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I NSTALLATION • OPE RATION • MAI NTENANCE 

INSTRUCTIONS 
TYPES CR AND CRC 

DIRECTIONAL OVERCURRENT RELAYS 

CA�ON Before putting protective relays into 

service, remove all blocking which may have 

been inserted for the purpose of securing the 

parts during shipment, make sure that all mov­

ing parts operate freely, inspect the contacts 

to see that they are clean and close properly, 

and operate the relay to check the settings 

and electrical connections. 

APPLICATION 

These induction-type directional over-

current relays are used to disconnect trans­

mission and feeder circuits when the current 

thru them in a given direction exceeds a pre­

determined value. The type CR relay is po­

tential polarized and is used for both phase 

and ground fault protection. The type CRC re­

lay is current polarized and used for ground 

fault protection. 

Two forms of the relay are manufactured: a 

low energy and a standard energy. This refers 

to the burden that is placed on the current 

transformers and not to the current rating. 

The low-energy type relay is used in prefer­

ence to the standard-energy relay where the 

requirements necessitate (l) a lower burden on 

the current transformer, or (2) a more inverse 

curve for selectivity, or (3) a lower current 

range as for example, ground protection of 

transmission systems. The very-inverse relay 

is similar to the low-energy relay and is used 

where a still more inverse curve is desired. 

Relays with circuit closing contacts are 

used ·::ost commonly with the station battery to 

er''"''�.:.:::e tf',e trip coil thru the relay con­

tacts. Occasionally, where there is no reli-

3ble source of potential available for trip-

S U P E RS E D E S  I. l. 41-2 85P 

*Denotes change from superseded issue. 

ping, the breaker may be tripped by current 

from the current transformer, by the use of 

circuit opening relays. 

CONSTRUCTION AND OPERATION 
CIRCUIT-CLOSING RELAYS 

The circuit-closing relay consists of an 

overcurrent element, a directional element, an 

operation indicator, a contactor switch, and 

in some cases, an instantaneous trip attach­

ment. 

Overcurrent Element 

This element is an induction-disc type ele­

ment operating an overcurrent. The induction 

disc is a thin four-inch diameter aluminum 

disc mounted on a vertical shaft. The shaft 

is supported on the lower end by a steel ball 

bearing riding between concave, sapphire jewel 

surfaces, and on the upper end by a stainiess 

steel pin. 

The moving contact is a small silver hemis­

phere fastened on the end of an arm. The 

other end of this arm is clamped to an insu­

lated section of the disc-shaft in the non­

geared type relays, or to an auxiliary shaft 

geared to the disc shaft in the geared type 

relays. The electrical connection is made 

from the moving contact thru the arm and 

spiral spring. One end of the spring is 

fastened to the arm, and the other to a slot­

ted spring adjuster disc which in turn fastens 

to the element frame. 

The stationary contact assembly consists of 

a silver contact attached to the free end of a 

leaf spring. This spring is fastened to a 
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TYPES CR AND CRC RELAYS ________________ _ 

OPERATION INDICATOR 

DIRECTIONAL ELEMENT VoLTA6E 
Colt FoN TYPE CR. CvHREJVr 
COIL Fo� 
TYPE CR('. 

REAR Vt£W 

TRANSFORMER 
Coil ON 
LowER PoLe. 

OYER CVRRENT 
ELEMENT. 

77-D-706 

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

Micarta block and mounted on the e l ement 

frame . A sma l l  set screw permits the a djust ­

ment of contact fol low. When doubl e  trip is 

required, another le af spring i s  mounted on 

the Micarta b l ock and a doub l e  contact i s  

mounted o n  t h e  rigid arm. Then the stationary 

contact set screws permit adjust ment so that 

both circuit s wil l  b e  made simul taneou sl y .  

The moving disc is rota ted by an el ectro­

magnet in the rear and damped by a p ermanent 

magnet in the front. The operating torque i s  

obtained by t h e  circuit arrangement shown in 

figure 1. The main p o l e  coil of the relay 

act s a s  a transformer and induce s a voltage in 

a s econdary coil. Current from this s econdary 

coil flows through the upper p o l e  coi l s  and 

thus produce s t orque in the disc by the re­

action b etween the fluxe s of the upp er and 

l ower p o l e s . The inverse and very inverse re­

l ays operate on this princip l e . The definit e -

time , standard-energy 

characteri stic curve 

relay obtains its flat 

because of a sma l l  

saturating transformer• that is interp:::>ser: �'e 
tween the secondary coi' and the uprer pole 

coil s. This is called the torquE· comp en sator 

and it s l ows down the disc movement at high 
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14-D-6632 

Pi9. 2-Intemal Schematic Of The Single Trip, 
Directional Control, Definite Minimum Time (2 a11d 
4 Sec., 25. 50 & 60 Cyoles) or Inverse Time (Low 
Energy 4 Sec .. 50 & 60 Cycles), Circuit Clo�ing Relays 
With Instantaneous T:t:ip In The Standard Case. 

currents to such an extent that no gearing i s  

required .  ( See Fig. 2). 

Directional E l ement 

This e l ement is similar to the over-current 

el ement except the quantities used to rotate 

the disc and the contact a s sembly. The two 

upp er p o l e s  of the el ectromagnet are energized 

by overcurrent , and the l ower p o l e  by p o l ariz­

ing voltage on the type CR rel a y  and by p olar­

izing current on the type CRC rel ay. The 

fluxe s produces by thes e  two electrical quan­

tities cause rotation of the disc in a direc­

tion depen ding on the pha se ang le between the 

current and voltage . As fault p ower revers es , 

the current in the relay reverses while the 

p o larizing current or voltage remains fixei, 
thus a directional torque is obtained. 

The ro�ation of the disc is limited i� the 

opening direl'tir'n to a 

jecting stop 0'- the disc 

few degrees by a pro ­

which strikes the 

element fr'amc, And in the cl o sing direcotiJn h;,­

the rigid moving arm striking the stationa r�­

contac'C arm. 
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TYPES CH AND CRC RELAYS�--------------------------------�'�· L�. 4� 1 -=2a=sR  

TRANSFORM 
Wl!-lOIM&OH co 

REAR VIEW 

OPE:RATION INDKATOR 

I)E-ION CONTACTOR' SWITCH 

UPPER POLE COILS ON CO ELE.MENT 

2-D-1446 

Fig. 3-lnternal Wiring Diagram Of The Single Trip, Stand­
ard Energy. Circuit Opening Relay. 

COVE!It OP'£1t.I'IT£,D SWITC.M-W\11!!-N U'io�· 

OPE.It ..... T\ON 
INDICA"'TOti!. 

SHOe..T C.\�C.UIT '5WI\C.H 

13-D-5804 

WITH 1t.EL.�1VE IN�T,.NT,tr..WEOUS POLAJ!\TY' As SHOWN1 THE 
OI2E.C"r CONT,..C.TS C.l..OSE: 

Fig. S-Internal Schematic Of The Single Trip With Instan­
taneous Trip, Directional Control. Definite Minimum 
Time (Standard Energy 2 & 4 Sec .. 25, 50 & 60 Cycles) 
or Inverse Time (4 Sec .. 50 & 60Cycles)Circuit Closing 
Relay In The Type FT Case. 

COVER OPE.MTED SWITCH ..WHeN USE.D 

T�·:.N�C,OANI::tt Co1L 

UPP&.IIPa\..-.COIL 

ORQUE. (.OMPEN'bAITtlt, 

FRONT IE CHASSIS OPtRATtP 5HORT/,... 
�C ONLY 5wrrc>' 

WITH REl..A.TIV£ 1"-l'O"TAN"TANEOUS, POL-AR\\'( A.�SHOWNJ 
T�E: f>IREC.T+ONAI... CONT#II.C.T� c�o!;.C 

7-D-6532 

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

t'NASSIS OP£/IATED SNQRTI/1/t; .SW!TCII 
WITH R.£Ljlo,.TIVE INSTA.NT""'EOU5 
POL"'-ft-\\'( "'-� .S.H-OWN, T H &. Dl". �ONl,..C.T.S Cl-OSe. 7-D-6535 

Fig. 6--Internal Schematic Of The Single Trip, Non-Direc­
tional Control With Terminal Between Directional 
And Overcurrent Contacts, Definite Minimum Time 
(Standard Energy 2 & 4 Sec .. 25, 50 & 60 Cycles) or 
Inverse Time (4 Sec .. 50 & 60 Cycles) Circuit Closing 
Relay In th� Type FT Case. 
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TYPES CR AND CRC RELAYS 

W\TH Rt:L.ATlVE INS.T�NEOVS 
POl.Jrt..R.IT'f ""� 5HOWN1 THE 
Dl�. CONT,Ar..CT.S CLOSE. 

TEST SW\TC.H 

77-D-6544 

Fig. 7-Internal Schematic Of The Double Trip, Directional 
Control. Inverse Time (Low Energy 2 Sec .• 25. 50 & 
60 Cycles. 4 Sec., 25 Cycles) or Very Inverse Time. 
Circuit Glosing Relay In The Type FT Case. The 
Single Trip Relays Have Terminal 3 And Associated 
Circuits Omitted. 

FRONT VIEW 
WITH. R-ELATIVE \NSTA.NTA.N�OUS �L,..,kl T'( ...... 5 3HOWN1 'TIH� 

CUR,, C:.ONT.-..cT..S CL..O&E. 

OPERATION 
INDIC.A.TOFl 

"TEST SWITCH 

7-D-654 1 

Fig. 9-Internal Schematic Of The Single Trip. Non-Direc­
tional Control With Terminal Between Directional 
And Overcurrent Contacts. Inverse Time (Low 
Energy 2 Sec .. 25. 50 & 60 Cycles. 4 Sec .. 25 Cycles) 
or Very Inverse Time. Circuit Closing Relay In The 
Type FT Case. 

4 

GOVE� OPLIItAIEO 
SWITCI-I-WHE.N V!.IU> 

CONT"'C'TO 
SWITCH 

OPERATION 
INb\CRTOie. 

SWITCH 

1 3-D-58 06 

Fiq. 8-Internal Schematic Of The Single Trip With Instan­
taneous Trip. Directional Control. Inverse Time (Low 
Energy. 2 Sec .• 25. 50 & 80 Cycles 4 Sec .• 25 Cycles) 
or Very Inverse Time. Circuit Closing Relay In The 
Type FT Case. 

The moving contact a s s embly con sists of a 

rigid counterweighted arm fasten e d  to an insu-

lated section of the disc shaft. A leaf 

spring fa sten s to the shaft end of the arm 

with a silver contact attached to the free end 

of the l eaf spring . When the moving contact 

strike s  the st ationary contact, the spring de­
fl ects to provide the required contact follow . 

The spiral spring a s semb l y  is the same a s  

de scribed above for the overcurrent e l ement . 

The stationary contact consists of a right­

angle bracket fasten e d  to the e l ement frame 

thru a Micarta insulating b l ock . A contact 

screw projects thru the outer end of the 

bracket and provide s a djusta b l e  contact 

sep aration. 

To prevent the relay from operating for 

faults in the non-tripping direction , the di­

rectional e l ement contact are connected in the 

upp er pole circuit of the overcurrent el ement . 

This means that the overcurrent el ement can-

not operate lli�less the 

determined direction . 

tional control of the 

p ower flow is a pre ­

This is known as direc-

overcurrent element . 
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TYPES CR AND CRC RELAYS __________________________________ �I. L� . 4�t -� 2 a� sR 
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Fig. 10-Typical Inverse Time Curves Of The Overcurrent Element Of The Low Energy 60 Cycle Relays. 
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TYPES CR AND CRC RELAYS _________________ _ 

The older method, now known as non-directional 

control, was to connect the overcurrent con­

tacts in s eries and directly in the tripping 

circuits. 

Contactor Switch and Operation Indicator 

The contactor switch is a small solenoid 

type d-e . switch, the coil of which is con­

nected in the trip circuit . A cylindrical 

plunger with a silver disc mounted on i t s  

lower end moves in the core o f  the sol enoid . 

As the plunger trav els upward the disc 

bridge s  three s·il ver stationary conta cts . In 

the single -trip r elay, two of the s e  contact s  

s eal around the main relay contac t .  In the 

doub l e -trip relays, all- three conta c t s  are 

u s ed to s eal in both trip circuits . 

The operation indicator coil is connected in 

the trip circuit to show a white target when 

the trip circuit is comp l eted . 

CIRCUIT -OPENING RELAYS 

The circuit -opening typ e CR re lay consists 

of an overcurrent element, a directional ele -

close, the solenoid plunger moves upward t o  

open the de -ion contact s which normally short 

circuit the trip coil . The s e  contact s are 

able to break the heavy current due to a short 

circuit and permit this current to energize 

the breaker trip coil . 

The transformer coil on the lower pole of 

the overcurrent element and the contactor 

switch circuit s in the standard-energy type 

relays are conne c t ed to the main circuit s as 

shown in Fig . 3. When the overcurrent contact 

c lo s e s, the contactor switch op erat es, and the 

voltage acro s s  the trip coil is impre s s ed on 

the tran sformer and cont a c tor swit c h  coi l s. 

This voltage acts to s e a l -in the contactor 

switch, and to feed energy through the trans­

former coil t o  the main overcurrent winding 

whic h  produ c e s  contact c losing torque . This 

arrangement provides a definit e minimum pick­

up value l arge l y  independent of the value of 

trip coil imp edance . 

Operation Indicator 

ment, a de -ion contactor switch, an operation The operation indicator is in series with 

indicator and an ins tantaneous trip attachment the breaker trip coil, and has a minimum pick ­

where required . The connections are shown in up of 2 amperes a -c. 

Fig . 3 .  

Overcurrent and Dire ctional Element 

The s e  element s are simil ar to the e l ements 

described above under circuit -closing type re­

l ay . Directional control i s  u s ed . 

De -ion conta ctor Switch 

This switch i s  a small a - c sol enoid switch 

whos e  coil is energized from a few turns on 

the lower pole of the overcurrent e l ement in 

the standard - energy type rel ays, and from a 

small transformer conne c t e d  in the main cur­

rent circuit in the low- energy type relays . 

Its construc tion is similar to the d-e typ e 

switch except that the p l unger operates a 

spring l e af arm with a sil ver contac t  surface 

on one end and rigidl y  fixed to the frame on 

the other end . 

The overcurrent el ement contac t s  are in the 

contactor switch coil circuit and when they 

6 

CHARACTERISTICS 

The characteristic curv e s  of the Type CR and 

CRC relays are shown in Figs. 10 , ll and 1 2 .  

The s t andard-energy defini t e -time r e l a y  i s  

made i n  either of t h e  fol l owing current rang e s: 

2 - 2.5 - 3 - 3.5 - 4 - 5 - 6 or 

4 - 5 - 6 - 8 - 1 0  - 1 2  - 1 5  

The low -energy type relay is made in the 

above two tap ranges and also in the following 

range frequently used for ground protection: 

.') - .6 - .8 - 1 . 0  - 1 .5 - 2 - 2.5 

The circuit-opening relay is made only in 

the 4 to 1 5  ampere range . A lower range is 

not desirab le because the burden of a low­

range trip coil is too heavy on the current 
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TYPES CR AND CRC RELAYS ____________________________________ I.L_. 4_1-_2a __ sR 

t rans former. 

each relay. 

Phase Relays 

One t rip coil is required for 

Relays intended for phase protection have 

directional element s that are t rue wattmeters; 

that is, they have their maximum torque when 

the current and voltage are in phas e .  

Ground Re lays 

Ground relays operate on low current values 

and consequent ly, the low-energy type relays 

are used . The directional element of these 

relays (designated as type CR ground relays) 

is not a t rue wattmeter, out is compensated so 

that it s maximum torque occurs when the 

current lags 15 degrees behind the voltage . 

When specia l ly ordered, S#ll61078 Phase 

Shifter can be used with the type CR Ground 

Relay to provide maximum torque at 45 to 65 

degre�s current lagging residua l voltage. The 

u se of the phase shifter requires reversing 

either the current or the pot ential connec­

tions but not both . Ac tually , the current 

connection s are shown reversed in Figs. 18 
and 2 2 .  

INSTALLATION 

The relays should be mounted on swit chboard 

pane l s  or their e quivalent in a locat ion free 

from dirt , moisture , exce s sive vibrat ion and 

heat . Mount the re lay vertical ly by mean s of 

the two mounting studs for the st andard cases 

and the type FT p rojection case or by means of 

the four mounting ho les on t he flange for the 

semi-flu sh type FT case . Either of t he studs 

or the mounting screw s may be utilized for 

grounding the re lay . The electrical con­

nect ion s may be made direct to t he terminal s 

by mean s of screw s for steel panel mounting or 

to t e rminal stud s furnished with the re lay for 

ebony-a sbestos or s l ate panel mounting . The 

terminal studs may be easily removed or in­

serted by locking two nut s on the stud s and 

then turning the proper nut with a wrench . 

Because the c ircuit -open ing re l ay contacts 

short c ircuit the trip coi l ,  it is import ant 

that the rel ay be mount ed where it will no� be 
sub j e ct t o  shooks which may j ar t he contact s 

open and thereby allow current to f low t hrough 

the trip coilo Trouble of this kind can be 

avoided by preventing j ars t o  the swit chboard 

and also by set t ing the trip coil high enough 

so that it will not operate on normal load 

current. Thi s i s  an extra safe -guard so t hat 

t here i s  no danger from even an exces sive 

shock unl e s s  the current is a l so heavy . 

Phase Relay 30° Conne ct ion 

The directional e l ement shoul d  be conne cted 

us ing a de l t a  voltage acro s s  the pol arizing 

winding that lag s 30 degre e s  behind t he re­

spe ctive star-current at unity powe r factor . 

These connections are shown in Fig s . 15, 17, 
19 or 21 . The se connect ions produce a maximum 

torque in the re lay when the current l ag s  30° 

behind it s 100% p f  position. 

Phase Relay - 90° Connect ion 

* Another conne ction is the so-call ed 

connection shown in Fig s . 16 and 20. 
relay uses the current in one wire and 

potential acro s s  the other two wires of 

90° 

The 
the 

the 

circuit. When this is done , a resistor should 

be put in series with the potential coil of 

the relay . 

One combination of resistor and potential 

coil produc e s  a maximum torque in the relay 

when the current lag s 45° behind it s 100% P . F. 

position . The se external resistors can be 

ordered by style number as fol lows: 

25 cyc l e ,  115 volt s ,  760 ohms , 8#721435 
50 cyc l e ,  115 vol t s ,  670 ohms , 8#721436 

60 cycle , 115 volt s ,  565 ohms , 8#721437 

Another combination of resistor and poten­

tial coil produces a maximum torque in the re­

lay when the current lags 60° behind ita 100% 

pf position . This external resistor can be 

ordered by style numb er as fol l ows . 

60 cyc l e ,  115 vol�s ,  315 ohms , 8#1723744 

Ground Re lay s  

The dire ctional e l ement should b e  conne cted 
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TYPES CR AND CRC RELAYS _________________ _ 
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Fig. 11-Typica1 Inverse Definite Minimum Time Curves Of The Overcurrent Element Of The Standard Energy 60 Cycle Relays. 
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Fig. 12-Typical Very Inverse Time Curves Of  The Overcurrent Element Of  The Low Energy 60 Cycle Relays. 
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TYPES CR AND CRC RELAYS _________________ _ 

" 

DIR.CONTMTS �RE 
1!1\.0C:I\Eil Cl.OSEO 
OURING TEST. 

TOP TERM. NO.FOR STil CII.SE 
I!IOTTOM TERM.NO!Io TEST S"W. 

FOR TYPE FT CASE. 

S�ITCII 

I S'4.M:. 
TEST �--------���t 

14-D-6645 

Fiq.l�Diagram Of Test Connections For The Circuit Clos­
ing Relays. 

to ope rate on re sidual 

f or the type CR re l ay, 

re nts for the type CRC 

Figs . 15 to 22 . 

curre nt and vol tage 

and on re sidual cur­

re lay, as s hown i n  

When usi ng the ci rcuit-ope ning re lays for 

phase protection, ground protection may be 

secure d by usi ng a l ow - e ne rgy circuit-cl osi ng 

relay ope rating on a-c. Vol tage trip coil 

e nergized from a s i ngle-phase potential 

transforme r. 

Trip Circuit 

The main c ontacts wil l safely cl ose 30 

ampe res at 250v. d-e, and the switch c ontacts 

will  safe ly carry chi s  curre nt l ong e nough to 

trip a breake r .  

The re lay i s  shippe d with the ope ration 

indicator and th� c ontactor switch c onne c te d  

in para l l e l .  Thi s circuit has a re sistance of 

approximately 0 . 25  ohm and i s  sui table for all  

trip currents above 2 . 25 ampere s  d-e. If the 

tri p curre nt i s  l e s s  than 2 .  25 .ampe re s,  there 

i s  no n�e d f or the c ontac tor switc h  and it 

should be di sc onne c te d .  To di sconne c t  the 

c oil,  re move the short lead to the c oi l  oh 

the front stationary contact of the c ontactor 

10 

switch. T hi s  lead s houl d be faste ne d  ( dead 

e nded ) unde r the s mal l f i l i s te r-head s crew 

l ocate d i n  the Micarta base of the contactor 

switch . T he ope ration i ndi cator will  ope rate 

for trip curre nts above 0 . 2  ampe re d-e. The 

re s i s tance of i ts coil i s  approximate ly 2 . 8  

ohms. 

An auxiliary switch on the circuit breake r  

s houl d be . use d  s o  that whe n  the circuit 

breake r is trippe d, the trippi ng circuit wil l  

b e  ope ne d  by this switch. 

The circuit-cl osi ng re l ay may a l s o  be use d  

t o  trip a circuit b reake r e q uipped with a 

We sti nghouse "Dire ct-trip attachment" on the 

trip coil s .  Thi s  i s  a device that trip s a 

cir.cuit breake r by e ne rgy re ceived f rom a 

current transforme r .  

Re lay Wi 'th Quick Ope ning C ontacts 

Whe n  the re lays are use d with circuit 

breakers that are instantane ously re cl osed, i t  

i s  nece s sary to arrange the re lay contacts to 

be quick ope ning . This is done by screwing i n  

the small set s c rew o n  the s tationary c ontact 

assembly until the contact rivet re s ts s ol i dly 

on the Micarta supp orto W he n  thi s  i s  done , 

the positi on of the contact stop on the time 

lever shoul d be s hifte d  so that the moving and 

s tationary contacts bare ly touch whe n  the time 

leve r is s e t  on z e ro .  

SEmNGS 

The re are two settings-name ly the c urre nt 

value at which the rel ay cl ose s i ts c ontacts 

and the time requi re d  to cl ose the m .  Whe n the 

re lay i s  to be use d  to protect equi pment 

against ove rl oad, the se tting mus t be de te r­

mine d  by the nature of the load, the magnitude 

of the peaks and the freq uency of the i r  

occurre nce . 

For se ctionalizing transmi s sion syste ms the 

c urrent and time se tting mus t be determine d 

by cal cul ation, due conside ration being give n 

to the time require d  for circuit breakers to 

ope n so that proper selective action can be 

obtained throughout the sys te m .  
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TYPES CR AND CRC RELAYS --------------'-· L_4_1 - 2_ as_R 

Current Setting 

The conne ctor screw on the terminal p l ate 

above the time scale makes conne ctions to 

various turns on the ope rating coil . By 

pl acing this screw i n  the various hol e s, the 

re l ay wil l just c l ose contacts at the corre ­

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

or as marked on the terminal p l ate . 

The tripping value of the rel ay on any tap 

may be altere d  by changing the initial te nsion 

of the spi ral spring . This can be accomp l i shed 

by turning the spring adjuste r by means of a 

screw drive r inse rted i n  one of the notche s of 

the pl ate to which the outsi de convol ution of 

the sp ring is fas te ne d. An adjustme nt of 

tripping curre nt approximate ly 15 pe r cent 

above or be l ow any tap val ue , can be sec ure d  

without mate rial ly affe c ting the ope rating 

characte ristics of the re l ay .  By c hoosing the 

proper tap, a c ontinuous adjustme nt of 

tripping current f rom 3 . 4  ampe re s  to l 7o5 

ampere s  may be se cure d .  The c haracteri s tic 

time curve w i l l  be affe c te d  l e ss for any l arge 

adjustme nt if the next highe r  tap is  se le c te d  

and the ini tial tension of the spiral spring 

is de c rease d to s ec ure the de si red tripping 

val ue . For example,  the rel ay s houl d be set 

on the 8 ampere tap with less initial tension 

in orde r to secure a 7 ampe re tripping val ue . 

CAUTION Be sure that the conne c tor s c rew is  

turne d up ti ght s o  as to make a good c ontact, 

ror the operating current passes through ito 

Since the ove rl oad e lement i s  c onne cte d di­

re ctly in the curre nt transforme r c i rcuit, the 

latte r shoul d be short-c irc uite d  before 

c hanging the connec tor s c rew. Thi s can be 

done c onve niently by inse rting the extra c on­

ne ctor sc rew, locate d  on the right-hand 

mounting bos s, in the new tap and removing the 

ol d s c rew from its original setting . 

Time Lever Setti ng 

The index or time l e ver limits the moti on of 

the di sc  and thus ·1arie s  the ti me of 

ope ration. The latte r decre as es with l ower 

l e ve r  se ttings as shown in the typical time 

curves Figs. 10 to 12.  

The rel ay has bee n  calibrate d from the #10 

time l e ve r  settingo The #11 time setting may 

be use d to se cure a time de l ay approx i mate ly 

10 per ce nt l onge r; that is, to se cure a 

se tting of 2 . 2 se conds for a 2 se cond re l ay .  

ADJUSTMENTS AND MAINTENANCE 

Al l re l ays should be insp e c te d  p e riodi cal ly 

and the time of ope ration should be che cke d at 

le ast once e ve ry six months. For this p ur­

p ose , a cycle counte r should be e mp l oyed be­

cause of i ts convenie nce and accuracyo Phan­

tom l oads shoul d not be used i n  testing i nduc­

tion-typ� re l ays because of the resulting dis­

torted c urre nt wave form w hi ch p roduce s an 

e rror in timing . 

* A l l  contacts s hould be p eriodi c al l y  c l e aned. 

A contact burnisher S#l82A836H01 E recommended 
for this purpose. The use of abras ive 

mate rial for c l e aning c ontacts i s  not re com­

me nded, becaure of the danger of e mbe dding 

smal l particles in  the face of the soft sil ve r  

and thus impairing the c ontact .  

The p rope r adjustments t o  i ns ure corre ct 

ope ration of this re l ay have bee n  made at the 

factory and should not be disturbe d afte r 

re ceip t  by the custome r .  If the adjustme nts 

have been changed or the rel ay take n apart for 

repairs, the fol l owing instructions s houl d be 

fol l owed in re asse mbl ing and se tting it. 

Overcurre nt Element 

Shift the positi on of the c ontact s top on 

the time leve r  and adjust the c ontacts so that 

they bare ly touc h whe n  the time leve r  is set 

on zero. Adjust the te ns i on of the spiral 

spring so that the re lay w i l l  c l ose its 

c ontac ts at i ts rate d curre nt, as s hown by the 

positi on of the s c rew on the terminal block . 

Shift the position of the damping magne ts s o  

that the time c haracte ri s ti c s  of the re l ay, as 

shown on the typical time curve . Te st c on­

nections for the ove rc urrent e le me nt are shown 

in Fig.  13 or 14 . 

The di re ctional c ontrol ove rc urrent e l e me nt 

c annot start until the watt e lement has c l os ed 

i ts c ontacts which introduce s  a del ay of 
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TYPES CR AND CRC RELAYS ______ _ __________ _ 

AUX.RELIW 

-�R'Ij�� 
TOP TERM. HO. FOR STD CASE 
BOTTOM TERI1.HO.l\o DOTTI;D 
CIRCUITS FOR TVPE FTCI\SE 

"""-1\MMETER 
TEST \.OAO 

FRONT 

DIII.CONTACT!; fiRE 
SLOCKED CLO!".E 0 
DURING TEST 

SWITCH 

115V.A.C TEST SOURCE 

Fig. 14-Diagram Of Test Connections For The.CircuitOpen­
ing Relays. 

I 

1..-

PMASE. ROTAf\Otol A B C A 

FFR 

P�ASE. B, 
RELAY 

VECTORS AT 100o-r'o PF. 

Norc: WITH RELAfiV[ IN';.TANTANEOU.S 
POLAR.ITIE':o AS SHOWN THE. 
DtRECTIO�AL COI'ITACTS CLOSE. 

INTERNAL 01AC.RAMS 
<.2-0 840 "l'l-0-104 

RELAYS 5HOWI\I REAR VIEVV 

PowER IN TRIPPING DIRLCnON 87-D-314 

Fig. 16-External Connections Of The Circuit Closing 
Type CR Relay In The Standard Case For Phase 
And Ground Protection Using The 90° Connec­
tion (Maximum Torque 45° or 60° Lagging Cur­
rent. 45° is shown above) On The Phase Direc­
tional Element. 

12 

II � 

�A�f tt RtLA'T' 
Vf:C.TOI\ j f:u: �fA"f_,t4/ �� 
.::�J: .. __ , 
omv ,.- \: """ 

... 
'/r:crou AT 100 7o P F. \."'oWFII: Ill TRIPP!NC DUlECTIOlil 

NoTf: · 
IHITH RELATNE 1,..'5TAN"T,It..t.if:OU5 Pol.JroRLT1E!! 

A.'5 SKOIN�o� HIE. Oilli!:CTIOl.IA.l CON�n CU 

INTI!.RN"'- 01""AA"'$ 
'Z-0-840 
71-0-704 
12£L�"(S S!o'OWN RUR. 1/W:.VV 

87-D-316 

Fig. IS-External Connections Of The Circuit Closing Type 
CR Relay In The S•andard Case For Phase And 
Ground Protection Using The 30° Conne::tion On 
The Phase Directional Element. 

V"LCTOirS Ar /Oo"foP.F 
PoWEifi" IN 7ttiPPINtj 0/l'ECTI,., 

Norc W1T11 Rct.._..r,vE INSr-NVTANEDvs -PIDLAg,r�s As SJMWN TN£ 01/fCCTIIIN,.l CMTACTS0.4Sl 

INTCiiNAL biA<;�AMS �Z·D·a4-C 77· D · 704 R£LA1.S5�.-v('CAAf VI£W 

1 -D-2268 

Fig. 17 -External Connections Of The Circuit Closing Type 
CR Relay In The Standard Case For Phase Protec­
tion Using The 30° Connection Of The Direclional 
Element And The Type CRC Relay In The Standard 
Case For Ground Protection. 
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TYPES CR AND CRC RELAYS ___________ _______ 
I�.L_4_ 1- 2_a_ sR 

51ATION BUS - PI-lASE �OTATION 1,2,3. 

8-D-3697 

Fig. IS-External Connections Of The Type CR Ground Relay 
In The Standard Case For Ground Fault Protection 
Using An External Phase Shifter. 
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PHAse 8 

1./tTH RnATJvE INSTA"'rAN£au.s 

p,,.,.,,nF., A.,. s"'o1 .• 11v r ... � 
DINECTIO,.,AL Co""T"'CTS C'tC#C. 

VECTOR.! Ar 100 "/',. P.F. 
PowEli> IN T-r.P"'"""' Dll'f£t'TIOJY. 

11-D-9232 

Fig. 20-External Connections Of The Circuit Closing 
Type CR Relay In The Type FT Case For Phase 
And Ground Protection Using The 90° Connec­

tion (Maximum Torque 45° or 60° Lagging Cur­
rent 45° is shown above) On The Phase Direc­
tional Element. 

. . ! 
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.. OTArtO N A 8 (' � < 
� Q ;_ = ::=:; ;:::;_ ... Av.11. Po-,; "T T•.wSF7 
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P-sc A N�>LAY EA-t; 
r. 

Vrcro,. 
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A . < . H ' 
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0 r 6 

-�� ��- ·� 
G•o L!"> 6 

�· -� f--

Nor� I.Jr,..H lluAr,,.� /N$TANTAN,OU$ 
Po,_,,..,�$ AI J',.o�,., TMc 
O•lfLrro•NAL C'o--r-Ac:rr c.�4C. 

11-D-9231 

Fig. IS-External Connections Of The Circuit Closing Type 
CR Relay In The Type FT Case For Phase And 
Ground Protection Using The 30° Connection On 
The Phase Directional Element . 
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11-D-9233 

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

several cycles. This t ime i s  so small that it 

is u sually ignored and t he relays are tested 

by blocking t he directional contact s in t he 

clo sed po sition. 

The po sition of the t o rque compen sat or on 

the overload element is adju stable but this i s  

primarily a fact ory adjustment and t he lo­

cation of the t orque compen sat or should n ot be 

changed in the field . If t he relay has a 

metal c over, this cover must be in place when 

making test s. 

Directional Element 

The upper bearing s crew should 

down until t here is only two 
be s crewed 

t o  four 

thousandths inch clearance between it and the 

shaft and t hen securely locked in position 

with t he lock nut. This adjustment can be 

made best by carefully s crewing down the t op 

bearing s c rew until t he disc fails t o  turn 

freely and t hen backing up a fraction of a 

turn . Great care mu s t  be t aken in making this 

adjustment t o  prevent damage to the bearings . 

The c ontact opening on t he directionally­

controlled relay should be 1/32" in o rder t o  

reduce the time of operation o f  t he di ­

rectional element to a minimum . No harm will 

result if the directional contact s rebound t o  

close moment arily after 

because t he overcurrent 

the open po sition . The 

a fault is cleared , 

c ont acfs will be in 

contact opening on 

relay s which are n ot directionally con t rolled 

should be 3/3211• 

The tension of t he spiral spring on the di ­

rectional element should be just sufficient t o  

return t he d i s c  t o  the stop and thus hold the 

contact s in the open position . 

In many applications there is no objection 

to having the contacts closed when the relay 

is de-energized . This can be changed by 

shifting the spring adjuster but the tension 

on the spring should never be enough to pre­

vent the contacts from t aking their p roper 

position , either open or closed, during time 

of short circuit when the forces acting on the 

disc are small . 

14 

There is an adjust able magnetic vane on each 

side of the upper pair of poles , which is 

intended to balance the current circuit . The 

*normal adjustment is t o  short c ircuit the 

volt age c oils and app ly heavy current to the 

c urrent c oils . The b a l a n c ing vanes a re then 

adjusted t i ll there is no pronounced t oTque in 

e ither dire c t i on .  This same adjustment may be 

used to p osit i vely c l ose the c onta cts on cur­

rent alone . This may be desired on some in ­

sta l l a t i ons in order t o  insure that the re lay 

will a lways t rip the breaker even though the 

poten t i a l  may be zero . 

When operating 

the direc ti on a l  

Re l ay and 2 to 6 

at the maximum t orque ang le, 

e lement of the Type CR Phase 

and 4 to 15 amp . ground re l a y  

should pick -up on l volt a n d  4 amperes , and 

for the 0 . 5  to 2.5 amp . Type CR Ground Re l ays 

on l v o l t ,  2.7 amperes . The dire c t i on a l  e le ­

ment of the CRC Ground Re l a y  wi l l  p ick-up a t  

0.5 ampere e a ch winding . 

Contactor Swit ch 

Ad just t he stationary core of the switch for 

a clearan ce 

the moving 

picked up . 

between the st ationary core and 

core of 1/64" when the switch i s  

This can b e  done b y  turning t he 

relay up-side -down or by disconnecting the 

swit ch and turning it up-side -down . Then 

sc rew up the core sc rew until the moving core 

st art s rotating . Now , back off the core screw 

until the moving core stops rotating . This 

indicates the p oin t s  where the play in the 

assembly is t aken up , and where the moving 

core just separates from the st ationary core 

sc rew . Back off the core screw approximately 
one turn and lock in place . This p revent s the 

moving core from st riking and sticking to the 

stationary core because of residual magnetism . 

Adjust the contact clearan ce for 3/32" by 
mean s of the two small nuts on either side of 

the Micarta disc . The switch should pick -up 

at 2 amperes d-e . 

amperes d - e . have 

coil . 

Test for sticking after 30 

been passed through the 

Operation Indicator 

(Circuit -Closing Relay s )  

Adjust the indicator t o  operate at 0.2 
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TYPES CR AND CRC RELAYS ----------------"l.c...:.;l._;_4 1.:....:- 2:..::..:..;.;as R 

S'rATION Bvs PH.!4SC Ro rATION 1, :2 ,  g 

-:rp-

I . tf'oJr. M t..X:"\ ' ND:.\_TOR:QVE ) 

Olli'FCTIONAI­
('oNrA C TS C'to.rc. 

1 1 -D-9234 

fig. 22-External Connections Of The Type CR Relay In The 
Type FT Case ror Ground Fault Protection Using 
An External Phase Shifter. 

ampere d-e . gradually app l ie d .  Test for 

sticking after  5 ampe re s  d-e . i s  pas sed . 

Overcurrent Element 

( Circuit Opening Re lays) 

Adjust the relay with the in st ruction s given 

c;::::==��· -r 
I "' -.II' 

l 
63-D-733 

Fig. 24 -0utline And Drilling Plan Of The Phase Shifter For 
The Ground Relay When Supplied. For Reference 
Only. 

9-D-799 

FiQ. 23.---0utline And Drilling Plan Of The External Resistor 
For The 90° Connection. For Reference Only. 

under " overcurrent E lement ( Circuit C l o sing 

Relays ) "  except that for the standard ene rgy 

circuit opening re lay the fol l owing c aut ion s 

should be ob serve d :  

CAUTION When a signal lamp or other voltage 

ope rated device is t o  be c onne cted in se rie s 

with the re lay contact s ,  disconne ct the in-· 

t e rnal leads of the e lement from the stat ion ­

ary and moving c ont act s re spectfu l ly and dead 

end them . Then the lamp or other device can 

be connected t o  the stat ionary and moving 

cont act s .  

De - Ion Contactor Swit ch 

( Circuit Opening Re lays ) 

Adjust the core st op on the top as high as 

possible without al l owing the insulat ing 

bushing at the bottom of the plunge r t o  touch 

the Micarta angle . The contact will  be sepa­

rated from the Micarta angle by 1/3 2 "  t o  

l/16 " .  Adjust the contact gap spac ing t o  

sl ight ly l e s s  than 1/16 o f  an inch . Bend down 

the contact springs so 

made but not so st rong 

up value cannot be 

that a firm contact i s  

that the minimum pick­

obtained . The spring 

tension should b8 about 15 grams . 

Hold  the re lay contact s c losed and with an 

auxil iary relay coil connected acro s s  the 

prope r terminal s to simulate the circuit 

b reake r t rip coil , n ot e  that 

s1>ritch picks up on le s s  than 

the c ontactor 

4 ampere s on 

thP !> ampere ove rcurrent tap set t in g .  
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TYPES CR AND CRC RELAYS _________________ _ 

In the case or the standard ene rgy c ircuit 

opening re lay the c ont act o r  swit ch should 

p i ck-up and seal it se lr open at 75� or minimum 

t rip current . 

Operation Indicat or 

( Circuit Opening Re lays ) 

Adjust the indicat o r  t o  operate at 2 ampe re s  

a-c . 

ATTACHMENT S TO THE RELAY 
In stantaneou s  T rip 

Thi s e l ement i s  a sma l l  solenoid swi t ch the 

coil or which is in se rie s with t he o ve rcur­

rent coil . It fUn ct ion s  t o  ene rgize the 

breake r t rip c o i l  instantaneou s ly ,  inde ­

pendent ly or powe r direction when the rault 

current is except i onally heavy . The three 

stat i onary c ontact s are in paral l e l  with the 

main t rip c ontact s and make po s s ible double 

in stantaneous t rip on double -t rip relays . The 

po sit ion of the Micarta disc at the bot t om of 

the e lement with refe rence t o  the cal ibrat ed 

guide indicat e s  the min imum ove rcurrent 

required to operate the e l ement . The disc 

should be l owered o r  rai sed t o  the prope r p o ­

sition by l oo sening the l ocknut which l ocks 

the Micarta d i s c  and rotat ing the Micarta 

d i s c . The n ominal range of adjustment is 1 t o  

4 ,  f o r  example , 1 0  t o  4 0  ampere s and i t  has an 

accuracy within the l imit s of approximateiy 

10� . 

The d rop -out 

l owe ring the 

value is varied by rai s ing or 

core s c rew at the t op of the 

switch, and aft e r  the final adjustment is  

made , the core s c rew should be se curely locked 

in place wifh the l ock nut . The d rop-out 

should be adjusted for about 2/3 of the min i ­

mu m  pick-up . Adjust ing_ the drop-out w i l l  

s l ight ly affe ct the value of pick-up. 

RENEWAL PARTS 

Repair work can be done most sat i sfact orily 

at t he factory . Howeve r ,  inte rchangeable 

part s can be furn i shed t o  the cu st ome rs who 

are equipped for doing repair work . When 

ordering part s ,  always give the c omplete 

namep late data . 

ENERGY REQUIREMENTS 

16 

BURDENS FOR SATURAT ION CALCULAT I ONS 

Readings taken with Rect ox Type Vo l t me t e r , 6 0 c y c l e s .  

Range 

2 -6 

4 - 1 5  

0 . 5 - 2 . 5 

2 - 6 

4 - 1 5 

0 . 5  - 2 . 5  

2 - 6 

4 - 1 5 

V . A .  Burden 
at Minimum 
P ick Up on 
Min . Tap 

De finite 

1 8  

18 

V . A .  Burden 
at "3 t ime s P i ck Up on 
Min . Tap 

Minimum ( Standard 

10":· 

l l j 
Inv e r se ; Lew Ene nz,y ) 

2 . 0 2 0 . "'  

2 . 4 2 3 . 0  

3 .6 3 2 . 8  

V.A . B11 rden 
at 1 0  Time s 
P i c k  Up on 
Min . Tap 

Ene rgy ) 
')20 

,: 16 

1 4 1  
16 8 

248 

Very Inve r s e  (Low Energy) 
1 . 3  1 0 . 7  96 

1 .6 1 4 . 9  135 
2 . 8  25 . 3  2 1 8  

V . A .  Burden 
at 2 0  T ime s 
P i c k  Up Dn 
Min . Tap 

15 00 

16117 

366 

4t 9 

746 

244 

3 77 

6668 

The se value s are the comb ined burden of the ove r current and d i re ct iona l e le�ent 

coi l s  in serie s .  
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TYPES CR AND CRC RELAYS ______________ ____::I.�L._..:.41;_:;-2::..::..::..;_;a sR 

ENERGY REQUIREMENTS 

1 
STANDARD ENERGY, DEFINITE T IME RELAY 

2 
Burden s at 5 Ampere s on the 5 Ampere Tap 

Freguency 
Cyc les 

Watt s  Volt -Amperes P . F .  

25 

50 

60 

1 0 . 6  

9 . 5  

9 . 5  

18 

19 

19 

54 ° Lag 

6 0 °  Lag 

6 0 °  Lag 

Burdens at 5 Ampere s ,  60 Cyc les for 
2 

Various Tap Settings 

Tap 

2 

2 . 5  

3 

3 · 5 

4 

5 

6 

8 

1 0  

1 2  

1 5  

React ive 
Watt s  Volt -Ampere s 

55 . 0  95 . 4  

35 . 0  60 . 5  

24 . 5  42 . 5  

18 . 5  

14 . 0  

9 . 5 

7 . 0  

4 . 25 

3 . 25 

2 . 5  

2 . 0  

32 . 0  

24 . 2  

16 . 5  

12 . 1  

7 . 36 

5 . 64 

4 . 33 

3 . 46 

Volt -Amperes P . F .  

l l O  6 0 °  Lag 

70 

49 

37 

28 

19 

14  

8 . 5  

6 . ') 

') . 0  

4 . 0 

II 

II 

II 

II 

II 

II 
II 

l 
LOW ENERGY, INVERSE TIME RELAY 

Burdens at 5 Ampere s on the 5 Ampere Tap2 

Frequency 

Cyc les 

25 

5 0  
60 

Watts  

1 . 96 
1 . 60  

1 . 60 

Volt -Ampere s 

4 . 0  
4 . 0 

4 . 0  

P . F .  

6 1  o Lag 

6 6 . 4 °  Lag 

66 . 4 °  Lag 

Burdens at 5 Ampere s ,  60  Cycles  for 

Various Tap 2 Sett ings 

Tap Wat t s  

0 . 5  50 . 8  

0 . 6  35 . 6  

0 . 8  32 . 0  

1 . 0  20 . 8  

1 . 5  9 . 6  

2 . o  5 . 8  

2 . 5  4 . 0  

3 . 0  3 . 04 

3 - 5 2 . 44 

React ive 
Volt -Amperes 

l l6 . 

81 . 5  

73 - 4 

47 . 6  

22 . 0  

13 . 2  

9 - 2  

6 . 95 

5 . 6 

Volt -Amperes P . F .  

127 -

89 . 

80 . 

52 . 

24 . 

14 . 5  

10 . 

7 . 6  

6 . 1  

66 . 4 °  Lag 
II 

II 

II 

II 

II 

Tap 

4 .  

5 .  

6 .  

8 .  

1 0 . 

1 2 . 

1 5 . 

Wat t s  

2 . 04 

1 . 6 

1 . 3 2 

1 . 12 

1 . 0  

0 . 94 

0 . 88 

Heact ive 
Volt -Amperes 

4 . 66 

3 . 66 

3 . 0  

2 . 56 

2 . 28 

2 . 16 

2 . 0  

Volt -Ampere s 

5 . 1  

4 . 0 

3 - 3 

2 . 8 

2 . 5 

2 . 3 5  

2 . 2  

P . F .  

II 

II 

II 

1 
LOW ENERGY , VERY INVERSE RELAY 

2 
Burden s at 5 Ampere s on the 5 Ampere Tap 

Frequency 
Cyc l e s  

25 

5 0  

60  

Wat t s  

1 . 62  

1 . 3 2  

1 . 3 2  

Vo lt -Amperes P . F .  

3 - 3  6 1 °  Lag 

3 - 3  66 . 4 °  Lag 

3 - 3  66 . 4 °  Lag 

2 
Burdens at 5 Amperes of Current Tap 

Tap 

0 . 5  

0 . 6 

0 . 8  

1 . 0  

1 . 5  

2 . 0  

2 . 5  

3 . 0  

3 - 5 

4 .  

5 .  

6 .  

8 .  

1 0 . 

1 2 .  
1 5 . 

Wat t s  

50 . 8  

35 . 6  

19 . 7 

12 . 9  

6 . 4 

3 - 9 

2 . 8  

2 . 2  

1 . 8  

1 . 6 

1 . 3 2  

1 . 16 

0 . 96 

0 . 92 

0 . 88 

0 . 85 

Reactive 
Volt -Ampere s 

l l6 . 

81 . 5  

45 . 2  

29 . 6  

14 . 6  

9 . 0  

6 . 4 

5 . 0  

4 . 1  

3 . 67 

3 . 0  

2 . 66 

2 . 2  

2 . 1  

2 . 02 

1 . 96 

P OLARIZING COILS 

Volt -Ampere s P . F .  

1 27 . 66 . 4 °  Lag 

89 . 

49 . 4  

3 2 - 3 

15 . 9  

9 . 8 

7 . 0  

5 - 5  

4 . 5 

4 . 0  

3 - 3 

2 . 9  

2 . 4  

2 . 3 

2 . 2  

2 . 14 

II 

II 

II 

If 

If 

The potential po larizing coil  burden of the 

dire ct iona l e lement at 1 15 volt s for the type 

C R  line relay are as f o l l ows : 

* For 90° C onnect ion 

F req Res i s t o r  W at t s  VA Lagging 

C yc l es ________ P . F .  

25 Yes 8 . 95 11.3  37 - 6  

50 

60 

60 

Yes 

Yes 

Yes 

1 1 .2 

1 1 .5 

1 1 . 0  

14.0 

15 - 3  

1 9.0 

37 

41 .4 

54 . 8  

3 
App rox. Max. 

T orgue Angl e 

45° 

45 ° 

45 ° 

60 ° 
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TYPES CR AND CRC RELAYS---------------

l.  Thes e  values 

in seri e s . 

2. The imp edance 

square of the tap 

* For 30° Connection 

are 

Fre� Resistor Watts  VA La���?g Approx. Max . 
Cyc e s  Torque Angle --- --

25 No 4 .2 18.0 76.5 30 ° 

50 No 3.45 23 . 0  81.4 30 ° 

60 No 3.45 23.0 81.4 30 ° 

The potential polarizing coil burdens o f  the 

directional element at 1 1 5  volts  for the type 

CR Ground Relays are as fol lows : 

Frequency 
Cycles  

60 

60 

With Pha se 
Shifter Watts Volt -Amps.  P.F. 

No 

Yes 

5 .. 6 

12. 6  

27 78°Lag 

22. 6  56 °Lead 

The current polarizing burdens of the direc ­

tional e lement o f  type CRC relay at rated 5 

amperes are a s  foll ows : 

Frequency 
Cyc l e s  watts Volt -Amperes P .F. 

25 4 . 5  5 .0 26 ° Lag 

50 6.5 8 .0 36 ° Lag 

60 7.0 9 .0 39 ° Lag 

the combined burden of the overcurrent and directional el ement 

of the overcurrent el ement c o i l s  varie s  approximately inversely a s  

markings while  the directional element c o i l  impedance i s  constant. 

coils  

the 

The 

burden of the directional element coil which is in seri e s  with the overcurrent e lement is 2 

volt -amperes at 5 amp ere s , 60 ° lag. 

* 3 ,  The angle which the current lags the 100% p.f . position. 

C ont inuous Rat i n g s  

T h e  cont inuous rat i n g s  i n  amp e r E< s of t he Type CR and CRC Re lays are a s  f o l low s : 

De f i n i t e  M i n . Time In v e r s e  Time Very Inve r s e  T ime 
Tap S ont inuous One Se c ond C on t inu ou s One Se cond C ont i nu ou s One Se cond 

. ') _ 2  7 0  2 100  

. 6 2 7 0  2 100  

. 8  2 70 2 100 
1 . 0 3 70 3 100 
1 . 5 3 70 3 100  
2 . 0  4 70  4 100  2 . 5 5 7 0  5 100  2 4 140  8 250 t 8 2')0 t 
2 . 5  5 140 8 2':' 0 t 8 2')0 t 
3 5 140 8 250 t 8 250 t 
3 . 5  6 140 8 250 t 8 250 t 
4 7 140 9 t  250 t 9 t  2')0 t 
5 8 140  9 t 250 

t 9 t 250 
t 6 10 t 140 lO t 250 10 t 2",0 

4 8 250 t 16
t 2')0 t 16 

t 2':'0 t 
5 8 250 t 16

t 
250 t 16 

t 
2')0 t 

6 9 t 250 t 16
t 

250 t 16 
t 

250 t 
8 10 t 250 t 17 250 t 17 2')0 t 

10 12 t 250 t 1 S t  250 t 18 t 2'i0 t 1 2 13 t 25 0  t 19 t  250 t 19 t 2')0 t 
1 5  1 5  t 250

t 
20 t 2')0 t 20 t 2/:;0

t 

t The d i r e c t i on a l  e l ement cu rrent c o i l  of Type CR r e l ay ha s 
a one s e c on d  rat ing of 1 85 · ampe re s . The upper winding of 
of 6 amp e re s an� a one s e c o n d  rat ing of 140  amp e re s whi l e  
ing of 8 ampe re s and a one s e cond rat ing o f  1 8 5  ampe re s .  
has a c on t inuou s rat ing of 127 vo l t s . 

a c o n t inu ou s rat ing of S· ampe re s and 
t he Type CRC has a c ont inuou s rat ing 
t he l owe r c o i l  has a c o n t inu ou s rat ­
The p o l a r i z ing c o i l  of t he CR re l ay 

18 
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TYPES CR AND CRC RELAYS --------------......:'.:...=·
L
:....:.

4
.:....:1 -

2
:..::.ss:.:.:R 

N 

I 

-i OIA DRIL' 
FOR HHC,:" PANELS 

U5o[ SC.RE.WS 
fOR TH\N PANELS 

US£ S T U D S  
FOR HUCK PANELS 

3 9 - C - 942 

Fig. 25-0utline and Drilling Plan for Relays in the Standard Projection Type Ca.e. See the Internal Schematic for the 

Terminals Supplied. For Reference Only . 

�NEL LOCATION 

F� PROJ[CTION - -� 
TVPE MTC. 

0 

I ,. .• ;t i 

I I I 
I I I 

0-
v 

. I!)0-52. TtiiH. !IC.•rw 

UP .ll042. STUO FOR 

�1 I �.� . II 0 t--��=4����===-:::-tcciJT OUT -
�JE.C'T\ON 
t1TC..a..& 'TKIN 
Pftr.NEL.&, 

16-B-2477 

Fig. 2 6 - Outline and Drilling Plan for the M-10 Projection or Semi-Flush Type FT Case. See the Internal Schematic 
for the Terminals Supplied. For Reference Only. 
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I NSTALLATION • OPERATION • MAI N TENAN C E  

I N S T R U C T I O N S  
WESTINGHOUSE 

OUT-OF-STEP NOTCHING RELAYS 

CAUTION Before put t ing re l ays into s ervice , 

remove a l l  b l ocking which may have been in­

serted for the purp o s e  of se curing the part s 

during shipment , make sure that a l l  moving 

part s ope rat e fre e l y ,  in spect the cont act s t o  

see that they are c l ean and c l ose properly, 

and operate the re l ay t o  che ck the s e t t ings 

and e le ctrica l  conne c t i on s .  

APPLICATION 

Thi s e qu ipment con s i s t s  of an out -of- step 

re l ay and a n ot ching re l ay--the comb inat ion 

being de s igne d  to prevent damage t o  synchron ­

ou s machine s that fal l out of step . It ha s 

been deve l oped for u s e  part i cu l arly on fre ­

quency change r s . 

CONSTRUCTION AND OPERATION 

Out -of - St ep Re l ay 

The out --o f - s t ep re l ay is s imilar t o  a type 

CR re l ay .  ·rhe ove r-current e l ement operat e s  

faster than the normal t ype 0 0  e lement and i s  

s imi l ar t o  that used i n  the t ype C OR re lay .  

Since thi s e lement i s  l i ke ly t o  be set at 
be l ow fu l l  l o ad rat ing of the machine ,  it has 

adju s t ab l e  t ap sett in g s  of from 2 to 6 ampere s 

or 4 t o  15 ampe re s .  

The direct ional e lement has c ontact s in both 

dire c t i on s "  The moving c ont act s o s ci l l at e  

between the t w o  fixed c on t act s upon t h e  o c cur­

ence of the heavy p ower surge s which accompany 

out -of-· step condit i on s .  

Not ching Re l ay 

The not ching re l ay c on s i s t s  of a series of 

seven type SG re l ays mounted in a s in g l e  case 

and s o  c onne cted t hat they w i l l  n ot ch up one 

NEW INFORMATION 

at a t ime on e ach a l t ernate impu l se but w i l l  

n ot ope rate on repeat e d  impu l se s  in the same 

dire c t i on . The impu l s e s  are sent t o  thi s 

relay from the out -of- step re l ay .  One n o t ch 

is registere d  for e ach p o l e  s l ipped by the 

machine be ing prot e cted . Aft er 3 - l/2 pairs of 

p o l e s  have s l ippe d ,  the seventh SG re l ay is 

c l o s e d ,  which wi l l  t rip the c ircuit breaker 

and a l s o  indicate an al arm, if de s i re d .  It i s  

p o s s ib l e  t o  modify the wiring o f  the not ching 

re l ay to e l iminate a s  many steps in the not ch­

ing chain as may be de s ired . 

A few impu l s e s  may a l s o  be rece ived from the 

out -of-step re l ay due to short c ircuit s or 

s e vere hunt ing . In orde r to re set the re l ay 

aft er such an o c currence so that it wi l l  be 

re ady t o  start counting from z e ro at the next 

d i s turbance , a t ime i s  arranged to re set a l l  

t he S G  re l ays afte r  a p rede t e rmined e l apsed 

t ime o Thi s t imer i s  a sma l l  synchronous mot or 

r e l ay which can be adjusted to c l o se it s 

c on t act s at any de sired t ime between z e ro and 

1 0  se cond s .  It is started when the #2 SG 

r e l ay is p i cked up . Thi s connect ion i s  made 

t o  the s e c ond re l ay t o  prevent need l e s s  ope ra­

t i on of the t ime r ,  when only the # 1  SG re l ay 

i s  p i cked up , as would be the case if the f l ow 

of power in the machine i s  reversed from it s 

n o rmal direct ion for any reason . When the 

p ower return s to it s normal dire c t i on ,  it wil l 

n ot ch up t he #2 re l ay which wi l l  s tart the 

t ime r and t hu s  reset the chain t o  zero 

Simi larly, i f  the machine should be out of 

step for a short t ime and then pul l  back in , 

t he t ime w i l l  rest ore the re l ays t o  full open 

p o s it ion . 

It is p o s s ib l e ,  a l s o ,  to set the t iming 

re l ay so that un l e s s  the pu l s at i on s  due t o  the 

out -of- step condit ion s exceed a c e rt ain rate 

of speed , the not ching re l ay w i l l be re set 
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OUT-OF-STEP RELAYS ____________________ _ 

before the seventh pole s l ips . The rel ay will  

thus not operate on slow pul s at ions but only 

the se occuring above the predetermined rate . 

Operat ion indicators are conne cted in the 

c ir cuit of three of the SG relays to indicate 

how far the chain may have been not ched up 

before it was reset . Thi s is t o  assist in the 

study of system disturbance s .  

INSTALLATION 

The relays should be mounted on swit chboard 

panel s  or their equivalent in a location free 

from dirt , moisture , exce s s ive vibration and 

heat . Mount the re lay vertically by means of 

the two mount ing studs for the standard cases 

and the type T proj ection case or by mean s of 

the four mount ing hol e s  on the flange for the 

semi-flush type FT case . Either of the studs 

or the mount ing screws may be ut ilized for 

grounding the relay . The e lectrical connec ­

t ions may be made direct t o  the terminals by 

means of screws for steel panel mount ing or t o  

terminal studs furnished with the relay for 

ebony-asbe stos or slate panel mounting .  The 
t e rminal studs may be easily removed or in­
serted by l ocking two nut s on the studs and 
then turning the proper nut with a wrench . 

The diagram shows the conne ct ion s for star­
c onnected out -of-step relays applied t o  a 

three-phase system. The star voltage may be 
obtained by the use of the two external 

react ors which, with the potent ial coil of the 

relay, form a star b ox .  It may also be obt ain­

e d  by conne ct ing a re sist or in serie s with the 
rel ays potential coil . This �eads the relays 
voltage by 30 ° so that the relay is at maximum 

t orque when the line power factor i s  unity.  

The latter scheme i s  the one usually provided . 

For the protection of a single phase machine , 

the connections are the same except that the 

reactors are omitted and the potential 

should be connected acros s  the line . 

coil 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustment s t o  insure correct 

operation of this re lay have been made at the 

factory and should not be disturbed after re ­

ceipt by the custome r .  If the adjustment s 

have been changed, the relay t aken apart for 

2 

repairs ,  or if it i s  de s ired t o  che ck the ad­

justments at regualr maintenance periods ,  the 

in struct ion s below should be followed . 

All contact s should be periodically cleaned 

with a fine file . S#l002 1 1 0  file is rec-om­

mended for this purpo se . The use of abrasive 

material for cleaning contact s is 'not recom­

mended ,  because of the danger of embedding 

small part icles  in the face of the soft silver . 
and thus impairing the cont act . 

The overcurrent el ement of the out -of- step 

rel ay should be set on the de sired tap .  The 

neces sary value must be determined by a study 

of the condit ions under which the machine will 

operate . If intermediate pick-up value s are 
desired, the tension of the spring can be 
changed by means of the spring adjuste r .  Thi s 

has slot s in it of suitable size so that it 

can be turned by means of a screw-drive r .  The 

same ad justment can be used t o  increase the 

pick-up current for value s above the last tap .  

The directional contact s are adjusted at the 

factory and their position shou ld not be 

changed . The spring on the se contact s has 

sufficient tens ion to keep the circuit closed 

in the normal dire ction when the relay i s  de ­

energized . The total t ravel of the moving 

c ontact is made short so that the re lay can 

keep in step with a very. high rate of surge 

o s cil lation . 

The only required adjustment on the not ching 
relay i s  that of the t ime r .  The t ime i s  pro­

portional t o  the distance t ravel led by the 

c ontact s .  The · backstop which adjust s the 

c ontact t rave l i s  held �olidly in £Osition by 

the center s crew which must be loosened with 

a screw-driver before making any adjustment . 

The ful l  t ravel i s  1 0  se conds .  It should be 

borne in mind that this t iming start s after 

the #2 S G  relay i s  operated . 

The 
relay 

TEST AND MAINTENANCE 

correct performance 

can be determined by 

of the not ching 

blocktng the cur-
rent e lement of the out - of-step re lay in the 
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OUT-OF-STEP RELAYS ______________________ 
I
_.
L

_
4

_
1

-_2a9 

DOR. 

REAR V I EW 
VII ITH PoLA/Cffr 1/.S .SHOWN-THE L. , H .  CONTACT(FR. VIEW} I.S CL..oa.l'. 

Fig. !-Internal Schematic of the Out-of-Step Relay in the 
Standard Case. 

closed position and vibrating the disc of the 
directional e lement with the finger . By this 

s imple mean s everything can be checked except 

the out -of- step relay it sel f .  

The out -of-step relay can be 

the machine is put int o operation 

that the directional contact s 

checked when 
by observing 

are in the 

normal posit ion 
power in the 
contact is the 
the front . An 

when the machine i s  carrying 
normal direction . The normal 
left -hand one when viewed from 
addit ional check on this wil l 

RENEWAL PARTS 

Repair work can be done most sat i sfactorily 

at the factory .  However ,  interchangeable 

part s can be furni shed t o  the customers who 

are equipped for doing repair work . When 

ordering part s ,  always give the complete name ­

plate dat a .  

ENERGY REQUIREMENTS 

The 60 cycle burdens of the out -of-step 
relay are as fol l ows : 

1 .  ( Overcurrent coil plus directional ele­
ment current coils ) . 

Tap 

2 

2 . 5  

3 

3 - 5 

4 

5 

6 

Tap 

a ) 2-6 ampere range . 

b ) 

Volt-amps . 

at 5 amps . 

51  

36 - 5  

28 

23 . 5  

20 

1 6 . 6  

14.8 

4-15 ampere range 

Volt -amps . 

Power Factor 

Angle -Degrees  Lag 

17 . 2  

13 . 2  

12 . 7  

12 .7  

12 . 2  

14.6 

15 . 9  

Power Factor 
at 5 amp s . Angle -Degree s Lag 

be t o  cause the machine t o  reverse it s power 4 1 4 . 5  20 . 6  

flow and make certain that the directional 5 

element of the relay likewi se reverses . The 6 

current element can be checked by observing it 8 

as the l oad on the machine is increased t o  the 10 

12 

15  

10 . 7  19 . 2  

8 . 8  19 . 5  

6 . 9 21 . 8  

6 . 0 24 .0  

5 · 7 25 . 5  

s . 6  27 . 3  

point where the current e lement i s  supposed t o  

operate . If it i s  impracti cal t o  increase the 

l oad t o  that amount , the same e ffect may be 

obtained by producing a poor power factor, so 

that the current will increase . Laborat ory 

t e st are easily made , and in the case of the 

out -of-step relay should closely fol low those 

for the standard type CO and CR relays . 

2 .  The potential coil burden of the direc­

t ional e lement (70 volt rating ) is 25 .3  

volt  ampere s at 80 .4° l ag .  
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OUT-OF-STEP RELAYS ___________________ _ 

COVER. OP'E..R.,..,IE.O 
5'N'I'TCK 
WHEN USE.O -----.__ 

TEST SW\\CH 

PO'TEN.TIA.L COIL 

OVERCURRE.N"T 
ELEMENT 

S"'OR"T C.\RCU \"T 

CH.A.'QS\S 

QY-F--'V----'\?''---'l1f'"�sw lTC\-\ 

OPE.RA\E.C '------------+ 
SHORTING; SW\"lC.\-\ "'TE�>T Sv.&\\CH 

TO ttELI\Y 
CUR1t.ENT "TE'S'T 

JACK 
1"0 SASE "TERMS. 

WIT\-\ RELAi'\VE. l ri5TA.t'('TI'\NE0US POL,._Rn'f, Jiri.S 5H.OWli 
Tt-\E L.t-\. CONT ACTS ( FR. VIEW} A.RE CLOSED 

Fig. 2-Internal Schematic of the Out-of-Step Relay in the 
Type FT Case. 

CONTACT".$ 
Z-3·4--5-G 

REAA VIEW 

"T\MER 

Fig. 4-lnternal Schematic of the Notching Relay with Indi­
cators on Steps 2. 4. 6. 

4 

FOR 25DV. RELAY ONLY 
,.,_ RELAV 

OPERATION 
IWDICAlORS 

(:t.I STf:P5 
3- 5-7 

TO A-C- CONTACTS SOURCE Z..-3·4-s-ro TIMER 

REAR VIEW 

Fig. 3-Internal Schematic of the Notching Relay with Indi­
cators on Steps 3. 5. 7. 

�YNCHRONOUS M-'eHINE 

WITH Du:UCTION OF PowUl f'"L.aw AS SKOWN RELAY 
rol'rtACTS CLOss: To L.EFT ( F".V.) 

foR zsov. 
CIN'-Y 

COUNTING 
REl...AV (IF USED) 

NoRMAL DIRtCTION OF POWER fLOW 

PHASE ROTATION 1 ,2.,'3 

NOTE: 
CONtr.IEtTIOhS ARE SHOWN foR: PRoTECTION 

OF' A MoTOR. FOR GEN­
ERATOR PROTE"CTION 
REVERSE EIT"ER T�E CURP.EN.T OR PoTE.NTIA.L.. \..EA."DSTo THE OUT-Of'­STEP RELAY' To PREVENT NoTCHINtiio RELAY' FRIDM 
NOTCHING UPON[ 5TEP DUFUN� NoR'WIAL OPEI\"-TION, 

c 

Fig. 5-External Connections of the Out-of-Step and Notch.• 
ing 

-Relay Using Line-to-Line Voltage. 
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OUT-OF-STEP RELAYS ______________________ L_L _41_-2_89 

-t DIA.DRILL 
FOR THICK PANELS 

SYNCHRONOUS MACHIN€5 -- NORMAL DIRECTION OF PoWER FLOW 

WITH l>IRECTION OF" Pow&:lll: FLOW AS $HOWI\I RELAY CONTACTS CL..OSE To LEFT ( F.V.) 

fbR l50V.D.C. ONLY 

CoUNTitr.Jei RELAY' 
(IF US£D) 

A�M 
CIRCUIT 

PHASE ROIA.TION I, 2, 3 

�----�--�----- < 
�----�--r--4�- 3 

NOTE: CONNECTIONS ARE SHOWN fOR PROTECTION 
OF A MoTOR. FOR aEN­
ERATOR PROTECTION 
R.EYEJtSE EITHER THE CURRIEhT � PoTENT I "-L. l£.1\DS 1b THE 0uT·OF · 

STEP REI...AV TO PRE\IENT NOTC.HIHG RELAY f"RoM 
NOTCHING UPON£ STEP 
OuR'IKG NORMA\... 
OPERATION. 

c 

Fig. 6-Extemal C-onnections of the Out-of-Step & Notching 
Relays· Using Line-to-Line Voltage. 

" 3L 0/A. DRILL (Z·HOLES) 
OPENIN�S fOR: 

THIN PA.NE.L 
MOUNTINC:io 

"--7jt- -�--------r 

�------rr�f :J 

. I�0-3Z. TERM.$C.REW 6:. STUDS ,;j:: -ZO MOUNTIN� SO::EW 

8:. STUDS 

U5[ SC.REWS FOR THIN PANELS 

lJS£ S T U D S  

FOR THI(K PANELS 

Fig. 7-0utline & Drilling Plan of the Out-of-Step Relay in the Standard Case. 
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OUT-OF-STEP RELAYS---------------------

� I 
0 

f------- • 1 

. 1t:�o-s2. 1'lltM. &c.._rw 

US!. ,\IO""U STUD FOR 
�ton:l. LOCA.TION TMICK PNa\. MTG. 
FOQ PRO.I'iCTION-------------- . 
T'<PE MTG, 

� 
�1 n rr·' 

0 ·�----�������t=====;-�c�o�R* 
'P'I\O.li.C'TION 
MTQ.QN ,."'IN 
Pftt.WE\.S, 

,.l 

Fig. 8-0utline & Drilling Plan for the Out-of-Step Relay in the Projection or Semi-flush Type FT Case. See the Internal Sche­
matic for the Terminals Supplied. For Reference Only. 

� 
-

'-1 ' / -.. l .!.. ' 

.. r ,' .. 1 .. 

-L ' /  f----1-J \---I 
I i 

<»I" 
.!.. ,/ 3k \---l f---

/ 

,t !.,., �l' �t � .!.. ... l' r · � ' 

/ " 

l-$--
f------3; 7-i 

k--

t-;J-
A-

f--3i£ -f----

-$ 
f_------ f

 .D/1"?. I .PIIZ/LL 
4-HO.t.CS 

C> 

-f..D/� ..DRILL 
/- HOLES � I  

r-c 
,/ 

I', 
' 

KfJ-,,� 

TEKM. S CREW'S /f/1/.D S TV..O.S 
./:J(')<32 rH.D. 

Fig. 9--0utline & Drilling Plan for the Notching Relay. in the Projection Case. See the Internal Schematics for the Terminals 
Supplied. For Reference Only. 
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I. L. 41 - 285.2 8 
I N STA L L ATI O N  • OPE R A T I O N  • M A I N TEN A N CE 

I N S T R U C T I O N S  
VOLTAGE RESTRAI NT AUXILIARY EQUIPMENT 

FOR USE WITH TYPE CR DIRECTIONAL 

OVERCURRENT RELAYS 

APPLICATION 
Vol t age restraint aux i l i ary equipment i s  

used with the type- C R  relay t o  re strain the 

dire c t i onal e l ement from c l o s ing its c onta c t s  

o n  normal l o a d  flow i n  the tripping dire c ti on 

in order that the overcurrent e l ement may have 

a sett ing l e s s  than ful l  l oad . 

The use of voltage restraint a l l ows a wider 

choice o f  relay s e t t ings t o  fit the require ­

men t s  of systems which have wide differen c e s  

i n  minimum and maximum l oad c onditions . 

CONSTRUCTION AND OPERATION 

The vo l t age restraint aux i l i ary equipment i s  

mounted external t o  the rel ay ,  and c on s i s t s  of 

a transformer with a tapp ed s e c on dary and a 

rea c t or and resistor conn e c t e d  in series with 

the trans former primary . There are two t ermi ­

nals for the voltage c ircuit and three for the 

current c ircuit . The use of thi s equipment 

with type CR re l ays not spe c i f i c a l l y  de s igned 

for it n e c e s sitates the addi t i on o f  a new ter­

minal t o  the s t andard c as e  relay and two ter­

minal s t o  the relay in the FT c a s e ,  s o  that a 

c onn e c t i on may be made b etween the dir e c t i onal 

e l ement and the overcurrent el ement c�rrent 

c o il s .  

The dire c t ional e l ement current c o i l  i s  

c onn e c t e d  a c r o s s  t h e  ful l s e c ondary winding o f  

t h e  aux i l i ary tran sformer as shown in Figure 1 

and Figure 2 .  The current , Ima , whi c h  flows 

in thi s s e c ondary c ircuit lags the p rimary 

vol t age which produc e s  it by approximately 

60 ° ,  as a result of the phas e shift in the 

reactor . The p o l arity o f  the c onne c t ions b e ­

tween t h e  relay and the voltag e  rest raint aux ­

i l i ary equipment , i s  such that the current , 

Ima ' makes an angle of approximately 180 °  with 

the relay p o l ari zing voltage under normal c on ­

dit i on s . 

SUPERSEDES I. L. 41-285.2A 
"' 

Line curren t ,  I a , i s  c onne c t e d  t o  t h e  s e c ­

ondary tap , where i t  divi des int o  two c om­

p onent s ,  K1 I a and ( 1 -Kl ) I a · The c on s t an t ,  

K1 i s  equal t o  K2 , where K2 i s  a des ign c on ­

s t ant . One o f  the s e  c omp onent s ,  K1 Ia ,  t ap 

flows through the directional e lement current 

c oi l  and adds to Ima , to give a re sult ant cur­

rent , I� . on the dire c t i onal e lement current 

c o i l  ( se e  Figure 3 ) . The total rel ay current , 

in the dire c t i onal el ement current c oi l , i s  

Il = K1 I a + Ima ' where K1 Ia = � I a , and Ima t ap 
is the res training current produc ed by app l y -

ing vol tage Eba t o  t h e  vo l t ag e  re straint aux­

i l i ary equipment . A vector diagram for the s e  

quant i t i e s  for the phase A rel ay i s  shown in 

Figure 1 and Figure 2 .  

The a c tual t ap makings of the auxil iary uni t  

indic at e s  t h e  minimum l ine current in -phase 

with the polarizing voltage t o  just c ause the 

dire c t ional c onta c t s  to c l o s e  with the rel ays 

c onne c t e d  p er Figure 1 or Figure 2 and line­

t o - l ine volt age of 120 vol t s . 

The voltage restraint provided by thi s aux ­

il iary equipment is great l y  reduced when there 

is a phase - t o -phase fault or a three -phase 

faul t .  In the event o f  a pha s e - t o -phas e  

faul t ,  t h e  res training voltage will b e  c on s i d­

erab l y  reduced on the relay whi-�;- i s  supp o s e d  

t o  operate .  Us ing phase A relay a s  an exam­

p l e ,  i t s  p o l arizing ·ro l t age is E ac and i t s  re­

s training vol tag··, i s  Eb a . If there i s  a fault 

on pha s e s  AB , the vol tage Eb a  is redu c e d  t o  a 

very sma l l  value s o  that the pha s e  A relay 

w i l l  operate . In the e vent o f  a three phase 

faul t ,  the restraining voltage i s  reduced on 

all three relays . 

A s o l i d  fault at the relay wil l  reduce the 

restraining voltage , on the rel ay involved, 

c omp l e t e l y  t o  zero . In general , the amount o f  
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VOLTAGE RESTRAINT CR RELAY ____________ _ 

z 0 

� i5 
� 
g: 

! 
PHASE A 
RELAY 

\ VECTOR 
) ROTATION 

K1Ia = ::p  l:ct 
E ro�a r.•aa-K,l:e�+Ima 

NOTE : COMPLETE VECTORS SHOWN FOR 
PHASE A ONLY. 100 •1. P.F. 

A 
B 
c 

� T 

Fig. ! - External Connections of the Type CR Relay in the 
Standard Case with the Voltage Restraint Auxil­
iary Equipment for Phase Fault Protection. 

r e s t raining v o l tage w i l l  be p rop o r t i on a l  t o  

the d i s t an c e  o f  the faul t f r o m  t he r e l ay and 

the arc drop at the faul t .  

P rop e r  r e l ay op erat i o n  during a three -ph a s e  

f a u l t  wi l l  dep end upon the s e n s i t i v i t y  o f  t h e  

r e l ay . T h e  minimum t r ip curren t , with 1 v o l t 

on the re l ay p ot e n t i al c oi l ,  may b e  figured 

from the f o l l owing f o rmu l a : 

It ( ap p roximat e ) =  0 . 38 T Ix 

Wh e r e  T i s  t he aux i l i ary t r an s fo rmer t ap and 

Ix i s  the minimum t r i p  c urrent for the r e l ay 

�J an e ,  at l vo l t . 

F o r  examp l e ,  a r e l ay w i t h  a minimum t rip 

current o f  4 amr: e r e s  a t  l v o l t  w i l l  have a 

s e n s i t i v i t y ,  on the 5 amp e r e  r e s traint t ap , o f  

0 . 38 x 5 x 4 = 7 . b �mp eres . 

CHARACTERISTICS 
P i gure 4 shows <:yr· i c al. Dhase an�?; l e  curves 

2 

A 

B 

c 

Ic Ib 

K.Io..=�I.o.. FIG .  2 
I�""K;LQ+!""a.. "e>o-o. 

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

for the CR r e l ay for each tap value on v o l t age 

r e s t raint aux i l i ary equipmen t . 

C on t inuous rat ings f o r  t h e  v o l t age r e s t r a in t  

aux i l i ary equipmen t ,  i n c luding the dir e c t i on a l  

e l ement current c o i l , a r e  a s  f o l l ows : 

Tap Amp er e s  

5 1 0  

7 - 5  1 0  

1 0  1 0 

12 . 5  12 . 5  

ENERGY REQUIREMENTS 
Burden of current c i rcui t ,  i n c luding d i r e c -

t ional e l ement and v o l t ag e  r e s t raining t r an s ­

forme r ,  a t  5 amp er e s ,  ( no t  i n c luding over­

current e l ement ) .  

The current c i rcui t burden i s  very smal l . 

It rang e s  from a min imum o f  0 . 1 G 2 5  VA on the 
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VOLTAGE RESTRAINT CR RELAY _____________ L L_. 4_1 -_2 s:_s.
_
2 s  

1 2 . 5  ampere t ap , with current i n  the c on t a c t  

c l o s ing dire c t i on ,  t o  a maximum o f  2 . 1  VA on 

the 5 amp ere t ap , with current in the c on t a c t  

opening direc t ion . 

Burden of aux i l i ary equipment in the volt age 

c ircuit at 1 2 0  vol t s , 60 cyc l e s . 

Watts 

No l ine current 4 . 65 

*Tap val . l ine cur . 4 . 38 

*Tap val . l ine cur . 5 - 1 2 

Vol t -
Amp s .  

9 - 0  

8 . 1 5 

9 - 72 

Power 
Factor Angle 

58 - 9 ° Lag 

57 - 5 ° Lag 

58 . 2 °  Lag 

*With the l ine current fl owing , there is a 

varia t i on in the burde n ,  depending upon the 

phase ang l e  of the current . The two values 

shown are for min imum and maximum vol t  am­

p ere s . There is an overal l  variation of the 

p ower factor angl e  of the vol t age circ ui t  from 

53 . 1 °  to 62 . 9 ° . 

"' �-a.c --�-+----, <0 �ENTRJLP.R\"l.IN!io CoiL. 
0 IR. ELEMENT CURRENT (OIL. A} Io.. � 

+ 

- ro.. 

E.bo.-
0. 

Ia. � K,I o..+ ( 1 - K,)I.,. 

Fig. 3-Schematic Connections of the Voltage Restraint 
Scheme. 

Fig. 4-Typical Phase Angle Curves of the Voltage Restraint Type CR. Helay 
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VOLTAGE RESTRAINT CR RELAY, _____________ _ 

+ 

l VRES15TOR �r 
1\/\/\r---�\i'VVv\r----'1----j----REACTOR 

I="RONT VIEW 

Fig. 5-Internal Schematic of the Auxiliary Unit for the 
Voltage Restraint Type CR Relay. 

OPERATION 
INDICATOR 

COVER OPERATED 
SWITCH· WHEN USED 

CONTACTOR 
SWITCH ---�---_;�', 

f'OR TRIP CURRENTS LESS THAN 2.25 A. 
OISCONI'lECT AND DEAD £NO THIS LfAD 

SHORT CIRCUIT 
SWITCH 

TCST SWITCH_:::;�==�;;�i::;:;:;==;=;;t-;;;,.j 
���=�:�GO�����D'+*-�-*�1';"-;l 

TEST SWITCH 

0VfRCURR£NT 
fLEMCNT 

TRANSFORMER COIL­ON CO 
UPPER POL� 

COILS 

POTENTI A L  COIL. 

TO RELAYS 
CURRENT TEST JACK 

�----������� TO BAS£ TERMS. 

FRONT VIEW 
WITH RELATIVE INSTANTANEOUS POLARITY AS SHOWN , TH£ 0/A. CONTACTS C L O S i .  

Fig. 7 -Internal Schematic of the Inverse Time Voltage 
Restraint Type CR Relay in the Type FT Case. 

4 

OPERATION 
INDICATOR 

COVER OPERATED 
SWITCH WHEN USED 

CONTA CTOR SWI TCH -

FOR TRIP CURRENTS Lrss THAN e.zs AMPS DISCONNECT 
AND DEAD -END 
THIS LE'.AO. 

FRONT VIEW 
WITH RELATIVE INSTANTANEOUS POLARITY A S  SHOWN, THE. 
DIR. CONTACT$ CLOSE:. 

TEST SWITCH 

OVERCUR�ENT ELEMENT 

TO S A S E  TERMS. 

Fig. 6-Internal Schematic of the Definite Minimum Time 
Voltage Restraint Type CR Relay in the Type FT 
Case. 

OPERATION INDICATOR -+------. 

Au"tLIA.RY CONTA.CTOR SWITCH 

TEST SWITCH 

OvER CURRENT 
ELEMENi 

INSTANTANEOUS le)-+'--:.v---=::::::'t=�::::<'!�_TRANSFORMER 
TRI P  ___ -J-_-__ _J COIL ON co 

POTENTIAL COIL ---+--�-
_;,:.�----+-- UPPECR POLE 

COILS 
TORQUE 
COMPENSI\IOR 

To RELA.Y 
To B-.E TERMS. 

Fig. 8-Internal Schematic of the Definite Minimum Time 
Voltage Restraint Type CR Relay with Instantan­
eous Trip in Type FT Case. 
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VOLTAGE RESTRAINT CR RELAY _____________ t_L _41_-2a.:....:.s�.2s 

OPERA I I  O N  INDICATOR -+---� 
CONTA.CTOR SwiTCH 

COVER OPERATED 
SwncH WHEI'I USEP 

AUXILIARY 
CONTI\C"TOR SWITCH 
17DOJt • 12s V. d·c 
4000 Jt · '250 V. d-c --1-----

POTENTIAL 
COIL ---f----

SHORT CiRCUIT 
SWITCH 

TEST SWITCH 

I NSTANTANEOIJ� 
TRIP 

UPPER POLE 
COILS ON co 

To RELAY 
To BASE TERMS. 

Fig. 9-Internal Schematic of the Inverse - Time Voltage 
Restraint Type CR Relay with Instantaneous Trip 
in Type FT Case. 

CURRENT IN AMPERES 

Fig. 10-Typical Time Curve for Directional Element Alone. 
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VOLTAGE RESTRAINT CR RELAY ____________ _ 

6 

I .  I 

1 .0 

0.9 

0.8 

0.7 

<f) 0.6 0 z 0 
(.) 
"' 0.5 
<f) 
'!; 0.4 
"' :IE 
;::: 0.3 

0.2 

0.1 

0 
0 10 

I 
2 
3 
4 
5 

20 

TIME CURVES 

(CONTACT TRAVEL • i
2 

INCHES l 
•. 120 VOLT LINE RELAY - 12 .5 TAP SO CYCLES 

Eba 
I - 100 VOLTS 
2 - 50 VOLTS 
3 - 25 VOLTS 
4 - 10 VOLTS 

" 5 - I VOLT 

30 40 50 

Eae 

I 

' Ia ' \  ' 

/ �\. 
Ib 

FAULT ON PHASE A - 8 

CURRENT Ia LAGS Eab so• 
VOLTAGE (Ebal • RESTRAINING VOLTAGE 
VOLTAGE ( E00 ) •  POLARIZING VOLTAGE 
NORMAL VOLTAGE • 120 VOLTS 

so 70 80 

CURRENT (I a l IN AMPERES 
90 

Fig. 11-Typical Time Curve for Directional Element, 12.5 Ampere Tap, Phase to Phase Fault. 

I .  I 

1 .0 

0.9 

0.8 

<f) 0.7 0 z 0 
(.) o.s "' 
<f) 
'!; 0.5 
"' :IE 
;::: 0.4 

0.3 

0.2 

0. I 

0 

+ 

0 10 

I 
2 
3 
4 
5 

+ 

20 

TIME CURVES 

( CONTACT TRAVEL • :. INCHES l 
120 VOLT LINE RELAY - 5.0 TAP 60 CYCLES 

• Eba 
T I - 100 VOLTS 
+ 2 ·  5 0  VOLTS 

3 • 25 VOLTS 
4 ·  10 VOLTS 
5 - I VOLT 

30 40 

• 0" -+ 
FAULT ON PHASE A - B >-

CURRENT I a LAGS Eab so• 

• � VOLTAGE ( Ebal • RESTRAINING VOLTAGE 
VOLTAGE ( Eae ) • POLARIZING VOLTAGE c' 
NORMAL VOLTAGE • 120 VOLTS -

50 so 70 eo 
CURRENT ( Ia l IN AMPERES 

Fig. 12- Typical Time Curve for Directional Element, 5.0 Ampere Tap, Phase to Phase Fault. 
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VOLTAGE RESTRAINT CR RELAY ____________ .....::I .�L...:.:41�- 2:.:::.:as:.:..:.:::. 2 s  

1 . 1 

1 .0 

0.9 

0.8 

U) 0.7 0 z 0 u "" 0.6 

U) 
;!; 0.5 
"" :I 
;::: 0.4 

0.3 

0.2 

0.1 

0 
0 10 

Eoe AND Eba 
I --- I VOLT 
2 --- 3 VOLTS , 
3 --- 5 VOLTS · 
4 ---10 VOLTS 
5 --25 VOLTS 
6 --50 VOLTS 
7 · 100 VOLTS 

7 6 5 4 3 2 1  

20 30 40 

( CONTACT TRAVEL • ;2 
INCHES ) 

T I M E  CURVES J 120 VOLT LINE RELAY - 12.5 TAP 60 CYCLES 

50 

Eao 
POLARIZI�--.,.:ha 

�ESTRAINING 
VOLTAGE AVOLTAGE 

60 

Ecb Eba 
THREE PHASE FAULT 

70 eo 
CURRENT ( Ia ) IN AMPERES 

Fig. 13-Typical Time Curve for Directional Element, 12.5 Ampere Tap, Three Phase Fault. 

1 .0 

0.9 

0.8 

0.7 

<n 
0 

0.6 z 0 0 "" <n 0.5 
;!: 
"" 

0.4 :I 
;::: 

0.3 

0.2 

0.1 

0 
0 10 

TIME CURVES 

( CONTACT TRAVEL • 
3
3
2 INCHES l 

120 VOLT LINE RELAY - 5.0 TAP 60 CYCLES 

Eac AND Eba 
I -- - I VOLT 
2 --- 3 VOLTS 
3 --- 5 VOLTS 
4 ---10 VOLTS 
5 --25 VOLTS 
6 ··50 VOLTS 
7 ·100 VOLTS 

Eao 
POLARIZI�

�

-

a 

�ESTRAINING 
VOLTAGE AVOLTAGE 

Ec:b Eba 
THREE PHASE FAULT 

7 6 5 4 3 2 1  

20 30 40 50 60 70 80 

CURRENT (I a ) IN AMPERES 

- Fig. 14-Typical Time Curve for Directional Element, 5.0 Ampere Tap, Three Phase Fault. 
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VOLTAGE RESTRAINT CR RELAY _____ _ _ _ _ _ _ _ _  _ 

it DIA. 
MT6- HOLE (4 HOLE!'J) 

. 1 90-.32 �CREW5 / 5" TERMINALS 

_/� 

F' f& ---1---o �------J b*-_j 7 
-> ��57" -�' r 21&. il� :>� 

I 
" < 
� 
\J) 

I I I 
I I 

Fig. IS-Outline and Drilling Plan of the Auxiliary Transformer. For Reference Only. 

=i:::! 
N 

I i D I A . DRILL 
FOR. THICK PANELS 

/ 3£ DtA. DRILL (Z.·HOLE.S) 

--7 ji -------"[ 
111 .1 ........____ I USE SCREWS 

�------�CJ.Ib:-��--____f---; fOR THIN PANELS 

USE S T U D S 

FOR THICK PANELS 

Fig. 16-0utline and Drilling Plan for the Standard Projection Type CR Relay Case. See the Internal Schematic for the 
Terminals Supplied. For Reference Only. 
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VOLTAGE RESTRAINT CR RELAY _____________ L L_. 4_1 -_2a_s.
_
2s 

0 

� I 
0 

I---• &  

,,, 

. 1!10-,2. TtRM. �Kil'W 
UH .Ito-It ST\ID FOR 

CUT OUT J:OR SEHI 
F\.U$H HaUNT ING / 

Fig. 17 -Outline and Drilling Plan for the MIO Semi-Flush or Projection Type FT Flexitest CR Relay Case. See the 
Internal Schematic for the Terminals Supplied. For Reference Only. 
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I N ST A L L A TI O N  • O P E R A T I O N  • M A I N T E N A N C E  

I N S T R U C T I O N S  
TYPES CR AN D CRC 

DI RECTIONAL OVE RCU RRE NT RE LAYS 

CAUTION Before putt ing prot ective relays int o 

service, remove all bl ocking which may have 

been insert ed for the purpose of securing the 

pa rts during shipment , make sure that all mov­

ing part s operat e freel y, inspect the cont acts 

to s ee that they are clean and cl ose properl y, 

and operat e the rel ay t o  check the sett ings 

and el ect rical connect ions . 

.APPUCATION 

These induct ion-t ype direct ional over-

current relays are used t o  disconnect t·rans­

mi s s ion and feeder circuits when the current 

thru them in a given direct ion ex ceeds a pre­

det ermined value .  The t ype CR rel ay is po-

.. _t_ential polarized and . .i.s . .  us ed for both phase 

and ground fault prot ect ion. The t ype CRC re­

lay is current pol arized and used for ground 

fault prot ect ion. 

Two forms of the rel ay are ma nufactured: a 

low energy and a st andard energy. This refers 

to the burden that is placed on the cur rent 

transformers and not to the current rat ing . 

The l ow- energy type rel a y  is used in prefer­

enc e t o  the sta nda rd-energy rel a y  where the 

requirement s nec essit ate ( 1 )  a l ower burden on 

the· cur rent t ra nsformer, o r  ( 2 )  a more inverse 

curv e  for select i v ity, or (3 ) a l ower current 

range as for exa mpl e, g round prot ect ion of 

t ransmission syst ems. The very-i nverse rel a y  

is simil ar t o  the l ow-energy rel ay a nd i s  used 

where a still more inverse curve is desired. 

Rel ays with c ircuit closing c onta ct s  are 

used most commonl y with the st at iun batt ery t o  

energize t h e  t rip coil thru · the rel ay con­

t act s. Occas iona l l y, where there is no rel i­

abl e  source of pot ent ial avail a bl e  for t rip-

SU P E RS E D E S  I .  l. 41 -285P 

-llf Denotes change from superseded issue. 

ping, the breaker may be t ripped by current 

from the current t ransformer, by the use of 

circuit opening relays. 

CONSTRUCTION AND OPERAnON 

CIRCUIT- CLOSING RELAYS 

The c ircu it -cl osing rel ay consists of an 

overcurren t  el ement , a direct ional el ement , an 

operation indicat or, a cont act or swit ch, and 

in some · cases, an inst ant aneous t rip att ach­

ment . 

Overcurrent Element 

This el ement is an induct ion-disc t ype el e­

ment operat ing an overcu rrent . Th e induct ion 

d� sc is a thin four-inch diamet er aluminum 

di s c  moun t ed on a vert ical shaft . The shaft 

is support ed on the l ower end by a st eel ball 

bearing riding between concave, sa pphire j ewel 

surfaces, and on the upper end by a st ainiess 

st eel pin. 

The moving cont a ct is a small silver hemis­

phere f ast ened on the end of an arm. The 

other end of this a rm is clamped to an insu­

l at ed sect!.on of the disc-shaft in the non­

geared t ype rel a ys, or t o  a n  auxil iary shaft 

geared t o  the disc shaft in the geared t ype 

rel a ys .  The el ect rical 

fro m the moving cont a ct 

spiral spring . One e nd 

connect ion is made 

thru the a rm and 

of the spring . is 

f ast ened t o  the arm, a nd the other to a sl ot ­

t ed spring adjuster disc which l n  turn fa st ens 

to the el ement frame . 

The stationa r y  c ont act assembl y consist s o f  

a silver conta ct a t t ached t o  the free end of a 

l eaf spring . This spring is fastened t o  a 
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TYPES CR AND CRC RELAYS ________________ _ 

CotvTAtrOR SWtTCII---f--__..., 

ReAR Vtcw 

TI?ANSFOii'HCR 
Call ON 
LoweN PoLe. 

lJPPCii PoL£ 
CDILS 
0v£H CVGJNENT 
£L£1"1ENT. 

77 -D-706 

Fi9. 1-lnternal Schematic Of The Double Trlp. 
Directional Control. Inverse Time (Low Enerqy 2 
Sec .. 25. 50 & 60 Cycles. 4 Sec •• 25 Cycles) and Very 
Inverse Time. Circuit Closing Relays In The Stand­
ard Case. The Single Trip Relays Have Terminal 3 
And· Associated Circuits Omitted. 

Micarta bl ock and mounted on the element 
frame . A small set s crew permits the adjust ­

ment of contact follow . When doubl e  trip i s  

required, another l e a f  spring i s  mounted on 

the Mic arta block and a double contact i s  

mounted o n  the rigid arm . Then t h e  stationary 

c ontact set s crews permit adjustment so that 

both c ircui t s  will be made simultaneously . 

The moving di s c  is rotated by an electro­

magnet in the rear and damped by a permanent 

magnet in the front . The operating t orque i s  

obt ained b y  the c ircuit arrangement shown in 
figure 1 .  The main p ol e  coil of the relay 

acts as a transformer and induces a voltage in 

a s e c ondary coil . Current from this secondary 

coil flows through the upper pole coils and 

thus produces t orque in the dis c  by the re­

a c t ion between the fluxes of the upper and 

l ower poles . The inverse and very inverse re­

lays operate on thi s  princip l e . The definite­

time , standard-energy relay obtains its flat 

chara cteristic curve because of a small 

saturating trans former that is interposed be­

tween the sec ondary coil and the upper pole 

coil s .  This i s  called the t orque c ompensator 

and it s l ows down the disc movement at high 

2 

OPEAAT'ON 
'MOlC .. TOR 
CONTA.C'TOR: 

SW\"TCM 
•o�TRIP t.URil . .  
U':»STMI\W 2.25 At1P�.J01!Jt.O"� Wi:CT AND :DLA"g-ENO TH\S I..U\0. 

1 4 -D-6632 

nq. 2-Intemal Schematic Of The Single Trip, 
Directional Control, Definite Minimum Time (2 al'l.d 
4 Sec., 25, 50 & 60 Cycles) or Inverse Tune (Low 
Energy 4 Sec., 50 & 60 Cycles), Circuit Clohlng Relays 
With Instantaneous T�:ip In The Standard Case. 

currents t o  such an extent that no gearing is 

required . (See Fig . 2 ) . 

Directional Element 

Thi s  el ement is simil ar to the over-current 

el ement except the quantities used to rotate 

the di sc and the cont a c t  assembly . The two 
upper poles of the electromagnet are energized 

by overcurrent , and the lower pole by polariz­
ing voltage on the type CR relay and by p ol ar­

izing current on the type CRC relay . The 

fluxes produce s  by the s e  two e l ectrical quan­

tities cause rotati on of the di sc in a direc­
tion depending on the pha se angle between the 

current and voltage . 

the current in the 

As fault power reverses , 

relay reverses while the 

p olarizing current or voltage remains fixed, 

thus a direct ional torque is obtained. 

The rotation of the di sc i s  limite d  in the 

opening direction t o  a few degrees by a pro­

jecting stop on the di sc which strikes the 

el ement frame , and in the closing direction by 
the rigid moving arm striking the stationary 
c onta ct arm. 
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TYPES CR AND CRC RELAYS,__ ________________ _.:;_;'- L�4..:_:.1 --=-2 a=5R 

"''RAN5PORM WINOIM& ON eo 

WITM Q.LATIVE lft$TANTA.N POLARITY 
�es='-IONAL. COHTAC.TS CL.�I: 

DIRE'CT'IONAL EL&M!:NT CU"RI!.NT COIL �EAR VIEW 

bE'-ION CONTACTOiil SWITCH 

2-D-1446 

Fig. 3-Internal Wiring Diagram Of The Single Trip, Stand­
ard Energy, Circuit Opening Relay. 

COYIR Ofl"SR""T1i.D 
.W1'1tM•W""1!i!fot \1'1. ... 

O�lti-TION IND'C.-,.TOR. 

G 

13-D-5804 

Tf.Sf SWT'TU"' 

TO BA� TE�S. 
nONT VI�W C!tC ONLY 

WtT" )I.[.L..�TIVt. IN�T.'-NTIII.WE.OUS PO�te!\TY A-s S HOWN1 THE 
OU!'ECi CONT"'-CTS C.�OSC 

Fig. 5-Internal Schematic Of The Single Trip With Instan­
taneous Trip, Directional Control. Definite Minimum 
Time (Standard Energy 2 & 4 Sec .. 2S. SO & 60 Cycles) 
or Inverse Time (4 Sec .. SO & 60Cycles)Circuit Closing 
Relay In The Type FT Case. 

�---r UPPii.lt �\. .. COIL. 

ORQVC C.oM.-.£N'=-A.'T�t. 

fRONT 1£ CHASSIS OPERATED 5HOI?T/N� 
t'RC ONLY . Sw rrc:>< 

WrTH � £L.A.Tw&: 1 .,.�..,..-.NTANEou � Poi.-ARfT"< A !»  SHOWN, 
1""'E O t REC.TI()NA\.. C ONTACT� C1.-osc 

7 -D-6532 

Fig. 4-Internal Schematic Of T"ne Double Trip, Directional 
Control. Definite Minimum Time (Standard Energy 
2 and 4 Sec .. 25. SO & 60 Cycles) or Inverse Time (4 
Sec •• SO & 60 Cycles) Circuit Closing Relay In The 
l'ype FT Case. The Single Trip Relays Have Termi· 
nal 3 And Associated Circuits Omitted. 

WITM JltEL,..T\� INST.-..NT�EOU!t 
POLI'J't..\\"'( AS, �HOWN., T � £.  Oil\. C:.ONT"C..T'.$ Cl..OSI!.. 

OfJt:."-'TION 
0\GA.TO I'Il 

7 -D-6535 

Fig. 6-Internal Schematic Of The Single Trip. Non-Direc­
tional Control With Terminal Between Directional 
And Overcurrent Contacts. Definite Minimum Time 
(Standard Energy 2 & 4 Sec., 2S. SO & 60 Cycles) or 
Inverse Time (4 Sec., SO & 60 Cycles) Circuit Closing 
Relay In the Type FT Case. 
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TYPES CR AND CRC RELAYS 

WITH Rf.l.ATIVE INS.TANl"J'.NEOUS �R.\T't' ,a...t:. SHOWN1 Tl-4£ 
D\R,, CON'T,..C"T'.S C.L.O.SE. 

TEST SW\TC.M 

77 -D-6544 

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

FRONT Vlf:W 
WITH fi\E�TIV£ \NS'TA.NTA.,..&Ot#S �L,...s:LITV ,.._S .5"'0Wtrr.l1 Ttttr. 

CIR. C.ONTA.C.T.S elo..O&E. 

OPERATION 
INDit.ATO" 

,.UT SWrTCH 

.,._TO R'f,.L"'V CURRENT TEST dACK 
To &J...5&. T-.flllMa 

7 -D-6541 

Fig. 9-Internal Schematic Of The Single Trip, Non-Direc­
tional Control With Terminal Between Directional 
And Overcurrent Contacts. Inverse Time (Low 
Energy 2 Sec .. 25, 50 & 60 Cycles, 4 Sec .. 25 Cycles) 
or Very Inverse Time. Circuit Closing Relay In The 
Type FT Case. 

4 

GOVER: OP'E..IU'I1"'ED !i>Y'/ITCI-4-W"tE.N V!.£..» 

CONToi\Ct"Ote SWiTCH 

OPE�TION 
IN DIC.ATOa. 

13-D-58o6 

Flq. 8-Internal Schematic Of The Single Trip With Instan­
taneous Trip, Directional Control, Inverse Time (Low 
Energy, 2 Sec .. 25. SO & 613 Cycles 4 Sec., 25 Cycles) 
or Very Inverse Time. Circuit Closing Relay In The 
Type FT Case. 

The 

rigid 

lated 

spring 

with a 

moving c ontact a s s embly c onsists of a 

c ounterweighted arm fastened t o  an insu-

section o f  the dis c  shaft . A l ea!' 

fastens t o  the shaft end of the arm 

silver c ontact attached t o  the free end 
of the leaf spring . When the moving c ontact 

;trikes the stationary c onta ct , the spring de­
flects to provide the required contact follow. 
The spiral spring a s s embly is the same a s 

de sc ribed above for the overcurrent element . 

The stationary contact consists of a right- -

angle bracket 

thru a Micarta 

screw projects 

bracket and 

sep aration . 

fast ened 

insulating 

thru the 

to the element frame 

block . A contact 

outer end of the 

provi de s. adjustable c ontact 

To prevent the relay from operating for 

faul ts in the non-tripping dire ct ion, the di­

rec tional element contact are c onnected in the 

upper pole c ircuit of the overcurrent element . 

This means that the overcurrent element can-

not operate unless the 

determined direction . 

tional control of the 

p ower fl ow is a pre­

Thi s is known as direc-

overcurrent element . 1 l l 
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Fig. 10--Typical Inverse Time Curves Of The Overcurrent Element Of The Low Energy 60 Cycle Relays. 
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TYPES CR AND CRC RELAYS. _____ --:-------------

The o l der method, now known a s  non-directional 

c ontrol , was to connect the overcurrent con­

tacts in series and directly in the tripping 

circuits .  

Contactor Swit ch and Operation Indicator 

The c ontactor switch is a small solenoid 

type d-e.. switch, the coil of which is con­

ne c t e d  in the trip c ircuit . A cyl indrical 

p lunger with a silver disc mounted on its 

lower end moves in the core of the solenoi d .  

As the p lunger travel s upward the di sc 

bridges three s il ver stationary c ontact s .  In 

the single -trip rel ay ,  two of the se c ontacts 

seal around the main relay contact . In the 

double -trip relay s ,  all three contact s  are 

used to seal in both trip c ircuit s .  

The operation indicator coil i s  connected in 

the trip c ircuit t o  show a white target when 

the trip c ircuit i s  comp l et e d .  

CIRCUIT- OPEN ING RELAYS 

The c ircuit -opening type CR relay consists 

of an overcurrent e l emen t ,  a dire ction a l  ele-

c l o s e ,  the so lenoid p lunger move s upward to 

open the de -ion contacts which normal ly short 

c i rcuit the t rip coi l .  These contacts are 

abl e  to break the heavy current due to a short 

c ircuit and pe rmit this current to energize 

the breaker trip coil . 

The transformer coil on the l ower pole of 

the over current e l ement and the contactor 

switch cir cuits in the standard-ene rgy type 

re lays are conne cted to the main circuit s as 

shown in Fig . 3 .  When the overcurrent contact 

c l oses , the c ontactor switch operat e s ,  and the 

voltage across the trip coil is impre s sed on 

the tran s former and contac tor switch c o i l s . 

This voltage acts to seal -in the c ontactor 

switch, and to feed energy through the trans ­

former coil t o  the main overcurrent winding 

which produc e s  c ontact closing torque . Thi s  

arrangement provides a definite minimum p ick­

up value la rgely independent of the value of 

trip coil imp e dance . 

Qp eration Indi c a tor 

ment , a de -ion cont a c t or switch,  an operation The operation indi cator is in series with 

indi hator and an ins tantaneous trip attachment the breaker trip c oil , and ha s a minimum_� ck-

where require d . The c onnection s  are shown in up of 2 ampe res a - c . 

Fig . 3 .  

Overcurrent and Dire ctional Element 

The s e  elements are similar to the el ements 
des cribed above under circui t - c l osing type re ­

lay . Directional control is use d .  

De -ion Conta ctor Swit ch 

This switch is a sma l l  a - c  solenoid switch 

who s e  coil is energized from a few turns on 

the l ower pole of the overcurrent e l ement in 

the st andard-energy typ e rel ays , and from a 

sma l l  trans former connected in the main cur­

rent c ircuit in the l ov1-energy type relays . 

I t s  c onstruc t i on is similar to the d- e type 

swit ch exc ept that the p lunger operate s  a 
spring leaf arm with a silver contact surface 

on one end and rigi dly fixed to the frame on 

the other end. 

CHARACTERISTICS 

The chara c teristic curves of the Type CR and 
CRC rel ays are shown in Figs . 1 0 ,  11 and 12 . 
The standard-energy definite-time relay i s  

ma de i n  e ither o f  the foll owing current ranges :  

2 - 2 . 5 - 3 - 3 . 5  - 4 - 5 - 6 or 

4 - 5 - 6 - 8 - 10 � 12 - 15 

The low - ene rgy type re lay is made in the 

above two tap range s and· also in the f o l l owing 

range frequently used for ground prot e ct ion : 

. 5  - . 6  - .8 - 1 . 0 - 1 . 5 - 2 - 2 . 5 

The circuit -opening re lay is nad e only in 

the 4 t o  15 ampere range . A lower range is 

The overcurrent el ement c ontacts are in the not desirab le be cause the burden of a low­
contac tor switch coil circuit and when they range trip coil is too heavy . on the current 
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transformer . 
each re lay . 

Phase Relays 

One t rip coil is required for 

- · Relays intended for phase protection have 
directional e lement s that are t rue wattmeters ; 
that i s ,  they have t he ir _ maximum t orque when 
the current and voltage are in phas e .  

Ground Re lays 

Ground relays operate on low current value s 
and consequently, the low-ene rgy type relays 
are used . The dire ctional e l ement 
relays (des ignated as t7Pe CR ground 

of the se 
relays ) 

- is not a t rue wattmet e r ,  but is compensated s o  
that its maximum t orque o c curs when the 
current lags 15 degree s  behind the voltage� 

When specially ordered , 
Shift e r  can be used with 

- - -Relay to provide maximum 

3#116 1078 Phase 
the type CR Ground 

t orque at 45 t o  65 

degre�s current lagging res idual voltage . The 
use of the pha s e  shifter requires revers ing 
either the current or the potential c onnec­
tions but n o t  both . Actually, the current 
connections a re shown reversed in Figs . 18 

and 22 . 

INSTALLATION 

The relays should be mounted on swit chboard 
pane l s  or t he ir equivalent in a l ocat ion free 
trom dirt , moi�ture , exce s s ive vibrat ion and 
heat . Mount the relay vert ically by mean s of 
the two mounting studs for the standard case s 
and the type FT p ro j e ct ion case or by mean s of 
the four mount ing ho l e s  on the flange for the 
semi -flush type FT case . Either of the studs 
or the moun t ing screws may be ut ilized for 
grounding the relay . The e l e c t rical con ­
nection s may be made dire ct t o  the - t e rminal s 
by mean s of s c rews for steel pane l mounting or 
t o  terminal studs furni shed with the relay for 
ebony-asbe stos or s lat e panel mounting . The 
terminal studs may be eas ily reooved or in -
serted by l ocking two nut s on the studs and 
then turning the p rope r  nut with a wrench . 

Because the c ircuit -opening relay contact s 
short c ircuit the t rip coi l ,  it i s  important 
thAt the re lay be mounted whe re it w i l l  not be 
subject- to shocks which may j ar the contact s 
open and thereby allow current t o  flow through 
the t rip c oil . Trouble of this kind can be 
avoided by preventing j ars t o  the swit chboard 
and also by sett L�g the t rip coil high enough 
so that it will not operate on normal load 
current . This is an ext ra safe -guard so that 
there is no danger f rom even an exc e s s ive 
shock unle s s  the current i s  a l s o  heavy . 

Phase Re lay 30° Conn e ct ion 

The - direct ional e lement should be connected 
u s ing a delta voltage acro s s  the polariz ing 
winding - that lags 30 degre e s  behind the re ­
spect ive star-current at unity powe r fact or . 
These connection s  are shewn in Figs . 1 5 ,  17,  

1 9  or 21 . The se connect ions produce a maximum 
torque in the relay when the current lags 30 ° 

behind it s 100::' p f  p o s it i on . 

Pha s e  Relay - 90° C onnect ion 

* Another connect ion is the s o -called 90° 

c onnection shown in Figs . 16 and 20 . The 
relay uses the current in one wire and the 
potential acro s s  the other two wires of the 
circuit . When this is don e ,  a resistor should 
be put in series with the p otent ial coil of 
the relay . 

One combination of res i s t or and potential 
coil p roduc e s  a maximum to�que in the relay 
when the current lags 45° behind its 100% P . F .  
position . These external r e s i stors can be 
ordered by s tyle number as follows : 

25 cyc l e ,  115  vol t s ,  760 ohms , S#721435 
50 cyc l e ,  115  volt s ,  670 ohms , S#721436 

6o cycle , 115  volts ,  565 ohms , S#721437 

Another c omb inat ion of re s i s t o r  and poten-
tial coil produce s  a maxim�� t orque in the re­
l a y  when the current lags 60° behind it s 100% 

pf p o s ition . This ext ernal resi stor can be 
ordered by s tyle number as follows . 

60 cyc l e ,  115 vol � s .  315 ohms , 3#1723744 

Ground Relays 

The dire ctional element should be conne cted 
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TYPES CR AND CRC RELAYS _________________ _ 

C\.0<:11. I 

fRONT 

DIR.COMTMTS 1\Rf. 
l!>I.OCI\El) CLOSf.D 
DURING Tf.ST. 

TOP TllRM. NO fOR STD C"'SE 

BOTTOM TERt1.N011. TEST SW. 
fOR TYPE fT C"'5E. 

S'tiiTCH 

115'1. �. 
T5T �--------���t 

1 4-D-6645 

Fiq. l3-Diaqram Of T&st Connections For The Circuit Clos­
Ing Relays. 

t o  operate on re s idual 

for the type CR relay, 

rent s for the type CRC 

Fig s . 15 t o  22 . 

current and voltage 

and on re sidual cur ­

relay ,  a s  shown in 

When u sing the circuit -opening re l ays for 

phase prot e ct i on ,  ground prot e c t ion may be 

se cured by u sing a l ow-energy circuit - c l o sing 

re l ay operating on a - c . Voltage t rip coil 

ene rgi zed 
t ran sfome r .  

T r•ip C ircuit 

f':rom a single -phase pot ent ial 

The main contact s wil l safe ly close 30 

amper� s  a t  250v . d - e ,  and the swit ch cont act s 

wi l l  s afely carry thi s current l ong enough t o  

t rip a breake r .  

�he re lay i s  shipped with the operat ion 

indicator ��d the contactor switch connected 

in paral le l .  Thi s circuit has a re s i s t ance of 

approxir.tat :, ly 0 . 25 ohm and i s  suitable for all 

t rip curr"'nt s abo'Je 2 . 25 anpere s d - e . If the 

t rip current i s  l e s s  than 2 . 25 anpero s ,  thore 

i s  no need for the contactor swit ch �nd it 

should be disconne cted . To d i s conne ct the 

coi l ,  reno'Je the short lead t o  the coil on 
the front stationary contact of the contactor 

10 

swit ch.  

ended ) 
Thi s lead 

under the 

should be fastened 

smal l f i l i s t e r -head 

(dead 

s c rew 

l ocat e d  in the Micarta base of the contactor 

swit ch . The operation indicat or w i l l  ope rat e 

for t rip current s above 0 . 2 ampere d-e . The 

re s i stance of it s coil i s  approximate ly 2 . 8  

ohms . 

An auxiliary swit ch on the c ircuit breaker 

shou l d  be. u sed so that when the circuit 

breake r is t r ipped ,  the t ripping c ircuit w i l l  

be opened by thi s  switch . 

The c ircuit -cl o sing re lay may a l s o  be used 

t o  t rip a c ircuit b reaker e quipped with a 

We st inghou se "Direct -t rip att achment " on the 

t rip coil s . Thi s is a device that t rip s a 

cir.cuit breaker by ene rgy rece ived 

current tran sforme r .  

Re lay With Qui ck Open ing Contact s 

When the relays are u sed with 

from a 

c ircuit 

breake r s  that are in s tantaneously r e c l o s e d ,  it 

is n e ce s sary to arrange the re lay contact s t o  

b e  quick open ing . This i s  done by s c rewing in 

the small set s c rew on the stat ionary contact 

a s sembly unt i l  the contact rivet re s t s  s o l i dly 

on the Micarta support . When thi s i s  done , 

the posit ion of the cont act stop on t he t ime 

lever shou ld be shift ed so that the moving and 

stationary contact s barely t ouch when t he t ime 
leve r i s  set on zero . 

SETTINGS 

The re are two settings -namely the current 

value at which the re lay c l o s e s  it s contact s 

and the time required to c l o s e  them . When the 

re lay i s  to be used t o  prot e c t  equipment 

again st overload , the set t ing must be deter­

mined by the nature of the l oad , the magnitude 

of the peaks and the frequency of the ir 

occurrence . 

Fo r sect ionaliziug t ran smi s s ion syst ems the 

current and t ime s e t t ing mu st be det e rmined 

by calculat ion , due con side rat ion bein g. given 

to the time required for c ircuit breake r s  t o  

open so that prope r select ive act ion c�• be 

obtained throughout the system . 
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TYPES CR AND CRC RELAYS --------------�'-· L_4..:...t·2..:...a_sR 

Current Se t t ing 

The c onne c t o r  s c rew on the te rmina� p l ate 

above t he t ime s cale make s connect ion s t o  

various t u rn s  o n  the operating c o i l . By 

placing thi s s c rew in the various hol e s ,  t he 

relay w i l l  just c l o s e  con t ac t s  at the corre ­

sponding current , 4-5-6 -8-10-12 or 15 ampe re s ,  

o r  a s  marked on the t e rminal p late . 

The t ripping value of the re lay on any t ap 

may be alte red by changing the init ial t e n sion 

of the spiral spring . This can be accompli shed 

by turn ing t he sp ring adjuste r by mean s of a 

s c rew driver in sert e d  in one of the n ot che s of 

the plate t o  which the out side 

the spring is fastened . An 
tripping current approximately 

convolut ion of 

adjustment of 

15 pe r cent 

above o r  be l ow any t ap value , can be secured 

without mate r ially affe ct ing the operating 

characteri s t i c s  of the re lay .  By cho o s ing the 

proper t ap ,  a cont inuous adju stment of 

t ripping current from 3 . 4 ampe re s t o  17 . 5  
amperes may be se cu re d . The charact eristic 

t ime curve w i l l  be affe cted less for any large 

adjustment if the next higher t ap is s e l e cted 

_ and the initial t e n s ion of the spiral spring 

is decreased to s e cure the de s ired t ripping 

value . For example , the re l ay should be set 

on the 8 ampere t ap with le s s  init ial ten sion 

in orde r to s e cure a 7 ampere t ripping value . 

CAUTION Be sure that the conne c t o r  s c rew i s  

turned up t ight so a s  t o  make a good c ontact , 

for the operating current p a s s e s  through it . 

Since the ove rload e lement is conne cted d i ­
re ctly i n  the current t ran sformer c ircuit , t he 

lat t e r  should be short -c ircuited before 

changing the conne c t or s c rew . This can be 

done conveniently by in s e r t ing the ext ra con ­

nector s c rew , l oc at e d  on the right -hand 

mounting bos s ,  in the new t ap and removing the 

old screw from it s original setting . 

Time Lever SP t t ing 

The index o r  t ine l e •re r l imit s the motion of 

the disc and thu s  ·1arie s the time of 

operat ion . The lat t e r  de cr<> a s e s  ;.rith lowe r 

lever settings as shown in the typical t ime 

curves Fig s . 10 to 12 . 

The relay has been calib rate d  from the #10 
t ime lever s e t t in g .  The #11 t ime set t ing nay 

be used t o  s e cure a t ime de lay approximat e ly 

10 per cent l onge r ;  that i s ,  to s e cure a 

settin g  of 2 . 2  seconds for a 2 se cond re l ay .  

ADJUSTMENTS AND MAINTENANCE 

A l l  re l ays should be inspected periodical ly 

and the t ime of operation should be checked at 

least once every six months . For thi s pur ­

pose , a cycle coun t e r  should b e  emp l oyed be ­

cause of it s convenience and· accuracy . Phan ­

t om loads should n ot be u sed in t e s t ing indu c ­

t i on -type re lays because o f  the re sul t ing dis ­

t orted current wave form which produce s an 

e rror in t imin g .  

Al l contact s shou l d  b e  periodical ly c leaned 

with a fine file . 3#1022110 file i s  re com­

mended for this purp o s e . The u s e  of abra sive 

mate rial for c leaning contac t s  is not re com­

mende d ,  becauoo of the danger of embedding 

smal l part ic l e s  in the face of the soft silver 

and thu s  impairing the contact . 

The p rope r adjustment s  t o  in sure correct 

operation of this relay have been made at the 

fact ory and should n ot be di sturbed aft e r  

rece ipt b y  the cu s t ome r .  If the adjustment s 

have been changed or the relay t aken apart for 

repairs ,  the f � l l owing in s t ru ct ion s shou l d  be 

fol l owed in rea s semb l ing and set t ing it . 

Overcurrent E l ement 

Shift the p o s it ion of the contact stop on 

the time lever and ad j u st the cont a c t s  so t hat 

they bare ly t ou ch when the t iM� lever i s  set 

on z e ro . Ad just the t e n s ion of the spiral 

spring s o  that the relay w i l l  c l o se it s 

cont act s at it s rated current , as shown by the 

posit ion of the s c rew on the t e rminal block . 

Shift the p o s it ion of the damp ing magne t s  s o  

that the t ime charact e r i st i c s  o f  the re lay ,  as 

shown on the typical t ime curve . Test con ­

nect ion s for t he overcurrent e lement are shown 

�n Fig . 13 or 14 . 

The direct ional control overcurrent e l ement 

cannot start unt il th� watt e lement has c l o s� d  

i t s  contact s which int rodu c e s  a de lay of 
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TYPES CR. AND CRC RELAYS __________________ _ 

1 l+ -D-6646 ESCAPlt'IENT 
AUX.REUW 
I I 

MI'.GNET 
CLOCt< 

CVC\.E tO<JN"TER TOP VIE'ft 

fRO >IT 

OIRCONTII.C"TS 1\'RE 
1'>\.0CI<ED CLOSED 
DURING TEST 

SWITCH 

IISV. A.C TE5T SOURCE 

Fig. 14-Diagram Of Test Connections For The.Circui!Open· 
ing Relays. 
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OIR(.CTIO"'AL CCNTACTS CLOSE . 

INTERNAL I)I.AGR.Af\1\S f.2.-0- 840 .,1 - 0 - ,04 
RELAYS SHow''" RlAR V1EW 

87-D-31� 

Fi9. 16-External Connections Of The Circuit Closing 
Type CR Relay In The Standard Case For Phase 
And Ground Protection Using The 90° Connec­
tion (Maximum Torque 45° or 60° Lagging Cur­
rent. 45° is shown above) On The Phase Direc­
tional Element. 

12  

... 
VllClOU AT 100� P.F. 
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NOT�: �ITH RIELATNE IH.'ST"NT"t.ltOVS Ptll.'ltJTG 
M StetN.IIill Twt: C!II�ECTJO� CON� CU 

INTI:.RMN.. Oll.C.U.IQ. 
'2-0-140 17·0-1414 
Rf:l�"iS S�-tOWti it£M Vft'ft/ 

87 -D-316 

Fig. IS-External Connections Of The Circuit Closing Type 
CR Relay In The S�andard Case For Phase And 
Ground Protection Using The 30° Conne�tion Ou 
The Phase Directional ElemenL 

PNASC 8 ll'£1..A Y  
£e.,.. 

11.-cro�rs Ar JH,.I!F 
PowE�P /lv TltiPPJNfi /JJIICTMM 
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/lv7'EIIIIAL /JIAfjA".....,$ 
t;Z·c·e.-.o 
11· D ·  1114 

/lCJ..A1S $�N �EAilr Yl',.., 
1 -D-2268 

Fig. 17-External Connections Of The Circuit Closing Type 
CR Relay In The Standard Case For Phase Protec­
tion Using The 30° Connection Of The Directional 
Element And The Type CRC Relay In The Standard 
Case For Ground Protection. www . 
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TYPES CR AND CRC RELAYS------------�--------�----------�'�- L�4�t-=2a�sR 

�TA.TION 8US - PI-4A5E ROTATION I. Z.3. 

z -+�----------------+-----�------------ z 

Fiq. IS-External Connections Of The Type CR Ground Relay 
In The Standard Case For Ground Fault Protection 
Usinq An External Phase Shifter. 
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Fig. 20-External Connections Of The Circuit Closing 
Type CR Relay In The Type FT Case F�r Phase 
And Ground Protection Using The 90° Connec­
tion (Maximum Torque 45° or 60° Lagging Cur­
renh. 45° is shown above) On The Phase Direc­
tional Element. 
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Fig. 19-External Connections Of The Circuit Closing Type 
CR Relay In The Type FT Case For Phase And 
Ground Protection Usinq The 30° Connection On 
The Phase Directional Element. 
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f'iq. 2 1 -External Connections Of The Circuit Closing Type 
CR Relay In The Type FT Case For Phase Protection 
Using The 30° Connection On The Directional Ele· 
ment And The Type CRC Relay In The Type FT Ca
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For Ground Protection. 
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TYPES CR AND CRC RELAYS----------------

several cycle s .  This t ime is so small that it 
is u sually ignored and the relays are t e sted 
by blocking the dire ct ional contact s in the 
closed position .  

The position o f  the t orque compen sator on 
the overload e lement is adjustable but thi s i s  
primarily a factory adjustment and the lo­
cation of the t orque compensator should not be 
changed in the fie l d .  If the relay has a 
metal cover, thi s  cover must be in place when 
making t e st s .  

Dire ct ional Element 

The upper bearing screw should be screwed 
down until there is only 
thousandths inch clearance 
shaft and then securely 
with the lock nut . This 

two t o  four 
between it and the 

locked in posit ion 
adjustment can be 

made best by carefully screw ing down the t op 
screw until the disc fai l s  t o  turn 

and then backing up a fraction of a 
Great care must be t aken in making this 

bearing 
freely 
turn . 
adju stment t o  prevent damage t o  the bearings .  

The contact opening on the direct ionally­
cont rolled relay should be 1/3 2 "  in order t o  
reduce the t �e o f  operation o f  ·the di­
rect ional element t o  a minimum . No harm will 
re sult if the direct ional contact s rebound t o  
c lose momentarily after a fault is cleared, 
because the overcurrent contact s will be in 
the open position . The contact opening on 
relays which are not direct ionally controlled 
should be 3/32 " .  

The ten sion of the spiral spring on the di ­
re ct ional e lement should be just sufficient t o  
return the disc t o  the stop and thu s  hold the 
contact s in the open posit ion . 

In many application s  there i s  n o  objection 
to having the contact s closed when the re lay 
is de -energized . This can be changed by 
shifting the spring adjuster but the ten sion 
on the spring should never be enough t o  pre ­
vent the contact s from t aking their proper 
posit ion , either open or closed, during t ime 
of short circuit when the forces acting on the 
disc are small .  

14 

There is an adjustable magnetic vane on each 
side of the upper pair of poles ,  which i s  
intended t o  balance the current circuit . The 
normal adjustment i s  t o  remove all potential 
from the voltage coil and apply heavy current 
to the current coil s . The balancing vane s are 
then adjusted till there i s  no pronounced 
t o rque in e ither direction . This same ad­

justment may be used to poS"itively close the 
contact s on current alone . This may be de-
s ired on some in stal lat ions in order t o  insure 
that the relay will always t rip the breaker 
even though the p otential may be zero . 

When operating at the maximum t orque angle ,  
the directional element o f  the Type CR Phas e  
Relay and 2 t o  6 and 4 to 1 5  amp . ground relay 
should pick-up on 1 volt and 4 a�oere s , and 
for the 0 . 5  to 2 . 5  amp . Type CR Ground Relays  
on 1 volt , 2 . 7 amperes . The directional ele­
ment of the CRC Ground Relay will pick-up at  
0 . 5  ampere each winding . 

Contactor Switch 

Adjust the stationary core of the switch for 
a clearance 
the moving 
picked up . 

between the 
core o-f 1/64" 

stationary core and 
when the switch is 

This can be done by turning the 
by disconnecting the 

up-side -down . Then 
relay up-side -down 
swi�ch and turning 

or 
it 

screw up the core screw until the moving core 
start s rotat ing . Now ,  back off the core screw 
until the moving core stops rotatin g .  This 
indicate s the point s where the play in the 
as sembly is taken up, and where the moving 
core ju�t separate s from the stationary core 
screw . Back off the core screw approximate ly 
one turn and lock in p lace . This prevent s the 
moving core from striking and sticking t o  the 
stationary core because of re sidual magnetism .  
Adju st the contact clearance for 3/32 "  by 
mean s of the two small nut s on either side of 
the Micarta disc . The switcn should pick-up 
at 2 ampere s d-e . 
ampere s d-e . have 
coil . 

Operat ion Indicator 

Test for sticking after 30 
been pas sed through the 

(Circuit -Closing Relay s )  
Adjust the indicat or to operate at 0 . 2  www . 
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TYPES CR AND CRC RELAYS ______________ --:•�· t.:......:.4.:...:1 ·2=a s=R 

:r . b M"") ' ""o·\.,ToJl:QVE. 

11-D-9234 

fig. 22-External Connections Of The Type CR Relay In The 
Type FT Case for Ground Fault Protection Using 
An External Phase Shifter. 

ampere ·d-e . gradual ly app l ied . Test 

st icking arte r  5 ampe re s  d-e . i s  pas sed . 

Overcurrent Element 

( Circuit Qpening Re lays ) 

for 

Adjust �he re lay with the in st ruct ion s given 

r r�==F======? 
.. "' 

ll>fo 1110, 

I 1. --F==�:;:::;:::=� 
* I 

63-D-733 

Fig. 24 -0utline And Drilling Plan Of The Phase Shiller Fo1· 
The Ground Relay When Supplied. For Reference 
Only. 

9-D-799 

Fig. 23-0utline And Drilling Plan Of The External Resistor 
For The 90° Connection. For Reference Only. 

unde r " Overcurrent E l ement ( C ircuit C l o sing 

Re lays ) "  except that for the st andard ene rgy 

c ircuit opening re l ay the fol l owing caut ion s  

should b e  ob serve d :  

CAUTION When a signal lamp or othe r voltage 

ope rate d  device is t o  be c onne cted in s e rie s 

with the re lay c ont act s ,  d i s c onnect the in ­

t e rna l  leads of the e lement f rom the s t at ion ­

ary and moving c ont a ct s re spe c t fu l ly and dead 

end them . Then the l amp or othe r  device can 

be conne cted t o  t he stat ionary and moving 

c on t ac t s .  

De - Ion Contact o r  Swi t ch 

( C ircuit Opening Re lay s )  

Adjust the c o re st op on the 

the 

t op as high as 

in sulat ing p o s s ib l e  without a l l owing 

bushing at the bot t om of the plunge r t o  t ouch 

the Micart a angle . The c ontact w i l l  be sepa­

rated from the Micarta angle by 1/3 2 11 t o  

1/16 " .  Adjust the contact gap spacing t o  

s l ight ly l e s s  than 1/16 o f  an inch . Bend down 

the contact springs s o  that a firm contact i s  

made but not so st rong that the min imum pi ck­

up value cannot be obtained . The sp ring 

t e n s ion shou l d  be about 15 grams . 

Hold the rP l ay c ontact s c l o sed and with an 

auxil iary re lay c o i l  conne cted acro s s  thP 

p ropFlr t e rr.lina l s  t o  s imu l ate the c l rcuit 

breake r  t rip c oi l ,  n ot �  that the c ontactor 

s''rit ch p ic'-cs up on l e s s  than 4 ampere s on 

the> �� ampe re ove rcurrent t3.p s e t t ing . 
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TYPES CR AND CRC RELAYS _________________ _ 

In the case of the standard energy 
opening relay the contactor switch 
pick-up and seal it se lf open at 75� of 
t rip current . 

circuit 
should 

minimum 

Operat ion Indicator 
( Circuit Opening Relays ) 

Adjust the indicat or t o  operate at 2 amperes 
a-c . 

ATTACHMENTS TO THE RELAY 
Instantaneou s  Trip 

This e lement i s  a small solenoid switch the 
coil of which is in serie s with the overcur-
rent coil . It functions to energize 
breaker t rip coil instantaneously, 
pendent ly of power direct ion when the 
current i s  except ionally heavy . The 

the 
inde­
fault 
three 

stationary contact s are in parallel with the 
main t rip contact s and make possible double 
in stantaneou s  trip on double -trip relay s .  The 
position of the Micart� di��_ at the �o�t om of 
the e lement with reference to the calibrated 
guide indicat e s  the minimum overcurrent 

required to operate the element . The disc 
shou ld be lowered or rai sed t o  the proper po­
sition by loosening the locknut which locks 
the Micarta disc .  and rotating the Micarta 
disc . The nominal range of adjustment is 1 t o  
4 ,  for example , 10 to 4 0  ampere s  and it has an 

accuracy within the limit s of approximateiy 
10�. 

The drop-out value i s  varied by raising or 
lowering the core screw at the t op of the 
switch, and after the final adjustment is 
made , the core screw should be securely locked 
in place wi�h the lock nut . The drop-out 
should be adjusted for about 2/3 of the mini­
mum pick-up . Adjusting the drop-out will 
sl ight ly affect the value of pick-up. 

RENEWAL PARTS 

Repair work can be done most sat i sfactorily 
at the factory . However ,  interchangeable 
part s can be furnished to the customers who 
are equipped for doing repair work .  When 

- ·- - -· -- -- - - ·- " 
ordering part s ,  always give the- - - · comp1.ete -- - - -

nameplate dat a .  

ENERGY REQUIREMENTS 

16  

BURDENS FOR SATURATION CALCULATIONS 

Readings taken with Rectox Type Vo1tmeter , _.6o cycle s .  

Range 

2 -6 
4 -15 

0 . 5  - 2 . 5  
2 - 6 
4 -15 

0 . 5  - 2 . 5  
2 - 6 
4 -15 

V .A .  Burden V . A .  Burden V . A .  Burden 
at Minimum at f time s at 10 Time s 
Pick Up on Pic Up on Pick Up on 
Min . Tap Min . Tap Min . Tap 

Definite Minimum ( Standard Energy ) 
18 105 520 
18 1 15 6 16 

Inverse (Low Energy ) 
2 . 0  20 . 5  141 
2 . 4  23 . 0  168 
3 . 6 32 . 8  248 

Very Inverse (Low Energy) 
1 .3 10 . 7  96 
1 . 6 14 . 9  135 
2 . 8  25 . 3  218 

V . A .  Burden at 20 Time s 
Pick Up on 
Min . Tap 

1500 
1647 

366 
469 

·'-' 
746 

244 
377 

6668 

The se value s are the combined burden of the overcurrent and direct ional e lement 
coils  in serie s . 

' 

- --�·\ : -"�·�v · 
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TYPES CR AND CRC RELAYS ______________ ::..:'· L::...:. 4..:...:1 -2=a=sR 

ENERGY REQUIREMENTS 

1 
STANDARD ENERGY, DEFINITE T IME RELAY 

2 
Burden s at 5 Ampere s on the 5 Ampere Tap 

Freguency. 
Cyc r e s  

25 
5 0  
60  

Watt s  

10 . 6  
9 - 5  
9 - 5 

Vo lt -Ampere s P . F .  

1 8  54 ° Lag 

19 6 0 °  Lag 

19 6 0 °  Lag 

Burdens at 5 Amperes , 60 Cyc les for 
2 

Various Tap Set t ings 

Tap 

2 
2 . 5  
3 
3 - 5  
4 
5 
6 
8 

10  
12 
15 

Reactive 
Wat t s  Volt -Ampere s 

55 . 0  95 . 4  
35 - 0  6 0 . 5  
24 . 5  42 . 5  
18 . 5  
14 . 0  

9 - 5  
7 . 0 
4 . 25 
3 - 25 
2 . 5  
2 . 0  

32 . 0  
24 . 2  
16 . 5  
12 . 1  

7 -36 
5 .64 
4 . 33 
3 . 46 

Volt -Ampere s P . F .  
110 60° Lag 

70 " 

49 " 

37 
28 
19° 
14 

8 . 5  
6 . 5 
5 . 0  
4 . 0 

" 
" 
" 
" 
" 
" 
" 
" 

1 LOW ENERGY , INVERSE TIME RELAY 

Burde n s  at 5 Ampe re s on the 5 Ampere Tap2 

Frequency 

Cyc l e s  

25 
50 
60 

Wat t s  

1 . 96 
1 .60  
1 .60 

Vol t -Amperes P . F .  

4 . 0 6 1 °  Lag 

4 . 0  66 . 4 ° Lag 

4 . 0 66 . 4 °  Lag 

Burdens at 5 Ampere s ,  60 Cyc les for 

Various Tap 2 Sett ing s 

Tap Wat t s  

0 . 5  50 . 8  
0 . 6  35 . 6  
0 . 8  32 . 0  
1 . 0  20 . 8  
1 . 5 9 . 6 
2 . 0  5 . 8  
2 . 5  4 . 0  
3 . 0  3 . 04 
3 . 5 2 . 44 

React ive 
Vo lt -Ampe res 

l l6 . 

81 . 5  
73 . 4  
47 . 6  
22 . 0  
13 . 2  

9 - 2  
6 . 95 
5 .6 

Volt -Ampere s P . F .  

127 . 
89 . 
80 . 
52 . 
24 . .  
14 . 5  . 
10 . 

7 .6 
6 . 1  

66 . 4 °  Lag 
" 
" 
" 
" 
" 
" 
" 
" 

Tap 

4 .  
5 -
6 .  

8 .  
10 . 
12 . 
15 . 

Watt s 

2 . 04 
1 . 6  
1 . 32 
1 . 12 
1 . 0  
0 . 94 
0 . 88 

React ive 
Vo lt -Ampere s 

4 .66 
3 .66 
3 . 0  
2 . 56 
2 . 28 
2 . 16 
2 . 0  

Volt -Ampere s 

5 - l  
4 . 0  
3 -3 
2 . 8  
2 . 5  
2 .35 
2 . 2  

P . F .  

" 
" 
" 
" 
" 
" 
" 

1 LOW ENERGY , VERY INVERSE RELAY 

2 
Burden s at 5 Ampe re s on the 5 Ampere Tap 

Frequency 
Cyc l e s  

25 
50 
60  

Wat t s  

1 .62  
1 .32 
1 . 32 

Vo lt -Ampere s P . F .  

3 -3 6 1 °  Lag 

3 .3 66 . 4 °  Lag 

3 - 3 66 . 4 °  Lag 

2 
Burden s  at 5 Ampere s of Current Tap 

Tap 

0 . 5 
0 .6 
0 .8 

Watt s  

50 . 8  
35 . 6  
19 - 7  

1 . 0 12 . 9 
1 .5 6 . 4 
2 . 0  3 -9 
2 . 5  2 . 8  
3 - 0  2 . 2  
3 - 5 1 . 8 
4 .  1 . 6 
5 - 1 . 32 
6 .  1 . 16 
8 .  0 . 96 

1 0 .  0 . 92 
12 . 0 . 88 
1 5 ·  0 . 85 

Reactive 
Volt -Ampere s 

1 16 . 
81 . 5  
45 . 2  
29 . 6  
14 . 6  

9 - 0 
6 . 4 
5 . 0  
4 . 1  
3 . 67 
3 . 0 
2 . 66 
2 . 2  
2 . 1  
2 . 02 
1 .96 

POLARIZING COILS 

Vo lt -Amperes P . F . 
127 . 66 . 4 °  Lag 

8g . " 

4g . 4  " 

3 2 . 3  
15 -9  

9 . 8 
7 . 0  
5 - 5  
4 . 5  
4 . 0  
3 -3 
2 . 9  
2 . 4  
2 .3 
2 . 2  
2 . 14 

II 

" 

II 

II 

" 
" 
II 

" 
" 
, 
" 

" 
If 

The potential polar i z ing c o i l  burden of the 
direct ional e lement at 1 1 5  v o l t s  for the type 

CR line relay are as f o l l ow s :  

* For 90° C onnect ion 3 
Freq Re sistor Watts VA Lagging Approx . Max . 

Cy c l e s  P .F .  Torgue Angl e 
25 Yes 8 . 95 1 1 . 3  37 . 6  4 5 °  
50 Yes 1 1 . 2 1 4 . 0  3 7  45 ° 
60 Yes 1 1 . 5  1 5 . 3  41 . 4  4 5 �  
60 Yes 1 1 . 0  1 9 . 0  54 . 8  60° 
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TYPES CR AND CRC RELAYS---------------

* For 3 0 °  C onnect ion 
3 

Fre� Re s i s t or Wa t t s  VA La�ging Approx . Max . 
Cyc es . F .  'I'orque Angle -- --

2 5 No 4 . 2  18 . 0  76 . 5  30 °  
5 0  N o  3 . 4 5  23 . 0  81 . 4  30 ° 

60 No 3 . 4 5  23 . 0  8 1 . 4  30 ° 

The p otential p o l a r i zing c o i l  burdens of the 
dire c t i on a l  el ement a t  1 1 5  vol t s  for the t��e 
CR Groun d Relays are as fol l ows : 

Frequency With Pha se 
Cyc l e s  Shifter Wat t s  Vol t -Amp s .  P .F .  

6 0  
60 

No 
Yes 

5 . 6  
1 2 . 6  

27 78°Lag 
22 . 6  56°Lag 

The current p ol arizing burdens of the direc­
t ional el ement o f  type CRC relay at rated 5 
amperes a re as foll ows : 

Frequency 
Cycl e s  

2 5  

5 0  
6 0  

Wat t s  
4 . 5  
6 . 5  
7 - 0  

Vol t -Amp e r e s  
s . o 

8 . 0  

9 - 0 

P . F .  
2 6 °  Lag 

36 ° Lag 

39 ° Lag 

1 .  The s e  values are the comb in e d  burden of the overcurrent and direc t ional el ement c oils 
in s e ries . 

2 .  The imp edance of the overcurrent e l ement c o i l s  varies approximat ely inversely a s  the 
square or the t a}J markings while the directional e l ement c oi l  impeclance is constant-.-- -- - The-----­
burden of the dire c t i on a l  element coil which i s  in seri e s  with the overcurrent e lement is 2 
vol t -amperes a t  5 amp er e s , .  60° . .  lag. __ 

* 3 · The angle which the current lags the 100% p . f .  pos ition .  
C ont inuou s  Ratings---

Tbe cunt inuou s rat in g s  in ampe r� s of the Type CR and CRC Re lays are as f o l l ow s :  

D e,  f i n i t e  !-li n . T ime In·1e r s e  Time Verv Inve r s e  T i me 
Ta:iJ S ont i rmou s One Se c ond C ont inuou s  One Se c ond Cont j nuous One Se cond 

. "j  -- 2 70 2 100  
r 2 70 2 1 00 . c  

. 8  2 7 0  2 100 
1 . 0  3 70 3 1 00 
1 . 5 3 ' 70 3 100 
2 . 0  4 70 4 100 
2 . 5 5 70 5 100 
2 4 140 8 25 0 t 8 2'50 t 
2 . 5 5 140 8 250 t 8 2i:;O t 
3 5 140 8 250 t 8 250 t ., " 6 140 8 250 t 8 250 t ,...J • ..,.; 
4 7 140 9 t  25 0  t 9 t 250 t <; 8 140 9 t 250 t 9 t 250

t 6 10 t 140 l O t 250 
t 

10 t 2')0 
t 4 8 25 0 t 16 t 2')0 

t 
16 t 2"0 

5 8 250 t 16
t 

250 16 t 
2 "iO t  

6 9 f 250 t 16 250 t 16 
t 

2�0 t 
8 l O t 250 t n t 250 t 17 2'50 t 

1 0 12 t 250 t 1 8 t  2 5 0  t 18 t 2"0 t 1 2  13 t 25C t 19t  25 0 t 19 t 2" 0 t 15 15 t 250 t 20t 2"i0 t 20 t 2"0
t 

t The direct ional e l ement current c o i l  of Type CR re l ay has a one s e c ond rat ing of 1 85 ampe re s .  The upper windin g of 
of 6 amp e r e s  anC. a one s e c ond rating of 140 amperes while 
ing of 8 amp e re s and a one s e c ond rat ing of 185 ampe re s . 
h a s  a cont inuous rating of 127 volt s .  

a c ont inuous rat ing of 8 amp e re s and 
the Type CRC has a cont inuou s rating 
the l ow e r  c o i l  has a c ont inuous rat ­
The polarizing c o i l  of the CR re l ay 

1 8  
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TYPES CR AND CRC RELAYS _______________ t t_. 4_t-_2s_sR 

:i::! 
':::! 

= 

i DIA J)RIL' 
FOR nuc" PANELS 

1!>0 ·3Z TERM SC.REW 8:. STVOS ,i ·Z.OMOVNTlN<i SC�EW 
St. STUDS 

USE STUDS 
fOR THt(K. PANE.LS 

39-C -942 

Fig. 2 8-0utline and Drilling Plan for Relays in the Standard Projection Type Case. See the Internal Schematic for the 

Terminals Supplied. For Reference Only. 

0 --

.. 

I I 
o. 

1.....-

16-B-2477 

Fig. 26 - Outline and Drilling Plan for the M-10 Projection or Semi-Flush Type FT Case. See the Internal Schematic 
for the Terminals Supplied. For Reference Only. 
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I. L. 41 -285R 

I N STA L L ATI O N  • OPE R A T I O N  • M A I N TE N A N CE 
I N S T R U C T I O N S  

TYPES CR AND CRC 

DIRECTIONAL OVERCURRENT RE LAYS 

CAUTION Before p ut t ing protec t ive r e l ays into 

servi c e ,  remove all b l o ck ing whi c h  may have 

been inserted f or the p urp o s e  o f  securing the 

p a r t s  during shipment , make sure that a l l  mov­

ing p a r t s op era t e  freel y ,  insp e c t  the c on t a c t s  

t o  s e e  tha t they a r e  c l e an a n d  c l o se properly ,  

and op era t e  the r e l ay t o  check the s e t t ings 

and e l ec t r i c a l  c onne c t ions . 

APPLICATION 

Thes e  induc t i on -t yp e  dir e c t i on a l  over-

current r e l ays are used to di s c onne c t  tran s ­

mi s s i on and feeder c ircui t s  when the current 

thru them in a g iven dire c t i on ex c e e ds a p r e ­

de t e rmined value . T h e  type CR r e l a y  i s  p o ­

t en t i a l  p o l ar i z e d  a n d  i s  u s e d  for both phase 

and ground faul t p r o t e c t i on . The type CRC r e ­

l a y  i s  current p ol a r i z e d  a n d  u s e d  f o r  ground 

faul t prot e c t i on . 

Two forms of the relay are manufactured : a 

l ow energy and a s t a ndard energy . Thi s refers 

to the burden that i s  p la c e d  on the current 

trans forme rs and not to the current rat ing . 

The l ow- energy typ e r e l a y  i s  u s e d  in p r e fe r ­

enc e t o  t h e  standa r d -energy r e l a y  where t h e  

requiremen t s  n e c e s s i t a t e  ( l )  a l ower burden on 

the current transformer,  or ( 2 )  a more inverse 

curve for s e l e c t i vity , or (3 ) a l ower current 

range as for examp l e , ground p r o t e c t i on of 

tran smi s s i on systems . The very ·  inverse r e l ay 

i s  s imi l a r  to the l ow-energy relay and i s  used 

where a still more inverse curve i s  de s i re d .  

R e l ays with c ircuit c l o s ing c on t a c t s  are 

used most c ommon ly with the s t a t i on b a t t ery to 

energ i z e  the trip c o i l  thru the relay con ­

t a c t s . U c c a s i on a l l y ,  where there i s  no r e l i ­

a b l e  source of p ot ent i a l  a v a i l a b l e  for t rip · ·  

S U P E RSEDES I .  L.  41 -285P 
:lif Denotes change from superseded issue. 

p ing , the breaker may be tripp e d  by current 

from t he current transformer , by the use of 

c i rcuit opening r e l a ys . 

CONSTRUCTION AND OPERATION 

CIRCUIT -CLOSING RELAYS 

The c ircui t - c l o sing r e l a y  c on s i s t s  of an 

overcurrent e l ement , a dir e c t i on a l  e l ement , an 

op erat ion indi c a t o r ,  a c on t a c t o r  swi t c h ,  and 

in s ome c a s e s , an inst antaneous trip a t t a c h ­

men t . 

Overcurrent E l ement 

Thi s e l ement is an induct i on - di s c  type e l e ­

ment op erating a n  overcurrent . The induc t i on 

d� s c  i s  a thin four - inch diameter a luminum 

di s c  moun t e d  on a vert i c a l  sha ft . The shaft 

i s  supp ort e d  on the l ower end by a steel ball 

bearing ri ding b etween c oncave , sapphire j ewel 

surf a c e s ,  and on the upper end by a s t a in i e s s  

s t e e l  p in .  

The moving c ont a c t  i s  a small s il ver hemi s ­

phere f a s t ene d on the end o f  a n  arm.  The 

other end of this arm is c l amp e d  to an insu­

l a t e d  s e c t ion of the di s c -shaft in the non­

geared typ e rel ays , or to an aux i l iary shaft 

geared t o  the di s c  shaft in the geared type 

relays . The e l e c t r i c a l  c onne c t i on is ma de 

frcm the moving c ont a c t  thru the arm and 

sp iral spring , One end of the spring is 

f a s t en e d  t o  the arm, and the other t o  a s l o t ­

t e d  spring a djuster d i s c  whi c h  i n  turn f a s tens 

to the el ement frame . 

The s t a t i onary c on t a c t  a s s emb l y  con s i s t s  c f  
a s i l ver c on t a c t  a t t a ched t o  t h e  f r e e  e n d  of a 

l e a f  spring . This spring i s  f a s t en e d  to a 
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TYPES CR AND CRC RELAYS _________________ _ 

OPERATION INDICATOR\ 

CONTA CTO!f' r----J !... SWITCJI-� � r\0
� 

FoR TRIP 
CVRflENTS LESS 
li/AN 2,25 AHPS., 
D!S�ONNECT If 
DEAlJ-DfD 

s r-----l . 

TH1s L£Ao.� 
DIRECTIONA L 
ELEMENT V�RANSFORI'1ER 
VoLTA&E / C'o!L ON 
COIL FoR TYPE / LOWER POL�. 
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REA R VIEW 

77 -D-706 

Fig. !-Internal Schematic Of The Double Tlip. 
Directional Control. Inverse Time (Low Energy 2 
Sec .. 25. 50 & 60 Cycles. 4 Sec .. 25 Cycles) and Very 
Inverse Time. Circuit Closing Relays In The Stand­
ard Case. The Single Trip Relays Have Terminal 3 
And·Associated Circuits Omitted. 

Micarta b l ock and mounted on the e lement 

frame . A sma l l  s e t  s crew permit s  the a djust-

ment o f  c on t a c t  fol l ow . When doub l e  trip i s  

required,  another l e a f  spring i s  mounted on 

the M i carta b l ock and a doub l e  cont a c t  i s  

moun t e d  o n  the rigid arm . Then t h e  stat i onary 

cont a c t  set sc rews permit adjustment s o  that 

both c ircuit s will be made s imul taneously . 

The moving di s c  i s  rotated by an el ectro­

magnet in the rear and damp e d  by a permanent 

magnet in the front . The operating t orque i s  

obtained by the c ircuit arrangement shown in 

figure l .  The main p o l e  c o i l  of the relay 

acts as a trans f0rmer and indu c e s  a vol t age in 

a s e condary c o i l . C urrent from thi s s ec ondary 

c o i l  flows through the upper p o l e  c o i l s  and 

thus produ c e s  t orque in the di s c  by the re ­

a c t i on b e tween the flux e s  of the uppe r  and 

l ower p o l e s . The inverse and very inverse re ­

lays opera t e  on thi s  prin c ip l e . The defin i t e -

time , standard-energy 

chara c t er i s t i c  curve 

relay obt a in s  i t s  flat 

b e c ause of a sma l l  

satura t ing transformer that i s  interp o s e d  b e ­

tween the sec ondary c o i l  and t h e  uppe r  p o l e  

c oi l s . Thi s i s  c a l l e d  t h e  t orque c ompensator 

and it s l ows down the di s c  movement at high 

2 

� 
OP£AAT\0N 
\NO\CIII.IOR 

CONTA.CIOR 

S\o.ln'CH 
'FORTRI P CURR. 
\..E�S TH"� 2 .25 
A.MP,3.10\5C.ON-
N�TANI> ])E.f-'tl -
Et>l'O TI-\\S li.f:\t) 

REIIR '/lEW 

WITH RELA\\\I E  \M.�TANTA'N£QU-:, POL().R\T'1 1:..'5 SHOWN T\t£ t>\REC:.T\ONI\L 
�ON1AC15 CU)SE. 

TRf:\N�O�'t'\�lt CO\L 
ONCO 

O'lE.R.CURR£NT E\..EMEN"T 

1 4 -D-6632 

Flq. 2-lnternal Schematic Of The Single Trip. 
Directional Control. Definite Minimum Time (2 and 
4 Sec" 25, 50 & 60 Cycles) or Inverse Time (Low 
Energy 4 Sec .. 50 & 60 Cycles), Circuit CloS!ing Relays 
With Instantaneous Ttip In The Standard Case. 

current s  to such an ext ent that no gearing i s  

required . ( S ee Fig . 2 ) . 

Directional E l ement 

Thi s e l ement is s imil a r  t o  the over-current 

el ement except the quan t i t i e s  u s e d  to rotate 

the di s c  and the c ont a c t  a s semb l y .  The two 

upper p o l e s  o f  the e l e c t romagnet are energized 

by overcurrent , an d the l ower p o l e  by polari z ­

ing voltage o n  the typ e C R  relay and by p olar­

i z ing current on the type CRC relay . The 

flux e s  produc e s  by these two e l e c trical quan­

t i t i e s  cause rotation o f  the di s c  in a direc ­

t i on depending on the pha se ang l e  b e tween the 

current and voltage . As fault p ower revers e s , 

the current in the relay reverses whi l e  the 

p o l a ri zing current or voltage rema ins fix e d ,  

thus a dire c t i onal t orque i s  obt a ine d .  

The rota t i on o f  the di sc i s  l imit e d  in the 

opening dire ct i on t o  a few degre e s  by a pro­

j e c t ing s t op on the di sc whi c h  s trikes the 

el ement frame , and in the c l o sing di re ct ion by 

the rigid moving arm striking the s t a t i onary 

contact arm . 
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TYPES CR AND CRC RELAYS ____________________________________ �L L�. 4�T -�2 a�s R 

--�--- --- --� OPERA"ON INDK'ATOR 
�- - --

.O.tJXILIARy TRANSFORMER 
WINDIN& ON co 

T'RANSFORM�..I C R  ��r�OING-ON� 
I ->..... 

ro��UE COMPENSAroR 

REAR ViEW 

1 ··-·� 
SWITCH J�� CoNrAcroR 

i _.- UPPER POLE COILS ON CO fLE.MENT 

2 -D-1446 

Fig. 3-Internal Wiring Diagram Of The Single Trip. Stand­
ard Energy. Circuit Opening Relay. 

COVER OPER.AYE.l) SoW ITc:H-YVM'I!N IJ'Sl:.to 

OPE.R.,.,T\ON 
I N DICA'T02. 

1 3 -D-5804 

Fig. 5--lnternal Schematic Of The Single Trip With Instan­
taneous Trip, Directional Control. Definite Minimum 
Time (Standard Energy 2 & 4 Sec .• 25. 50 & 60 Cycles) 
or Inverse Time (4 Sec .. 50 & 60Cycles)Circuit Closing 
Relay In The Type FT Case. 

COVER OPERATED SWITCH -WHEN US.E.D 

CONTA(..TOR 
S w 1 'T'C. H  

I I  

U PPEQ �\..£ C O I L  
�-e+----t I ()RQ\Jii: (..OMPENSA,.OJ. 

FRONT Vi< CHASSIS OPERATED 5HOI?TIN'< 
CRC ONL'I 5wtTc\-\ 

WITH R ELATIVE: I N �"'TANTA N E O U 5  POLAR\\'( A S S HOWN, 
l'""' E 0 1 R EC.TIONAL C O NTACT� C L o s e  

7 -D-6532 

Fig. 4-Internal Schematic Of The Double Trip. Directional 
Control. Definite Minimum Time (Standard Energy 
2 and 4 Sec., 25. 50 & 60 Cycles) or Inverse Time (4 
Sec .• 50 & 60 Cycles) Circuit Closing Relay In The 
1ype FT Case. The Single Trip Relays Have Termi­
nal 3 And Associated Circuits Omitted. 

C.ONT.-..C.ToR, 
SWITGI"i 

COYER OPE2.A.TI!:O �WrTCH -WHE:N USiiD 

5\-\0R"\ 1!.\R.CUIT 

�--

C,RC ONLY 

7 -D-6535 

Fig. 6-Internal Schematic Of The Single Trip, Non-Direc­
tional Control With Terminal Between Directional 
And Overcurrent Contacts. Definite Minimum Time 
(Standard Energy 2 & 4 Sec .. 25. 50 & 60 Cycles) or 
Inverse Time (4 Sec .• 50 & 60 Cycles) Circuit Closing 
Relay In the Type FT Case. 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES CR AND CRC RELAYS 

WITH RELATIVE INS.TANT .... NEO\JS PC)Ut..R\TV .... � S.HOWNI THE. 
DIR,. CONT ..... CTS CLO..SE. 

TEST SWITC.H 

�TO REL...I'.V CURRENT TEST i/N:I< To Bitt.!)£ TERMS. 

77 -D-6544 

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

....OVER OPERf'fTE.D '5WITCH--VVHE.N. U'SU;l 

T<Sr� 
Sw,TCM CHA5"5tS ---0PERA1ED 5HDR1JN� 5W!TCH 

FRONT VIEW 
WITH R.ELA.TIVE IN STA.NT""'E.OUS 
II'OLP..�\T'( AS S\-tOW"-11 TI+E 
CIR. CONT ..... C.T..S CL.OSE. 

OPERATION 

INDIC.A.TOR. 

'TE.ST $WITCH 

7 -D-6541 

Fig. 9-Internal Schematic Of The Single Trip, Non-Direc­
tional Control With Terminal Between Directional 
And Overcurrent Contacts. Inverse Time (Low 
Energy 2 Sec .. 25, 50 & 60 Cycles. 4 Sec .. 25 Cycl-es) 
or Very Inverse Time. Circuit Closing Relay In The 
Type FT Case. 

4 

GOVER OPE.It.ATED SWLTC\-1-W\-IE..N lJS.� 

CONT .... CTOii! 
SWITC H 

OPE�TION 

I N D \CATO � 

CRC ONLY 
I 

1 3 -D-5806 

Flq. 9-Internal Schematic Of The Single Trip With Instan­
taneous Trip, Directional Control. Inverse Time (Low 
Energy, 2 Sec .. 25. 50 & 80 Cycles 4 Sec .. 25 Cycles) 
or Very Inverse Time. Circuit Closing Relay In The 
Type FT Case. 

The 

rigid 

lated 

spring 

with a 

moving c ontact a ss embly consists of a 

c ounterweighted arm fastened t o  a n  insu-

secti on of the disc  shaft . A leaf 

fastens t o  the shaft end of the arm 

silver c ont act attached t o  the free end 

of the leaf spring . When the moving c ontact 

�trikes the stat ionary c ontac t ,  the spring de­

flects to provide the required contact fol low _ 

The spiral spring a s sembly is the same as  

de scribed above for the overcurrent el ement . 

The stationary contact c onsists of a right -

angle bracket fastened to the element frame 

thru a Micarta insulating block . 

screw projects  thru the outer 

bracket and provides adjustable 

separation " 

A c ontact 

end of the 

c ontact 

To prevent the relay from operating for 

fault s  in the non-tripping direction, the di ­

rectional element c ontact are connected in the 

upper pole circuit of the overcurrent element . 

This means that the overcurrent element can -

not operate unl e ss the power flow i s  a pre -

determined direction . Thi s is known a s  dire c -

tional c ontrol of the overcurrent element . 
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Fig. 10-Typical Inverse Time Curves Of The Overcurrent Element Of The Low Energy 60 Cycle Relays. 
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TYPES CR AND CRC RELAYS. _________________ _ 

The o l der method, now known a s  non-direc t i onal 

c ontrol , was t o  c onne c t  the overcurrent c on ­

t a c t s  i n  series and direc t ly i n  t h e  tripping 

c ircui t s . 

C onta ctor Switch and Opera tion Indi c a t or 

The c on t a ctor swi tch i s  a small s o l enoid 

type d-e . swi t c h ,  the c o i l  of which i s  con­

ne c t e d  in the trip c ircuit . A cylin dr i c a l  

p lunger w i t h  a s i l ver disc mount e d  o n  i t s  

l ower e n d  move s  in t h e  c ore o f  t h e  sol enoi d .  

A s  the p l unger trave l s  upward the di sc 

bri dg e s  three s i l ver stati onary c onta c t s . In 

the s ingle-trip relay, two of t h e s e  conta c t s  

s e a l  around the main relay cont a c t . In the 

doub l e -trip relay s ,  a l l  three con t a c t s  are 

used to seal in both trip ci rcui t s . 

The op erat ion indi c a tor c o i l  is conne c t e d  in 

the trip c ircuit to show a whi t e  target when 

the t rip c ircuit is comp l et e d .  

C IRCUIT- OPEN ING RE LA YS 

The circui t - opening t yp e  CR re l ay c on s i s t s  

of an overcurrent e l emen t ,  a dire c ti on a l  e l e ­

ment , a de - i on c ont a c t or swi t c h ,  an operati on 

indi c a t o r  and an ins tant aneous trip at t a chment 

c l ose , the so le noid p lung e r  moves upward t o  

open the d e - i on conta ct s which norma l ly short 

c i r cuit t he trip coi l . The se conta ct s are 

ab l e  t o  b reak the hea vy current due to a short 

c ir cuit and pe rmit this current to energize 

the bre ake r t r ip c oi l .  

The t ran s f o rmer c o i l  o n  t he l ow e r  p o l e o f  

t he o v e r current e l ement and the c ont act o r  

s w i t c h  c ir cu i t s i n  the s t anda r d - e n e rgy t yp e 

r e l a y s  are c onne c t e d  t o  the main c i r c u i t s a s  

shown in Fig . 3 .  When the over c urrent c ontac t 

c l os e s ,  the c ontac tor swit c h op era t e s ,  a n d  t he 

v o l t a ge a c ro s s  the t rip c o i l  is imp re s s e d  on 

the t r a n s former a n d  c on t a c t or swi t c h  c o i l s . 

Th i s  v o l t a g e  a c t s  to s e a l - i n  the c on t a c t o r  

switch , a n d  t o  feed energy through the t r an s ­

f o rmer c o i l  t o  the main o v e r current winding 

whi c h  p roduc e s c on t a c t  c l o s ing torque . This 

a rrangement p r ov i d e s  a defin i t e minimum p i ck ­

up va lue l a rg e l y  in dep en den t o f  the v a lue o f  

trip c o i l  imp e da n c e . 

Ope rat i on I n di c a tor 

The op e rat i on i n d i cat o r  is in s e r i e s  w i t h  

t he b r e ak e r  t r ip c o i l , a n d  ha s a min imum p i ck -

where requi re d . The c onnect i on s  are shown in up of 2 amp e r e s a - c . 

F ig . 3 .  

Overcurrent and Dire c tional E l ement 

The s e  e l emen t s  are similar to the e l emen t s  

de s cribed above under c ircui t - c l o s ing t yp e  re­

lay . Di r e c t i on a l  c o n t r o l  i s  us e d .  

De -ion c on t a c t or Swit ch 

This switch i s  a sma l l  a - c s o l en o i d  swi t c h  

who s e  c o i l  i s  energ i z e d  from a f e w  turn s on 

the l ower p o l e  of the o v e r c urr ent el ement i n  

t h e  s t a n d a r d - en ergy typ e  r e l ay s ,  and fPom a 

s ma l l  t P a n s foPmeP c onn e c t e d in t he main c u r ­

rent c i r c u i t  i n  the l ·-�vJ - 2Ylergy t yp e  P e l a y s . 

I t s  c o n s tPuc t i on is sirni l a r  t :::> the d - e  typ e  

swi t ch e x c ep t  tha t t h e  p l lmgeP op e r a t e 8  a 

spring l e a f  a rm w i t h  a s i l '; e r  c ont a c t surfa c e  

the o t h er e n d . 

c:- o n t a c t o r  svJit� ctl co :i. l ""; tr c ;  

6 

CHARACTERISTICS 

The c h a ra c t e r i s t i c  c u r v e s  o f  the Typ e CR an d 
CRC re l ays a re shown in F i g s . 1 0 ,  l l  a n d  1 2 .  
The s t a n d a r d - en e rgy de fin i t e -t ime r e l a y  i s  
made i n  e i t h e r  o f  t h e  f o l l owing current range s :  

2 - 2 . �  - 3 - 3 . 5  - 4 - 5 - 6 or 

4 - '-) - 6 8 - 10 - 1 2 1 5  

The l ow - r n e rgy t ype r e lay i s  �ada i n  the 

a b o v e  t w o t ap range s and a l s o  i n  the � a l l ow i n g  

r G rl �r �' r o q :� e � t l y  u s e d  f o r  g r ound p r o t 8 c t i on : 

- 1 . 0  - l .  - 2 - 2 . �  

'L 'tY' " i r clJ i t - op e n i u g  r " l ay i s  1:-:a n ec  on l y i n  

d e s irab l e  b e a au s e  t h e burden o �  a low -
t'aGg0 t r ip c o i l  i s  t o o  he a vy on t h9 c u r r e n t  
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TYPES CR AND CRC RELAYS ____________________________________ ,. L_. 4�1 -�2 a�sR 

t ra n s f orme r .  

e a c h  re lay . 

One t rip c o i l  i s  r e qu i r e d  f o r  

Pha s e  Re lays 

Re l ay s  i n t e n d e d  for pha s e  prot e ct i on have 

d i r e c t i on a l  e l ement s that are t rue wattmet e r s ; 

that i s ,  t he y  have t he i r  max imum t o rque when 

t he current and v o l tage are in pha s e . 

Ground Re lays 

Ground re lays operate on l bw current va lue s 

and c on s e quent l y ,  the l ow -ene rgy type relays 

a r e  u s e d . The d i re c t i ona l e l ement of the s e  

r e l ays ( de s i gnat e d  a s  type C R  ground relays ) 
i s  not a t rue wattme t e r , but i s  c ompe n sat e d  s o  

that i t s  max imum t o rque o c cu r s  when the 

current lags l� d e gre e s  b e hind t he v o l tage . 

When 

Shi f t e r  

Re lay t o  

spe c ia l ly ord e re d , 

can be u s e d  w i t h  

p r o v i d e  maximum 

3# 1 16 1 078 Pha s e  

the type C R  Ground 

t o r que at 4� t o  6 �  

d e gre�s current l agging r e s idua l v o l t age . The 

u s e  of the pha s e  shi � t e r  r e qu i r e s  reve r s ing 

e i ther the current or the p ot e nt i a l  c onne c ­

t ions but n o t  b oth . A c tua l l y ,  the c urren t  

c onne c t i on s  a r e  shown reve r s e d  i n  F i g s . 1 8  
a n d  22 . 

INSTALLATION 

The re l ay s  shou l d  be mount e d  on swit chboard 

pan e l s  o r  t he i r  e qu i v a l e n t  in a l ocat ion free 

f rom d i rt , moi sture , exce s s ive vibration and 

heat . Mount the re l ay v e rt i ca l l y  by mean s o f  

t he two mount in g  s t u d s  f o r  t he s t andard c a s e s 

and t he type FT p ro j e c t ion c a s e  or by mean s o f  

t he four moun t in g  ho l e s o n  t he f l ange f o r  t he 

semi - f l u sh type FT c a s e . E i t he r  of t he stud s 

o r  t he moun t in g  s c re w s  may be ut i l iz e d  for 

g round in g  the re lay .  The e l e ct r i c a l  c on ­

n e c t i on s  may b e  made d i re ct t o  t he t e rm in a l s  

by mean s o f  s c re w s  f o r  st e e l  p an e l  mount in g  o r  

t o  t e rminal stud s fu rni she d w i t h  t he r e l ay f o r  

e b ony-a sbe s t o s  o r  s l ate pane l mount ing . The 

t e rminal stu d s  may be e a s i l y  remov e d  or in ­

s e rt e d  by l o cking two nut s on t he stud s and 

then turn in g  t he p r ope r nut with a wrench . 

Because the circuit-opening re lay c ontact s 
short c ircuit the t rip coi l ,  it i s  important 

that the re lay be mounted where it will  not be 
subject to shocks which may jar the c ontact s 

open and thereby al l ow current t o  flow through 

the t rip coil o Trouble of thi s  kind can be 

avoided by preventing j ar s  to the swit chboard 

and al so by sett ing the t rip coil high enough 

so that it will  not ope rate on normal load 

current . This i s  an ext ra safe -guard so that 

there i s  no danger from even an exces sive 

shock unl e s s  the current is also heavy . 

Phase Re lay 3 0 °  Conne ct ion 

The direct ional e l ement should be conne cted 

using a de lta voltage acro s s  the polarizing 

w i n d in g  that lags 3 0  degre e s  behind the re ­

spe ctive star-current at unity powe r fact or . 
The s e  c onnec t i on s  a re shown in F i g s . 1 5 ,  1 7 ,  
1 9  o r  2 1 . The se c onnect ion s produce a maximum 

torque in the relay when the current lags 30 ° 

behind it s 1 00% p f  p o s it i on . 

Pha s e  Re l a y  - 90 ° C onne c t ion 

* Another c onne c t i on i s  the s o - c a l led 

c onn e c t ion shown in F i g s . 16 a n d  2 0 .  

90° 

The 

r e l a y  u s e s  the current in one wire and the 

p ot en t i a l  a c r o s s  the other two wires of the 

circuit . When this i s  d on e , a r e s i s t o r  shoul d 

b e  put in s e ri e s  with the p o t ent i a l  c o i l  of 

the r e l ay . 

One c omb ination of resi s t or and p otential 

c o i l  produces a maximum t orque in the r e l a y  

when the c urrent lags 45 ° behin d its 100% P . F .  
p o s i t i on . The s e  extern a l  res i st or s c an b e  

ordered by styl e number a s  follows : 

25 cyc l e ,  1 1 5  v ol t s ,  760 ohms , 3#72 1 4 3 5  

5 0  c y c l e ,  1 1 5  v o l t s ,  670 ohms , S#7 21 4 36 

60 cyc l e ,  1 1 5  v o l t s ,  565 ohms , S#72 1 4 37 

Another c ombinat i on of resistor and p o t e n ­

t i a l  c o i l  produ c e s  a maximum t orque i n  the r e ­

lay when the current l a g s  6 0 °  b ehind its l OO% 

p f  p o s i t i on . This ext ern a l  r e s i stor can b e  

ordered by s t y l e  numb er a s  fol l ows . 

60 c yc l e ,  1 1 5  vol � s ,  3 1 5  ohms , 3#1 7 2 3 7 4 4  

Ground Re lays 

The d i r e c t i o n a l  e l ement shou l d  be c o nn e c t e d  
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TYPES CR AND CRC RELAYS _________________ _ 
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REAR VIEW 

"TOP "TERM. NO �OR S"TO CO.SE 

f>OTTOM TERM.NOII. TEST SW. 

I'OR "TYPE � CIISE. 

DIR.CONTMTS PIRE 
f.\.OI".I<.Eil Cl.OSEO 
DURING TEST. 

S'NITCII 

liS�. At. 
T£ST 

�----------4-�s�c 

1 4 -D-6645 

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

t o  ope rate on re s idual current and voltage 

for the type CR re lay,  and on re sidual cur ­

rent s for the type CRC re lay ,  as shown in 

Figs . 1 5  to 22 . 

When using the circuit -opening re l ays for 

phase prot e ct i on ,  ground prot e ct ion may be 

secured by u s ing a l ow-energy c ircuit - c l o sing 

re lay ope rat ing on  a-c . Voltage t rip c o i l  

energized from a single -phase potential 

t ran sforme r .  

Trip Circuit 

The main cont act s w i l l  safely c l ose 30 

aJ:Jpe r-" s at 250v . d - e ,  and the swit ch contact s 

w i l l  s�fely carry this current l ong enough t o  

t rip a breaker . 

The r�lay is shipped with the operat ion 

indicator and th"? contact or swit ch connected 

in paral l e l . Thi s circuit has a re si stan ce of 

approxinat ,c ly 0 . 2', ohm and is  suitable for a l l  

t rip cu r r e n t s above 2 . 25 anper"?s d-e . If the 

t rip curre:1t j s l e s s  than 2 . 2 5  a!"1pP r-� s ,  the re 

i s  no n a e d  for the contact or swit ch and it 

shou l d  be disconne cted . To discomw ct thcc 

coi l , renove t he short lead to the c o i l  on 

the front s t at i o n a ry contact of the contact or 

10  

swit ch.  This lead should b e  fastened ( dead 

ende d ) under the small  fil i st e r -head s c rew 

l o cated in the Micarta base of the c ontact or  

swit ch . The operat ion indicator w i l l  operate 

for t rip current s above 0 . 2  ampe re d - e . The 

re sist an ce of it s coil  i s  approximate ly 2 . 8  

ohms . 

An auxil iary swit ch on the c ircuit breaker 

should be. used so that when the circuit 

breaker is t ripped,  t he t ripping c ircuit w i l l  

b e  opened b y  thi s  swit ch.  

The c ircuit - c l os in g  relay may a l s o  be used 

to t rip a circuit breake r equipped with a 

We st inghou se "Direct -trip att achment "  on the 

t rip coil s .  Thi s is a device t hat t rip s a 

circuit breaker by energy received 

current t ran sformer . 

Re lay With Quick Opening C ontact s 

When the rel ays are u sed with 

from a 

circuit 

breake rs  that are in stantaneou s ly re c l o se d ,  it 

is nece s sary to arrange the re lay c ontact s t o  

b e  quick opening . This is  done by screwing in 

the smal l set screw on the stat ionary c ontact 

as sembly unt i l  the c ontact rivet re s t s  s o l idly 

on the Micarta support " When thi s is don e ,  

the position of  the contact stop on the t ime 

leve r  should be shifted so that the moving and 

stat ionary c ontact s bare ly t ouch when the t ime 

lever is set on zero . 

SETTINGS 

There are two set t ings -namely the current 

value at which the relay c l o se s  it s contact s 

and the t ime required t o  c l o se them . When the 

relay is t o  be u sed t o  prote ct equipment 

again st ove rload , the set t ing mu st be de ter­

mined by the nature of the l oad, the magnitude 

of the peaks and the frequen cy of their 

occurrence . 

For sectionaliz ir,g t ran smis sion systems the 

current and t ime sett ing mu st be det e rmined 

by calculat ion , due c on s iderat ion being. given 

to the t ine required for circuit breaker s  t o  

open so  that proper select ive act ion can be 

obtained throughout the system . 
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TYPES CR AND CRC RELAYS -------------�-I._L _4,_- 2_ssR 

Current Set t ing 

The c onnector screw on the terminar plate 
above the t ime scale  make s c onnection s  t o  

variou s  turn s o n  the operating coil . By 
placing thi s  screw in the variou s  hole s ,  the 

relay will just close  contac t s  at the corre ­

sponding current , 4 - 5 -6 -8-10 - 12 or 15 ampe re s ,  

o r  a s  marked on the t e rminal plate . 

The t ripping value of the relay on any t ap 
may be altered by changing the init ial ten s ion 
of the spiral spring . Thi s can be accompli shed 

by turning the spring adjuster by mean s of a 

screw driver in serted in one of the not che s of 

the plat e  t o  which the out side c onvolut ion of 

the spring i s  fastened . An adjustment of 

t ripping current approximate ly 1 5  pe r cent 
above or be low any tap value , can be se cured 
without mat e rially affe cting the operat ing 

characte rist ics  of the re lay .  By choosing the 

proper tap,  a cont inuous adjustment of 

t ripping current from 3 . 4  ampe re s to 17 - 5  

ampe re s may be secured . The characteristic 

t ime curve will be affected l e s s  for any large 

adju stment if the next higher tap is selected 

and the initial tension of the spiral spring 

is de creased to secure the de sired t ripping 

value . For example,  the re lay should be set 

on the 8 ampere tap with l e s s  init ial tension 

in orde r to se cure a 7 ampere t ripping value . 

CAUTION Be sure that the connector screw i s  

turned up tight so as t o  make a good c ontact , 

for the ope rat ing current pas se s through it . 
Since the overload e lement is c onne cted di­

r� ct ly in the current t ran sforme r c ircuit , the 

latter  should be short -c ircuited before 

changing the conne ctor screw . This can be 

done convenient ly by in serting the ext ra con ­

nector screw, l ocated on the right -hand 

mounting bos s ,  in the new t ap and removing the 

old screw from it s original set t ing . 

Time Lever Set t ing 

The index or t ime le7e r limit s the mot ion of 

the disc and thus T<trie s the t ime of 

ope rat ion . Tho l at t e r  de crease s with lowe r 

l ever set t ings as shown in the t ypical t ime 
curves  F i 3 s . 10 t o  1 2 . 

The re lay has been calibrated from the #10 

t ime lever setting . The # 1 1  t ime setting nay 
be used t o  secure a t ime delay approximate ly 
10 per cent longe r ;  that i s ,  t o  secure a 

sett ing of 2 . 2  seconds for a 2 second re lay . 

ADJUSTMENTS AND MAINTENANCE 

All relays should be in spe cted periodically 

and the t ime of operation should be checked at 

least once every six months . For thi s pur­

po se , a cycle c ounte r  should be employed be ­

cause of it s convenience and· accuracy . Phan ­

t om loads should not be used in t e s t ing indu c ­

t ion -type re lays because o f  the re sulting d i s ­

t orted current wave form which produce s an 

e rror in t imin g .  

All  c ontact s should b e  periodically cleaned 

with a fine file . S#l022110 file is re com­

mended for thi s purpo se . The use of abrasive 

mate rial for cleaning contact s i s  not re c om­

mended,  be cau s=  of the dange r of embedding 

smal l part i c l e s  in the face of the soft silve r  
and thus impairing the contact . 

The prope r  adjustment s t o  in sure corre ct 

ope rat ion of thi s relay have been made at the 

fact ory and should not be disturbed afte r  

receipt by the cu stomer .  If the adju stment s 

have been changed or the relay taken apart for 

repair s ,  the fGl lowing in st ruct ions should be 

followed in reassembl ing and setting it . 

Overcurrent E lement 

Shift the po sit ion of the contact stop on 

the t ime lever and adjust the contact s so that 

they bare ly t ouch when the t ime lever is set 

on zero . Ad just the tension of the spiral 

spring so that the re l ay wil l c l o se it s 
cont act s at it s rat ed current , as shown by the 

posit ion of the screw on the t e rminal block . 

Shift the po sit ion of the damping magnet s  so 

that the t ime characteri s t i c s  of the re lay , as 

shown on the typical t ime curve . Te st con­

nection s for the ove rcurrent element ar� shown 

�n F i e; . 1 3  or 1 1, .  

The dire ct ional cont rol overcurrent element 

cannot start unt i l  tho watt e lement has c l osed 

it s c ontact s which int roduce s a dP lay of 
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Fig. 14-Diagram Of Test Connections For The.CircuitOpen· 
ing Relays. 
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Fig. 16-External Connections Of The Circuit Closing 
Type CR Relay In The Standard Case For Phase 
And Ground Protection Using The 90° Connec­
tion (Maximum Torque 45° or 60° Lagging Cur­
rent. 45° is shown above) On The Phase Direc­
tional Element. 
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Fig. IS-External Connections Of The Circuit Closing Type 
CR Relay In The S•andard Case For Phase And 
Ground Protection Using The 30° Connection On 
The Phase Directional Element. 
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Fig. 17-External Connections Of The Circuit Closing Type 
CR Relay In The Standard Case For Phase Protec­
tion Using The 30° Connection Of The Direclional 
Element And The Type CRC Relay In The Standard 
Case For Ground Protection. 
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Fig. 18-External Connections Of The Type CR Ground Relay 
In The Standard Case For Ground Fault Protection 
Using An External Phase Shifter. 
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Fig. 20-External Connections Of The Circuit Closing 
Type CR Relay In The Type FT Case For Phase 
And Ground Protection Using The sao Connec­
tion (Maximum Torque 45° or sao Lagging Cur· 
ren� 45° is shown above) On The Phase Direc­
tional Element. 
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Fig. 19--External Connections Of The Circuit Closing Type 
CR Relay In The Type FT Case For Phase And 
Ground Protection Using The 30° Connection On 
The Phase Directional Element. 
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For Ground Protection. 
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TYPES CR AND CRC RELAYS---------------� 

several cyc le s .  Thi s t ime i s  so small that it 

is u sual ly ignored and the re l ays are t e st e d  

b y  b l ocking the dire ct i onal c ont act s i n'  the 

cl osed p os it i on . 

The po sit ion of the t o rque compensat or on 

the ove r l oad e lement i s  adjustable but thi s  i s  

primarily a fact ory adju stment and the lo­

cat ion of the t orque c ompen sat o r  should not be 

changed in the fie l d .  If the re lay has a 

metal cove r ,  this cover mu st be in place when 

making t e st s .  

Dire ct ional E lement 

The uppe r bearing s crew should be s c rewed 

down unt il there is on ly two to four 

thousandths inch clearance between it and the 

shaft and then s e cure ly l ocked in p o s it ion 

with the l ock nut . Thi s adjustment can be 

made best by carefu l ly s crewing down the t op 

bearing s c rew unt i l  the d i s c  fai l s  t o  turn 

fre e ly and then backing up a f ract ion of a 

turn . Great care must be taken in making thi s  

ad ju stment t o  prevent damage t o  the bearing s .  

The contact opening on the dire ct ional ly­

cont rolled re lay should be 1/3 2 "  in o rde r to 

reduce the t ime of ope rat ion of the di­

rect ional e lement to a min imum . No harm wi l l  

re su l t  i f  the dire c t i onal c ontact s rebound t o  

c l o s e  moment ari ly aft e r  a rau l t  i s  c leare d ,  

be cause the ove rcurrent c on t act s wi l l  b e  in 

the open p o s i t ion . The contact open ing on 

re lays which are not d i re ct i onal l y  cont rol led 

should be 3/3 2 " . 

The t en s i on of t he spira l  spring on the di -­

re ct ion a l  e l ement shou l d  be j u s t  surri c ient t o  

retu rn t he d i s c  t o  t he st op and thu s  hold the 

contact s in t he open p o s i t i on . 

In many app l i cat i on s  the re i s  n o  ob j e ct i on 

t o  having t he c on t ac t s  c l o s e d  when t he re l ay 

i s  de -ene rgi z e d . Thi s can be changed by 

shifting the spring adj u s t e r  but t he t en sion 

on the spring shou l d  neve r be en ough t o  p r e ­

v e n t  t he contact s f rom t akin g t he i r  p rope r 

po sit ion , e it he r  open or c l o se d ,  during t ime 

of short c i rcuit when t he rorc e s  a c t ing on the 

d i s c  are smal l .  

14 

There i s  an adjustable magnet ic vane on e ach 

s ide of the upper pair of pole s ,  whtch i s  

int ended t o  balance the current circuit . The 

n ormal adjustment i s  t o  remove a l l  potent ial 

from the volt age coil and app ly heavy current 

t o  the current coil s .  The balan c ing van e s  are 

then adju sted t i l l  there is no pronoun ced 

t o rque in e ithe r di�e ct ion . Thi s s ame ad ­

ju stment may be used t o  p o S"lt ive ly c l o s e  the 

c ontac t s  on current a l one . Thi s may be de ­

sired on s ome in stal lat ions in o rde r t o  in sure 

that the re lay w i l l  always t rip the breake r 

even though the potential may be z e ro . 

When op erating at the maximum t orque ang l e , 

the direc t i on a l  e l emen t or the Type CR Pha s e  

R e l a y  and 2 t o  6 a n d  4 t o  1 5  amp . g roun d r e l a y  

shoul d p i ck-up o n  1 v o l t  a n d  4 amp er e s , a n d  

f o r  the 0 . 5  t o  2 . 5  amp . Typ e CR Groun d R e l a y s  

o n  1 vol t ,  2 . 7  amp e re s .  The direc t i on a l  e l e ­

men t  o f  the CRC Gr ound R e l a y  w i l l  p i ck -up a t  

0 . 5 ampere each win ding . 

C ontact or Swit ch 

Ad just the stat i onary c ore of the switch for 

a c learan ce 

t he moving 

pi cked up . 

between the 

core o-r 1/64 " 

st at i onary co re and 

when the switch i s  

This can b e  done b y  turning the 

r e l ay up - s i de -down or by di s conn e ct ing the 

swit ch and turning it up -side -down . Then 

s c rew up the c ore s c rew unt i l  the moving core 
st art s rotat ing . Now , back off the c ore s c rew 

un t i l  t he moving core s t o p s  rot at in g . Thi s 

indicat e s  t he p oint s where t he p l ay in t he 

a s semb l y  i s  t aken up , and where t he moving 

c o re just separate s  from t he s t at i onary c ore 

s c rew . Back off t he c ore s c rew approximat e ly 
one turn and l ock in p l ace . Thi s p revent s t he 

moving c ore f rom s t riking and s t i cking t o  the 

stati onary core b e c au s e  of re s idual magnet i sm .  

A d j u st the c ontact c l earan ce f o r  3/32 "  by 

mean s of t he two sma l l  nut s on e it he r  side of 

t he !>li e art a d i s c . The swit ch shou l d  pick-up 

at 2 ampere s d - e . T e s t  f o r  sti cking art e r  3 0  

ampere s d - e . have been pas sed t hrough t he 

c o i l . 

Operat i on Indi cat or 

( C i rcuit -C l o sing Re l ay s ) 

Adjust the indicat or t o  operate �t 0 . 2 
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TYPES CR AND CRC RELAYS _______________ I ._L_4 1'--- 2-'-'--asR 

STATION BuS PHA&a RoTATION 1, :2. ,  3 

�:rp -

Vx z 

I'-'No fr:-o� M...x) ·\_TORQVE 

1 1 -D-9234 

fig. 22-External Connections Of The Type CR Relay In The 
Type FT Case for Ground Fault Protection Using 
An External Phase Shifter. 

ampere d - e . gradual ly app l ied . Te s t  for 

s t i cking aft e r  5 ampe re s d - e . is  p a s sed . 

07ercurrent E l emen t  

( C i rcui t  Open ing Re l ay s ) 

Adjust � he re l ay with the in s t ru ct ion s  g iven 

1 
I 
I 
" "' 

C!J� Ctlh r===f llg��=1ll _j --

- ..j  
63-D-733 

Fig. 24 -0utline And Drilling Plan Of The Phase Shifter For 
The Ground Relay When Supplied. For Reference 
Only. 

9-D-799 

Fig. 23--0utline And Drilling Plan Of The External Resistor 
For The 90° Connection. For Reference Only. 

unde r 11 0ve r current E lement ( C ircuit C l o s in g  

R e l ay s ) "  excep t  t hat for t he s t andard ene rgy 

c i rcuit open ing re l ay the f o l l ow ing c aut i o n s  

shoul d  be ob s e rved : 

CAUTION When a s ignal l amp or othe r  v o l t age 

operat e d  dev i c e  is t o  be c onne c t e d  in serie s 

with t he re l ay c on t act s ,  d i s c onne c t  the in · 

t e rnal l e ad s  of t he e lement f rom t he s t at i on ­

ary and moving contact s r e s p e c t fu l ly and dead 

end them . Then t he l amp or othe r  dev i c e  can 

be c onn e ct e d  t o  t he s t at i onary and moving 

contact s .  

De - Ion C ont a c t o r  Swit ch 

( C i rcuit Ope n in g  Re l ay s ) 

Adju st t he c o re st op on t he t op as high as 

p o s s ib l e  w i t hout a l l owing t he in su l at in g 

bushing at the b o t t om of the p lunge r t o  t ouch 

t he Hi c art a angle . Thcc c on t a c t  w i l l  be sepa­

rated from the Jlli cqrta ane;l e b y  1 /3 2 11 t o  

l/16 " . Ad ju st t he contact gap spac ing t o  

s l i ght ly l cc, s s t han 1/16 o f  an in ch . Bend down 

t he contr1ct sprin gs so t hat a f i rm contact i s  

nade but n ot s o  st rong t hat t he min imum p i ck­

up v a lue C '1.nn ot bp obt ain o d . The sp r ing 

t e n s ion sl!_ou be about 15 gram" . 

H o l d  t hn r - l ay c ontact s c l o se d  and with an 

.au x i l iary r� l a:r c o i l  c onne c t e d  a c ro s s  the 

c i r cui t 

bre-'1'.cc r t r i_ p  c o i l , ot o t hat t he contactor 

s ,  .. , i_t ch n i c'-c � UTJ on l P s s  than 4 amp e re s on 

t he : ;  'l.r'l n e r"' O'.'"' r cu rre>nt t ap S P t t in g . 

1 5  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES CR AND CRC RELAYS _________________ _ 

In the case of the standard ene rgy c ircuit 

opening re lay the contactor switch should 

pick-up and seal it s e l f  open at 75% of minimum 

t rip current . 

Operation Indicat or 

(Circuit Opening Re lays ) 

Adjust the indicat o r  t o  operate at 2 ampe re s  

a-c . 

ATTACHMENT S TO THE RELAY 

In stantane ou s  Trip 

Thi s e l ement is a sma l l  so lenoid swit ch the 

coil of which 

rent coil . It 

is in se rie s with the overcur­

fun ction s  to energize the 

b reaker t rip coil instantaneou s ly ,  inde ­

pendent ly of power dire c t i on when the fault 

current i s  except ional ly heavy . The three 

stationary c ontact s are in para l l e l  with the 

main t rip c ontac t s  and make p o s sible double 

in stantaneou s  t rip on doubl e - t rip relays . The 

posit ion of the Micarta disc at the bot t om of 

the e l ement with reference t o  the cal ibrated 

guide indicat e s  the minimum ove rcurrent 

required to operate the e lement . The di s c  

should be l owered or rai sed to the proper p o ­

sition by l o o sening the l ocknut which l ocks 

the Micart a di s c  and rotat ing the Micarta 

disc . The n ominal range of adjustment is 1 t o  

4 ,  for example , 10  t o  4 0  ampere s and i t  has an 

accuracy within the limit s of approximateiy 

10% .  

The drop - out 

lowering the 

value i s  varied by rai sing o r  

CDre screw a t  the t op of the 

swi t ch, and aft e r  the final adjustment i s  

made , the core s c rew should b e  securely locked 

in place with the lock nut . The drop -out 

shou ld be adjust ed f or about 2/3 of the min i ­

mum pick-up . Adju s t ing the drop -out wi l l  

s l ight ly affe ct the value o f  pick-up. 

RENEWAL PARTS 

Repair work can be done mo st sat i sfactorily 

at the factory .  Howeve r ,  inte rchangeab l e  

part s can b e  furni shed t o  the cu stome r s  who 

are equipped for doing repair work . When 

ordering part s ,  always give the c omplete 

nameplat e  dat a .  

ENERGY REQUIREMENTS 

1 6  

BURDEN S  FOR SATURAT I ON CALCULAT I ONS 

Re ad in g s  t ake n with Re c t ox Type V o l t me t e r ,  60 cyc l e s .  

Range 

2 -6 

4 - 1 5  

0 . 5  - 2 . 5  

2 - 6 

4 - 1 5  

0 . 5  - 2 . 5  
2 - 6 
4 - 1 5 

V . A .  Burden V . A .  Burden V . A .  Burden 
at Minimum at f t ime s at 1 0  T ime s 
Pick Up on P i c  Up o n  P i ck Up on 
Min . Tap Min . Tap Min . Tap 

D e f i n i t e Minimum ( S t andard Ene rgy ) 
1 8  105 5 2 0  

1 8  1 1 5  6 16 

Inve r se ( Low E n e r gy ) 
2 . 0  2 0 . 5  1 4 1  

2 . 4  23 . 0  1 6 8  

3 . 6  3 2 . 8  248 

Ve ry Inve r s e  (Low Ene rgy) 
1 . 3 1 0 . 7  96 

1 . 6 1 4 . 9  135 

2 . 8 25 . 3 2 1 8  

V . A .  Burden 
at 20 Time s 
P i ck Up on 
Min . Tap 

1 5 00 

1647 

366 

469 

746 

244 

3 7 7  

6 6 6 8  

The s e  value s are t he c omb ined burden of t h e  o v e r current and d i r e c t i ona l e l eme nt 

c o i l s  i n  s e r ie s .  
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TYPES CR AND CRC RELAYS --------------�1 . -=-L ...:...:4,--=- 2-=-=s5R 

ENERGY REQUIREMENTS 

1 
STANDARD ENERGY , DEFINITE T IME RELAY 

2 
Burde n s  at 5 Ampe re s on t he 5 Ampe re Tap 

Freguency. 
Cyc le s 

2 5  

5 0  

6 0  

Wat t s  

1 0 . 6  

9 . 5  

9 . 5  

Volt -Ampere s 

1 8  

19  

19 

P . F .  

54 ° Lag 

60 ° Lag 

6 0 °  Lag 

Burdens at 5 Ampe re s ,  6 0  Cyc le s for 
2 

Vari ou s  Tap Set t in g s  

Tap Wat t s  

2 55 . 0  

2 . 5  35 . 0  

3 24 . 5  

3 . 5  18 . 5  

4 

5 

6 

8 

1 0  

1 2  

15  

14 . 0  

9 . 5  

7 . 0 

4 . 25 

3 . 25 

2 . 5  

2 . 0  

Reac t ive 
Volt -Ampere s 

95 . 4  

6 0 . 5  

42 . 5  

3 2 . 0  

24 . 2  

16 . 5  

1 2 . 1  

7 . 3 6  

5 . 64  

4 . 33 

3 . 46 

Volt -Ampere s P . F .  

1 1 0  6 0 °  Lag 

70 

49 

37 

28 

19 

14 

8 . 5 
6 . 5 

5 . 0  

4 . 0 " 

l 
LOW ENERGY , INVERSE T IME RELAY 

Burde n s  at 5 Ampe re s on the 5 Amp e re T ap2 

Frequency 

Cyc l e s  

25 

50 

60  

Wat t s  

1 . 96 

1 . 60 

1 . 6 0  

Volt -Amp e r e s  

4 . 0 
4 . 0  

4 . 0  

P . F .  

6 1 °  Lag 

66 . 4 °  Lag 

66 . 4 °  Lag 

Burde n s  at 5 Ampe re s ,  60 Cyc l e s  f o r  

Var i ous Tap 2 Set t in g s  

Rea c t ive 
Tap Wat t s  Volt -Amp e r e s  Volt -Ampe re s P . F .  

0 . 5  50 . 8  

0 . 6  35 . 6  

0 . 8  3 2 . 0  

1 . 0  20 . 8  

1 . 5  9 . 6 

2 . 0  5 . 8 

2 . 5  4 . 0  

3 . 0  3 . 04 

3 . 5  2 . 44 

1 16 . 

81 . 5  

73 . 4  

47 . 6 

22 . 0  

13 . 2  

1 27 . 

89 . 

80 . 

52 . 

24 . 

14 . 5  

10 . 

66 . 4 °  Lag 

9 . 2  

6 . 95 

5 . 6  

7 . 6 

6 . 1  " 

He a c t ive 
Tap Wat t s  Vo l t -Amp e re s Volt -Amp e re s P . F .  

4 .  

5 .  

6 .  

8 .  

1 0 .  

1 2 . 

1 5 . 

2 . 04 

1 . 6  

1 . 32 

1 . 12 

1 . 0  

0 . 94 

0 . 88 

4 . 66  

3 . 66 

3 . 0 

2 . 56 

2 . 28 

2 . 16 

2 . 0  

5 . 1  

4 . 0  

3 . 3  

2 . 8 

2 . 5  

2 . 35  

2 . 2  

" 
" 

1 
LOW ENERGY , VERY INVERSE RELAY 

2 
Burde n s  at 5 Ampe re s on t he 5 Amp e re Tap 

Frequency 
Cyc l e s  

Wat t s  Vo l t -Ampere s P . F .  

25 

5 0  

6 0  

1 . 6 2  

1 . 3 2 

1 . 32 

3 . 3  6 1 °  Lag 

3 . 3 66 . 4 °  Lag 

3 . 3  66 . 4 °  Lag 

2 
Burdens at 5 Amp e r e s  of Current Tap 

Tap 

0 . 5  

0 . 6 

0 . 8  

1 . 0  

1 . 5  

2 . 0  

2 . 5 

3 . 0  

3 . 5  

4 .  

5 .  

6 .  
8 .  

1 0 .  

1 2 .  
1') . 

Wat t s  

5 0 . 8  

35 . 6  

19 . 7  

1 2 . 9  

6 . 4 

3 . 9  

2 . 8  

2 . 2  

1 . 8  

1 . 6 

1 . 32 

1 . 16 

0 . 96 

0 . 92 

0 . 88 

0 . 85 

Rea c t ive 
Volt -Ampere s 

1 16 . 

8 1 . 5  

4 5 . 2  

29 . 6  

14 . 6  

9 . 0  

6 . 4 

5 . 0  

4 . 1  

3 . 67 

3 . 0 

2 . 66 

2 . 2  

2 . 1  

2 . 02 

1 . 96 

POLARIZING COILS 

Volt -Amp e r e s  P . F .  

127 . 66 . 4 °  Lag 

89 . 

49 . 4  

3 2 . 3  

15 . 9  

9 . 8 

7 . 0  

5 .5 

4 . 5  

4 . 0 

3 . 3 

2 . 9  

2 . 4  

2 . 3 

2 . 2  

2 . 14 

" 

" 

If 

If 

The p ot ent i a l  po l a r i z ing c o i l  burden of the 

d i r e c t ional e l er.1ent at l l ') v o l t s  for t he t ype 

CR l ine re lay are a s  f o l l ow s :  

* For 90°  C onne c t i on 

Freq Re s i s t or Wa t t s  VA Lagging 

Cyc l e s ________ P . F .  

25 Yes 8 . 95 1 1 . 3  37 . 6  

50 

60 

60 

Ye s 

Ye s 

Yes 

1 1 . 2  

l l .  5 

1 1 . 0  

1 4 . 0  

1 5 . 3 

1 9 . 0  

37 

4 1 . 4  

54 . 8  

3 
Approx . Max . 

T o rque Angl e 

4 5 °  

45 ° 

4 5 <> 

60°  
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TYPES CR AND CRC RELAYS---------------

* For 3 0 °  C onn e c t i on 
3 

Approx . Max , 
Torque Ang l e  

Fre� Re s i s t or wa t t s  VA La�g ing 
Cyc e s  . F .  --- --

2 5  N o  4 . 2 1 8 . 0  76 . 5  3 0 °  

5 0  N o  3 . 4 5 2 3 . 0  8 1 . 4  3 0 °  

60 N o  3 . 4 5  2 3 . 0  8 1 . 4  3 0 °  

The p ot e n t i a l  p o l a ri zing c o i l  burde n s  o f  the 

dire c t i on a l  e l eme n t  a t  1 1 5  v o l t s  for the typ e  

C R  Ground R e l a y s  a r e  a s  fol l ows : 

Frequen cy 
Cyc l e s  

6 0  

6 0  

W i t h  Pha s e  
Shi fter Wa t t s  Vol t -Amp s .  P . F .  

No 

Ye s 

5 . 6 

1 2 . 6  

2 7 78 °Lag 

2 2 . 6  5 6 ° La g  

The current p ol ari zing burden s o f  t h e  direc ­

t iona l  e l ement o f  typ e CRC re l a y  at r a t e d  5 

amp eres are a s  

Freque n c y  
Cyc l e s  

2 5  

5 0  

6 0  

fo l l ow s : 

Wa t t s  

4 . 5  

6 . 5  

7 - 0  

Vol t -Amp er e s  

5 . 0  

8 . 0 

9 . 0  

P . F .  

26 o La g 

36 ° Lag 

3 9 ° Lag 

l .  The s e  values are the c omb ined burden o f  the o ve rcurrent a n d  direc t iona l  e l ement c o i l s 

in s eri e s . 

2 .  The imp edan c e  of the overcurrent el ement c o i l s  vari e s  approxima t e l y  inver s e l y  a s  the 

s quare o f  the t ay markings whi l e  the dire c t i on a l  e l ement c o i l  imp e dan c e  is c on s t an t . The 

burden of the di re c t i on a l  e l ement c o i l  whi ch is in s e r i e s  with the overcurrent e l ement is 2 

v o l t -amp e r e s  at 5 amp ere s ,  6 0 °  l ag .  

* 3 .  The a n g l e  whi ch the current l a g s  the 1 00% p . f .  p o s i t i on . 

C ont inu ous Rat ings 

The con 'c inuous rat i n g s  i n  ampe rf! s of t he Type CR and CRC Re lays are as f o l l ow s :  

D" l' i n i t cc  )!!j n .  Tims IwJ e r s e  T i me Verv In ve r s e T ime 
r; :�,t) ": ont i nuous One Se c onrl C on t i nu ou s  On e  Se c ond Con t i nu ou s One Se cond 

. ') 2 7 0 2 1 0 0  

. c 2 7 0  2 1 0 0  

. 8  2 7 0  2 1 0 0  
1 . 0  3 7 0  3 1 0 0  
1 . 5  ' 7 0  3 1 00 ./ 
:: . o  4 7 0  4 1 00 
2 . ;) "' 7 0  5 1 0 0  
c 4 1 4 0  8 250 t 8 2"'0 t 
�� . :s 5 1 4 0  8 2 '· 0  t 8 2 "i 0  t 
7 h 1 4 0  8 2 ') 0  t 8 2"'0 t / 6 � · ::  1 4 0  8 2 5 0  t 8 2 5 0  t 

7 1 4 0 9 t 25 0 t 9 t 2 5 0  t h 8 1 4 0  9 t 2')0 t 9 t 2 "' 0  t 6 1 0  t 1 4 0  l O t 2 <=; 0 1 0  t 2 <=; 0 
4 8 2 5 0  i 16 t 2C;o  t 16  t 2 <=; 0  t 
� 8 2 5 0  t 1c 2 ') 0  t 16 t 2 <=; 0  t 6 9 t 2 5 0  t 1c t 2 '=) 0  t 1c 

t 
2 <=; 0  t 

8 1 0  t 2 "' 0  t l7 t 2 " 0  t l 7  2 <=; 0  t 
1 0  l e f 2 5 0  1st  2 " 0  t 18 t 2 ' 0 t 2 n 

t 1 2 13 t '- v  t 19 t 2 "' 0  t 1 9 t 2 "' 0  
1 ')  1 "' t 2 1'; 0 2 0 t  2 "' 0  2 0  t 2 1'; 0  

t t t t 

t �he d i re c t i on a l  e l ement cu r r e n t  c o i l  of Type CR r e l ay ha s 
a one s e c on d  rat i n g  of 1 85 ampe re s .  The upp e r  winding o f  
o "  6 amp e r e s  am� Et one s e c on d  rat ing of 140 ampe re s v1h i l e  
i n g  of 3 amp e r e s  and a one s e c ond rat ing o f  1 85 ampe re s .  
ha s a c on t inuou s r a t i n g  of 1 27 v o l t s .  

a c ont inu ou s  rat ing of 3 amp e re s an d 
t he Type CRC ha s a cont inuou s r a t i n g  
t he l owe r c o i l  has a c on t inu ou s rat ­
The p o l a ri z ing c o i l  of t he CR re l ay 

1 8  
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TYPES CR AND CRC RELAYS ----------------''-�L--'4 ,;._::- 2�a 5 R 

=i� 
N 

I 

i D IA . DRIL1 FOR THIC� PANELS 
1�0 3l TEiitM SC..RE.W Be. STUDS �-Z.OMOUNTLN� SCJ:.E'W 

&... STVOS 

U5o£ SC.REWS VOR THIN PANELS 

US£ STUD S 
FOR HUCK PANELS 

3 9 - C - 94 2  

Fig. 25-0utline and Drilling Plan for Relays i n  the Standard Projection Type Case. See the Internal Schematic for the 
Terminals Supplied. For Reference Only . 

I I Q_ 

�NR LOCATION 

FQq. PROJECTION--­
TYPE t1TC.. 

0 

,.Si 

1 -

P-'NEL L.OCA.1'\0N FOR-
SEMI-FW$\'\ T'f'Pt HTC.. Z� 'WIT� �CRE.,_,_ �*WITH STUD 

. I!>0-,2. TtltM. !ICRII.""' 
U$E .IQ0-32. STUD FDR 

FROM 
owe:. 9"L'H9o� 9 S-20Zl 

1 6 -B-2477 

Fig. 26 - Outline and Drilling Plan for the M-10 Projection or Semi- Flush Type FT Case. See the Internal Schematic 
for the Terminals Supplied. For Reference Only. 
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TP .580 8 

ins truction leaflet 4 1 - 28 5 . 2B pgs . 1 - 1 0  
dated Novembe r, 1 9 52 

------------1 voltage restraint auxiliary equipment 
for use with type CR directional 
ove rcurrent relays 

TH I S  PU BL ICATI O N  I S  TEMPORA R I LY 
OUT OF STOCK. A COPY WILL BE SENT 
TO YOU AS SOON AS IT IS AVAILABLE 
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