INSTALLATION

Westinghouse I.L. 41-131M
e OPERATION e MAINTENANCE

INSTRUCTIONS

DIRECTIONAL OVERCURRENT RELAYS
TYPES: CR, CRC, CRP AND CRD

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

APPLICATION

These induction type directional overcurrent
relays are used to disconnect transmission and feeder
circuits when current through them in a given direc-
tion exceeds a predetermined value.

CONTENTS

This instruction leaflet applies to the following
types of relays:
Type CR Voltage Polarized Phase Relay
Type CRC Current Polarized Ground Relay
Type CRP Voltage Polarized Ground Relay
Type CRD Dual Polarized Ground Relay

CONSTRUCTION AND OPERATION

The various types of relays as outlinedpin the
contents consist of a directional unit“or units, an
overcurrent unit, an indicating conta€tor switch unit
and an indicating instantaneous trip unit when re-
quired. The type CRP and typé, CRBsgrelays also
utilize an internal phase shifting mechanism. The
principal component partsy of “the relay and their
locations are shown in Figs. 1,2, 3%nd 4.

A. Overcurrent Unit (CO)

The overcurrent unit. operates on the induction
principle. A main tapped ¢oil located on the center
leg of an “E” type ‘laminated structure produces a
flux which divi@es ‘and returns through the outer legs.
A shading coil causes‘the flux through the left leg to
lag the main polé flux, The out-of-phase fluxes thus
produced in “the airf gap cause a contact closing
torque.

B. Indicating Contactor Switch Unit (ICS)

The indicating contactor switch is a small d-c
operated clapper type device. A magnetic armature,
to ‘whieh) leaf-spring mounted contacts are attached,
jSpattracted to the magnetic core upon energization
of the"switch. When the switch closes, the moving
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*Denotes change from superseded issue.

contacts bridge two stationary contacts, completing
the trip circuit. Also ‘during this operation two fin-
gers on the armature®defleet a spring located on the
front of the swifch, whieh allows the operation in-
dicator target to drop. /The target is reset from the
outside of the ¢ase,by a push rod located at the bot-
tom of the cover.

The frontispring, inaddition to holding the target,
provides restraint for the armature and thus controls
the pickup value of the switch.

C. Indieating Instantaneous Trip Unit (ITT)

TheWinstantaneous trip unit is a small a-c operated
elapper, type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving contacts
bridge two stationary contacts completing the trip
circuit. Also during the operation two fingers on the
armature deflect a spring located on the front of the
switch which allows the operation indicator target to
drop. The target is reset from the outside of the case
by a pushrod located at the bottom of the cover.

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

D. Directional Unit (D)

The directional unit is a product induction cyl-
inder type unit operating on the interaction between
the polarizing circuit flux and the operating circuit
flux.

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

The frame serves as the mounting structure for the
magnetic core. The magnetic core which houses the
lower pin bearing is secured to the frame by a locking
nut. The bearing can be replaced, if necessary, with-
out having to remove the magnetic core from the frame.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opposite one another; two magnetic
adjusting plugs; upper and lower adjusting plug
clips, and two locating pins. The locating pins are
used to accurately position the lower pin bearing,
which is mounted on the frame, with respect to the
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Fig. 1 Type CR{Relay Without Case.
(D). 2-Overéurrent Unit (CO),
tactor Switch (ICS).

1-Directiona: Unit
3-Indicating Con-

R

Fig. 2.

Directional Unit. 1-Stationary Contact. 2-
Stationary Contact pressure spring. 3-Magnetic
adjusting plugs. 4-Upper bearing screw. 5-
Moving elemant assembly. 6-Spring adjuster
clamp. 7-Current Bias Vane.
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Fig. 3. Time Overcurrent Unit (Front View). 1-Tap Block./ 22Time Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationary
Contact Assembly. 6-Magnetic Plugs. 7-Pérmanent Magnet.
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Fig. 4. Indicating Instantaneous Trip Unit (1IT).
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Fig. 5. Internal Schematic of double trip, directional over-
current relay type CR in type FT21 Case. For the
single trip relay the circuits associated with ter-
minal 2 are omitted, 57D4549.

upper pin bearing, which is threaded into the bridge.
The electromagnet is secured to the frame by four
mounting screws.

The moving element assembly consists of &
spiral spring, contact carrying member, and an alu-
minum cylinder assembled to a molded hub which
holds the shaft. The shaft has removable top“a@nd
bottom jewel bearings. The shaft rides between the
bottom pin bearing and the upper pin bearing with the
cylinder rotating in an air gap formed by the electros
magnet and the magnetic core. The stopsmfori the
moving element contact arm are an integral part of the
brid ge.

The bridge is secured to the eleetromagnet and
frame by two mounting screws. In‘addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The
stationary contact housing is held in:position by a
spring type clamp. The springsadjuster is located on
the underside of the bridgé and¢is attached to the
moving contact arm by“a, spiral spring. The spring
adjuster is also held#in plaee by a spring typre clamp.

With the contacts! closed, the electrical con-
nection is made througii the stationary contact hous-
ing clamp, to the moving contact, through the spiral
spring out to the spring adjuster clamp.

The contacts ofy the directiorsal unit are con-
nected in series with the shading coil of the over-
current unit, ‘thus giving directional control of the
overcurrenty unit. This arrangement prevents the
relay {romgpoperating for faults in the non-tripping
direction.

Fig. 6. Internal,Schem@atic of double trip, directional over-

current, relay type CRC in type FT21 Case. For the
single ‘trip ‘relay the circuits associated with ter-

miinal 2%are omitted, 57D4539.

CHARACTERISTICS

Theyptime characteristics of the directional over-
current, relays are designated by specific numbers as
indicated in Table I (e.g. CR-8).

TABLE I
Time

Characteristics Designation
Short Time 2
Long Time
Definite Time
Moderately Inverse Time
Inverse Time
Very Inverse Time
Extremely Inverse Time 1

— O 00 3 O wu

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

Range Taps

05— 2.5 0.5 0.6 0.8 1.0 1.5 2.0 2.5
2 - 6 2 2.5 3 3.5 4 5 6
4 —12 4 5 6 7T 8 10 12

Thes2 relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers.

The time vs. current characteristics are shown in
Figs. 13 to 19. These characteristics give the con-
tact closing time for the various time dial settings
when the indicated multiples of tap value current are
applied to the relay.
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Fig. 7. Internal Schematic of double trip, directional over-
current relay type CRP in type FT21 Case. For the
single trip relay the circuits associcted with ter-

minal 2 are omitted, 57D4545.

Trip Circuit

The main contacts will safely close 30mpeéres
at 250 volts d-c and the seal-in contacts of the in-
dicating contactor switch will safely carry thi§ cur-
rent long enough to trip a circuit breaker.

The indicating instantaneous trip e®ntacts) will
safely close 30 amperes at 250 volts/d-¢, a@nd will
carry this current long enough to trip a breaker.

The indicating contactor switchihas two taps that
provide a pickup setting of 0.2¢or<2, amperes. To
change taps requires connecting ofy lead located in
front of the tap block to the déSired setting by means
of a screw connection.

Trip Circuit Constants

Indicating Contactor Switch —
0.2 amp tap 665 ohms d-c resistance
2.0 amp tap 0.15 ohms d-c resistance

Type CR Relay

This voltagefpolarized type relay is intended for
phase fault protection and the directional unit has its
maximum torquedwhen the current leads the voltage by
approximately 30°. The directional unit minimum pick-
up is 1 volt and 4 amperes at its maximum torque angle
for the 4 to 42 ampere range relays and 1 volt and 2
amperes for the 2 to 6 ampere and 0.5 to 2.5 ampere
range relays.

The directional unit should be connected using the
current’ in one-phase wire and the potential across the
other two phase wires. This connection is commonly

Fig» 8. Internal Schematic of double trip, directional over-
current relay type CRD in type FT3] Case. For the
single trip relay the circuits associated with ter-

minal 2 are omitted, 57D4561.

referred to as the 900 connection. When utilizing the
909 connection the maximum torque of the relay oc-
curs when the fault current lags its 100% P.F. posi-
tion by approximately 600. See Fig. 21.

Type CRC Relay

The current polarized type relay is intended for
ground fault protection and operates on residual
current. See Fig. 23. The type CRC relay has its
maximum torque when the operating current leads the
polarizing current by approximately 40°. The direc-
tional unit minimum pick-up is 0.5 ampere in each
winding in phase for the 0.5 to 2.5 ampere and the 2
to 6 ampere range relays.

Type CRP Relay

The voltage polarized relay is intended for ground
fault protection and has its maximum torque when the
current lags the voltage by approximately 60°. The
shifting of the maximum torque angle has been ac-
complished by the use of an internally mounted phase
shifter as illustrated in Fig. 7.

The type CRP relay operates on residual voltage
and residual current. See Fig. 22.

The directional unit minimum pick-up is 1 volt
and 2 amperes at its maximum torque angle for the 0.5
to 2.5 ampere and the 2 to 6 ampere range relays.

Type CRD Relay

The dual polarized type relay is intended for
ground fault protection. The relay can be polarized
from a potential source, from a local ground source, or
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from both simultaneously.

The type CRD relay utilizes the directional unit
of the type CRC relay in conjunction with the direc-
tional unit and phase shifting mechanism of the type
CRP relay. The directional contacts are connected
in parallel to torque-control a common overcurrent

unit. See Fig. 8.

The current-polarized directional unit of the type
CRD relay onerates on residual currents while the

votential polarized directional unit of the type C
relay operates on residual voltage and residual

rent. See Fig. 24.

For the 0.5 to 2.5 ampere and the 2 to 6 ampere
range relays, the minimum pick-up of the current
polarized unit is 0.5 ampere in each winding insphase
and the minimum pick-up for the v ge polarized
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ENERGY REQUIREMENTS

¢
CR-2, CRC-2, CRP-2, CRD-2 OVERCURRENT UNITS\
VO ERES it

CONTINUOUS ONE SECOND POWER AT AT, 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING t FACTOR TAP VALUE TAPWALUE TAP VALUE TAP VALUE

RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT T CURRENT CURRENT
0.5 0.91 28 58 4.8 39.6 256 790
0.6 0.96 28 57 4.9 39.8 270 851
0.8 1.18 28 53 42.7 308 1024
0.5/2.5 1.0 1.37 28 50 45.4 348 1220
1.5 1.95 28 40 54.4 435 1740
2.0 2.24 28 36 65.4 580 2280
2.5 2.50 28 29 73.6 700 2850
2.0 3.1 110 59 38.7 262 800
2.5 4.0 110 5 5.13 39.8 280 920
3.0 4.4 110 5.37 42.8 312 1008
2/6 3.5 4.8 110 5.53 42.8 329 1120
4.0 5.2 110 45 5.72 46.0 360 1216
5.0 5.6 110 41 5.90 50.3 420 1500
6.0 6.0 11 37 6.54 54.9 474 1800
4.0 1.3 2 65 4.92 39.1 268 848
5.0 8.0 0 50 5.20 42.0 305 1020
6.0 8.8 3 47 5.34 44.1 330 1128
4/12 7.0 9.6 23 46 5.53 45.8 364 1260
8.0 10.4 ¢ Q 43 5.86 49.9 400 1408
10.0 11.2 \ 0 37 6.6 55.5 4170 1720
12.0 12.0 K 230 34 7.00 62.3 528 2064
t Thermal capacities for sh ime er than one second may be calculated on the basis of time being inversely proportional to the
square of tfe current.
¢ Degrees current lags t p value current.

t1 Voltages taken wit o%\type voltmeter.

N



TYPES CR, CRC,CRP AND CRD RELAYS
ENERGY REQUIREMENTS

CR-5, CRC-5, CRP-5, CRD-5,
CR-6, CRC-6, CRP.6, CRD-6 OVERCURRENT UNITS

_VOLT AMPERES 1

Continuous One Second  Power At At 3 Times At 10 Times At 20 Times
Ampere Rating RatingT Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ¢ Current Current Current Current .
(0.5 2.7 88 69 3.92 20.6 103 270
(0.6 3.1 88 68 3.96 20.7 106 28
(0.8 3.7 88 67 3.96 21 114 32
0.5/2.5 ( 1.0 4.1 88 66 4.07 21.4 122 360
(15 5.7 88 62 4.19 23.2 147
(2.0 6.8 88 60 4.30 24.9 168 8
(25 7.7 88 58 4.37 26.2 180 m
(2 8 230 67 3.88 21 110
(2.5 8.8 230 66 3.90 21.6 118 3
(3 9.7 230 64 3.93 22.1 126 1
2/6 (3.5 10.4 230 63 4.09 23.1 13 417
(4 11.2 230 62 4.12 23.5 1 448
(5 12.5 230 59 4.20 24.8 540
(6 13.7 230 57 4.38 26.5 1 624
(4 16 460 65 4.00 22.4 376
(5 18.8 460 63 4.15 43 450
(6 19.3 460 61 4.32 62 531
4/12 (17 20.8 460 59 4.35 183 611
(8 22.5 460 56 4.40 204 699
(10 25 460 53 4.60 247 880
(12 28 460 47 4.92 288 1056
CR-7, CRC-7, CRP.7 & CRD-7 O i
VOLT AMPERES {1
Continuous One Second Power At At 3 Times At 10 Times At 20 Times
Ampere Rating Rating T F Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ent Current Current Current
(0.5 2.7 88 3.88 20.7 103 278
(0.6 3.1 88 3.93 20.9 107 288
(0.8 3.7 88 6 3.93 21.1 114 320
0.5/2.5 ( 1.0 4.1 88 4.00 21.6 122 356
(1.5 5.7 ’ 4.08 22.9 148 459
(2.0 6.8 8 4.24 24.8 174 552
(25 7.7 ﬁ 56 4.38 25.9 185 640
(2 8 & 66 4.06 21.3 111 306
(25 8.8 63 4.07 21.8 120 342
(3 9.7 230 63 4.14 22.5 129 366
2/6 (3.5 10.4 230 62 4.34 23.4 141 413
(4 230 61 4.34 23.8 149 448
(5 230 59 4.40 25.2 163 530
( 230 58 4.62 27 183 624
4 460 64 4.24 22.8 129 392
(5 .8 460 61 4.30 24.2 149 460
4/1 9.3 460 60 4.62 25.9 168 540
20.8 460 58 4.69 27.3 187 626
(8 22.5 460 55 4.80 29.8 211 688
(10 25 460 51 5.20 33 260 860
(12 28 460 46 5.40 37.5 308 1032
T The acities for short times other than one second may be calculated on the basis of time being inversely
proportional’ to the square of the current. e

Degrees current lags voltage at tap value current.

1 es taken with Rectox type voltmeter.



TYPES CR, CRC, CRP AND CRD RELAYS

ENERGY REQUIREMENTS

CR-8, CRC-8, CRP-8 & CRD.8
CR-9, CRC-9, CRP-9 & cRD-9 OVERCURRENT UNITS

VOLT AMPERESTT

Continuous One Second Power At At 3 Times At 10 Times At 20 Times
Ampere Rating Rating T Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ¢  Current Current Current Current .
(0.5 2.7 88 T2 2.38 21 132 0
( 0.6 3.1 88 71 2.38 21 13
(0.8 3.7 88 69 2.40 21.1 142
0.5/2.5 ( 1.0 4.1 88 67 2.42 21.2 150 440
(1.5 5.7 88 62 2.51 22 530
(20 6.8 88 57 2.65 23.5 0 675
(25 7.7 88 53 2.14 24.8 800
(2 8 230 70 2.38 21 1 360
(25 8.8 230 66 2.40 21.1 1 395
(3 9.7 230 64 2.42 21. 9 430
2/6 (3.5 10.4 230 62 2.48 2 157 470
(4 11.2 230 60 2.53 22. 164 500
(5 12.5 230 58 . 180 580
(6 13.7 230 56 198 660
(4 16 460 68 146 420
(5 18.8 460 63 158 480
(6 19.3 460 60 172 550
4/12 (1 20.8 460 57 190 620
(8 22.5 460 54 207 700
(10 25 460 48 248 850
(12 28 460 45 292 1020
CR. C-
c RD- RCURRENT UNITS
voLT AMPERES T
CONTINUOUS ONE OWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING A FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES) ANGLE¢ CURRENT CURRENT CURRENT CURRENT
0.5 1.7 36 0.72 6.54 71.8 250
0.6 1.9 34 0.75 6.80 75.0 267
0.8 2.2 30 0.81 7.46 84.0 298
05/25 1.0 42 2 0.89 8.30 93.1 330
1.5 22 113 10.04 115.5 411
2.0 5 17 1.30 11.95 136.3 502
2 8 16 1.48 13.95 160.0 610
7.0 230 32 0.73 6.30 74.0 264
230 30 0.78 7.00 78.5 285
8.3 230 27 0.83 7.714 84.0 309
9.0 230 24 0.88 8.20 89.0 340
0.0 230 23 0.96 9.12 102.0 372
11.0 230 20 1.07 9.80 109.0 430
12.0 230 20 1.23 11.34 129.0 504
14 460 29 0.79 7.08 78.4 296
16 460 25 0.89 8.00 90.0 340
17 460 22 1.02 9.18 101.4 378
18 460 20 1.10 10.00 110.0 454
20 460 18 1.23 11.1 124.8 480
22 460 17 1.32 14.9 131.6 600
26 460 16 1.8 16.3 180.0 720

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

Degrees current lags voltage at tap value current.

Tt Voltages taken with Rectox type voltmeter.
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* DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN O

Relay Power Factor 0
Type | Rating |Volt Amperes/ Angle ¢
132* o
CR Volts 11.5 58~ Lag @
230 ** o
CRC Amperes 1.45 8~ Lag %
208***
CRP Volts 11.2 28° Lead
CRD 930% *
Current A 3 1.45 8% Lag
Unit mperes
CRD
208***
Volt?.ge Volts 11.2
Unit

¢ Degrees current leads or lags voltage at 1
on voltage polarized units and 5 am
polarized units .

A Voltages taken with rectox type volti
of Voltage polarized units taken a vo
den of current polarized units ta at peres.

* Continuous rating.

** One second rating.

*** 30 second rating. :
DIRECTIONAL UN@ATING CIRCUIT BURDEN
VOLT AMPERESTT

’ At 3 Times At 10 Times At 20 Times
Continuous  One S ower Mlmmum Minimum Minimum Minimum
Relay Range Rating F‘acior Tap Value Tap Value Tap Value Tap Value
Type Amps (Amperes) ( er Angle ¢ Current Current Current Current
CR 10 23 34.5 0.44 4.08 48.0 182.0
4-12 2 25.0 0.53 5.0 59.2 236.0
0.5-2.5 230 44.0 0.30 3.3 14.2
CRC { @ 0.033
230 42.5 0.58 5.28 58.0 240.0
0.5-2.5 34.5 0.03 0.23 2.8 11.5
CRP
2-6 230 34.5 0.44 4.08 48.0 182.0
0.5-2.5 45.0 0.07 . 6.6 26.0
CRD 0.59
45.0 1.04 9.9 106.0 420.0
De current lags voltage at tap value current.

acznes for short times other than one second may be calculated on the basis of time being inversely
ona to the square of the current. P

T Woltages taken with Rectox type voltmeter.
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Fig. 11. Internal Schematic of single trip directional con-
trol relay Type CRP with Indicating Instantaneous

Trip Unit, in Type FT21 Case.

SETTINGS

A. Overcurrent Unit (CO)

The overcurrent unit settings cang’be, defined
either by tap settings and time dial p@sitionwor by
tap setting and a specific time of operation at some
current multiple of the tap setting (etg. 4 #4ap setting,
2 time dial position or 4 tap setting, 0.6 seconds at 6
times tap value current).

To provide Selective circuitibreaker operation, a
minimum coordinating time of 0.3 seéconds plus break-
er time is recommended betweeny,the relay being set
and the relays with which eoordination is to be
effected.

The connector s¢rew on the terminal plate above
the time dial madkes ‘¢onnections to various turns on
the operating ¢c6il. By, placing the screw inthe various
terminal platé holes, the relay will respond to multi-
ples of tap . valile currents in accordance with the
various typicalftimezCurrent curves.

Caution

Since the tap block connector screw carries
operating current, be sure that the screw is turned
tight. "), In order to avoid opening the current trans-
formeény, eircuits when changing taps under load, con-
fniectthe spare tap screw in the desired tap position

before removing the other tap screw from the original

Internal Schematic of single trip directional control

Fig. 12.
relay Type CRD with Indicating Instantaneous
Trip Unit, in Type FT 31 Case.

tap position.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Where circuit breaker re-
closing will be initiated immediately after a trip by
the CO contact, the time of the opening of the contacts
should be a minimum. This condition is obtained by
loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring.

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

contact.

B. Indicating Contactor Switch (ICS)

The only setting required on the ICS unit is the
selection of the 0 2 to 2 0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw.

C. Indicating Instantaneous Trip (IIT)

The core screw must be adjusted to the value of
pick-up desired.
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TYPES CR, CRC ,CRP AND CRD RELAYS

l.L. 41-13TM

# - USE_DASHED CORKKECTION
INSTEAD OF SOLID ONE FOR
RELAYS WITH 0.5-2.5 AWPERE
RAMGE CO-5 AND CO-6 UNITS.

CR RELAY
(FRONT VIEW)
]

3 =
e T_<to
o |its

13

,,,,,,,,

T N T ") 10 TIMER (TIMER STOPS wHEN
| sToP AUX. RELAY CONTACT
NE 3 |, OPENS )
W

170 TIMER ETINER STARTS WHEN
> START SWITCH "$* CLOSES

- ix_@o J%JQL AUX-

SwITCH
age
l 120 YOLTS
.
) 60 CYf

182A873

\
25/5 ACT

Fig. 20. Diagram of test connections of the overcurrent
unit.

The nameplate data will furnish the actual cur-
rent range that may be obtained from IIT unit.

D. Directional Unit (D)

No setting is required.

INSTALLATION

The relays should be mounted on4switéhboard
panels or their equivalent in a location“free“ffom
dirt, moisture, excessive vibration and heat. ““Mount
the relay vertically by means of the/two“mounting
studs for the type FT projection case or by means of
the four mounting holes on the flamige for®the semi-
flush type FT case. Either of the studs or the mount-
ing screws may be utilized for ‘grounding the relay.
The electrical connections may beWmade directly to
the terminals by means lofy serews for steel panel
mounting or to terminal studsyfurnished with the relay
for thick panel mounting.sThe tefminal studs may be
easily removed or inserted by Tocking two nuts on the
studs and then turning the,preper nut with a wrench.

The external a:ic gonnections of the directional
overcurrent relaysiare shewn in Figs. 21 to 24.

ADJUSTMENTS AND MAINTENANCE

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

Forrelays which include an indicating instantan-
eous\trip unit (IIT), the junction of the induction and
indicating instantaneous trip coils is brought out to
switch jaw #3. With this arrangement the overcurrent
units can be tested separately.

_ STATION 8US PHASE ROTATION 1-2-3

o TRIPPING DIRECTION

P1-3
mn< 1, \Riuv

3
(v[cm u

| ROTATION 13 \
> PH=2

\ RELAY

SO
Va1

YECTORS AT 1004 P.F. POWER
IN TRIPPING DIRECTION

_DEYICE NUMBER CHART
67 ~ DIRECTIONAL OVERCURRENT RELAY-TYPE CR
52 = POWER CIRCUIT BREAKER
ICS - INDICATING CONTACTOR SWITCH
a ~ JREAXKER AUXILIARY CONTACT
TC - BREAKER TRIP COIL

182A793

Fig. 21. External Schematic of the type CR Relay for phase
fault protection.

Acceptance Check

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

A. Overcurrent Unit (CO)

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

1. Contact

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the ‘“O’’ mark on the time dial. For double
trip relays, the follow onthe stationary contacts
should be approximately 1/64’’.

b) For relays identified with a “‘T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the ‘“O’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right
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TYPES CR, CRC, CRP AND CRD RELAYS
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Fig. 22. External Schematic of the type CRP Relay for
ground fault protection.

of the ““‘O’’ mark by approximately .020’’. The
placement of the various time dial positions in
line with the index mark will give operating
times as shown on the respective time-current
curves. For double trip relays, the follow on
tl}e stationary contacts should be approximately
1/32".

2. Minimum Trip Current — Set the'time“dial to
position 6. Alternately apply tap value current plus
3% and tap value current minus 3%. The moving con-
tact should leave the backstop atftap value current
plus 3% and should return to the backstop at tap value
current minus 3%.

3. Time Curve — Table 2 shows the time curve
calibration points for jtheyvarieus types of relays.
With the time dial set £o the indicated position, apply
the currents specified bysTable2 (e.g. for the CR-8.
2 and 20 times tap“wvalue current) and measure the
operating time of the ‘relayy. The operating times
should equal those of Table2 plus or minus 5 percent.

For type CR-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial posi-
tion is 54.9 +5%seconds. It is important that the 1.30
times tap valueycurrent be maintained accurately. The
maintaining, of, this current accurately is necessary

20

Fig.) 23. External Schematic of the type CRC Relay for
ground fault protection.

because of the steepness of the slope of the time-
current characteristic (Fig. 19). A 1% variation in the
1.30 times tap value current (including measuring
instrument deviation) will change the nominal opera-
ting time by approximately 4%.

B. Indicating Contactor Switch (ICS) — Close the main
relay contacts and pass sufficient d-c current through
the trip circuit to close the contacts of the ICS. This
value of current should not be greater than the par-
ticular ICS tap setting being used. The indicator
target should drop freely.

The contact gap should be approximately .047”
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

C. Indicating Instantaneous Trip Unit (IIT)

The core screw must be adjusted to the value of
pick-up current desired.

The nameplate data will furnish the actual current
range that may be obtained from IIT unit.

Ak,
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TYPES CR, CRC, CRP AND CRD RELAYS

I.L. 41-231M
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Fig. 24. External Schematic of the type CRD Relay fér
ground fault protection.

D. Directional Unit (D)

1. Contact Gap — The hap between the stationary
contact and moving contact with the gelay, in“a de-
energized position should be approximately .020”".

2. Sensitivity — The respective dire¢tional units
should trip with value of enérgization and phase
angle relationshins as indicated in“Table 3.

3. Spurious Torque Adjustments — There should
be no spurious closing _torques, when the operating
circuits are energized /per Table 4 with the polar-
izing circuits short-cireuited for the voltage polar-
ized units and openseircuited for the current polar-
ized units.

Routine Maintenance

All réelaysféshoudd be inspected and checked peri-
odically to assurefproper operation. Generally a visual
inspection should call attention to any noticeable

changes. A minimum suggested check on the relay
system is to close the contacts manually to assure
that “the breaker trips and the target drops. Then re-
leasetthe contacts and observe that the reset is smooth
and: positive.

If an additional time check is desired, pass sec-

ondary current through the relay and check (the time of
operation. It is preferable to make thisy atyséveral
times pick-up current at an expected @perating point
for the particular application. For the .5 %om2.5 ampere
range CO-5 and CO-6 induction unit use the alternative
test circuit in Fig. 20 as these relaysare affected by
a distorted wave form. With this connection the 25/5
ampere current transformers ([shoutldybe worked well be-
low the knee of the saturationf(i.e., use 10L50 or
better).

All contacts shouldibé periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. Thejuse/of abrasive material for clean-
ing contacts i net recommended, because of the dan-
ger of embedding ‘small particles in the face of the

Calibration

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

A. Overcurrent Unit (CO)

1. Contact

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the “*O’’ mark on the time dial. For double
trip relays, the follow on the stationary contacts
should be approximately 1/64"".

b) For relays identified with a ‘‘T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the ‘‘O’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right
of the “*O”’ mark by approximately .020’’. The
placement of the various time dial positions in
line with the index mark will give operating
times as shown on the respective time-current
curves. For double trip relays, the follow on
the stationary contacts should be approximately
1/32".

2. Minimum Trip Current — The adjustment of the
spring tension in setting the minimum trip current
value of the relay is most conveniently made with the
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TYPES CR, CRC, CRP AND CRD RELAYS

TABLE 2
TIME CURVE CALIBRATION DATA — 50 AND 60 CYCLES FOR

OVERCURRENT UNIT

Permanent Electromagnet
Magnet Adjustment Plug Adjustment
Time Current Operating Current Operating
Relay Dial (Multiples of Time (Multiples of Time
Type |Position| Tap Value) |( Seconds) | Tap Value) (Seconds)
2 6 3 0.57 20 0.22
5 6 2 37.80 10 14.30
6 6 2 2.46 20 1.19
7 6 2 4,27 20 1,11
8 6 2 13.35 20 1. 13
9 6 2 8.87 20 0265
11 6 2 11.27 20 0.24 A

A For 50 cycle Co-11 Relay, 20 times operating Time Limits%re 0.24 + 10%; - 5%

damping magnet removed.

With the time dial set on “0”, wind up the spiral
spring by means of the spring adjuster until approxi-
mately 6-3/4 convolutions show.

Set the relay on the minimum tap setting, the time
dial to position 6.

Adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop atxtap
value current -1.0%.

3. Time Curve Calibration - Install the permanent;
magnet.

Apply the indicated current per Table 2%fer the
permanent magnet adjustment (e.g. CR-8, 2 times tap
value) and measure the operating)ptime.), Adjust the
permanent magnet keeper until the operatingtime cor-
responds to the value of Table 2.

For type CR-11 relay only,the 1.30 times tap
value operating time from the smimber®6 time dial posi-
tion is 54.9 + 5% seconds. It is important that the 1.30
times tap value current béymaintained accurately. The
maintaining of this currentWaccurately is necessary
because of the steépness of the slope of the time-
current characteristie, (Fig. 19). A 1% variation in the
1.30 times tap valuejcusrent (including measuring
instrument deviation) will'ehange the nominal operating
time by approximately 4%. If the operating time at 1.3
times tap value is not within these limits, a minor ad-
justment of the control spring will give the correct op-
erating time without any undue effect on the minimum

pick-up ,of ‘the®relay. This check is to be made after
the 2 timesatap value adjustment has been completed.

Applye the indicated current per Table 2 for the
electromagnet plug adjustment (e.g. CR-8, 20 times

22

tap value) and measure the operating time. Adjust
the properypluguntil the operating time corresponds to
the value in® Table 2. (Withdrawing the left-hand
plug, frent view, increases the operating time and
withdrawing the right-hand plug, front view, decreases
the time® In adjusting the plugs, one plug should be
screwed in completely and the other plug run in or
out until the proper operating time has been obtained.

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

B. Indicating Contactor Switch — Unit (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be not
greater than the particular ICS tap setting being used.
The indicator target should drop freely.

C. Indicating Instantaneous Trip Unit (IIT)

The core screw which is adjustable from the top
of the trip unit determines the pickup value. The trip
unit has a normal ratio of adjustment of 1 to 4 and an
accuracy within the limits of 10%.

The making of the contacts and target indication
should occur at approximately the same instant. Posi-
tion the stationary contact for a minimum of 1/32"
wipe. The bridging moving contact should touch both
stationary contacts simultaneously.

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

D. Directional Unit (D)

1. The upper pin bearing should be screwed down
until there is approximately .025’’ clearance between
it and the top of shaft bearing. The upper pin bearing
should then be securely locked in position with the

ity
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TYPES CR, CRC, CRP AND CRD RELAYS

LL.@471-131M

lock nut. The lower bearing position is fixed and
cannot be adjusted.

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

With the moving contact in the normally-opened
position, i.e. against the right stop on bridge, screw
in the stationary contact until both contacts just
close as indicated by a neon lamp in the contact cir-
cuit. Then, screw the stationary contact away from
the moving contact 3/4 of a turn. The clamp holding
the stationary contact housing need not be loosened
for the adjustment since the clamp utilizes a spring-
type action in holding the stationary contact in
position.

The set screw in the stationary contacts has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the moving
element assembly. The spring is adjusted by placing
a screwdriver or similar tool into one of the notches
located on the periphery of the spring adjuster and
rotating it. The spring adjuster is locatedgmon the
underside of the bridge and is held in place by a
spring type clamp that does not have to bejloosened
prior to making the necessary adjustments:

The spring is to be adjusted such that“the con-
tacts will close as indicated by a neon lamp in the
contact circuit when energized with the requiréd cur-
rent and voltage as shown in Tablem3. \\Fhis table
indicates that the spring can be adjusted when the

.phase angle relationship between the operating circuit

and the polarizing circuit is at the maximummstorque
angle or when the circuit relationship has the opera-
ting and polarizing circuits in phase. "It _iS recom-
mended that a single phase (in phase relationship)
set-up be used as a matter of ease and convenience.

4. The magnetic plugs are used ‘to reverse any
unwanted spurious torques that may be present when
the relay is energized on cumrent alone.

The reversing of the, spurious torques is ac-
complished by using the, adjusting plugs in the fol-
lowing manner:

a) Voltage circuit terminals on the voltage polar-
ized relays (CR, CRR and CRD voltage polarized

unit) are short-circuited.

b) The polarizing circuit of the current polarized
relays (CRCland CRD current polarized unit) are
open-circuited.

Upon ,complétion of either “a” or “b”, current is
appligd, to,the operating circuit terminals as per
Tabled.

Plug adjustment is then made per table 4 such
that the“spurious torques are reversed. The plugs are
held“in, position by upper and lower plug clips. These
clipsyneed not be disturbed in any manner when mak-
ing the necessary adjustment.

The magnetic plug adjustment may be utilized to
positively close the contacts on current alone. This
may be desired on some installations in order to in-
sure that the relay will always trip the breaker on
zero potential.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be fur-
nished to the customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.

TABLE 3
| 9 DIRECTIONAL UNIT SENSITIVITY
Relay T o Values for Min. Pick-Up t
elay Type atin i i
g Volts 111 Amperes Phase Angle Relationship
CR 0«3- 2)5 1 2.0 I leading V by 30071t
1 2.3 I in-phase with V
4-12 1 4.0 I leading V by 30° 1
1 4.6 I in-phase with V
CRP 0.5-2.5 1 2.0 I lagging v by 6007t
CRD(Voltage 2-6 1 4.0 I in-phase with V
Unit)
CRC 0.5-2.5
CRD (Current 0.5 In-phase
Unit) 2-6

t The energization quantities are input quantities at the relay terminals.

tt Maximum torque angle.
111 For relays rated 240 volt, apply 2 volt.
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TYPES CR, CRC, CRP AND CRD RELAYS

TABLE 4
DIRECTIONAL UNIT CALIBRATION
Current Both Plugs In
Relay Rating Amperes Condition Adjustment *
0.5 to 2.5 Spurious Torque In Right (Front-View) Plu
2to 6 40 Contact Closing Screwed Out Until
Direction (Left Spurious Torque is\
4 to 12 80 Front View) Reversed
0.5 to 2.5 Spurious Torque In Left (Front View)
2to 6 40 Contact Opening Screwed Out Un
Direction (Right Front Spurious Tor in
View) (Contacts remain Contact g Direction,
open) Thent ug Is screwed in
4 to 12 80 . torque is
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INSTALLATION

Westinghouse  1.L. 41-131H
OPERATION ¢ MAINTENANCE

INSTRUCTIOWNS

DIRECTIONAL OVERCURRENT RELAYS
TYPES: CR, CRC, CRP AND CRD

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contactsto see that they are clean and close properly,
and operate the relay to check the settings and elec-
trical connections.

APPLICATION

These induction type directional overcurrent
relays are used to disconnect transmission and feeder
circuits when current through them in a given direc-
tion exceeds a predetermined value.

CONTENTS

This instruction leaflet applies to the following
types of relays:
Type CR Voltage Polarized Phase Relay
Type CRC Current Polarized Ground Relay
Type CRP Voltage Polarized Ground Relay
Type CRD Dual Polarized Ground Relay:

CONSTRUCTION AND OPERATION

The various types of relays as(outlinéd in the
contents consist of a directionalgunit or units, an
overcurrent unit, an indicating contacter switch unit
and an indicating instantan€ous“trip sunit when re-
quired. The type CRP andgtype CRD relays also
utilize an internal phase -shiftingmechanism. The
principal component part§ ofythe relay and their
locations are shown in Figsii, 2,3 and 4.

A. Overcurrent Unit (CQ)

The overcurrent unit operates on the induction
principle. A _main tapped coil located on the center
leg of an “E™\typejplaminated structure produces a
flux whichdivides®and returns through the outer legs.
A shading coillcauses the flux through the left leg to
lag the maindpole £/lux. The out-of-phase fluxes thus
produced inWGthé air gap cause a contact closing
torque.

B. Indicating Contactor Switch Unit (ICS)

The indicating contactor switch is a small d-c
operated clapper type device. A magnetic armature,
toy which leaf-spring mounted contacts are attached,
iSw attracted to the magnetic core upon energization
of the switch. When the switch closes, the moving

SUPERSEDES I.L. 41-131G

*Denotes change from superseded issue

contacts bridge two stationary contacts, completing
the trip circuit. @Also during this operation two fin-
gers on the armatureydeflect a spring located on the
front of the swijch, which allows the operation in-
dicator targetmto drop. The target is reset from the
outside of the case by a push rod located at the bot-
tom of the cover.

The front,spring, inadditionto holding the target,
provides fgestraint for the armature and thus controls
the pickupawalue of the switch.

C. Indicating Instantaneous Trip Unit (ITT)

The instantaneous trip unit is a small a-c operated
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving contacts
bridge two stationary contacts completing the trip
circuit. Also during the operation two fingers on the
armature deflect a spring located on the front of the
switch which allows the operation indicator target to
drop. The target is reset from the outside of the case
by a push rod located at the bottom of the cover.

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

D. Directional Unit (D)

The directional unit is a product induction cyl-
inder type unit operating on the interaction between
the polarizing circuit flux and the operating circuit
flux.

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

The frame serves as the mounting structure for the
magnetic core. The magnetic core which houses the
lower pin bearing is secured to the frame by a locking
nut. The bearing can be replaced, if necessary, with-
out having to remove the magnetic core from the frame.

The electromagnet has two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opposite one another; two magnetic
adjusting plugs; upper and lower adjusting plug
clips, and two locating pins. The locating pins are
used to accurately position the lower pin bearing,
which is mounted on the frame, with respect to the

EFFECTIVE JULY 1965



Fig. 1 Type CR Relay /Without Case.
(D). 2-Overcurrent {Unit (CO).
tactor Switch (ICS )/

1-Directiona; Unit
3-Indicating Con-

Fig. 2. Directional Unit. 1-Stationary Contact. 2-
Stationary Contact pressure spring. 3-Magnetic
adjusting plugs. 4-Upper bearing screw. 5-
Moving elemant assembly. 6-Spring adjuster
clamp. 7-Current Bias Vane.
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TYPES CR,CRC, CRP AND CRD RELAYS I.L. 41°13TH

Fig. 3. Time Overcurrent Unit (Front View). 1-Fap, Blo¢k. /2-Time Dial. 3-Control Spring Assembly. 4-Disc. S-Stationary
Contact Assembly. 6-Magnetic Plugs. 47-Permanent Magnet.

Fig. 4. Indicating Contactor Switch (ICS).
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Fig. 5. Internal Schematic of double trip, directional over-
current relay type CR in type FT21 Case. For the
single trip relay the circuits associated with ter-
minal 2 are omitted.

upper pin bearing, which is threaded into the bridge.
The electromagnet is secured to the frame by four
mounting screws.

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

The bridge is secured to the eleGtromagnet and
frame by two mounting screws. In additien to holding
the upper pin bearing, the bridge isfused for mounting
the adjustable stationary contact housing. The
stationary contact housing is _held “in®position by a
spring type clamp. The spring adjuster is located on
the underside of the bridge amnd is attached to the
moving contact arm by’a spiral spring. The spring

adjuster is also held4n place by a spring type clamp.

With the contacts“closed, the electrical con-
nection is made througli the stationary contact hous-
ing clamp, to the moving contact, through the spiral
spring out to the spring adjuster clamp.

The contaets of the directiorral unit are con-
nected in series, with the shading coil of the over-
current unit,\thus giving directional control of the
overcurrent™aunit. This arrangement prevents the
relay from operating for faults in the non-tripping
direction!

Fig. 6. Internal\\Schematic of double trip, directional over-
current relay type CRC in type FT21 Case. For the
single trip_ relay the circuits associated with ter-
minal 2yare omitted.

CHARACTERISTICS

The,time characteristics of the directional over-
currént relays are designated by specific numbers as
indicated in Table I (e.g. CR-8).

TABLE I
Time

Characteristics Designation
Short Time 2
Long Time
Definite Time
Moderately Inverse Time
Inverse Time
Very Inverse Time
Extremely Inverse Time 1

= O 10 wum

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

Range Taps

05— 2.5 0.5 0.6 0.8 1.0 1.5 2.0 2.5
2 - 6 2 2.5 3 3.5 4 5 6
4 —12 4 5 6 7T 8 10 12

Thes2 relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers.

The time vs. current characteristics are shown in
Figs. 13 to 19. These characteristics give the con-
tact closing time for the various time dial settings
when the indicated multiplas of tap value current are
applied to the relay.
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Fig. 7. Internal Schematic of double trip, directional over-
current relay type CRP in type FT21 Case. For the
single trip relay the circuits associated with ter-
minal 2 are omitted.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in contactsyof £he in-
dicating contactor switch will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicating instantaneous trip’ contacts will
safely close 30 amperes at 250 volts d-c, and will
carry this current long enough to trip a breaker.

The indicating contactor switch has/,two taps that
provide a pickup setting of 0.2p0r 2 amperes. To
change taps requires conneeting of) lead located in
front of the tap block to therdesired setting by means
of a screw connection.

Trip Circuit Constants

Indicating Contaetér, Switch —
0.2 amp tap/ 6.5 ©ohms d-c resistance
2.0 amptap 0.150hms d-c resistance

Type CR Relay

This ‘veltage polarized type relay is intended for
phase fault preteé¢tion and the directional unit has its
maximum torque“when the current leads the voltage by
approximately 30 °. The directional unit minimum pick-
up is 1 volt,and 4 amperes at its maximum torque angle
forq¢the 4 to 12 ampere range relays and 1 volt and 2
amperes for the 2 to 6 ampere and 0.5 to 2.5 ampere
rangeyrelays.

The directional unit should be connected using the
current in one-phase wire and the potential across the
other two phase wires. This connection is commonly

Figy8. Internal Schematic of double trip, directional over-
current relay type CRD in type FT31 Case. For the
single trip relay the circuits associated with ter-
minal 2 are omitted.

referred to as the 900 connection. When utilizing the
90° connection the maximum torque of the relay oc-
curs when the fault current lags its 100%¢ P.F. posi-
tion by approximately 600. See Fig. 21.

Type CRC Relay

The current polarized type relay is intended for
ground fault protection and operates on residual
current. See Fig. 23. The type CRC relay has its
maximum torque when the operating current leads the
polarizing current by approximately 40°. The direc-
tional unit minimum pick-up is 0.5 ampere in each
winding in phase for the 0.5 to 2.5 ampere and the 2
to 6 ampere range relays.

Type CRP Relay

The voltage polarized relay is intended for ground
fault protection and has its maximum torque when the
current lags the voltage by approximately 60°. The
shifting of the maximum torque angle has been ac-
complished by the use of an internally mounted phase
shifter as illustrated in Fig. 7.

The type CRP relay operates on residual voltage
and residual current. See Fig. 22.

The directional unit minimum pick-up is 1 volt
and 2 amperes at its maximum torque angle for the 0.5
to 2.5 ampere and the 2 to 6 ampere range relays.

Type CRD Relay

The dual polarized type relay is intended for
ground fault protection. The relay can be polarized
from a potential source, from a local ground source, or
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from both simultaneously.

The type CRD relay utilizes the directional unit
of the type CRC relay in conjunction with the direc-
tional unit and phase shifting mechanism of the type
CRP relay. The directional contacts are connected
in parallel to torque-control a common overcurrent
unit. See Fig. 8.

The current-polarized directional unit of the type
CRD relay onerates on residual currents while the

pvotential polarized directional unit of the type CED
relay operates on residual voltage and residualg€ur-
rent. See Fig. 24.

For the 0.5 to 2.5 ampere and the 2 to 6 ampere
range relays, the minimum pick-up of the current
polarized unit is 0.5 ampere in each winding in-phase
and the minimum pick-up for the vgltage polarized
unit is 1 volt and 2 amperes with the efirrent lagging
voltage by 60°.
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Fig. 9. Internal Schematic ofisingle trip directional control
relay Type CR #ith Indicating Instantaneous Trip

Unit, in Type ET21 Case.

Fig. 10, Internal Schematic of single trip directional con-
trol relay Type CRC with Indicating Instantaneous

Trip Unit, in Type FT21 Case.

i,



TYPES CR, CRC,CRP AND CRD RELAYS

ENERGY REQUIREMENTS

CR-2, CRC-2, CRP-2, CRD-2 OVERCURRENT UN

i AMPERES**

ot

CONTINUOUS ONE SECOND ~ POWER AT AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING®  FACTOR TAP VALUE VALUE TAP VALUE TAP VALUE
RANGE TAP (AMPERES)  (AMPERES) ANGLE¢ CURRENT “4, CURRENT  CURRENT  CURRENT
0.5 0.91 28 58 4.8 39.6 256 790
0.6 0.96 28 57 39.8 270 851
0.8 1.18 28 53 42.7 308 1024
0.5/25 1.0 1.37 28 50 5. 45.4 348 1220
15 1.95 28 40 . 54.4 435 1740
2.0 2.24 28 36 65.4 580 2280
25 2.50 28 29 73.6 700 2850
2.0 3.1 110 5.04 38.7 262 800
2.5 4.0 110 5 5.13 39.8 280 920
3.0 4.4 110 5 5.37 42.8 312 1008
2/6 3.5 4.8 110 4 5.53 42.8 320 1120
4.0 5.2 110 %5 5.72 46.0 360 1216
5.0 5.6 1 41 5.90 50.3 420 1500
6.0 6.0 110 37 6.54 54.9 474 1800
4.0 7.3 65 4.92 39.1 268 848
5.0 8.0 23 50 5.20 42.0 305 1020
6.0 8.8 2 a1 5.34 44.1 330 1128
412 1.0 9.6 46 5.53 45.8 364 1260
8.0 10.4 \ 230 43 5.86 49.9 400 1408
10.0 230 37 6.6 55.5 470 1720
12.0 230 34 7.00 62.3 528 2064

* Thermal cafacities for

square of the current.

¢ Degrees current la

* Voltagesmk%n
L 4

11.
12.0
%

e at tap value current.

type voltmeter.

other than one second may be calculated on the basis of time being inversely proportional to the
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ENERGY REQUIREMENTS

CR-5, CRC-5, CRP-5, CRD-5,

CR-6, CRC-6, CRP-6, CRD-6 OVERCURRENT UNITS

VOLT AMPERES**

Continuous One Second Power At At 3 Times At 10 Times At 20 Times
Ampere Rating Rating * Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ¢ Current Current Current Current
(0.5 2.7 88 69 3.92 20.6 103 270
( 0.6 3.1 88 68 3.96 20.7 106 288
(0.8 3.7 88 67 3.96 21 114 325
0.5/2.5 ( 1.0 4.1 88 66 4.07 21.4 122 360
(15 5.7 88 62 4.19 23.2 147 4
(2.0 6.8 88 60 4.30 24.9 168 5
(25 7.7 88 58 4.37 26.2 180 0
(2 8 230 67 3.88 21 110 308
(25 8.8 230 66 3.90 21.6 118
(3 9.7 230 64 3.93 22.1 126 381
2/6 (3.5 10.4 230 63 4.09 23.1 136 17
(4 11.2 230 62 4.12 23.5 448
(5 12.5 230 59 4.20 24.8 6 540
(6 13.7 230 57 4.38 26.5 1 624
(4 16 460 65 4.00 376
(5 18.8 460 63 4.15 450
(6 19.3 460 61 4.32 531
4/12 (1 20.8 460 59 4.35 4 611
(8 22.5 460 56 4.40 699
(10 25 460 53 4.60 & 247 880
(12 28 460 47 4.92 5.6 288 1056
CR-7, CRC-7, CRP.7 & CRD.
_VOLT AMPERES**
Continuous One Second Po At 3 Times At 10 Times At 20 Times
Ampere Rating Rating* Factor ue Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) An ent Current Current Current
(0.5 2.7 88 3.88 20.7 103 278
(0.6 3.1 88 3.93 20.9 107 288
(0.8 3.7 88 6 3.93 21.1 114 320
0.5/2.5 ( 1.0 4.1 a8 6 4.00 21.6 122 356
(15 5.7 4.08 22.9 148 459
(2.0 6.8 58 4.24 24.8 174 552
(25 7.7 56 4.38 25.9 185 640
& 66 4.06 21.3 111 306
63 4.07 21.8 120 342
63 4.14 22.5 129 366
2/6 62 4.34 23.4 141 413
61 4.34 23.8 149 448
59 4.40 25.2 163 530
58 4.62 27 183 624
64 4.24 22.8 129 392
61 4.30 24.2 149 460
4/12 60 4.62 25.9 168 540
58 4.69 27.3 187 626
55 4.80 29.8 211 688
51 5.20 33 260 860
46 5.40 37.5 308 1032

ages taken with Rectox type voltmeter.

s current lags voltage at tap value current.

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



TYPES CR, CRC, CRP AND CRD RELAYS 1L T
ENERGY REQUIREMENTS

CR-8, CRC-8, CRP-8 & CRD-8
CR-9, CRC-9, CRP-9 & CRD.9 OVERCURRENT UNITS

VOLT AMPERES**

Continuous One Second  Power At At 3 Times At 10 Times At 20 Times
Ampere Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angle ¢  Current Current Current Current
(05 2.7 88 72 2.38 21 132 350
(0.6 3.1 88 n 2.38 21 134 365
(0.8 3.7 88 69 2.40 21.1 142 400
0.5/2.5 ( 1.0 4.1 88 67 2.42 21.2 150 440
(15 5.7 88 62 2.51 22 170 530
(20 6.8 88 57 2.65 23.5 200 675
(25 1.7 88 53 2.74 24.8 228 800
(2 8 230 70 2.38 21 136 360
(25 8.8 230 66 2.40 21.1 142 395
(3 9.7 230 64 2.42 2145 149 430
2/6 (3.5 10.4 230 62 2.48 22 157 470
(4 11.2 230 60 2.53 22.7 164 500
(5 12.5 230 58 2.64 24 180 580
(6 13.7 230 56 2.75 25.2 198 660
(4 16 460 68 2.38 21.3 146 420
(5 18.8 460 63 2.46 21.8 158 480
(6 19.3 460 60 2.54 22.6 172 550
4/12 (1 20.8 460 57 2.62 23.6 190 620
(8 22.5 460 54 2.73 24.8 207 700
(10 25 460 48 3.00 217.8 248 850
(12 28 460 45 3.46 31.4 292 1020
CR4I1, CRC-11
CRP-11 & CRD-11 OVERCURRENT UNITS
VOLT AMPERES**
CONTINUCUS ONE SECOND  POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RATING® FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE

RANGE TAP (AMPERES) (AMPERES) ANGLE¢ CURRENT CURRENT CURRENT CURRENT

0.5 1.7 56 36 0.72 6.54 7.8 250

0.6 1.9 56 3¢ 0.75 6.80 75.0 267

0.8 2.2 56 30 0.81 1.46 84.0 298

0.5/2.5 1.0 245 56 27 0.89 8.30 93.1 330
1.5 3.0 56 22 113 10.04 115.5 411

2.0 3.5 56 17 1.30 11.95 136.3 502

2.5 3.8 56 16 1.48 13.95 160.0 610

2.0 7.0 230 32 0.73 6.30 74.0 264

2.5 7.8 230 30 0.78 7.00 8.5 285

3.0 8.3 230 27 0.83 1.74 84.0 309

2/6 3.5 9.0 230 24 0.88 8.20 89.0 340
4.0 10.0 230 23 0.96 9.12 102.0 372

50, 11.0 230 20 1.07 9.80 109.0 430

6,0 12.0 230 20 1.23 11.34 129.0 504

4.0 14 460 29 0.79 17.08 18.4 296

5.0 16 460 25 0.89 8.00 90.0 340

6.0 17 460 22 1.02 9.18 101.4 378

4/12 1.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480

10.0 22 460 17 1.32 14.9 131.6 600

12.0 26 460 16 1.8 16.3 180.0 720

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

& Degrees current lags voltage at tap value current.

** Voltages taken with Rectox type voltmeter.



TYPES CR, CRC, CRP AND CRD RELAYS

DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN -
Relay Power Factor
Type | Rating |[Volt AmperesA Angle ¢
132* o
CR Volts 11.5 58" Lag
230** o
CRC Amperes 1.45 8" Lag
208**# N
CRP Volts 11.2 28" Lead
CRD .
Current | 230 1.45 8° Lag
Unit Amperes
CRD v
Voltage | 208° 11.2 28° Lead
Unit Volts
@ Degrees current leads or lags voltage at 120, volts
on voltage polarized units and 5 amperes on cusrent
polarized units.
A Voltages taken with rectox type voltimeten,- Burden
of Voltage polarized units taken at 120,voltsyy Bur-
den of current polarized units takenfat 5 amperes.
* Continuous rating.
** One second rating.
*** 30 second rating. .
DIRECTIONAL UNIT OPERATING CIRCUIT BURDEN
VOLT AMPERES**
. At At 3 Times At 10 Times At 20 Times
Continuous One Second, “Power  minjmum Minimum Minimum Minimum
Relay Range Rating Rating* Factor Tap Value Tap Value Tap Value Tap Value
Type Amps (Amperes) (Ampéres) Angle ¢ Current Current Current Current
CR 2-6 10 230 34.5 0.44 4.08 48.0 182.0
4-12 12 280 25.0 0.53 5.0 59.2 236.0
0.5-2.5 - 230 44.0 0.30 3.3 14.2
CRC { 0.033
2-6 - 230 42.5 0.58 5.28 58.0 240.0
0.5-2.5 10 230 34.5 0.03 0.23 2.8 11.5
CRP
2-6 10 230 34.5 0.44 4.08 48.0 182.0
CRD{O.s-z 5 10 230 45.0 0.07 0.59 6.6 26.0
2-6 10 230 45.0 1.04 9.9 106.0 420.0
& Degrees‘eurrent lags voltage at tap value current.
* Thermal caﬁ;acities for short times other than one second may be calculated on the basis of time being inversely
proportional to the square of the current.

** Voltages taken with Rectox type voltmeter.
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TYPES CR, CRC ,CRP AND CRD RELAYS
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Fig. 11. Internal Schematic of single trip directional con«

trol relay Type CRP with Indicating Instantaneous
Trip Unit, in Type FT21 Case.

SETTINGS

A. Overcurrent Unit (CO)

The overcurrent unit settings can/be defined
either by tap settings and time dial®Upg@sition or by
tap setting and a specific time ofgéperation at some
current multiple of the tap setting((e.g.4 tap setting,
2 time dial position or 4 tap setting; 0.6 seconds at 6
times tap value current).

To provide Selective leircuit breaker operation, a
minimum coordinating time“ofy0.3 ‘Seconds plus break-
er time is recommended¢between the relay being set
and the relays with Wwhich)) coordination is to be
effected.

The connector (scfew; on the terminal plate above
the time dial makes‘eonnections to various turns on
the operating coil. By placing the screw inthe various
terminal plate holes, the relay will respond to multi-
ples of tap,#alued currents in accordance with the
various typicalytime-current curves.

Caution

Since the tap block connector screw carries
operating current, be sure that the screw is turned
tight), In order to avoid opening the current trans-
former ) circuits when changing taps under load, con-
neetythe spare tap screw in the desired tap position

before removing the other tap screw from the original

Internal Schematic of single trip directional control

Fig. 12,
relay Type CRD with Indicating Instantaneous
Trip Unit, in Type FT 31 Case.

tap position.

Instantaneous Reclosing

The factory adjustment of the CO unit contacts
provides a contact follow. Wherg circuit breaker re-
closing will be initiated immediately after a trip by
the CO contact, the time of the opening of the contacts
should be a minimum. This condition is obtained by
loosening the stationary contact mounting screw,
removing the contact plate and then replacing the
plate with the bent end resting against the contact
spring.

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

contact.

B. Indicating Contactor Switch (ICS)

* The only setting required on the ICS unit is the
selection of the 0.2 to 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw.

C. Indicating Instantaneous Trip (IIT)

The core screw must be adjusted to the value of
pick-up desired.

n



TYPES CR,CRC, CRP AND CRD RELAYS
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TYPES CR, CRC, CRP AND CRD RELAYS
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TYPES CR,CRC, CRP AND CRD RELAYS
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TYPES CR, CRC, CRP AND CRD RELAYS
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TYPES CR, CRC, CRP AND CRD RELAYS
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LEQ41-131H

TYPES CR, CRC ,CRP AND CRD RELAYS

# - USE DASHED CONNECTION
INSTEAD OF SOLID ONE FOR
RELAYS WITH 0.5-2.5 AMPERE
RANGE CO-5 AND CO-6 UNITS.

CR RELAY
{FRONT ¥IEW)

70 TIMER (TIMER STOPS WHEN
SToP AJX. RELAY CONTACT
0PENS )

—»

1m TIMER (TIMER STARTS WHEN
>, START SWITCH *$° CLOSES

AUX.
RELAY
RESISTANCE
LOoAD

L
L
LK) !
PO T MMMETER swiTeH
L 3 _.gf R Q)E;;:)‘—— HY
A S
z \ 120 YOLTS
5 60 CYC.

1824873

.

)
25/5 ACT

Fig. 20. Diagram of test connections of the overcurrent
unit.

The nameplate data will furnish the actual cur-
rent range that may be obtained from IIT unit.

D. Directional Unit (D)

No setting is required.

INSTALLATION

The relays should be mounted ,on“switchboard
panels or their equivalent in a location “free from
dirt, moisture, excessive vibration and heat. * Mount
the relay vertically by means of the, two mounting
studs for the type F'T projection case/or by means of
the four mounting holes on theflange, for the semi-
flush type F'T case. Either, of the studs or the mount-
ing screws may be utilized for“grounding the relay.
The electrical connectionsgmay, be made directly to
the terminals by means ©f, screws for steel panel
mounting or to terminal Studs‘furnished with the relay
for thick panel mounting, “Ehe terminal studs may be
easily removed or inserted¢by locking two nuts on the
studs and then turning the/ proper nut with a wrench.

The external a:¢ connections of the directional
overcurrent relaysijare shown in Figs. 21 to 24.

ADJUSTMENTS AND MAINTENANCE

The properfadjustments to insure correct operation
of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under “SETTINGS®, should be
required.

For relays which include an indicating instantan-
eous trip unit (FIT), the junction of the induction and
indicating instantaneous trip coils is brought out to
switch jaw #3. With this arrangement the overcurrent
units can be tested separately.

STATION BUS PHASE ROTATION 1-2=3,

¥ 1
. Dy 3
! I

67 §7

+ 611 7

Ph-1 OO
g 67 g
PH-2 [X3 2 7

TRIPPING DIRECTION

; PH-3
52 RELAY

YECTOR
ROTATION

VECTORS AT 1004 P.F. POWER
IN TRIPPING DIRECTION

RELAY

_DEVICE NUMBER CHART
67 - DIRECTIONAL OVERCURRENT RELAY-TYPE CR
52 - POWER CIRCUIT BREAKER
ICS = INDICATING CONTACTOR SWITCH
a - BREAKER AUXILIARY CONTACT
TC - BREAKER TRIP COIL

182A793
—J

Fig. 21. External Schematic of the type CR Relay for phase
fault protection.

Acceptance Check

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

A. Overcurrent Unit (CO)

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

1. Contact

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the ‘‘O’’ mark on the time dial. For double
trip relays, the follow onthe stationary contacts
should be approximately 1/64'’.

b) For relays identified with a ‘“T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the “‘O’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right
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TYPES CR, CRC, CRP AND CRD RELAYS
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Fig. 22. External Schematic of the type CRP Relay for
ground fault protection.

of the “‘O’’ mark by approximately .020’’. The
placement of the various time dial positions in
line with the index mark will give operating
times as shown on the respective time-current
curves. For double trip relays, the followson
the stationary contacts should be approximately
1/32,

2. Minimum Trip Current — Set the time dial’to
position 6. Alternately apply tap value)current plus
3% and tap value current minus 3%. The moving con-
tact should leave the backstop at tap value current
plus 3% and should return to the backstop at tap value
current minus 3%.

3. Time Curve — Tableg2 shows the time curve
calibration points for the) various®types of relays.
With the time dial set tothe indicated position, apply
the currents specified by Table 2, (e.g. for the CR-8,
2 and -20 times tap valuel curtént) and measure the
operating time of the relays/d The operating times
should equal those of Table 2 plus or minus 5 percent.

For type CR-11 relay only, the 1.30 times tap
value operating time from the number 6 time dial posi-
tion is 54.9 *5%seconds. It is important that the 1.30
times tap value“eurrent be maintained accurately. The
maintainings ofathis current accurately is necessary
because of the steepness of the slope of the time-
current characteristic (Fig. 19). A 1% variation in the
1.30 times) tap value current (including measuring

20

Figl 23. “External Schematic of the type CRC Relay for
ground fault protection.

instrument deviation) will change the nominal opera-
ting time by approximately 4%.

B. Indicating Contactor Switch (ICS) — Close the main
relay contacts and pass sufficient d-c current through
the trip circuit to close the contacts of the ICS. This
value of current should not be greater than the par-
ticular ICS tap setting being used. The indicator
target should drop freely.

The contact gap should be approximately .047"
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

C. Indicating Instantaneous Trip Unit (IIT) — The
core screw which is adjustable from the top of the
trip unit determines the pickup value. The trip unit
has a nominal ratio of adjustment of 1 to 4 and an
accuracy within the limits of 10%.

The making of the contacts and target indication
should occur at approximately the same instant. Posi-
tion the stationary contact for a minimum of 1/32’
wipe. The bridging moving contact should touch both
stationary contacts simultaneously.

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



TYPES CR,CRC, CRP AND CRD RELAYS
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Fig. 24. External Schematic of the type CRD Reldy fer
ground fault protection.

D. Directional Unit (D)

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

2. Sensitivity — The respective directional units
should trip with value ofgenergization and phase
angle relationshins as indicated in“Table 3.

3. Spurious Torque ‘Adjustments — There should
be no spurious closing  torques when the operating
circuits are energized per)Table 4 with the polar-
izing circuits short-cireuited for the voltage polar-
ized units and open-circuited for the current polar-
ized units.

Routine Mainténance

All'relays should be inspected and checked peri-
odically to assure proper operation. Generally a visual
inspection should call attention to any noticeable
changes. 4A minimum suggested check on the relay
system is to close the contacts manually to assure
thatythe breaker trips and the target drops. Then re-
lease the contacts and observe that the reset is smooth
and positive.

If an additional time check is desired, pass sec-

ondary current through the relay and cheek the/time of
operation. It is preferable to makefthis, at several
times pick-up current at an expected, operating point
for the particular application. For the .5 to 2.5 ampere
range CO-5 and CO-6 induction unit use the alternative
test circuit in Fig. 20 as these relays are affected by
a distorted wave form. With this connection the 25/5
ampere current transfermersshould be worked well be-
low the knee of the_saturation (i.e., use 10L50 or
better).

All contacts sheuld be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purposem, Theémise of abrasive material for clean-
ing contacts is“not recommended, because of the dan-
ger of embedding small particles in the face of the

Calibration

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

A. Overcurrent Unit (CO)

1. Contact

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the ‘‘O’’ mark on the time dial. For double
trip relays, the follow onthe stationary contacts
should be approximately 1/64"’.

b) For relays identified with a ‘‘T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the *“O’’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right
of the ‘“O’’ mark by approximately .020’’. The
placement of the various time dial positions in
line with the index mark will give operating
times as shown on the respective time-current
curves. For double trip relays, the follow on
the stationary contacts should be approximately
1/32,

2. Minimum Trip Current — The adjustment of the
spring tension in setting the minimum trip current
value of the relay is most conveniently made with the
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TYPES CR, CRC, CRP AND CRD RELAYS

TABLE 2
TIME CURVE CALIBRATION DATA — 50 AND 60 CYCLES FOR

OVERCURRENT UNIT

Permanent Electromagnet
Magnet Adjustment Plug Adjustment
Time Current Operating Current Operating
Relay Dial | (Multiples of Time (Multiples of Time
Type | Position| Tap Value) |(Seconds) | Tap Value) (Seconds)
2 6 3 0.57 20 0.22
5 6 2 37.80 10 14.30
6 6 2 2. 46 20 1. 19
7 6 2 4,27 20 1.11
8 6 2 13.35 20 1.14
9 6 2 8.87 20 0.65
11 6 2 11. 27 20 0:28A

A For 50 cycle Co-11 Relay, 20 times operating Time Limits ‘areéy0. 24 109 : - 5%

damping magnet removed.

With the time dial set on *0”, wind up the spiral
spring by means of the spring adjuster until approxi-
mately 6-3/4 convolutions show.

Set the relay on the minimum tap setting, the time
dial to position 6.

Adjust the control spring tension so that the
moving contact will leave the backstop at tap value
current +1.0% and will return to the backstop at“tap
value current -1.0%.

3. Time Curve Calibration_- Install the“permanent
magnet.

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

For type CR-11 relay ‘only, the/ 1.30 times tap
value operating time from'the number 6 time dial posi-
tion is 54.9 + 5% seconds. Itfi's important that the 1.30
times tap value current'bedmaint@ined accurately. The
maintaining of this current, a¢curately is necessary
because of the steepness of the slope of the time-
current characteristic (Fig. 19). A 1% variation in the
1.30 times tap value current (including measuring
instrument deviation) will change the nominal operating
time by approximately 4%. If the operating time at 1.3
times tap value i#s,not within these limits,a minor ad-
justment of“the _control spring will give the correct op-
erating timeywithout any undue effect on the minimum
pick-up ‘of%the relay. This check is to be made after
the 2'times, tap value adjustment has been completed.
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Apply the, indieated current per Table 2 for the
electromagnét plug adjustment (e.g. CR-8, 20 times
tap value)i'and measure the operating time. Adjust
the proper plug until the operating time corresponds to
the value“in Table 2. (Withdrawing the left-hand
plug,/ front view, increases the operating time and
withdrawing the right-hand plug, front view, decreases
the timey)f In adjusting the plugs, one plug should be
screwed in completely and the other plug run in or
olit until the proper operating time has been obtained.

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

B. Indicating Contactor Switch — Unit (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be not
greater than the particular ICS tap setting being used.
The indicator target should drop freely.

C. Indicating Instantaneous Trip Unit (IIT)

The core screw must be adjusted to the value of
pick-up current desired.

The nameplate data will furnish the actual current
range that may be obtained from IIT unit.

D. Directional Unit (D)

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

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

With the moving contact in the normally-opened
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position, i.e. against the right stop on bridge, screw
in the stationary contact until both contacts just
close as indicated by a neon lamp in the contact cir-
cuit. Then, screw the stationary contact away from
the moving contact 3/4 of a turn. The clamp holding
the stationary contact housing need not be loosened
for the adjustment since the clamp utilizes a spring-
type action in holding the stationary contact in
position.

The set screw in the stationary contacts has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the moving
element assembly. The spring is adjusted by placing
a screwdriver or similar tool into one of the notches
located on the periphery of the spring adjuster and
rotating it. The spring adjuster is located on the
underside of the bridge and is held in place by4a
spring type clamp that does not have to be loosened
prior to making the necessary adjustments.

The spring is to be adjusted such that“the con-
tacts will close as indicated by a neonflamp in the
contact circuit when energized with the required cur-
rent and voltage as shown in Table “3,  This table
indicates that the spring can be adjusted, when the
phase angle relationship between the #@perating circuit
and the polarizing circuit is at the maximum torque
angle or when the circuit relationship'has the opera-

mended that a single phase (in phase'relationship)
set-up be used as a matter of ease and convenience.

4. The magnetic plugs are usedjtosreverse any
unwanted spurious torques that may be present when
the relay is energized on current alone.

The reversing of the spurious torques is ac-
complished by using the @ad@justing plugs in the fol-
lowing manner:

a) Voltage circuit terminals on the voltage polar-
ized relays (CR, CRPR, and CRD voltage polarized

unit) are short-circuited.

b) The polarizing “€ircuit of the current polarized
relays (CRCq4and CRD current polarized unit) are
open-circuited.

Upon gcompletion of either “a” or “b”, current is
applied toWthe operating circuit terminals as per
Table 4.

Plug adjustment is then made per table 4 such
thatithe ‘spuirious torques are reversed. The plugs are
held in‘position by upper and lower plug clips. These
clipsineed not be disturbed in any manner when mak-
ing the necessary adjustment.

The magnetic plug adjustment may be utilized to
positively close the contacts on current alone. This
may be desired on some installations in order to in-
sure that the relay will always trip the breaker on
zero poteritial.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be fur-
nished to the customers who are equipped for doing
repair work. When ordering parts, always give the

ting and polarizing circuits in /phase: It is recom- complete nameplate data.
TABLE 3
DIRECTIONAL UNIT SENSITIVITY
. Values for Min. Pick-Up*
Relay Type Rating Phase Angle Relationship
Volts Amperes
*
CR 0.5- 2.5 1 2.0 I leading V by 30°**
2-6
1 2.3 I in-phase with V
4-12 1 4.0 I leading V by 300+**
1 4.6 I in-phase with V
CRP 0.5-2.5 1 2.0 I lagging V by 60°**
CRD(Voltage 2-6 1 4.0 I in-phase with V
Unit)
CRC 0.5-2.5
CRD (Current 0.5 In-phase
Unit) 2-6

* The energization quantities are input quantities at the relay terminals.

** Maximum torque angle.
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TABLE 4
DIRECTIONAL UNIT CALIBRATION
Current Both Plugs In
Relay Rating Amperes Condition Adjustment
0.5 to 2.5 Spurious Torque In Right (Front-View) Plug
2to 6 40 Contact Closing Screwed Out Until
Direction (Left Spurious Torque is \
4 to 12 80 Front View) Reversed
0.5to 2.5 Spurious Torque In Left (Front Vie 1
2to 6 40 Contact Opening Screwed Out Unti
Direction (Right Front Spurious Torque,i
View) (Contacts remain Contact C rection,
open) Then the g is'screwed in
4to 12 80 until io orque is
verse

C)O

£,
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Fig. 26. Outline and Drilling Plan for the Type CRD Relay in the Type FT 31 Case.
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INSTALLATION

o OPERATION o

INSTRUCTIOMNS

Wesﬂ/nghouse I.L.41.131N
MAINTENANCE

DIRECTIONAL OVERCURRENT RELAYS
~ TYPES: CR, CRC, CRP AND CRD

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contactsto see that they are clean and close properly,
and operate the relay to check the settings and elec-
trical connections.

APPLICATION

These induction type directional overcurrent
relays are used to disconnect transmission and feeder
circuits when current through them in a given direc-
tion exceeds a predetermined value.

CONTENTS

This instruction leaflet applies to the following
types of relays:
Type GR Voltage Polarized Phase Relay
Type CRC Current Polarized Ground Relay,
Type CRP Voltage Polarized Ground Reday
Type CRD Dual Polarized Ground Relay

CONSTRUCTION AND OPERATION

The various types of relays as outlined in the
contents consist of a directional unit, of umits, an
overcurrent unit, an indicating contaetor (switch unit
and an indicating instantaneous tmip unit when re-
quired. . The type CRP and type ‘@RD/relays also
utilize an internal phase shiftgnpfmuechanism. The
principal component parts off\the “Pelay and their
locations are shown in Figsyd, 9798, and 4.

A, Overcurrent Unit (CO)

The overcurrent unitWeperates on the induction
principle. A main t@rped coil located on the center
leg of an “E” gypcelldminated structure produces a
flux which dividesfand@peturns through the outer legs.
A shading cofl causegythe flux through the left leg to
lug the maid pol@ flux. The out-of-phase fluxes thus
produced inQthe adr gap cause a contact closing
torque,

B. Indicating Contactor Switch Unit (1CS)

The indicating contuctor switch is a small d-c
operated clapper type device. A magnetic armature,
towhich leaf-spring mounted contacts are attached,
s, aliracted to the magnetic core upon energization
of the” switch.  When the switch closes, the moving

SUPERSEDES 1.L. 41-131M, doted February 1973

" Denotes change from superseded issue

contacts bridge two stationany contact$, completing
the trip circuit. Als@ during this operation-two fin-
gers on the armature deflect a spring located on the
front of the swijch;qwhieh allows the 'operation 1in-
dicator target togdrop.\WThe target is reset from the
outside of the casefbyfa push rod locafed at the bot-
tom of the cover. .

The front Spring, inaddition to holding the target,
provides grestraint’ for the armature and thus contrcls
the pickup yalue of the switch. '

C. Indicating Instantaneous Trip Unit (IIT)

Thelinstantaneous trip unit is a small a-c operated
clapper type device. A magnetic armature, to which
leaf-Spring mounted contacts are attached, is at-
traeted to the magnetic core upon energization of the

switch. When the switch closes, the moving coentacts
bridue two stationary contacts completing the trip
circuit. Also during the operation two fingers on the

armature deflect a spring located on-the frent of the
switch which allows the operation indicator target to
drop. The target is reset from the outside of the case
by a push rod located at the bottom of the .cover. ..

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

D._Directional Unit (D)

The directional unit is a product induction cyl-
inder type unit operating on the interaction between
the polarizing circuit flux and the operating circuit
flux.

Mechanically, the directional unit is composed of
four basic components: a die-cast aluminum frame,
an electromagnet, a moving element assembly, and a
molded bridee.

The frame serves as the mounting structure for the
magnetic core. The magnetic core which houses the
lower pin bearing is secured to the frame by a locking
nut. The bearing can be replaced, if necessary, witl:
out having to remove the magnetic core from the fram

The electrommagnet has two series-connec
polarizing coils mounted diametrically opposite
another; two series-connected operating coils mo
diarretrically opposite one another; two ma
adjusting plugs; upper and lower adjusting
clips, and two locating pins. The locating pin
used to accurately position the lower pin bes
which is mounted on the frame, with respect tc

EFFECTIVE FEBRUARY 1976
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Fig. 1

Type CR ReloyfWithout Case. 1.Directiona. Unit

(D). 2-Cvlercurrent
tactor Switch (L€ SY.

Unit (C0O). 3-Indicating Con-

Fig. 2.

Directional Unit, 1-Stationary Contact.  2-

Stationary Contact pressure spring. 3-Magnetic
adjusting plugs. 4-Upper bearing screw. 5-
Moving elemznt assembly.

6-Spring adjuster
clamp, 7-Current Bias Vane,
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Fig. 3. Time Overcurrent linit {Front View). 1-Top Blocki 25T ime Dial. 3-Control Spring Assembly. 4-Disc. 5-Stationcry

( Contoct Assembly. 6&-Mognetic Plugs. 7-Permanent Megnet.
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Fig. 4. Indicoting Instontoncous Trip Lirit ({IT].
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4

INTERMAL SCHEMATIC

BIRECT oM wmIT

INDICATIDG —
CORTACTOR SOITEN - - famge
L | ARDUCTION WY
RS
103 it
RED dARDLL
T -TEST wiTek

CORRERT TEST JacK
{| CHASSIS OPERATEC
- SHORTING 3¥ITCH

TonONAL

WITN RELATIVE 1R3TANTAREOWS
POLARITY A3 BeOWR Th{
OIRECTIONM WSIT CORIALTY CAMSE

57-D-45h7

Internal Schematic of double trip, directional over-
current reloy type CR in type FT21 Case. For the
single trip relay the circuits associated with ter-

minal 2 are omitted, 57D4549.

Fig. 5.

upper pin bearing, which is threaded into the bridge.
The electromagnet is secured to the frame by four
mounting screws. -

The moving element assembly consisis of 4
spiral spring, contact carrying member, and an alu-
minum cylinder assembled to a molded hub which
holds the shaft. The shaft has removable top and
bottom jewel bearings. The shaft rides betweemthe
bottom pin bearing and the upper pin bearing with the
cylinder rotating in an air gap formed by the electros
magnet and the magnetic core. The stops for the
moving element contact arm are an integral part of the
bridge.

The bridge is secured to thelelectromagnet and
frame by two mounting screws. 1n addition®to holding
the upper pin bearing, the bridge j8usedusfor mounting
the adjustable stationary contact housing. The
stationary contact housing is_helain" position by a
spring type clamp. The sprifg adjuster is located on
the underside of the bmidege\and)is attached to the
moving contact arm by a“spiral@¥spring. The spring
adjuster is also held’in placeyby a spring type clan:p.

With the contacts cloSed, the electrical con-
nection is made througlithe stationary contact hous-
ing clamp, to the moving contact, through the spiral
spring out to the spring adjuster clamp.

The contacts of the directior:al urit are con-
nected in . series with the shading coil of the over-

current unit, ®™hus giving directional control of the
overcugrent, “unit. This arrangement prevents the
relay frem oOperating for faults in the non-tripping

ii-ection.

INTERNAL SCNEMATIC
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InternallSchématic of double trip, directional over-
currenty relay type CRC in type FT21 Case. For the
sifgle ‘trip relay the circuits associated with ter-

minal 2 are omitted, 57D4539.

Fig. 6.

CHARACTERISTICS

TheWime characteristics of the directional over-
currentvrelays are designated by specific numbers as
indicated in Table I (e.g. CR-8).

TABLE T
Time

Charocteristics
Short Time

Designation

3

Long Time 5
Definite Time 6
Moderately Inverse Time n
Inverse Time 8
Very Inverse Time 9
Extremely Inverse Time 11

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

Range Tops

0.5— 2.5 0.5 0.6 0.8 1.0 1.5 2.0 2.5
2 — 6 2 25 3 3.5 4 5 6
4 —12 4 S 6 7 8 10 12

These relays may have either single or double
circuit closing contacts for tripping either one or two
circuit breakers.

The time vs. current characteristics are shown in
13 to 15. These characteristics give the con-
tact closing time for the various time dial settings
when the indicated multiples of tap value current are
applied to the relay.

Flgs.
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Fig. 7. Internal Schematic of double trip, directional over-
current relay type CRP in type FT2] Case. For the
single trip relay the circuits associated with ter-

minal 2 are omitted, 57D4545.

Trip Circuit

The main contacts will safely close 3@ amperes
at 250 volts d-c and the seal-in contacts@ef the in-
dicating contactor switch will safely carpy this cur-
rent long enough to trip a circuit breaker.

The indicating instantaneous trip/contacts will
<afely close 30 amperes at 250 voltspdAc, Jand will
carty this current long enough to tripg@¥breaker.

The indicating contactor switchthas two taps that
provide a pickup setting of 0.2%r 2¥amperes. To
crange taps requires connecting offead located in
front of the tap block to the,desised setting by means
c¢f a screw connection,

Trip Circuit Constants

Indicating ContactéoriSwitch —
0.2 amp tap 6.54 ohr:s d-¢ resistance
2.0 amp faAp 0915, 0hms d-c resistance

1Type CR Relay

This voltage pol@arized type relay is intended for
prase fault protection and the directional unit has its
r.aximum torque When the current leads the voltage by
ezrproximately 30 °. The directional unit minimum pick-
ur 1S 1 volt agd 4 anperes at its maximum torque angle
for the 4 to 12 ampere range relays and 1 volt and 2
azperes for the 2 to 6 ampere and 0.5 to 2.5 ampere
renge rebays.

The directional unit should be ccnnected using the
current in one-phase wire and the potential across the
otler two phase wires. This connection is commonly

Figh8. Internal Schematic of double trip, directional over-
current relay type CRD in type FT31 Case. For the
single trip relay the circuits associated with ter-

minal 2 are omitted, 57D4561.

referred to as the 900 connection. When utilizing the
90° connection the maximum torque of the relay oc-
curs when the fault current lags its 100% P.F. posi-
tion by approximately 600. See Fig. 21.

Type CRC Relay

The current polarized tvpe relay is intended for
ground fault protection and operates on residual
current. Sce Fig. 23. The type CRC relay has its
maximum torque when the operating current leads the
polarizing current by approximately 40°. The direc-
tional unit minimum pick-up is 0.5 ampere in each
winding in phase for the 0.5 to 2.5 ampere and the 2
to 6 ampere range relays.

Type CRP Relay

The voltage polarized relay is intended for ground
fault protection and has its maximun: torque when the
current lags the voltage by approximately 60°. The
shifting of the maximum torque angle has been ac-
complished by the use of an internally mounted phase
shifter as illustrated in Fig. 7.

The type CRP relay operates on residual voltage
and residual current. See Fig. 22.

The directional unit minimum pick-up is 1 volt
and 2 amperes at its maximum torque angle for the 0.5
to 2.5 ampere and the 2 to 6 ampere range relays.

Type CRD Relay

The dual polarized type relay is intended for
ground fault protection. The relay can be polarized
from a potential source, from a local ground source, or
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fron: both simultaneousiy. votential polarivod directional unit of the type CR
The type CRD relay utilizes the directional unit relay operutes on residual voltage and resigus Mo

of the type CRC relay in conjunction with the direc- rent. Sece Fig. 24,

tional unit and phase shifting mechanism of the type

CRP relay.  The directional contacts are connected For the 0.5 to 2.5 ampere ard the 2 to 6 aiepere

in parallel to torque-control a conmon overcurrent

) ) range  relays, tre minimum  pick-up of the current
unit. See Fig. 8,

poliarized unit is 0.5 anpere in each windin® in-phase

- and the wminirun: pick-up for thg@voltage polarized
Thre current-polarized directional unit of the type unit is 1 volt and 2 amperes,with @ @urrent lugging
CORD relay onerates on residual currents while the voltagze by 60¢.
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ENERGY REQUIREMENTS

CR-2, CRC-2, CRP-2, CRD-2 OVERCURRENT UN
MPERES 17
CONTINUQUS ONE SECOND POWER AT 10 TIMES AT 20 TINES
AVPERE RATING RATING T FACTOR UE TAP VALUE TAP VALUE
RANGE ~ TAP  (ANPERES)  (AMPERES)  ANGLEG : CURRENT
0.5 0.91 28 56 256 790
0.6 0.96 28 57 39.8 270 851
0.8 1.18 28 53 42.7 308 1024
0.5.'2.5 1.0 1.37 28 50 45.4 348 1226
1.5 1.95 28 40 54.4 435 1740
2.0 2.24 28 36 635.4 580 2280
25 2.5G 28 29 73.6 700 2850
2.0 3.1 110 59 38.7 262 800
2.5 1.0 110 39.8 280 920
’ 3.0 4.4 110 42.8 312 1008
f 2.6 3.5 3.8 110 42.8 324 1120
1.0 5.2 11 45 46.0 360 121€
5.0 5.6 41 50.3 420 1500
€.0 6.0 37 54.9 474 1600
3.0 7.3 23 65 4.92 39.1 268 £38
5.0 8.0 2 50 5.20 42.0 305 102¢
6.0 8.8 2 47 5.34 44. 330 1126
312 7.0 vt @ 0] 46 5.53 45.8 364 1260
8.0 104 230 43 5.8¢€ 100 140§
10.G 11.2 230 37 6.6 170 1720
12.0 128 236 34 7.00 528 2064

ox cther than one secons may b caicuwluted on the basie of tine foang

T Thermal copariiios for
square of the cusrent

tiversely pregortional Lothe

o Degrees current coattep talue current,

T bodtapes v valtmerer.,
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TYPES CR, CRC,CRP AND CRD RELAYS

ENERGY REQUIREMENTS

CR.5, CRC.5, CRP.5, CRD.5,
CR.6, CRC.6, CRP.6, CRD-6 OVERCURRENT UNITS

VOILT AMPERESTT

Contineous  One Second Power At At 3 Tines At 10 Times AU 20 Tires
Ampere Rating Ruting T Factor Tap Value  Tap Value Tap Value Tur Value
Range Tap (Amperes) (Arneres)  Angle ¢ Current Current Current Current
=( 0.5 2.7 88 €9 3.92 20.¢ 104 270
(0.6 3.1 88 68 3.96 20.7 106 288
(0.8 3.7 88 67 3.96 21 114 329
0.5/2.5 ( 1.0 4.1 88 66 4.07 21.4 122 360
(1.5 5.7 88 62 4.19 23.2 147 442
(2.0 6.8 88 60 4.30 24.9 168 544
(2.5 7.7 88 58 4.37 26.2 180 30
(2 8 67 3.88 21 116 308
(25 8.8 20 66 3.90 21.6 118 342
(3 9.7 e 64 3.93 22.1 126 381
2/6 (3.5 40.4 2 63 4.09 23.1 136 417
(4 11.2 2 62 4.12 23.5 144 448
(5 12.5 230 59 4.20 24.6 162 540
(6 13.7 230 57 4.38 26.5 1083 624
(4 16 360 65 4.00 2234 126 376
( 18.8 160 63 4.15 23.% 143 350
(6 16.2 460 61 4.32 25.3 162 RS
4,12 (7 20.8 460 59 4.35 264 183 611
(8 205 160 56 4.40 27.8 204 (ZRLE]
(10 25 460 53 4.60 30.1 247 ERO
(12 2g 460 47 4.92 35.6 288 1056
‘ CR.7, CRC-7, CRP-7 & CRD-7 OVERCURREMNT UNITS
NVOLT AMPERES T}
Continuous  One Second Powner At At 3 Times At 10 Times Al 20 Times
Ampere Rating Kating Fuctorhy, TapNalue Tap Value Tap Value Tayr Value
Runge Tap  (Amperes) (Amperes) Angle ¢ Current Curtent Cument Current
( 0.5 2.7 88 68 3.88 20.7 103 27
( 0.6 3.1 88 67 3.93 20.¢ 107 288
(0.8 3.7 88 66 3.93 21.1 114 320
0.5/2.5 ( 1.0 4.1 88 64 4.00 21.6 122 356
( 1.5 5.7 88 61 4.08 22.9 148 459
(2.0 6.8 88 58 4.24 24.8 174 552
(25 7.7 88 56 4.38 25.9 185 640
(2 § 230 66 4.06 21.3 111 306
(2.5 8.8 230 63 4.07 21.8 120 332
(3 9.7 2:0 63 4.14 22.5 129 36¢
2’6  { 3.5 10.4 230 62 4.34 23.4 i4] 413
{4 w2 230 61 4.34 23.8 144G 448
() 12.5 230 5§ 4.40 25.2 163 530
(6 135 230 58 4.62 27 183 624
i 4 i6 460 64 4.24 228 129 392
{5 18,6 460 61 4.30 24.2 149 460
1712 W6 193 4€0 (o ] 4.62 25.9 168 530
[ 20.8 460 58 4.69 27.3 167 626
(8 22,5 460 55 4.80 29.8 211 658
(1¢ 25 460 51 5.20 33 260 860
(A2 28 460 46 5.40 37.5 308 1932

tThicrinh CBp@Citios for skort times otker then one second may be calculated on the basis of time being inversely
proafentional Lo the square of the current.

Cbie recs current lags veltage ot tap value current.

Bt Witages taken with Rectox type volineter.







TYPES CR, CRC, CRP AND CRD RELAYS o Wk,

i} ENERGY REQUIREMENTS

-
x . CR-8, CRC-8, CRP-8 & CRD-8
) CR-9, CRC-9, CRP-9 & CRD.9 QVERCURRENT UNITS

VOLT AMPERESTT

Continuou O e Second Power At At 3 Times At 10 Times At 20 Times
Ampere Rating Rating 1 Factor  Tap Value Tap Value Tap Value Tap Value
Range Tap (Amperes) {Amperes) Angle ¢ Current Current Current Current
- (0.5 2.7 88 72 2.38 21 132 350 )
(0.6 3.1 88 n 2.38 21 134 365
(0.8 3.7 88 69 2.40 21.1 142 400
0.5/2.5 ( 1.0 4.1 88 67 2.42 21.2 150 440
(1.5 5.7 88 62 2.51 22 170 530
(2.0 6.8 88 57 2.65 23.5 200 675
(2.5 1.7 88 53 2.74 24.8 228 800
(2 8 230 170 2.38 21 136 360
(25 8.8 230 66 2.40 21.1 142 395
(3 9.7 230 64 2.42 21u5 149 430
26 (3.5 10.4 230 62 2.48 22 157 470
(4 11.2 230 60 2.53 22.7 164 500
(5 12.5 230 58 2.64 24 180 580
(6 13.7 230 56 2.7 25.2 198 660
(4 16 460 68 2.38 21.3 146 420
(5 18.8 460 63 2146 21.8 158 480
(6 19.3 460 60 2.54 22,6 172 550
4/12 (17 20.8 460 57 2.62 23.6 190 620
(8 22.5 460 54 2.73 24.8 207 700
(10 25 460 48 3.00 27.8 248 850
(12 28 460 45 3146 31.4 292 1020
CR-11, CRC:N
’ CRP-1 & CRDAN OVERCURRENT UNITS
o vouT amprrEs 1
CONTINUOUS  @Nk SECOND  POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES
AMPERE RATING RADBING T FACTOR TAP VALUE  TAP VALUE TAP VALUE TAP VALUE
RANGE  TAP  (AMPERES(7QAMPERES)  ANGLE¢  CURRENT CURRENT CURRENT CURKENT
0.5 1.7 56 36 0.72 6.54 11.8 250
0.6 1.9 56 34 0.75 6.80 15.0 267
0.8 2L2 56 30 0.81 1.46 84.0 298
0.572.5 1.0 28 56 27 0.89 8.30 93.1 330
1.5 3.0 56 22 1.13 10.04 115.5 411
2.0 kp) 56 17 1.30 11.95 136.3 502
2.5 3.8 56 16 1.48 13.95 160.0 610
2.0 770 230 32 0.73 6.30 14.0 264
25 1.8 230 30 0.78 7.00 18.5 285
3.0 8.3 230 27 0.83 1.74 84.0 309
2/6 3.5 9.0 230 24 0.88 8.20 89.0 340
4.0 10.0 230 23 0.96 9.12 102.0 372
5.0 11.0 230 20 1.0? 9.80 109.0 430
6.0 12.0 230 20 1.23 11.34 129.0 504
4.0 14 460 2§ 07 17.08 18.4 296
5.0 16 460 25 0.89 8.00 90.0 340
6.0 17 460 22 1.02 9.18 101.4 378
412 7.0 18 460 20 1.10 10.00 110.0 454
8.0 20 460 18 1.23 11.1 124.8 480
1c.0 22 460 17 1.32 14.9 131.6 600
12.0 26 460 16 1.8 16.3 180.0 120

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

‘ ¢ Degrees current lags voltage at tap value current.

11 Voltages taken with Rectox type voltmeter.
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TYPES CR, CRC, CRP AND CRD RELAYS

DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

Relay Power Factor
Type Rating |Volt Amperes /s Angle ¢
132*
CR Volts 11.5 58° Lag
- cre | 207 o
R Anmperes 1.45 8" Lag
208‘ * %
' CRP Volts 11.2 28° Lead
CRD e
Current | 230 1.45 8° Lag
Unit Amperes
CRD | , ...
Voltage | 11.2 280 Lead
. Velts
Unit - -

& Degrees current leads or lags voltage at 120 voits
on voltage polarized units and 5 amperes on cusrent

polarized units.

O Voltages taken with rectox type voltimetem=)Buwden
of Voltage polarized units takenat 120%0lts - Bur-
den of current polarized units tafen @t S,amperes.

* Continuous rating.
** One second rating.

*** 30 second rating.

DIRECTIONAL UNITOPERATING CIRCUIT BURDEN

VOLT AMPEREST1

. At At 3 Times At 10 Times At 20 Tines
Continuous  One Secc?nd Power Minimum Ninimun: Minimum NMinimum
Relay  Range Rating Rating’ Facior Tap Value  Tap Value Tup Value Tap Value
Type  Amps  (Amperes) GAmpenes) Anglegs Current Current Current Current
c [ 2-6 10 230 34.5 0.44 4.08 48.0 182.0
"R
{ 4-12 12 280 25.0 0.53 5.0 59.2 236.0
(0.5-2.5 - 230 44.0 0.033 0.30 3.3 14.2
CRC
L 2-6 - 230 42.5 0.58 5.28 58.0 240.0
fO.S—" 5 10 230 34.5 0.03 0.23 2.8 11.5
CRPY
Lo2-6 10 230 34.5 0.44 4.08 48.0 182.0
0.5-2 R 10 230 45.0 0.07 0.59 6.6 26.0
CRD~
2-f 10 230 45.0 1.04 9.9 106.0 420.0

G Depr@es current lugs voitage at tap value current,

L TN gl (‘uyur"zu(x« for shert times other than one second may be calculated on the

fl Ofpcrtional Lo the Square (»j' the current.

W b oltapes taken with Rectox tape voltmeter.

10

Lasis of time being inversely







TYPES CR, CRC ,CRP AND CRD RELAYS
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Fig. 11. Internal Schematic of single trip directional con-
trol relay Type CRP with Indicating Instantaneous
Trip Unit, in Type FT21 Case.

SETTINGS

A. Overcurrent Unit (CO)

The evercurrent unit settings can beydefined
either by tap settings and time diz]l p@Sitionpor by
tap setting and a specific time of operationlat some
current multiple of the tap setting (e«g. 4. tap setting,
2 timie dial position or 4 tap setting, 0.6¢seconds at 6
times tap value current).

To provide Selective circuit breaker operation, a
minimum coordinating time,of 0.8 seconds plus break-
er time is recommended between<the relay being set
and the relayvs with whieh “eebrdination is to be
effected.

The connector sef@w o the terminal plate above
the time dial makes cénnections to various turns on
the onerating cOoih, By placing the screw inthe various
terminal platé holeg, the relay will respond to multi-
ples of tap valee currents in accordance with the
various typlealftimeurrent curves.

Cuaution

Since the tap block conneclor screw carries
operating carrent, be sure that th> screw is turned
tiellh. In order to avoid opening the current trans-
fermen, circuits when changing taps under load, con-
neect ‘the spare tap screw in the desired tap position

béfere removing the other tap screw frem the original

Fign 12. Internal Schematic of single trip directional con*rol
reloy Type CRD with Indicating Instantoneeus
Trip Unit, in Type FT 31 Case.

tap position.

Instantaneous Reclosing

The factory adjustment of the CO unit contzz:s
provides o contact follow, Where circuit breaker oe-
closing wili be initiated immediately after a trir oy
the COgontact, the time of the opening of the cont:
should be 4 minimum. This condition is obtaine’:
loosening the stationary contact mounting screw,
removing the contact plate and then replacing (ne
plate with the benl end resting against the cernizzt
spring.

Fordouble trip relays, the upper stationary contact
is a-diusted such that the centact spring rests solizlv
afainst the buck stop. The lower stationary contact is
then wijusted such that hoth stationary contacts mz-e
contact simultancously with their respective mevin:
contact.

P, Indicauing Contactor Switeh (JCS)

The only osetting required on the 1CS unit is o
seloction of the G 2 w 20 ampeore tap setting Too
selection is made by connecting the lead located o
front of the tap bivcek to the desired scetting by mecrns
of the connecting screw

-~

o Inddic ating Instantancous Trip (II7T)

The core screw must be adjusted to the value f
rick-up desired.

1
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TYPES CR,CRC, CRP AND CRD RELAYS S
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Fig. 13 Typicel Time Curves For Relcys With CO-2 Linits
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TYPES CR, CRC,CRP AND CRD RELAYS L. 41-131N
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TYPES CR,CRC, CRP AND CRD RELAYS
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Fig. 15. Typical time curves for relays with CO-
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TYPES CR,CRC,CRP AND CRD RELAYS 1L 4147300
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TYPES CR,CRC, CRP ANDCRDRELAYS S
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TYPES CR,CRC,CRP AND CRD RELAYS _
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TYPES CR, CRC, CRP AND CRD RELAYS
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TYPES CR, CRC ,CRP AND CRD RELAYS

1.L.41-131N

h CF RELAY 1 § - USE DASHED COmrfCTION
FROKT ¥iEm) NSTEAD OF SOLID ON¢ FO4
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Fig. 20. Diagram of test connections of the overcurrent
unit.

The nameplate data will furnish the actual cur-
rent range that may be obtained from IIT unit.

D. Directional Unit (D)

No setting is required.

INSTALLATION

The relays should be mounted on switehboard
panels or their equivalent in a locatiomyfree from
dirt, moisture, excessive vibration and heat % Mount
the relay vertically by means of the tw@mpmounting
studs for the type FT projection case or by/meéans of
the four mounting holes on the flange for the semi-
flush type FT case. Either of the studs or,the mount-
ing screws may be utilized for§grounding /the relay.
The electrical connections may _beymadé directly to
the terminals by means of screws fer steel panel
mounting or to terminal studs,furnished with the relay
for thick panel mounting. The%terminal studs may be
easily removed or insertedgby locking two nuts on the
studs and then turning the\ proper nut with a wrench.

The external a-cgeonnections of the directionz!
cvercurrent relayspare \$hown in Figs. 21 to 24.

ADJUSTMENTS AND MAINTENANCE

The proper‘adjustments to insure correct operaticn
of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those cgvered under “SETTINGS”, should be
required.

Feor ‘relays which include an indicating instantar:-
edus trip unit (IIT), the junction of the induction and
indicating instantaneous trip coils is brought out to
switch jaw #3. With this arrangement the overcurrent
units can be tested separately.
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Fig. 21. External Schematic of the type CR Reloy for phose
fault protection.

Acceptance Check

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

A. Overcurrent Unit (CO)

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

1. Contact

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationarv contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the ‘“‘O’’ mark on the time dial. For double
trip relavs, the follow on the stationary contacts
should be approximately 1/64"".

b) For relays identified with a ““T’’, located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the “‘O’' mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationaryv contact resting against the
backstop, the index mark is offset to the right

19







TYPES CR, CRC, CRP AND CRD RELAYS
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Fig. 22. External Schematic of the type CRP Relay fgF
ground fault protection.

of the “*O’" mark by approximately 4020%%( The
placement of the various time dial positionsyin
line with the index mark will givemoperating
times as shown on the respective/timeseurrent
curves. For double trip relays, the/follow on
the stationary contacts should be appreximately
1/32".

2. Minimum Trip Current —(Set “the time dial to
pesition 6. Alternately applystapyvalue current plus
c. and tap value current minusy3% . 9The moving con-
tact should leave the backStop ‘at’tap value current
plus 3% and should return to thetbackstop at tap value
current minus 3%.

3. Time Curve —[Tablé 2 shows the time curve

calibration pointsiforithed various types of relays.
With the time dial setyto the indicated position, apply
the currentsspecified by Table 2 (e.g. for the CR-8,
2 and 20 timesftap s4/alue current) and measure the
operating time“of Ahe relay. The operating times
should equal those“of Table 2 plus or minus 5 percent.

For type ,CR-11 relay only, the 1.30 times tap
value operating time frem the number 6 time dial posi-
tion is'©4.9 *5% seconds. It is important that the 1.30
times%apyvalue current be maintained accurately. The
maintaining of this current accurately is necessary

20

Fig.

23. External Schematic of the type CRC Relay for
ground fault protection.

hecause of the steepness of the slepe of the time-
current characteristic (Fig. 19). A 1% variation in the
1.30 times tap value current (including measuring
instrument deviation) will change the nominal opera-
ting time by approximately 4%.

B. Indicating Contactor Switch (ICS) — Close the main
relay contacts and pass sufficient d-c current through
the trip circuit to close the contacts of the ICS. This
value of current should not be greater than the par-

ticular ICS tap setting being used.

The indicater

target sheuld drop freely.

The contact gap should be approximately .047"

between the bridging moving contact and the adjust-

able stationary contacts.

The bridging moving con-

tact should touch both stationary contacts simultan-
eously.

C.

Indicating Instuntancous Trip Unit (1T

The core serew must be adjusted to the value o

pick-up current desired.

The namepiate data will furnish the actuua! currens

range that may be ebtained from 11T unit.

T e T s T o kg Dt
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Fig. 24. External Schematic of the type CRD Relay for
ground fault protection.

D. Directional Unit (D)
1. Contact Gap — The Bap between the stationary

contact and moving contact with the relay, in“a de-
energized position should be approximatelyw.020".

2. Sensitivity — The respectivel diredtional units
should trip with value of energization and phase
angle relationshins as indicatedgin“Gable 3.

3. Spurious Torque Adjustments — There should
bé no spurious closing tofques when the operating
circuits are energized pér Table 4 with the polar-
izing circuits short-circuited Yfor the voltage polar-
ized units and open-cikcuited’ for the current polar-
ized units.

Foutine Maing@nance

All reléavs ghould be inspected and checked perl-
odleallv to as§ure pfrper overation. Generally a visual
inspection should call attention tu any noticeuable
chanees, A minimum suezested check orn the relay
svstan ds to%elose the contects manaaliy o assure
tnat (e breaker trips and the target drops. Then re-
ledwe e contacts and observe that the reset is gmuonth

f

an@epesitive.

e

@

)
V

If «n additiconal tine check 1s desired, pass

ondary current through the relay and check tlde tigm e 97
operation. It is preferable to make this @t severa.
times pick-up current at an expected operatilig po.n:

range CO-5 and CO-6 induction unit use the alternative
test circuit in Fig. 20 as these relays are affected tv
a distorted wave form. With this connéc¢tion the 25 3
ampere current transformers sfiould be worked well be-
tow the knee of the sdturatior ¢j.e., use 10150 o
better).

All contacts should (be /periodically cleaned. A
contact burnisher S#182A836H01 is recommended fcr
this purpose. Theyuse of abrasive material for clear.-
ing contacts is_not Tecemmended, because of the dan-
ger of embeddingWsmall particles in the face of the

Calibratiof

Use the foliowing procedure for calibrating the
relay M the relay has been taken apart for repairs o:
the “@djusinients have been disturbed. This procedure
$hould, not be used unless it is apparent that the
relay,is not in proper working order. (See ‘‘Accepi-
ance Check'").

A. Overcurrent Unit (CO)

1. Contact

a) By turning the time dial, move the moving con-
tacts until they deflect the stationary contact
to a position where the stationary contact is
resting against its backstop. The index mark
located on the movement frame should coincide
with the “O’’ mark on the time dial. For doubie
trip relays, the follow onthe stationary contacts
should be approximately 1/64°".

by For relays identified with a ‘T’ located at
lower left of stationary contact block, the index
mark on the movement frame will coincide with
the O’ mark on the time dial when the station-
ary contact has moved through approximately
one-half of its normal deflection. Therefore,
with the stationary contact resting against the
backstop, the index mark is offset to the right
of the ““O’' mark by approximately .020’’. The
placement of the various time dial positions in
line with the index mark will give operating
times as shown on the respective time-current
curves. For double trip relays, the follow on
the stationary contacts should be approximately
1/32".

2. Minimur. Trip Current — The adjustment of the
spring tension in setting the minimum trip current
value of the relay is most conveniently made with the

21







) Y
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TABLE 2
TIME CURVE CALIBRATION DATA _ 50 AND 60 CYCLES FOR

OVERCURRENT UNIT

Permanent Electromagnet

Magnet Adjustment Plug Adjustment
Time Current Operating Current Operating

- Relay Dial (Multiples of Time (Multiples of Time
Type | Pcsition| Tap Value) |(Seconds) | Tap Value) (Secends)

2 6 3 0.57 20 0.22

B} 6 2 37.80 10 19,30

¢ 6 2 2,46 20 019

7 6 2 4.27 20 A

8 6 2 13.35 20 .1

9 6 2 8.87 20 0.65
11 6 2 11.27 20 0.24 A\
* A For 50 hertz Vo-11, 20 times operating Time LinlitSar- 0.24 ¢ 104 --5%

darmping magnet rer.oved. tup value) and measure the operating time.  Adjust

thefproper plug until the operating time cormrespends to
the value in Table 2.  (Withdrawing the left-hand
pluge, front view, increases the operating time and
witidirawing the right-hand plug, front view, decreascs
the tinme.) In adjusting the plugs, one plug should be
screwed in completely and the ether plug run in or
out until the proper operating time has been obtained.

With the time dial set on “0”, wind up the spiral
spring by means of the spring adjuster until approxi-
mately 6-3/4 convolutions show.

Set the relay on the minimun: tap setting, thedime
dial to positien 6.

Adjust the control spring tension sg thatfthe Recheck the permanent magnet adjustment. If the
meving contact will leave the backstep at tap value operating time for this calibration point has changed,
current +1.0% and will return to the backstep atXap readjust the permanent magnet and then recheck the
value current -1.0%. electromagnet plug adjustment.

3. Time Curve Calibration - Installgthe permanent B. Indicating Contactor Switch — Unit (ICS)
magnet. Close the main relay contacts and pass sufficient

Apply the indicated current pémpyTabilé 2 for the d-c¢ curent through the trip circuit to close the con-
permanent magnet adjustment (e g CR28, 2 times tap tacts of the ICS. This value of current should Le not
value) and measure the epekatingihtime. Adjust the greater than the particular ICS tap setting being used.
permanent magnet keeper untilfthe operating time cor- The indicutor target should drop freely.
responds to the value of Taple"2. CLoTntieatine Instantancous Trip Unic HT

For tyvpe CR-11 relay Seulvy the 1.30 times tap Ti core o soreat which 1w wdiustabie v the Lo
value operating time {ref thie number 6 time dial posi- Arrermines the piokup vadae. The tri
ticn is 54.912 537 sgeonds ATt is important that the 1.30 Drtie ot whusteient of 1oes 3 ownd w

tires tap value gu
raintaining of

TRl BVegwfdintained accurately. The
Cument accurately Is necessary

D othe dbmits of 1007

because of the si@ioness of the slope of the time- Leool He contaots and caraid wlion

current charactprd=tic @Fic. . A 1¢ varlation in the Shogb b e cur ul approxiinateiy the o b= Frosi-

1.30 times tap @wde current (including measuring o tht =lal drvCcontact forow mininoun, oo 1 s2w

instrurrent deviaticon¥will change the nominal operating e The telio o b

tiro by approxinat-iy 4%, If the operating time at 1.3 L

times tap value@is not within these limits, a minor ad- o a ‘ .

justment of the coniral spring will give the correct op- A P it

eratifiestime withouo any undue effect on the minimum 777 e Feop triels

piek-up, of the relav, This check is to be made after D Directional Unit (D)

the 2 times tap valye adjustment has been completed. 1. The upper pin bearing should be serewed down

nntll there is approximately (025" clearance between

Apply the indicated current per Table 2 for the it and the top of shaft bearing. The upper pin bearing

@octromagnet plus adjustment (e.p. CR-8, 20 times should then be securely locked In position with the
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lock nut. The lower bearing position is fixed and
cannot be adjusted.

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

With the moving contact in the normally-opened
position, i.e. against the right stop on bridge, screw
i the stationary contact until both contacts just
close as indicated by a neon lamp in the centact cir-
cuit, Then, screw the stationary contact away from
the moving contact 3,4 of a turn. The clamp holding
the stationary contact housing need not be loosened
fur the adjustment since the clamp utilizes a spring-
tvpe action in holding the stationary contact in
porsition.

The set screw in the stationary contacts has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.

‘The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

3. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the moving
element assembly. The spring is adjusted by placing
a screwdriver.or similar tool into one of the notches
located qn the periphery of the spring adjustef and
rotating it. The spring adjuster is locatedyon the
underside of the bridge and is held in/4place by“a
spring type clamp that does not have to‘be l@osened
prior to making the necessary adjustments.

The spring is to be adjusted such thatythe con-
tacts will close as indicated by a ngon; lamp in the
contact circuit when energized with thefrequired cur-
rent and voltage as shown in Table 3,,#This table
indicates that the spring can be adjusted when the

.phase angle relationship between the operating-¢ircuit
and the polarizing circuit is at the maximum torque
angle or when the circuit relationship hassthe opera-
ting and polarizing circuits in phase. It is recom-
mended that a single phase (in phase®relationship)
set-up be used as a matter of ease and convenience.

4. The magnetic plugs are used to reverse any
unwanted spurious torques that may be present when
the relay is energized on current,alone.

The reversing off%the®™spurious torques is ac-
complished by using theWadjusting plugs in the fol-
lowing manner:

a) Voltage circuit ferminals on the voltage polar-
ized relays (CR,““€RP"and CRD voltage polarized

unit) are short-Gircuited.

b) The polarizing circuit of the current polarized
relays (CRC and CRD current polarized unit) are
open-cirecuitedy

Upon /completion of either “a”™ or “b”, current is
applied (tolthe operating circuit terminals as per
Table 4,

Plug adjustment is then made per table 4 such
that ‘the spurious torques are reversed. The plugs are
held, in position by upper and lower plug clips. These
elips need not be disturbed in any manner when mak-
ing the necessary adjustment.

The magnetic plug adjustment may be utilized to
positively close the contacts on current alone. This
may be desired on some installations in order to in-
sure that the relay will always trip the breaker on
zero potential.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be fur-
nished to the customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.

¥ TABLE 3

DIRECTICNAL UNIT SENSITIVITY

) Values for Min. Pick-Up*
Relay Type Rating £ R e — Phase Angle Relationship
B S Volts < Amperes
CR Un 25 1 2.0 I leading V by 3007~
. N S B (i
1 2.3 I in-phase with V
412 1 4.0 I leading V by 3007
1 4.6 I in-phase with V
CRP 0.5-2.5 1 2.0 I lagging V by 6007
CRD(Voltuge 2-6 1 4.0 I in-phase with V
U 3-12 i 4.0 I laguing Voby 6077
1 5.0 I in phase with V
CR 0.5-2.5
CRD «Current 0.5 In-phase
Unit) 6
J 1Q
T he energization Quantities are dnpel guartiiies ot the relay terpanals.
s Meimur torgue angle. 4
Chioe o ridan s rared Qg sl wppin 2 volt 23
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TABLE 4
DIRECTIONAL UNIT CALIBRATION
Current Both Plugs In
Relay Rating Amperes Condition Adjustment
0.5to 2.5 Spurious Torque In Right (Front-View) Plug
2to 6 40 Contact Closing Screwed Out Until
Direction (Left Spurious Torque‘is
4 to 12 80 Front View) Reversed
0.5to 2.5 Spurious Torque In Left (Front View) Plug
2to 6 40 Contact Opening Screwed OutiuUntil
Direction (Right Front SpuriousiTorque’ is in
View) (Contacts remain ContaétyClosing Direction,
n Then the plug is screwed in
4to 12 80 open) e

until spurious torque is
reversed.









