 
be employed because of its convenience 
and accuracy. Phantom loads should 
not be used in testing induction type 
relays because of the resulting distorted 
current wave form which produces an 
error in timing. 

For the directionally controlled relays, 
the time of operation is the time for the 
directional and overcurrent elements 
to operate, since the former must close 
contacts before the disc on the latter 
can start to rotate. The time of operation 
of the directional element depends upon 

the applied voltage, current and the 
phase angle between the two, but will 

be a matter of a few cycles for nearly all 
faults. Therefore, the relay has been 
calibrated at the factory with the 
directional contacts blocked closed. 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CR C Directional Overcurrent Relays 

Caution 

The position of the torque compen­
sator on the overload element is ad­
justable but this is primarily a factory 
adjustment and the location of the torque 
compensator should not be changed in 
the field. 

Readjusting Relays 

Overload Element 

�,. If the factory adjustment has been 
disturbed, proceed as follows to make 
readjustment. By shifting the position 
of the contact stop on the time lever, 
adjust cm�tacts � .that they barely 
touch when the time lever is set on zero. 

Adjust the tension 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 terminal 
block. Shift the position of the damping 
magnets so that the time characteristics 
of the relay, as shown by test with a 
cycle counter, are the same as shown on 
the calibration curve. 

Directional Element 
"'·�-

The letlsion of the spiral spring on the 
directional element should be just 
sufficient to return the disc to the stop 
and thus hold the contacts in the open 
position. 

In many applications there is no 
objection to having the contacts closed 
when the relay is de-energized. This 
can be changed by shifting the spring 
adjuster but the tension on the spring 
should never be enough to prevent the 
contacts from taking their proper po­
sition, either open or closed, during 

time of short circuit when the forces 
acting on the disc are small. 

There is an adjustable magnetic vane 
on each side of the upper pair of poles, 
which is intended to balance the cur­
rent circuit. The normal adjustment 
is to remove all potential from the 
voltage coil and apply heavy current 
to the current coils. The balancing 
vanes are then adjusted till there is no 
pronounced torque in either direction. 
This same adjustment may be used to 
positively close the contacts on cur­
rent alone. This may be desired on 
some installations in order to insure 
that the relay wtll always trip the break­
er even though the potential may be 
absolutely zero. 

The upper bearing screw should be 
screwed down until there is only two or 
three thousandths clearance between it 
and the shaft and then securely locked 
in position with the lock nut. 

The contact opening on the direction­
ally controlled relays should be n" in 
order to reduce the time of operation of 
the directional element to a minimum. 
No harm will result if the directional 
contacts rebound closed momentarily 
after a fault is cleared, because the over­
current contacts will be in the open 
position. 

The contact opening on relays which 
are not directionally controlled should be 

. , 112 • 

Contactor Switch 

The stationary core is adjustable so 
that it may be moved up sufficiently to 
keep the plunger from striking against 
it. This is important because, if the 

r- 7§ ___ _, c J,J �---

0 

JOrill, 7/ioles ,iDrii/, 2Holes 

plunger strikes against the core, it is 
likely to stick due to residual mag­
netism. 

D ouble Trip Circuit 

If this relay has two stationary con­
tacts on the overload element, it may be 
used for tripping two circuit-breakers 
simultaneously, or for any purpose 
where it is desired to have two circuits 
closed at the same time by the relay and 
yet have them independent when the 

. •. 

relay is not operated. Double con­
tacts on the relay are necessary so . .  
that either breaker may be opened 
independently of the other for ordinary 
switching operation and allowing both 
to be tripped if ,.path are closed when .. , 

trouble occurs. · . . .. 

The double trip type CO relay m"aj/�· 
· 

be used for tripping one breaker and 
energizing a bell alarm circuit. The 
directionally controlled double trip type ..,.· .. 
CR relay may also be used in this 
manner. 

Renewal Parts 
Repairing 

Repair work can be most satisfactorily 
accomplished at our Works. However, 
interchangeable renewal parts can be 
furnished to customers who are equipped 
for doing repair work. 

Ordering Instructions 

When ordering renewal parts, give 
the nameplate reading and the name 
of the part wanted. 

FIG. 22-TYPES CR, CRA AND CRC SEVEN-TERMINAL REI.AYS. 
THIS CoVERS THE DOUBLE-TRIP, CIRCUIT-CLOSING OR THE SINGLE­
TRIP, DUO-DIRECTIONAL, OR THE SINGLE-TRIP WITH AN ExTRA TAP 
BETWEEN TilE DIIU.>CTIONAL AND THE OVER-CURRENT ELEMENTS. 

Westinghouse Electric & Manufacturing Company 
Printed in U. S. A. (Rep. 9-37) 

Newark, N. J. ·. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Westi.nehouse 

I. L. 1849-C 
(Filing No. 41-000) 

Types CO and COA Overcurrent 
and 

Types CR, CRA and CRC Directional Overcurrent Relays 
Caution 

Remove all blocking from relay before 
placing in s ervice. 

Installation 
Carefully unpack the relay and remove 

all dust and packing material with a soft 
brush or cloth. The cover of the r(jJay 
should be removed and the interi01; parts 
carefully inspected for any · damage 
which might have been · done in 
ment. This inspecti6'i! should include a 
test of the moving parts to· see that they 
have not become misaligned and that 
there is no friction present. The presence 
of friction can usually be determined by 
moving the disc or contactor plunger by 
hand and letting it return to the normai 
position. Owing to the importance of 
proper relay functioning it is a wise 
precaution before placing relays in ser­
vice, to check each relay for operating 
current, time of operation, and polarity. 
For all type CR relays, the left hand 
contacts of the directional element, 
front view, should open when the po­
tential and current applied to the relay 
are in phase, See Fig. 5. 

Mount the relay vertically by means of 
the two mounting studs. Connections 
may be made direct to the terminals by 
means of screws for steel panel mounting 
or to the terminal studs, furnished with 
the relay, for slate panel mounting. The 
terminal studs may be easily removed 
or inserted by locking two nuts on the 
stud and then turning the proper nut 
with a wrench. Note that the top 
mounting stud may be utilizer! as a 
grounding stud for grounding the metal -"� .. . 
case. 

Connect the relay as shown on the 
proper diagram in tins leaflet, or consult 
the nearest Sales Office for additional 
diagrams of connections for cases not 
covered by this leaflet. 

The tripping circuit should not be 
opened by the relay, but an auxiliary 
contact on the circuit-breaker should be 
provided to open the tripping circuit 
the instant the breaker opens. 

This relay is suitable for operating the 
Westinghouse direct trip attachment for 
tripping direct from the current trans­
former and also for operating the trans­
fer relay for the same purpose. .� · 

Instructions for Setting 

In arriving at the proper setting of the 
overload element, or relay, two things 
must be determined. 

FIRST-In terms of the secondary 
circuit of the current transformer, the 
minimum amperes to trip (tap setting) 
should be higher than the overload peaks 
due to service load. Under short circuit 
conditions, the current will be fixed by 
the impedance of the circuit to which the 
relays are connected and the minimum 
short circuit current will usually be 
several hundred percent of  the tap 
setting. 

SECOND-The time setting for short 
circuit conditions is determined by 
consideration of the sequence in which 
the breakers should trip, the time re­
quired for breaker mechanisms to operate 
etc., as required to give proper selective 

i 
TO D.-C 'll:tiPPING :XWRCE. 

Fott tJN(SROUNOC::O NEfrrRAt.. 
THREE PHA.&E Ct.CUITS. 
FAIL& IN c .... ., OFGti<OUNO ON f). At-�0 Ac.c.aoe..t.tTAt.. (i�OUNO 
IN GoENEtO:: .. TOII< 1'\T TH e; 
5AME. TIME. 

action throughout the system as a whole. 

Current Setting :  

The connector screw on the terminal 
plate above the time scale makes connec­
tions to various turns on the operating 
coil. By placing this screw in the various 
holes, the relay will just close contacts 
at the corresponding 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 when the outside convo­
lution of the spring is fastened. An 
adjustment of tripping current approxi­
mately 15 percent above or below any tap 
value, can be secured without materially 

Low El"olEP:C::tY 
G�UNO R£LA."'i 

3-PHA&E To o-c �uRce 
:lG«4 WIRE 
CoMPL.ETE PRoTE.<;.T!ON ANO 
Avot� CoMPI,.ICATEo Wu:l:INC:. 
WHEN I<EL.I!'Y:> ARE Ue:.eo WrrH 
O'rHEI2. IN�TR'UM11!'NT.!I. 

FJG, !-CONNECTIONS FOR DIFFERENT lNSTALLATIO!<S OF TYPE CO 
OVERCURRENT RELAYS USI:<IG D-C. TR1PP1NG SoURCE 
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W estinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 8-lNTERNAL CoNNECTioNs oF STANDARD-ENERGY. UNI­
DIRECTIONAL, SINGLE-TRIP TYPE CR RELAY WITH A TAP 
CONNECTION BETWEEN THE DIRECTIONAL AND 0VERCUR-

RENT CoNTACTs-REAR VIEW 

3 2 

This wire to be removed 

To Bell Alarm? �--i�¢�$ERJ=���� Retay � 
L&t����;:;;:;;;;;;tfs z 

£)(cess Cur. "CR"Directional 
Contacts Overload Relay� 

l lo--±�=flifTr OL Oement 
Contactor Sw 

w;;;;o;af=.----JU+I-operatiOR Ina. 
Directional Element 

E=oj;-"=�!_ Directional Contacts 
Case Grounc/ Stud 

Aux. switch shown for 
open position of breaker 

¢=250 V- SA Jnst. Fus• 

Phase Rotation 1-2, 2-J,J-1 

FIG. t o--ExTERNAL CoNNECTION-; oF THE TYPE CRC RELAY Usl£o 
FOR GROUND PROTECTION-REAR VI.EW 

others because they are of the low energy Low Energy Types CO and CR relays are different from the standard 

type and have ratings of .5 to 2.5 or Relays ones. Instead of obtaining the definite 

2 to 6 amperes. The low energy type of CO and CR minimum time feature by means of 

Potent1al Terminals 

D1rect1onal 
Contacts 

Current 
Termmal 

Overcurrent Contacts 

Puncnmqs 

Rear View 
FIG. 9-lNTB.S.NAL CONNECTIONS O F  Low-ENERGY, DIRRCTIONAL­

CoNTROL, UNI-DIRECTIONAL, SINGLE-TRIP TYPE CR RELAY 

4 

11ovtnq Contact 

Connector 
Block 

I 
I 
I 
I 
I 
I 
I 

Terminal 

Torque Compensator Rear View 

J/ Punchmqs 
"" // // 

//When usinq inst trip 
omit this leadt wire 
per dotted line. 

FIG. 1 1-INTERNAL CoNNECTIONS OF CIRCUIT-OPENING 
TYPE co RELAY FOR SERIES TRIP CIRCUIT 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional D-uercurrent Relays 

F'tG. 12-THE INsTANTANEous ATTACHMENT 

the torque compensator, a somewhat 
similar result is obtained by gearing 

the disc to the shaft which carries the 

contact arm. This results in a char-
acteristic curve which is somewhat more 
inverse than the standard curve and 
also results in much slower resetting 

ttme. The term "low energy" refers 

to the burden which is placed on the 
current transformers and does not re­
fer to the current rating. All of the 
small current ranges are of the low 
energy type and some of the higher 
current ranges are also made in the low 
energy type for use on certain current 
transformers which are incapable of 
carrying a heavy burden. The low 

limin9 Test 
Termtflals 

energy and standard relays have thesame 
external appearance and dimensions. 

V\'hen circuit breakers are instan­
taneously reclosed. it is necessary to use 
special quick opening contacts on the 
low energy type of relay. These con­
tacts differ from the normal ones in 
being stiff, without any follow, so that 
they will open quickly. 

Very-Inverse Type CO Relay 
This relay is similar to the low-energy 

relay but contains a different electro­
magnet and has a mueh more inverse 
curve. The mechanical arrangement of 
the parts is similar to the low-energy 
type, although they are not exact dupli­
cates. The burden on the eurrent trans­
former is considerably less than that of 
the low-energy CO relay. 

The 40-Second Type CO Relay 
This relay is similar in appearance to 

the low energy relay but consists of a 
standard energy 4-second relay with a 
10 to 1 gear reduction, making the total 
time 40 seconds on the fiat part of the 
curve. The 25 cycle relay has a re­
setting time of approximately 90 sec­
onds. It will overheat before tripping 
from the number 10 position for cur­
rents greater than 750% of the tripping 
value. The 60 cycle relay resets in 
120 seconds and will overheat before 

Contactor Sw. 
This terminal m11st be common 
to both trip coil and Cllr.<trans. 
circu1lS. 

Circuit Opening CO Reidy 
Internal Diagram f Rear YiewJ 

Single -Phase Protection where there is no J-phase qround· 
ed nevtrol connected to the sinqle -phase circuit. 

.A-C. shunt trip coil with 30 
volts minimum pickup 

,...;lP---'+----,,....�--. Rear View 
3 - Clrr:. open inq 

lype CO Relays 
1--1'\·"'"'1--l'l-..cil--lt For internal diaqram 

see aoo ve. 

lower riqht hand fllV.J 
terminal must be 
common to both trip 
coil and cr: eire. 

Circuit closing lype CO 
qround relay 

-: Crd. /- ---' . 

FIG. 1 4----ADJUSTMENT DETAILS AND METHOD OF 
MOUNTING Tint. INSTANTANEOUS ATTACHMKNT 

tripping from the number 10 position 
for current greater than 1000% of the 
tripping value. 

This relay is frequently used for 
motor protection and may require an 
accurate current setting which can be 
given by adjusting the spiral spring. 
The instantaneous a t t a c h m en t  ��n ­
tioned below is useful on this relay to 
protect against short circuits. 

CRC Ground Relay 
Thi-> is a directional relay quite similar 

to the CR relay with the same dimen­
sions and internal connections, but the 

c 

8 

A 

Note : /I sensitive qround protection is not required, omit qround 
reloy. a-c.sh11nt trip ond its connections, and complete con nee· 
/ions as per dotte d line. 

.!Ycde;- A/( 1!1/r?:,tt 
/n /�e ; ... ;pr;"'.9' 
c�"r.;o;l r'o bekrpf frC'cfromCrn.l.;ct 
w/M /ht! A.C. H/I'<!S L..-----'--f--. i':r-::r------...r 

Three Phase Protection 
FIG. 1 3-0vRR-CuaaENT PRoT&CTION UsiNG 3 CtRCUIT-0Pli'NING 

TYPB co Rll:LAYS FOR LINE PROTRCT!ON A"D ONE CIRCUIT· 
CLOSING GROUND RELAY 

5 

I'PEA/f V,t£W 
FIG. IS-INTERNAL CoNNECTIONS OF THREI! ELEMENT TYPE co AND 

COA RELAY WITH EXTRA BELL ALARM TERMINAL 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 16-SINGLE·PHASE TYPE COA Rll.LAY 
WITH NAMEPLATE REMOVED 

polarizing coil on the directional ele­
ment has a 5 ampere winding. This 
coil is energized by a current trans­
former placed in the neutral of the 

power transformers. 
All the adjustments and manipula­

tions are the same as for the CR relay. 

Circuit Opening Relays 
The conventional method of tripping 

circuit breakers is by means of current 
from a storage battery and a relay which 
closes its contacts to eomplete the cir­
cuit through the trip coil. Where it is 
desired to eliminate the battery, the 
breaker may be tripped by current from 
the current transformers if circuit open­
ing relays are used. As shown in Fig. 
l l  the operation of the relay connects 

the circuit breaker trip coil in series 
with the current circuit. The internal 
diagram shows that when the main relay 
contacts close they pull up the con­
tactor which is energized from a secondary 
coil on the main pole. When the con­
tactor \s lifted, it opens the short circuit 
around the trip coil and allows the cur­
rent to flow through the coil. 

It should be observed that the con­
tach! break the full short circuit current 
and they may be seriously burned. It 
is therefore important that the con-

J Drill (2Hole8) 

Escapement M(ltjnet 

110 V. A.C . .  

FIG. 1 8--CoNNECTIONS FOR THE USE O F  THE CYCLE COUNTER IN 
TESTING CiRCUIT-CLOSING TIME-LIMIT RELAYS . 

tacts be frequently inspected and kept 
clean and smooth. With frequent 
maintenance, the contacts may safely 
open circuits of SO amperes. If the 
current is small, the relay may give 

satisfactory service with inspection 
periods as seldom as once a year. It 
should be borne in mind that these con­
tacts carry the current continuously and 

if they become bad, they will begin to 
overheat and finally burn open the cur­
rent transformer circuit. 

Because these contacts short circuit 
the trip coil, it is important that the 
relay be mounted where it will not be 
subjected to shocks which may jar the 
contacts open and thereby allow current 
to flow through the trip coil. 

Trouble of this kind can be avoided 
by preventing jars to the switchboard 
and also by setting the trip coil high 
enough so that it wlll not operate on 
normal load current. This is an extra 
safe-guard so that there is no danger 
from even an excessive shock unless the 
current is also heavy. 

The circuit opening relay is made only 
in the 4 to 15 ampere range. Lower 
ranges are not desirable because the 
burden of low range trip coils is too 
heavy on the current transformer. One 
trip coil is required for each relay. 

If ground relay protection is re­
quired, the low range ground relay may 

be of the circuit closing type and operate 
an a-c. voltage trip coil. See Fig. 13. 

The circuit opening feature is provided 
only in the Type CO Relay. 

Instantaneous Attachment 
The instantaneous attachment has its 

contacts in parallel with the main con­
tacts of the CO or CR relay. Its pur­
pose is to make the time of operation 
of the relay instantaneous after a pre­

determined current is exceeded. The 
device is usually built to operate at a 
high value, a common style being ad­
justable between 40 and 120 amperes. 
The marking is accurate to within = 
25%. The current setting is made by 
raising or lowering the plunger. The 
design of the 25 cycle relay is somewhat 
different from that shown in the illus­
tration and has a piece of felt under 
the contacts to damp out the vibrations. 

The instantaneous attachment is 
usually applied to the relay while it i s  

being manufactured but i t  can b e  at­
tached to any of the old induction type 
relays. No special mounting arrange­
ments are required-it fits under one 
of the screws holding the permanent 
magnets. (See Fig. 14). 

Lock-Out Attachment 
Sometimes it is  desired to prevent a 

relay from tripping a circuit breaker 

1f;Drii/(2Holes) 

FIG. 17--StNGLE·TIIIP STANDARD AND Low-ENERGY CtRCUtT-CLOSING 
TYPE CO RELAY, THE Tvm COA RELAY IS 6 ft·INCH DEEP 

INsTEAD OF 6 �INCH 

FIG. 19-DouBLE·TRIP STANDARD AND Low�ENEIIGY TYPE CO 
RELAY, ALso THE CIRCUIT-OPENING TYPE CO FOR SERIES TRrP. 

THE TYPE COA RELAY IS 6 H·INCH DEEP INSTEAD OF 6 �INCH 

6 

L -.. 

,·-----------------------------------�-

0 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

when the current is too high-above its 
interrupting capacity. For this pur­
pose the lockout attachment is provided. 
It is similar to the instantaneous attach­
ment in appearance and method of 
adjusting but its contacts are in series 
with the main contacts and are nor­
mally closed. These contacts must be 
given special care because they are in 
series with the main tripping circuit 

and may prevent proper relay operation 
if they become dirty. 

Three Element Type CO Relay 

i Ori/1, 6 Holes 
The CO relay, both standard and low 

energy type, is sometimes furnished with 
3 elements in a single case. The out­
side dimensions of this case are shown 

in Fig. 20, but the number of terminals 
varies with the particular style of re­
lays. Simtlarly Fig. 1 5  shows a typical 
diagram of internal connections with 
three operation indicators. 

FIG. 21-TYPES CR, CRA AND CRC SINGLE-TIUP CIRCUIT, SIX• 
TERMINAL REI.AYS 

This 3-element relay is frequently 
supplied with the ammeter attachments 
mentioned in the following section. 

Types COA and CRA Relays 
These relays are standard type CO or 

CR with a self-contained ammeter scale. 
This ammeter operates on the induction 

principle and consists of an aluminum 

vane which swings in the same air gap 

as does the main disc. It, therefore, 

not only indicates the value of the cur­

rent but supervises the entire current 

circuit and assures the operator that 

current is flowing through the relay 

coils. The entire scale moves and the 

reading is indicated by a fixed pointer. 

A small aluminum vane swings above 

the permanent magnet and sufficient 

FIG. 20-THREE EI.EMENT TYPE CO OR COA RELAY WITH ExTRA 
ALARM TERMINAL, FOR RELAY WITHOUT ALARM CIRCUIT OMIT THE 

BOTTOM TERMINAL 

7 

flux is robbed from the magnet to damp 
the movements of the ammeter. 

The current reading depends upon 
the tap setting of the relay and this 
setting should, therefore, be determined 
before the scale is marked so that i t  may 

be properly marked in amperes. Some 
relays are marked in percent so that any 
tap value may be used without in­
convenience. 

The ammeter attachment cannot be 
put on existing relays. It does not 
change the diagram of internal con­
nections nor does it change the drilling 
plan of the various relays which may 
contain it. On the single element type 
CO relay it increases the depth from the 
front of the board by U inch. 

Testing Relays 
All relays should be inspected period­

ically and the time of operation should be 
checked at least once every six months. 

For this purpose, a cycle counter should 
be employed because of its convenience 
and accuracy. Phantom loads should 
not be used in testing induction type 
relays because of the resulting distorted 
current wave form which produces an 
error in timing. 

For the directionally controlled relays, 
the time of operation is the time for the 
directional and overcurrent elements 
to operate, since the former must close 
contacts before the disc on the latter 

can start to rotate. The time of operation 
of the directional element depends upon 

the applied voltage, current and the 
phase angle between the two, but will 

be a matter of a few cycles for nearly all 
faults. Therefore, the relay has been 

calibrated at the factory with the 

directional contacts blocked closed. 
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Westinghouse Types CO and COA Ot•ercurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Caution 
The position of the torque compen· 

sator on the overload element is ad· 
justable but this is primarily a factory 

.adjustment and the location of the torque 
compensator should not be changed in 
the field. 

Readjusting Relays 

Overload Element 

If the factory adjustment has been 
disturbed, proceed as follows to make 
readjustment. By shifting the position 
of the contact stop on the time lever, 
adjust contacts so that they barely 
touch when the time lever is set on zero. 

Adjust the tension of the spiral spring 
so that the relay will close its contact� 
at its rated current, as shown by the 
position of the screw on the terminal 
block. Shift the position of the damping 
magnets so that the time characteristics 
of the relay, as shown by test with a 
cycle counter, are the same as shown on 
the calibration curve. 

Directional Element 

The tension of the spiral spring on the 
directional element should be just 
sufficient to return the disc to the stop 
and thus hold the contacts in the open 
position. 

In many applications there is no 
objection to having the contacts closed 
when the relay is de-.energized. This 
can be changed by shifting the spring 
adjuster but the tension on the spring 
should never be enough to prevent the 
contacts from taking their proper po­
sitio n ,  either open or closed, during 

time of short circuit when the forces 
acting on the disc are small. 

There is an adjustable magnetic vane 
on each side of the upper pair of poles, 
which is intended to balance the cur­
rent circuit. The normal adjustment 
is to remove all potential from the 
voltage coil and apply heavy current 
to the current coils. The balancing 
vanes are then adjusted till there is no 
pronounced torque in either direction. 
This same adjustment may be u:>ed to 
positively close the contacts on cur­
rent alone. This may be desired on 
some installations in order to insure 
that the relay w11l always trip the break­
�r even though the potential may be 
absolutely zero. 

The upper bearing screw should be 
screwed down until there is only two or 
three thousandths clearance between it 
and the shaft and then securely locked 
in position with the lock nut, 

The contact opening on the direction­
ally controlled relays should be :h" in 
order to reduce the time of operation of 
the directional element to a minimum. 
No harm will result if the directional 
contacts rebound closed momentarily 
after a fault is cleared, because the over· 
current contacts will be in the open 
position. 

The contact opening on relays which 
are not directionally controlled should be 
/:,". 
Contactor Switch 

The stationary core is adjustable so 
that it may be moved up sufficiently to 
keep the plunger from striking against 
it. This is important because, if the 

Jonll, 7/ioles 1�Cirill, 21ioles 

plunger strikes against the core, 1t i s  
likely t o  stick d u e  to residual mag­
netism. 

Double Trip Circuit 
If this relay has two stationary con­

tacts on the overload element, it may be 
used for tripping two circuit-breakers 
simultaneously, or for any purpose 
where it is desired to have two circuits 
closed at the same time by the relay and 
yet have them independent when the 
relay is not operated. Double con· 
tacts on the relay are necessary so 
that either breaker may be opened 
independently of the other for ordinary 
switching operation and allowing both 
to be tripped if both are closed when 
trouble occurs. 

The double trip type CO relay may 
be used for tripping one breaker and . 
energizing a bell alarm circuit. The 
directionally controlled double trip type 
CR relay may also be used in this 
manner. 

Renewal Parts 
Repairing 

Repair work can be most satisfactorily 
accomplished at our Works. However, 
interchangeable renewal parts can be 
furnished to customers who are equipped 
for doing repair work. 

Ordering Instructions 
When ordering renewal parts, give 

the nameplate reading and the name 
of the part wanted. 

FlG. 22-TYPES CR. CRA AND CRC SEVEN-TERMINAL REI.AYS, 
THlS COVERS THE DOUBLE·'fRIP, CIRCUIT-CLOSING OR THE SINGLE­
TRIP, Duo-DIRECTIONAL, oR THE SINGLE-TRIP WITH AN ExTRA TAP 
BETWEEN THE DIRECTIONAL AND THE OVER-CURRENT ELEMENTS. 

Westinghouse Electric & Manufacturing Company 
Newa.-k, N. J. 

Printed in U. S. A. (Rep. 9-37) 
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Westinehouse 

I. L. 1849-C 
(Filing No. 41-000) 

Types CO and COA Overcurrent 
and 

Types CR, CRA and CRC Directional Overcurrent Relays 
Caution 

Remove all blocking from relay before 
placing in service. 

Installation 
Carefully unpack the relay and remove 

all dust and packing material with a soft 
brush or cloth. The cover of the relay 
should be removed and the interior parts 
carefully inspected for any damage 
which might have been done in ship­
ment. This inspection should include a 
test of the moving parts to f>ee that they 
have not become misaligned and that 
there is no friction present. The presence 
of friction can usually be determined by 
moving the disc or contactor plunger by 
hand and letting it return to the normal 
position. Owing to the importance of 
proper relay functioning it is a wise 
precaution before placing relays in ser­
vice, to check each relay for operating 
current, time of operation, and polarity. 
For all type CR relays, the left hand 
contacts of the directional element, 
front view, should open when the po­
tential and current applied to the relay 
are "in phase, See Fig. 5. 

Mount the relay vertically by means of 
the two mounting studs. Connections 
may be made direct t;o the terminals by 
means of screws for steel panel mounting 
or to the terminal studs, furnished with 
the relay, for slate panel mounting. The 
terminal studs may be easily removed 
or inserted by locking two nuts on the 
stud and then turning the proper nut 
with a wrench. Note that the top 
mounting stud may be utilized as a 
grounding stud for grounding the metal 
case. 

Connect the relay as shown on the 
proper diagram in th1s leaflet, or consult 
the nearest Sales Office for additional 
diagrams of connections for cases not 
covered by this leaflet. 

The tripping circuit should not be 
opened by the relay, but an auxiliary 
contact on the circuit-breaker should be 
provided to open the tripping circuit 
the instant the breaker opens. 

This relay is suitable for operating the 
Westinghouse direct trip attachment for 
tripping direct from the current trans­
former and also for operating the trans­
fer relay for the same purpose. 

Instructions for Setting 

In arriving at the proper setting of the 
overload element, or relay, two things 
must be determined. 

FIRST -In terms of the secondary 
circuit of the current transformer, the 
minimum amperes to trip (tap setting) 
should be higher than the overload peaks 
due to service load. Under short circuit 
conditions, the current will be fixed by 
the impedance of the circuit to which the 
relays are connected and the minimum 
short circuit current will usually be 
several hundred percent of the tap 
setting. 

SECOND-The time setting for short 
circuit conditions is determined by 
consideration of the sequence in which 
the breakers should trip, the time re­
quired for breaker mechanisms to operate 
etc., as required to give proper selective 

PHA&E A 

f 
1i> D.·(TR!PPIN(o 5oollCE 

Foft ONGROON'OEO NEO�AL. 
if.t�e::E PHA5oE CtM!:CUIT.S . 
F"AIL,; IN CA'!>E 0F <01'<!:10N0 0N 
e. ANo Acc.t oe.NTAL Gllii'ouNo 
IN (;,ENI!!R:ATOR A'r THe 
5AME TIME. 

action throughout the system as a whole. 

Current Setting : 

The connector screw on the terminal 
plate above the time scale makes connec­
tions to various turns on the operating 
coil. By placing this screw in the various 
holes, the relay will just close contacts 
at the corresponding 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 when the outside convo­
lution of the spring is fastened. An 
adjustment of tripping current approxi­
mately 15 percent above or below any tap 
value, can be secured without materially 

ro o-cT .. ,.,. 
PtNG .5¢uRCE 

lOw ENERC."( 
GRoOI"(O R£t.A"1 

;��4��!,. To �c :>ouRcE 

CoMP'L«TE PRoTe.C.TJON ANo 
A VOl� COMPL.IC.A'l"ED WtR:IU4 
WHEN REt..ll"t'� ARE: u�eo WITH 
OlrtEfiit IN�TRVMeNr.:; . 

FlG, I-CONNECTIONS FOR DIFFERENT INSTALLATIONS OF TYPE co 
OVERCURRENT RELAYS USING D-C. TRIPPING SOURCE 
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Westinghouse Types CO and GOA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

affecting the operating characteristics of 
the relay. By choosing the proper tap, a 
continuous adjustment of tripping cur­
rent from 3.4 amperes to 17.5 amperes 
may be secured. The characteristic time 

curve will be affected less for any large 
adjustment if the next higher tap is 
selected and the initial tension of the 

spiral spring is decreased to secure the 
desired tripping value. For example, the 

relay should be set on the 8 ampere tap 
with less initial tension in order to secure 
a 7 ampere tripping value. 

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 circuit, the latter should be 
short-circuited before changing the con­
nector screw. This can be done conven-

FIG. 3-CoNTACTOR SwrTcH CorL CONNECTED rN 
TRIP CIRCUIT. THE TARGET OPERATES ON 

2.25 AMPERES OR MORE 

iently by inserting the extra connector 
screw, located on the right hand mount­
ing boss, in the new tap and removing 
the old screw from its original setting. 

Time Adjustments 

The index or time lever, limits the 
motion of the disc and thus varies the 
time of operation. The latter is pro­
portional to the lever setting, that is, with 
the lever on the number 5 setting, at 
2000 percent load, the relay will operate 
in one second and similarly on the number 
1 setting the time of operation is 0.2 
seconds. 

The relay has been calibrated from the 
fl, 10 time lever setting according to the 
curve engraved on the nameplate. The 
il' 11 time setting may be used to secure 

a time delay approximately 10 per cent 
longer, that is, to secure a setting of 2.2 
seconds for a 2 second relay. 

Be sure that the contacts just touch 
when the time lever is set on zero, other­

wise the timewill not be proportional to 

the lever setting. 

Operation Indicator 

This relay is equipped with a universal 
operation indicator suitable for all 
tripping currents above 0.2 amperes. 
The relay leaves the factory with the 
operation indicator coil connected in 
parallel with the contactor switch coil 
and if the tripping current is more than 
2.25 amperes d-e., sufficient current will 
flow through both .coils to cause their 

2 

operation. The resistance of both coils 
in parallel is approximately 0. 25 ohm. 

If the trip current is less than 2.25 
amperes there is no necessity for the con­
tactor switch and it should be removed 
from the trip circuit so that all trip cur­
rent will pass through the indicator coil. 
The indicator coil has approximately 2.8 
ohms resistance. To disconnect the con­
tactor switch coil, remove the lower lead 
on the front stationary contact of the 
contactor switch (See Figure 3) and this 
lead should be fastened (dead ended) 
under the small fillister head screw 
located in the micarta base of the con­
tactor switch (See Figure 4). 

1\fake sure that the indicator receives 
sufficient current to operate through 
the trip coiL The trip coil has such a 
high inducta;nce that the breaker may 
open and open its pallet switch before 
the current has built up to its full value. 
Also, the voltage may be low resulting 
in a lower trip current. It is advisable 
to assume that the current through the 
indicator will be only half of the value 
calculated from the resistance of the 
coil and normal control voltage. If the 
trip circuit uoes not draw enough cur­
rent to drop the target when it is set 
to operate at .2 ampere, more current 
may be secured by putting a small 
loading resistor around the trip coil or 
around the auxiliary relay, if this is used. 

Directional Element 
The standard single trip and double 

trip type CR relays are directionally 
controlled, that is, the directional 
contacts must close in order for the over­
current element to operate. The contacts 
of the latter trip the breaker direct. The 
single trip 7 terminal stud relay (7th 
terminal between the directional and 
overcurrent contacts) and the duo­
directional relay cannot be made direct­
ional controlled and therefore the con­
tacts of the overcurrent and directional 
elements are in series in the trip circuit. 

FIG. 4--CONTACTOR SWITCH COIL DISCON:>:ECTED 
FROM TRIP CIRCUIT. ALL THE CURRENT PASSES 
THROUGH THE TARGET COIL SO THAT IT WILL 

OPERATE ON .2 AMPERE OR MORE 
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Westinghouse Types CO and COA Overcurrent and Types CR , CRA and CRC Directional Overcurrent Relays 

Siflgle 
r-----L.....P/Jose 

FIG. S�METHOD OF TESTING CR RELAY. THE CONTACTS 

-source 

OF TYPE OPE>< 

The directional element is usually 
connected to the system in such a manner 
that the directional contacts close when 
power flow is away from the station bus 
All diagrams shown have this polarity. 

Checking Connections of the Type CR 

will be 30% ahead of the potential sup­
plying the directional element. 

The following methods should be used 
in checking up the correct connections to 
the directional element of the relay. 

Wattmeter Method 

With the power flowing in either 
direction, if the current is lagging, so 
that the power factor is between 50 and 
100 percent, connect the current coils of 
a single phase wattmeter in series with 
the current winding of the relay. 
Then sel ect a pair of voltage leads which 
give the highest reading on the watt­
meter. The two leads should be connect­
ed to the relay potential terminal. In­

spect the contact of the directional 
element, which should be open when the 
power is flowing towards the bus bars. 
If the contacts are closed when the 

Phase Indicator Method 

A third method of checking the proper 
connections of the relay is by means of 
the Westinghouse phase indicator. It is a 
portable instrument built on very much 
the same principle as a power factor 
meter but calibrated to read in degrees, 
and show precisel y the phase relation 
between any current and voltage sources 
to which it may be connected. Full 
directions for the use of the portable 
phase indicator are supplied with the 

instrument. 

Relay for 90° Connection 

Relay current flows toward the bus bars, then 

This relay can be used for the 90° 
connection, that is, with the current 
leading the applied potential by 90° when 
the line power factor is 100%, by instal­
ling a suitable external resistor in series 
with the potential coil. These external 
resistors can be ordered by style number 
as follows. All type CR relays, except the ground 

relays, have wattmeter characteristics 
for the directional elements and, there­
fore, the directional element disc will 
reverse its direction of rotation when the 
phase relation of the current and voltage 
becomes 90° or greater. The directional 
relay must be connected so that this 
relation will never exceed 90°. 

Since the power factor of fault currents 

may vary over a considerable range, it i s  
necessary that the proper voltage be 
used on the directional element. Con­
nections should be made so that with 
unity power factor on the line, the 
current in the relay directional element 

Terminal 

- - - ---

Rear View 

the potential leads of the relay should be 
reversed. 

Power Factor Meter Method 

A seecnd method is to connect the 
current coils of a single phase power 
factor meter in series with the current 
coils of the relay. A pair of potential 
leads is then selected which will give 86.6 
per cent power factor leading on the 
power factor meter when the line power 
factor is 100 per cent. These two leads 
should be connected to the relay potential 
terminals. The upper contact should be 
inspected, as before mentioned in the 
preceding paragraph and checked for 
proper direction of operation. 

Novinq Contact 

25 Cycle, 1 1 5  Volts, 760 ohms, S!ll 721435 
50 Cycle, 1 1 5 Volts, 670 ohms, Si11 721436 
60 Cycle, 1 1 5 Volts, 565 ohms, S!ll 72 143 7  

Type CR Ground Relays 
The directional element of the type 

CR relay which is intended for ground 
protection differs from that of the phase 
relay by not having true wattmeter 
characteristics. It develops its maxi­

mum torque when the relay current 
lags about 15 degrees behind the relay 
voltage. This is essential on systems 
where the neutral is dead grounded. 
These relays may be distinguished from 

Stationary Contacts 

Connector Block 

t'fiddl!! 
Ccn!act 

I 
I 
I 
\ 
\ 
\ 
\ 

\ 
"' 

' 

Terminal 

' 

Rear View 
FIG. 6-INTE�NAL CONNECTIONS OF SrNGLE­TRIP, STANDAR!l·ENERGY TYPE CO RELAY 

FIG. 7-INTERNAL CONNECTIONS OF DouBLE­
TRIP, Low-ENERGY TYPE CO RELAY 
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W estinghouse Types CO and GOA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Extra 

Contactor 
Switch 

cont.sw.1 ,  '!f...-;.tllt'-,,!--.Switch 
I I  i !  
1 1  I I  

Torque : :  1 1  
I '' 

Oper 
In die 

Campen.' ,  , ,  
so tor : :  : • 01rectional 

• : ,i Contacts , ,  " I !  l j  
: :  : :o;recbona/ 
: :  : : Element 
: ! I I  
1 t  , 1 1  
•,\ � ;: 
�"------.. -:.-:.. -:,-_-:. = = ==--==-=-------_-:..=. .: -:.  -:/ 

FIG. 8-lNTERNAL CONNECTIONS OF STANDARD-ENERGY, UNI­
DIRECTIONAL, SINGLE-TRIP TYPE CR RELAY WITH A TAP 
CONNECTION BETWEEN THE DIRECTIONAL AND 0VERCUR-

RENT CoNTACTs-REAR VIEW 

+---+-+�, � L Pot T�� £/IOOV. 

I 3 2 
Aux. Pot. Tramt. 

100/57 v. 

r;=t:R=tl This wire to be removed 

£'•cess Cur. 
Contacts 

"CR" DirectlotJof 
Ov.rload Relays 

O L  !ltment 

Contaclor Sw 
OperatiOR Ina, 
Oirectional E!em�nt 

=:::::::;�=>;!,!__ {llrectionol Contacts 

Case Grouml Stud 

Au,c-. swltch shown for 
open position of breaker 

¢•250 V· SA In st. Fuso 

Phase Rotation N?, 2-3,J·/ 

FIG. 1 (}-ExTERNAL CoNNECTION� oF THE TYPE CRC RELAY USED 
FOR GROUND PROTECTION-REAR VIEW 

others because they are of the low energy 

type and have ratings of .5 to 2 .5 or 

2 to 6 amperes. 

Low Energy Types CO and CR relays are different from the standard 

Potential Terminals 

Connector 
Block 

Dtrectlonal 
Contacts 

Current 
lermmal 

!?ear View 

Relays ones. Instead of obtaining the definite 

The low energy type of CO and CR minimum time feature by means of 

Overcurrent Contacts 

Dunct11nqs 

11ovinq Contact 

Comector 
Block 

I 
I 
I 
I 
' 
\ 
\ 

Terminal 

R�ar View 

FIG. '1-INT!!.l!.NAL CoNNJ>CTIONs oF Low-ENERGY, DIRECTIONAL­
CoNTROL, UNI-DIRECTIONAL, SINGLE-TRIP TYPE CR RELAY 

FIG. 1 1-INTERNAL CONNECTIONS OF CIRCUIT-OPENING 
TYPE co RELAY FOR SERIES TRIP CIRCUIT 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 1 2-THE INSTANTANEOUS ATTACHMENT 

the torque compensator, a somewhat 

similar result is obtained by gearing 

the disc to the shaft which carries the 

contact arm. This results in a char-
acteristic curve which is somewhat more 

inverse than the standard curve and 

also results in much slower resetting 

ttme. The term "low energy" refers 

to the burden which is placed on the 

current transformers and does not re­

fer to the current rating. All of the 
small current ranges are of the low 

energy type and some of the higher 
current ranges are also made in the low 

energy type for use on certain current 
transformers which are incapable of 

carrying a heavy burden. The low 

Trminq Test 
Termmals 

energy and standard relays have the same 
external appearance and dimensions. 

When circuit breakers are instan­
taneously reclosed, it is necessary to use 

special quick opening contacts on the 

low energy type of relay. These con­

tacts differ from the normal ones in 

being stiff, without any follow, so that 

they will open quickly. 

Very-Inverse Type CO Relay 
This relay is similar to the low-energy 

relay but contains a different electro­

magnet and has a much more inverse 

curve. The mechanical arrangement of 

the parts is similar to the low-energy 

type, although they are not exact dupli­
cates. The burden on the current trans­

former is considerably less than that of 

the low-energy CO relay. 

The 40-Second Type CO Relay 
This relay is similar in appearance to 

the low energy relay but consists of a 

standard energy 4-second relay with a 
10 to 1 gear reduction, making the total 

time 40 seconds on the fiat part of the 
curve. The 25 cycle relay has a re­

setting time of approximately 90 sec­

onds. It will overheat before tripping 

from the number 10 position for cur­
rents greater than 750% of the tripping 

value. The 60 cycle relay resets in 
120 seconds and will overheat before 

Contactor Sw. 
This terminal must be common 
to both trip coil and cut.'trans. 
circuits. 

Cirr;uit Opening CO Relay 
Internal /)iaqram f Rear View) 

Sinqle-Phase Protection where there is no J·phase qround· 
ed neutral connected to the sinqle -phase circuit . 

.A·C. shunt trip coil with 30 
volts minimum pickup 

r-O':V>---'+---,-"'--, Rear View 

�!;����= 
3 - Clrc. open in'! 
Tjpe CO Reluys 

LJ�""�d\:�� For internal diaf/ram 
see abo ve. 

lower ri'!hf hand fR.VJ 
terminal must be 
commo11 to both trip 
coil and cr eire . 

. Circuit closin!J Type CO 
ground relay 

-= Crt! /-- --' 
Note : If sensitive ground pro tectiot7 is not required, omit qrou11d 
relay, a·c.shunt trip and its connections, and complete connec· 
!tons as per dotted line. 

Three Phase Protection 

FiG. 14-AnJUSTMENT DETAILS AND METHOD OF 
MoUNTING TH& INsTANTANEous ATTACHMKNT 

tripping from the number 10 position 

for current greater than 1000% of the 
tripping value. 

This relay is frequently used for 

motor protection and may require an 
accurate current setting which can be 

given by adjusting the spiral spring. 
The instantaneous a t t a c h m e n t  m e n ­

tioned below i s  useful on this relay to 
protect against short circuits. 

CRC Ground Relay 

Thi.> is a directional relay quite similar 

to the CR relay with the same dimen­

sions and internal connections, but the 

/PCAR Vt&W 

F1o. 13-0vER-CUliRENT PRoTECTION UsiNG 3 CrRculr-OPENLNG 
TYPB co RELAYS FOR LINE PROTRCTION AND ON& CIRCUIT· 

CLOSING GROUND RELAY 

FIG. IS-INTERNAL CoNNECTIONS OF THREE ELEMENT TYPE co AND 
COA RELAY WITH EXTRA BELL ALARM TERMINAL 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 16-StNGLE-PHAsE TYPE COA RE.LAY 
WITH NAM&PLA1:E REMOVED 

polarizing coil on the directional ele­

ment has a 5 ampere winding. This 
coil is energized by a current trans­
former placed in the neutral of the 
power transformers. 

All the adjustments and manipula­

tions are the same as for the CR relay. 

Circuit Opening Relays 
The conventional method of tripping 

circuit breakers is by means of current 
from a storage battery and a relay which 
closes its contacts to complete the cir­

cuit through the trip coil. Where it is 
desired to eliminate the battery, the 
breaker may be tripped by current from 
the current transformers if circuit open­
ing relays are used. As shown in Fig. 
1 1  the operation of the relay connects 
the circuit breaker trip coil in series 
with the current circuit. The internal 
diagram shows that when the main relay 
contacts close they pull up the con­
tactor which is energized from a secondary 

coil on the main pole. When the con­

tactor \s lifted, it opens the short circuit 
around the trip coil and allows the cur­
rent to flow through the coiL 

It should be observed that the con­
tacts break the full short circuit current 
and they may be seriously burned. It 
is therefore important that the con-

1/Drt'/1 (2Holes) 

Escapement Magnet 

110 V. A.O . .  

FIG. 18-CONNECTI0>1S FOR THE UsE O il  THE CYCLE COUNTER I N  
TESTING CIRCUIT-CLOSING TIME-LIMIT RELAYS 

tacts be frequently inspected and kept 
clean and smooth. With frequent 
maintenance, the contacts may safely 
open circuits of 50 amperes. If the 

current is small, the relay may give 
satisfactory service with inspection 
periods as seldom as once a year. It  
should be borne in mind that these con­
tacts carry the current continuously and 

if they become bad, they will begin to 
overheat and finally burn open the cur­
rent transformer circuit. 

Because these contacts short circuit 
the trip coil, it is important that the 
relay be mounted where it will not be 

subjected to shocks which may jar the 
contacts open and thereby allow current 
to flow through the trip coil. 

Trouble of this kind can be avoided 
by preventing jars to the switchboard 
and also by setting the trip coil high 

enough so that it will not operate on 
normal load current. This is an extra 
safe-guard so that there is no danger 

from even an excessive shock unless the 
current is also heavy. 

The circuit opening relay is made only 

in the 4 to 1 5  ampere range. Lower 
ranges are not desirable because the 
burden of low range trip coils is too 
heavy on the current transformer. One 
trip coil is required for each relay. 

If ground relay protection is re­
quired, the low range ground relay may 

be of the circuit closing type and operate 

an a-c. voltage trip coil. See Fig. 13. 
The circuit opening feature is provided 

only in the Type CO Relay. 

Instantaneous Attachment 
The instantaneous attachment has its 

contacts in parallel with the main con­

tacts of the CO or CR relay. Its pur­
pose is to make the time of operation 
of the relay instantaneous after a pre­
determined current is exceeded. The 
device is usually built to operate at a 
high value, a common style being ad­
justable between 40 and 120 amperes. 
The marking is accurate to within * 

25%. The current setting is made by 
raising or lowering the plunger. The 
design of the 25 cycle relay is somewhat 
different from that shown in the illus­
tration and has a piece of felt under 
the contacts to damp out the vibrations. 

The instantaneous attachment is 
usually applied to the relay while it is 
being manufactured but it can be at­
tached to any of the old induction type 
relays. No special mounting arrange­
ments are required-it fits under one 
of the screws holding the permanent 
magnets. (See Fig. 14). 

Lock-Out Attachment 
Sometimes it is desired to prevent a 

relay from tripping a circuit breaker 

FIG. 1 7--$INGt�<-TRIP STANDARD AND Low-ENERGY CrRcUtT-CLosiNG 
TYPII co RELAY, THE TYPa coA RELAY Is oit·•Nca DEEP 

lNS'IEAD OF 6 )i-INCH 

FIG. 19-DouBLE-TRIP STANDARD AND Low�ENERGY TYPE CO 
RELAY, ALSO THE CIRCUIT-OPENING TYPE co FOR SERIES TRIP. 

THE TYPE COA RELAY IS 6 H-INCil DEEP INSTEAD OF 6 �-INCH 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

when the current is too high-above its 
interrupting capacity. For this pur­
pose the lockout attachment is provided. 
It is similar to the instantaneous attach­
ment in appearance and method of 

adjusting but its contacts are in series 
with the main contacts and are nor­
mally closed, These contacts must be 
given special care because they are in 
series with the main tripping circuit 

and may prevent proper relay operation 
if they become dirty. 

Three Element Type CO Relay 

I [)rill. 6 lfoles 
The CO relay, both standard and low 

energy type, is sometimes furnished with 
3 elements in a single case. The out­
side dimensions of this case are shown 
in Fig. 20, but the number of terminals 
varies with the particular style of re­
lays. Similarly Fig. 15 shows a typical 
diagram of internal connections with 
three operation indicators. 

Fm. 21-TvPES CR, CRA AND CRC SINGLE-TiliP CIRCUIT, Six­
TERMINAL RELAYS 

This 3-element relay is frequently 
supplied with the ammeter attachments 
mentioned in the follow-ing section. 

Types COA and CRA Relays 

These relays are standard type CO or 
CR with a self-contained ammeter scale. 

This ammeter operates on the induction 

principle and consists of an aluminum 
vane which swings in the same air gap 
as does the main disc. It, therefore, 

not only indicates the value of the cur­
rent but supervises the entire current 
circuit and assures the operator that 
current is flowing through the relay 
coils. The entire scale moves and the 

reading is indicated by a fixed pointer. 
A small aluminum vane swings above 
the permanent magnet and sufficient 

FIG. 20-THREE ELEMENT TYPE co OR COA RELAY WITH EXTRA 
ALARM TrmMJNAL. FoR RELAY WITHOUT ALARM CIRCUIT OMIT Tf!E 

BOTTOM TERMISAL 

7 

flux is robbed from the magnet to damp 
the movements of the ammeter. 

The current reading depends upon 

the tap setting of the relay and this 
setting should, therefore, be determined 

before the scale is marked so that it may 
be properly marked in amperes. Some 
relays are marked in percent so that any 
tap value may be used without in­
convenience. 

The ammeter attachment cannot be 
put on existing relays. It does not 
change the diagram of internal con­
nections nor does it change the drilling 
plan of the various relays which may 
contain it. On the single element type 
CO relay it increases the depth from the 
front of the board by U inch. 

Testing Relays 

All relays should be inspected period­
ically and the time of operation should be 

checked at least once every six months. 
For this purpose, a cycle counter should 
be employed because of its convenience 
and accuracy. Phantom loads should 
not be used in testing induction type 
relays because of the resulting distorted 
current wave form which produces an 
error in timing. 

For the directionally controlled relays, 
the time of operation is the time for the 
directional and overcurrent elements 
to operate, since the former must close 

contacts before the disc on the latter 
can start to rotate. The time of operation 
of the directional element depends upon 

the applied voltage, current and the 
phase angle between the two, but will 

be a matter of a few cycles for nearly all 
faults. Therefore, the relay has been 
calibrated at the factory with the 

directional contacts blocked closed. 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Caution 

The position of the torque compen· 
sator on the overload element is ad­
justable but this is primarily a factory 
adjustment and the location of the torque 
compensator should not be changed in 
the field. 

Readjusting Relays 

Overload Element 

If the factory adj ustment has been 
disturbed, proceed as follows to make 
readj ustment. By shifting the position 
of the contact stop on the time lever, 
adjust contacts so that they barely 
touch when the time lever is set on zero. 

Adjust the tension 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 terminal 
block. Shift the position of the damping 
magnets so that the time characteristics 
of the relay, as shown by test with a 
cycle counter, are the same as shown on 
the calibration curve. 

Directional Element 

The tension of the spiral spring on the 
directional element should be just 
sufficient to return the disc to the stop 
and thus hold the contacts in the open 
position. 

In many applications there is no 
objection to having the contacts closed 
when the relay is de-energized. This 
can be changed by shifting the spring 
adjuster but the tension on the spring 
should never be enough to prevent the 
contacts from taking their proper po­
sition, either open or dosed, during 

time of short circuit when the forces 
acting on the disc are small. 

There is an adjustable magnetic vane 
on each side of the upper pair of poles, 

plunger strikes against the core, it is 
likely to stick due to residual mag· 
netism. 

which is intended to balance the cur- Double Trip Circuit 
rent circuit. The normal adjustment 
is to remove all potential from the If this relay has two stationary con­

voltage coil and apply heavy current tacts on the overload element, it may be 

to the current coils. The balancing used for tripping two circuit-breakers 

vanes are then adjusted till there is no · simultaneously, or for any purpose 
whe�it is desired to have two circuits pronounced torque in either direction. 

This same adjustment may be used to closed at the same time by the relay and 

positively close the contacts on cur- yet have them independent when the 

rent alone. This may be desired on relay is not operated. Double con­

some installations in order to insure tacts on the relay are necessary so 

that the relay Wlll always trip the break- that either breaker may be opened 

er even though the potential may be independently of the other for ordinary 

absolutely zero. switching operation and allowing both 

The upper bearing screw should be to be tripped if both are closed when 
trouble occurs. screwed down until there is only two or 

three thousandths clearance between it  The double trip type CO relay may 

and the shaft and then securely locked be used for tripping one breaker and 

in position with the lock nut. energizing a bell alarm circuit. The 

The contact opening on the direction- directionally controlled double trip type 

ally controlled relays should be n" in CR relay may also be used in this 

order to reduce the time of operation of manner. 

the directional element to a minimum. 
No harm will result if the directional 
contacts rebound closed momentarily 
after a fault is cleared, because the over­
current contacts will be in the open 
position. 

The contact opening on relays which 
are not directionally controlled should be 

a " 1f2 • 

Contactor Switch 

The stationary core is adjustable so 
that it may be moved up sufficiently to 
keep the plunger from striking against 
it. This is important because, if the 

Renewal Parts 
Repairing 

Repair work can be most satisfactorily 
accomplished at our Works. However, 
interchangeable renewal parts can be 
furnished to customers who are equipped 
for doing repair work. 

Ordering Instructions 

When ordering renewal parts, give 
the nameplate reading and the name 
of the part wanted. 

/Drill, 7Holes ,JDri/1, 2 Holes 
FIG. 22-TYPES CR. CRA AND CRC SEVEN-TERMINAL REI.AYS. 
THIS CoVERs THE DoUBLE·TRIP, CrRCUIT-CLosiNG OR THE SINGLE­
TRIP, Duo-DIRECTIONAL, OR THE SINGLE-TRIP WITH AN EXTRA TAP 
BETWEEN THE DIRECTIONAL AND THE OVER-CURRENT ELEMEh'TS. 

Westinghouse Electric & Manufacturing Company 
Newark, N. J . •... 

Printed in U, S. A. (Rep. 9-3 7) 

·�---------------------------... ---------------------��· .�'�--· -· 
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Westinghouse 
I. L. 1 849-C 

(Filing No. 41 -000) 

Types CO and COA Overcurrent 
and 

Types CR, CRA and CRC Directional Overcurrent Relays 
Caution 

Remove all blocking from relay before 
placing in service. 

I nstallation 
Carefully unpack the relay and remove 

all dust and packing material with a soft 
brush or cloth. The cover of the relay 
should be removed and the interior parts 
carefully inspected for any damage 
which might have been done in ship­
ment. This inspection should include a 
test of the moving parts to see that they 
have not become misaligned and that 
there is no friction present. The presence 
of friction can usually be determined by 
moving the disc or contactor plunger by 
h and and letting it return to the normal 
position. Owing to the importance of 
proper relay functioning it is a wise 
precaution before placing relays in ser­
vice, to check each relay for operating 
current, time of operation, and polarity. 
For all type CR relays, the left hand 
contacts of the directional element, 
front view, should open when the po­
tential and current applied to the relay 
are in phase, See Fig. 5. 

Mount the relay vertically by means of 
the two mounting studs. Connections 
may be made direct to the terminals by 
means of screws for steel panel mounting 
or to the terminal studs, furnished with 

the relay, for slate panel mounting. The 
terminal studs may be easily removed 
or inserted by locking two nuts on the 
stud and then turning the proper nut 
with a wrench . Note that the top 
mounting stud may be utilize<'l as a 
grounding stud for grounding the metal 
case. 

Connect the relay as shown on the 
proper diagram in tins leaflet, or consult 
the nearest Sales Office for additional 
diagrams of connections for cases not 
covered by this leaflet. 

The tripping circuit should not be 
opened by the relay, but an auxiliary 

contact on the circuit-breaker should be 
provided to open the tripping circuit 

the instant the breaker opens. 
This relay is suitable for operating the 

Westinghouse direct trip attachment for 
tripping direct from the current trans­
former and also for operating the trans­
fer relay for the same purpose. 

I nstructions for Setting 

In arriving at the proper setting of the 
overload element, or relay, two things 
must be determined. 

FIRST-In terms of the secondary 
circuit of the current transformer, the 
minimum amperes to trip (tap setting) 
should be higher than the overload peaks 
due to service load. Under short circuit 
conditions, the current will be fixed by 
the impedance of the circuit to which the 
relays are connected and the minimum 
short circuit current will usually be 
several hundred percent of the tap 
setting. 

SECOND-The time setting for short 
circuit conditions is determined by 
consideration of the sequence in which 
the breakers should trip, the time re­
quired for breaker mechanisms to operate 
etc., as required to give proper selective 

J 
ib 0.-CTRIPPING 5ouRC.E 

F'Oflt UNGROUNDeD NEUTRAl. 
TttRE.e: PHA!rtE CtCCUITS. . 
FAI L� lN CAe.E OF�R'OUND ON 
e. ANo Acc.t oENTAt.. 6RouNo 
IN GENE<t:ATOR l'lr '!He: 
5PIME ToMe. 

action throughout the system as a whole. 

Current Setting : 

The connector screw on the terminal 
plate above the time scale makes connec­
tions to various turns on the operating 
coil. By placin g this screw in the various 
holes, the relay will just close contacts 

at the corresponding 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 when the outside convo­

lution of the spring is fastened. An 
adjustment of tripping current approxi­
mately 15 percent above or below any tap 
value, can be secured without materially 

Low ENERG"( GJ«)UNO �El.A."'f 

?r P"""'" To D-C !:>ou�>c;;E 
':lo«4 WIRE 
COMPLETe: 'PROTEC."TION' AND 
AVOI� COMPL,Cf'TEO WtRW6 
WHEN ilEI.AY" ARE U...,o:> WITH 
0Tl.t&fit IN5TRUMENT5� 

FIG. !-CoNNECTIONS FOR DIFFERENT INSTALLATIONS OF TYPE 'CQ 
0VERCURRENT RELAYS USING D-C. TRIPPING SoURCE 

) 
J " 
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Westinghouse Types CO and COA ()vercurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

affecting the operating characteristics of 
the relay. By choosing the proper tap, a 
continuous adjustment of tripping cur­
rent from 3.4 amperes to 1 7 .5 amperes 
may be secured. The characteristic time 
curve will be affected less for any large 
adjustment if the next higher tap is 
selected and the initial tension of the 
spiral spring is decreased to secure the 
desired tripping value. For example, the 
relay should be set on the 8 ampere tap 
with less initial tension in order to secure 
a 7 ampere tripping value. 

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 circuit, the latter should be 
short-circuited before changing the con­
nector screw. This can be done conven-

FIG. 3-Co>-"TACTOR SwiTCH COIL CoNNECTED IN 
TRIP CIRCUIT. THE TARGET OPERATES ON 

2.25 AMPERES OR MoRE 

iently by inserting the extra connector 
screw, located on the right hand mount· 
ing boss, in the new tap and removing 
the old screw from its original setting. 

Time Adjustments ; �� 
The index or time lever, limits the 

motion of the disc and thus varies the 
time of operation. The latter is pro­
portional to the lever setting, that is, with 
the lever on the number 5 setting, at 
2000 percent load, the relay will operate 
in one second and similarly on the number 
1 setting the time of operation is 0.2 
seconds. 

The relay has been calibrated from the 
!f>l 10 time lever setting according to the 
curve engraved on the nameplate. The 
!f>l 1 1 time setting may be used to secure 
a time delay approximately 10 per cent 
longer, that is, to secure a setting of 2 . 2  
seconds for a 2 second relay. 

Be sure that the contacts just touch 
when the time lever is set on zero, other­
wise the time will not be proportional to 
the lever setting. 

Operation Indicator 

This relay is equipped with a universal 
operation indicator suitable for all 
tripping currents above 0.2 amperes. 
The relay leaves the factory with the 
operation indicator coil connected in 
parallel with the contactor, switch coil 
and if the tripping current is more than 
2.25 amperes d-e., sufficient current will 
flow through both coils to cause their 

2 

operation. The resistance of both coils 
in parallel is approximately 0. 25 ohm. 

If the trip current is less than 2.25 
amperes there is no necessity for the con­
tactor switch and it should be removed 
from the trip circuit so that all trip cur­
rent will pass through the indicator coil. 
The indicator coil has approximately 2 . 8  
ohms resistance. To disconnect the con­
tactor switch coil, remove the lower lead 
on the front stationary contact of the 
contactor switch (See Figure 3) and this 
l ead should be fastened (dead ended) 
under the small fillister head screw 
located in the micarta base of the con­
tactor switch (See Figure 4). 

Make sure that the indicator receives 
sufficient current to operate through 
the trip coil. The trip coil has such a 
high inductap.ce that the breaker may 
open and open its pallet switch before 
the current has built up to its full value. 
Also, the voltage may be low resulting 
in a lower trip current. It is advisable 
to assume that the current through the 
indicator will be only half of the value 
calculated from the resistance of the 
coil and normal control voltage. If the 
trip circuit does not draw enough cur­
rent to drop the target when it is set 
to operate at .2 ampere, more current 
may be secured by putting a small 
loading resistor around the trip coil or 
around the auxiliary relay, if this is used. 

Directional Element 
The standard single trip and double 

trip type CR relays are directionally 
controlled, that is, the directional 
contacts must close in order for the over­
current element to operate. The contacts 
of the latter trip the breaker direct. The 
single trip 7 terminal stud relay (7th 
terminal between the directional and 
overcurren t contacts) and the duo­
directional relay cannot be made direct­
ional controlled and therefore the con­
tacts of the overcurrent and directional 
elements are in series in the trip circuit. 

FIG. 4---Co,.,TACTOR SwlTCH CoiL DiscoNNECTED 
FROM TRIP CIRCUIT. ALL THE CURRENT PASSES 
THROUGH THE TARGET COIL SO THAT IT WILL 

OPERATE ON .2 AMPERE OR MORE 0 

·�------------------------------------------------------------
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Sinqle 
.-----'-Phose 

Source 

:F'IG. 5-A1ETH0D OF TESTING POLARITY OF TYPE CR RELAY, THE CONTACTS REMAIN OPEN 

The directional element is usually 
connected to the system in such a manner 
that the directional contacts close when 
power flow is away from the station bus 
All diagrams shown have this polarity. 

Checking Connections of the Type CR 
Relay 

All type CR relays, except the ground 
relays, have wattmeter characteristics 
for the directional elements and, there­
fore, the directional element disc will 
reverse its direction of rotation when the 
phase relation of the current and voltage 
becomes 90° or greater. The directional 
relay must be connected so that this 
relation will never exceed 90°. 

Since the power factor of faul t  currents 
may vary over a considerable range, it is 
necessary that the proper voltage be 
used on the directional element. Con­
nections should be made so that with 
unity power factor on the line, the 
current in the relay directional element 

0P'mHM t:;;j'-::/=c-_.---\----l---,t'--:,. 

I I I 
I 
I 
I 
I 
I 
I 
\ 

TerminQ/ \ 

� - - - --""""' 

Rear View 

will be .30% ahead of the potential sup­
plying the directional element. 

The following methods should be used 
in checking up the correct connections to 
the directional element of the relay. 

Wattmeter Method 

With the power flowing in either 
direction, if the current is lagging, so 
that the power factor is between 50 and 
lOOper cent, connect the current coils of 
a single phase wattmeter in series with 
the current winding of the relay. 
Then select a pair of voltage leads which 
give the highest reading on the watt­
meter. The two leads should be connect­
ed to the relay potential terminal. In­
spect the contact of the directional 
element, which should be open when the 
power. is flowing towards the bus bars. 
If the contacts are closed when the 
current flows toward the bus bars, then 
the potential leads of the relay should be 
reversed. 

Power Factor Meter Method 

A second method is to connect the 
current coils of a single phase power 
factor meter in series with the current 
coils of the relay. A pair of potential 
leads is then selected which will give 86.6 
per cent power factor leading on the 
power factor meter when the line power 
factor is 100 percent. These two leads 
should be connected to the relay potential 
terminals. The upper contact should be 
inspected, as before mentioned in the 
preceding paragraph and checked for 
proper direction of operation. 

/ 

Phase Indicator Method 

A third method of checking the proper 
connections of the relay is by means of 
the Westinghouse phase indicator. It is a 
portable instrument built on very much 
the same principle as a power factor 
meter but calibrated to read in degrees, 
and 

·
show precisely the phase relation 

between any current and voltage sources 
to which it may be connected. Full 
directions for the use of the portable 
phase indicator are supplied with the 
instrument. 

Relay for 90° Connection 

This relay can be used for the 90° 
connection, that is, with the current 
leading the applied potential by 90° when 
the line power factor is 100%, by instal­
ling a suitable external resistor in series 
with the potential coil. These external 
resistors can be ordered by style number 
as follows. 

25 Cycle, 1 15 Volts, 760 ohms, S!Jf 721435 
50 Cycle, 1 15 Volts, 670 ohrps, S# 721436 
60 Cycle, 1 15 Volts, 565 ohms, S# 721437 

Type CR Ground Relays 
The directional element of the type 

CR relay which is intended for ground 
protection differs from that of the phase 
relay by not having true wattmeter 
characteristics. It develops its maxi­
mum torque when the relay current 
lags about 15 degrees behind the relay 
voltage. This is essential on systems 
where the neutral is dead grounded. 
These relays may be distinguished from 

Stationary Contacts 

Stationary Contact 
/ /1""c�=�;;=1t<=s==:t 

For trip currents less 
thon 225 amp.,disconnect 
and dead-end this lead. 

Niddle 
Contact 

Punchinqs 

I 

/ 
I 

I \ 

I Connector Block 
i \-.Contactor Switcn 

: LNiddle Contact \ 

\ 
\ 
\ 

L_ ::::::::;--l 

�f&l$�f41!j:i"_'i_� : : ! 
!: : 6 6 1 

Rear View 

L--�--1._ When usinq inst-
r- - / trip attach., cur-
l 1 rent in relay trip 
I 1 circuli: must be 

1 qreater than 
/ 22S amps. 

When usinq In st. trip, 
omtl this lead, and 

FIG. 6-INTERNAL CoNNECTIONs oF SINGLE­
TRIP, STANDARD-ENERGY TYPE co RELAY 

FIG. 7-INTERNAL CoNNECTIONs oF DouBLE­
TRIP, Low-ENERGY TYPE CO RELAY 
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W estinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 8-lNTERNAL CONNECTIONS OF S1:ANDARD·ENERGY, UNI· 
DIRECTIONAL, SINGLE-TRIP TYPE CR RELAY WITH A TAP 
CONNECTION BETWEEN THE DIRE<t:TIONAL AND 0VERCUR� 

RENT CoNtACTS-REAR VIEW 

l -----------t----3�P���·�S�ro�t���n�8�u�s�----------------� 
2 ----�--�------------------------� 
3 --��r--r�--�����--�------�� 

fiT.>­
L.lA L--J---f--+ 

3 2 

This w!re to be removea 

1. ..Y:-ur £Ace.s.s Cur, 
Contacts 
O L  t:femenf 

Contactcr Sw 
OperatiM Ina 
Oirecfional £/�ment 

==.�=I!L Directional Contacts 
Case Ground Stud 

Aux. switch shown for 
open position of' breaKer 

¢•250 V- 5A Jnst. Fuse 

FIG. !(}-ExTERNAL CoNNECTION< oF THE TYPE CRC RELAY UsEo 
FOR GROUND PROTECTION-REAR VIEW 

others because they are of the low energy 

type and have ratings of .5 to 2.5 or 

2 to 6 amperes. 

Low Energy Types CO and CR 
Relays 

relays are different from the standard 

ones. Instead of obtaining the definite 

minimum time feature by means of The low energy type of CO and CR 

Potenfta! Terminals 

Dm•cttonal 
Contacts 

Current 
Term mal 

Overcurrent Contacts 

t:Junchmqs 

- - - � - - - - - -- - � - - - - - - - ·  

Rear View 
FIG. 9-INTE.RNAL CONNECTIONS OF Low-ENERGY, DIRECTIONAL· 

CONTROL, UNI-DIRECTIONAL, SINGLE-TRIP TYPE CR RELAY 

4 

Connector 
Block / 

/ 
I 

I 
I 

I 
I 
\ 
I 
I 
\ 
\ ' 

TermiMI -· ' 

Torque Compensdfor Redr View 

FIG. 1 1-INTERNAL CONNECTIONS OF CIRCUIT-OPENING 
TYPE CO RELAY FOR SERIES TRIP CIRCUIT 

�. -M------------------------------------------------------

0 

0 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



c 

c 

Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FIG. 12-THE !NSTANTA.'<EOUS ATTACHMENT 

the torque compensator, a somewhat 
similar result is obtained by gearing 
the disc to the shaft which carries the 

contact arm. This results in a char-
acteristic curve which is somewhat more 

inverse than the standard curve and 
also results in much slower resetting 

trme. The term ' 'low energy" refers 
to the burden which is placed on the 

current transformers and does not re­

fer to the current rating. All of the 
small current ranges are of the low 

energy type and some of the higher 

current ranges are also made in the low 
energy type for use on certain current 

transformers which are incapable of 

carrying a heavy burden. The low 

T1min9 Test 
Termmals 

energy and standard relays have the same 
external appearance and dimensions. 

When circuit breakers are instan­
taneously reclosed. it is necessary to use 
special quick opening contacts on the 

low energy type of relay. These con­

tacts differ from the normal ones in 
being stiff, w�thout any follow, so that 
they wlll open quickly. 

Very-Inverse Type CO Relay 
This relay is similar to the low-energy 

relay but contains a different electro­
magnet and has a much more inverse 

curve. The mechanical arrangement of 
the parts is similar to the low-energy 
type, although they are not exact dupli­

cates. The burden on the current trans­
former is considerably less than that of 

the low-energy CO relay. 

The 40-Second Type CO Relay 
This relay is similar in appearance to 

the low energy relay but consists of a 
standard energy 4-second relay with a 
1 0  to 1 gear reduction, making the total 

time 40 seconds on the fiat part uf th e 
curve. The 25 cycle relay has a re­

setting time of approximately 90 sec­
onds. It will overheat before tripping 

from the number 10 position for cur­
rents greater than 750% of the tripping 

value. The 60 cycle relay resets in 
1 20 seconds and will overheat before 

Conttlctor Sw. 
Th1s terminal must be common 
to both trip coil amt cu�trans 
circuits. 

Circuit Openinq CO Relay 
Internal Oiagram f Rear View} 

Sinqle·Phase Protection where there is no J·phase qrouna'· 
M nevtrol conn ected to the sinqle -pnase circuit. 

.A ·C shunt trip coil with 30 
volts minimum pickup 

,..c(ii.P---'-r-----,-::;;..._, Rear View 

��t��� 

3 - C!rc. openinq 
Type CO Relays 

Wl:::::l\:sl:::-:JI:.:!l::::::1\. For internal diagram 
see abo ve. 

lower riqM hand fR.V.J 
terminal must be 
common to both trip 
coil and CT. eire. 

Circuit closinq Type CO 
ground relay 

-= Grrf _?- - --l Note : /I sensitive ground protection is not required, omit qround 
relay. tJ-c.shunt trip and its connections, t.md complete connec­
tions as per dotted line. 

Three Phase Protection 

FIG. 1 4--ADJUSTMENT DETAILS AND M ETHOD OF 
MoUNTING TH!l. INSTANTANEOUS ATTACHMENT 

tripping from the number 10 position 
for current greater than 1000% of the 

tripping value. 
This relay is frequently used for 

motor protection and may require an 

accurate current setting which can be 

given by adjusting the spiral spring. 

The instantaneous a t ta c h m e n t  m e n ­

tioned below is useful on this relay to 
protect against short circuits. 

CRC Ground Relay 
Thi.; is a directional relay quite similar 

to the CR relay with the same dimen­

sions and internal connections, but the 

RL!'AR Vt&W 

FIG. 13--0VER-CURRENT PROTECTION UsiNG 3 CIRCUIT-OPENING 
TYPE co RELAYS FOR LINE PROTECTION AND ONE CIRCUIT· 

CLOSING GROUND RELAY 
FIG. 15-INTERNAL Co>:NECT!O::fS OF THREE ELEMENT TYPE co ANI> 

COA RELAY WITH EXTRA BELL ALARM TERMINAL 
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Westinghouse Types CO and GOA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

FlG. 16-SINGLE- PHASE TYPE COA RELAY 
WITH NAMEPLATE REMOVED 

polarizing coil on the directional ele­
ment has a 5 ampere winding. This 
coil is energized by a current trans­
former placed in the neutral of the 
power transformers. 

All the adjustments and manipula­
tions are the same as for the CR relay. 

Circuit Opening Relays 

The conventional method of tripping 
circuit breakers is by means of current 
from a storage battery and a relay which 
closes its contacts to complete the cir­
cuit through the trip coil. Where it is 
desired to eliminate the battery, the 
breaker may be tripped by current from 
the current transformers if circuit open­
ing relays are used. As shown in Fig. 
1 1  the operation of the relay connects 
the circuit breaker trip coil in series 
with the current circuit. The internal 
diagram shows that when the main relay 
contacts close they pull up the con­
tactor which isenergizedfrom a secondary 
coil on the main pole. When the con­
tactor is lifted, it opens the short circuit 
around the trip coil and allows the cur­
rent to flow through the coiL 

It should be observed that the con­
tacts break the full short circuit current 
and they may be seriously burned. It 
is therefore important that the con-

Escapement M�:7t;net 

110 V. A.O . .  
FIG. 18-·CoNNECTioxs FOR TIIE UsE o F  THE CYcLE CoUNTER I N  

TESTING CIRCUIT-CLOSING TIME-LIMIT RELAYS 

tacts be frequently inspected and kept 
clean and smooth. With frequent 
maintenance, the contacts may safely 
open circuits of 50 amperes. If the 
current is small, the relay may give 
satisfactory service with inspection 
periods as seldom as once a year. It 
should be borne in mind that these con­
tacts carry the current continuously and 
if they become bad, they will begin to 
overheat and finally burn open the cur­
rent transformer circuit. 

Because these contacts short circuit 
the trip coil, it is important that the 
relay be mounted where it will not be 
subjected to shocks which may jar the 
contacts open and thereby allow current 
to flow through the trip coil. · 

Trouble of this kind can be avoided 
by preventing jars to the switchboard 
and also by setting the trip coil high 
enough so that it wlll not operate on 
normal load current. This is an extra 
safe-guard so that there is no danger 
from even an excessive shock unless the 
current is also heavy. 

The circuit opening relay is made only 
in the 4 to 15 ampere range. Lower 
ranges are not desirable because the 
burden of low range trip coils is too 
heavy on the current transformer. One 
trip coil is required for each relay. 

If ground relay protection is re­
quired, the low range ground relay may 

be of the circuit closing type and operate 
an a-c. voltage trip coil. See Fig. 13. 

The circuit opening feature is provided 
only in the Type CO Relay. 

I nstantaneous Attachment 

The instantaneous attachment has its · 
contacts in parallel with the main con­
tacts of the CO or CR relay. Its pur­
pose is to make the time of operation 
of the relay instantaneous after a pre­
determined current is exceeded. The 
device is usually built to operate at a 
high value, a common style being ad­
justable between 40 and 1 20 amperes. 
The marl,;:ing is accurate to within ± 
25%. The current setting is made by 
raising or lowering the plunger. The 
design of the 25 cycle relay is somewhat 
different from that shown in the illus­
tration and has a piece of felt under 
the contacts to damp out the vibrations. 

The instantaneous attachment is 
usually applied to the relay while it is 
being manufactured but it can be at­
tached to any of the old induction type 
relays. No special mounting arrange­
ments are required-it fits under one 
of the screws holding the permanent 
magnets. (See Fig. 14).  

Lock-Out Attachment 

Sometimes it is desired to prevent a 
relay from tripping a circuit breaker 

1iDrii!(2Holes) 
Top 

6jl'lax. 

FIG. 1 7--BINGLE·TRIP STANDARD AND Low-ENERGY CIRCUIT-CLosmG 
TYPR CO RELAY, THI! TYP« COA RELAY IS 6if·INCH DEEP 

INSTEAD OF 6 �·INCH 

6 

FIG. 19-DouBLE-TRIP STANDARD AND Low-ENERGY TYPE CO 
RELAY. ALSO THE CiRCUIT-OPENING TYPE co FOR SERIES TRIP. 

THE TYPE COA RELAY IS 6 f!·INCH DEEP INSTEAD OF 6 n.INCH 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional O�•ercurrent Relays 

when the current is too high-above its 

interrupting capacity. For this pur­

pose the lockout attachment is provided. 
It is  similar to the instantaneous attach­
ment in appearance and method of 

adjusting but its contacts are in series 

with the main contacts and are nor­

mally closed. These contacts must be 

given special care because they are in 

series with the main tripping circuit 

and may prevent proper relay operation 

if they become dirty. 

Three Element Type CO Relay 

The CO relay, both standard and low 

energy type, is sometimes furnished with 

3 elements in a single case. The out­

side dimensions of this case are shown 

in Fig. 20, but the number of terminals 

varies with the particular style of re­

lays. Sim1larly Fig. 15 shows a typical 

diagram of internal connections with 

three operation indicators. 

This 3-element relay is frequently 

supplied with the ammeter attachments 

mentioned in the following section. 

Types COA and CRA Relays 
These relays are standard type CO or 

CR with a self-contained ammeter scale. 

This ammeter operates on the induction 

;L-� 
4 I 

/Jn>l (9Holes) 
/ 

iOn//, filioles 
FIG. 21-TYPES CR, CRA AND 

TERMINAL 

principle and consists of an aluminum 
vane which s'hings in the same air gap 

as does the main disc. It, therefore, 

not only indicates the value of the cur­

rent but supervises the entire current 

circuit and assures the operator that 
current is flowing through the relay 

coils. The entire scale moves and the 
reading is. indicated by a fixed pointer. 

A small aluminum vane swings above 

the permanent magnet and sufficient 

2()--THREE ELEMENT TYPE co OR COA RELAy WITH EXTRA 
TERMINAL. FoR RELAY WITHOUT ALARM CiRCUIT OMIT THE 

BOTTOM TERMINAL 

7 

CIRCUIT, SiX· 

flux is robbed from the magnet to damp 

the movements of the ammeter. 

The current reading depends upon 

the tap setting of the relay and this 

setting should, therefore, be determined 

before the scale is marked so that it may 

be properly marked in amperes. Some 

relays are marked in percent so that any 

tap value may be used without in­

convenience. 

The ammeter attachment cannot be 

put on existing relays. It does not 

change the diagram of internal con­

nections nor does it change the drilling 

plan of the various relays which may 

contain it. On the single element type 
CO relay it increases the depth from the 

front of the board by 7:£ inch. 

Testing Relays 
All relays should be inspected period­

ically and the time of operation should be 

checked at least once every six months. 
For this purpose, a cycle counter should 
be employed because of its convenience 
and aecuracy. Phantom loads should 

not be used in testing induction type' 
relays because of the resulting distorted 
current wave form which produces an 

error in timing. 

For the directionally controlled relays, 

the time of operation is the time for the 
directional and overcurrent elements 
to operate, since the former must close 

contacts before the disc on the latter 

can start to rotate. The time of operation 

of the directional element depends upon 

the applied voltage, current and the 

phase angle between the two, but will 

be a matter of a few cycles for nearly all 

faults. Therefore, the relay has been 

calibrated at the factory with the 

directional oontacts blocked closed. 
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Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional Overcurrent Relays 

Caution 

The position of the torque compen­
sator on the overload element is ad· 
justable but this is primarily a factory 
adjustment and the location of the torque 
compensator should not be changed in 
the field. 

Readjusting Relays 

Overload Element 

If the factory adjustment has been 
disturbed, proceed as follows to make 
readjustment. By shifting the position 
0f the contact stop on the time lever, 
adjust contacts so that they barely 
touch when the time lever is set on zero. 

Adjust the tension of the spiral spring 
so that the relay will close its contacts 
at its rated current, as shown by the 
posltion of the screw on the terminal 
block. Shift t:1e position of the damping 
magnets so that the time characteristics 
of the relay, as shown by test with a 
cycle counter, are the same as shown on 
the calibration curve. 

Directional Element 

The tension of the spiral spring on the 
directional element should be just 
sufficient to return the disc to the stop 
and thus hold the contacts in the open 
position. 

In many applications there is no 
objection to having the contacts closed 
when the relay is de-energized. This 
can be changed by shifting the spring 
adjuster but the tension on the spring 
should never be enough to prevent the 
contacts from taking their proper po­
sition, either open or closed, during 

time of short circuit when the forces 
acting on the disc are small. 

There is an adjustable magnetic vane 
on each side of the upper pair of poles, 
which is intended to balance the cur­
rent circuit. The normal adjustment 
is to remove all potential from the 
voltage coil and apply heavy current 
to the current coils. The balancing 
vanes are then adjusted till there is no 
pronounced torque in either direction. 
This same adjustment may be used to 
positively close the contacts on cur­
rent alone. This may be desired on 
some installations in order to insure 
that the relay w11l always trip the break­
er even though the potential may be 
absolutely zero. 

·The upper bearing screw should be 
screwed down until there is only two or 
three thousandths clearance between it 
and the shaft and then securely locked 
in position with the lock nut. 

The contact opening on the direction­
ally controlled relays should be -,l2" in 
order to reduce the time of operation of 
the directional element to a minimum. 
No harm will result if the directional 
contacts rebound closed momentarily 
after a fault is cleared, because the over­
current contacts will be in the open 
position. 

The contact opening on relays which 
are not directionally controlled should be 
_Lf' 
u . 

Contactor Switch 

The stationary core is adjustable so 
that it may be moved up sufficiently to 
keep the plunger from striking against 
it. This is important because, if the 

j Ori/1, 7/ioles i[Oril/, 2 Holes 

plunger strikes against the core, it is 
likely to stick due to residual mag­
netism. 

Double Trip Circuit 

If this relay has two . stationary con­
tacts on the overload element, it may be 
used for tripping two circuit-breakers 
simultaneously, or for any purpose 
where it is desired to have two circuits 
closed at the same time by the relay and 
yet have them independent when the 
relay is not operated. Double con­
tacts on the relay are necessary so 
that either breaker may be opened 
independently of the other for ordinary 
switching operation and allowing both 
to be tripped if both are closed when 
trouble occurs. 

The double trip type CO relay may 
be used for tripping one breaker and 
energizing a bell alarm circuit. The 
directionally controlled double trip type 
CR relay may also be used in this 
manner. 

Renewal Parts 
Repairing 

Repair work can be most satisfactorily 
accomplished at our Works. However, 
interchangeable renewal parts can be 
furnished to customers who are equipped 
for doing repair work. 

Ordering Instructions 

When ordering renewal parts, give 
the nameplate reading and the name 
of the part wanted. 

FiG. 22-TYPES CR, CRA AND CRC SEVEN-TERMINAL RELAYS. 
THIS CovERS THE DoUBLE-TRIP, CIRCUIT-CLosiNG OR TilE SINGLE· 
TRIP, Duo-DIRECTIONAL, oR THll SINGL!l-TRIP WITH AN ExTRA TAP 
BETWEllN THE DIRECTIONAL AND THE OVER-CURRENT ELEMENTS. 

Westinghouse Electric & Manufacturing Company 
Newark, N, J. 

Printed in U. S. A. (Rep. 9-37) 
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