INSTALLATION o

I. L. 41-285R

OPERATION e MAINTENANCE

INSTRUCTIONGS

TYPES CR AND CRC
DIRECTIONAL OVERCURRENT RELAYS

CAUTION Before putting protective relays into
all blocking which may have
been 1nserted for the purpose of securlng the

service, remove
parts during shipment, make sure that all mov-
ing parts operate freely, inspect the contacts
to see that they are clean and close properly,
and operate the relay to check the settings
and electrical connectlons.

APPLICATION
These 1nductlion-type directional over-
current relays are used to dlsconnect trans-
mission and feeder cilrcults when the current

thru them 1n a glven dlrection exceeds a pre-
type
and 1s used for both phase
The type“CRC re-
lay 1s current polarized and wused for ground
fault protection.

determined value. The
tentlal polarized

CR relaygis,po-

and ground fault protection.

Two forms of the relay are manufaetured: a
low energy and a standard @nergy.
to the burden that 1s
transformers and not to the current rating.

This refers

placedy, on“"the current

The low-energy typegPfelayyds used in prefer-

ence to the standard-energy relay where the
requirements necegsitates(1l) a lower burden on
the current transfofmér, or (2) a more 1nverse
curve for seleetivadtys or (3)

range as 4 for

a lower current
example, ground protection of
transmission{ systems. The very-inverse relay
1s similar“to the low-energy relay and 1s used

where a still™“more inverse curve 1s desired.

Relays with circult contacts are
Wsedhiost commonly with the statlon battery to
coll thru the

where there 1s no relil-

closing

~ners-ize the trip relay con-

tacts. Occasilonally,

able source of petentlal available for trip-

SUPERSEDES I. L. 41-285P

*Denotes change from superseded issue.

plng, the breaker may bejtripped by current

from the current tzansformer, by the use of

circult opening relayss

CONSTRUCTION AND OPERATION

CIRCUIT-CLOSING RELAYS

The \circuit-closing relay conslists of an
overcurrentvelement, a directional element, an
operation’indicator, a contactor switch, and

in, some) cases, an Iinstantaneous trip attach-

menta

Overcurrent Element

Thils element 1s
ment operating an overcurrent. The
disc 1s a thin
disc mounted on

an 1nduction-disc type ele-
Induction
four-inch diameter aluminum
a vertical shaft. The shaft
on the lower end by a steel ball
bearing riding between concave, sapphire Jewel

1s supported

surfaces, and on the upper end by a stainless

steel pin.

The moving contact 1s a small silver hemls-

phere fastened on the end of an arm. The
other end of thls arm 1s clamped to an i1nsu-
lated of the dlsc-shaft in the non-
geared type relays, or to an

geared to the

section

auxlliary shaft
disc shaft 1n the geared type

relays. The electrical connection 1s made
from the moving contact thru the arm and
splral spring. One end of the spring 1is

fastened to the arm, and the other to a slot-
ted spring adjuster disc which in turn fastens
to the element frame.

The stationary contact assembly consists of
a sllver contact attached to the free end of a
leaf spring. This spring 1s fastened to a
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Directional Control, Inverse Time (Low Energy 2
Sec., 25, 50 & 60 Cycles, 4 Sec., 25 Cycles) and Very
Inverse Time, Circuit Closing Relays In The Stand-
ard Case. The Single Trip Relays Have Terminal 3
And- Associated Circuits Omitted.

block element

A small
ment of contact follow.

and mounted on the

set screw permits the adjusts
When double trip £1s
required, another leaf spring 1s mounted “on
the Micarta block and a double
mounted on the rigid arm. Then the statd©mary
that

Micarta

frame.

contact 1s

contact set screws permit adjustment so
both circuilts will be made simultaneeusl y.
The moving disc 1s rotated byjaniedectro-

magnet in the rear and damped @y a “permanent

magnet 1n the front. The operatlng torque 1s
obtalned by the cilrcult arrcangement shown 1n
figure 1. The maln pole(coll ef the

acts as a transformer and Indu¢es a voltage 1in

relay
a secondary coll. Current €rom thls secondary
throughy, the
forque “dn the disc by the re-

coll flows ypper pole colls and
thus produces
fiuxes of the upper and

actlon between the

lower poles. The, inverse and very lnverse re-
The deflnite-
flat

a small

lays operate on thls principle.
time, standard-energy relay obtalns its
because of

characteristic curve

saturating transformerr that 1s Interposed he-
tween the,secondary col! and the uprer pcile
This 1s called the torque

the disc mcvemert at

coilse compensator

and\lt slows down high

Directional Control, Definite Minimum Time (2 and
41Sec/n25) 50 & 60 Gyoles) or Inverse Time (Low
Energy 4 Sec.. 50 & 60 Cycles), Circuit Closing Relays
With Instantaneous Trip In The Standard Case.

c¢urrents to such an extent that no gearing 1s

required. (See Fig. 2).

Directlonal Element

This element 1s simllar to the over-current
element except the quantitles used to rotate
the disc and the The two
upper poles of the electromagnet are energilzed

contact assembly.

by overcurrent, and the lower pole by polarilz-
ing voltage on the type CR relay and by polar-
type CRC relay. The
two electrical quan-

1zing current on the
fluxes produces by these
titles cause rotation of the disc 1In a direc-
tion depending on the phase angle between the
current and voltage. As fault power reverses,
while the

remalins fixex,

the current in the relay reverses

polarizing current or voltage

thus a directlonal torque 1s obtalned.

of the disc 1s limited 1rn the

opening Jdircetion

The rozetion
to a few degrees by a pro-
which strikes the
and 1n the closing direction by

striking

Jecting stop o the disc
element frame,
the rigia meving arm the stationary

contact arm.
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Thefmoving contact assembly consists of a
rigid counterwelighted arm fastened to an 1nsu-
lated section of the disc shaft. A 1leaf
spring fastens to the shaft end of the arm
with a silver contact attached to the free end
of the 1leaf spring. When the moving contact
strikes the statlonary contact, the spring de-
flects to provide the required contact follow.
The spiral spring assembly 1s the same as

described above for the overcurrent element.

The stationary contact consists of a right-
angle bracket fastened to the element frame
thru a Micarta insulating block. A contact
thru the outer end of the
and provides adjustable

screw projects
bracket
separation.

contact

To prevent the relay from operating for
faults in the non-tripping direction, the di-
rectional element contact are connected 1n the
upper pole circult of the overcurrent element.
This means that the overcurrent element can-
not operate unless the power flow 1s a pre-
determined direction. This 1s known as direc-

tional control of the overcurrent element.

ﬁfﬂ %
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The older method, now known as non-directional

control, was to connect the overcurrent con-
tacts 1n

circults.

serles and dirgctly in the tripping

Contactor Switch and Operatlion Indicator

The contactor switch 1s a small solenold

type d-c. switch, the coll of which 1s con-
nected 1n the trip circuilt. A cylindrical
plunger with a silver disc mounted on 1ts

end moves 1n the core of the solenoild.
the disc
three silver stationary contacts. In

lower
As the
bridges

plunger travels upward
two of these contacts
In the

contacts are

the single-trip relay,

seal around the maln relay contact.
double-trip all "~ three

used to seal 1n both trip clrcults.

relays,

The operation 1indicator coll 1s connected 1n
the
the trip circuit 1s completed.

trip circult to show a white target when

CIRCUIT-OPENING RELAYS

The circult-opening type CR relay consists
of an overcurrent element, a directional ele-
ment, a de-lon contactor switch, an operation
inditator and an instantaneous trip attachment
are shown In

where required. The connectlons

Fig. 3.

Overcurrent and Directlional Element

These
described above under circuit-closingitype re-

elements are similar to the eléments

lay. Directional control 1s usgd.

De-1on Contactor Switch

Thils switch 1is
whose coil 1is

a smalllla-c solenold switch
energlized™@from a few turns on

the lower pole of ghe lovércurrent element 1in

the standard-energy g type” relays, and from a
small transformer gonneeted in the main cur-
rent circult Inmy ALhe Adow-energy type relays.
Its construction “Jisf{ similar to the d-c type
swlitch except that the plunger operates a
spring 1leaf arm with a silver contact surface
on one{,end and rigidly fixed to the frame on

the otherWend.

The overcurrent element contacts are in the

contaector switch coll circuit and when they

close, the solenold plunger moves upward to

open the de-ion contacts which normally she¥t

clrcult the trip coil. These contactsiare
able to break the heavy current due to a short
circuit and permit this current to energize

the breaker trip coil.

The transforner coll on the 1lowér |\ pole of
the overcurrent element and “Gtheagontactor
switch circuits in the standard-emnergy type

relays are connected to the /malm circults as
When tHejovemeéurrent contact
and the

coll is impressed on

shown in Fig. 3.
closes, the contactor switchieperates,
voltage across the
the
This voltage
switch,
former

toip

transformer and contactor switch coils.

acts Hte seal-in the contactor
and tof feedjenergy through the trans-
cofl g to

which produces

theé maln overcurrent windilng
This
arrangementy, provides a definite minimum pick-

eontact closing torque.

up value lapgely independent of the value of

trip eollyimpedance.

Operatlon Indicator

1s in
and has a minimum pick-

Thedoperation 1indicator series with
the breaker trip coil,

up of 2 anperes a-c.

CHARACTERISTICS

The characteristic curves of the Type CR and
Flgs. 10, 11 and 12.
standard-energy definite-time relay 1is

CRC relays are shown in
The
made in either of the following current ranges:

2 -2.5-3-35 -4 _5 -6 or
by -5 -6-8-10 -12 - 15
The 1low-energy type relay 1is made 1in the

above two tap ranges and also in the following
range frequently used for ground protection:
.5 - .6 - .8

- 1.0 -1.5 - 2 - 2.5

The circuit-opening rélay is made
the 4 to 15

not desirable
coll 1s too

only in
ampere range. A lower
the

heavy

range 1s

because burden of a 1low-

range trip on the current
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transformer. One trip coll 1s required for

each relay.
Phase Relays

Intended for
directional elements that are true wattmeters;
that 1s, they have thelr
the current and voltage are 1in phase.

Relays phase protection have

maximum torque when

Ground Relays

Ground relays operate on 1low current values
and consequently, the low-energy type relays
of these

relays)

are used. The directlonal element

relays (designated as type CR ground
1s not a true wattmeter, out 1s compensated so
that 1ts when the

current lags 15 degrees behind the voltage.

maximum torque occurs

When speclally ordered, S#1161078 Phase
Shifter can be used with the type CR Ground
Relay to provide maximum torque at 45 tof69

degre®s current lagging residual voltage. (The

use of the phase shifter requlres Jreversing

elther the current or the potentlal cobnnec-
tions but not both. Actually, “the eurrent
connectlions are shown reversed gin Rigs. 18
and 22.

INSTALLATION

The relays should be ,mounted on swiltchboard
panels or thelr equdWalent{’ln a locatlon free
from dirt,
heat. vertically by means of
the two mountingstuds for the standard cases

molsture, eXcessive vibration and

Mount thegrelay

and the type WL progection case or by means of
the fourfmounting)y holes on the flange for the
Eilther of the studs
utilized for
electrical

seml-flTash £ypeFT case.

or the mounting screws may be

grounding the relay. The con-

nectlions may be made direct to the terminals
by means of screws for steel panel mounting or
toterminal studs furnished wilth the relay for
or slate

ebony-asbestos panel mounting. The

terminal studs may be removed or in-

locking two

easlily

serted by nuts on the studs and

then turning the proper nut wilth a wrench.

Because the circult-opening relay(contacts
short circult the trip coll, 1t lswimportant
that the relay be mounted where 1t will)not be
subject to shooks which may jar theme€ontacts
open and thereby allow current to flow through
the trip coll. Trouble of thils gkind can be
avolded by preventing jams to the swiltchboard

and also by setting,theltrdp coll high enough

so that 1t willl not ‘operate on normal 1load
current. This 1s anextra safe-guard so that
there 1s no danger ffrom even an excesslve

shock unless théleurrent 1s also heavy.

Phase Relay 30*%€onnection

The directional element should be connected
using agdeltapvoltage across the polarizing
winding thatwlags 30 degrees behind the re-
spectidve
These) connections
19%gxp 21 .
torque In the relay when the current lags 30°

behind its 1004 pf position.

star-current at unlty power factor.
are shown 1n Figs. 15, 17,
These connectlons produce a maxinmum

Phase Relay - 90° Connection

* Another connection 1s the so-called 90°
connection shown 1n Figs. 16 and 20. The
relay uses the current 1n one wire and the
potentlal across the other two wires of the
circult. When thls 1s done, a resistor should

be put 1n serles with the
the relay.

potential coll of

One combination of resistor and potentlal
coll produces a maximum torque 1n the relay
when the current lags 45° behind its 100% P.F.
position.

These external resistors can be

ordered by style number as follows:

25 cycle, 115 volts, 760 ohms, S#T721435
50 cycle, 115 volts, 670 ohms, S#T721436
60 cycle, 115 volts, 565 ohms, S#T21437

Another
tial coll produces a maximum torque in the re-
current lags 60° behind its 100%

This
ordered by style number as follows.

combination of resistor and poten-

lay when the

pf position. external resistor can be

60 cycle, 115 vol%s, 315 ohms, S#L723T74k4

Ground Relays

The directional element should be connected
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to operate on residual current and voltage
for the type CR relay, and on residual cur-
rents for the type CRC relay, as shown 1n

Figs. 15 to 22.

When wusing the cilrcuilt-opening relays for
phase protection, ground protection may /be
secured by using a low-energy cilrcult-cloging
relay operating on a-c. Voltage tglp ¢o01l
from a potential

energlzed single-phase

transformer.

Trip Circuilt

The maln contacts will {\safely close 30
amperes at 250v. d-c, andmthe®wltch contacts
wlll safely carry thls ([eufrent long enough to
trip a breaker.

The relay 1s4 shippedgyp with the operation
Indicator and the“eontlactor switch connected
In parallel. This cilrcult has a resistance of
approximately 0.25 ohm and 1s suiltable for all
trip currents above 2.25 amperes d-c. If the
trip current) 1s less than 2.25 amperes, there
1s no n=ed for the contactor switch and 1t
should, beydlisconnected. To disconnect the
cold, “remove the short lead to the coll on
the front stationary contact of the contactor

10

switch. This 1lead should be fastened (dead
ended) under the small filister-head screw
located 1in the Micarta base of the contactor
switch. The operatlion 1ndicator willl operate
for trip currents above 0.2 ampere d-c. The
resistance of 1ts coll 1s approximately ,2.8
ohms.

An auxiliary switch on theycireult! breaker
should be, used so that when“the
breaker 1s tripped, the tripping, clrcult will
be opened by this switch.

circuit

The circult-closing "relay may also be used
to trip a circuilt Ppreaker equipped with a
Westinghouse "Direct=trip attachment” on the
Thi's“ds avdevice that trips a

circult breaker’ by energy recelved from a

trip colls.

current transformer.

Relay With Quick Opening Contacts

When ), the relays are used with circulit
bregakers“dhat are instantaneously reclosed, 1t
1s\necessary to arrange the relay contacts to
be qudick opening. This 1s done by screwing in
the small set screw on the statlonary contact
assembly untll the contact rivet rests solidly
on the Mlcarta support. When this 1s done,
the positlon of the contact stop on the time
lever should be shifted so that the moving and
statilonary contacts barely touch when the time
lever 1s set on zero.

SETTINGS

There are two settings-namely the current
value at which the relay closes 1ts contacts
and the time required to close them. When the
relay 1s to be wused to protect equlpment
agalnst overload, the setting must be deter-
mined by the nature of the load, the magnitude
of the peaks and the frequency of thelr
occurrence.

For sectionallzing transmission systems the
current and time setting must be determined
by calculation, due consideration ©belng given
to the time required for circult breakers to
open so that proper selectlve actlon can be

obtained throughout the system.

o
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Current Setting

terminal plate
connections to
coll. By
various holes, the

The connector screw on the
t ime

turns

above the scale makes

various on the operating
in the

close

placing this screw
relay will just contacts at the corre-
sponding current, 4-5-6-8-10-12 or 15 amperes,
or as marked on the termlinal plate.

The tripplng value of the relay on any tap
may be altered by changing the initial tension
of the spiral spring. This can be accomplished
by turning the spring adjuster by means of a
screw driver 1inserted 1n one of the notches of

the plate to which the outside convolutilon of

the spring 1s fastened. An adjustment of
tripping current approximately 15 per cent
above or below any tap value, can be secured

without materlally affecting the operating
By choosing the
adjustment of

17.5
characteristie

characteristics of the relay.

proper tap, a continuous

tripping current from 3.4 amperes to
amperes may be secured. The
time curve will be affected less for any large
ad justment 1f the next higher tap 1g selected
and the 1nitilal

1s decreased to secure

tenslion of the spiral 4spring
the desired tripping
value. For example, the relay shouldjpbe” set
tap with less initdal tensilon

In order to secure a 7 ampere trlpping value.

on the 8 ampere

CAUTION Be sure that the“@ennéétor
turned up tight
for the

screw 1s
so as t® makeWa good contact,

through 1it.
connected di-

operating current passes

Since the overload g@lement 1s
rectly 1In the current transformer circuilt, the
latter should be “9short -circuilted before
changing the conpector This can be
done convenlentlyawby 1nserting the extra con-
right-hand

mount ing, boss, dn the new tap and removing the

SCIrew.

nector  Screw, bocated on the
0ld screw from 1ts original setting.

Time Lever Setting

The index or time lever 1limits the motion of

the“disc and thus varles the time of
operation. The latter decreases wilth 1lower
lever settings as shown 1In the typlcal time

curves Figs. 10 to 1l2.

been calibrated from the)#10
The #11 time_setting may
be used to secure a time delay approkximately
that

seconds for a 2 second relay.

The relay has
time lever setting.

10 per cent
setting of 2.2

longer; 1s, to,secure a

ADJUSTMENTS AND MAINTENANCE

All relays should ‘be Inspécted periodically
and the time of operationyshould be checked at
For this
cOunter4should be employed be-
Phan-

tom loads shouldWmet be used in testing induc-

least once every sSiximonths. pur-
pose, a cycle
cause of 1ts convenlence and accuracy.
tion-typeg relays§,because of the resulting dis-
torted current wave form which produces an

error in timing.

#* ALl ‘@entacts should be perlodically cleaned.
Amcontact burnisher S#182A836H01 i recommended
for this purpose. The use of
materlal for

abrasilve
cleaning contacts 1s not recom-

mended, becauss of the danger of embedding
small particles 1n the face of the soft silver

and thus impairing the contact.

The proper adjustments to 1nsure correct

operation of thils relay have been made at the
should not be disturbed after
receipt by the customer. If the

have been changed or the relay taken apart for

factory and
adjustments

repalirs, the followlng 1nstructions should be
followed 1In reassembling and setting 1t.

Overcurrent Element

Shift the position of the
the time lever and adjust the contacts so that
they barely touch when the time lever 1s set
Adjust the of the

that the relay will
contacts at 1ts rated current, as shown by the
terminal block.
the position of the damping magnets so

contact stop on

on zero. tension spiral

spring so close 1ts
position of the screw on the
Shift
that the time characteristics of the relay, as
the typilcal Test
nectlions for the overcurrent element are shown
in Flg. 13 or 14.

shown on time curve. con-

The directional control overcurrent element
cannot start until the watt element has closed

1ts contacts which 1ntroduces a delay of

11
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Fig. 21—External Connections Of The Circuit Closing Type
CR Relay In The Type FT Case For Phase Protection
Using The 30° Connection On The Directional Ele-
ment And The Type CRC Relay In The Type FT Case
For Ground Protection.
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TYPES CR AND CRC RELAYS

This time 1s so small that 1t
1s usually 1gnored and the relays are tested
by blocking the directional
closed position.

several cycles.

contacts 1n the

The position
the overload element 1s adjustable but this is
primarily a factory adjustment and the 1lo-
cation of the torque compensator should not be
changed 1n the fleld. If the relay has a
metal cover, thils cover must be 1n place when

of the torque compensator on

making tests.

Directional Element

The upper bearing screw should be screwed

down until there 1s only two to four

thousandths 1nch clearance between 1t and the

shaft and then securely 1locked 1in position
with the lock nut. This adjustment can be
made best by carefully screwing down the top

disc falls
backing up a fractlon

bearing screw untll the to turn

freely and then of a
turn. Great care must be taken 1n making this

adjustment to prevent damage to the bearings.

The contact opening on the directionally=
1/32" 1in order to
of the 4dd-
No harm(widl

contacts rebound'to

controlled relay should be
time of
rectional element to a minimum.

result 1f the directional

reduce the operation

close momentarlily after a fault g 1s (ecleared,
because the overcurrent contacts wWillWbé in
the open position. The contactg opening on

relays which are not
should be 3/32".

directionglly ‘éentrolled

The tension of the spilrad, spring on the di-
rectional element should|{bef just sufficlent to
return the disc to sthestopmand thus hold the
contacts in the open position.

In many applicatlond there 1s no objection
to having the contacts closed when the relay
1s de-energized. This can be changed by
shifting the spring adjuster but the

on the spring

tension
should never be enough to pre-
from taking their

elther open or closed,

vent the“contacts proper

positien, during time
of @®hert) circult when the forces acting on the

ddsc ‘are small.

14

There 1s an adjustable magnetic vane on each
slde of the wupper pailr which 4is
intended to balance the current circuit. [The
adjustment 1s to circuit the
and apply heavy current to the

of poles,
normal short
voltage coils

current coils. The balancing vanes are then
adjusted till there is no pronounced, torque in
either direction.

used to positively
This

in order to insurel that the relay

This same adjuStment) may be

close the contactsfon cur-
rent aldne.
stallations
will
potential may be zero.

may be desdredeon some in-

always trip the breaker even though the

When operating atgthe maximum torque angle,
the directional of the Type CR Phase
Relay and 2 to 6 andW, to 15 amp. ground relay

edement
should pick-up. on 41 volt and 4 amperes, and
for the 0.5 tg,2W5 amp. Type CR Ground Relays
2w (0amperes. The directional ele-
of¢ the CRC Ground Relay will pick-up at
0.5 amperepeach winding.

on 1 vol¥y
ment

Contactor Switch

Adjust the statlonary core of the switch for
a clearance between the stationary core and
1/64" when the switch is

This can be done by turning the

the moving core of
plicked up.
relay up-slde-down or by disconnecting the
switch and turning it up-side-down. Then
screw up the core screw until the moving core
starts rotating. Now, back off the core screw
untll the moving core rotating. This
indicates the polnts the play in the

assembly 1s taken up, and where the

stops
where
moving
core

just separates from the statlonary core

screw. Back off the core screw approximately
one turn and lock 1n place. Thils prevents the
moving core from striking and sticking to the
stationary core because of residual magnetism.
Adjust the contact clearance for 3/32" by
of the two small nuts on elther side of
the Micarta disc. The swifch should pick-up
at 2 amperes d-c. Test for stickling after 30

been passed through the

means

amperes d-c. have

coll.

Operation Indicator
(Circult-Closing Relays)
Adjust the 1ndicator to

operate at 0.2
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d-c. Test for
sticklng after 5 amperes d-c. 1ls#passedy

anmpere gradually appliled.

Overcurrent Element
(Circuit Opening Relbays)

Adjust the relay withqthe Imstructions given

63-D-733

Fig. 24 —Outline And Drilling Plan Of The Phase Shifter For
The Ground Relay When Supplied. For Reference
Only.

Fig. 23—Outline AndyDrilling Plan Of The External Resistor
For THe 902 Connection. For Reference Only.

under ("Over@urrent Element (Circuilt

standard energy

Closing
Relays)"
circult“epening

except that for the
relay the following cautions

showlkd \be observed:

CAUTION When a signal
1s to be connected 1n seriles

relay contacts, the 1in-
leads of the element from the station-

lamp or other voltage
operated device
with the

ternal

disconnect
ary and moving contacts respectfully and dead

end them. Then the lamp or other device can

be connected to the statlionary and moving

contacts.

De-Ion Contactor Switch
(Circuit Opening Relays)

Adjust the core stop on the
possible without
bushing at the bottom of the
The contact wilill be sepa-

top as high as
allowing the insulating
plunger to touch

the Micarta angle.

rated from the Micarta angle by 1/32" to
1/16". Adjust the contact gap spacing to
slightly less than 1/16 of an inch. Bend down

the contact springs so that a firm contact 1s
made but not so strong that the minimum pick-
obtained. The

tension should be about 15 grams.

up value cannot be spring

Hold the relay closed and with an

auxiliary

contacts
coll
terminals to

connected across the
simulate the circult
that the

less than

relay
proper
breaker contactor

swltch plcks

trip coil, note
up on 4 amperes on

the ! ampere overcurrent tap setting.

15



TYPES CR AND CRC RELAYS

of the standard
opening relay the contactor

In the case energy clrcuit
switch should
plck-up and seal 1tself open at 75% of minimum

trip current.

Operation Indicator
(Circuit Opening Relays)

Adjust the 1ndicator to operate at 2 amperes
a-c.

ATTACHMENTS TO THE RELAY
Instantaneous Trip

The disc
lowered or ralsed to the proper pos-
by loosening the 1locknut which 1locks
Micarta disc and rotating the

The nominal range of adjustment 1s 1 to

required to the element.
should be
sition
the

disc.
4, for example, 10 to 40 amperes and 1t has .an

the limits of

operate

Micarta

accuracy within
10%.

approximately

The drop-out value 1s variedm byiralsing or
top of the

adjustment 1s

lowering the core screw at the
switch, and after the final
made, the core screw should bensecurely locked
in place with the The

lock “nuti. drop-out

This element 1s a small solenoid switch the should be adjusted £or about 2/3 of the mini-
coll of which 1s in serles with the overcur- mum plck-up. Adjusting the drop-out will
rent coll. It functions to energlze the slightly affect the walue of pick-up.
breaker trip coll 1nstantaneously, inde-
pendently of power direction when the fault RENEWAL PARTS
current 1s exceptlonally heavy. The three
statlonary contacts are 1n parallel with the Repalrp, workpcan be done most satisfactorily
maln trip contacts and make possible double at the gfactory. However, interchangeable
i1nstantaneous trip on double-trip relays. The parts “can be furnished to the customers who
position of the Micarta disc at the bottom of are #fequipped for doilng repalr work. When
the element with reference to the calilbrated ordering “parts, always glve the complete
gulde 1ndicates the minimum overcurrent nameplate data.

ENERGY‘REQUIREMENTS
BURDENS FOR/SATURATION CALCULATIONS
Readings taken with Rectox Typé Voltmeter, 60 cycles.
Range V.A. Burden V.A. Burden V.A. Burden V.A. Burden
sffofince  af 2o it
Min. Tap Min. Tap Min. Tap Min. Tap
Deffnite Minimum (Standard Energy)

2-6 18 105 520 1500
4-15 1 115 £16 1647
Inverse (Low Energy)

0.5 - 2.5 200 20.°5 141 366

2 -6 2.4 23.0 168 4€9

4 -15 6 32.8 248 746
Very Inverse (Low Energy)

0.5 & 2.5 1.3 10.7 96 244

2 -6 .6 14.9 135 377

49-15 2.8 25.3 218 6668

These values are the combined burden of the overcurrent and directlonal element

colls 1in series.
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ENERGY REQUIREMENTS

- 1 Reactlve
STANDARD ENERGY, DEFINITE TIME RELAY Tap Watts Volt-Amperes Volt- er P.F.
Burdens at 5 Amperes on the 5 Ampere Tap2 L, 2.04 4 .66 5.1 "
n
Frequency Watts Volt-Amperes P.F. 5. 1.6 5.66 04'0
Cycles 6. 1.32 3.0 3.3 "
n
25 10.6 18 54° Lag 8. 1.12 '5® 2.8 ;
50 9.5 19 60° Lag 10. 1.0 2.5 )
60 9.5 19 60° Lag 12. 0.94 2.35
15. 0.88 2.2 "
Burdens at 5 Ampeifs, 60 Cycles for 1
Various Tap Settings LOW ENERGY, Y 'ERSE RELAY
2
Burdens mperes on the 5 Ampere Tap
Reactive
Tap Watts Volt-Amperes Volt-Amperes P.F. Freque Watts Volt-Amperes P.F.
2 55.0 95.4 110 60° Lag Cycle
2.5 35.0 60.5 70 " 5 1.62 3.3 61° Lag
3 2k .5 42.5 49 " 1.32 3.3 66.4° Lag
3.5 18.5 32.0 37 " 1.32 3.3 66.4° Lag
4 1%.0 24 .2 28 " s
5 9.5 16.5 19 " \ Burdens at 5 Amperes of Current Tap
6 7.0 12.1 14 " VRiacXive .
T Watt t- Volt -A P.F.
8 y.25 7.36 8.5 " ap atts o mperes o mperes .
g 0.5 50.8 116. 127. 66.4° Lag
10 3.25 5.64 6.5 ;
12 2.5 4.33 0 , 0.6 35.6 81.5 89.
: ' 0.8 19. 45.2 4 "
15 2.0 3.46 4 " 19.7 2 4o
1.0 12.9 29.6 32.3 "
1 1.5 6.4 14.6 15.9 "
LOW ENERGY, INVERSE TIME RELAY
2.0 3.9 9.0 9.8 "
Burdens at 5 Amperes on the @e 'I‘ap2 2.5 2.8 6.4 7.0
3.0 2.2 5.0 5.5 "
3.5 1.8 4.1 4.5 "
Frequency ¢ Q . 1.6 3.67 4.0 "
Cycles Watts -Amperes P.F.
5. 1.32 3.0 3.3 "
25 1.96 4.0 61° Lag 6. 1.16 2.66 2.9 "
50 1.60 4.0 66.4° Lag 8. 0.96 2.2 2.4 "
60 1.60 4.0 66.4° Lag 10. 0.92 2.1 2.% n
12. 0.88 2.02 2.2 "
Burdens peres, 60 Cycles for 15. 0.85 1.96 2.14 o
Tap2 Settings
POLARIZING COILS
ctive
Tap at Volt -Amperes Volt-Amperes P.F. The potential polarizing coll burden of the
0.5 50: 116. 127 66.4° Lag directional element at 115 volts for the type
0.6 35.6 81.5 89. " CR line relay are as follovws:
0.8 3%.0 73.4 80. ! % For 90° Connection 3
1.0 20.8 47.6 52. " Freq Resistor Watts VA Lagging Approx. Max.
5 9.6 22.0 24, ! Cycles P.F. Torque Angle
5.8 13.2 4.5 " 25 Yes  8.95 11.3 37.6 45°
5 4.0 9.2 10. " 50 Yes 11.2 14.0 37 45°
3.0  3.04 6.95 7.6 " 60 Yes 11.5 15.3 U41.h4 45°
3.5  2.44 5.6 6.1 " 60 Yes 11.0 19.0 54.8 60°
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TYPES CR AND CRC RELAYS

% For 30° Connection

Fre% Reslstor Watts VA La%g%‘ng Approx. Max.
es CF.

Cyc Torque Angle O
25 No 4.2 18.0 76.5 30° O
50 No 3.45 23.0 81.4 30°
60 No 3.45 23.0 81l.4 30°
The potentlal polarizing coll burdens of the P

directional element at 115 volts for the type

CR Ground Relays are as follows: %

Frequency With Phase \

Cycles Shifter Watts Volt-Amps. P.F.

60 No 5.6 27 78°Lag @
60 Yes 12.6 22.6 56°Lead
The current polarizing burdens of the direc-

tlonal element of type CRC relay at rated

amperes are as follows:

Frequency @

Cycles Watts Volt-Amperes PY

25 4.5 5.0 ey
50 6.5 8.0 ° Lag
60 7.0 9.0 Lag
1. These values are the combined burden of the over& and directional element colls

1n serles.
2. The 1mpedance of the overcurrent
square of the tap markings while

burden

Continuous Ratings

The continuous ratings in amperes of the T

element c va

the directi 1
of the directional element coill whic n
volt-amperes at 5 amperes, 60° lag.
% 3, The angle which the current lags the 0 f. position.

t.coll

es approxlmately inversely as the
Impedance 1s constant. The

es with the overcurrent element is 2

R and CRC Relays are as follows:

Definite Min. Time ! verse Time Very Inverse Time
Tap Continuous One Second, | {\Cont@dnuous One Second Continuous One Second
~
.5 2 70 2 100
.€ 2 70 2 100
.8 2 70 2 100
1.0 3 70 3 100
1.5 3 70 3 100
2.0 4 70 4 100
2.5 5 70 5 100
2 4 8 250t 8 250 t
2.5 5 0 8 250t 8 250 F
3 5 1 8 250t 8 250 ¢t
3.5 6 0 8 250 t 8 250 ¢
4 7 140 9t 250 ¢ 9t 250 t
5 8 140 9t 250 ¢ 9t 250 ¢
€ 10 140 10f 250 10 t 250
4 8 250 1 161 2501 16 1 oot
5 8 250 1 16 250 1 16 2501
6 9t 250 161 250 t 161 270t
8 10t 250 t 17t 250 t 17t 250 1
10 121 o 2504 18t 250 ¢ 181 2501
12 131 250 ¢ 19t 250 ¢ 19t 2504
15 15¢ 2504 20t 250 ¢ 20¢ 2504
tThe dir al element current coll of Type CR relay has a continuous rating of 8- amperes and
a o d rating of 185 amperes. The upper winding of the Type CRC has a continuous rating

s anG a one second rating of 140 amperes while the lower coil has a continuous rat-

8 amperes and a one second rating of 185 amperes. The polarizing coil of the CR relay
ntinuous rating of 127 volts.

)



TYPES CR AND CRC RELAYS

I. L. 4)5285R
13
. ;zs ——542-
Y
T R ]
el i USE SCREWS
-— — FOR THIN PANELS
]
] r%/:'/ - -(2 : \
ew | L 1
| Tho-
|
N S
7 el
i By 7) @A
™ AR be
T th Tafgxm -t
= RANE il
‘ = “f/ — 1ol
; — 4 [.3), Al —
ok }_ Lk i
/, 63— ‘ne'j
| o !
L) B
n .
FdEl B amenc
; o -
I + \u) zz}l
’ T;r/z);\ 214 USE STUDS
'/V ;L)] FOR THICK PANELS
o
)
11 et s SN
3 E] :
. OPENINGS FOR —
3oy 3z BAsE o5 T L 190/32 TERM.SCREW & STUDS L "
PANELS MOUNTING i-zo Mouvgﬁusoc:sw "‘—ZE
b
Fy
39-C-9%2

Fig. 25—0Outline and Drilling Plan for Relays in the/Standard Projection Type Case. See the Internal Schematic for the
Terminals Supplied. For Reference Only.

190-32 TERM. 3CREW
USE 190-32 STUO FOR

PANEL LOCATION
FOR PROJECTION —

ﬁ\\\\\\\J
]
|
|
|
|
|

"

I
1
1
1

TYPE MTG.
- O -
T

H

|
0.
: L
- -6k —=>

_J]ﬁr
- 2190-32MTG.SC.
/a :u

-8y —

e

,///
PANEL LOCATION FOR™
SEMI~FLUSH TYPE MTG.

/

24 WITH SCREW—
2] wiTH ST

uiﬁﬁﬂ }\\

THICK PANEL MTG.

_ CUT QUT FOR SE™MY
- FLUSH MOUNTING
DIA.HOLE DRILL
. R INTERNAL SCHE-
nk% MATIC FOR PROJEC-
| TION MTG.ON THICK ||_
I i N ] CUT QUT FOR
PROJECTION
MTG.ON T
PANELS,
13 !
i'hr' I wi
S L3
o =
T =g
| B q
R
. o9 L4
| 8% 5[' % 4 ﬁ'l—“)
foe T
o2 b s 4
G Sty
LL A __“L 1t
) N U=y QT N T
Fo . : *
3:\2::“:“%1. ; d‘.“ \hm HOLES FOR
HOLE {2 R ol SEM1 FLUSH TYPE
. L T2 MTG. (4 HOLEY)
1 18 MT6.5TUD (2 REQ)
Fm S-B1903
9-8-2021

16-B-2477

Fig. 26— Outline and Drilling Plan for the M-10 Projection or Semi-Flush Type FT Case. See the Internal Schematic
for the Terminals Supplied. For Reference Only.

19



!
|
.

V@'INGHOUSE ELECTRIC CORPORATION
|||||||| .

NEWARK, N .J.
PrintedinU.S. A.



O

INSTALLATION

1L 41-289

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

WESTINGHOUSE
OUT-OF-STEP NOTCHING RELAYS

CAUTION Before
all blocking which may have been 1in-

putting relays into service,
remove
serted for the purpose of securlng the parts

that all

operate freely, inspect the contacts to

during shipment, make sure moving
parts
clean and

see that they are close properly,

and operate the relay to check the settings

and electrical connections.

APPLICATION

This equipment consists of an out-of-step

relay and a notching relay--the combination
belng deslgned to prevent damage to synchron-
It hag

been developed for use particularlyfon [Jfre-

ous machines that fall out of step.

quency changers.

CONSTRUCTION AND OPERATION

Out-of-Step Relay

The out-of-step relay
CR relay. 'The
faster than the normal“¥typefduO element and 1s
similar to that nusedgin thep type COH relay.
Since this element [is Ulkely to be set at
below full load ratinggoef the machine, 1t has
adjustable tap settdngs of from 2 to 6 amperes

1sGgimida® to a type

over~current eleément operates

or 4 to 15 amperes.

The ddrectdonaly element has contacts in both
directionse, The
between the two fixed contacts upon the occur-

moving contacts oscillate

ence of the heavy power surges which accompany
out-of-stép conditlons.

Natching Relay

The notching serles of

type SG relays mounted 1n a single case

relay consists of a
seven

and so connected that they will notch up one

NEW INFORMATION

at a time on each, alternate impulse but will
not operate on repeated 1Impulses 1In the same
direction. The to this
relay from the“out-of-step One notch

dmpulses are sent
relay.
each pole slipped by the
After 3-1/2 pairs of
the seventh SG relay 1s

1s registered for
machine beTng protected.
pole®, have/slipped,

which will clrcult breaker
@andgpalso, indicate an alarm, 1f desired. It 1s
modify the wiring of the notchilng

rélay to elliminate as many steps 1n the notch-

closed, trip the

posgible to

ing chaln as may be desired.

A few Impulses may also be receilved from the
to short
order to reset
that 1t will be
at the next

out-of-step relay due circuits or

severe hunting. In the relay
after such an occurrence so
ready to start counting from zero
disturbance, a time reset all
the SG relays

This timer 1s a small synchronous motor

1s arranged to

after a predetermlined elapsed
time.
relay which can be adjusted to close 1ts
at any desired time between zero and
started when the #2 SG

1s made

contacts
10 seconds. It 1s
1s picked up.
to the second relay to prevent needless opera-
tion of the timer, when only the #1 SG relay
1s picked up, as would be the case 1f the flow

relay This connectinn

of power 1n the machine 1s reversed from 1ts

normal direction for any reason. When the
power returns to its normal direction, it will
notch up the #2 relay which will start the
and thus chain to zero
Similarly, 1f the machine should be out of

step for a short time and then pull back 1in,

timer reset the

the time willl restore the relays to full open

position.

it 1is set the
relay so that unless the pulsations due to the

possible, also, to timing

out-of-step conditions exceed a certaln rate

of speed, the notching relay will be reset

EFFECTIVE MARCH 1951




OUT-OF-STEP RELAYS

before the seventh pole slips. The relay will
thus not operate on slow pulsations but only
these occurling above the predetermined rate.

Operation 1ndicators are connected 1n the
circult of three of the SG relays to indicate
how far the chaln may have been notched up
before 1t was reset. Thils 1s to assist in the
study of system disturbances.

INSTALLATION

The relays should be mounted on swiltchboard
panels or thelr equivalent 1n a locatlon free
from dirt, molsture, excessive vibratlon and
heat. Mount the relay vertically by means of
the two mounting studs for the standard cases
and the type T projectlion case or by means of
the four mounting holes on the flange for the
semi-flush type FT case. Either of the studs
or the mounting screws may be utilized for
grounding the relay. The electrical connec-
tions may be made direct to the terminals by
means of screws for steel panel mounting or to
terminal studs furnilished with the relay for
ebony-asbestos or slate panel mounting. Thg
terminal studs may be easlly removed or in-
serted by 1lockling two nuts on the studs “and
then turning the proper nut with a wrench.

The dlagram shows the connectlons for(star-
connected out-of-step relays applied@ " towa
three-phase system. The star voltage, may be
obtalned by the wuse of the twoy external
reactors which, with the potentidl coll¥of the
relay, form a star box. It may, also“be obtaln-
ed by connectling a resistor imWwserdes with the
relays potential coll. This\ leads the relays
voltage by 30° so that thempelay 1s at maximum
torque when the line power factor 1s unity.
The latter scheme is the onefusually provided.
For the protection of a“8ingle phase machine,
fhe connectionsVarel{ the 48ame except that the
reactoré are omltte@, and the potentilal coll
should be connected across the line.

. ADJUSTMENTS AND MAINTENANCE

The _ proper’adjustments to 1nsure correct
operationwmof this relay have been made at the
faétery and should not be disturbed after re-
celpt, by the customer. If the adjustments
have “been changed, the relay taken apart for

2

repalrs, or 1f 1t 1s desired to check the ad-
justments at regualr malntenance perilods, fthe
Instructions below should be followed.

A1l contacts should be periodically cleaned
with a fine fille. S#1002110 file 1s recom-
mended for this purpose. The usé of,abrasive
materlal for cleaning contédets ‘8 not recom-
mended, because of the danger ofl embedding
small partlcles 1n the facefof/the soft silver.
and thus I1mpalring the contacg.

The overcurrent element p©f the out-of-step
relay should be set{ oh,the desired tap. The
necessary value must, be determlned by a study
of the conditloms under”which the machine will
operate. If, Inmtérmedlate plck-up values are
desired, the “Jtension of the spring can be
changeddby, means of the spring adjuster. This
has sglotg,in it of sultable size so that 1t
can belturnedyby means of a screw-driver. The
samegad justment can be used to lncrease the
plck-upfcurrent for values above the last tap.

The /directional contacts are adjusted at the
factory and thelr position should not be
changed. The spring on these contacts has
sufficlent tension to keep the cilrcult closed
in the normal direction when the relay 1s de-
energlzed. The total travel of the moving
contact 1s made short so that the relay can
keep 1n step with a very high rate of surge
oscillation.

The only required adjustment on the notching
relay 1s that of the timer. The time 1s pro-
portional to the distance travelled by the
contacts. The -backstop which adjusts the
contact travel 1s held solidly in position by
the center screw which must be 1loosened with
a screw-driver before making any adjustment.
The full travel 1s 10 seconds. It should be
borne 1n mind that this timlng starts after
the #2 SG relay 1s operated.

TEST AND MAINTENANCE

The correct performance of the notching
relay can be determined by blocking the cur-
rent element of the out-of-step relay in the

~—
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OUT-OF-STEP RELAYS

1.L.q41-289

LERT HAND CONTACT

/ (FRonT visw)

LGHT HAND CoNRCT

pIR ﬁ (FRONT view)

Z? %%
® ©

REAR View
WiTH PoLARITY AS SHOWN-THE L.H. CONTACT (FR. VIEW) IS CLOSSD.

Fig. l—Internal Schematic of the Out-of-Step Relay, in"the
Standard Case.

closed position and vibrating the didsc of, the
directional element with the finge®®, B¥) this
simple means everything can be ¢€hecked” except
the out-of-step relay 1itself.

The out-of-step relay geanpbe checked when
the machine 1s put 1into,operation by observing
that the directional®“eontacts are 1n the
normal position when the“machine is carrying
power 1in the normal direction. The normal
contact 1s the Adeft-hand one when viewed from
the front. @An (additional check on this will
be to cadse “the machine to reverse 1ts power
flow amd make certain that the directional
element“of thefrelay 1likewlse reverses. The
current element can be checked by observing 1t
as the load on the machine 1s increased to the
point where the current element 1s supposed to
operate. If 1t 1s impractical to increase the
load to that amount, the same effect may be
obtained by producing a poor power factor, so
that the current will 1ncrease. Laboratory
test are easlly made, and 1n the case of the
out-of-step relay should closely follow those
for the standard type CO and CR relays.

RENEWAL PARTS

Repalr work can be done most satisfactorily
at the factory. However, Interchangeable
parts can be furnished to the customers who
are equlipped for dolng repalr work. When
ordering parts, alwa¥ys, glve the complete name-
plate data.

ENERGY REQUIREMENTS

The 60 4eycle Pburdens of the out-of-step
relay apéfas follows:

1.9 (Overcurrent coill plus directional ele-
ment current coills).

a) 2-6 ampere range.
Tap Volt-amps. Power Factor

at 5 amps. Angle-Degrees Lag

2 51 17.2
2.5 36.5 13.2
3 28 12.7
3.5 23.5 12.7
4 20 12.2
5 16.6 14.6
6 14.8 15.9

b) 4-15 ampere range

Tap Volt-amps. Power Factor
at 5 amps. Angle-Degrees Lag
4 14.5 20.6
5 10.7 19.2
6 8.8 19.5
8 6.9 21.8
10 6.0 24,0
12 5.7 25.5
15 5.6 27.3

2. The potentlal coll burden of the direc-
tional element (70 volt rating) is 25.3
volt amperes at 80.4° lag.
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INSTALLATION o

l. L. 41-285.2B
OPERATION ¢ MAINTENANCE

Uy INSTRUCTIONS

\)OI.TAGE RESTRAINT AUXILIARY EQUIPMENT
FOR USE WITH TYPE CR DIRECTIONAL
OVERCURRENT RELAYS

APPLICATION

Voltage restraint auxiliary equipment is
used with the type CR relay to restrain the
directional element from closing its contacts
on normal load flow in the tripping direction
in order that the overcurrent element may have
a setting less than full load.

The use of voltage restraint allows a wider
choice of relay settings to fit the require-
ments of systems which have wide differences
in minimum and maximum load conditions.

CONSTRUCTION AND OPERATION

The voltage restraint auxiliary equipment) is
mounted external to the relay, and consists of
a transformer with a tapped secofidary and a
reactor and resistor connected in series with
the transformer primary. There ané two, termi-
nals for the voltage circuit and three /for the
current circuit. The use offthisg “€quipment
with type CR relays not specifically designed
for it necessitates the adddtien of a new ter-
minal to the standard pcasejrelay and two ter-
minals to the relay in"the FT case, so that a
connection may be made between the directional
element and the overcurrent element current
coils.

The directionall eldement current coll 1is
connectedacrossithe full secondary winding of
the auxidiary transformer as shown in Figure 1
and Figurely@. The current, Ipg, which flows
in this secondary circult 1lags the primary
voltage which produces it by approximately
60°, as ga result of the phase shift in the
reactor. The polarity of the connections be-
tween the relay and the voltage restraint aux-
iliary equipment, 1s such that the current,
Inmas makes an angle of approximately 180° with
the relay polarizing voltage under normal con-
ditions.

SUPER‘SEDES l. L. 41-285.2A

Line current, I 1§ connected to the sec-

s
ondary tap, wherea it “‘divides into two com-
ponents, K; I, amnd (1-K;) I,. The constant,
Ky 1s equal tgfK®), where K, is a design con-
stant. One of-_gﬁese components, Kj Ia, tap
flows thpéugh the directional element current
coil and ladds to Ipmg, to give a resultant cur-
rent, Ié. onfthe directional element current
coil (see Higure 3). The total relay current,
injthefgdirectional element current coil, is
Ié =¥K3I, + Iy, where KiI, = %%. Ia, and Ip,
is thé’ restraining current produced by apply-
Ing voltage Epy to the voltage restraint aux-
iliary equipment. A vector diagram for these
quantities for the phase A relay is shown in
Figure 1 and Figure 2.

The actual tap makings of the auxiliary unit
indicates the minimum 1line current in-phase
with the polarizing voltage to Jjust cause the
directional contacts to close with the relays
connected per Figure 1 or Figure 2 and line-
to-line voltage of 120 volts.

The voltage restraint provided by this aux-
iliary equipment 1is greatly reduced when there
is a phase-to-phase fault or a three-phase
fault. In the event of a phase-to-phase
fault, the restraining voltage will be consid-
erably reduced on the relay whi.i. 1s supposed
to operate. Using phase A relay as an exam-
ple, its polarizing voltage is Ej, and its re-
straining voltag® 1s Epy. If there is a fault
on phases AB, the voltage Ey, is reduced to a
very small value so that the phase A relay
will operate. In the event of a three phase
fault, the restraining voltage is reduced on
all three relays.

A solid fault at the relay will reduce the

restraining voltage, on the relay involved,
completely to zero. 1In general, the amount of
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VOLTAGE RESTRAINT CR RELAY
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Fig. 1—External Connections of the Type CR Relay infthe
Standard Case with the Voltage Restraint Auxil-
iary Equipment for Phase Fault Protection¢

restraining voltage will ©be proportiomal t9
the distance of the fault from the relay and
the arc drop at the fault.

Proper relay operation during ‘@, threé-phase
fault will depend upon the sepnsitivity ef the
relay. The minimum trip curkent,quwith 1 volt
on the relay potential codgl, ‘may be figured
from the following formula:

It (approximatg)=)0.38 T I,

Where T 1s the auxITdary transformer tap and

Iy 1s the minfimumd trip current for the relay
alone, at 1 vol®t.

For example, a relay with a minimum trip
current of L4amperes at 1 volt will have a
sensitividty, on the 5 ampere restraint tap, of

C.38 X%,x\4 = 7.6 aumperes.

CHARACTERISTICS

Ti#gure U shows typrical phase angle curves

Fig"2—External Connections of the Type CR Relay in
the Type FT Case with the Voltage Restraint
Auxiliary Equipment for Phase Fault Protection.

for the CR relay for each tap value on voltage
restraint auxiliary equipment.

Continuous ratings for the voltage restraint
auxiliary equipment, including the directional

element current coil, are as follows:

Tap Amperes
5 10
75 10
10 10
12.5 12.5

ENERGY REQUIREMENTS

Burden of current circuit, dincluding direc-

tional element and voltage restraining trans-

former, at 5 amperes, (not including over-

current element).

The current circuit burden is very small.

It ranges from a minimum of 0.1625 VA on the

w““xz,\

R
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12.5
closing direction,

ampere tap, with current in the contact
to a maximum of 2.1 VA on
the 5 ampere tap, with current in the contact

opening direction.

Burden of auxiliary equipment in the voltage
circuit at 120 volts, 60 cycles.

Volt- Power
Watts Amps. Factor Angle
No line current 4,65 9.0 58.9° Lag
*Tap val. line cur. 4.38 8.15 57.5° Lag
*Tap val. line cur. 5.12 9.72 58.2° Lag
*With the line current flowing, there 1is a

variation 1in the burden, depending upon the

phase angle of the current. The two values

shown are for minimum and maximum volt am-

peres. There is an overall variation of the
power factor angle of the voltage circuit from

53.1° to 62.9°.

OTEOP

+ |
DIR.ELEMENT POLARIZING COolL

DIR. ELeMENT CURRENT CoiLy ) oy

REACTOR
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Ia= Kilat+ ( \ ‘K‘)IQ‘

Fig. 3=Schematic Connections of the Voltage Restraint
Scheme.
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INSTALLATION » OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPES CR AND CRC
DIRECTIONAL OVERCURRENT RELAYS

CAUTION Before putting protective relays into

service, remove all blocking which may have
been Inserted for the purpose of securing the
parts during shipment, make sure that all mov-
ing parts operate freely, inspect the contacts
to see that they are clean and close properly,
and operate the relay to check the settings

and electrical connections.

APPLICATION

These 1ﬁduct10n-type directional over-
current relays are used to disconnect trans-
mission and feeder circults when the currént
thru them 1n a glven direction exceedsga, pre-

determined value. The type CR rel@y 1s po-

.-tential polarized and 1s _used for bothfphase

and ground fault protection. The type CRC,re-
lay 1s current poclarized and usedfyforiground

fault protection.

Two forms of the relaygare  manufactured: a
Thls refers
the current

low energy and a standard energy®
to the burden that 1s placed “on
transformers and not tothe“eurrent rating.

The low-energy type relay 1s used in prefer-
ence to the standard-emeérgy relay where the
requirements nedesgitate (1) a iower burden on
the  current t®ansfesmer, or (2) a more inverse
curve for selectfwity, or (3) a lower current
range as, for example, ground protection of
transmisslon systems. The very-inverse relay
is similar to'the low-energy relay and 1s used

where a still more inverse curve is desired.

Relays with circuit
used most commonly with the statlion battery to

closing <contacts are

energlize the trip coll thru -the relay con-

tacts. Occasiocnally, where there 1s no rell-

able source of potential avallable for trip-

SUPERSEDES I. L. 41-285P

*Denotes change from superseded issue.

ping, the breaker may/ be tripped by current
from the current t®ansformer, by the use of

circult opening“relays.

CONSTRUCTION AND OPERATION

CIRCUIT-CLOSING RELAYS

The \elreult-closing relay consists of an
overcurrent element, a directional element, an
Ooperation indicator, a contactor swifch, and
In“some -cases, an 1nstantaneoué trip attach-

ment.

Overcurrent Element

This element 1s an inductlon-disc type ele-
ment operating an overcurrent. The 1nductlon
disc 1s a thin four-inch diameter aluminum
The shaft

1s supported on the lower end by a steel ball

disc mounted on a vertical shaft.

bearing riding between concave, sapphire Jewel
surfaces, and on the upper end by a stailnless

steel pin.

The moving contact 1s a small silver hemis-
phere fastened on the end of an arm. The
other end of thls arm 1s clamped to an insu-
lated section of the disc-shaft 1n the non-
geared type relays, or to an auxlliary shaft
disc shaft 1n the geared type
electrical

geared to the
relays. The connection 1s made
frcm the moving contact thru the arm and
spiral spring. One end of the spring. 1s
fastened to the arm, and the other to a slot-
ted spring adjuster disc which In turn fastens

to the element frame.

The statlonary contact
a sllver contact attached to the free end of a

assembly conslsts cf

leaf spring. Thils spring 1s fastened to a

EFFECTIVE DECEMBER 1954
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Fig. 1—Internal Schematic Of The Double Tdp, Flg. 2—Internal Schematic Of The Single Trip,
Directional Control, Inverse Time (Low Energy 2 Directional Control. Definite Minimum Time (2 and
Sec., 25, 50 & 60 Cycles, 4 Sec., 25 Cycles) and Very 4 Secy, 25 50 & 60 Cycles) or Inverse Time (Low
Inverse Time, Circuit Closing Relays In The Stand- Energy 4 Sec., 50 & 60 Cycles), Circuit Closing Relays
ard Case. The Single Trip Relays Have Terminal 3 With Instantaneous Trip In The Standard Case.
And Assocxated Circuits Omitted.
Micarta block and mounted on the element currents to such an extent that no gearing is
frame. A small set screw permits the adjust= required. (See Fig. 2).

ment of contact follow. When double trip 18
required, another leaf spring 1s
the Micarta block and a double contactf 18
mounted on the rigld arm. Then the stationary
contact set screws permit adJustment (so that

mounted gon

both circuilts wlll be made simultaneouslys

The
magnet 1n the rear and dampedby“a, gpermanent

moving dilsc 1s rotatedyby an electro-
magnet 1in the front. The operating torque 1s
obtalned by the circult arrangement

The maln pole cglly of the
acts as a transformerdandilnduces a voltage 1n

shown 1n
figure 1. relay
a secondary coll./ Current, from this secondary
coll flews through #the gupper pole coils and
thus produces torque in the disc by the
action between the

re-
fluxes of the upper and
lower poles. The 1nverse and very inverse re~-

lays operate on thls principle. The definite-

time, standard-energy relay obtains 1its flat
characteristic curve because of a small
saturating transformer that 1s interposed be-

tween the secondary coll and the upper pole
Thls 1s called the torque
and At )slows down the disc movement at

colls. compensator

high

Directional Element

This element 1s
element except the quantitles used to rotate
the disc and the contact assembly. The two
upper poles of the electromagnet are energlzed

similar to the over-current

by overcurrent, and the lower pole by polariz-
ing voltage on the type CR relay and by polar-
type CRC relay. The
two electrical quan-
disc in a direc-
angle between the

1zing current on the
fluxes produces by these
titles cause rotation of the
tlon depending on the phase
current and voltage. As fault power reverses,
while the

remalns fixed,

the current 1n the relay reverses

polarizing current or voltage

thus a directional tbrque 1s obtalned.

The rotation of the disc 1s limited 1n the
opening directlon to a few degrees by a pro-
Jecting stop on the disc which strikes the
element frame, and 1In the closing directlon by
the rigld moving arm strilking the statlonary

contact arm.

ey . et g AP .
N




-

TYPES CR AND CRC RELAYS LL a1

/ * OPERATION :
. INDKKATOR
V @ ‘ /\/ ( ~N
DE-~108
AUXILIARY L~ CONTACTOR
WINDING ON SWITCH COVER OPERATED
co SWITCH-WHEN USED
UPPER POLE
e Operarion -]
‘:T?n%:f ° InoicaTer L TesT Switew
ONYACTOR,
TRANS FORMER] %w"é“ ]
WINGING ON
<o ForTrio Cure TRansro C.
R LESS Trnm 525 AN Co RMER o
ToRQuE Amps., Disconnter)
COMPENSATOR! . Awno Dead Ewn ) - Ueece PoLe Core
Tris LeAo
RECTIONAL fTorguc CommencaTer,
ELEMENT 1 PotentianCoie On
PorENTIAL \ sHorT c\m%‘ AN CR.Cusw CoiOnCRe
cr + Swirch N e ———
@——AAN NV ) OveERcuRRENT
wiTh £an View - ELemenT
URRENT TEST JACK
B~y o 2 o X :
O LARY 2 i |—ToReLAY
guamiTY +# 12 Test Switey - ToBred TS
THE DiREC - -r oBast lgRmS.
IONAL
conracrs / / FRONT VIEWN “CWASSIS OPERATED SHORTING
+ . ERC oNLY . Swnen
DIRECTIONAL WitH ReLaTive INsTanTanEOus PoLARITYA S SHown,
ELEMENT Jre Dir€crionan ContacTs CLosc
CURRENT COIL REAR VEW 2-D-1446 7-D-6532

Fig. 3—Internal Wiring Diagram Of The Single Trip, Stand- | Figy, 4—Internal Schematic Of The Double Trip. Directional
ard Energy. Circuit Opening Relay. ;Control, Definite Minimum Time (Standard Energy
2 and 4 Sec.. 25, 50 & 60 Cycles) or Inverse Time (4
Sec.. 50 & 60 Cycles) Circuit Closing Relay In The
) Type FT Case. The Single Trip Relays Have Termi-
nal 3 And Associated Circuits Omitted.

™
_/

13-D<5804

OPERATION

|_~mocaToR

CONTACTOR,
BWITCH
COVIR OFKRAT Dim. Co
oMt J A A /ST\E?;TCH
\ / 3 st cs
8

COVER OPGRATED UPPER POLE

e (-1}
Ty | SWITCH -WHEN USED / OIS

[ ~resr swrren W<
TRANSFORMER COtL
G co. I
TRANSFORMER COWL o ee
. - ON €O
N /,n»su POLE COLS I _Tomaue

CONTACTOR SWITCH ]

OPERATION
INBiCATOR™ |

R o | -TomQue. compensaTor e " Dim. //;\ COMBENSATOR
POTENTIAL COIL AANAA B [N\ poTenmaL cow on
FON OB, CURRENT SHORT ciRcuyT o ] Y TR, CURRENT coiL ON
oL ON' ERC SwiTer & 3/ ’
a o, cRec.
SHorT cuecadiT o .

T OVERCURRENT W ’
BWITCH, Dim. <. T I / ELEMENT REAR it \:ncungnmr
@ e Vv 7 \i ;\ QD

INSTANTANEOUS TRIP LM ENT

.. 1
NN . —-—TO RELAYS
REAR ViEw TesT Switcw - e ? ! CURRENT TEST UACK
Ir :“é TO BASETERMS.
To RELAYS .| ]

TEST SWITCHH -
CHASSIS QPERATID . ; CURRENT TEST Jrcx CHASSIS OPERNTED SHORTING
SworTING LT I I -KI;QE T0 BALE TERMS . SWirer FronTView T gRcomuwr
il . WITH RELATIVE INSTANTANEOUS
FRONT VIEW CRC ONLY POLARITY AS SHOWN, THE Do
WITH RELATIVE INSTANTANEOUS POLARITY AS SHOWN, THE © PIR. CONTACTS cLOSE, 7-D 6535

OIRECT CONTACTS CLOSE

Fig. 6—Internal Schematic Of The Single Trip. Non-Direc-

Fig. ‘5—Internal Schematic Of The Single Trip With Instan- tional Control With Terminal Between Directional
taneous Trip, Directional Control. Definite Minimum And Overcurrent Contacts, Definite Minimum Time
Time (Standard Energy 2 & 4 Sec.. 25. 50 & 60 Cycles) (Standard Energy 2 & 4 Sec.. 25. 50 & 60 Cycles) or
or Inverse Time (4 Sec.. 50 & 60Cycles)Circuit Closing Inverse Time (4 Sec., 50 & 60 Cycles) Circuit Closing
Relay In The Type FT Case. ' Relay In the Type FT Case.









P

s

oo

TYPES CR AND CRC RELAYS

TEST SwWiTCH

OPERATION
INDICATOR

| SQVER OPERATED el
DWITCH-WHEN USED

TRANSTORMER COIL
onN co

CONTACTOR UPPER, POLE
switer cons
FOR TRIP CURRENTS
LESS THAN E.25AMMS
DISCONNECT AND ——1
DEAD-END THIS LEAD] POTENTIAL COIL FOR, CR.CR

CURRENTCOWLFOR CRC

OVERCURRENT
ELEMENT

swoRT CAETE |

SWYTCH

\C <
REAR VIEW
-—TO RELAY
Pl - \ | CURRENT TEST wACK
/,," < JeirmTO BASE TERMS.

|

KASSIS OPERATED SHORTI ; .
e o S LY V‘EN cre oMLY . .

WITH RELATIVE INSTANTANEOUS
POLARITY AS SHOWN, THE
DIR, CONTACTS CLOSE.

T77-D-6544

COVER OPERATED
SWITCH-WHEN USED

N
N [£_TESHEwWITCH

CONTACTOR o,
Switen = | A TRANSFORMER: €O L
/___‘ |5 onco
oreRATION— |

INDICATOR /I.PFER POLE COILS

| POTENTIAL COILS ON CR-CIW
1 CURRENT COW. FORCRC

SHORT CIRCUIT & R (A
switcH LA o W INSTANTANEOUS
2 - - TP
REAR VIE OVERC
N FEERRRET

TEST SWITCH-» ~—TO RELAY
- CURRENT TEST JACK
CHASS IS OPERATED, s —~TO BASE TEEMS.
SHORTING SWITCH

FRONT VIEW

CRC ONLY
WITH RELATIVE INSTANTANEOUS
Pcu\znv AS SHOWN) THE
DIR. CONTACTS CLOSE
\ 13-D-5806

Fig. 7—Internal Schematic Of The Double Trip, Directional
Control, Inverse Time (Low Energy 2 Sec.. 25, 50 &
60 Cycles, 4 Sec., 25 Cycles) or Very Inverse Time.
Circuit Closing Relay In The Type FT Case. The
Single Trip Relays Have Terminal 3 And Associated
Circuits Omitted.
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Fig. 9—Internal)Schematic Of The Single Trip. Non-Direc-
itional Control With Terminal Between Directional
And“ Overcurrent Contacts. Inverse Time (Low
Energy 2 Sec.. 25. 50 & 60 Cycles, 4 Sec., 25 Cycles)
or Very Inverse Time, Circuit Closing Relay In The
Type FT Case.

Flg. 8—Internal'Schematic Of The Single Trip With Instan-
taneous Trip, Directional Control, Inverse Time (Low
Energy. 2 Sec.. 25. 50 & 68 Cycles 4 Sec.. 25 Cycles)
or Very Inverse Time, Circuit Closing Relay In The
Type FT Case.

The moving contact assembly conslsts of a
rigid counterweighted arm fastened to an insu-
lated section of the disc shaft. A 1leaf
spring fastens to the shaft end of the arm
with a silver contact attached to the free end
of the 1leaf spring. When the moving contact
strikes the statlonary contact, the spring de-
flects to provide the required contact follow.
The spiral spring assembly 1s the same as
described above for the overcurrent element.

The statlonary contact consists of a right- -

angle bracket fastened to the element frame
thru a Micarta insulating block. A contact
screw projects thru the outer end of the
bracket and provides adjustable contact
separation.

To prevent the relay from operating for
faults 1n the non-tripping direction, the di-
rectional element contact are connected in the
upper pole cilrcult of the overcurrent element.
Thls means that the overcurrent element can-
not operate unless the power flow 1s a pre-
determined direction. Thils 1s known as direc-
tional control of the overcurrent element.
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The older method, now known as non-directional
control, was to connect the overcurrent con-
tacts in serles and directly in the tripping
circuité.

Contactor Switch and Operatlon Indicator

The contactor switch 1s a small solenold
type d-c. swiltch, the coll of which 1s con-
nected in the trip circult. A cylindrical
plunger wilth a sillver disc mounted on 1ts
lower end moves 1n the core of the solenold.
As the plunger travels upward the disc
bridges three silver statilonary contacts. In
the single-trip relay, two of these contacts
seal around the maln relay contact. In the
double-trip relajs, all three contacts are

used to seal 1n both trip circuilts.

The operation indicator coll 1s connected 1n
the trip clrcult to show a white target when
the trip circuilt 1s completed.

CIRCUIT-OPENING RELAYS

The clrcult-opening type CR relay consilsts

»

o an overcurrent element, a directional ele-
ment, a de-lon contactor swltch, an operatlon
Inditator and an instantaneous trip attachment
where required. The connections are shown“in

Fig. 3.

Overcurrent and Directional Element

These elements are simllar to 4the“eléements
described above under cilrcult-clOsingihtype re-
lay. Directlonal control I1s“used.

De-1lon Contactor Switch

This swiltch 1s a smallpa-¢ solenold switch
whose coll 1s energizedd from a few turns on
the lower pole of) thejovereéurrent element 1n
the standard-energy type relays, and from a
small transformer cbnnected in the maln cur-
rent circuit in the low-energy type relays.
Its construction 1s simllar to the d-c type
switch except _that the plunger operates a
spring 2eaf arm with a silver contact surface

on onéy.end and rigidly fixed to the frame on
the gother end.

The overcurrent element contacts are 1n the
contactor switch <coll circult and when they

close, the solenold plunger moves upward to
open the de-1ion contacts which normally short
cilrcult the trip coil. These contacts age
able to break the heavy current due to a short
circuit and permit thils current to energilze
the breaker trip coil.

The transforner coll on the. lower/ pole of
the overcurrent element and the contactor
switch cilrcults in the standerd-energy type
relays are connected to ghe (madn clrcults as
shown in Fig. 3. When the overcurrent contact
closes, the contactor switchioperates, and the
voltage across the (triIpy coll 1s Impressed on
the transformer and, contactor switch coils.
This voltage dcts), to" seal-in the contactor
switch, an@yto“feed/ energy through the trans- .
former coily to. the main overcurrent winding
which pfioduces) contact closing torque. This
arrangement, provides a definite minimum pick-
up valuelhlargely 1independent of the value of
tripqecoill Impedance.

Operation Indlcator

The operation 1indicator 1s in series with
the breaker trip coll, and has a minimum_pick-
up of 2 amperes a-c.

CHARACTERISTICS

The characterlstic curves of the Type CR and
CRC relays are shown in Figs. 10, 11 and 12.
The standard-energy defilnlite-time relay 1s
made in elther of the followlng current ranges£

2 -2.5-3-35-4 -5 .-6or
4y -5 -6 -8-10 - 12 - 15

The low—eﬁergy type relay 1s made 1n the
above two tap ranges and also 1n the followlng
range frequently used for ground protectilon:

.5 - . - .8-1.0-1.5 -2 -2.5

The circult-opening rélay 1s made only in
the 4 to 15 ampere range. A lower range 1s
not deslrable because the burden of a 1low-

range trip coll 1s too heavy .on the current
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TYPES CR AND CRC RELAYS

transformer. - One trip coil 1s required for

.. each relay.

. Phase Relays

"~Relajs intended for phaée. protection have

directional elements that are true wattmeters;
‘that 1s, :
the current and voltage are 1n phase.

they have their  maximum torque when

Ground Relays

Ground relays operate on 1low current values
and consequently, the low-energy type relays
.are used. The directional element of these
‘relays (designated as type CR ground relays)
-1s not a true wattmeter, but 1s compensated so
that 1ts maximum torque when the
current lags 15 degrees behind the voltaggz -

occurs

When ‘specially ordered, S#1161078 Phasg
Shifter can be used with the type CR Ground
maximum torque at 45 tlo 65
degreé®s current lagging residual voltéagey The
use of the phase shifter
eilther the current
but not both.

connections are shown reversed ,in Figs. 18
" and 22, o ¢ -

requires{ reversing
or the potentialiconnec-

Actually, the current

INSTALLATION

The relays should be mounted on switchboard

panels or their equivalent in a location free
from dirt, molsture;
"heat. Mount the relay vertically by means of
the two mounting studs for the standard cases
and the g£ype, FT ‘projection case or by means of
the four mounting holes on the flange for the
semi-flush tybe FT case. Either of the studs
or the mounting screws may be utillized for
grounding the relay. The electrical
nections may be made direct to the " terminals

eéxcessive vibration and

con-

»by means of screws for steel panel mounting or

. to terminal studs furnished with the relay for

@bony-asbestos or slate
terminal studs
serted by 1locking two

then turning the proper nut with a wrench.

panel mounting. The
may be easlly removed or in-

nuts on the studs and

. current.
N - there 1s no

~elircuit.

I.L 41-2835R

Because the circult-opening relayg contacts
short circuit the trip coil, its®s impértant
that the relay be mounted where it will not be
subject  to shocks which may jar the contacts

'*open and thereby allow current to flow through

the trip coil. Trouble of thisgkind can be
avolded by preventing jars to the switchboard
and also by setting the £Tip colil high enough
so that 1t will not ‘operate on normal 1load
This 1sgan extra'safe—guard so that
danger/ from even an excessive
shock unless thelcurrent 1s also heavy. )

Phase Relay_30°Gomnection

The directional element should be connected
using 48 delta’voltage across the polarizing
winding /that lags 30 degrees behind the re-
speetiyve “star-current at ‘unity power factor.
These) connections are shown in Figs. 15, 17,
19 or®2l. These connections produce a maximum
torque in the relay when the current lags 30°
behiind its 100% pf position.

Phase Relay - 90° Connectilon

* Another connectlon 1s the so-called G0°
connection shown 1in Figs. 16 and 20. The
relay uses the current 1n one wire and the

potentlial across the other two wires of the
When this 1s done, a resistor should
be put in series with the potentilal coil of
the relay. . ‘

One-éombination of resistor and potential
coll produces a maximum torque in the relay
when the current lags 45° behind 1ts 100% P.F.
position. resistors can be
ordered by style number as follows:

25 cycle, 115 volts, 760 ohms, S#T21435
50 cycle, 115 volts, 670 ohms, S#T721436
60 cycle, 115 volts, 565 ohms, S#T721437

These extermal

Another
tial coll produces a maximum torque 1n the re-
current lags 60° behind 1ts 100%
pf position. This
ordered by style number as follows.

combination of resistor and poten-

lay when the
external resistor can be

60 cycle, 115 vol%s, 315 ohms, S#l723744

Ground Relays-

. The directional element should be connected

- - A . 7
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Fig. 13—Diagram Of Test Connections For The Circuit Clos-
ing Relays.

to operate on residual current and voltage

for the type CR relay, and on residual cur/

rents for the type shown in

Figs. 15 to 22.

CRC relay, as

When
phase ground protection may / be
secured by using a low-energy

using the circuilt-opening relaysifor
protection,
circult=elosing
terlp coll

poténtial

relay operating on a-c. Voltage

energlzed from a single-phase

transformer.

Trip Circuilt

will
dndsthe switch contacts

The maln contacts safely close 30
amper=s at 250v. d-c,
willl safely carry thils ‘eurrent long enough to

trip a breaker.

The relay 1s
indicator
in parallel.

shipped with the
and the contactor

operation
switch connected
This circult has a resistance of
approxiriat~ly 0.28 ohm and 1s suitable for all
If the
2.25 amper=s, there

swltch and 1t
To disconnect the
reriov2 the short lead to the

trip curr=nts above 2.25 amperes d-c.
trip currsat s less than
1s nofired\for the contactor
should\, be disconnected.

coll,

the@front statlonary contact of the

coll on
contactor

10

. ended) under the

switch. This 1lead should be fastened (dead
filister-head screw
of the contagctor

The operation 1ndicator willl operate

small
located 1n the
switch.
for trip currents

Micarta base
above 0.2 ampere d-c. The
resistance of 1ts coll 1s approximately 2.8
ohms. ’

An auxiliarj switch on thefecircult breaker
should be, used so that when the
breaker 1s tripped, the
be opened by this switch.

circuilt
trippingpcircuit will

'The circult-closing Trelay may also be used
to trip a circult breaker equipped with a
Westinghouse "Direct-trip attachment”" on the

trip colls. This/1s, 8 device that trips a
circult breaker (by/energy recelved from a
‘current transformer.
Relay With Quick Opening Contacts

When‘@ythe relays are used wilth clrcult

breakers that are instantaneously reclosed, 1t
13 necessary to arrange the relay contacts to
be qulck opening. Thils 1s done by screwing in
the small set screw on the statlonary contact
assembly untill the contact rivet rests solidly
on the Micarta support. When thils 1s done,
the position of the contact stop on the time
lever should be shifted so that the moving and
statlonary contacts barely touch when the time

lever 1s set on zero.

SETTINGS

There are two settings-namely the current
value at which the relay closes 1ts contacts
When the

equlpment

and the time required to close them.

relay 1s to be used to protect

agalnst overload, the setting must be deter-
mined by the nature of the load, the magnitude
and the thelr

of the peaks frequency of

occurrence.

For sectlonalizing transmission systems the
current and time setting must be determined
by calculation, due consideration
to the time

open

beling. given
required for circult breakers to
so that proper selectlve actlion can be

obtalned throughout the system.
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Current Setting

The connector screw on the terminal plate
above the time scale makes connections to
various turns on the operating coll. By
placing this screw 1n the various holes, the
relay will just close contacts at the corre-
sponding current, 4-5-6-8-10-12 or 15 amperes,
or as marked on the terminal plate.

The tripping value of the relay on any tap
may be altered by changing the initial tension
of the spiral spring. This can be accomplished
by turning the spring adjuster by means of a
screw driver inserted in one of the notches of
the plate to which the outside convolution of
the spring 1s fastened. An adjustment of
tripping current approximately 15 per cent
above or below any tap value, can be secured
without materlally affecting the operating
characteristics of the relay. By choosing the
proper tap, a contilnuous adjustment of:
tripping current from 3.4 amperes to 175
amperes may be secured. The characterigtic
time. curve willl be affected less for any large
adjustment 1f the next higher tap 18 selected

_and the 1nitial tension of the spiralf spring

1s decreased to secure the desired tripping
value. For example, the relay shouldybe set
on the 8 ampere tap with less Ainitlal tension
1n order to secure a 7 amperegbripping value.

CAUTION Be sure that the ‘eonnector screw 1s
turned up tight so as tio,make"a good contact,
for the operating current ‘passes through it.
Since the overloadd element 1s connected di-
rectly in the current transformer circuit, the
latter should be “short-circulted before
changing the comnector screw. This can be
done conyéniently by inserting the extra con-
nector d'scraw, located on th= right -hand
mounting,boss,{ In the new tap and removing the
0ld screw from its original setting.

‘Time Lever Setting

The 1ndex or time lever limits the motlon of
the " disc and thus varies the time of
operation. The latter decreases with lower
lever settings as shown 1n the typlcal time
curves Figs. 10 to 1l2.

The relay has been calibrated fnom the #10
time lever setting. The #11 time_setting nay
be wused to secure a time delay/approximately
10 per cent 1longer; that 1s,\to Secure a
setting of 2.2 seconds for a 2 second relay.

ADJUSTMENTS AND MAINTENANCE

All relays shouldfbe inspected periodically
and the time of operatlomn should be checked at
least once every/six moenths. For this pur-
pose, a cycle eountenishould be employed be-
cause of 1ts convenience and accuracy. Phan-
tom loads shouldy,not be used 1n testing induc-
tion-type, relays because of the resulting dis-
torted current wave form which produces an

error An /ftiming.

All“eontacts should be periodically cleaned
with'a fine file. S#1022110 file 1s recom-
mended for thils purpose. The wuse of abrasive
material for cleaning contacts 1s not recom-
mended, becauss of the danger of embedding
small particles in the face of the soft silver
and thus impairing the contact.

The proper adjustments to 1nsure correct
operation of this relay have been made at the
factory and should not be disturbed after
recelpt by the customer. If the adjustments
have been changed or the relay taken apart for
repalrs, the fcllowlng 1nstructions should be
followed 1n reassembling and setting 1it.

Overcurrent Element

Shift the position of the contact stop on
the time lever and adjust ths contacts so that
they barely touch when the tim= lever 1s set
on zero. Adjust the tenslon of the spiral
spring so that the relay will <close 1ts
contacts at 1ts rated current, as shown by the
position of the screw on the termlnal block.
Shift the position of the dampling magnets so
that the time characteristics of the relay, as
shown on the typlcal time curve. Test con-
nectlons for the overcurrent element ars shown
wn Flig. 13 or 1li4.

The directional control overcurrent element
cannot start untill th= watt element has closed
its contacts which 1ntroduces a d=lay of

11-
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Fig.19—External Connections Ot The Circuit Closing Type
CR Relay In The Type FT Case For Phase And
Ground Protection Using The 30° Connection On
The Phase Directional Element.

Prase Korarok A, 8,C
A
L3
<
N a
2 g
® 2,
§ E 4
N d
3 r;vf . . A
2 A revrtxnl 5 il -
3 Corc mjﬂ} O ot o O
g o3
3
&
146G 0., 4 23 /IJ . 9
W, o » o e ol
AL o e S0 A 5] A s
j f-o-s:-/\,—m-‘no-- e oh o+ o~
F3+F
FFF \Reaw View 766570 1
o <f -
LRI
Gwo,
O T 7
~ O
=
a8 cpY " .
Lo wasel A Recar % -8
ve jo”
Roarnor 4 Voirage Acmoss Rriar
Vourage Acwoss
Rrsisrom
—————— €ac
Nore : .
Uirn RecaTive Iwiramrameovs
Prize Prase 8 Pocamirits As Swown Tus
Rrcar Prear Dimecriomar Conracrs Ciosc.
VEcToRs Ar 100 e RF
£ca Powre In THAoine DIRECTION.

Pusse Rorarion A.8.C Powre Buna
4 “
'
. _i%
o
b Y
' . §
- : - .
I
"
¢
M 3
4 [ =i
<
N e 1 2
Q J
N £
< ~
G ‘ ‘ 7
N ¢ [ a a
3 Ll £ o A f| 2 B a v
H Cone | [HHEwgA2 PYe of4o o]
H © E r:' ©
R
wo e . . .2 K ’;J
35 S T oy 40+ Sh 6~ &
>33 M
<::i:’ ReawVicw 70 &510) !
Gwo. CRC
© 090 37 .o <@ A
= g’*o
e . G, G
o rege ooe
Puasc A Recar — §4€ _ff_},g_wo.
Veeros
Rorarian
I
Nare
Prase 8 WiTn Recarive Insranrancous
Purse ¢ Recar Pocamiries A3 Swown Twe
Recar Oimccriomac Comracrs Ciose
(1)
Vecrors AT 100 %o P F. Pounr
In TrirpinGg DIRECTION. 11-[).9233

Fig)20—External Connections Of The Circuit Closing
Type CR Relay In The Type FT Case For Phase
And Ground Protection Using The 90° Connec-
tion (Maximum Torque 45° or 60° Lagging Cur-
rent 45° is shown above) On The Phase Direc-
tional Element.

Fig. 21 —External Connections Of The Circuit Closing Type
CR Relay In The Type FT Case For Phase Protection
Using The 30° Connection On The Directional Ele-
ment And The Type CRC Relay In The Type FT Case
For Ground Protection.
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TYPES CR AND CRC RELAYS

several cycles. This time 1s so small that 1t
1s usually 1gnored and the relays are tested
by blocking the directional contacts 1n the
closed position.

The position of the torque compensator on
the overload element 1s adjustable but this is
primarily a factory adjustment and the 1lo-
catlon of the torque compensator should not be
changed 1n the fleld. If the relay has a
metal cover, this cover must be 1n place when
makling tests.

Directional Element

The upper bearing screw should be screwed
down until there 1s only two to four
thousandths 1nch clearance between 1t and the
shaft and then securely 1locked 1n position
with the lock nut. This adjustment can be
made best by carefully screwing down the top
bearing screw until the disc falls  to tumm
freely and then backing up a fraction of a
turm. Great care must be taken 1n making this
adjustment to prevent damage to the bearings.

The contact openlng on the directionally=
controlled relay should be 1/32" in orderste
reduce the time of operation of -the( dd-
rectlonal element to a minimum. No harm’ wilil
result 1f the directional contacts, rebound)to
close momentarily after a fault Jisicleared,
because the overcurrent contactsy will%e 1in
the open position. The contact, opening on
relays which are not directionallyiecontrolled
should be 3/32".

The tenslion of thegspiral spring on the di-
rectional element shouldpbe“just suffilcient to
return the disc td thefstop?and thus hold the
contacts 1n the openf position.

In many applications there 1s no objection
to having the contacts closed when the relay
1s de-energlzed. This can be changed by
shifting (dthe\spring adjuster but the tension
on the 4spring should never be enough to pre-
vent the contacts from taking thelr proper
positloen,) elther open or closed, during time
of “short circult when the forces acting on the
disc are small.

14

There 1s an adjustable magnetic vane on each
slde of the wupper palr of poles, which/lis
Intended to balance the current circuilt. The
normal adjustment 1s to remove all potential
from the voltage coll and apply heavy current
to the current colls. The balancing vanes are
then adjusted ti1ll there 1s no pfonounced
torque 1n elther direction. This, game ad-
justment may be wused to positively, close the
This may be de-
sired on some installatlon§,inferder to insure
that the relay will always (trip the breaker
even though the potential may be zero.

contacts on current alone.

wWhen operatling at, the€ymaximum torque angle,
the directlonal [elegment of the Type CR Phase
Relay and 2 €op6 and 4 to 15 amp. ground relay
should pick-up ‘en 1 volt and 4 amperes, and
for the 0.5%e, 2.5 amp. Type CR Ground Relays
on 1 volty, 2.7 amperes. The directional ele-
ment of “the, CRC Ground Relay willl pick-up at
0.5 ampere each winding.

Contactor Switch

Adjust the stationary core of the switch for
a)clearance between the statlonary core and
the moving core of 1/64" when the switch 1s
picked up. This can be done by turning the
relay up-side-down or by disconnecting the
switch and turning 1t  up-side-down. Then
scréw up the core screw until the moving core
starts rotating. Now, back off the core screw
untll the movlng core stops rotating. This
indicates the polnts where the play in the
assembly 1s taken up, and where the moving
core just separates from the statlonary core
sSCrew. Back off the core screw approximately
one turn and lock 1n place. This prévents the
moving core from striking and sticking to the
statlonary core because of residual magnetism.
Adjust the contact clearance for 3/32" by
means of the two small nuts on elther side of
the Micarta disc. The swifch should pilck-up
at 2 amperes d-c. Test for sticking after 30
amperes d-c. have been passed through the
coll.

Operation Indicator
(Circuit-Closing Relays)

Adjust the 1ndicator to operate at 0.2
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TYPES CR AND CRC RELAYS
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Fig. 22—External Connections Of The Type CR Relay In/The
Type FT Case For Ground Fault Profection Using
An External Phase Shifter.

ampere d-c. gradually applied. Test for
sticking after 5 amperes d-c. is passed.

Overcurrent Element
(Circult Opening Rebays)

Adjust the relay with“the instructlons glven

i.'l_"____, , A a~

63-D-733

Fig.24—Outline And Drilling Plan Of The Phase Shifter Tor
The Ground Relay When Supplied. For Reference
Only.

1

Fig. 23—Outline, AndyPrilling Plan Of The External Resistor
For The 902 Connection. For Reference Only.

under® "Overcurrent Element (Circult Closing
Relays) "™ except that for the standard energy
clrcultVopenling relay the followlng cautlons
should be observed:

CAUTION When a signal lamp or other voltags
operated device 1s to be connected 1n serles
with the relay contacts, disconnect the 1in-
ternal 1leads of the element from the statlon-
ary and moving contacts respectfully and dead
end them. Then the lamp or other devilce can
be connected to the stationary and moving
contacts.

De-Ion Contactor Switch

(Circuit Opening Relays)

Adjust the core stop on the top as high as
possible wilthout allowlng the Insulating
bushling at the bottom of the plunger to touch
the Mlcarta angle. The contact will be sepa-
rated from the Micarta angle by 1/32" to
1/16".  Adjust the contact gap spacing to
slightly less than 1/16 of an inch. Bend down
the contact springs so that a filrm contact 1s
nade but not so strong that the minimum plck-
up value cannot be obtalned. The spring
tension should be about 15 grams.

Hold the r=lay contacts closed and with an
auxllilary relay coll connected across the
propar termlnals to simulate the clrcult
breaker trip coil, not~ that the contactor
switch picks up on 1less than 4 amperes on
the ! amperz overcurrent tap setting.

15









TYPES CR AND CRC RELAYS

In the case of the standard energy circult
opening relay the contactor switch should
pilck-up and seal 1itself open at 75% of minimum

trilp current.

Operation Indicator
(Circuit Opening Relays)

Adjust the 1ndicator to operate at 2 amperes
a=c.

ATTACHMENTS TO THE RELAY
Instantaneous Trip

This element 1s a small solenold switch the
coll of which 1s 1n serles with the overcur-
coll. It functions to the
breaker trip coll 1instantaneously, inde-
of power direction when the fault

exceptlonally heavy. The three

contacts are 1n parallel with the
double
instantaneous trlp on double-trip relays. The
position of the Micarta disc at the bottom of
to the calibrated
minimm overcurrent

rent energlze
pendently

1s
stationary
trip contacts and make possible

current

maln

the element with reference

gulde 1indicates the

operate the element. The dise
lowered or ralsed to the proper/ po-
sition by loosening the 1locknut which 1lecks
the Micarta disc. and rotating the Micarta
disc. The nominal range of adjustment 1s 1 to
4, for example, 10 to 40 amperes and it h@s an

of gapproximately

required to
should be

accuracy within the 1limits
10%.

value 1s variedy by ralsing or
top of the
adjustment 1s

The drop-out
lowering the core screw " at the
switch, and after the fimal
made, the core screw should be securely locked
in place with thef lock nuf. The drop-out
should be adjusted“)for about 2/3 of the mini-
mum pick-up. Adjusting the drop-out will
slightly affect) the value of pick-ups

RENEWAL PARTS

Repalr, work can be done most satisfactorily
at the

parts

faetory. However, interchangeable
can be furnished to the

equlipped for dolng repalr work.

customers who
are » When
ordepdng parts, always give the ~
nameplate data.

ENERGY 'REQUIREMENTS

BURDENS FOR(SATURATION CALCULATIONS

Readings taken with Rettox Type Voltmeter, .60 cycles.

Range

V.A. Burden V.A. Burden V.A. Burden V.A. Burden

Blck Db oh Bick U on B ek up. on° BYck up on°

Min. Tap Min. Tap Min. Tap Min. Tap
Pefinite Minimum (Standard Energy)

2-6 18 105 520 1500
4-15 18 115 616 1647
Inverse (Low Energy)

0.5 - 245 2.0 20.5 141 366
2 -6 2.4 23.0 168 ) 469
4 -15 3.6 32.8 248 -’ 746

Very Inverse (Low Energy)

0.5%- 2.5 1.3 10.7 96 24y
)6 1.6 1%.9 135 377
4 -15 2.8 25.3 218 6668

These values are the combined burden of the overcurrent and directiona} elément

colls 1n serles.

16
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TYPES CR AND CRC RELAYS

-L[L. 412285R

ENERGY REQUIREMENTS

1
STANDARD ENERGY, DEFINITE TIME RELAY

2
Burdens at 5 Amperes on the 5 Ampere Tap

Freguency. Watts Volt -Amperes P.F.
Cycles
25 10.6 18 54° Lag
50 9.5 19 60° Lag
60 9.5 19 60° Lag

Burdens at 5 Amperes, 60 Cycles for
Various Tap Settings

Reactive
Tap Watts Volt-Amperes Volt-Amperes P.F.
2 55.0 95.4 110 60° Lag
2.5 35.0 60.5 70 "
3 24 .5 42.5 49 "
3.5 18.5 32.0 37 - "
4 14.0 24.2 28 L
5 9.5 16.5 19 4
6 7.0 12.1 14 !
8 4.25 7.36 8.5 5
10 3.25 5.64 6.5 "
12 2.5 4.33 5.0 P
15 3.46 4.0 "

2.0

: 1
LOW ENERGY, INVERSE TIME RELAY

Burdens at 5 Amperes on_the(5 Ampere Tap2
Prequency
Cycles Watts Volt-Amperes P.F.
25 1.96 4.0 61° Lag
50 - 1.60 4.0 66.4° Lag
60 1.60 4.0 66.4° Lag

Burdens 4t 5 Amperes, 60 Cycles for
Various Tap2 Settings

Reactlve
Tap Watts{ Volt-Amperes Volt-Amperes P.F.
0.5 5008 116. 127. 66.4° Lag
0.6 35.6 81.5 89. "
0.8432.0 73.4 80. "
1.0 20.8 47.6 52. "
1.5 9.6 22.0 24 .. "
2.0 5.8 13.2 1.5 "
2.5 4.0 9.2 ' 10. "
3.0 3.04 6.95 7.6 n
3.5 2.4 5.6 6.1 "

% For 90° Connection

) Reactilve
Tap Watts Volt-Amperes Volti:-Amperes P.F.

' 2.04 4 .66 5.1 "
5. 1.6 3 .66 4.0 "
6. 1.32 340 3.3 "
8. 1.12 2.56 2.8 "
10. 1.0 2.28 2.5 "
12. 0.9% 2.16 2.35 "
15. 0.88 2.0 2.2 "

1
LOW ENERGY,)VERY INVERSE RELAY

Burdens at®5 Amperes on the 5 Ampere Tap2
Frequency Watts Volt-Amperes P;F.
Cycles

25 1.62 3.3 61° Lag
50 1.32 3.3 66.4° Lag
60 - 1.32 3.3 66.4° Lag

Burdens at 5 Amperes of Current Tap

Reactive

Tap Watts Volt-Amperes Volt-Amperes P.F.
0.5 50.8 116. 127. 66.4° Lag
0.6 35.6 81.5 89. "

0.8 19.7 45.2 49.4 "

1.0 12.9 '29.6 32.3 "

1.5 6.4 14.6 15.9 "

2.0 3.9 9.0 9.8 "

2.5 2.8 6.4 7.0 "

3.0 2.2 5.0 5.5 "

3.5 1.8 4.1 4.5 "

4, 1.6 3.67 4.0 "

5. 1.32 3.0 3.3 "

6. 1.16 2.66 2.9 "

8. 0.96 2.2 2.4 v

10. 0.92 2.1 2.3 "
12. 0.88 2.02 2.2 "

15. 0.85 1.

O
o

N
-
+&=

ES

POLARIZING COILS

The potentlal polarizing coil burden of the
directional element at 115 volts for the type
CR line relay are as follows:

3

Freq Resistor Watts VA Lagging Approx; Max.
Cycles P.F. Torque Angle
25 Yes 8.95 11.3 37.6 45°
50 Yes 11.2 14%.0 37 45°
60 Yes 11.5 15.3 41.4 45°
60 Yes 11.0 19.0 54.8 60°

17









TYPES CR AND CRC RELAYS

1.

These values are the combilned burden

% For 30° Connecticn

Fre% Reslistor Watts VA Lagg%ng A
es .F.

rox.>Max.
I%gque Angle

3

Cyc

25 No 4.2 18.0 76.5
50 No 3.45 23.0 81.4
60 No 3.45 23.0 81.4

30°
30°
30°

The potentlal polarizing coil burdens of the
directional element at 115 volts for the type

CR Ground Relays are as follows:

Frequency With Phase
Cycles Shifter Watts Volt-Amps. P.F.
60 No 5.6 27 78°Lag
60 Yes 12.6 22.6 56°Lag

The current polarizing burdens of the direc=-
tional element of type CRC relay at ratedg5

amperes are as follows:

Frequency
Cycles Watts Volt-Amperes
25 4.5 5.0
50 6.5 8.0
60 7.0 9.0

in series.

2.

square of the tap markings while-

burden

volt-amperes at 5 amperes, .60°.lag... . .4 . -

% 3. The angle which the current lags the 10

Continuous Ratlngs—

The continuous ratings 1n amperes of the Type CR and CRC Relays are as follows:

of the overicurrent

0% P) f. position.

P.F.
269 Lag
36° Lag
39° Lag

and dlrectional element

The impedance of the overcurrent element collshvaries approximately inversely as
the directi#®nal e€lement coll
of the directional element coll whiéh 1s in serles with the overcurrent element 1s 2

impedance 1s constant-s-

coils

the
- The—- -

Definite Min. Time Inverse Time Very Inverse Time

Tap Continuous One Second Continuous One Second Continuous One Second

.5 - 2 70 2 100

.6 2 70 2 100

.8 2 70 2 100
1.0 3 70 3 100
1.5 3- 70 3 100
2.0 y 70 y 100
2.5 5 70 5 100
2 n 140 8 250t 8 250t
2.5 5 1%0 8 250t 8 250t
3 5 wo 8 250 t 8 250¢t
z.5 6 140 8 250 ¢ 8 250 t
i 7 140 9t 250 ¢ 9t 250 4
5 8 140 9t 250 + 9t 250T
6 10f 140 10% 250 10 ¢ 250
y 8 250t 164 2501 16 + os0
5 8 250F 164 250t 16 250 1
6 9t 250 t 16 2501 161 250t
8 10t 250 t 17T 250 t 17T 250t
10 121 250 ¢ 18t 250 ¢ 18t 250
12 13 ¢ 250T 19t 250 ¢ 9%t 2504
15 15 ¢ 2504 20t 250 ¢ 20% 2504

T The ddpectional element current coll of Type CR relay has a contlnuous rating of 8 amperes and

The upper winding of the Type CRC has a contilnuous rating
ot amperes ani & one second rating of 140 amperes while the lower coll has a continuous rat-

The polarizing coll of the CR relay

a one sedond rating of 185 amperes.

1ng, of

o]

9]

amperes and a2 one second rating of 185 amperes.

has“a continuous rating of 127 volts. .

13"
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TYPES CR AND CRC RELAYS

1. L. 41-285R
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INSTALLATION o

INSTRUCTIONS

I.L. 41-285R

OPERATION e MAINTENANCE

TYPES CR AND CRC
DIRECTIONAL OVERCURRENT RELAYS

CAUTION Before putting protective relays into
service, remove all blocking which may have
been Inserted for the purpose of securing the
parts during shipment, make sure that all mov-
ing parts operate freely, inspect the contacts
to see that they are clean and close properly,
and operate the relay to check the settings
and electrical connections.

APPLICATION

These 1nduction-type directional over-
current relays are used to disconnect trans-
mission and feeder circults when the currgnt
thru them 1n a given direction exceedsga, pre~
determined value. The type CR rellay 1s po-
tential polarized and 1s used for both{phase
and ground fault protection. The type CRE, re-
lay 1s current polarized and usedpforgground
fault protection.

Two forms of the relay, are manuflactured: a
low energy and a standard énergyms® This refers
to the burden that 1s placed “len the current
transformers and not %ol thefeurrent rating.

The low-energy type relay 1s used in prefer-
ence to the standard=zenérgy relay where the
requirements negesgitate (1) a lower burden on
the current @mansformer, or (2) a more inverse
curve foxl selectibvity, or (3) a lower current
range @ for example, ground protection of
transmissien systems. The very-inverse relay
is similar té the low-energy relay and 1s used
where a still more inverse curve is desired.

Relays with circult closing contacts are
usedimost commonly with the station battery to
energlze the trip coll thru the relay con-
tacts. Gccasionally, where there 1s no reli-
able source of potential available for trip-

SUPERSEDES |I. L. 41-285P

*Denotes change from superseded issue.

ping, the breaker may/ be tripped by current
from the current transformer, by the use of
circult opening relays.

CONSTRUCTION AND OPERATION

CIRCUIT-CLOSING” RELAYS

The Wcilreult-closing relay consists of an
overcurrent element, a directional element, an
Ccperatlon indicator, a contactor switch, and
InWs@me cases, an instantaneous trip attach-
ment.

Overcurrent Element

This element 1s an induction-disc type ele-
ment operating an overcurrent. The 1nduction
disc is a thin four-inch diameter aluminum
disc mounted on a vertical shaft. The shaft
1s supported on the lower end by a steel ball
bearing riding between concave, sapphire Jewel
surfaces, and on the upper end by a stainless

steel pin.

The moving contact 1s a small silver hemis-
phere fastened on the end of an arm. The
other end of this arm 1s clamped to an insu-
lated section of the disc-shaft in the non-
geared type relays, or to an auxliliary shaft
geared to the disc shaft in the geared type
relays. The -electrical connection 1s made
frecm the moving contact thru the arm and
spiral spring. One end of the spring 1s
fastened to the arm, and the other to a slot-
ted spring adjuster disc which 1n turn fastens
to the element frame.

The stationary contact assembly consists cf
a sllver contact attached to the free end of a

leaf spring. This spring 1s fastened to a

EFFECTIVE DECEMBER 1954



TYPES CR AND CRC RELAYS
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Fig. l—Internal Schematic Of The Double Trip,
Directional Control, Inverse Time (Low Energy 2
Sec., 25, 50 & 60 Cycles, 4 Sec., 25 Cycles) and Very
Inverse Time, Circuit Closing Relays In The Stand-
ard Case. The Single Trip Relays Have Terminal 3
And.Associated Circuits Omitted.

Micarta block and mounted on the element
frame. A small set screw permits the adJjusg-
ment of contact follow. When double trip ds
required, another leaf spring 1is mounted fon
the Micarta block and a double contact is
mounted on the rigid arm. Then the stationary
contact set screws permit adjustment _so ®Ehat

both circuits will be made simultaneQuslyf{

The moving disc 1s rotated by anielectro-
magnet in the rear and dampedgby“a, permanent
magnet in the front. The operating torque is
obtained hy the circuit arnpangement shown in
figure 1. The main pole coil of the relay
acts as a transformer afid Anduces a voltage in
a secondary coil. “Current from this secondary
coil flows throdgh the, upper pole coils and
thus produces gtorgqtie in the disc by the re-
action between the fduxes of the upper and
lower poles. The Inverse and very inverse re-
lays operate on this principle. The definite-
time, standard-ehergy relay obtains its flat
characterdstic curve because of a small
saturating ‘transformer that is interposed be-
tweefigpthe) secondary coil and the upper pole
coils. This is called the torque compensator
and @t \slows down the disc movement at high

Pig. 2—Internal \Schématic Of The Single Trip,
Directional: Control, Definite Minimum Time (2 and
44Sec.25. 50 & 60 Gyoles) or Inverse Time (Low
Fnergy 4 Sec.. 50 & 60 Cycles), Circuit Closing Relays
With Instantaneous Trip In The Standard Case.

currents to such an extent that no gearing is
required. (See Fig. 2).

Directional Element

This element 1is similar to the over-current
element except the quantities used to rotate
the disc and the contact assembly. The two
upper poles of the electromagnet are energized
by overcurrent, and the lower pole by polariz-
ing voltage on the type CR relay and by polar-
izing current on the type CRC relay. The
fluxes produces by these two electrical quan-
titles cause rotation of the disc in a direc-
tion depending on the phase angle between the
current and voltage. As fault power reverses,
the current in the relay reverses while the
polarizing current or voltage remains fixed,
thus a directional torque is obtained.

The rotation of the disc is limited in the
opening direction to a few degrees by a pro-
jecting stop on the disc which strikes the
element frame, and in the closing direction by
the rigid moving arm striking the stationary
contact arm.

™
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or Very Inverse Time, Circuit Closing Relay In The
Type FT Case.

Flg. 8—InternallSchematic Of The Single Trip With Instan-
taneous Trip, Directional Control, Inverse Time (Low
Energy. 2 Sec., 25. 50 & 80 Cycles 4 Sec., 25 Cycles)
onVery Inverse Time, Circuit Closing Relay In The
Type FT Case.

The¥moving contact assembly conslsts of a
riglid counterwelighted arm fastened to an insu-
lated section of the disc shaft. A leaf
spring fastens to the shaft end of the arm
wlth a silver contact attached to the free end
of the 1leaf spring. When the moving contact
strikes the statlonary contact, the spring de-
flects to provide the requlired contact follow.
The splral spring assembly 1s the same as
described above for the overcurrent element.

The stationary contact consists of a right- -

angle Dbracket fastened to the element frame
thru a Micarta insulating block. A contact
screw projects thru the outer end of the
bracket and provides adjustable contact

separation.

To prevent the relay from operating for
faults 1In the non-tripping direction, the di-
rectional element contact are connected 1n the
upper pole circult of the overcurrent element.
This means that the overcurrent element can-
not operate unless the power flow 1s a pre-
determined direction. Thils 1s known as direc-

tional control of the overcurrent element.

9
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The older method, now known as non-directional
control, was to connect the overcurrent con-
tacts In serlies and directly in the tripping
circults.

Contactor Switch and Operation Indicator

The contactor switch 1s a small solenold
type d-c. swiltch, the coll of which 1s con-
nected in the trip circult. A cylindrical
plunger with a silver disc mounted on 1ts
lower end moves 1n the core of the solenoid.
As the plunger travels upward the disc
bridges three silver stationary contacts. 1In
the single-trip relay, two of these contacts
seal around the maln relay contact. In the
double-trip relays, all three contacts are

used to seal 1n both trip circults.

The operation indicator coll 1s connected in
the trip circult to show a white target when
the trip circuilt 1s completed.

CIRCUIT-OPENING RELAYS

The circult-opening type CR relay consists
of an overcurrent element, a directional ele-

close, the solenold plunger moves upward to
open the de-lon contacts which normally sho
clrcult the trip coil. These contacts e
able to break the heavy current due to a sho
circult and permit thils current to energilze
the breaker trip coll. V'S

The transformer coil on the, laowe le of
the overcurrent element and e tactor
switch circuits in the stan -~ rgy type
relays are connected to the ircults as

shown 1in Flg. 3. When the@ave
closes, the contactor swdtch rates, and the

rent contact
voltage across the tr 1s Impressed on
the transformer a c ctor switch coills.
This voltage act seal-in the contactor
switch,

former

and to nergy through the trans-

ain overcurrent winding

closing torque. This

ly " independent of the value of

eration 1ndicator 1s In seriss with

p of 2 amperes a-c.

ment, a de-lon contactor swiltch, an operatio
inditator and an instantaneous trip attachm e breaker trip coll, and has a minimum pick-
1 u

where required. The connectlions are sho
Filg. 3.

Overcurrent and Directional Element

These elements are similar tq.ﬁhe ele ts
described above under circuilt-clos re-
lay. Directional control is use
De-ion Contactor Switch \

This switch is a small @.enoid switch
whose coll 1s energilzed few turns on
unrent

the lower pole of the o

element 1in

the standard-ene ‘elays, and from a

small transfor d in the main cur-

rent circuit i -eriergy type relays.
Its construction imilar to the d-c type
switch except that +the plunger operates 2
spring 1leaf arm with a silver contact surface

1d and rigidly filxed to the frame on

urrent element  ocontacts are in the

sctor switeh coll  celrcuilt  and when they

CHARACTERISTICS

The characteristic curves of the Type CR and
CRC relays are shown in Figs. 10, 11 and 12.
The standard-energy definite-time relay is
made 1n either of the following current ranges:

5 -3-35-4-5-6€or
b -5 -6 -8-10-12 - 15

Ths low-cnergy type relay 1s made 1n the

above two tap ranges and also In the ~ollowing

range “reguently used for ground protection:
Eo- 6 - 8 - 1.0 - 1.8 -2 - 2.8
The clrcult-opening rélay 1z made only in

ne 4 to 15  ampere ranges. A lower range 1s

desirable T©pecause the Dburden of a low-

range trip coll is too heavy on the current

p
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I L

transformer. One trip coll 1s required for

each relay.
Phase Relays

intended for
directional elements that are true wattmeters;
that 1s, they have thelr
the current and voltage are in phase.

Relays phase protectlon have

maximum torque when

Ground Relays

Ground relays operate on 1low current values
and consequently,
The directional element

the low-energy type relays
of these

relays)

are used.
relays (deslignated as type CR ground
1s not a true wattmeter, but 1s compensated so
that 1ts when the

current lags 1% degrees behind the voltage.

maximum torque occurs

Because the circult-opening relay @ cts
short circult the trip coll, 1t 1 ant
that the relay be mounted where 1t.will not be
subject to shocks which may jar t ontacts
open and thereby allow current to flow through
the trip coil. Trouble of this gkind can be

avolded by preventing to the switchboard

and also by settingy,th coll high enough
so that 1t will not r on normal load
current. This 1s t safe-guard so that
there 1s no dang even an excesslve

shock unless th t 1s also heavy.

element should be connected
voltage across the

lags 30 degrees behind the re-

polarizing

ar-current at unlty power factor.
nections are shown in Figs. 15, 17,
These connectlons produce a maximum
the relay when the current lags 30°

to
When speclally ordered, S#1161078 PhaseN—vd its 100% pf position.

Shifter can CR Groun

Relay to

be used with the type

provide maximum torque at 45 t

degre@®s current lagging residual voltage
use of the phase shifter requires @ i
elther the current or the potent onnec-
tions

but not both. Actually, e eurrent
cennections are shown reverse n s. 1

and 22,

INSTALL

The relays should 1& ed on switchboard
panels or their ec‘ﬁ in a location free

from dirt, moilstu excesslve vilibration and
heat. Mount th a vertically by means of
the two mount 1 tuds for the standard cases
and the t ectlon case or by means of

holes on the flange for the
Elther of the studs
utllized for
electrilcal

T case.

or the m g screws may be

grounding the relay. The con-

nectlons may be made dlrect to the termilnals

means of screws for steel panel mounting or
o\terminal studs furnished with the relay for

-asbestos or slate panel mounting. The

minal studs may be easlly removed or in-

serted by 1locking two nuts on the studs and

then turning the proper nut wilth a wrench.

hase Relay - 90° Connection

* Another connection 1s the so-called 90°
connection shown 1n Figs. 16 and 20. The
relay uses the current 1n one wilre and the
potential across the other two wires of the
circuit. When this 1s done, a resistor should
be put 1n series with the potential coill of
the relay.

One combination of resistor and
coll produces a
when the current lags 45° behind its 100% P.F.

position.

potential
maximum torque 1n the relay
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#T721436
60 cycle, 115 volts, 565 ohms, S#721437

Another
tial coll produces a maximum torque 1n the re-
current lags 60° behind its 100%

This
ordered by style number as follows.

combination of resistor and poten-

lay when the

rf position. external resistor can be

60 cycle, 115 vol%ts, 315 ohms, S#LT72374k

Ground Relays

The directional element should be connected

7
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Fig. 13—Diagram Of Test Connections For The Circuit Clos-
ing Relays.

to operate on residual current and voltage
for the type CR relay, and on residual cur-
rents for the type CRC relay, as shown in
Figs. 15 to 22.

When wusing the cilrcult-opening relays for
phase protection, ground protectlon may be
secured by using a low-energy cilrcult-glosing
relay operating on a-c. Voltage, tnip coll
energlzed from a single-phase potentlal
transformer.

Trip Circuilt

The maln contacts wi1ll tsafely close 30
amper~s at 250v. d-c, and the switch contacts
will safely carry this current long enough to
trip a breaker.

The relay 1s “ghipped fwith the operation
indicator and the cémt@ctor swiltch connected
in parallel. This circult has a resilstance of
approxinat-ly 0.25 ohm and 1s suitable for all
trip currengs above Z2.25 anmperes d-c. If the
trip curpentWs less than 2.25 ampere=s, there
1s no needlhfor’the contactor switch and 1t
should|, be®disconnected. To disconnect the
colljmy, rerov> the short lead to the coll on
the, front stationary contact of the contactor

10

switch. Thils 1lead should be fastened (dead
ended) under the small filister-head screw
located 1n the Mlcarta base of the contacfor
switch. The operatlion 1ndicator will operate
for trip currents above 0.2 ampere d-c. The
resistance of 1ts coll 1s approximately 2.8
ohms.

An auxiliary switch on the “elrcult Mbreaker
should be, used so that when the circuilt
breaker 1s tripped, the trippingielircuit will
be opened by thls switch.

The circult-closing reday/imay also be used
to trip a cilrcult breaker equlipped with a
Westinghouse "Direct-tklp attachment” on the
trip colls. This Ispha device that trips a
circult ©breaker " by energy recelved from a

current transfiermer.

Relay Wath Quick Opening Contacts

When “)the relays are used wilth circuit
breékens that are instantaneously reclosed, 1t
1s ‘\necegsary to arrange the relay contacts to
be quiek opening. Thils 1s done by screwing in
the small set screw on the statlonary contact
assembly untlil the contact rivet rests solldly
on the Micarta support. When this 1s done,
the position of the contact stop on the time
lever should be shifted so that the moving and
statlonary contacts barely touch when the time
lever 1s set on zero.

SETTINGS

There are two settings-namely the current
value at which the relay closes 1ts contacts
and the time requlred to close them. When the
relay 1s to be wused to protect equlpment
agalnst overload, the setting must be deter-
mined by the nature of the load, the magnitude
of the peaks and the frequency of thelr
occurrence.

For sectlionallzir,g transmlission systems the
current and time setting must Dbe determined
by calculatlon, due consideration belng. glven
to the time requilred for clrcult breakers to
open 8o that proper selectlve actlon can be
obtalned throughout the system.

s
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Current Setting

The connector screw on the terminal plate
above the +tlime scale makes connectlons to
various turns on the operating coll. By
placing this screw 1in the various holes, the
relay will just close contacts at the corre-
sponding current, 4-5-6-8-10-12 or 15 amperes,
or as marked on the terminal plate.

The trippling value of the relay on any tap
may be altered by changing the initilal tensilon
of the spiral spring. This can be accomplished
by turning the spring adjuster by means of a
screw driver inserted 1n one of the notches of
the plate to which the outside convolution of
the spring 1s fastened. An adjustment of
tripping current approximately 15 per cent
above or below any tap value, can be secured
without materially affecting the operating
characteristics of the relay. By choosing the

proper tap, a continuous ad justment of}
tripping current from 3.4 amperes to 17.5
amperes may be secured. The characterigtie

time curve will be affected less for aay large
adjustment 1if the next higher tap 118 sellected@
and the 1nitlial tenslon of the splrald spring
1s decreased to secure the desired teipping
value. For example, the relay sheouldjbe set
on the 8 ampere tap with less initlal, tension
1n order to secure a 7 amperegbripping value.

CAUTION Be sure that the ‘@ennector screw 1s
turned up tight so as, to,make"a good contact,
for the operating current pPasses through it.
Since the overload# element 1s connected di-
rectly in the current transformer circuilt, the
latter should be ““short-circulted before
This can be
done conyvenliently ™ by inserting the extra con-

changing the comncctor screw.
nector 4 'scraw, located on the right -hand
mounting, boss,£ In the new tap and removing the

old screw from its original setting.

Time Lever Setting

Phe 1ndex or time lever 1limits the motlon of
the™ disc and thus varles the time of
operation. The latter decreases with lower
lever settings as shown in the typical time

curves Figs. 10 to 12.

The relay has been callbrated from the)#10
time lever setting. The #11 timegsetting nay
be used to secure a time delay [approximately
10 per cent 1longer; that 1s, towSecure a
setting of 2.2 seconds for a 2 second relay.

ADJUSTMENTS AND MAINTENANCE

All relays should be 1inspected periodically
and the time of operatlionyshould be checked at
least once every (81X months. For thils pur-
pose, a cycle counterfshould be employed be-
cause of 1ts eonvenlence and accuracy. Phan-
tom loads should®mot be used in testing 1nduc-
tlon-typerelaysybecause of the resulting dis-
torted current wave form which produces an
error An A£Iming.

A1l contacts should be periodically cleaned
with & fine flle. S#1022110 file 1s recom-
mended for thilis purpose. The use of abrasive
material for cleaning contacts 1s not recom-
mended, becaus of the danger of embeddlng
small particles 1in the face of the soft silver
and thus impairing the contact.

The proper adjustments to 1nsure correct
operation of thils relay have been made at the
factory and should not be disturbed after
recelpt by the customer. If the adjustments
have been changed or the relay taken apart for
repalrs, the fcllowlng 1nstructions should be
followed 1n reassembling and setting it.

Overcurrent Element

Shift the position of the contact stop on
the time lever and adjust thes contacts so that
they barely touch when the times lever 1s set
on zero. Ad just the tension of the spiral
spring so that the relay will close 1ts
contacts at 1ts 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 on the typical time curve. Test con-
nectlons for the overcurrent element ars shown
n Fig. 13 or 1k,

The directional control overcurrent element
cannot start until th= watt element has clos<d
1ts contacts which introduces a deslay of

11
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Fig. 21 —External Connections Of The Circuit Closing Type
CR Relay In The Type FT Case For Phase Protection
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TYPES CR AND CRC RELAYS

several cycles. This time 1s so small that 1t
1s usually 1gnored and the relays are tested
by blocking the dilrectional contacts 1In the
closed position.

The position of the torque compensator on
the overload element 1s adjustable but this 1s
primarily a factory adjustment and the lo~
catlon of the torque compensator should not be
changed 1n the fleld. If the relay has a
metal cover, thils cover must be 1n place when
making tests.

Directional Element

The upper bearing screw should be screwed
down until there 1s only two to four
thousandths 1nch clearance between 1t and the
shaft and then securely 1locked 1n positilon
with the lock nut. This adjustment can be
made best by carefully screwing down the top
bearing screw until the disc falls to turn
freely and then backing up a fraction of a
turn. Great care must be taken 1n making this
ad justment to prevent damage to the bearings.

The contact opening on the directionally-
controlled relay should be 1/32" in order %o
reduce the time of operation of the _di-
rectional element to a minimum. No harm(wigl
result 1f the dlrectional contacts rebemund &0
close momentarily after a fault ,ls Gleared,
because the overcurrent contacts wWillWse in
the open position. The contact g openihg on
relays which are not directionally eentrolled
should be 3/32".

The tension of the spilrailyspring on the di-
rectional element should [bedjust sufficient to
return the disc to ghe“stopmand thus hold the

contacts in the open pesitdon.

In many applicat¥omnsf there 1s no objection
to having the contacts closed when the relay
1s de-energized. This can be changed by
shifting the spring adjuster but the tension
on the spring, should never be enough to pre-
vent the “eontacts from taking thelr proper
positien, “Weither open or closed, during time
of sherthycircult when the forces acting on the

ddsc are small.

14

There 1s an adjustable magnetic vane on each
side of the upper palr of poles, which is
Intended to balance the current circuilt. The
normal adjustment 1s to remove all potential
from the voltage coll and apply heavy current
to the current colls. The balanclng vanes are
then adjusted ti1ll there 1s no pronounced
torque 1n elther direction. Thilsgsame ad-
justment may be wused to pogitlvely ,cdose the
contacts on current alone. Thisimay be de-
silred on some installations In order to insure
that the relay will alwa¥§s, trdp the breaker
even though the potentlal may be zero.

When operating at ghe maximum torque angle,
the directional element, of the Type CR Phase
Relay and 2 to 6fand ¥to 15 amp. ground relay
should pick=up, on 4 volt and 4 amperes, and
for the 0.5 tog2.5, amp. Type CR Ground Relays
on 1 vol%, “%2,7 ‘amperes. The directional ele-
ment of¢ thé, CRC Ground Relay will pick-up at
0.5 amperefjeach winding.

Contactior Switch

Ad just the statlonary core of the switch for
a clearance between the stationary core and
¥he moving core of 1/64" when the switch 1s
plcked up. This can be done by turning the
relay up-slide-down or by disconnecting the
switch and turning it up-side-down. Then
screw up the core screw untll the moving core
starts rotating. Now, back off the core screw
until the moving core stops rotating. This
indicates the polnts where the play in the
assembly 1s taken up, and where the moving
core just separates from the stationary core
screw. Back off the core screw approximately
one turn and lock 1n place. Thils prevents the
moving core from striking and sticking to the
stationary core because of residual magnetism.
Adjust the contact clearance for 3%/32" by
means of the two small nuts on elther side of
the Mlcarta disc. The switch should pick-up
at 2 amperes d-c. Test for sticking after 30
amperes d-c. have been passed through the
coil.

Operation Indicator

(Circuit-Closing Relays)

Adjust the 1ndicator to operate at 0.2
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Type FT Case For Ground Fault Protection Using
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ampere d-c. gradually applied. Test for
sticking after 5 amperes d-c. isgpasseds

Overcurrent Element

(Circuit Opening Redays)

Adjust the relay with4the instructions given

1

1%

V)
-
M
N
j

63-D-733

Fig. 24 —Outline And Drilling Plan Of The Phase Shifter For
The Ground Relay When Supplied. For Reference
Only.

. ‘.\ 9032 THO
25

206 1A
r2 HOLES)

Fig. 23—Outline_And'Drilling Plan Of The External Resistor
For Thie 90% Connection. For Reference Only.

under (!Ogencuirrent Element (Circuit Closing
Relays)" \leXcept that for the standard energy
circult “Oopening relay the following cautions
should be observed:

CAUTION When a signal 1lamp or other voltage
operated device 1s to be connected in series
with the relay contacts, disconnect the in-
ternal 1leads of the element from the station-
ary and moving contacts respectfully and dead
end them. Then the lamp or other device can
be connected to the stationary and moving
contacts.

De-Ion Contactor Switch

(Circuit Opening Relays)

Adjust the core stop on the top as high as
possible without allowing the
bushing at the bottom of the plunger to touch

insulating

the Micarta angle.
rated from the Micarta angle by 1/32" to
1/16". Adjust the contact gap spacing to
slightly less than 1/16 of an inch. Bend down
the contact springs so that a firm contact 1s

The contact wlll be sepa-

riade but not so strong that the minimum pick-
up valus cannot be obtalned. The spring

tension shoui¢ bes about 15 grams.

Hold the r~lay contacts c¢losed and with an
auxiliary r=lay coll connected across the
nroper terminals to simalate the circuit
breazer trip coil, not~ that the contactor
switeh pic%a up on less than 4 amperes on

the & ampere overcurrent tap eetting.

15



TYPES CR AND CRC RELAYS

In the case of the standard energy circuit
opening relay the contactor swiltch should
plck-up and seal itself open at 75% of minimum
trip current.

Operation Indicator
(Circult Opening Relays)

Adjust the 1indicator to operate at 2 amperes
a-c.

ATTACHMENTS TO THE RELAY
Instantaneous Trip

This element 1s a small solenold switch the
coll of which 1s 1n serles with the overcur-
rent coll. It functions to energilze the
breaker trip coll 1instantaneously, inde-
pendently of power direction when the fault
current 1s exceptlonally heavy. The three
statlionary contacts are 1n parallel with the
maln trlp contacts and make possible double
Instantaneous trilp on double-trlip relays. The
position of the Micarta disc at the bottom of
the element with reference to the callbrated

gulde 1ndicates the minimum overcurrent

required to operate the element. The disc
should be 1lowered or ralsed to the proper po-
sition by loosening the 1locknut which 1loeks
the Milcarta disc and rotating the Milcarta
disc. The nomlnal range of adjustment 1s 1 to
4, for example, 10 to 40 amperes and 1t hadpan
accuracy within the 1limits of approximately
10%.

The drop-out value 1s varied by ralsing or
lowerling the core screw at/the top of the
switch, and after the fInal “¥adjustment 1s
made, the core screw shéwld be“securely locked
in place with the AGek mnut. The drop-out
should be adjusted 4for about 2/3 of the mini-
mum pick-up. Adjusting the drop-out will
slightly affect the value of plck-ups

RENEWAL PARTS

Repalri workjhcan be done most satisfactorily

at the( factory. However, Iinterchangeable
parts “céan be furnished to the customers who
aré egqulipped for dolng repalr work. When
ordering parts, always glve the complete

nameplate data.

ENERGY ‘REQUIREMENTS

BURDENS FOR SATURATION CALCULATIONS

Readings taken with Rectox Type VAltmeter, 60 cycles.

Range V.A. Burden V.A. Burden V.A. Burden V.A. Burden
R 2o e BYciopp e B R B
Min. Tap Min. Tap Min. Tap Min. Tap
Definite Minimum {Standard Energy)

2-6 18 105 520 1500
4-15 13 115 616 1647
Inverse (Low Energy)

0.5 - 2.5 2.0 20.5 141 366

2 -6 2.4 23.0 168 469

4 -15 3.6 32.8 248 T46
Very Inverse (Low Energy)

0.5% 2.5 1.3 10.7 96 244

2, .6 14.9 135 377

B-15 2.8 25.3 218 6668

These values are the combined burden of the overcurrent and directional element

coils in series.
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LL

ENERGY REQUIREMENTS

O

1 keactive
STANDARD ENERGY, DEFINITE TIME RELAY Tap Watts Volt-Amperes Volt peres P.F.
Burdens at 5 Amperes on the 5 Ampere Tap2 n 2.0k 4 .66 5.1 n
n
Freguency. Watts Volt -Amperes P.F. 5 1.6 3.66 4}4'0
Cycles 6. 1.32 3.0 3.3 "
"
25 10.6 18 54° Lag 8 1.12 2. 2.8 )
50 9.5 19 60° Lag 10 1.0 X - y
60 9.5 19 60° Lag 12. 0.94 1 2.35
15. 0.88 2.2 "
Burdens at 5 Amperes, 60 Cycles for 1
2
Various Tap Settings LOW ENERGY, §/ERY VERSE RELAY
2
Burdens Amperes on the 5 Ampere Tap
Reactilve
Tap Watts Volt-Amperes Volt-Amperes P.F. Frequ y Watts Volt-Amperes P.F.
2 55.0 95.4 110 60° Lag Cycl
2.5 35.0 60.5 70 " 2 1.62 3.3 61° Lag
3 24 .5 bo.5 49 " 1.32 3.3 66.4° Lag
3.5 18.5 32.0 37 " 0 1.32 3.3 66.4° Lag
4 14.0 24,2 28 " o
5 9.5 16.5 19 " Burdens at 5 Amperes of Current Tap
6 7.0 12.1 14 " Reactive
8 y.25 7.36 8.5 " Tap Watts Volt-Amperes Volt-Amperes oP.F‘.
10 5. 06 5.64 6.5 " 0.5 50.8 116. 127. 66.4° Lag
1> 2'5' 4'33 %' 0.6 35.6 81.5 89. "
) ) ) 0.8 . 45.2 49.4 "
15 2.0 546 y ' 19.7 > 2
1.0 12.9 29.6 32.3 !
i 1.5 6.4 14.6 15.9 "
LOW ENERGY, INVERSE TIME RELAY
2.0 3.9 9.0 9.8 "
. . 6. .0 "
Burdens at 5 Amperes on the 5 re Tap2 25 2.8 4 7
3.0 2.2 5.0 5.5 "
3.5 1.8 4.1 4.5 "
Frequenc
a y L 4 ‘:::!;! L, 1.6 3.67 4.0 g
Cycles Watts t eres P.F.
5. 1.32 3.0 3.3 "
25 1.96 4.0 61° Lag 6. 1.16 2.66 2.9 "
50 1.60 4.0 66.4° Lag 8. 0.96 2.2 2.4 i
60 1.6 4.0 66.4° Lag 10. 0.92 2.1 2.3 "
12. 0.38 2.02 2.2 "
Burdens mperes, 60 Cycles for 15. 0.85 1.96 2.14 i
ious Tape Settings
POLARIZING COILS
active
Tap a Volt -Amperes Volt-Amperes  P.F. The potential polarizing coil burden of the
3 'S =
0.5 116. 127 66.4° Lag directlional element at 115 volts for the type
0.6 35. 81.5 89 " CR 1line relay are as follows:
0.8 32.0 73.4 80. " % For 90° Connection 3
1.0 %0.8 47.6 52. ! Freq Reslstor Watts VA Lagging Approx. Max.
1.5 9.6 22.0 24, " Cycles P.F. Torgue Angle
0 5.8 13.2 4.5 " 25 Yes  8.9511.3 37.6 45°
2.5 4.0 9.2 10. " 50 Yes 11.2 14.0 37 y5°
3.0 3.04 6.95 7.6 " 60 Yes 11.5 15.3 41.4 y5°
3.5 2.4 5.6 6.1 " 60 Yes 11.0 19.0 54.8 60°
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TYPES CR AND CRC RELAYS

% For 30° Connection

b s O
25 No 4.2 18.0 76.5 30°
50 No 3.45 23.0 81.4 30°
60 No 3.%5 23.0 81.4% 30°
The potential polarizing coil burdens of the
directional element at 115 volts for the type * L 4

CR Ground Relays are as follows:

Frequency With Phase %
Cycles Shifter Watts Volt-Amps. P.F.
60 No 5.6 27 78°Lag
60 Yes 12.6 22.6 56°Lag
The current polarizing burdens of the direc-
tional

element of type CRC relay at rated
amperes are as follows:
Frequency
Cycles Watts Volt-Amperes P
25 4.5 5.0 S

50 6.5 8.0 ° Tag
60 7.0 9.0 Lag

1. These values are the combined burden of the overc
in series.

nd directional element coils

2. The impedance of the overcurrent element col
square of the tap markings while the directional
burden of the directional element coil which n

ies approximately inversely as the
coil 1impedance 1is constant. The

es with the overcurrent element is 2
volt-amperes at 5 amperes, 60° lag.

% 3. The angle which the current lags th (0] .f. position.

Contlinuous Ratings

The continuous ratings 1in amperes of the and CRC Relays are as follows:

Definite Min. Time | verse Time Very Inverse Tima
Tap Continuous One Sscond ous One Second Continuous One Second
S

.5 2 70 2 100

.€ 2 70 2 100

.3 2 70 2 100
1.0 3 70 3 100
1.5 3 70 3 100
zZ.0 4 70 4 100
2.5 ) 70 5 100

z 4 8 250t 8 250 f
2.5 5 8 es0t 8 2501

3 G 8 250 8 220 t
.5 6 1 8 250 ¢ 8 250 ¢

4 T Q 9t 250T 9t QSOT

= 8 140 9t 250 4 91 250 ¢

€ 10 140 104 250 10 ¢ 250

4 e 250 | 1€ 1 250 1 16 4 oe0 T

5 8 250 f 1€ 250 16 os0 T

3 ot 250 t el 2501 €l 250t
8 10t 250 1 171 250 t 17t 250t
10 12 250 ¢ 18t 250 181 250
12 31 & 250 4 197 250 ¢ 191 250+
15 154 2504 20% 250 4 207 250
tThe dir iohal element current coil of Type CR relay has a continuous rating of 8 amperes and
a oge rating of 185 amperes. The upper winding of the Type CRC has a continuous rating
of

s and & one second rating of 140 amperes while the lower coil has a continuous rat-
3 amperes and a one second rating of 185 amperes. The polarizing coil of the CR relay
ntinuous rating of 127 volts.
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Fig. 25—Outline and Drilling Plan for Relaysin the/Standard Projection Type Case. See the Internal Schematic for the
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for the Terminals Supplied. For Reference Only.
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