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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 see that they
have not become misaligned and that
there is nofriction 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. S.

Mount the relay vertically by means of
the two mounting studs. Connections
may be made direct to the terminals by
means of screwsfor 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 onithe
stud and then turning the propermnut
with a wrench. Note that the top
mounting stud may be utilizedjas a
grounding stud for grounding the metal
case.

Connect the relay a§yshown.on the
proper diagram inghis leafles, or consult
the nearest Salg§” Office for ‘additional
diagrams of conmections 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 relayis 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.

Westinghouse

an
Directional O
Instructions for Setting

In arrivin :
overload eleilaé;tf]eo‘:rigzgse:arggtfi the
must be determined, ' ngs

FIRST—In terms of tn
cn.-cl.nt 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 impedaiice of the circuit to which the
relays are connected and the minimum
short circuit current will usuallfiabe
several hundred percent of the ‘tap.
setting. :

SECOND—The time setting for Short
circuit conditions is detérminediy by
consideration of the sequence ‘in, which
the breakers should trip,qthe timé re-
quired for breaker mechanismsjto operate
etc., as required to giye proper selective

€ secendary
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terminal plate. *10.

The tripping value of the relay on .

terming

tap may be altered by changing the

idfitial 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
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Usmvg Tyre CR RELAYS AND

Hica-TexsioN 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 connecton,serewnis
turned up tight so as to make‘@,good
contact, for the operating currént passes
through it. Since the overload elément
is connected directly in the, current
transformer circuit, the'lattér, should be
short-circuited before chafiging the con-
nector screw. This‘¢éan beydone conven-

F1G. 3—CoNTACTOR SwITCH CoIL CONNECTED IN

Trip CIRCUIT. Tue TARGET OPERATES ON
2.25 AMPERES OR MORE

iently by inserting thejextra connector
screw, located on ghésightiband mount-
ing boss, in the (mew tapyand removing
the old scréwifrom (its Original setting.

Time Adjustments

Thee,index or time lever, limits the
motion ofythe‘disc and thus varies the
timegof, opetation. The latter is pro-
portional‘te,the leversetting, thatis, with
the lever/on the number 5 setting, at
2000 percent load, the relay will operate
in one secondand similarly on the number
19sétting the time of operation is 0.2
seconds.

The relay has been calibrated from the
#10 time lever setting according to the
curve engraved on the nameplate. The
# 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-c., sufficient current will
flow through both coils to cause their

2

¢ and Types CR, CRA and CRC Directional Oyergurrerzt Relays

operation, The resistance of bothycoils
in parallel is approximately 0.25ohm,

If the trip current is less than 2.25
amperes thereis no necessity for the con-
tactor switch and it should be removed
from the trip circuit so that alltrip cur-
rent will pass through the indicater coil.
The indicator ceil has approximately 2.8
ohms resistarice. Togdisconnect the con-
tactor switch coilpremowe the lower lead
on the frontfStationary contact of the
contactor switéh (See Figure 3) and this
lead should be fastened (dead ended)
under they small fillister head screw
located in the micarta base of the con-
taetor switeh (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 1is, 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 trim 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.

F16. 4—CoNTACTOR SwiTCH CoIL DISCONNECTED

¥ROM TrIP CIRCUIT. ALL THE CURRENT PASSES

THrOUGK THE TARGET COIL SO THAT IT WILL
OPERATE @N .2 AMPERE #R MORE
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F16. 5-~METHOD oF TESTING PoLARITY OF TYPE
CR REeray. Tue CoNTACTS REMAIN OPEN

The directional element is usually
connected to thesystem 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

Connector Block

lloving Contact

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.

Watemeter 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 bar§:
If the contacts are closed when the
current flows toward the bus barsjthen
the potential leads of the relay shouldibe
reversed,

Power Factor Meter Method

A second method is tojeonnect the
current coils of a single phasé” power
factor meter in series with the current
coils of the relay.4 Adpair ‘of potential
leads is then selected whichwill 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'beconnected tothe relay potential
terminals. “Ehe upper contact should be
inspected) as ‘before mentioned in the
preceding \paragraph and checked for
proper diréction of operation.

Moving Contact

Operation [ndricetor

Phase Indicator Method

A third method of checking the proper
connections of the relay is by means/of
the Westinghouse phase indicator. Itisa
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 anyeurrent@nd voltage sources
to which it may, begebnnected. Full
directions forgthe“use of the portable
phase indi€ator are supplied with the
instrument;

Relay for 99° Connection

Thisyrelay can be used for the 90°
connection, that is, with the current
leadingtheapplied potential by 90° when
theline 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¥ 721435
50 Cycle, 115 Volts, 670 ohms, S¥ 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

For trip currents less
than 225 amp disconnect

and dead-end this lead.

. e X AN
Operation Indicator -7 hy Stationary Contact / =~ -
P es {,/ i A
s A \<Confactor Switch ;T j{ : oW sl Contactor Switen
£1 iy
/ Connector Block \ | Midale Contact \\
L2707
.
Y b b

Middle
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7/ circutt must be

/ %ted!er than
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Punchings
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Rear View

F16. 6—-INTERNAL CONNECTIONS OF SINGLE-
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Rear View

F1c. 7—INTERNAL CONNECTIONS OF DOUBLE-
Trip, Low-ENErRGY TyrPE CO RELAY
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F1G. 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

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 appearancéyto
the low energy relay but consists ‘of a
standard energy 4-second rélay,withja
10 to 1 gear reduction, makingithe total
time 40 seconds on the flatfpart “ofythe
curve. The 25 cycle relay has a re-
setting time of approximately 90 sec-
onds. It will overheat,befote tripping
from the number 10 position for cur-
rents greater than 7509 of the tripping
value.  The 60\eycledrelay resets in
120 seconds, and’ will overheat before

—y | DISG
— e 8
CONTACTS
TRIP gt .
cIRCUrt o

MAGNET
SCREW

RELAYGERAME
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F16. 14 —ADJuSTMENT DETAILS AND METHOD OF
MOUNTING THE INSTANTANEOUS ATTACHMENT

tripping from the number 10 position
forpcurrent greater than 10009, 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 instantaneousattachment men-
tioned below is useful on this relay to
protect against short circuits.

CRC Ground Relay
This is a directional relay quite similar
to the CR relay with the same dimen-
sions and internal connections, but the
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Fic. 16—SwmiGLE-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.
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 whichisenergized fromasecondary
coil on the main pole. ~When the con-
tactor is lifted, it opens the short circuit
around the trip coil and allows thegcur-
rent to flow through the coil.

It should be observed that the ¢on-
tacts break the full short circuit current
and they may be seriously burned. It
is therefore important thatgthe “Cons
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Fi1G. 18—CoNNECTIONS FOR THE USE oF THE CYCLE COUNIER IN
TESTING CIRCUIT-CLOSING TIse-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 afdd
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 wherejit willpnot be

‘subjected to shocks which ‘may jar the

contacts open and theteby allow current
to flow through the_trip coil.

Trouble of thisfkind§ean be avoided
by preventing, jats go the switchboard
and also My setting thie trip coil high
enough §0 that it wlll not operate on
normal loadyéurrent. This is an extra
safe-guard, co“that there is no danger
from even ah excessive shock unless the
current/ishalso heavy.

The/circuit opening relay is made only
in"the 4fto 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

QOBORDLEDD
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PFiG. 17—SINGLE-TRIP STANDARD AND Low-ENERGY CirCUIT-CLOSING
Tyere CO RELAY, THE Type COA RELAY 1s 6 H-INcH DEEP

INSTEAD OF 6 }4-INCH

be of the ciruityclosing type and operate
an a-c. voltage triprcoil. See Fig. 13.

The circuit opening feature is provided
only in theyType CO Relay.

Instantaneous Attachment

Thelinstantaneous attachment has its
eontacts in parallel with the main con-
tactspof 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 ata
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 cyclerelay 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
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Fic. 19—DousBLE-TRIP STANDARD AND Low-ENBRGY Tyee CO
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when the current is too high—above its
interrupting capacity.  For this pur-
pose the lockout attachment is provided.
It is similar to the instantaneousattach-
ment in appearance and method of
adjusting but its contacts are in series
with the main contactsand 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 sometimesfurnished 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.

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
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TERMINAL RERAYS

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 valuefythe cur-
rent but supervises the entireéjcurrent
circuit and assures the operatorithat
current is flowing through ‘the relay
coils.  The entire scale moves and the
reading is indicated bysa fixed pointer.
A small aluminum pang swings above
the permanentg.magnet and sufficient
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flux isrobbed 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 14 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 torotate, 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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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
readjustinent. 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 er
three thousandths clearance between it
and the shaft and then securely, locked
in position with the lock nut.

The contact opening on_the directions
ally controlled relays should®be, % in
order to reduce the time of operation of
the directional element#@ya mimimum.
No harm will result if the“directional
contacts rebound closed momentarily
after a fault is cleafedy because the over-
current contacts | will ‘ber in the open
position.

The gontact/ opening on relays which
are not directionally controlled should be

S
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

plunger strikes against the core, (it is
likely to stick due to residualymag-
netism,

Double Trip Circuit

If this relay has two stationary con-
tacts on the overload element{it may be
used for trippinggtwo circuit-breakers
simultaneously, (or 40r) any purpose
where it is desired“to have two circuits
closed at the sameytime by the relay and
yet have themyindependent when the
relay is (not! operated. Double con-
tacts oh, the, relay are necessary so
that either, breaker may be opened
independently of the other for ordinary
switching@operation and allowing both
to be“tsipped 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. Y

Ordering Instructions

When ordering renewal parts, give
the nameplate reading and the name
of the part wanted.
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Fi6. 22—TypEs CR, CRA aAND CRC SEVEN-TERMINAL RELAYS.
Tuis CovErs THE DoUBLE-TRrIP, CIRCUIT-CLOSING OR THE SINGLE-
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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 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 propemmut
with a wrench. Note that the top.
mounting stud may be utilizéd as .a
grounding stud for grounding the metal
case.

Connect the relay as shown on the
proper diagram in tHi§)leafled, or consult
the nearest SalesdOfficeffor “additional
diagrams of comnections forycases not
covered by this leaflét.

The tripping “eircuit gShould not be
opened by the relayjbput an auxiliary
contact on the circuit-breaker should be
provided to open the tripping circuit
the instant the bréaker opens.

Thisrelay is suitable for operating the
Westinghouse direct trip attachment for
tripping direct from the current trans-
formemand also for operating the trans-
feprelay 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 shert
circuit conditions is determined, by
consideration of the sequence impwhich
the breakers should trip, the, timefre-
quired for breaker mechaniSéms to'@pérate
etc., as required to give proper selective

Prase A

action throughout the system asa whole.
Current Setting:

The connector ‘Serew ongthe terminal
plate above the time 'sg¢ale makes connec-
tions to variofts tutns on the operating
coil. By placingghisscrew in the various
holes, the Telay ‘will just close contacts
at the corresponding current, 4-5-6-8-10.
12 or 15"amperes, or as marked on the
terndinaly plate.

The tripping value of the relay on any
tap may be altered by changing the
initial tension of the spiral spring. This
¢an |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
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F1g. 2—CONNECTIONS FOR SHORT-CIRCUIT AND GROUND PROTECTION
Using Tyee CR RuLays anp Hicu-Texsion 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,ay good
contact, for the operating current ‘passes
through it. Since the overload €lement
is connected directly in the cufrrent
transformer circuit, the latter'should be
short-circuited before changing, the con-
nector screw. Thigycan beddonel conven-

F1G. 3=—CoNTACTOR SwITcH ColL CONNECTED IN
Trip CIRCUIT. THE TARGET OPERATES ON
2.25 AMPERES OR MORE

iently by inserting the(extra“eefinector
screw, located on the right hand mount-
ing boss, in the new tap and removing
the old screw from it§ original setting.

Time Adjustments

The index 0r time lever, limits the
motiofigof the,disc and thus varies the
time of operation. The latter is pro-
portiefidh to the leversetting, thatis, with
the [lever ‘on, the number 5 setting, at
2000 percent load, the relay will operate
in onesecond and similarly on the number
1 setting the time of operation is 0.2
secords.

The relay has been calibrated from the
# 10 time lever setting according to the
curve engraved on the nameplate. The
# 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 commnected in
parallel with the contactor switch coil
and if the tripping current is more than
2.25 amperes d-c., sufficient current will
flow through both coils to cause their

2

operation. The resistance of both_coils
in parallel is approximately 0.250hm.

If the trip current is less than 2.25
amperes there is no necessity for thelcon-
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 hasmapproximately 2.8
ohms resistance. Tio diséonnect the con-
tactor switch coil, remove/the lower lead
on the front statiemary contact of the
contactor switch(See Figure 3) and this
lead should \b¢ fasténed (dead ended)
under the smallffillister head screw
located in the micarta base of the con-
tactor switch/(See Figure 4).

Make sure that the indicator receives
sufficienty, current to operate through
theptrip 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
overcurrent contacts) and the duo-
directional relay cannot be made direct-
ional controlled and therefore the con-
tacts of the overcurrent and dirkctional
elements are in series in the trip circuit.

F16. 4—CoNTACTOR SwitcH COIL IDISCONNECTED

rROM TrIP CIRCUIT. ALL THE CURRENT PASSES

THROUGH THE TARGET COIL SO THAT IT WILL
OPERATE ON .2 AMPERE OR MORE

-
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F16. 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

Connector Biock

Operation indicator P i Stationary Contoct
p e ~

Rear View

F16. 6—INTERNAL CONNECTIONS OF SINGLE-
TRr1p, STANDARD-ENERGY TyPE CO RELAY

Hoving Contact

will be 309; 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 tofconnectdthe
current coils of a singlé phaseypower
factor meter in series withythe current
coils of the relay. @A pair of’potential
leads is then selected which will give 86.6
per cent powér factor,\leading on the
power factor meter when the line power
factor is 100Q)percent. These two leads
should begennected tothe relay potential
terminals. The upper contact should be
inspected, Jas before mentioned in the
preceding paragraph and checked for
proper direetion of operation.

Moving Contact

Jperation Indicator

Phase Indicator Method

A third method of checking the propef
connections of the relay is by means of
the Westinghouse phaseindicator. Itisa
portable instrument built on very much
the same principle as a power, factor
meter but calibrated to read indegrees,
and show preciselyfthe_phase relation
between any cusrent and voltage sources
to which it mayjbe ceminected. Full
directions forgthe use, of the portable
phase indicator /are, supplied with the
instrument.

Relay for 90%)Connection

This “gelay ean be used for the 90°
comnegtion, “that is, with the current
leading theapplied potential by 90° when
theline power factor is 1009}, 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¥ 721435
50 Cycle, 115 Volts, 670 ohms, S% 721436
60 Cxycle, 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

For trip currents fess
than 225 amp.disconnect

Middle \
Contact 4

Punchings

ferminal

~ « and dead-end this fead.

Contactor Switch

1
1

trip ottoch. cur-

rent in relay brip
J  cireuit must be
/ greater than
225 amps.

|
b &
oo gl__% When using insk
/

When using inst trip,
omit this lead, and
wire per dotted lines.

Punchings

Rear View

F1G. 7—INTERNAL CONNECTIONS OF DOUBLE-
Trip, Low-EneErGy TvPE CO RELAY
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Fic, 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

energy and standard relayshave 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 thecurrent 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 ofja
standard energy 4-second relay. with, a
10 to 1 gear reduction, making thétotal
time 40 seconds on the flat{past of the
curve. The 25 cycle relay hasia’re-
setting time of approximately 90 sec-
onds. It will overhedt beforettripping
from the number 10| pgsitionr for cur-
rents greater than #50% offthe tripping
value. Theé €0 cycle relay resets in
120 seconds “@md’ will overheat before

T oisc
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MAGNET  deememmm e
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| CIRCUIT /
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F1G6. 14=AD)USTMENT DETAILS AND METHOD OF
MOUNTING )THE INSTANTANEOUS ATTACHMENT

teippingpfrom the number 10 position
for clicrent greater than 10009 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 attachment men-
tioned below is useful on this relay to
protect against short circuits.

CRC Ground Relay

This is a directional relay quite similar
to the CR relay with the same dimen-
sions and internal connections, but the
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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 thelocation 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 pgturn 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) pox
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 onlyptwo or
three thousandths clearance between, it
and the shaft and then/Seeurely locked
in position with the lock nut.

The contact openingloft the'direction-
ally controlled relaysghould be” 4" in
order to reduce the time of operation of
the directional element“te a minimum.
No harm will resultVif the directional
contacts rebound fclosed momentarily
after a fdult is cleared{ because the over-
currenf contacts will be in the open
position.

The“eentaetyopening on relays which

are not diregtionally controlled should be

s
37

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

plunger strikes against the 'core, 1t} is
likely to stick due to residudlymag-
netism,

Double Trip Circuit

If this relay has twe stationary con-
tacts on théoverleodd element, it may be
used for tripping twé circuit-breakers
simultaneously, ‘o, 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 mot operated. Double con-
tacts‘On_she relay are necessary so
thatyeither 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 #ip 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.
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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 see that they
have not_ become misaligned and that
there is nofriction 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 mut
with a wrench. Note that thegtop:
mounting stud may be utilizefl as a
grounding stud for groundmg theymetal
case.

Connect the relay as shownn on the
proper diagram in tins‘leaflet, or.eonsult
the nearest SalesfOffice for, additional
diagrams of comnectionts for “cases not
covered by thisleafiét.

The tripping cireuit gShould 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
Westingheuse direct trip attachment for
trippingydirect 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 thefytap
setting.

SECOND-—The time setting,for shott
circuit conditions is determined™uby
consideration of the sequenigepin “Which
the breakers should trip, thedtime re-
quired for breaker mechanisms to opérate
etc, as required to give proper selective

action throughout the system as a whole.
Current Setting:

The connector screw omsthe terminal

plate above the time scale makes connec- -

tions to variogs turns og‘\th
coil. By placing this-sgr . H
holes, the relay will ’ﬁ”&ose contacts’
at the carresponding 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
initialtension 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
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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
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 a4good
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 changingithé con-
nector screw. This can/be done conven-

Fic. 3-—CoNTAcTOR SwITCH CoIL CONNECTED IN
TRIPECIRCUIT. THE TARGET OPERATES ON
2.25 AMPERES OR MORE

iently by inserting the_€xtra connector
screw, located on the pight hand mount-
ing boss, in the new tapjand removing
the old screw from itsheriginal setting.

Time AdjuStments

The index or time lever, limits the
motion offjthé disc and thus varies the
time ‘ofyoperation. The latter is pro-
portional to,the lever setting, thatis, with
the deven, onthe number 5 setting, at
2000 pércent load, the relay will operate
imone second and similarly on thenumber
1 setting the time of operation is 0.2
seconds.

The relay has been calibrated from the
#10 time lever setting according to the
curve engraved on the nameplate. The
# 11 time setting may be used to secure
a time delay approsimately 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-
wisethe 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-c., sufficient current will
flow through both coils to cause their

2

operation. The resistance of both ¢oils
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 remeved
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. T@'disconnect the con-
tactor switchoil, remove the lower lead
on the front stationagygcontact of the
contactor switeh (See Figure 3) and this
lead should be fastened (dead ended)
under theVsmall fillister head screw
located Tytheimicarta base of the con-
tactor, switchi(See Figure 4).

Makeysure that the indicator receives
safficient current to operate through
the triplcoil. The trip coil has such a
highy,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 resistange . 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 1is, 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.

F16. 4—CoNTACTOR SWITCH COIL DISCONNECTED

FROM TRIr CIRCUIT. ALL THE CURRENT PASSES

THROUGH THE TARGET COIL SO THAT IT WILL
OPERATE ON .2 AMPERE OR MORE

o
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Single
L Phase

Shunt (-6banﬁ?
Zfi}%
30103 | S~Res

F1G. 5~—METHOD o TESTING POLARITY OF TYPE
CR REray. THE CoONTACTs REMAIN @PEN

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

Cheching 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 fauls 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

Connector Block

Operation Indicator ~ATT Statignary Lontack /
pd y - /

Rear View
F1G. 6—INTERNAL CONNECTIONS OF SINGLE- F16. 7—INTERNAL CONNECTIONS oF DousLE-

TRIP, STANDARD-ENERGY TypE CO RELAY

will be 3097 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 gonnectithe
current coils of a single (phaseypewer
factor meter in series withythe current
coils of the relay. Agpair ofjpotential
leads is then selected/which will give 86.6
per cent powergifactor (leading on the
power factogimeter when'the line power
factor is 10Qypergent. These two leads
should béeennected tothe relay potential
terminals. The upper contact should be
inspectedfas before mentioned in the
preceding / paragraph and checked for
proper difection of operation.

Moving Contact

Operation Inditator

HMogving Contact -

Phase Indicator Method

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

Relay for 902 Contiection

This “zelay can be used for the 90°
conneetion, §that is, with the current
leading theapplied potential by 90° when
the'line power factor is 10097, by instal-
ling a sbitable 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¥ 721435
50 Cycle, 115 Volts, 670 ohms, S¥ 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
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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

energy and standard relayshave 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 thecurrenttrans-
former is considerably less than that of
the low-energy CO relay.

The 40-Second Type CO Relay

This relay is similar in appearanceito
the low energy relay but consists of ‘a
standard energy 4-second reldy, withya
10 to 1 gear reduction, making thetotal
time 40 seconds on the flat part of the
curve. The 25 cycle relay has“ayfe-
setting time of approximately 90 sec-
onds, It will overheatfbefore tripping
from the number 10 (positionwfor cur-
rents greater than 7509, (of the tripping
value, Thef60 cyecle relay resets in
120 seconds and 4will overheat before

Contaeds
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F1G. 14AD)USTMENT DETAILS AND METH®D OF
MOUNTING “THE INSTANTANEOUS ATTACHMENT

tripping “from the number 10 position
for/current greater than 10009, 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 instantaneousattachment men-
tioned below is useful on this relay to
protect against short circuits.

CRC Ground Relay

This is a directional relay quite similar
to the CR relay with the same dimen-
sions and internal connectiors, but the
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F16. 16-—8INGLE-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 ineans of current
from a storage battery and a relay which
closes its contacts to complete the cir-
cuit through the trip ceil. ~ 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-
taetor whichisenergized fromasecondary
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 theé con-
tacts break the full short cirguit current
and they may be seriously burned. It
is therefore important thaty thelyeon-

ROrili2Holes)

Cycle Counter -

Testing Load

}—£scapement Mognet
—Resistor
Bt—t-crock

Ammeter
Q AT&S&'!'I?{,? SW.—-I 110V AC.,

F1G. 18—CeNNECTIONs FOR THE UsE OF THE CYCLE (COUNTER 1N
TesTING CirculT-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 continuouslyfand
if they become bad, they will begin 4o
overheat and finally burn openjthe cur-
rent transformer circuit.

Because these contagtsyshorticircuit
the trip coil, it is important that the
relay be mounted where’ it will not be
subjected to shocks whichiymay jar the
contacts open and thereby allow current
to flow through the tripjeoil.

Trouble of this kind, can be avoided
by preventing Jar§ to the switchboard
and als@ by |settingsfthe trip coil high
enough so that it wlll not operate on
normal lead current. This is an extra
safe-guard copthat there is no danger
fromgevenjan excessive shock unless the
cirrent s, also heavy.

'The circuit opening relay is made only
in the®d to 15 ampere range. Lower
ranges are not desirable because the
burfden 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

85Hax.

8 g

atgonneg

2
25

be of thegircuit clesing type and operate
an a-c. voltagetrip coil. See Fig. 13.

Thecircuit gpening feature is provided
only in“the Type CO Relay.

Instantaneous Attachment

The instantaneous attachment has its
eontacts 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

|
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F16. 17—SINGLE-TRIP STANDARD AND LoW-ENERGY CIRCUIT-CLOSING
Tyee CO ReLAY, THE Typg COA RELAY Is 64f-INCH DEEP

INSTEAD OF 6 J4-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 instantaneousattach-
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 sometimesfurnished 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 intemal 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

255w

N

!
E0ril, 6 Hales A Dril 2 Holes

Fi1c. 21—Types CR, CRA ANp CRC SINGLE-Tmip CIrCUIT, SIX-
TERMINAL RELAYS

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 ofsthe cur
rent but supervises the entire“Gurrent
circuit and assures the operdtor ‘that
current is flowing throughg'the relay
coils. The entire scale miowes and“the
reading is indicated by _a,fixedypointer.
A small aluminum vadne swings above
the permanent _magnet/ and sufficient
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Fic. 20—THREE ELEMENT Tyre CO or COA RELAY WiTH EXTRA
ALARM TErRMINAL. For REtAy wiTHOUuT ALARM CircuiT OMIT THE

BorToM

TERMINAL

flux'is rebbed from the magnet to damp
the movements of the ammeter.

The current reading depends ypen-
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 14 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 torotate. 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-
cator on the overload element is ad-
justable but this is primarily a factory
adjustment and thelocation of the torque
compensator should not be changed in
the field.

Readjusting Relays

) Overload Element

e * I the factory adljustment; has been

disturbed, proceed as follows to make
readjustment. By shifting the position
of the contact stop on the time lever,
adjust éoq;acsg‘ g5 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

TheYension 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, ‘@uring

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'er
three thousandths clearance between it
and the shaft and then securely, locked
in position with the lock nut.

The contact opening on,the ditection-
ally controlled relays should Beggs’” in
order to reduce the timefof operation of
the directional element topa minimum.
No harm will result if the“directional
contacts rebound_ closed momentarily
after a fault is clearedy because the over-
current contacts gill] ®e in the open
positiond

Thefcontact opening on relays which
are not directionally controlled should be

”
7 .

Contagtor 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

plunger strikes against the corej\it is
likely to stick due to residéial mags
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, . orf " for any purpose
where it is desired toghave two circuits
closed at the sametime by the relay and
yet have themyindependent when the

relay is¥not operated. Double con- .

tacts “on, thesfrelay 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
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.
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Fic. 22—TyreEs CR, CRA anNno CRC SEVEN-TERMINAL RELAYS.
THIS COVERS THE DOUBLE-TR1P, CIRCUIT-CLOSING OR THE SINGLE-
TRre, DUO-DIRECTIONAL, OR THE SINGLE-TRIP WITH AN EXTRA TaP
BETWEEN THE DIRECTIONAL AND THE OVER-CURRENT ELEMENTS.
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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 remeved and the interior, parts
carefully inspected for any damage
which might have been -done in ship-
ment. This inspectio® should include a
test of the moving parts tosee that they
have not become misaligned and that
there is nofriction 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 properinut
with a wrench. Note that themtop
mounting stud may be utilized as @
grounding stud for groynding theimetal
case. :

Connect the relay,as shown on the
proper diagram in this leaflef, eronsult
the nearest Sales{Office for, additional
diagrams of comnectigns for ‘cases not
covered by thisleafléet.

The tripping ciretit s&8hould 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
trippingidirect from the current trans-
former and also for operating the trans-
fer relay for the same purpose.

Instructions for Setting action throughout the system as a whole.

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

The connector setew ongthe terminal
plate above the time scale makes connec-

FIRST—In terms of the secondary tions to vario@s turfis,on the operating
circuit of the current transformer, the coil. By placing this serew in the various
minimum amperes to trip (tap setting) holes, the relay willjust close contacts
should be higher than the overload peaks at the carresponding current, 4-5-6-8-10-
due to service lpad. Under short circuit 12 or_15 amperes, or as marked on the
conditions, the current will be fixed by ternfinal plate.
theimpedance of the circuit to which the The tripping value of the relay on any
relays are connected and the minimum _ap may, be altered by changing the
short circuit current will usually be/ initialytension of the spiral spring. This
several hundred percent of thefitap“can be accomplished by turning the
setting. spring adjuster by means of a screw

SECOND—The time setting,for shott dpiver inserted in one of the notches of
circuit conditions is determined®aby) the plate to when the outside convo-
consideration of the sequeficepin Which lution of the spring is fastened. An
the breakers should trip, theWtime ré- adjustmentof tripping current approxi-
quired for breaker mechanisms to opérate mately 15percent above or below any tap
etc., as required to give proper selective value, can be secured without materially
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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

energy and standard relayshave thesame
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 congists of a
standard energy 4-second relayjwithua.
10 to 1 gear reduction, makifigsthe total
time 40 seconds on the flat partpof the
curve. The 25 cycle relay has afre-
setting time of approximately, 90 sec-
onds. It will overheat before tripping
from the number_10 (position” for cur-
rents greater than 750% ‘ofthe tripping
value. Thel 60 cycle relay resets in
120 seconds and{will overheat before

TRIP =
CIRCUIT
==

MAGNET S
SCREW ﬁgﬁ
CURRENT \.: £ coi
CIRCUIT, o

Il o
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FiG. 1 #4—ADJUSTMENT DETAILS AND METHOD OF
MOUNTING “THE INSTANTANEOUS ATTACHMENT

tripping from the number 10 position
for| curfent 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 instantaneousattachment men-
tioned below is useful on this relay to
protect against short circuits.

CRC Ground Relay
This is a directional relay quite similar
to the CR relay with the same dimen-
sions and internal connections, but the
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relayiasc.shunt trip and its connections, and complete connec-
trons as perdolted line.

Three Phase Protection
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F16. 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.
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 whichisenergized fromasecondary
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 thé con-
tacts break the full short cireuit current
and they may be seriously burned. “It
is therefore important thatwtheleén-
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F16. 18—CONNECTIONS FOR_THE USE OF THE CX¥CLE 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 S0 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 continuouslyfand
if they become bad, they will begin to
overheat and finally burn openithe cur-
rent transformer circuit.

Because these contagtémshorticircuit
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,tripleoil.

Trouble of this kind, can be avoided
by preventing jar§ tol the switchboard
and alsé by setting#the trip coil high
enough so that it wlll not operate on
normal load current. This is an extra
safe-guard softhat there is no danger
fronmeven‘an excessive shock unless the
currentiis,also heavy.

The circuit opening relay is made only
in thé®™d 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
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be of thegireuit closing type and operate
an a-c. voltagetrip coil. See Fig. 13.

Thecircuit opening feature is provided
only in the Type CO Relay.

Instantaneous Attachment

The,instantaneous attachment has its
eontacts 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 48 and 120 amperes.
The marking is accurate to within =
259,. 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
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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 instantaneousattach-
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. Similarly Fig. 15 shows a typical
diagram of intermal 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
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TERMINA

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 offthe cur-
rent but supervises the entire current
circuit and assures the opetdtor that
current is flowing through@thejrelay
coils. The entire scale moyves and the
reading is indicated by apfixedypointer.
A small aluminum vdne swings above
the permanent gmagnetfand sufficient
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flug 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 thatit 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 sonvenience
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 torotate. 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 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 ot
three thousandths clearance between At
and the shaft and then securely, locked
in position with the lock nut,

The contact opening gmythe ditection-
ally controlled relays should béwgs’ in
order to reduce the time’of operation of
the directional element t@pa minimum.
No harm will result \if the“directional
contacts rebound, closéd momentarily
after a fault is clearedpbecause the over-
current contacts /willl/be in the open
positiont

The contact opening on relays which
aremot diréctionally controlled should be
3’5!!'

Conitactor 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

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 trippidg two circuit-breakers
simultaneausly, yef for any purpose
where it is desired gefhave two circuits
closed at the,sameéytime by the relay and
yet havé thempindependent when the
relay  is" nlot joperated. Double con-
tacts omy thé" relay are necessary so
that eithep breaker may be opened
indepeéndently of the other for ordinary
switehing operation and allowing both
to be“tripped if both are closed when
troeuble 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.
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Types CO and Cc(l)A Overcurrent
an
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 see that they
have not become misaligned and that
there is nofriction 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
therelay, for slate panel mounting. The
terminal studs may be easily removed
or inserted by locking two nuts on the
stud and then turning the properfnut
with a wrench. Note that the top
mounting stud may be utilizéd as sa
grounding stud for grounding the metal
case.

Connect the relay as shown én the
proper diagram in ti§leaflet, or consult
the nearest Sales{Officeffor additional
diagrams of comnectigns forpcases not
covered by this leafiet.

The tripping eircuit 4Should not be
opened by the relay,jbut 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-
formerand also for operating the trans-
feryrelay 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 shert
circuit conditions is determined, by
consideration of the sequence imjwhich
the breakers should trip, the, timejre-
quired for breaker mechanisms toopérate
etc., as required to give proper selective

Puase A

action throughout the system as a whole.
Current Setting:

The connector serew ondthe terminal
plate above the time sgale makes connec-
tions to varigus turms 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
terminaly plate.

The tripping value of the relay on any
tap may be altered by changing the
initial tension of the spiral spring. This
¢an 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
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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
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 screwgis
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 thefcon-
nector screw. This can be déne)conven-

FiG: 32 CONTACTOR SWITCH COIL CONNECTED IN
Tr1P CIRCUIT. THE TARGET OPERATES ON
2.25 AMPERES OR MORE

iently by inserting the ektra,connéctor
screw, located on the right hand®mount-
ing boss, in the new_tap“and removing
the old screw fromfits original setting.

Time Adjustments

The index or time lever, limits the
motion of“theddisc and thus varies the
time ofloperation. The latter is pro-
portional tolthe lever setting, that is, with
the léverhon the number 5 setting, at
2000 pefcent?oad, the relay will operate
insone second and similarly on thenumber
1 setting the time of operation is 0.2
seconds.

Therelay has been calibrated from the
#10 time lever setting according to the
curve engraved on the nameplate. The
#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 commnected in
parallel with the contactor switch coil
and if the tripping current is more than
2.25 amperes d-c., 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 cons
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. T ogdiSconnect the con-
tactor switch coil, remoeve 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 ‘sm@ll fillister head screw
located infthe ‘micarta base of the con-
tactorswitch (See Figure 4).

Maketsure/that the indicator receives
sufficient current to operate through
the trip €oil. The trip coil has such a
highjinductance that the breaker may
open and open its pallet switch before
the current has built up to its full value.
#Aldso, 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 1is, 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.

F1G6. 4—CoNTAcTOR SwiTcH CoIL DISCONNECTED

¥ROM TRIP CIRCUIT. ALL THE CURRENT PASSES

THROUGH THE TARGET COIL SO THAT IT WILL
OPERATE ON .2 AMPERE OR MORE
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F16. 5—METHO® oF TESTING PoLaRITY OF TYPE
CR RELaY. THE CONTACTS REMAIN @PEN

The directional element is usually
connected to thesystem in sucha 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 currentand 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, itis
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 309, 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.

Watumeter 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 select a pair of voltage leads which
give the highest reading on the watt-
meter. Thetwo leadsshould 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 barss
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 totconnectWthe
current coils of a single phaseypower
factor meter in series withpthe current
coils of the relay. A pair of’potential
leads is then selected \which, will give 86.6
per cent powér factor \leading on the
power factor meter when the line power
factor is 10Qypercent. These two leads
should be'¢ennected to the relay potential
terminals. The upper contact should be
inspected, ‘as before mentioned in the
preceding paragraph and checked for
proper direetion of operation.

Moving Contact

Jperation Indicator

Phase Indicator Method

A third method of checking the propef
connections of the relay is by means of
the Westinghouse phase indicator. Itisa
portable instrument built on very much
the same principle as a power, factor
meter but calibrated to read indegrees,
and show preciselygthe_phase relation
between any cusrentand voltage sources
to which it mayljbe cednected. Full
directions forgthe use, of the portable
phase indicator /are, supplied with the
instrument.

Relay for 90%Connection

This“relay jcan be used for the 90°
confiegtion, “that is, with the current
leading theapplied potential by 90° when
theline 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# 721435
50 Cycle, 115 Volts, 670 ohms, S# 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
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Connector Block HMowing Contact - ~~ ~ t‘hc;; d??ﬁd am%,?zgco?ne;é
i and dead-end this lead.
o Stationary Contact 4 b /
Operation Indicator - 7 B ONITeo= >
i ™~ /,/ i \\
s i) ~ T 2 g
< 1y Contactor Switch L LR\ contactar switen
A —
/ / Connector Block | \Middle Contact "
/ ! LIITTITTTY \I
i i
/ { R
, L=
! Midale \ o E‘—_L When using inst-
i Contact \ r ] tripattoch, cur-
{ \ / rentin relay trip
4 N / cirewit must be
A Punchings \ / reater than
Terminal \\ N 25 amps.
. I When using inst trip,
N . X - omit this lead, and
TorqueCadpensator—< . - _ e ™ . wire per dotted lines.
—_— erminal Punchings
Rear View Rear View
F1G. 6—INTERNAL CONNECTIONS OF SINGLE- F1c. 7—INTERNAL CONNECTIONS OF DeusLE-
TrIp, STANDARD-ENERGY TyPE CO RELAY Trrr, Low-ENErGY Tvpe CO RELAY



W estinghouse Types CO and COA Overcurrent-and Types CR, CRA and CRC Directional Overcurrent Relays

i
‘l

i
Hi
|

Excess

r 3
i (SJ S - 0‘?—-— current
1 !

contacts

i
i Connector
" Black

Overfoad

+
Iy
1

Fxtra ||

!
1
il

cont.swy|~
"

1!
Torgue |
C‘ompeni—?
sotor "

RN . P4

Element

25 Lontactor
I J:‘.-— Switch

Switch

F1G. 8—INTERNAL CONNECTIONS OF STANDARD-ENERGY, UNI-

BIRECTIONAL, SINGLE-TrRIP TyPE CR RELAY

wITH A Tap

CONNECTION BETWEEN THE DIRECTIONAL AND OVERCUR-

RENT CeNTACTS—REAR VIEW

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

type and have ratings of .5 to 2.5 or
2 to & amperes.

Potential Terminals

The low energygfype of @€0 and CR minimum time feature by means of
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Directronal

Element

Current
Jepminal

Reor View

Fi1G. 9—INTERNAL CONNECTIONS oFf Low-ENERGY,
CONTROL, UNI-DIRECTIONAL, SINGLE-TRIP T¥PE CR RELAY
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F1G. 10=-Ex1ERNAL CONNECTIONS OF THE TyPE CRC RELAY UsEs
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Pic. 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

Induction [le?vent Contact

Iiming Test
Trig Term, Terminals
l 368 Gper ind—ft Contactor Smw.
Irip Coil =
[#

Cur.Jrans. Tor circuits.
r

= Grd.

Circuit Opening €0 Relay

tnternal Diagram (Rear View)

Single-Phase Protection where there is no 3-phase ground-
ed neutral connected tothe single -phase circurt.
Trans. Jrip Aux. Sw. for open. AnC.SHUnt trip coft with 30
& volts minimum pickup
Rear View
3 - Circ. opening
Type CQ Relays
For internal diagram
Seeabove.

07 ! position of bk

This terminal must,be common
Lo both trip cothand curstrans.

energy and standard relayshave 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 thecurrent trans-
former is considerably less than that of
the low-energy CO relay.

The 40-Second Type CO Relay.

This relay is similar in appearanee te
the low energy relay but consists of,a
standard energy 4-second rélay “with ‘a
10 to 1 gear reduction, making the,total
time 40 seconds on the flatipart of‘the
curve. The 25 cycle relay hagy@ re-
setting time of approximatgely 90 sec-
onds. It will overhgat'beforeptripping
from the number 10 poésition for cur-
rents greater than)7509% of the tripping
value. The 60 eycle relay resets in
120 seconds@and will overheat before

el
T oIsg
P )
CONTACTS
TRIP == T
CIRCUIT [ s
i
MAGNET  cdreer—mm e

RELAY FRAME

PLUNGER E.30

F16. 445 ADJUSTMENT DETAILS AND METHOD OF
MOUNTING), THE INSTANTANEOUS ATTACHMENT

tripping, from the number 10 position
for ‘Gurrent greater than 10009 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 instantaneousattachment men-
tioned below is useful on this relay to
protect against short circuits.

CRC Ground Relay

This is a directional relay quite similar
to the CR relay with the same dimen-
sions and internal connections, but the

Cprliarn
Letrcatsr s
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FEAR VIEW

Three Phase Protection

F1G. 13— OvER-CURRENT PROTECTI®N USING 3 CIRcUIT-OPENING
Type C@® RiLAYS FOR LINE PROTECTION AND ONgE CIRCUIT-

CLosSING GROUND RELAY

Fi6. 15—INTERNAL CONNECTIONS OF THREE ELEMENT TYPE CO AND
COA REeLAY wiTi ExTRa BeELL ALARM TERMINAL
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F1G. 16—8SiNGLE-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 imeans 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.
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 whichisenergized from asecondary
coil on the main pole. ~When the con-
tactor is lifted, it opens the short circuit
around the trip coil and allows thegeur-
rent to flow through the coil

It should be observed that the (con-
tacts break the full short circuit gurrent
and they may be seriously burned, It
is therefore important thatsithe “cofi*

Cycle Counter -

Testing Load

[—£scapement Magnet
—Resistor
Bt—-crock

Ammeler
ATeshhg SW.-—~| 1oV AL,

Fi16. 18—CoNNECTIONS FOR_THE USE oF THE CY@LE CQUNTER IN
TESTING CircuiT-CLOSING TIME-LIMIT RERAYS

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, tg
overheat and finally burn open the cut-
rent transformer circuit.

Because these contact§®short circuit
the trip coil, it is important thatithe
relay be mounted wheredit willjnot be
subjected to shocks whieh ‘may,jar the
contacts open and théreby allow current
to flow through thestrip coil.

Trouble of thig kindfean be avoided
by preventing, jars (to the switchboard
and alsofby setting@the trip coil high
enough€se that it wlll not operate on
normdl loadfcurrent. This is an extra
safe-guard, so ‘that there is no danger
fromgeven amexcessive shock unless the
curgrent 1sjalso 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 circuityclosing type and operate
an a-c. voltage trip coil. See Fig. 13.

The@ircuit opening featureis provided
only in theyType CO Relay.

Instantaneous Attachment

Thelinstantaneous 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 =
259%. 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

5n; 7 ‘ \
/4 Driliéioles) ot z B Drill(2Holes) "
ap _<is —"\ op }*_215
Hagdsbagao)
7 - f}5 === fij
bgMax. 1 ~ {-zig—s
,.:} i "'j i
7 ! / )
63 -2 - i s 2+
50ril! (SHoles)
F16.)1 7-—SINGLE-TRIP STANDARD AND Low-ENEBRGY CIRCUIT-CLOSING Fi16. 19—DouBLE-TRIP STANDARD AND Low-EnERGY Tyee CO

Tyee CO RELAY, THE Tyvre& COA RELAY 1s 63%-incu DEEP

INSTEAD OF 614-INCH

ReLay, ALso THE CIrculT-OPENING TypE CO rorR SERIES TRIP.

Tur TypE COA RELAY Is 6#4-1NCcx WEEP INSTEAD OF 614-INCH




Westinghouse Types CO and COA Overcurrent and Types CR, CRA and CRC Directional QOvercurrent 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 instantaneousattach-
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. Similarly 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
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Fic. 21—TvypEs CR, CRA AND
TERMINA

principle and consists of an aluminum
vane which swings in the same aiffigap
as does the main disc. It, therefore)
not only indicates the value of the cux-
rent but supervises the entire, clirrent
circuit and assures the operatorjthat
current is flowing throughi“the relay
coils. The entire scale moves and’the
reading is indicated by a fixed pointer.
A small aluminum vdne swings above
the permanent magnet( and» sufficient
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Fi6. 20—Turee ELeMENT TypE CO or COA RELAY wiTH EXTRA

AvLARM TERMINAL.

For RErLay witaouT ALArRM Circuir OMIT THE

BorToMm TERMINAL

CRC SINGLE-TwIP CirculT, SIX-
1. RELAYS

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 14 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 Qvercurrent and Types CR, CRA and CRC Directional Overcurren{ 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 frem 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_on
three thousandths clearance between it
and the shaft and then securély, locked
in position with the lock nut.

The contact opening on the direction-
ally controlled relays should®be, 5! in
order to reduce the time of operation of
the directional element{toya minimum.
No harm will result if theWdirectional
contacts rebound closed momentarily
after a fault is cledredybecause the over-
current contacts| will ‘ber in the open
position.

The gontact opening on relays which

are not directionally controlled should be
2
37 .

Contagctor 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

plunger strikes against the core, (it is
likely to stick due to residualy mag-
netism.

Double Trip Circuit

If this relay has two stationary con-
tacts on the overload element{'it may be
used for trippinggtwo circuit-breakers
simultaneously, (or 4fet) any purpose
wher®it is desired"to have two circuits
closed at the sameytime by the relay and
yet have ghem, indépendent when the
relay is (not opeérated. Double con-
tacts on, the, relay are necessary so
that either, breaker may be opened
independently of the other for ordinary
switchingfoperation and allowing both
to beltripped 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
rmanner,

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.
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Fig. 22—TvypEs CR, CRA aNp 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
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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 see that they
have not become misaligned and that
there is nofriction 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. Thé
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 thetop
mounting stud may be utilized™as a
grounding stud for grounding the metal
case.

Connect the relay as shown’on the
proper diagram in thss, leafletfor consult
the nearest Sales ©fficeffordadditional
diagrams of connections fom, cases not
covered by thig(leaflet.

The tripping ‘@irCuit should not be
opened by the relaygpbut an auxiliary
contact on the circuit-breaker should be
provided to open the tripping circuit
the instant the bréaker opens.

This Telay is suitable for operating the
Westinghouse direct trip attachment for
tripping direct from the current trans-
formier, and also for operating the trans-
fenrelay 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 shert
circuit conditions is deterfilined by
consideration of the sequence im, which
the breakers should trip, the timeyre-
quired for breaker mechanisms tojeperate
etc., as required to give proper selective

PHase A

action throughout the system as a‘whole.
Current Setting:

The connectoriscrew on the terminal
plate above the time'§ealé'makes connec-
tions to variou§ turns on the operating
coil. By placing thissérew in the various
holes, the gelay (willljust close contacts
at the corresponding current, 4-5-6-8-10- B
12 or 15%amperes, or as marked on the :
termifial, platel
The tripping value of therelay 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 approzi-
mately 15 percent above or below any tap
value, can be secured without materially
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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
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, s
turned up tight so as to make a good
contact, for the operating curréntpasses
through it. Since the overload<‘eléement
is connected directly in th€“curremt
transformer circuit, the latter should be
short-circuited before changingythefcon-
nector screw. This can/be done conven-

Fi1c.'3-—CoNTACTOR SwiTCH CoIrL CONNECTED IN
TrippCirculT. THE TARGET OPERATES ON
2.25 AMPERES OR MORE

iently by inserting the extra conmmnector
screw, located on the right handémount-
ing boss, in the new tap,and removing
the old screw fromfit§joriginal setting.

Time Adjustmentsf @ 15!

The index or) time*lever, limits the
motion ‘ofythefdisc and thus varies the
time ©f, operation. The latter is pro-
portional‘te thelever setting, that is, with
the lever onfthe number 5 setting, at
2000 percentload, the relay will operate
in one(second and similarly on thenumber
1 setting the time of operation is 0.2
seconds.

Phe relay has been calibrated from the
#10 time lever setting according to the
curve engraved on the nameplate. The
# 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 comnected in
parallel with the contactor switch coil
and if the tripping current is more than
2.25 amperes d-¢., sufficient current will
flow through both coils to cause their

2

operation. The resistance of both c@ils
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 approxim@tely 2.8
ohms resistance. Todisconnect the con-
tactor switch coil, femovelthe lower lead
on the front ‘stationary contact of the
contactor switch {8ee Figure 3) and this
lead shouldgbe fastenied (dead ended)
under thel small| fillister head screw
located in, the micarta base of the con-
tactor switehy(See Figure 4).

Make, sure that the indicator receives
sufficient “éirrent to operate through
the tripycoil. The trip coil has such a
high inductance that the breaker may
open-and open its pallet switch before
thelcurrent 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
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.

F16. 4—ContacTOR SwiTCH COIL DISCONNECTED

FROM TRiIP CIrcuUIT. ALL THE CURRENT PAsses

TurouGH THE TARGET COIL SO THAT IT WILL
OPERATE ON .2 AMPERE OR MORE

-
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Fig, 5—MEeTHO® OF TESTING PorarIiTY OF TYPE
CR RELAY. THE CONTACTS REMAIN @PEN

The directional element is usually
connected to thesysteminsuch 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

Connector Block

Operation indicgtor P

Rear View

TriP, STANDARD-ENERGY TyPE CO RELAY

HovingLontact

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
100percent, 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 batshthen
the potential leads of the relay shouldibe
reversed.

Power Factor Meter Method

A second method is to’eonnect), the
current coils of a singlé phase power
factor meter in series with the current
coils of the relay. AWpair ‘of, potentia!
leads is then selected whichhwill give 86.6
per cent powerfactor leading on the
power factdr meter when the line power
factor is 100, percent. These two leads
should be,connected to the relay potential
terminals. “Ehe upper contact should be
inspectédj,as before mentioned in the
preceding paragraph and checked for
proper direction of operation.

Moving Contact

Operation Indicator

Phase Indicator Method

A third method of checking the'propes
connections of the relay is by means of
the Westinghouse phase indicator. Ttiga
portable instrument built on very much
the same principle as a power factor
meter but calibrated to read in'degrees,
and show precisely gthie phase relation
between any current andvoltage sources
to which it may, be comdnected. Full
directions for_the“use of the portable
phase indicator jare supplied with the
instrument,

Relay for 90° Connection

Thishrelay jcan be used for the 90°
connectionjgthat is, with the current
leading the applied potential by 90° when
thejline power factor is 100%, by instal-
ling a“suitable external resistor in series
withwthe potential coil. These external
registors can be ordered by style number
as follows.

25 Cycle, 115 Volts, 760 ohms, S¥ 721435
50 Cycle, 115 Volts, 670 ohms, S¥ 721436
60 Cycle, 115 Volts, 565 chms, 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 watimeter
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
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others because they are of the low energy Low Energy Types €Q.and’CR relays are different from the standard
Relays ones. Instead of obtaining the definite
The low energy type of ‘€0 and CR minimum time feature by means of

type and have ratings of .5 to 25 or
2 to 6 amperes.
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Fic. 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

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 thecurrent trans-
former is considerably less than that of
the low-energy CO relay.

The 40-Second Type CO Relay

This relay is similar in appearaneeito
the low energy relay but consists of a
standard energy 4-second rélay®with‘a
10 to 1 gear reduction, making the total
time 40 seconds on the flat part ofithe
curve, The 25 cycle relay has, @ re-
setting time of approximately 90 sec-
onds. It will overheatibeforeytripping
from the number 10 pésition for cur-
rents greater tHamy750% of/the tripping
value, The €0 lcycle relay resets in
120 secondshand’ will overheat before

N
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F1G6. 14— ADJUSTMENT IPETAILS AND METHOD OF
MOUNTING, THE INSTANTANEOUS ATTACHMENT

tripping, from the number 10 position
for‘eurrent greater than 10009, 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 instantaneousattachment men-
tioned below is useful on this relay to
protect against short circuits.

CRC Ground Relay

This is a directional relay quite similar
to the CR relay with the same dimen-
sions and internal connections, but the

Lontaads
SEE00 0
Induction E!elmenf Contact ] fﬁefrqj ar
! X dor s
Tt ;’”"’W Test é\ ,_F‘:W i When vged.
rig Term. erminals 3 A O e e ; ”
l 2. Jper.ind. Contactor Sw. 2 - ;——fl — e
- - Y -
Trip Coit Lo This termingl must.be cammon 3 =t _»:L-,— e
Cor Trame Car to both trig cothand €lrtrans ) ST=""=T%
Term. circuits. %}
Tou | 3 e
Circuit Qpening CO Relay B $¢36000
internal Oiagram (Rear View)
Single-Phase Protection where thereis no 3phase ground- £ ans ‘
ed neutral connected tothe single-phase circuit. i —D\:‘] T — | ,
Trans. 7ip Aux. Sw. for apen  AzC. shunt trip coil with 30 — = g
il positon of bk volts'minimum pickup i .,
a [ M

Add

LA
— ) W—

1?'fans. k4

F6ra. =

Note : Ihsensitive groun /Jrotech‘on /s not regquired, omit ground
connections, and complete Connec-

refay, a-@shunttripand :
tions asyper.dotted line.

Three Phase Protection

F1G. 13—0VER-CURRENT PROTECTION UsING 3 CIRCUIT-@PENING
Type CO RELAYS ror LINE PROTECTION AND ONE CIRCUIT-

CrosiNG GROUND RELAY

Rear View

3~ Clre. opening
Type £O Relays

For internal diagram
see above.

lower right hand (R.¥]
terminal must be
common to both trip
cailand CT circ.

| Circuit ctosing Type €0
. ground relay

s
[l

ol im AN Wiras
7 fhe fripming
Eiraeit o be kept
l;’rz‘: jf'om Condoe

e oaa |
E%] — = J%%l

-1 ¥

with the R Wires

ﬂ'
['..

s e Coirg far Sworeh

FEAR Yeew

Fic. 15—INTErRNAL COXNNECTIONS OF THREE ELEMENT TyrE C@® AN
COA RELAY WITH EXTRA BELL ALARM TERMINAL

S T S

)

e



Fi16. 16—SINGLE-PHASE TyPE COA RxLAY
WITH NAMEPLATE REM@VED

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 ineans 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,
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 which isenergizedfrom asecondary
coil on the main pole. =~ When the con-
tactor 1is lifted, it opens the short circuit
around the trip coil and allows the cur-
rent to flow through the coil.

1t should be observed that the ¢on-
tacts break the full short circuit current
and they may be seriously burmed. 1%
is therefore important that_the “Cons

B0rillfeHoles)

Cycle Counter -

Testing Lood
Ammeter

£ 5capement Mognet
- Resistor
B—1-Clock
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F1c. 18—CoNNECTIONS FOR THE USE OF THE CYCLE CQUNTER 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 50 amperes. 1f the
current is small, the relay may give
satisfactory service with inspaction
periods as seldom as once a year. 1t
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 contactggshort circuit
the trip coil, it is important that the
relay be mounted wheréyitt willynot be
subjected to shocks which“may jar the
contacts open and theseby allow current
to flow through the_trip Geil. -

Trouble of thisfkindjcan be avoided
by preventing jats to the switchboard
and also My setting tlie trip coil high
enough §0 that'it wlll not operate on
normal loadyéurrent. This is an extra
safe-guard, so“that there is no danger
from even an excessive shock unless the
curgént/isjalso heavy.

The/eircuit opening relay is made only
in"the 4gfto 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.

1f ground relay protection is re-
quired, the low range ground relay may

pp——
noas ucnd
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25 ]

be of the ciréuit,closipg type and operate
an a-c. voltagé tripycoil. See Fig. 13.

The circuit opening featureis provided
only in the,Type CO Relay.

Instantaneous Attachment

Thejinstantaneous attachment has its’

contacts in parallel with the main con-
tactgpof the CO or CR relay. lts 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
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when the current is too high—above its
interrupting capacity. For this pur-
pose the lockout attachment is provided.
It is similar to the instantaneousattach-
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 sometimesfurnished 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.

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
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Fic. 21—Types CR, CRA anp CRC SINGLE-TrIP CIrcUIT, SIX-
TERMINAL RELA¥S

principle and consists of an aluminum
vane which swings in the same aifigap
as does the main disc. It, therefore)
not only indicates the value of the cug-
rent but supervises the entire, ctrrent
circuit and assures the operatorhthat
current is flowing throughi‘the relay
coils.  The entire scale moves and’the
reading is indicated by a fixed pointer.
A small aluminum vaneswings above
the permanent magnet/ andrsufficient
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flux'is, robbed from the magnet to damp
the movements of the ammeter.

TPhe 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 14 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 dontacts blocked closed.
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Caution

The position of the torque compen-
sator on the overload element is ad-
justable but this is primarily a factory
adjustment and thelocation 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 tie 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 ®e enough to prevent the
contacts from taking their proper pos
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 pafr 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 twoer
three thousandths clearance betweén it
and the shaft and then securély loeked
in position with the lock nut.\\

The contact opening on the direction-
ally controlled relays shouldgbe §:" 1n
order to reduce the time of‘@peration of
the directional element to a minimum.
No harm will result{if theéydirectional
contacts rebound clesed momentarily
after a fault is clearéd, because the over-
current contacts will{'be in the open
position.

The £ontact opening on relays which
are notdiregtionally controlled should be

2
32

ContactorSwitch

X he 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

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 elementpit may be
used for trippinggtwo circuit-breakers
simultaneously, for gfér any purpose
where it is“desired to have two circuits
closed at the same time by therelay and
yet havegtheém independent when the
relay is{ not ‘operated. MWouble con-
tacts @n the gselay are necessary so
that either breaker may be opened
independently of the other for ordinary
switching’ operation and allowing both
to beyptripped 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 doubletrip 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.
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FiG. 22—TyrEs CR, CRA aANp CRC SEVEN-TERMINAL RELAYS.
Tuis CovERs THE DouBLE-TRIP, CIRCUIT-CLOSING OR THE SINGLE-
TriP, DU0-DIRECTIONAL, OR THE SINGLE-TRIP WITH AN ExXTRA TaAP
BETWEEN THE DIRECTIONAL AND THE OVER-CURRENT ELEMENTS.
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