
I NSTA L L  A Tl O N  • 

Westinghouse 1. L. 41-l33.3E 

OPERAT I O N  • MAI N TENANCE 

INSTRUCTIONS 
TYPE IRV DIRECTIONAL OVERCURRENT RELAY 

FOR PHASE PROTECTION 

C A U T I O N  Before putting relays into service, remove 

all blocking which may have been inserted for the 

purpose of securing the parts during shipment, make 

sure that all moving parts operate freely, inspect the 

contacts to see that they are clean and close properly, 

and operate the relay to check the settings and 

electrical connections. 

A P P L I CA T I ON 

These relays are phase directional overcurrent 

relays which are used for the protection of trans­

mission lines and feeder circuits. Both the time­

overcurrent and instantaneous overcurrent units are 

directionally controlled. 

CONST RUCTION AN D O P E RATION 

The Type IRV relay consists of a directional 

unit (D), an auxiliary switch (Cs-1), a time-overcurrent 

unit (CO), an instantaneous overcurrent unit (I), an 

instantaneous overcurrent unit transformer, and two 

indicating contactor switches (ICS/I) and (ICS/T). 

The principle component parts of the relays and their 

location are shown in Fig. 1 and 2. 

T i me-Overcurrent U n i t  ( C O )  

The electromagnets for the types C0-5, C0-6, 

C0-7, CQ-8 and C0-9 units have a main tapped coil 

located on the center leg of an "E" type laminated 

structure that produces a flux which divides and re­

turns through the outer legs. A shading coil causes 

the flux through the left leg to lag the main pole flux. 

The out-of-phase fluxes thus produced in the air gap 

causes a contact closing torque. 

The electromagnet for the type C0-2 and C0-11 units 

have a main coil consisting of a tapped primary wind­

ing and a secondary winding. Two identical coils on 

the outer legs of the lamination structure are connect­

ed to the main coil secondary in a manner so that the 

combination of all the fluxes produced by the electro­

magnet result in out-of-phase fluxes in the air gap. 

The out-of-phase air gap fluxes produced cause a 

contact closing torque. 

SUPERSEDES I.L. 41-133.3D 
'Denotes change from superseded 1ssue. 

I n d i c at i ng Contactor Sw i tch  U n i t s  ( IC S/1  and I C S/T) 

The d-e indicating contactor switch is a small 

clapper type device. A magnetic armature, to which 

leaf-spring mounted contacts are attached, is attracted 

to the magnetic core upon energization of the switch. 

When the switch closes the moving contacts bridge 

two stationary contacts, completing the trip circuit. 

Also during this operation two fingers on the armature 

deflect a spring located on the front of the switch, 

which allows the operation indicator target to drop. 

The front spring, in addition to holding the target, 

provides restraint for the armature and thus controls 

the pick-up value of the switch. 

D i rect i onal U n i t  { D )  

The directional unit is a product induction cylin­

der type unit operating on the interaction between the 

polarizing circuit flux and the operating circuit flux. 

Mechanically, the directional unit is composed of 

four basic components: A die-cast aluminum frame, 

an electromagnet, a moving element assembly, and a 
molded bridge. 

The frame serves as the mounting structure for 

the magnetic core. The magnetic core which houses 

the lower pin bearing is secured to the frame by a 

spring and snap ring. This is an adjustable core 

which has a .025 inch flat on one side and is held in 

its adjusted position by the clamping action of two 

compressed springs. The bearing can be replaced, if 

necessary, without having to remove the magnetic 

core from the frame. 

The electromagnet has two series-connected 

polarizing coils mounted diametrically opposite one 

another, two series-connected operating coils mounted 

diametrically opposite one another; two magnetic ad­

justing plugs; upper and lower adjusting plug clips, 

and two locating pins. The locating pins are used to 

accurately position the lower pin bearing, which is 

mounted on the frame, with respect to the upper pin 

bearing, which is threaded into the bridge. The elec-
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Fig. 1. Type IRV Relay Without Case (Front View). Fig. 2. Type I R V  Relay Without Case (Rear View). 
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TYPEIRVRELAY ____________________________________________________________ L_L_.4_l_·l_33 __ 3E 

tromagnet is secured to the frame by four mounting 

screws. 

The moving eleme�t assembly consists of a spiral 
spring, contact carrying member, and an aluminum 

cylinder assembled to a molded hub which holds the 

shaft. The shaft has removable top and bottom jewel 

bearings. The shaft rides between the bottom pin 

bearing and the upper pin bearing with the cylinder 

rotating in an air gap formed by the electromagnet 

and the magnetic crore. 

The bridge is secured to the electromagnet and 

frame by two mounting screws. In addition to holding 

the upper pin bearing, the bridge is used for mounting 

the adjustable stationary contact housing. The sta­

tionary contact housing is held in position by a spring 

type clamp. The spring adjuster is located on the 

underside of the bridge and is attached to the moving 

contact arm by a spir.al spring. The spring adjuster 

is also held in place by a spring type clamp. 

With the contacts closed, the electrical connec­

tion is made through the stationary contact housing 

clamp, to the moving contact, through the spiral spring 

I n stant a n e o u s  O v e r c u rrent  U n i t ( I )  

The instantaneous overcurrent unit is similar in 

construction to the directional unit. The time phase 

relationship of the two air gap fluxes necessary for 

the development of torque is achieved by means of a 

capacitor connected in series with one pair of pole 

windings. 

I n s ta n ta n eo u s O v e r c u rren t U n i t  T ra n sfo rmer  (1/ST) 
This transformer is of the saturating type for 

limiting the energy to the instantaneous overcurrent 

unit at higher values of fault current and to reduce 
c. T. burden. The primary winding is tapped and these 

taps are brought out to a tap block for ease in chang­

ing the pick-up of the instantaneous overcurrent unit. 

The use of a tapped transformer provides approximate­

ly the same energy level at a given multiple of pick­

up current for any tap setting, resulting in one time 

curve throughout the range of the relay. 

Across the secondary is connected a non-linear 

resistor known as a varistor. The effect of the varis­

tor is to reduce the voltage peaks applied to the 

overcurrent unit and phase shifting capacitor. 

Auxil i ary Switch ( CS- 1 )  

The auxiliary switch i s  a small solenoid type 

d.c. switch. A cylindrical plunger, with a silver disc 

mounted on its lower end, moves in the core of the 

solenoid. As the plunger travels upward , the disc 
bridges the silver stationary contacts. A tapped re­
sistor is used to enable one to use the contactor 
switch on a 48 ,  1 25 or 250 volt d. c. sy ste m con­
nected per Fig. 13. The operation of the CS- 1 switch 
is controlled by the directional unit (D) which in turn 
directionally controls the time-over current unit (CO) 
as shown in Fig. 15.  When s ufficient power flows in 
the tripping direction, the CS- 1 switch operates and 
bridges the lag coil of the time-overcurrent unit (CO) 
permitting this unit to operate.  

Another cont act of cs- 1 seals in its coil through 
the break co ntact of the I unit , in order to relieve the 
make contact of D from carrying the cs- 1 coil current. 
The break contact of D breaks this se al by short cir­
cuiting the CS- 1 coil. The break contact of the I unit 
also breaks the seal of the CS- 1 coil to prevent trip­
ping on reversed faults where the directional unit was 
preclosed on lo ad current . 

I n s t a n t a n eo u s - U n i t T o r q u e  C ontro l  

When the make co ntact of D closes,  i t  permits 
the I unit to operate.  It connect s capacitor C3 and 
one pair of I-unit coils across the output voltage of 
the saturating transformer I/ST. The full-wave bridge 
in this connection and the rectifier in series with the 
D contact serve to isolate the a-c and d-e circuits. 

CH A RACT E RI STI CS 

The time characteristics of the directional over­

current relays are designated by specific numbers as 

indicated below (e.g., IRV-8). 

T i m e  

Characteristics 

Short Time 

Long Time 

Definite Time 

Moderately Inverse Time 

Inverse Time 

Very Inverse Time 

Extremely Inverse Time 

Designation 

2 

5 

6 

7 

8 

9 

11 

The relays are available in the following current 

ranges: 
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TYPEIRVRELAY ________________________________________________________ ___ 
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WITH RELATIH INSTANTANEOUS 
POLARITY AS SHOWN, THE 
DIRECTIOIIAL UIIIT COIIT.I.CTS ClOSE 

�VARISTOR 

SATURATIMG 
TRAIISFOR14ER 

IMOUCTIOII DISC 
UMIT 
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(LOWER CYL.UNIT) 

CIU.SSIS OPERATED 
SHORTING SWITCH 

RED HANDLE 

TEST SWITCH 

CURRENT TEST .JACK 

TERMINAL 

185A421 
Fig. 3. Internal Schematic of the Type IRV Relay in the 

Type FT31 Case. 

Instantaneous Overcurrent Unit (I) 

Range Taps 

0 . 5- 2  Amps 0 . 5  0 . 7 5  1 . 0  1 . 25 1 . 5  2 
1-4 1 . 0  1 . 5  2.0 2 . 5  3. 0 4 . 0  
2-8 2 3 4 5 6 8 

4-16 4 6 8 9 1 2  16 

10-40 10 15 20 24 30 40 
20-80 20 30 40 48 60 80 

Time Overcurrent Unit 

Range Taps 

. 5- 2 . 5 0 . 5  0 . 6 0 . 8  1 . 0  1 . 5  2 . 0  2 . 5  
2-6 2 2 . 5  3 3. 5 4 5 6 

4- 1 2  4 5 6 7 8 10 1 2  

The tap value is the minimum current required to 

just close the relay contacts. 

The time vs. current characteristics for the time­

overcurrent unit are shown in Figs. 4 to 10. These 

characteristics give the contact closing time for the 

various time dial settings when the indicated multi­

ples of tap value current are applied to the relay. 

The time vs. current characteristics for the in­

stantaneous overcurrent unit is shown in Fig. 1 1. 
The time vs. current characteristic:; for the 

directional unit is shown in Fig. 12. 

4 

Trip Circuit 

The relay contacts will safely close 30 amperes 

at 250 volts d.c. and the seal-in contacts of the indi­

cating contactor switches will safely carry this cur­

rent long enough to trip a circuit breaker. 

The indicating contactor switch has two taps 

that provide a pickup setting of 0. 2 or 2 amperes. To 

change taps requires connecting the lead located in 

front of the tap block to the desired setting by means 

of a screw connection. 

Cylinder Unit Contacts 

The moving contact assembly has been factory 

adjusted for low contact bounce performance and 

should not be changed. 

The set screw in each stationary contact has 

been shop adjusted for optimum follow and this ad­

justment should not be disturbed. 

Trip Circuit Constants 

Indicating Contactor Switch -

0.2 ampere tap- 6 . 5  ohms d-e resistance 

2.0 ampere tap - 0 . 1 5  ohms d-e resistance 

Auxiliary Switch (CS-1) 

The auxiliary switch operating time is approxi­

mate l y  5 mil l iseconds. 

48-250 volt d-e relay 

d-e resistance - 1165 ohms 

24 vol t  d-e rel ay 

d-e resistance - 110 ohms (note that series re­

sistor is a fixed 100 ohm resistor). 

Directional Unit 

The IRV relay is intended for phase fault pro­

tection and the directional unit has its maximum 

torque when the current leads the voltage by approx­

imately 30 °. The directional unit minimum pickup is 

1.2 volts and 4 amperes at its maximum torque angle 

for the 4 to 1 2  ampere range relays and 1.2 volts and 

2 amperes for the 0 . 5  to 2.5 ampere and the 2 to 6 

ampere range relays. 

The directional unit should be connected using 

the current in one-phase wire and the potential across 

the other two phase wires. This connection is com­

monly referred to as the 90 •connection. When utilizing 

the 90 • connection the maximum torque of the relay 

occurs when the fault current lags its 100% P.F. 

position by approximately 60 •. See Fig. 15.  
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TYPE I RV R ELAY _________________________________________________________ I�.L�-�4�1-�13�3�3�E-

ENERGY REQUIREMENTS 
I N ST AN T AN E O U S  OV E RCU R R E N T  U N I T  O P E R A T I N G  CU R R E N T  CI R CU I T  - 60 CYCL E S  

tt cp tt ¢ 
AMPERE RANGE TAP VA AT TAP VALUE P.F.  ANGLE VA AT 5 AMPS. P. F. ANGL E 

. 5  .37 39 24 46 

. 75 .38 36 13 37 

1 .39 35 8.5 34 
. 5-2 1.25 .41 34 6. 0 32 

1.5 . 43 32 4 .6  31 

2 .45 30 2 . 9  2 8  

1 .41 36 9 . 0  36 

(5 .44 32 5.0 32 

2 . 4 7  30 3.0  29 
1-4 2 .5  .50 28 2.1 27 

3 .53 26 1.5 26 

4 . 5 9  24 0 . 93 24 

2 1.1 49 6 . 5  48 

3 1.2 43 3.3 42 

4 1.3 38 2.1 37 
2-8 .5 1.4 35 1.4  35 

6 1 . 5  33 1.1 33 

8 1.8 29 0.  7 29 

4 1 .5  51  2.4 51 

6 1.7  45 1.2 45 

4-16 8 1.8 40 0 . 7  4 0  

9 1.9 38 0 .6  38 

12 2.2 34 0 .37 34 

16 2.5 30 0 .24 31 

10 1 . 7  28 0.43 28 

15 2.4 21 0 .27 21 

20 3.1 16 0.20 17 
10-40 24 3.6 15 0.15 15 

30 4 .2  12 0.11 13 

40 4 . 9  11 0 .08 12 

20 6 . 6  31 0 . 40 31 

30 9 . 3  24 0.25 24 

20-80 40 12 20 0.18 20 

48 13. 5 18 0.14 18 

60 15.9 16 0 . 10 16 

80 19. 2  1 5  0.07 15 

RANGE CONTINUOUS RATING ONE SECOND RATING 
( AMPERES) t (AMPERES) 

. 5-2 5 100 

1-4 8 140 

2-8 8 140 

4-16 10 200 

10-40 10 200 

20-80 10 200 

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

fjJ Degrees ciJI'rent lags voltage. 

t t Voltages taken with Recto:x. type voltmetu. 
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TYPEIRVRELAY ________________________________________________________ __ 

6 

AMPERE 
RANGE 

0.5/2.5 

2/6 

4/12 

TAP 

0.5 

0.6 

0.8 

1 .0  

1 . 5  

2 . 0  

2.5 

2.0 

2.5 

3.0 

3.5 

4 .0  

5.0 

6.0 

4.0 

5.0 

6.0 

7.0 

8.0 

10.0 

1 2. 0  

CONTINUOUS 
RATING 

(AMPERES) 

0.91 

0.96 

1 . 18 

1 . 37 

1 .95 

2 . 24 

2 . 50 

3 . 1  

4.0 

4.4 

4.8 

5 . 2  

5.6 

6 . 0  

7.3 

8 .0  

8.8 

9.6 

10 . 4  

1 1 . 2  

12.0 

ENERGY REQUIREMENTS 

TYP E I RV-2 TIME OV ERCURREN T U N I TS 

ONE SECOND 
RATINGt 

(AMPERES) 

28 

28 

28 

28 

28 

28 

28 

1 10 

uo 
1 10 

1 10 

1 10 

1 10 

110 

230 

230 

230 

230 

230 

230 

230 

POWER 
FACTOR 
ANGLE ¢ 

58 

57 

53 

50 

40 

36 

29 

59 

55 

5 1  

47 

45 

4 1  

37 

65 

50 

47 

46 

43 

37 

34 

AT 
TAP VALUE 

CURRENT 

4.8 

4.9 

5.0 

5.3 

6 . 2  

7 . 2  

7.9 

5.04 

5. 13 

5.37 

5.53 

5.72 

5.90 

6.54 

4.92 

5 . 20 

5.34 

5.35 

5.86 

6.6 

7.00 

I RV-5, 
I RV-6, 

TI ME O VERCURREN T UNITS 

VOLT AMPERES t t 

AT 3 TIMES 
TAP VALUE 

CURRENT 

39.6 

39.8 

42.7 

45.4 

54.4 

65.4 

73.6 

38.7 

39. 8 

42.8 

42.8 

46.0 

50 . 3  

54.9 

39.1 

42.0 

44. 1 

45. 8 

49.9 

55.5 

62.3 

AT 10 TIMES 
TAP VALUE 
CURRENT 

256 

270 

308 

348 

435 

580 

700 

262 

280 

3 1 2  

3 29 

360 

420 

474 

268 

305 

330 

364 

400 

470 

528 

VOLT AMPERESt t 

AT 20 TIMES 
TAP VALUE 
CURRENT 

790 

85 1 

1024 

1220 

1740 

2280 

2850 

800 

920 

1008 

1120 

1 2 16 

1500 

1800 

848 

1020 

1 1 28 

1260 

1408 

1720 

2064 

AMPERE 
CONTINuOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES 

RA11NG RATING t FACTOR TAP VALUE TAP VALUE TAP VALUE 

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

AT 20 TIMES 

TAP VALUE 

CURR ENT 

(0.5 2. 7 
(0.6 3.1 
(0.8 3. 7 

0.5/2.5 (1.0 4.1 
(1.5 5.7 
(2.0 6.8 
(2.5 7. 7 

(2 8 
(2.5 8.8 
(3 9.7 

2/6 (3.5 10.4 
(4 11.2 
(5 12.5 
(6 13.7 

(4 16 
(5 18.8 
(6 19.3 

4/12 (7 20.8 
(8 22.5 
(10 25 
(12 28 

88 69 3.92 
88 68 3.96 
88 67 3.96 
88 66 4.07 
88 62 4.19 
88 60 4.30 
88 58 4.37 

230 67 3.88 
230 66 3.87 
230 64 3.93 
230 63 4.09 
230 62 4.08 
230 59 4.20 
230 57 4.38 

460 65 4.00 
460 63 4.15 
460 61 4.32 
460 59 4.27 
460 56 4.40 
460 53 4.60 
460 47 4.92 

20.6 
20,7 
21 
21.4 
23.2 
24.9 
26.2 

21 
21.6 
22.1 
23.1 
23.5 
24.8 
26.5 

22.4 
23.7 
25.3 
26.4 
27.8 
30.1 
35.6 

103 
106 
114 
122 
147 
168 
180 

110 
118 
126 
136 
144 
162 
183 

126 
143 
162 
183 
204 
247 
288 

270 
288 
325 
360 
462 
548 
630 

308 
342 
381 
417 
448 
540 
624 

376 
450 
531 
611 
699 
880 

1056 

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

¢ Degrees current lags voltage at tap value current. 

t t Voltages taken with Recto" type voltmeter. www . 
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TYPEIRVRELAY ___________________________________________________________ L�L-.4�1�- l�J�J�JE� 

AMPERE 
RANGE TAP 

(0.5 
(0.6 
(0.8 

0.5/2.5 (1.0 
(1.5 
(2.0 
(2.5 

(2 
(2.5 
(3 

2/6 (3.5 
(4 
(5 
(6 

(4 
(5 

4/12 (6 

AMPERE 
RANGE 

0.5/2.5 

2/6 

4/12 

(7 
(8 
(10 
(12 

TAP 

(0.5 
(0.6 
(0.8 
(1.0 
(1.5 
(2.0 
(2.5 

(2 
(2.5 
(3 
(3.5 
(4 
(5 
(6 

(4 
(5 
(6 
(7 
(8 
(10 
(12 

CONTINUOUS 
RATING 

(AJoFERES) 

2.7 
3.1 
3.7 
4.1 
5.7 
6.8 
7.7 

8 
8.8 
9.7 

10.4 
11.2 
12.5 
13.7 

16 
18.8 
19.3 
20.8 
22.5 
25 
28 

CONTINUOUS 
RATING 

(AMPERES) 

2.7 
3.1 
3.7 
4.} 
5.7 
6.8 
7.7 

8 
8.8 
9.7 

10.4 
11.2 
12.5 
13.7 

16 
18.8 
19.3 
20.8 
22.5 
25 
28 

ENERGY REQUIREMENTS 

IRV-7 TIME OVERCURRENT U NITS 

ONE SECOND 
RATING t 

(AMPERES) 

88 
88 
88 
88 
88 
88 
88 

230 
230 
230 
230 
230 
230 
230 

460 
460 
460 
460 
460 
460 
460 

POWER AT 
FACTOR TAP VALUE 
ANGLE cp CURRENT 

68 3.88 
67 3.93 
66 3.93 
64 4.00 

61 4.08 
58 4.24 
56 4.38 

6 6  4.06 
63 4.07 
63 4.14 
62 4.34 
61 4.34 
59 4.40 
58 4.62 

64 4.24 
61 4.30 
60 4.62 
58 4.69 
55 4.80 
51 5.20 
46 5.40 

VOLT AMPERESt t 

AT 3 TIMES AT 10 TIMES AT 20 TIMES 
TAP VALUE TAP VALUE TAP VALUE 

CURRENT CURRENT CURRENT 

20.7 103 278 
20.9 107 288 
21.1 114 320 
21.6 122 354> 
22.9 148 459 
24.8 174 552 
25.9 185 640 

21.3 111 306 
21.8 120 342 
22.5 129 366 
23.4 141 413 
23� 1� «B 
25.2 163 530 
27 183 624 

22.8 129 392 
24.2 149 460 
25.9 168 540 
27.3 187 626 
29.8 211 fi88 
33 260 860 
37.5 308 1032 

I RV-8, 
I RV-9, 

TI M E  OVERCURREN T U NI TS 

ONE SECOND 
RATlNG• 

(AMPERES) 

88 
88 
88 
88 
88 
88 
88 

230 
230 
230 
230 
230 
230 
230 

460 
460 
460 
460 
460 
460 
460 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

72 
71 
69 
67 
62 
57 
53 

70 
66 
64 
62 
60 
58 
56 

68 
63 
60 
57 
54 
48 
45 

2.38 
2.38 
2.40 
2.42 
2.51 
2.65 
2.74 

2.38 
2.40 
2.42 
2.48 
2.53 
2.64 
2.75 

2.38 
2.46 
2.54 
2.62 
2.73 
3.00 
3.46 

VOLT AMPERESt t 

AT 3 TIMES 
TAP VALUE 
CURRENT 

21 
21 
21.1 
21.2 
22 
23.5 
24.8 

21 
21.1 
21.5 
22 
22.7 
24 
25.2 

21.3 
21.8 
22.6 
23.6 
24.8 
27.8 
31.4 

AT 10 TIMES 
TAP VALUE 
CURRENT 

132 
134 
142 
150 
170 
200 
228 

136 
142 
149 
157 
164 
180 
198 

146 
158 
172 
190 
207 
248 
292 

AT 20 TIMES 
TAP VALUE 
CURRENT 

350 
365 
400 
440 
530 
675 
800 

360 
395 
430 
470 
500 
580 
660 

420 
480 
550 
620 
700 
850 

1020 

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

cp Degrees current lags voltage at tap value current. 

t t Voltages taken with Rectos type voltmeter. 
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TYPE IRV RELAY 

ENERGY REQUIREMENTS 

I RV-1 1 OVE RCU RRENT UNITS 
VOLT AMPEREs!! 

CONTINUC'US ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 

AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 

RANGE TAP {AMPERES) {AMPERES) ANGLEc/> CURRENT CURRENT CURRENT CURRENT 

0.5 1.7 56 36 0.12 6.54 71.8 250 

0.6 1.9 56 34 0.75 6.80 75.0 267 

0.8 2.2 56 30 0.81 7.46 84.0 298 

0.5/2.5 1.0 3.5 56 27 0.89 8.30 93.1 330 

1.5 3.0 56 22 1.13 10.04 115.5 411 

2.0 3.5 56 17 1.30 11.95 136.3 502 

2.5 3.8 56 16 1.48 13.95 160.0 610 

2.0 7.0 230 32 0.73 6.30 74.0 264 

2.5 7.8 230 30 0.78 7.00 78.5 285 

3.0 8.3 230 27 0.83 7.74 84.0 309 

2/6 3.5 9.0 230 24 0.88 8.20 89.0 340 

4.0 10.0 230 23 0.96 9.12 102.0 312 

5.0 11.0 230 20 1.07 9.80 109.0 430 

6.0 12.0 230 20 1.23 11.34 129.0 504 

4.0 14 460 29 0.79 7.08 78.4 296 

5.0 16 460 25 0.89 8.00 90.0 340 

6.0 17 460 22 1.02 9.18 101.4 378 

4/12 7.0 18 460 20 1.10 10.00 110.0 454 

8.0 ·20 460 18 1.23 11.1 124.8 480 

10.0 22 460 17 1.32 14.9 131.6 600 

12.0 26 460 16 1.8 16.3 180.0 720 

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

rp Degrees current lags voltage at tap value current. 

t t Voltages taken with Rectox type voltmeter. 

ENERGY REQUIR EMENTS - 60 CYCLES 

DI R ECTIONAL UNIT OPE RATING CIRCUIT BURDEN 

VOLT AMPERES t t 

At At 3 Times At 10 Times 

Continuous One Second Power Minimum Minimum Minimum 

Range Rating Rating t Factor Tap Value Tap Value Tap Value 

Amps (Amperes) (Amperes) Angle¢ Current CUrrent Current 

0.5-2.5 10 230 34.5 0.03 0.23 2.8 

2-6 10 230 34.5 0.44 4.08 48.0 

4-12 12 280 0.48 4.62 53.6 

¢ Degrees current lags voltage at tap value current. 

t Thermal capacities for short times other than one second may be calculated on the basis of time being 

inversely proportional to the square of the current. 

f t Voltages talr.en with Rectox type voltmeter. 

DIRECTIONAL UNIT POLAR IZING CJRCUJT BURDEN 

At 20 Times 

Minimum 

Tap Value 

CUrrent 

11.5 

182.0 

216.0 

The burden at 120V, 60 cycles, is 12.5 volt-amperes at 15 degrees. (current leading voltage). 
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Fig. 4. Typical Time Curves of the Time-Overcurrent Unit of the Short Time (2) Relays. 
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Fig. 6. Typical Time Curve of the Time-Overcurrent Unit of the Definite Time (6) Relays. 
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Fig. 7. Typical Time Curve of the Time-Overcurrent Unit of the Moderately Inverse (7) Relays. 
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Fig. 1 1 . Typical Time Curve of the Instantaneous Overcurrent Unit. 

S E TT I N G S  

Time O verc urrent Unit ( CO )  

The time overcurrent unit settings can be defined 

either by tap setting , and time dial position or by tap 

setting and a specific time of operation at some cur­

rent multiple of the tap setting (e.g. 4 tap setting, 2 
time dial position or 4 tap setting, 0 . 6  seconds at 6 
times tap value current). 

To provide selective circuit breaker operation, a 

minimum coordinating time of 0. 3 seconds plus circuit 

breaker time is recommended between the relay being 

set and the relays with which coordination is to be 

effected. 

The connector screws on the tap plate above the 

time dial makes connections to various turns on the 

onerating coil. By placing this screw in the various 

terminal plate holes, the relay will respond to multi­

ples of tap value currents in accordance with the 

various typical time-current curves. 

C A U T I O N  Since the tap block connector screw car­

ries operating current, be sure that the screw is turned 

tight. In order to avoid opening the current transformer 

circuits when changing taps under load, connect the 

spare connector screw in the desired position before 

16 

removing the other tap screw from the original tap 

position. 

In stantaneo u s  R ec l o s i n g  

The factory adjustment of the C O  unit contacts 

provides a contact follow. Where circuit breaker re­

closing will be initiated immediately after a trip by 

the CO contact, the time of the opening of the contacts 

should be a minimum. This condition is obtained by 

loosening the stationary contact mounting screw, 

removing the contact plate and then replacing the 

plate with the bent end resting against the contact 

spring. 

Instantaneous O verc urrent Unit ( I ) 

The only setting required is the pickup current 

setting which is made by means of the connector 

screw located on the tap plate. By placing the con­

nector screw in the desired tap, the relay will just 

close its contacts at the tap value current. 

C A U T I O N  Since the tap block connector screw car­

ries operating current , be sure that the screw is 

turned tight. 

In order to avoid opening the current transformer 

circuits when changing taps under load, connect the 

spare tap screw in the desired tap position before re-
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Fig. 12. Typical Tim� Curves of the Directional Unit. 

moving the other tap screw from the original tap posi­

tion. 

D irect ional  U n it s  ( D) 

No setting is required. 

I nd ic at ing  Contactor Switch  ( I C S/ 1  and I C S/ T )  

T h e  only setting r e quired on t h e  ICS  unit s  i s  

the selection of the 0. 2 or 2.0 ampere tap setting. This 

selection is made by connecting the l ead located in 

front of the tap block to the desired setting by means 

of th e  connecting screw. 
A u x i l i a ry S w i tc h  (C S - 1 )  

No setting required on t he c s- 1  unit e x cept for 

the selection of the r equired 48 , 125  or 250 volt ag e 

on the tapped r esistor .  Thi s connection can be made 

by r eferring to Fig. 13 .  

I N S T A L L A T I O N  

The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt, 

moisture, excessive vibration and heat Mount the 

relay vertically by means of the two mounting studs 

fur proj ection mounting or by means of the four mounting 

holes on the flange for the semi-flush mounting. 

Either of the studs or the mounting screws may be 

utilized for grounding the relay. The electrical con­

n ections may be made directly to the tenninal s by 

means of screws for steel p anel mounting or to ter­

minal studs furnished with the relay for thick panel 

mounting. The terminal studs may be easily removed 

or inserted by locking two nuts on the studs and then 

turning the proper nut with a wrench. 

For detail information on the FT Case refer to 

I.L. 41-076. 

The external connection of the directional over­

current relays is shown in Fig. 15. 

A DJ U S T M E N T S A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera­

tion of this relay have been made at the factory. Upon 
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POSIT ION RATED 0- C RESISTOR 

LEAD 0 VOLTAGE RESISTANCE 

2 4 8  300 
3 1 2 5  2700 

4 250 6500 

NOTE . RELAYS ARE SHIPPED ON THE 125 VOlT TAP 

184A316 

Fig. 13. Selection of Proper Voltage Tap for Auxiliary 
Switch (CS- 1) Operation. 

receipt of the relay, no customer adjustments, other 
than those covered under "SETTINGS", should be 
required. 

Acceptance  C heck  

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

Instantaneous Overcurrent Unit (I) 

1. Contact Gap - The gap between the station­
ary and moving contacts with the relay in the de­
energized position should  be approximately .020 " .  

2.  Minimum Trip Current - The D contacts 
should be blocked clos ed when checking the pick-up 
of the overcurrent unit. 

The pick-up of the overcurrent unit can be check­
ed by inserting the tap screw in the desired tap hol e 
and applying rated tap value current. The contact 
should close within ± 5% of tap value current. 

Directional Unit (D) 

1. Contact Gap - The gap between the station­
ary contact and moving contact with the relay in the 
de-energized position should be approximately . 020". 

2. Sensitivity - The directional unit should trip 
with 1 . 2  volts and 4 amperes at its maximum torque 
angl e (current l eading the voltage by 30 °) for the 
4 to 1 2  ampere range relays and 1.  2 volts and 2 
amperes for the 0 . 5  to 2 .5  ampere and the 2 to 6 
ampere range relays. 

1 8  

3. Spurious Torque Adjustments - There should 
be no spurious closing torques when the operating 
circuits are energized per Table 2 with the polarizing 
circuit short circuited. 

Time Overcurrent Unit (CO) 

1. Contacts - The index mark on the movement 
frame will coincide with the "0 " mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop, the index mark is offset to the right of the 
"0 " mark by approximately . 0 20". The placement of 
the various time dial positions in line with the index 
mark will give operating times as shown on the re­
spective time-current curves. 

2. Minimum Trip Current - Set the time dial to 
position 6 with the auxiliary switch (CS- 1) contacts 
blocked closed, alternately apply tap value current 
plus 3% and tap value current minus 3%. The moving 
contact should leave the backstop at tap value cur­
rent plus 3% and should return to the backstop at 
tap value current minus 3o/o-

3. Time curve - Tabl e 1 shows the time curve 
calibration points for the various types of relays. 
With the time dial s et to the indicated position, apply 
the currents specified by Table 1 (e g. for the IRV- 2 
3 and 20 times tap value current) And m easure the 
operating time of the relay. The operating times 
shoul d equal those of Table 1 plus or minus 5 percent, 

For type IRV- 1 1  rei ay only, the L 30 times tap 
val ue operating time from the number 6 time dial 
position is 54.9 ±5% seconds. It i s  important that the 
L 30 tim es tap v al ue current be m aintained accurate­
l y� The maintaining of this current accurately  i s  ne­
cessary b ecause of the steepness of the slope of the 
tim e- current characteristic ( Fi g. 19) .  A 1% vari ation 
in the L 30 times tap value  current (including m ea­
suring instrum ent deviation) will change the nominal 
operating time by approximately 4%. 

Indicating Contactor Switches (ICS/ 1) and (ICS/T) 

A) Close the contacts of the CO and the direc­
tional unit (D) and pass sufficient d .c. current through 
the trip circuit to close the contacts of (ICS/T). This 
value of current should not be greater than the parti­
cular (ICS/T) tap setting being used. The operation 
indicator target sfiould drop freely, bringing the letter 
"T" into view. 

B) Close the contacts of the instantaneous over­
current unit (I) and the directional unit (D). Pass suf-
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IIOTE: BLOCK D AIID CSt COIIUCTS 

CLOSED DURHIG TEST. 

¢• USE OASIIED CO!UIECTIOM IIISTEAD 
OF SOLID OIIE FOR RELAYS WITH 
O.S-2.5 .1.14PERE R.lii6E CO-S AIID 
CG-6 UII!TS. 

1 :  ��=r� ����� OURIIG 

184A948 

Fig. 14. Diagram of test connections of the time-overcurrent 

unit. 

ficient d.c.  current through the trip circuit to close 

the contacts of (ICS/1). This value of current should 

not be greater than the particular (ICS/1) tap setting 

being used. The operation indicator target should 

drop freely, bringing the letter "I" into view. 

C) The contact gap should be approximately 

. 047,. between the bridging moving contact and the 

adjustable stationary contacts. The bridging moving 

contact should touch both stationary contacts simul­

taneously. 

Rout ine  M a i ntenance  

All rel ay s shoul d be inspected and check ed p �ri­

odically to assure p rop er op eration. G eneral l y  a 

vi sual i nspection shoul d c all attention to any notice­

abl e changes. A minimum suggested check on the re­

l ay system i s  to close the contacts m anual l y  to as­

sure that the break e r  trip s and the target dro p s. Then 

rel e ase the contacts an d o b serve t h at the reset i s  

smooth and positive. 

If  an additional tim e ch eck i s  desi red , p as s  sec­

ondary current thro ugh the rel ay and check the time 

o f  op eration. It  is preferabl e to m ak e  thi s at several 

times pi ck- up current at an expected op erating point 

fo r the p articul ar appli cation. For t he . 5  to 2. 5 am­

p ere r an g e  C0-5 and C0- 6 induction unit use the al­

ternativ e  test ci rcuit i n  Fi g. 16 as these rel ays are 

affected by a distorted wave form. Wi th thi s  connec­

tion the 25/ 5  amp ere current transformers shoul d be 

wo rk ed w el l  bel o w  the k nee o f  the saturation ( i . e. use 

10L 50 o r  b etter). 

All contacts shoul d b e  p eriodical l y  cleaned. A 
contact burnisher tt 18 2A836HO 1 i s  recommended fo r 

thi s purpo se. Th e use o f  abrasive m aterial for cl ean­

ing contacts i s  not r ecomm ended, because o f  the 

danger of embedding sm al l  p arti cl es i n  the face o f the 

soft sil ver and thus imp airing the contact. 

C a l i brati on  

Use the following procedure for calibrating the 

relay if the relay has been taken apart for repairs or 

the adjustments have been disturbed. This procedure 

should not be used unless it is apparent that the re­

lay is not in proper working order. ( See  "Acceptance 

Check"). 

I n stanta n eo u s  O vercurrent U n i t  ( 1 )  

1 .  The upper pin bearing should b e  screwed 

down until there is appro ximately . 0 25" clearance 

between it and t he top of shaft bearing. The upper 

pin bearing should then be securely lock ed in pos­

tion with the lock nut. The lower bearing position is 

fixed and c annot be adjusted 

2. The contact gap adjustment for the over­

current unit is made with the moving contact in the 

reset position, i.e . ,  against the right side of the 

bridge . 

Move in the left-hand stationary contact uutil 

it just touches the moving contact then back off the 

stationary contact 2/3 of one turn for a gap of approx­

imately . 020 " .  The clamp holding the stationary con­

tact housing need not be loosened for the adjustment 

since the clamp utilizes a spring-type action in hold­

ing the stationary contact in position. 

3. The sensitivity adjustment is made by varying 

the tension of the spiral spring attached to the moving 

element assembly. The spring is adjusted by placing 

a screwdriver or similar tool into one of the . notches 

located on the periphery of the spring adjuster and 

rotating it. The spring adjuster is located on the 

underside of the bridge and is held in place by a 

spring type clamp that does not have to be loosened 

prior to making the necessary adjustments. 

Before applying current, bl ock cl ose the con-
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TY P E I RV R E LAY ________________________________________________________ __ 

tacts of the D unit .  Insert the tap s crew i n  the m ini­

m um value tap s etting and adjust the sprin g  such 

that the contacts wil l  close as i ndicated by a neon 

l am p  in the contact circuit  wh e n  en ergized with the 

required c urrent. The pickup of the o vercurren t  unit 

with th e tap screw is any other tap shoul d be within 

:t 5 % o f  tap val ue .  

If adjustment of  pick-up current in  between tap 

settings is desired insert the tap screw in the next 

lowest tap setting and adjust the spring as described. 

It should be noted that this adjustment results in a 

sl ightly different time characteristic curve and burden. 

Directional Unit (D) 

The directional unit is the lower cylinder unit. 

1. The upper bearing screw should be screwed 

down until there is approximately .025" clearance 

between it and the top of the shaft bearing. The upper 

pin bearing should then be securely locked in posi­

tion with the lock nut. 

2. Contact g ap adj u stment for the directional 

unit i s  made with the  moving cont act i n  the reset 

po sition,  i . e. ,  against the right si de o f  the bridge. 

Advan c e  the ri ght h and stationary contact until the 

cont acts j u st cl o se.  Then advan c e  the stationary 

contact an addi tion al o n e-h al f  turn. 

No w move in the  I eft- h and stationary contact 

until i t  j u st to uch e s  th e moving contact. Th en back 

o ff t h e  station ary contact 2/ 3 of one turn for a co n­

t ac t  g ap of . 0 20 " .  The cl amp holding the statio nary 

ccntact housing n e ed not be loo sened for the adj u st­

m ent since the cl amp util i zes a spring-typ e action in 

hoi ding the stationary contact i n  po sitio n. 

3. Insert tap screw of overcurrent unit in highest 

tap. The sensitivity adjustment is made by varying 

the tension of the spiral spring attached to the mov­

ing el ement assembly. The spring is adjusted by pl ac­

ing a screwdriver or similar tool into one of the 

notches located on the periphery of the spring adjust­

er and rotating it. The spring adi.uster is located on 

the underside of the bridge and is held in place by a 

spring type clamp that do es not have to be loosened 

prior to making the necessary adjustments. 

The sp ring i s  to be adj usted such that the con­

tact will close  as indicated by a neon l amp in the 

co11tact ci rcuit when en ergi zed with 1 . 2  volts and 4 

an1ps ( current l eading 30 °) fo r the 4 to 1 2  amp ere 

range r el ays and 1 . 2  volts and 2 amp s for the 0 . 5  to 

2. 5 and 2 to 6 amp ere range rel ays. Thi s can be done 

app ro ximately using current in phase with voltage by 

increasi ng the pick up current to 4 . 6  and 2. 3 amp eres 

20 

respectively. 

* 4 . The magnetic plugs and core are used to 

reverse any unwanted spurious torques that may be 

present when the relay is energized respectively 

on current or voltage alone . 

The reversing of the spurious torques is accom­

plished by using the adj ustin g plugs and core in the 

following mann er :  t t  

Apply 1 2 0  VAC 60 Hz t o  terminals 6 and 7 .  Re­

lay contacts should stay open . If the c ontacts are 

c losed rotate core by m eans of adjustor located on 

the bottom side of the cy linder unit until contacts 

stay open . The c ore assembly is held in position by 

the clam ping action of two c ompressed springs . This 

allows its position to be changed by ins erting a non­

m agnetic tool into the slot on the bottom side of 

the unit.  

Short circuit the voltage terminals and apply 

c urrent to the operating c ircuit terminals as per 

Table 2 .  

Plug adjustment i s  then made per Table 2 such 

that the spurious torqu es are reversed.  The plu gs 

are held in position by upper and lower plug clips . 

These clips need not be disturbed in any manner 

w hen making the necessary adjustment.  

The magnetic plug adj ustment may be util ized 

to positively close the contacts on current alone . 

This may be desired on some ins tallations in order 

to insure that the relay will always trip the breaker 

on zero potential.  

Time Overcurrent Unit ( CO) 

1) Contacts - The index mark on the movement 

frame will coincide with the "0" mark on the time 

dial when the stationary contact has moved through 

approximately one-half of its normal deflection. 

Therefore, with the stationary contact resting against 

the backstop, the index mark is offset to the right of 

the "0" mark by approximately . 0 20 " .  The place­

ment of the various time dial positions in line with 

the index mark wil l  give operating times as shown on 

the respective time-current curves. 

2)  Minimum Trip Current - The adjustment of 

the spring tension in setting the minimum trip current 

value of the relay is most conveniently made with the 

damping magnet removed. 

With the .time dial set on "0" ,  wind up the spiral 

spring by means of the spring adjuster until approxi­

mately 6-3/4 convolutions show. 
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STATION BUS 

I 2 3 LINE 

PHASE ROTATION I, 2 ,  3 

67 
7 

TRANSFORMER BAN� 
NEUTRAL 

V'12 I'U.SE 1 
PMASE 3 (' ., �LAY 

RELAY ""' r1 r \ �VECTOR I V23 
ltOTATION I3 � 

� PtiASE 2 
V'31 � RELAY 

WECTORS AT 100% P. F. POWER 
Iii T R I PP I NG D I RECT I OM  

PHASE 1 0 C.  TR IP B US GROU ND POS. -<!.-----'-'--'----f--�--+';;_;.;.;:...._ ____ _ 

I I PHASES 
I 2 6 3  

o l  I I I I 

SAME 
AS 

PHASE 
I 

DEVICE NUMBER CHART 

w;_ 10 

67 - PHASE D I RECTIONAL OVERCURRENT R!LAY , TYPE UY 
fi7N - 610UND DI RECTIONAL nvERCURRENT RELAY, TTPE IRD 

( IIOTM 67 UO 67N) 
CO - TIME OYERCURRBIT UN I T  
1 ,  lo - I NSTAIHAMEOUS ojc UN I T  
D .  Do - O I RECTt nMAL U N I T  
C S !  } 
fCS/T llfX I L I ARY SWITCHES 
!CS/I 
1/ST - SATURAT' " G  TRANSFORMER FOR IRST. 0/C UII I T  

5 2  - PO'tf£R C I RCU I T  BREUER 
- BREAKER AU X I l i ARY CONTACT 

TC - UEU:ER TR I P  CO I L  

2C)OB747 
Fig. 15. External Schematic of the IRV Relay for Phase Protection and the IRD Relay for Ground Protection. 

Set the rel ay on the minimum tap setting,  the 

time dial to po sition 6. 

With the auxil iary s witch (C8-1) contacts blocked 

cl osed,  adj ust the control spring tension so that the 

moving contact will l eave the backstop at tap value 

current +1. 0% and wil l  return to the backston at tap 

val ue current -1.0%. 

t t  Plugs should b e  at " fu l ly screwed i n "  p os ition 

prior to adj u s t ment of core . 

3) Time Curve Cal ibration - Instal l th e perma­

nent magnet. 

Apply the indicated current per Tabl e 1 for p erm a­

nent magnet adjustment ( e .  g. IRV-8 , 2 tim es tap val u e )  

and measure the operating time. Adjust th e p ermanent 

magnet keeper until the op erating time corresponcls 

to the value of Tabl e 1. 

Fo r typ e I RV- 11 relay onl y ,  the 1. 30 tim e s  tap 

v al u e  op erating time from the number 6 tim e di al 

po sition i s  54. 9 ±5% s econds.  It  i s  important that the 

1. 30 times t ap v al u e  current b e  maint ained accurate­

l y. The m ai nt aining of thi s current accuratel y i s  n e­

c e ssary b ec au se o f  the st eep n e ss of the slo p e  o f  the 

tim e- cu rrent characteri sti c ( Fi g .  19).  A 1% variation 

in th e 1. 30 time s tap v al u e  current ( including m c'a­

suring i n strument d evi ation) wil l  chang e the nomin al 

op erati n g  time by appro x imately 4%. if the operating 

tim e at 1 . 3  tir'J e s  tap v al u e  is not within the s e  l imits,  

a m i no r  adj u stment of the cont ro l  spri ng wil l give the 

correct op erating time witho ut any undue effect o n  the 

o n  the m inimum p i ck - up o f  t he r el ay. Thi s check i s  to 
be made after the 2 tim e s  tap val u e  adj u stment has 

b e en com pi eted. 

Apply the indicatecl current p er Tab! e 1 for the 

el ectromagnet p l ug adjustment ( e . g. IRV-8 . 20 tim es 

tap value)  ancl measur e  th e operating tim e.  Adjust the 

proper p l u g  until  th e op erating time corresponds to 

th e value in Tabl e 1. ( Withdrawin g  the l eft hand n l u g ,  

front v i e w  increases th e op eratin g  tim e  a n d  withdraw­

ing the right hand p l u g ,  front view,  decreases th e 

tim e . ) In adjusting the p l u g s ,  one plug sho ul d be 

screwed in compl etel y and the oth er p l u g  run in or 
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TYPE IRVRELAY ________________________________________________________ __ 

out until the proper operating time has been obtained. 

Recheck the permanent magnet adJustment. If the 
operating time for this calibration point has changed, 

readjust the permanent magnet and then recheck the 

el ectromagnet plug adjustment. 

Indi eating Contactor Switches (ICS/1) and· (ICS/T) 

Adjust the contact gap for approximately . 047". 

A) Close the contacts of the CO and the direc­

tional unit and pass sufficient d.c.  current through 

th e trip circuit to close the contacts of th2 (ICS/T). 

This value of current should not be greater than the 

particul ar (ICS/T) tap setting being used. The opera­

tion indicator target should drop freely bringing the 

l etter "T" into view. 

B) Close contacts of instantaneous overcurrent 

unit (I) and directional unit ( D) .  Pass sufficient d.c.  

current through the trip circuit to close contacts of 

the (ICS/I). This value of current shoul d not be great­

er than the particular (ICS/1) tap setting being used. 
The operation indicator target should drop freely 

bringing the l etter "I" into vi ew. 

A u x i l i a ry S w i t c h  ( C S- 1 )  

Adjust the stationary core of the switch for a 

cl earance between the stationary core and the moving 

2 2  

core when the switch i s  picked up. This can b e  done 

by turning the relay upside-down. Then screw up the 

core screw until the moving core starts rotating. Now 

back off the core screw until the moving core stoos 

rotating. This indicates the points when the play in 

the assembly is taken up , and where the moving core 

just separates from the stationary core screw. Back 

off the core screw approximately one turn and l ock in 

place. This prevents the moving core from striklng 

and sticking to the stationary core because of resi­

dual magnetism. Adju�t the contact clearance for 
3/64" by means of the two small nuts on either side 

of the Micarta disc. 

Connect l ead ( A} to proper terminal per Fig. 13. 

Block directional unit (D) contacts close  and ener­

gize trip circuit with rated voltage. Contacts of aux­

il iary switch (Cs-1) should make as indicated by a 
neon lamp in the contact circuit. 

R EN E WA L  P A R T S  

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for doing 

repair work . When ordering parts, always give the 
complete nameplate data. 
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TIME-
OVERCURRENT 

UNIT TYPE 

2 

5 

6 

7 

8 

9 

1 1  

Rel ay Rat ing  

. 5  to 2. 5 amps 

and 2-6 amps 

4- 1 2  

TABLE I 

T I M E  C U R V E  C AL I B R A T I O N  D A T A - 60 C Y C L E S 

PERMANENT MAGNET ADJUSTMENT 

TIME 

DIAL 
POSITION 

6 

6 

6 

6 

6 

6 

6 

CURRENT 

(MULTIPLES OF 

TAP VALUE ) 

3 

2 

2 

2 

2 

2 

2 

OPERATING 

TIME 

SECONDS 

0.57 

37. 8 0  

2.46 

4.27 

1 3.35 

8.87 

1 1 . 2 7  
* 

TABL E 2 

ELECTROMAGNET PLUGS 

CURRENT 

(MULTIPLES OF 

TAP VALUE) 

2 0  

1 0 

2 0  

20 

20 

2 0  

2 0  

OPERATING 

TIME 

SECONDS 

0.22 

14.30 

1 . 19 

1 . 1 1  

1 . 1 1  

0.65 

0 . 24 

DI R E CTION AL UNI T CALI BRATION + 

Current 

50 amp s 

100 amps 

Adj ust  

Magnetic 

Plugs 

Ad j u stment 

If spurious torque is in the 

contact cl osing direction 

(l eft front view) screw out 

right magnetic plug until 

direction of spurious torque 

is reversed. 

If spurious torque is in the 

contact opening direction, screw 
out I eft plug until spurious 

torque is slight contact opening 
Recheck at 40 , 25 and 10 amps 
for the lower range units and 

80, 50 and 20 amps for the 

4- 1 2  amp range relays. 

t Short circuit the voltage pol arizing circuit at the rel ay terminal s before making th e above adjustments. 
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Fig. 1 6. Outline and Drilling Plan for the Type IRV Relay in the Type FT3 l Case. 
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I N S T A L L A TI O N  • 

Westinghouse t . L . 41 -l 33 .2C 

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  
TYPE IRQ DIRECTIONAL OVERCURRENT 

NEGATIVE SEQUENCE RELAY 

FOR GROUND PROTECTION 

C AU T I O N  Before putting the relay into service,  re­
move blocking from all the moving parts. Inspect the 
relay and operate all elements by hand to be sure no 
damage has occured during shipment. 

A P P L I C A T I O N  

The type IRQ i s  a directional overcurrent ground 
relay in which the directional unit operates on neg­
ative sequence current and voltage, and the over­
current units operates on residual or ground current. 
The negative sequence current and voltage are obtain­
ed by means of self-contained negative s e quence 
filters connected between the directional unit and the 
current and potenti al transformers. 

The relay is intended for use at locations where 
the present equipment or system conditions do not 
p ermit the use of the conventional types  of directional 
ground relays operating entirely on residual current 
and voltage. 

At an ungrounded substation on grounded systems 
where only two potential transformers are available,  
or where the potential transformers are on the low­
tension side of a wye-delta or delta-wye power trans­
former bank, the type IRQ relay is applicable for 
ground protection. 

C O N S T R U C T I O N A N D  O P E R A T I O N 

The type IRQ relay consists of a directional 
cylinder unit (D)  operating on negative sequence quan­
tities,  negative- sequence current and voltage filters 
an auxiliary switch (C& l),  a time-overcurrent unit 
(CO),  an instantaneous overcurrent unit (I) ,  and two 
indicating contactor switches (ICS/1) and (ICS/T). The 
principle  component parts of the relays and their 
location are shown in Figs. 1 and 2. 

D i rec t i o n a l  U n i t  ( D )  

The directional unit i s  a product induction cylin­
der type unit operating on the interaction between the 

SUPERSEDES I . L. 41 -1 33 .26 

*Denotes change from superseded i ssue 

polarizing circuit flux and the operating circuit flux. 

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

The frame serves as the mounting structure for 
the magnetic core. The magnetic core which houses 
the lower pin bearing is secured to the frame by a 
locking nut. The bearing can be replaced, if neces­
sary, without having to remove the magnetic core from 
the frame. 

The electromagnet has two series-connected polar­
i zing coils mounted diametrically opposite one an­
other; two series-connected operating coils mounted 
diam etrically opposite one another; two magnetic ad­
justing plugs; upper and lower adjusting plug clips , 
and two locating pins. The locating pins are used to 
accurately position the lower pin bearing, which is  
mounted on the frame, with respect to the  upper pin 
bearing, which is threaded into the bridge. The elec­
tromagnet is secured to the frame by four mounting 
screws. 

The moving element assembly consists of a spiral 
spring, contact carrying m ember. and an aluminum 
cylinder assembled to a molded hub which holds the 
shaft. The shaft has removable top and bottom j ewel 
bearings. The shaft rides between the bottom pin 
bearing and the upper pin bearing with the cylinder 
rotating in an air gap formed by the electromagnet and 
the magnetic core. 

The bridge is secured to the electromagnet and 
frame by two mounting screws. In addition to holding 
the upper pin bearing, the bridge is used for mounting 
the adjustable stationary contact housing. The sta­
tionary contact housing is held in position by a spring 
type clamp. The spring adjuster is located on the 
underside of the bridge and is attached to the moving 

contact arm by a spiral spring. The spring adjuster 
is also held in place by a spring type clamp. 
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Fig. 1 .  Type I R Q  R e lay without Case (Rear View) Fig. 2. Type I R Q  Relay without Case (Front  View) 
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TYPE I RQ RE LAY __________________________________________________________ I_. L_._41_-_1 3_3_.2_c 

Fig. 3. Time Overcurrent Unit (Front View) .  1 - Tap B lo ck, 2 - Time Di al, 3 - Control Spring A s sembly, 4 - Disc, 5 .  Stationary 
Contacts A s sembly, 6 - Magneti c P lugs, 7 · P ermanent M agnet 

With the contacts clo sed, the electrical connec­
tion is made through the stationary contact housing 
clamp , to the moving contact, through the spiral 
spring out to the spring adjuster clamp. 

N e g a t i v e  S e q u e n c e  F i l te r  

The current and voltage filters consist of  re­
actors and resistors connected together as sho wn in 
the internal schematic ( Fi g. 4). 

T i m e -O v e rc urrent U n i t  ( C O )  

The electromagnets for the types IRQ-5 , IRQ-6,  
IRQ-7 ,  IRQ-8 and IRQ-9 relays have a main tapped 
coil located on the center leg of an "E" typ e lamin­
ated structure that produces a flux which divides and 
returns through the outer l egs. A shading coil causes 
the flux through the l eft leg to lag the m ain pole flux. 
The out-of-phase fluxes thus produced in the air gap 
cause a contact closing torque. 

The electromagnet for the type IRQ- 2  and IRQ- 1 1  
relays has a main coil consi sting o f  a tapped primary 
winding a secondary winding.  Two identi cal coils 

on the outer legs of the lamination structure are con­
nected to the main coil secondary in a manner so that 
the combination of all the fluxes produced by the 
electromagnet result in out-of-phase fluxes in the air 
gap .  The out-of-phase air gap fluxes produced cause a 
contact closing torque. 

A u x i l i a ry S w i t c h  ( C S - 1 )  

The auxiliary switch i s  a small solenoid type d. c. 
switch. .A cylindrical plunger, with a silver disc 
mounted on its lower end, moves in the core of  the 
solenoid. As the plunger travels upward, the disc 
bridges the silver stationary contacts. A tapped re­
sistor i s  used to enable one to use the contactor 
switch on a 24,  48 , 1 25 or 250 volt d. c. system con­
nected per Fig. 14. The operation of the C& l switch 
is controlled by the directional unit (D)  which in 
turn directionally controls  the time-overcurrent unit 
( CO) .  When sufficient power flows in the tripping 
direction, the C& l switch operates and bridges the 
lag coil of the time-overcurrent unit (CO) permitting 
this unit to op erate. 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  I RQ R E LAY 
____________________________________________________________ __ 

D I R£CTIONAL UNH --.. 
(M IDDLE UNIT) 

IMSTUTAIIEOUS--­OYEICURREIH Ulll T 
(UPI''ER UNIT) 

ICS 
I 

AUTO TRANSFORMER _/ 
REACTOR 

-·IMDUCTION U N I T  
(SOTTQt.l U N I T )  

SATURATING 
TRAMSFORMER 

VARISTOR 

IIIOICATING 
CONTACTOR SWI TCH 

- ( LEFT, F . V . )  

- AU X I l i A R Y  
SWITCH 

NUfUAL REACTOR 

D I RECTIONAL U N I T  
(MIDDLE U N I T )  

CHAS S I S  OPEUTED 
SHORTIIIG SWITCH 

RED HANDLE 

-TEST SWITCH 

CURRENT TEST JACK 

'-----'"'--.::t'----'f'----"f::__----'� Tfii:NIUL 

1 3  

Fig. 4. Internal Schematic of  the IRQ Re lay. 

I n s ta n ta n eo u s  O v erc urre n t  U n i t  (I) 

The instantaneous o vercurrent unit consists of  a 
induction cylinder type unit and a transformer. The 
induction cylinder unit is similar in construction to 
the directional unit. The time phase relationship of  
the  two air gap fluxes necessary for the  development 
of  torque is achieved by m eans of  a capacitor connec­
ted in s eri e s  with one p air  of pole windings. 

The normally-closed contact of the directional unit 
is connected across  one p air of pole windings of the 
instantaneous overcurrent unit as shown in the inter­
nal schematics. This arrangement short-circuits the 
operating current around the pole windings; preventing 
the instantaneous o vercurrent unit from developing 
torque.  I f  the directional unit should pick up for a 
fault, this short-circuit i s  removed, allowing the in­
stantaneous o vercurrent contact to commence closing 
almost simultaneously with the directional contact 
for high spe ed op eration. 

The transformer i s  of the saturating type for 
limiting the energy to the instantaneous overcurrent 
unit at higher values of fault current and to reduce 
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184A996 
Fig. 5. Sen s iti vity Curve of the D irectiona l  Unit ( D).  

C.  T. burden� The primary winding is  tapped and 
these taps are brought out to a tap block for ease 
in changing the pick-up of  the instantaneous over­
current uniL The use of a tapped transformer prov­
ides approximately the same energy l evel at a given 
multipl e of  pickup current for any tap setting, result­
ing in one time curve throughout the range of the 
relay. 

Acro ss the secondary is  connected a non-linear 
resi stor known as a vari stoL The effect of the varis­
tor is to reduce the voltage p eak s applied to the over­
current unit and phase shifting capacitor. 

I n d i c a t i n g C o n t a c tor  S w i t c h  U n i t ( I C S / 1  a n d  I C S / T ) 

The d-e indicating contactor switch i s  a small 
clapper type device" A magnetic armature, to which 
leaf-spring mounted contacts are attached, is attracted 
to the magnetic core upon energization of  the switch . 
When the switch closes the moving contacts bridge 
two stationary contacts, completing the trip circuit. 
Also during this operation two fingers on the armature 
deflect a spring located on the front of the switch, 
which allows the operation indicator target to drop.  
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TYP E I RQ R E LAY _________________________________________________________ I_. L_._4_1 -_1 3_3_.2_c 

CONTACT GAP 

APPROXIMATELY .020 INCH .24 

. 2 2  

. 2 0  

. 1 8  
NEGATIVE SEQUENCE INPUT 

VOLTAGE TO F I LT E R  
. 1 6  

"' ( L I N E  TO NEUTRAL BASE ) f--
0 z . 14 0 (.) "' "' . 1 2  

� 
"' . 10 
::E 
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.06 

,---- 0.5 v. 

I r-- 1 . 0 v. 
I - 2.0 v. 

\ 1/ I If - 5.0 v. 
r-30.0 v . 

\ v 1/ I II 
\\ l � I 

-\\ y_ V; r--1--
.04 

.02 \\ ::t � -
'---1. 

0 
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NEGATIVE SEQUENCE AMPERES INPUT TO F I LTER 

184A995 
Fig. 6. Time Curve of the Direction al Unit (D) 

The front spring, in addition to holding the target, 
provides restraint for the armature and thus controls 
the pickup value of  the switch. 

C H A R A C T E R I S T I C S  

The time characteristics of the time overcurrent 
relays are designated by specific numbers as indicat­
ed below ( eg. IRQ-8).  

T i m e  
C h aracte r i s t i c s  
Short Time 

Long Time 

Definite Time 

Moderately Inverse Time 

Inverse Time 

Very Inverse Time 

Extremely Inverse Time 

D e s i g n at i o n  
2 

5 

6 

7 

8 

9 

1 1  

The rel ays are available in the following current 
ranges: 

Time Overcurrent Unit 

Range Taps 

. 5-2 .5  0 .5  

2-6 2 

4- 12 4 

0 . 6  0 .8  1 . 0  

2. 5 3 3 . 5  

5 6 7 

1 . 5  2 .0  2 .5  

4 5 6 

8 10 1 2  

REST O F  C I RCUIT MillE� 
-( SAME AS THAT AT 

CLOSE CS-1 COIITACT$ LEFT 
TO TEST OYEICUIREIT 

ALTERNATIVE COMMECT IOIIS FOR 5 T0 2 . 5  .u!PERE flANGE 
IRQ-5 A�ll IRQ-6 RELAYS 

UIIIT (CO) 

-} TO TI14HITIMER 5TOI'S W11EII l 
STOP AUl.REL.U COIIT.I.CT - -- OPENS 

292B934 
Fig. 7. D iagram of  Test Connections for the Circuit Clo sing 

Time Overcurrent Un it of the I R Q  R elay. 

Instantaneous Overcurrent Unit ( I )  

Range Tap s  

0. 5- 2  Amp s 0 . 5  0 .75  1 . 0  1 .  2 5  1 . 5  2 

1-4 1 . 0  1 . 5  2 . 0  2 .5  3 .0  4 .0 

2-8 2 3 4 5 6 8 

4- 16 4 6 8 9 1 2  1 6  

10-40 10 15 20 24 30 40 

20-80 20 30 40 48 60 80 

The tap value is  the m1mmum current required to 
just close the relay contacts. 

The time vs. current characteristics for the time­
overcurrent unit are shown in Figs, 15 to 2 1 .  These 
characteristics give the contact closing time for the 
various time dial settings when the indicated multi­
ples of tap value current are applied to the relay. 

The time vs. current characteristics for the in­
stantaneous overcurrent unit is shown in Fig. 1 3 .  

The time v s .  current characteristics for the direc­
tional unit is shown in Fig. 6 .  

D i rect i o n a l  U n it ( D )  

The directional unit minimum pick-up is appro x­
imately 0. 76 volt-ampers ( e. g. 0 . 19 volt and 4 am-
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T Y P E  I RQ R E L AY ____________________________________________________________ __ 

SWITCH 
120 VOLT {-
60 CYCLE 

SUPPLY __,. 

( FRONT VIEW) 

14 �-�-cy-: _ij�-Q � 
ADJUST MIDDLE FIL TEA 
RESISTOR SLIDER FOR 
ZERO VOLTAGE 

'--t-----+- ADJUST TOP FILTER 

POSITIVE SEQUENCE CALIBRATION 

RESISTOR SLIDER FOR 
v2 , J .n v1 

DISCONNECT LEAD TO 

LOWER RIGHT HAND TERM. 
( RIGOOT SIDr VIE W )  
OF MUTUAL REACTOR 

0·1� VOLT 
RECTOX VOLTMETER 

NEUTRAL Uf> CALIBRATION 

F ig. B. Test Di agram far Calibration of the Negative Sequence Current Filter in the I R Q  R elay. 

peres) in terms of  negative sequence quantities  applied 
at the relay terminals at the m aximum torque angle 
of appro ximately 98°( current l e ading voltage) .  

of  a screw connection. 

C y l i n d e r  U n i t  C o n t a c t s  

290B264 

A typical sensitivity curve for the negative seq­
uence directional unit i s  shown in Fig. 5 .  

The  moving contact assembly has  b e en factory 
adjusted for low contact bounce p erformance and 
should not be changed. 

The time vs current characteristic for the direc­
tional unit is  shown in Fig. 6. 
T r i p  C i r c u i t  

The rel ay contacts will safely clo se 3 0  amperes 
at 250 volts d. c. and the seal-in contacts of the indi­
cating contactor switches  will safely carry this cur­
rent long enough to trip a circuit breaker. 

The indicating contactor switch h as two tap s  that 
provide a pickup setting of 0. 2 or 2 amperes, To 

change taps requires connecting the l ead located in 
front of the tap block to the desired setting by m eans 

6 

The set screw in each stationary contact has 
been shop adjusted for optimum follow and thi s ad­

justment should not be distrubed. 

T r i p  C i r c u i t  C o n s t a n t s  

Inidcating Contactor Switch -

0. 2 ampere tap s - 6. 5 ohms d-e resistance 
2.0 ampere tap s - 0 . 15 ohms d. c resistance 

The auxiliary switch op erating tim e  i s  approxi­
m ately 5 milli seconds. 

d.c resi stance - 1 165  ohms 
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T YP E  I R Q  R ELAY __________________________________________________________ I_. L_._4_1 -_1 3_3 __ .2C 

z 
0 

� 0 
.., 
z 

� 
� 

A B C 

REL A Y �--­
( F R O N T  V I E W }  

S T E P  2 P L A C E S  T H E  fOLLOWI N G  VOLTA G E S  O N  T H E  h t. L A Y  
VA2 o P H A S E  A N E G  SEQUENCE VOLTAGE 
VA2 - 1/3 (VAN + a.2 Ve N  + aYcN ) 

� VA Z  VA z =  � ( l + o.. 2 - z o.. ) = - o.Vo.N 

STEP 3 P I A C E S  THE FOLLOW I N G  CURRENTS ON THE RELAY 

TEST 

r II" 
IA2 o P H A S E  A N E G  SEQUENCE CURREN1 

!, 
N N 

1A2 = lf� ( I A + a} l s  + a, I c l 
lAZ= !A 

3 

l. OPEN RELAY SWITCH 10 
2.  OPEN RELAY SWITCH 15 AND JUMPER S W I TCH JAWS 14 AND 1 5  
J ,  OPEN RELAY SWITCHES f! A N D  B 
14 .  D I RECTIONAL CONTACT SHOULD CLOSE WHEN POWER 

FLOW IS tiHO ll Hf. OVER THE RANGE OF 820 LAGG I N G  T0 98 0 L E A D I N G  POWER FACTOR. 
MAXIMUM CLOS I N G  TORQUE OCCURS AT 
APPROXIMATELY s O  LEAD. 

M A X .  
TORQUE t IA2 

I 
I 
I 

CONTACT ZERO �c�;g�;����� -.Jt...-�'==',=-==---. �;oR QUE 

290B560 

* Fig. 9. In Service Test Procedure for Verifying Proper External Connections Where CT Neutral is Formed Within the R elay. 

S E T T I N G S  

D i re c t i o n a l  U n i t  ( D )  

No setting i s  required. 

T i m e  O v e r c u rrent  U n i t ( C O )  

The time overcurrent unit settings can b e  defined 
either by tap setting and time dial po sition or by tap 
setting and a specific  time of operation at some cur­
rent multiple of the tap setting ( e .  g. 4 tap setting, 2 
time dial position or 4 tap setting, 0. 6 seconds at 
6 times tap value current). 

To provide selective circuit breaker operation, a 
minimum coordinating time of 0. 3 seconds plus circuit 
break er time is recommended between rel ay being 
set and the relays with which coordination is to be 

effected. 

The connector screws on the tap plate above the 

time dial makes connections to various turns on the 

operating coil. By placing this screw in the various 

tap plate holes, the relay will just close  its contacts 

at the corresponding current in amperes, or as marked 
on the tap plate.  

C A U T I O N :  Since the tap block connector screw 
carries operating current, be sure that the screw is 
turned tight. In order to avoid opening the current 
transformer circuits when changing taps under load,  
connect the spare connector screw in the desired 
position before removing the other tap screw from the 
original tap position. 

I n s t a n t a n e o u s  R e c l o s i n g  

The factory adjustment of the CO unit contacts 
provides a contact follow.  Where circuit breaker re­
closing will be intiated immedi ately after a trip by 
the CO contact, the time of the opening of the con­
tacts should be a minimum. This condition is obtained 
by loosening the stationary contact mounting screw, 
removing the contact plate and then replacing the 
plate with the bent end re sting against the contact 
spring. With this change and the contact mounting 
screw tightened, the stationary contact will rest 
solidly against its back stop. 

I n st a n t a n e o u s  O v e r c u r r e n t  U n i t (I) 

The only setting required is the pickup current 
setting which is made by means of the connector 
screw located on the tap plate.  By placing the con-
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T Y P E  I R Q  R E LAY ____________________________________________________________ __ 

� ;:: 
r 0 
.. 
z t � 

j F T - 1  SWITCH S NO. 498A009 GOI 

�-

• • c 

TEST NO. t • POLAR ITY CHECK FOR 1 5 / 5  AMI"ER£ AUXILIARY -------
CURRENT TRANSFORMER 

1. OPEN RELAY SWITCH 10 AND FT-1 SWITCH J 
2,  OPEN RELAY SWI TCH 16 AND JUMPER SWITCH JAWS 

1 6  AND 1� 
3.  OPEN FT-1 SWI TCHES II, F AND H 
�. D I RECTIONAL CONTACT SHOULD REMAIN OPEN WHEN 

POWER FLOW IS INTO THE L I NE, OVER THE 
RANGE OF 82° LAGGING TO 98<' LEADING POWER 
FACTOR . MAXIMUM OPEN I N G  TORQUE OCCURS AT 
APPROX IMATELY 8° LEADING POWER FLOW. 

�1�2 - RELAY OPERATION TEST 
t. OPEN RELAY SWITCH 10 AND FT-1 SWITCH J 
2.  OPEN RELAY SWITCH 15 AND JUMPER SWITCH JAWS 

14 AND 1 5  
3. OPEN. RELAY SWITCHES 6 AND 8 
�. D I RECT I OMAL CONTACT SHOULD CLOSE WHEN POWER 

FLOW IS IIIlO LINE, OVER THE RANGE OF 82° LAGGING TO 98° LEADING POWER FACTOR. 
MAXIMUM CLOSIMG TORQUE OCCURS AT 
APPROXINATEH 8° LEAD 

: ·:"�c�Y 0+---------1-------"� _ _  � GRO . 

290B559 

* Fig. 10.  In Service Test Procedure for Verifying P roper External Connections Where CT Neutral is Formed Externally. 

nector screw in the desired tap , the relay will just 
close its contacts at the tap value current. 

C A U T I O N  Since the tap block connector screw 
carries  operating current, be sure that the screw i s  
turned tight. 

In order to avoid opening the current transformer 
circuits when changing taps under load, connect the 
spare tap screw in the desired po sition before re­
moving the other tap screw from the ori ginal tap 
position. 

N e g a t i v e  S e q u e n c e  F i l ter  

8 

No setting i s  required .  

lnd i  eating  Contactor Swi tch ( I  CS/1 and I CS/T) 

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

Auxi l i ary Swi tch (CS - 1 )  

The only setting required o n  the CS- 1 unit is 

the selection of the required 24, 48 ,  1 25 or 250 volt­
age on the tapped resistor. This connection can be 
made by referring to F'ig. 14. 

I N S T A L L A T I O N 

The relays should be mounted on switchboard 
panel s or their equivalent in a location free from 
dirt, moisture, excessive vibration and heat. Mount 
the relay vertically by m eans of the two mounting 
studs for the FT proj ection case or by m eans o f  
the four mounting holes  i n  the flange of  the semi­
flush type FT case. Either of the studs or the mount­
ing screws may be utilized for grounding the relay. 
The electrical connection may be made directly to 
the terminals by means of screws for steel p anel 
mounting or to terminal studs furnished with the relay 
for thick p anel mounting. The terminal studs may be 
easily removed or inserted by locking t wo nuts on 
the studs and then turning the proper nut with a 
wrench. 

For detailed FT case information, refer to I . L .  
4 1-076. 
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TYPE I RQ R ELAY __________________________________________________________ �I .L�-�4_1 �_3_3_.2 __ c 

STATION !US PHASE ROTATION 1 , 2 , 5  

67N .-- 6 7 N  
-.---
67N 
-or 

67N 67N 67N 
li"" IT 16 

P O S �--�O�.C�-�TR�I�P�B�US�----------

!CS 
T 

67N 
TO 

67N 67N 

�-__J T 3 

DEVICE NUMBER CHART 

liST 
SEC. 

CONTACT 
CLOSES 

67N DIRECTIONAL OVERCURRENT NEGATIVE 
SEQUENCE GROUND REL AY, TYPE IRQ I I 

I 
D - DIRECTIONAL UNIT 

CO - T I M E - OVERCURRENT UNIT 

D IRECTIONAL UNIT PHASE ANGLE 
CHARACTERISTICS 

I - INSTANTANEOUS O;C U N I T  

I ! S T - SATURAT I N G  TRANSFORMER 
FOR INSTANTANEOUS 0/C UNIT 

ICS - IND ICATING C O N TACTOR SWITCH 

C S - 1  - A U X I L I A R Y  CONTAGTOR SWITCH 

I 2 3 
I 
I 
I 
I 
I 5A 
I -
I 

67N I 61N 1 5;5 � -��� �- --y-,..··,_..------i5A---
PRI. 

ALTERNATE 
CONNECTION 
( NEUTRAL FORMED 

EXTERNAU.Y) 52 POWER CIRCUIT BREAKER 

U - A U X I L I A R Y  CONTACT 

TC - TRIP C O I L  

290:8551 

* Fig. 1 1 . External  Schematic  of IRQ Relay. 

The external connections of the directional 
overcurrent relay are shown in Fig. 12 .  

A D J U S T M E N T  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct op era­

tion of this relay have been made at the factory . Upon 
receipt of the relay, no customer adjustments, other 
than those covered under "SETTINGS" , should be 
required. 

A c c e p ta n c e  C h e c k  

The following check is recommended t o  insure 
that the relay is in proper working order; 

N e g a t i v e  S e q u e n c e  F i l t er 

The filters are adjusted for balance in the factory 
and no further adjustments or maintenances should be 
required. The nominal voltage and current output of  
the filters on positive sequence i s  approxiruately zero. 
This serves as a convenient check on the balance of  
the filters. If any two input l eads to the potential 

filter should be interchanged, a high voltage occurs 
across the output terminals of the filter. Similarly, 

if any two of the phase l eads to the input terminals 
of the current filter are interchanged, an output cur­
rent will be obtained. 

D i r e c t i o n a l  U n i t  ( D )  

1 .  Contact Gap - The gap between the station­

ary contact and moving contact with the relay in the 

de-energized position should be approximately . 0 20" 

2. Sensitivity - R efer to the test diagram in fig. 

1 2. Apply a single-phase voltage V 12 equal to 0 . 5 7  

volts ( corresponds t o  a negative-sequence input 

voltage of . 19 volts) and a single-phase current equal 

to 6. 93 amperes as shown ( corresponds to a negative 

sequence input current of 4 amperes). With a phase 

angle meter connected as sho wn, rotate the phase 

shifter until the current leads the voltage by 188°. 

This corresponds to the negative sequence component 

of current leading the negative sequence component 

of voltage by 98 °. The directional unit contact 
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TYPE IRQ R ELAY ______________________________________________________ ___ 

TEST DIAGRAM FOR {�:g} Ql .. fCTIOHAL UNIT AND FILTER � ....f.QR� 
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fi�' A 
MSJSTOII 
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lt. .. IIIETEII 

' Yu I ', 1°1 
/', so•1 

," !At ... 
TOIII0\11: 

I ('u\�� \ OF II.t.• 

' U:IIO 
TOtiOUI 

184A599 
Fig. 12. Test Diagram for Checking Maximum Torque Angle 

ancl Min imum Voltage for Contact Closure of the 
D irectional Unit. 

The above quantities are determined as 
follow s :  V A2 = N e g .  Sequence Voltage 

V A2 = .!._ (VAN + az VBN + a VcN ) 3 
V A2 = __!_ <3_ V AB - ..!:_ a2 V AB - ..!:_ a V AB ) 3 3 3 3 
v = V AB (� _ .!._ az _ .!._ a) A2 --3- 3 3 3 

VAB V A2 = --3-
for V AB = 0 . 57 volts 

VA2 = 0 . 1 0  volts 
IA2 = ..!:_ (IA + az IB + ale ) 

3 
IA2 = .!._ (0 + az I - al) 

3 
IA2 = l /-90° 

\13 
for I =  6 . 93 amps .  

IA2 = 4 /-90° amps.  

should pi ck up within ± 10% of the above input volt­
age to the relay. 

3. Spurious Torque - With the relay connected 
in the test diagram as above, remove the input volt­
age and connect terminais 14 ,  1 5 ,  and 16 together. 
Remove the phase-angle meter. With 80 amp eres 
single-phase current applied, there should be no 
spurious closing torque. 

T i m e O ve r c u rrent  U n i t  (C O )  

1 .  Contacts - The index mark o n  the movement 
frame will coincide with the "0" mark on the time 
dial when the station ary contact has moved through 
appro ximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop, the index mark is offset to the right of the 

1 0  

"0" mark approximately . 0 20 " .  The placement o f  
the various time dial po �itions i n  line with the index 
mark will give operating times as shown on the re­
spective time-current curves. 

2. Minimum Trip Current - Set the time dial to 
po sition 6 with the auxiliary switch (C&- 1) contacts 
blocked clo sed, alternately apply tap value current 
plus 3o/c and tap value current minus 3o/c. The moving 
contact should leave the back stop at tap value cur­
rent plus 3% and should return to the back stop at 
tap value current minus 3%. 

3. Time Curve - Table 1 shows the time curve 
calibration points for the various type s  of relays. 
With the time dial set to the indicated position, apply 
the current specified by Table 1 ( e . g. for the IRQ- 2 ,  
3 and 20 times tap value current). And measure the 
operating time of the relay. The operating times 
should equal tho se of Table 1 plus or minus 5 p ercent. 

For type IRQ- 1 1  relay only, the 1 ..30 times tap 
value operating time from the number 6 time dial 
position in 54.9 ±5o/c seconds. It is important that the 
1 .30 times tap value current be maintained accurate­
ly. The maintaining of thi s current accurately i s  ne­
cessary because of the steepness of the slope of the 
time-current characteristic (Fig. 2 1) . .  A 1o/c variation 
in the 1 . 30 times tap value current (including mea­
suring instrument deviation) will change the nominal 
operating time by approximately 4o/c. 

I n sta n t a n eo u s  O ve r c urrent  U n i t  (I) 

1.  Contact Gap - The gap between the stationary 
and moving contacts with the relay in the de-ener­
gized position should be approximately . 0 20 " .  

2 .  Minimum Trip Current - The normally-closed 
contact of the directional unit should be block ed open 
wh en checking the pick-up of the overcurrent unit. 

The pick-up of the overcurrent unit can be check­
ed by inserting the tap screw in the desired tap hole 
and applying rated tap value current. The contact, 
should close within ± 5o/c of the tap value current. 

I n d i ca t i n g  C o ntactor  S w i t c h e s  ( I C S / 1  a n d  ( I C S/ T ) 

A) Close the contacts of the CO and p ass suf­
ficient d. c. current through the trip circuit to close 
the contacts of (ICS/T). This value o f  current should 
not be greater than th e p articular (ICS/T) tap setting 
being used. The operation indicator target should 
drop freely, bringing the letter "T" into view. 

B) Close the contacts of the instantaneous over­
current unit (I) and the directional (D).  P ass suf­
ficient d. c. current through the trip circuit to close 
the contacts of (ICS/I). This value of current should 
not be greater than the particular (ICS/I) tap setting 
being used. The op eration indicator target should 
drop freely, bringing the letter "I" into view. 

C) The contact gap should be approximately www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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F i g. 13 .  Typi cal Time Curve of the Instantaneous Overcurrent Unit. 

. 047" between the bridging moving contact and the 
adj ustable stationary contacts. The bridging moving 
contact should touch both stationary contacts sim­
ultaneously. 

R o ut i n e  M a i nt e n a n c e  

All relays should be inspected p eriodically and 
the time of op eration should be check ed at l east 
once every year or at such other time intervals as 
may be dictated by e xp erience to be suitable to the 
particular application. 

If an additional time check is desired, p ass sec­
ondary current through the rel ay and check the time of 
operation. It i s  preferabl e to make this at several 
times pick-up current at an expected operating point 
for the particular application. For the . 5  to 2. 5 amp ere 
range IRQ-5 and IRQ- 6  induction unit use the alterna­
tive test circuit in Fig. 7 as these relays are affected 
by a distorted wave form. With this connection the 
25/5 amp ere current transformers should be worked 
well below the knee of the saturation (i. e . ,  use 10L50 
or better). 

All contacts should be periodically cleaned. A 
contact burni sher tt 18 2A836H0 1 is recommended for 
this purpose. The use of abrasive materi al for clean­
ing contacts is not recommended, because of the 

danger of embedding small particles in the face o f  
the soft silver and thus imp airing the contact. 

C a l i b ra t i o n  

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
the adjustments have been disturbed. Thi s procedure 
shoul d not be used unless it i s  apparent that the re­
l ay i s  not in proper working order. ( See "Acceptance 
Check " ). 

Negat i v e  S e qu e n c e  V o l t a g e  F i l ter  

A. Apply 1 20 volts balanced 3 phase voltage 
60 cycl es to terminals 14 ,  1 5 ,  and 16 of the relay ,  
making sure that phase 1 ,  2 ,  and 3 of the applied 
voltage i s  connected to terminal s 14,  15, and 1 6  
repectively. 

B. Using a calibrated high resi stance recto x 
voltmeter, measure the voltage between th-e tap on 
the auto-transformer (middle terminal, lower-right 

* hand reactor , rear view of Fig. 1 and the tap on the 
adjustable 2" re sistor on the upper right hand corner 
of Fig. 2. If the voltage is high (40 to 50 volts) the 
the filter is probably improperly connected. If properly 
connected, the voltage will be low. Using a low range 
( approximately 5 volts) move the adjustable tap until 
the voltage reads a minimum. This value should be 
less than 1 . 5  volts . 
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TY PE I R Q  R ELAY ____________________________________________________________ __ 

N e gat i v e  S e q u e n c e  C u rrent  F i l t e r  

Refer to fig. 8 for positive sequence calibration.  

A. Connect relay terminals 7 and 9 together. 
Remo ve lead to lower right hand terminal of mutual 
reactor (right side view) to disconnect the directional 
unit. 

B. Pass 10 amperes in terminal 6 and out ter­
minal 8 .  

C. With a 0- 15 volts, rectox type voltmeter, 
measure and record voltage between terminals 6 and 
the lower right hand terminal of mutual reactor. This 
voltage should be between 1 . 8 5  and 1.95 volts. 

D.  Now measure the voltage from terminal 6 to 
terminal 7 .  Adjust the top filter resistor tap until 
thi s voltage is 1. 73 times the reading of p art C .  

Refer to fig. 8 for neutral tap calibration. 

A. U sing the test connections as shown and a 
low range voltmeter connected between terminal 6 and 
7, adjust the middl e filter resistor tap connection 
until the measured voltage is zero . Reconnect lead 
to mutual reactor at end of this test. 

D i rect i o n a l  U n i t  ( D )  

1 .  The upper bearing screw should b e  screwed 
down until there is approximately . 0 25" cl earance 
between it and the top of the shaft bearing. The upper 
pin bearing should then be securely locked in po si­
tion with the lo ck nut. 

2. Contact gap adjustment for the directional 
unit is m ade with the moving contact in the reset 
position, i . e., against the right side of  the bridge. 
Advance the right hand stationary contact until the 
contacts just close. Then advance the stationary 
contact and additional one-half turn. 

Now move in the left-hand stationary contact 
until it just touches the moving contact. Then back 
off the stationary contact % of one turn for a contact 
gap of . 020" to . 0 24 " .  The clamp holding the station­
ary contact housing need not be loo sened for the 
adjustment since the clamp utilizes a spring-type 

action in holding the stationary contact in position. 

3. The sensitivity adjustment is made by varying 
the tension of the spiral spring attached to the mov­
ing element assembly. The spring i s  adjusted by 
placing a screwdriver or similar tool into one of thB 

1 2  

notches located on the periphery o f  the spring ad­

juster and rotating it. The spring adjuster i s  located 
on the underside of the bridge and is hel d  in plac e  
by a spring type clamp that does  not have to b e  
loo sened prior to making the necessary adjustments. 

The spring is to be adjusted such that the con­

tacts will close when the r elay is energized with 
0 .57  volts and 6.93 amps at 188° ( current leading 
voltage),  considering the relay connected to the test 
circuit in Fig. 1 2. 

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

The reversing of  the spurious torques is accom­
plished by using the adjusting plugs in the following 
manner: 

a) Connect the relay voltage circuit terminal s 

(phase 1 ,  2 and 3) together. 

b) Apply 80 amperes singl e - phase current 
(momentarily) in phase 2 terminal and out phase 3 
terminal. 

Plug adjustment is then made per Table II such 
that any contact closing spurious torques are reversed. 
The plugs are held in position by upper and lo wer 
plug clips. These clips need not be disturbed in any 
manner when making the necessary adjustment. 

The m agnetic plug adjustment may be utilized to 
positively clo s e  the contacts on current alone. Thi s 

may be desired on some installations in order to in­
sure that the relay will always trip the breaker on 
zero potential. 

I n s t a n ta n e o u s  O v er c urrent  U n i t  ( 1 )  

L The upper pin bearing should be screwed down 
until there is approximately .0 25 clearance between 
it and the top of shaft bearing. The upper pin bearing 
should then be securely locked in position with the 
lock nut. The lower bearing po sition is fixed and can­
not be adjusted! 

2. The contact gap adjustment for the overcurrent 
unit is made with the moving contact in the reset 
position, i. e. ,  against the right side of  the bridge. 
M o v e  in th e l e ft-hand stationary contact until it j ust 
touches the moving contact then back off the station­
ary contact 2/3 of one turn for a gap of approximately 
. 0 20 " .  The clamp holding the stationary contact hous­
ing need not be loo sened for the adjustment since the 
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clamp utilizes a spring-type action in holding the sta­
tionary contact in position. 

3. The sensitivity adjustment is made by varying 
the t e n sion of th e spiral spring attached to the mov­
ing element assembly. The spring i s  adjusted by 
placing a screwdriver or similar tool into one of the 
notches located on the periphery of  the spring ad­
juster and rotating it. The spring adjuster is located 
on the underside of  the bridge and is held in place 
by a spring typ e clamp that does  not have to be 
loosened prior to making the necessary adjustments. 

Before applying current, block open the normally­
clo sed contact of the directional unit. Insert the tap 
screw in the minimum value tap setting and adjust 
the spring such that the contacts will close as indi­
cated by a neon lamp in the contact circuit when 
energized with the required current. The pick up of  
the overcurrent unit with the tap screw in  any other 
tap should be within ±5o/c of tap value. 

If adjustment of pick-up current in between tap 
settings is desired insert the tap screw in the next 
lowest tap setting and adjust the spring as described. 
It should be noted that this adjustment results in a 
slightly different time characteristic curve and burden. 

Time Overcurrent Unit ( CO) 

1) Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. 
Therefore, with the stationary contact resting against 
the backstop, the index m ark is offset to the right of 
the "0" mark by approximately . 020 ".  The place­
ment of the various time dial positions in line with 
the index mark will give operating  times as shown on 
the respective time-current curves. 

2) Minimum Trip Current - The adjustment of  
the spring tension in setting the minimum trip current 
value of the relay is most conveniently m ade with the 
damping magnet removed. 

With the time dial set on "0 " wind up the spiral 
spring by means o f  the spring adjusted until approxi­
mately 6- 3/4 convolutions show. 

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

With the auxiliary switch (C& 1) contacts blocked 
clo sed, adjust the control spring tension so that the 
moving contact will l eave the backstop at tap value 
current + l . Oo/c and will return to the backstop at tap 
value current - l .Oo/c. 

3) Time Curve Calibration - Install the perma­
nent magnet. 

Apply the indicated current per Table 1 for perma­
nent magnet adjustment (e .  g. IRQ-8,  2 times tap value) 
and measure the operating time. Adjust the permanent 
magnet keep er until the op erating time corresponds 
to the value of Table 1. 

For type IRQ- 1 1  relay only , the 1. 30 times tap 
value operating time from the number 6 time dial 
po sition i s  54. 9 ±5o/c seconds. It is important that the 
1 .  30 times tap value current be maintained accurate­
ly. The maintaining of this current accurately is nec­
essary because of the steepness of the slope of the 
time-current characteristic ( Fig. 2 1).  A 1o/c variation 
in the 1 . 30 tim es  tap value current (including mea­
suring instrument deviation) will change the nominal 
operating time by approximately 4o/c if the operating 
time at 1. 3 times tap value is not within these limits, 
a minor adjustment of  the control spring will give the 
correct op erating time without any undue effect on the 
minimum pick-up of  the relay. This check is to be 
made after the 2 times tap value adjustment has been 
completed. 

A pply th e indicated  current p e r  Table 1 for the 
electromagnet plug adjustment ( e. g. IRQ- 8 ,  20 times  
tap value) and measure the  operating time. Adjust the 
proper plug until the operating time corresponds to 
the value in Table 1 ( Withdrawing the l eft hand plug, 
front view increases the operating time and withdraw­
ing the right hand plug, front view, decreases the 
time. ) In adjusting the plugs, one plug should be 
screwed in completely and the other plug run in or  
out until the proper operating time has been obtained. 

Recheck the p ermanent magnet adjustment. If the 
operating time for this calibration point has changed, 
readjust the p ermanent m agnet and then recheck the 

electromagnet plug adjustment. 

Indicating Contactor Switches (ICS/I) and (ICS/T) 

Adjust the contact gap for approximately . 047".  

A) C l o s e  the contacts of  the CO and the direc­
tional unit and p ass suffi cient d. c. current through 
the trip circuit to clo se the contacts of the ( ICS/T). 
This value of  current should not be greater than the 
particular ( ICS/T) tap setting being used. The oper­
ation indicator target should drop freely bringing the 
l etter "T" into view. 

B) Close contacts o f  instantaneous overcurrent 
unit (I) and directional unit ( D).  P ass sufficient d. c. 
current through the trip circuit to close contacts of 
the ( ICS/I). This value of current should not be great­
er than the particular (ICS/1) tap setting being used. 
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TYPE I R Q  RELAY __________________________________________________________ _ 

The op eration indicator target should drop freely 
bringing the letter "I" into view. 
A u x i l i a ry S w i t c h  ( C S - 1 ) 

Adjust the stationary core of the switch for a 
clearance between the stationary core and the moving 
core when the switch is picked up. This can be done 
by turning the relay upside-down. Then screw the core 
screw up until the moving core starts rotating. Now 
back off the core screw until the moving core stops 
rotating. This indicates the points when the play in 
the assembly i s  taken up , and where the moving core 
just separates from the stationary core screw. Back 
off the core screw appro ximately one tum and lock in 
place. This prevents the moving core from striking 
and sticking to the stationary core because of resi­
dual magnetism. Adjust the contact cl earance for 
3/64" by means of the two sm all nuts on either side 
of the Micarta disc. 

Connect lead (A ) to proper terminal p er Fig. 14. 
Block directional unit (D) contacts close and ener­
g i z e  trip circuit with rated voltage. Contacts of aux­
iliary switch (C& 1) should make as indicated by a 
n eon lamp in the contact circuit. 

R E N E W A L  P A R T S  

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

POSITION RATED O-C RESISTOR 

LEAD 0 VOLTAGE RESISTANCE 

2 48 300 
3 1 2 5  2700 
4 250  6500 

NOT£ . RELAYS ARE SHIPPED ON THE 125 VOLT TAP 

184A316 

F i g. 14. Selection of Proper Voltage Tap for Auxiliary Switch 
(CS- 1 )  Operation. 

TABLE I 

T I M E C U R V E  C AL I B R A T I O N  D A T A - 60 C Y C L E S  

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME- TIME CURRENT OPERATING CURRENT OPERATING 
OVERCURRENT DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME 

UNIT TYP E  POSITION TAP VALUE ) SECONDS TAP VA LUE) SECOND S 

IRQ- 2 6 3 0.57 2 0  0.22 

IRQ- 5 6 2 37. 8 0  1 0  14.30 

IRQ- 6 6 2 2.46 2 0  1 . 19 

IRQ- 7 6 2 4.27 20 1 . 1 1  

IRQ- 8 6 2 13.35 2 0  1 . 1 1  

IRQ- 9 6 2 8.87 2 0  0.65 

IRQ- 1 1  6 2 1 1. 27 20 0 . 24 
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TABLE I I  

DIR ECTIONAL UNIT CAL I BRATION t 

R E LAY RAT I NG CUR R ENT AMP E R E S  BOT H PL UGS I N  COND I T I ON ADJ USTME NT 

All Ranges 80 Spurious Torque In Contact Right (Front-View) Plug Screwed 
Closing Direction ( Left Front Out Unt\ \ Spurious Torque is Re-
View) versed. 

All Ranges 80 Spurious Torque In Contact Left (Front View) Plug Screwed 
Opening Direction (Right Front Out Until Spurious Torque is in 
View) (Contacts remain open) Contact Closing Direction. Then 

the plug is screwed in Until Spuri-
ous Torque is Reversed. 

t Short circuit the voltage polarizing circuit at the relay terminals before making the above adjustment. 

E N ERGY R EQUIREMENTS 

I R Q-2 TIME OV E R C U R R E N T  U N I T S  

VOLT AMPERES* * 

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT 

0.5 0 .91 28 58 4 .8  39.6 256 790 
0.6 0 . 96 28 57 4.9 39 .8 270 85 1 
0 .8 1 . 18 28 53 5 .0  42. 7 308 1024 

0.5/2.5 1 .0 1 . 37 28 50 5 .3  45 .4  348 1220 
1 . 5  1 .95 28 40 6.2 54.4 435 1740 
2.0 2 .24 28 36 7 .2  65 .4 580 2280 
2.5 2.50 28 29 7.9 73.6 700 2850 
2.0 3 . 1  1 10 59 5.04 38.7 262 800 
2.5 4 .0 110 55 5. 13  39.8 280 920 
3 .0 4 .4  1 10 51  5 .37 42 .8 312  1008 

2/6 3 .5  4 .8  1 10 47 5 .53 42.8 329 1 120 
4 .0  5 .2  1 10 45 5 .72 46.0 360 1216 
5.0 5 .6 1 10 4 1  5 . 90 50.3 420 1500 
6.0 6.0 1 10 37 6.54 54. 9  474 1800 
4.0 7 . 3  230 65 4 .92  39. 1  268 848 
5.0 8.0 230 50 5 . 20 42.0 305 1020 
6.0 8.8 230 47 5 . 34 44 . 1  330 1 128 

4/12 7 .0 9 .6  230 46 5 .53  45.8 364 1260 
8 . 0  10 .4 230 43 5.86 49. 9  400 1408 

10.0 1 1 . 2  230 37 6 .6  55.5 470 1720 
12.0 12.0 230 34 7.00 62.3 528 2064 

• Thermal cafacities for short times other than one s e c ond may b e  calc ulated on the b a s is of time being inversely proportional to the 
s q uare of t e current. 

¢ Degrees current lags voltage at tap value current. 

• •  Voltages taken with R e ctox type voltmeter . 
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E N E RGY R EQ U I R EME NTS 

I RQ-5, I R Q-6 T I M E  OV E RC U R R E N T  U N I T S  

VOLT AMPERES . .  

CONTINuOUS ONE SECOND POWER AT AT 3 TlMES AT 10 TIMES AT 20 TIMES 

TAP VALUE 

CURRENT 

AMPERE 

RANGE TAP 

(0. 5 

(0.6 

(0.8 

0.5/2.5 (1 .0  

2/6 

4/12 

AMPERE 

RANGE 

0. 5/2. 5 

2/6 

4/ 12 

( 1 . 5  

(2.0 

(2.5 

(2 

(2. 5 

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6  

(7  

(8 

(10 

( 12 

TAP 

(0.5 

(0.6 

(0 . 8  
( 1. 0  

( 1 . 5  
(2.0 

(2.5 

(2 

(2.5 

(3 

(3.5 

(4 

(5  

(6 

(4 

(5 

(6 

(7 

(8 

(10 

(12  

RATING 

(AMPERES) 

2 

2.2 

2.5 

2.8 

3.4  

4.0 

4.4 

8 

8. 8 

9.7 

10.4 

1 1 .2 

12.5 

13.7 

16  

18.8 

19.3 

20.8 

22.5 
25 

28 

CONTINUOUS 

RATING 

(AMPERES) 

2 

2.2 

2.5 
2.8 

3 . 4  
4.0 

4.4 

8 

8.8 

9.7 

10.4 

1 1 .2 

12.5 

13 .7  

16  

18.8 

19.3 

20.8 

22.5 

25 

28 

RATING* 

(AMPERES) 

FACTOR TAP VALUE TAP VALUE TAP VALUE 

ANGLE ¢ CURRENT CURRENT CURRENT 

88 

88 

88 

88 

88 

88 
88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

69 3.92 20.6 103 

68 3 . 96 20.7 106 

67 3.96 21 1 14 

66 4.07 21 .4  122 

62 4 . 1 9  23.2 147 

60 4 . 30 24.9 168 

58 

67 

66 

64 

63 

62 

59 

57 

65 

63 

61 

59 

56 

53 

47 

4.37 

3.88 

3. 90 

3 .93 

4.09 

4 . 12 

4.20 

4.38 

4 .00 

4 . 15 

4 , 32 

4 . 35 

4 .40 

4 .60 

4 . 92 

26.2 

21 

21.6 

22. 1  

23 . 1  

23.5 

24.8 

26 .5 

22.4 

23.7 

25 .3 

26.4 

27.8 

30. 1 

35 .6  

180 

1 10 

1 18 

126 

136 

144 

162 

183 

126 

143 

162 

183 

204 

247 

288 

270 

288 

325 

360 

462 

548 

630 

308 

342 

381 

4 17 

448 

540 

624 

376 

450 

53 1 

6 1 1  

699 

880 

1056 

I R Q-7 T I M E  OV E R C U R R E NT UN ITS 

ONE SECOND 

RATING * 

(AMPERES) 

88 

88 
88 
88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER AT 

FACTOR TAP VALUE 

ANGLE ¢ CURRENT 

68 

67 

66 
64 

6 1  

58 

56 

66  

63  

63  

62 

6 1  

59 

58 

64 

61 

60 

58 

55 

51 

46 

3 .88 

3 .93 

3.93 

4.00 

4.08 

4.24 

4.38 

4 .06 

4.07 

4 . 14 

4 .34 

4.34 

4 . 40 

4 . 62 

4.24 

4.30 

4.62 

4.69 

4.80 

5 .20 

5.40 

VOLT AMPERES* * 

AT 3 TIMES 

TAP VALUE 

CURRENT 

20.7  

20.9 

21.1 
21. 6 

22.9 

24.8 

25.9 

2 1 . 3  

21.8 

22.5 

23.4 

23.8 

25 .2 

27 

22.8 

24 .2 

25 . 9  

27.3 

29.8 

33 

37.5 

AT 10 TlMES AT 20 TlMES 

TAP VALUE TAP VALUE 

CURRENT CURRENT 

103 

107 

114 
122 

148 
174 

185 

1 1 1  

120 

129 

141 

149 

163 

183 

129 

149 

168 

187 

211 

260 

308 

278 

288 

320 
35S 

459 

552 

640 

306 

342 

366 

413  

448 

530 

624 

392 

460 

540 

626 

688 

860 

1032 

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

cp Degrees current lags voltage at tap value current. 

•• Voltages taken with Rectox type voltmeter. 
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I . L .  41 -1 33.2C 

E N E RGY REQUI R EMENTS 

IRQ-8, I R Q-9 T IME OVERC U R R E N T UN ITS 

CONTINUOUS ONE SECOND 

AMPERE RATING RATING* 

RANGE TAP (AMPERES) (AMPERES) 

0.5/2.5 

2/6 

4/ I 2  

(0.5  

( 0 . 6  

(0 .8  

( 1 . 0  

( 1 . 5  

( 2 . 0  

( 2 . 5  

( 2  

(2 .5  

(3 

(3 .5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 10 

( 1 2  

2 

2 . 2  

2 . 5  

2 . 8  

3 .4 

4 .0 

4 .4 

8 

8.8 

9 .7  

10 .4  

1 1 . 2  

12 .5  

1 3 . 7  

16 

18.8 

19.3 

20. 8 

22 .5  

25 

28 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

VOLT AMPERE S* * 

POWER AT AT 3 TI MES 

FACTOR TAP VALUE TAP VALUE 

ANGLE ¢ CURREN T CURRENT 

72 

71 

69 

67 

62 

57 

53 

70 

66 

64 

62 

60 

58 

56 

68 

63 

60 

57 

54 

48 

45 

2.38 

2 . 38 

2 . 40 

2 . 4 2  

2 . 5 1  

2 . 65 

2 .74 

2 .38 

2 .40 

2 . 4 2  

2.48 

2 . 53 

2 . 64 

2 . 75 

2.38 

2 .46 

2 . 54 

2 .62  

2 . 73 

3 . 00 

3.46 

2 1  

2 1  

2 1 . 1  

2 1 . 2  

2 2  

23.5 

24.8 

21 

2 1 . 1  

2 1 . 5  

2 2  

22.7 

24 

25.2  

21 .3  

2 1 .8 

22.6 

23.6 

24. 8  

2 7 . 8  

3 1 . 4  

A T  10 TIMES AT 20 TIMES 

TAP VAL UE TAP VALUE 

CURRENT CURRENT 

132 

134 

142 

150 

1 70 

200 

228 

136 

142 

149 

157 

164 

180 

198 

146 

1 5 8  

1 7 2  

190 

207 

248 

292 

350 

365 

400 

440 

530 

675 

800 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

I RQ-1 1 OVE R C U R R E N T  U N I T S  

CONTINUOUS ONE SECOND POWER AT 

VOLT AMPERES'* 

AT 3 TIMES AT 10 TIMES AT 20 TIMES 

AMPERE RATING RATING' FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 

RANGE TAP (AMPERES) 

0 . 5 / 2 . 5  

2/6 

4 / 1 2  

0 . 5  

0 . 6  

0.8 

1.0 

1 . 5  

2 . 0  

2 . 5  

2 . 0  

2 . 5  

3 . 0  

3 . 5  

4 . 0  

5 . 0  

6 . 0  

4 . 0  

5 . 0  

6 . 0  

7 . 0  

8 . 0  

1 0.0 

12.0 

1 . 7  

1 .9 

2 . 2  

2 . 5  

3 . 0  

3 . 5  

3 . 8  

7 . 0  

7.8 

8.3 

9.0 

10.0 

1 1 .0 

1 2.0 

1 4  

16 

17 

1 8  

20 

22 

26 

(AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT 

56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

36 

34 

30 

2 7  

22 

1 7  

1 6  

3 2  

3 0  

2 7  

2 4  

23 

20 

20 

29 

25 

22 

20 

18 

1 7  

1 6  

0 . 7 2  

0 . 7 5  

0 . 8 1  

0.89 

1 . 1 3  

1 .30 

1 .48 

0.73 

0.  78 

0.83 

0.88 

0.96 

1 .07 

1 .23 

0.  79 

0.89 

1 . 02 

1 . 10 

1 . 23 

1 .32 

1 . 8  

6 . 5 4  

6 . 8 0  

7.46 

8.30 

1 0 . 04 

1 1 .95 

13 .95 

6 . 3 0  

7 . 0 0  

7 .  7 4  

8.20 

9 . 1 2  

9 . 80 

1 1 .34 

7.08 

8.00 

9 . 1 8  

10.00 

1 1 . 1  

1 4 . 9  

1 6 . 3  

7 1 . 8  

75.0 

84.0 

93 . 1  

1 1 5 . 5  

136.3 

160.0 

7 4 . 0  

7 8 . 5  

84 .0 

89.0 

102.0 

109.0 

129.0 

78.4 

90.0 

1 0 1 .4 

1 1. 0 . 0  

1 2 4 . 8  

1 3 1 . 6  

180.0 

250 

267 

298 

330 

4 1 1  

502 

6 1 0  

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

720 

* Thermal capacities for short times other than one s e cond may be c alculated on the basis of time being inverse ly 
proportional to the s quare of the c urrent. 

¢ Degrees current lags voltage at tap value current. 

** Voltages taken with R ectox type voltmeter. 

1 7  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE I R Q  RELAY ____________________________________________________________ __ 

ENERGY R EQU I REM ENTS FOR THE 
SEQUENCE F I LTER AND THE D I RECTI ONAL U N I T  

(Al l  Burdens at  6 0  Cyc les) 

The current burden of the relay with positive sequence currents applied (no output current to the direc-

tiona! unit) is as follows: 

Phase Continuous One Second Watts Volt-Amps. 

Rating-Amps. Rating-Amps. at 5 Amps . at 5 Amps. Power Factor Angle 

2 10 150 5 . 5  5 . 5  oo 

3 10 150 . 35 1 . 28 74° Lag 

1 10 150 5 . 4  7.5 44° Lag 

The current burden of the relay with zero sequence currents applied is as follows: 

Watts Vo l t - A m p s .  
P ha se A t  5 A m p s .  A t  5 A m p s .  P ower  F a ctor A n g l e  

1 4 . 66 5 . 5  3 2° 

2 4 . 9 2  5 . 0  100 

3 3 . 30 3 . 7  27° 

The voltage burden of the relay with positive sequence voltage applied (n o output voltage to the direc­

tional unit) is as follows:  

Pot.  Transf. Across Phase Volts Watts Volt-Amps .  Power Factor Angle 

Burden values on three star connected potential transformers . Values at the star voltage of 66.4 volts 

( 1 15 volts delta). 

1 8  

1 
2 
3 

1 15 
1 15 
1 15 

0 
0 . 2  

23 . 2  

26. 8  
0 . 3  

27.0 

Burden values on two open-delta potential transformers. Values at 1 15 volts. 

12 1 15 -23 . 2  46.5 

23 1 15 46.6 46.6 

23 1 15 . 10 .48 

3 1  1 15 23 . 2  46.5 

3 1  1 15 23 . 2  46.6 

1 2  1 15 0.50 0 .52 

Burden values on t hree delta connected potential transformers . Values at 115 volts .  

3 1  1 15 15 .4 3 1. 0  
1 2  1 15 -7.8  15 . 6  
23 1 15 1 5 . 6  15 .6  

90° Lag 

48° Lag 

30° Lag 

1 20° Lag 

00 

5 8° Lag 

60° Lag 

60° Lag 

2° Lead 
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TYP E I RQ R E LAY ________________________________________________________ �
I

-
L
=-�

4
�
1

-�
1 3

=
3
�.

2
�

C
� 

E N E R G Y  R E Q U I R E M E N T S  
I N S T A N T A N E O U S  O V E R C U R R E N T  U N I T  O P E R A T I N G  C U R R E N T  C I R C U I T  - 60 C Y C L E S  

AMP E R E  RANGE TAP 

. 5  

. 75 

1 
5·2 1 .  25 

1 . 5  

2 

1 

1 . 5  

2 
1·4 

2 . 5  

3 

4 

2 

3 

4 
2-8 

5 

6 

8 

4 

6 

4-16 8 

9 

1 2  

1 6  

10 

15 

20 
10-40 

24 

30 

40 

20 

30 

20-80 
40 

48 
60 

80 

RANGE 

0 5- 2 

1-4 

2-8 

t t  
VA AT TAP VAL U E  

. 3 7  

. 3 8  

. 3 9  

. 4 1  

. 4 3  

. 4 5  

. 4 1  

.44 

. 4 7  

. 5 0  

. 5 3  

. 59 

1 . 1  

1 . 2  

1 . 3  

1 . 4  

1 . 5  

1 . 8  

1 . 5  

1 . 7  

1 . 8  

1 . 9  

2 . 2  

2 . 5  

1 . 7  

2 . 4  

3. 1 

3 . 6  

4 . 2  

4 . 9  

6 .6  

9 . 3  

1 2  

1 3 . 5  

1 5 . 9  

1 9 . 2  

CONTINUOUS RATING 

( AMPERE})) 

5 

8 

8 

"' t t 
P . F . ANGL E VA AT 5 AMPS. 

39 24 

36 13 

35 8 . 5  

3 4  6. 0 

3 2  4 . 6  

30 2 . 9  

3 6  9 . 0  

3 2  5 . 0  

3 0  3 . 0  

2 8  2 .  1 

26 1 . 5  

2 4  0 . 93 

49 6 . 5  

43 3 . 3  

3 8  2. 1 

3 5  1 . 4  

33 1 . 1  

29 0. 7 

5 1  2 .4  

45 1 . 2  

40 0 . 7  

3 8  0 . 6  

34 0 . 3 7  

3 0  0 . 24 

28 0.43 

2 1  0 . 27 

1 6  0 . 20 

15 0 . 1 5  

1 2  0. 1 1  

1 1  0 .08 

3 1  0 . 40 

24 0 . 2S 

20 0 . 18 

18 0. 14 

16 0 . 10 

1 5  0 . 07 

100 

140 

140 

4-16 1 1 0  

L_ ___ �_:_�:_:____l___ _______________ �: ____________________ il1 __________ ::: 
200 

¢ 
P . F. ANGL E 

46 

37 

34 

32 

3 1  

28 

36 

32 

29 

27 

2 6  

2 4  

48 

42 

37 

35 

3 3  

29 

5 1  

45 

40 

38 

34 

3 1  

28 

2 1  

1 7  

1 5  

13 

1 2  

3 1  

2 4  

20 

18 

1R 

1 5  

t Thermal cap acities for short times other than one s econd may be calculated on the basis of time being tnversely proportiOnal to the 
s quare of the current. 

cf> Degrees current lags voltag e ,  

t t Voltages taken with Rectox type voltmeter. 
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TYPE I RQ R ELAY __________________________________________________________ _ 
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MU L T I P L eS O F  TAP VALU E CURRENT 

Curve 418244 

Fig. 15. Typi cal Time Curve of the Time-O vercurrent Unit of the Short Time (2) R e lay. 
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T YP E  I RQ R ELAY ____________________________________________________________ r . L_._4_1 -_1 3_3_.2_c 
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TYP I CAL T I M E CURVES 

TYPE C0- 5  

OVER CU RREN T R E L AY 

50 - 60 CYC L ES 
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I 

' 
' 

I I  1 1  1 . 1 1 I 1 ' I  j 1 ' , I 
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SETT I N G 
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MU l T I P l ES OF TAP V A L U E  CURRENT 

Curve 418245 

Fig. 1 6 .  Typical  Time Curve of the Time-Overcurrent Unit of the Long Time (5) Relay. 
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Fig. 1 7. Typica l  Time Curve of th e Time-O vercurrent Unit of the Defin ite Time (6)  R elay. 
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TYP E I RQ R E LAY--------------------------------------------------------�-'· _L._4�1 --1�33�. 2�C� 
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Curve 418247 

Fig. 18.  Typical Time Curve of the Time-O vercurrent Unit of the Moderately In verse (7) Relay. 
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Fig. 19 .  Typical Time Curve of the Time-O vercurrent Unit of the In verse (8) Re lay. 
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F ig. 20. Typi cal Time Curve of the Time-O vercurrent Unit of the Very In verse (9) Re lay. 
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Fig.  21 .  Typical Time Curve of the Time-O vercurrent Unit  of the Extremely In verse ( 1 1) R elay. 
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F i g. 22. Out l ine  and Dr i l l ing  P lan fo r the Type I R Q  R elay in the F T42 Case. 
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I N S T A L L A TI O N  • 

Westinghouse I . L .  41 -l 33M 

O PE R A T I O N  • M A I N TE N A N C E 

I N S T R U C T I O N S 
DIRECTIONAL OVER CURRENT GROU N D  RELAYS 

TYPES IRP, IRC AND IR D 

C A U T I O N  Before p utting relays into servi c e ,  remove 

all blocking which may have been i nserted for the 

p urpose of securing the p arts during shipment, make 

sure that all moving parts operate freely, inspect the 

contacts to see that they are clean and clo s e  properly,  

and operate the relay to check the settings and 

el ectrical connections. 

A P P L I C A T I O N  

These rel ays are ground directional overcurrent 

relays which are used for the protection of trans­

mission lines and feeder circ uits.  Both the time­

overcurrent and instantaneo us overc urrent units are 

directional l y  controlled. 

The type IRP relay i s  potential polarized. The 

typ e IRC relay is current polarized. The typ e IRD 

relay is a dual polarized relay whi c h  can be p olarized 

from a potential source ,  from a local ground source or 

from both simultaneo usly, 

C O N S T R U C T I O N A N D  O P E R A T I O N 

The various types of relays consist of a directi o n­

al unit or units ( D) . an auxiliary switch (CS- 1) , a 

time-overcurrent unit (CO) , an instantaneous over­

current unit ( I ) ,  an instantaneous overcurrent unit 

transformer, and two indicating contactor switches 

( ICS/l) and ( ICS/T) .  The principle component parts 

of the r elays and t he ir locatio n are s nown in Fig.  1 

through 6.  

T i m e - O v e r c u rrent U n i t  ( C O )  

The electromagnets for the types I R- 5 ,  IR-6,  IR- 7 ,  

IR-8 and IR-9 relays hav e  a main tapped c o i l  lo cated 

on the center leg of an "E" typ e  laminated structure 

that produces a flux which divides and r eturns through 

the outer l e g s .  A shading coil c auses the flux through 

the left leg to l ag the main pole flux. The out-of-phase 

fluxes thus produc e d  in the air gap cause a contact 

closing torque. 

The electromagnet for the type IR-2 and IR- 1 1  

relays has a m ain c oil  cons isting of a t apped primary 

winding a secondary w inding, Two identical coils 

SU PERSEDES I . L .  41 - l 33 L  
*Denotes change from superseded i ss ue .  

o n  the outer I e g s  o f  th e I amination structure are con­

nected to the main coil secondary in a m anner so that 

the com bination of all the fl uxes n ro riuced by th e 

electromagnet result in out-of-ohase fl uxes in the air 

gap . The out-of-phase air gao fl u xes o ro duceri c ause a 

contact cl osing torque>  

I n d i cat i n g  C o n t a cto r S w i t c h  U n i t s  ( I C S/1 and  I C S/ T) 

The d-e indi cating contactor switch is a small 

clap p er type devic e .  A magn e tic armatur e ,  to which 

leaf-spring mo unted contacts are attached, i s  attracted 

to t he magnetic core up on energization of the swit ch. 

When the switch clos e s  the movi ng contacts bridge 

t wo stationary contacts,  completing the trip circuit. 

Also during this operation two fingers on the armature 

deflect a spring located on the front of the switch,  

which allows the op eration indi cator target to dro p .  

T h e  front spring,  in addition t o  holding the target, 

provides restraint for the armature and thus control s 

the p ick up val u e  of the switch .  

D i rect i o n a l  U n i t  ( D) 

The directional unit is a product inductiun cyl in­

der type unit op erating on the interaction between the 

polarizing circuit flu x  and the operating circuit flux.  

Mechanically,  the directi onal unit  i s  compo sed of 

four basic components : A die-cast a l urr.inum frame ,  

an electromagnet, a moving element assembly,  and a 

mol ded bridge. 

The frame serves as the mounting structure for 

the magnetic core. The magnetic core > which hous e s  

the lo wer p i n  bearing is secure d t o  the frame b y  a 

locking nut .  The bearing can be replaced, if neces­

sary, without having to remov e  the magnetic core from 

the fram e. 

The electromagnet has two series-connected polar­

izing coils mounted diametrically oppo site one an­

other; two serie s-co nnected operating coils mounted 

diametrically oppo site o ne another; two magnetic ad­

j u sting plugs;  upp er and lo wer adj usting plug clips,  

and two locating pins.  The locating p ins are used to 
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Fig. 1. Type IRD Relay Without Case (Front View). l - Instantaneous Over· 

c urrent Unit and Saturating Transformer. 2 - Current Po larized D irect­

ional Unit. 3 - Voltage Polarized D irectional Unit. 4 - Time Over­

current Unit. 5 - Indicating Contactor Switch. 6 - A uxiliary Switch. 

) 

1 

3 

Fig. 2. Type IRD Relay Without Case (R ear View). l - Varistor. 2 - Saturating 

Transformer. 3 - "E" Type Electromagnet. 
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TY PES IRP,  I RC AND I R D R E LAYS _____________________________________________ I_. L_. _4 1_- 1_3 __ 3M 

F ig. 3. D irectional Unit. 1 - Stationary Contacts. 2 - Stationary Contact Pressure Spring. 3 - Magnetic A djusting Plugs. 

4 - Upper Bearing Screw. 5 - Moving Contact, 6 - Spring A djuster Clarnp. 7 - C urrent B ias Vane. 

2 

Fig. 4. Time Overcurrent Unit. 1 - Tap B lock. 2 - T ime D ial. 3 - Control Spring A ssembly. 4 - D isc, 5 - Stationary 
Contact A ssembly. 6 - Magnetic Plugs. 7 - Permanent Magnet. 
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TY P ES IRP,  I RC AND I RD R E LAYS ________________________ _ 

4 

Fig. 5. Instantaneous Overcurrent Unit. 1 - Saturating Transformer. 2 - Tap B lock. 3 - Stationary Contact. 4 - Moving 

Contact. 

Fig. 6. Indicating Contactor Switch (ICS). www . 
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TYPES I RP,  I R C  AND I R D  R ELAYS ------------------------' ·_L_. _4 1_·1_3_3M_ 

accurate! y po sition the lower pin bearing, which is 
mounted on the frame.  with respect to the upper pin 
bearing , which is threaded into the bridge . The elec 
tromagnet is secured to the frame by four mounting 
scre ws.  

The moving element assembly consist s  of  a spiral 
spring , contact carrying member, and an aluminum 
cylinder assembled to a molded hub which holds the 
shaft. The shaft has removable top and bottom jewel 
bearings. The sha ft rides between the bottom pin 
bearing and the upp er pin bearing with the cylinder 
rotating in an air gap formed by the electromagnet and 
the magnetic core . 

The bridge is secured to the el ectromagnet and 
frame by t wo mounting screws. In addition to holding 
the upp er pin bearing, the bridge is used for mounting 
the adjustable stationary contact housi ng . The sta· 
tionary contact housing is held in position by a spring 
type clamp . The spring adjuster is located on the 
underside of  the bridge and is attached to the moving 
contact arm by a spiral spring.  The spring adjuster 
is also held in place by a spring typ e clamp.  

With the contacts closed, the electrical connec­
tion is made through the stationary contact housing 
clamp , to the moving contact, through the spiral spring 
o ut to the spring adjuster clamp . 
A u x i l i ary S w i t c h  ( C S - 1 )  

The auxiliary switch i s  a s mall solenoid type 
d . c. switc h.  A cylindrical pl unger, with a silver 
disc mounted on its lower end, moves in the core of 
the solenoid. As the plunger travels upward, the 
disc bridges the silver stationary contacts .  A tapped 
resistor is used to enable one to use the contactor 
switch on a 24, 48 , 1 2 5 or 250 volt d . c . system con­
nected per Fig. 23 . The operation of the CS- 1 

switch is controlled by t he directional unit (D) which 
in turn directionally controls the time-overcurrent 
unit (CO). When sufficient power flows in the tripping 
direction, the CS- 1 switch operates and bridges the 
lag coil of the time-overcurrent unit (CO) permitting 
this unit to operate.  

I nstantaneous Overcurrent Un i t  (I)  

The instantaneous overcurrent unit is  similar in 
construction to the directional unit.  The time phase 
relationship o f  the two air gap fluxe s  neces sary for 
the development of torque is achi eved by means of a 
capacitor connected in series with one pair of pol e 
windings. 

The normally-closed contact o f  the directional unit 
is connected across one pair of pole windings of the 
instantaneous ov ercurrent unit as shown in the in­
ternal schematics.  This arrangement short-circuits 

the operating current around the pole windi ngs; pre-

venting t he instantaneo u s  o vercurrent unit from de­
veloping torque. If the directional unit should pick 
up for a fault, this short-circuit is  removed, allowing 
the instantaneous overcurrent contact to commence 

closing almost simultaneously with the directional 
contact for high speed oper ation. Total operating 
time is shown in Figs . 1 7  and 1 8 .  

I n stan tan eo u s  O v erc u rrent U n i t  T ra n s fo rm e r  

This transformer is  of the saturating typ e for 

limiting the energy to the instantaneous overcurrent 
unit at higher val lie s of fault current and to reduce 
C . T .  burden. The primary winding is tapped and the se 
tap s are brought out to a tap block for ease in chang­
ing the pick-up of the instantaneous overcurrent unit. 
The use of  a tapp ed transformer provides approximate­
ly the same energy level at a given multiple of pickup 
current for any tap setting, resulting in one time curve 
throughout the range of the relay. 

Across the secondary is connected a non-linear 
resistor kno wn as a varistor. The effect of the varis­

tor is to reduce the voltage peaks applied to the over­
current unit and p hase shifting capacitor. 

C H A R A C T E R I S T I C S 

The time characteri stics o f  the directional over­
current relays are d esignated by s pec ific numbers as 
indicated below ( e . g . ,  IRV-8). 

T i m e 

C h aracter i st i c s  

Short Time 
Long Time 
De finite Time 
Moderately Inverse Time 
Inverse Time 
Very Inverse Ti me 
Extrem ely Inv erse Time 

D e s i g n at i o n  

2 
5 
6 
7 
8 
9 

1 1  

The relays are available i n  the following current 
rang es: 

Instantaneous Overcurrent Unit (I) 

Range Tap s  

0 . 5-2 Amps 0 . 5  0. 75 1 . 0  1 .  25 1 . 5 2 
1-4 1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  4 . 0  
2-8 2 3 4 5 6 8 
4- 1 6  4 6 8 9 1 2  1 6  

1 0-40 1 0  1 5  20 24 30 40 
20-80 20 30 40 48 60 80 
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TYPES I RP, I R C AND IRD R E LAYS ________________________________________________ _ 

Time Overcurrent Unit 

Range Taps 

. 5-2. 5 0. 5 0 .6  0 .8  1 .0  1 . 5  2 . 0  2. 5 
2-6 2 2. 5 3 3 .5 4 5 6 
4- 1 2  4 5 6 7 8 10 12  

The tap value is the  minimum current required to  

just close the relay contacts. 

The time vs. current characteristics for the time­

overcurrent unit are shown in Figs. 10 to 16. These 

characteristics give the contact closing time for the 

various time dial settings when the indicated multi­

ples of tap value current are applied to the relay. 

T I M E  C U R V E S  

The time curves for the IRD relay are shown in 
Fig. 17 and 1 8 .  Fig. 17 co nsi st s of three curves 
which are: 

1) Directional Unit opening times for current and 
voltage polarized. 

2) Directional Unit closing time fo r current and volt­
age polarized. 

3)  Directional Unit closing time for 1 volt,  voltage 
polarized. 

Fig. 18 shows the instantaneous overcurrent unit 
closing time. 

The voltage polarized curve B begins to deviate 
from curve A for less than 5 volts. 

6 

Both the directional unit and the overcurrent 
unit must operate before the trip circuit can be com­
pleted. Hence, the unit which takes the longer time 
to operate determines when the breaker will be 
tripped. The overcurrent unit contacts cannot operate 
until the back contacts of directional unit open; 
therefore, the total time for overcurrent unit to op er­
at e is its closing time given in Fig. 1 8  plus the 
directional unit opening time given in Fig. 1 7 .  The 
total closing time for the directio nal unit is given in 
Fig. 1 7 .  The two examples below will serve to illus­
trate the use of the curves. 

Example 1:  U sing the formulas and definition of 
symbols on Fig. 1 7 ,  we have-

L et: Ipol = 2 amps .  
lop = 2 . 3 1  
Tap Value ( T) = 0 . 5  amp. 
¢ - 40 ° � 0 ° 
(For timing unit , assume 

C0-9 with Yz time dial setting) 

For current polarized relay :  

MPP � lop !pol Cos ( ¢ - 40° ) 
0 . 25 

MPP ( 2 . 3 1 )  (2) 
� 1 8 . 5  

0 . 25 

Referring to Fig.  17  at multiples of produce pick­
up of 1 8 . 5 ,the directional unit operating time is about 

1 1  ms , and the closing time for this unit is 56 ms . 
For overcurrent unit: 

Multiples of pickup = lop 
= 

2 ·3 1  = 4 . 6  
T 0 . 5  

Entering the curve i n  Fig. 1 8  a t  multiples o f  pick­
up equal to 4 . 6 ,  the closing time for instantaneous 
overcurrent is 1 6  ms . However, the total operating 
time for the overcurrent unit is 1 6  plus 1 1 ,  which is 
the opening time of back contacts of the directional 
unit , or 27 ms total operating time for over current unit . 
The total time for directional unit is 56 ms ; and, 
since this is the longest time ,56  ms is the total oper­
ating time of the instantaneous overcurrent circuit . 

E ntering the curve in Fig. 1 5  at 4 . 6 ,  the Yz time 
dial setting gives 1 4 0  ms . The total time for the time ­
overcurrent circuit is 56 ms directional unit time plus 

1 6  ms CS-1 time plus 1 4 0  ms = 2 1 2  ms . 
Example 2 :  

Let : Ipol = 2 0  amp s .  
lop = 23 . 1  amps 

T (tap) = 1 amp. 
¢ - 40 °  � 0 

MPP 
lop Ipol Cos ( ¢ - 40 ° ) 

0 . 2 5  

( 2 0 )  ( 2 3  . 1 )  
MPP � � 1 850 

0 . 25 
Entering Fig. 1 7 .  the directional unit closing time 

is 12 ms , and the opening time of its back c ontacts 
is 1 ms . The total operating time for the directional 
unit is 13 ms. 

For overcurrent unit : 
Multiples of pickup = lop = 2 3 . 1  = 23 . 1  

T 1 

Referring to Fig. 1 8 . the overcurrent unit con­
tact closing time is about 14 ms . Therefore , the total 
operating time for this unit is 14 plus 1 or 15  ms . In 
this case the total operating time of relay is 1 5  ms . 
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TY PES IRP,  I RC AHD I R D  R EL AYS 

Fig.  15  give s an operating time of  about 50 ms . 
The time -overcurrent circuit is 1 2  plus 1 6  ms CS- 1  
time p lus 50 = 78 m s .  

T rip  Ci rcu i t  

The relay contacts will safely close 30 amperes 
at 250 volts d c and the seal-in contacts of the indi­
c:.;_ting contactor switches will safely carry this cur­
rent long enough to tri p a circuit breaker. 

The indicating contactor switch has t wo taps that 
provide a pickup setting of 0 . 2  or 2 amperes . To 
change taps requires connecting the lead located in 
front of the tap block to the desired setting by means 
of a screw connection. 

Contacts  

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

The set screw in e ach stationary contact has 
been s hop adjusted for optimum follow and this ad­
justment should not be d isturbed. 

WITII IEUTIU IIIUITAIEOUS 
POUIITY AS liM, TME D I IECTIOtiAL 
lllll lT CIIITACT CLOSES TO Till£ LffT. 

IATWT II&i 
TIAISfoe.ll 

lED toT 

DllftTI OIAL UIII T  (LOW£1 CYLIIOEI 
UIIT) 

CMASI IS Of'U:ATU 
SMOITIIi MIITQI 

lED I&,...U 
TUT I'IHQ 

C¥11UT JUT .IACI 
TflbUUL 

184A034 

Fig. 8. Internal Schematic of the Type IRC Relay in the 
Type FT37 Case. 

AUXILIAn -­
S•I TCri 

Willi RELATIH IIISUNTAIIEOOS 
POUII I T Y  AS SltOIIIIN, THE OIR[CTIOIIAL 
UI&IT COIITACT CLOSES TO THE LEFT, 

I .L .  41 ·1 3 3M 

IIISTAIUANEOOS 
OWERCURRUT UI I T  
( UPPER CrLIIIOER 

UIIT) 

- - SUURAT IIi 
TRAISFOII/o4[1 

liED DOT 

IIOUCTIOII UitiT 

D I II E C T I OIUol UIIIT 
(LO.ER CYL IIIOEII 

UN I T )  

CKAS S I S  OPUATED 
StiORTIIIQ S•ITtll 

TER141UL 

184A033 
Fig.  7. Internal Schematic of  the Type I RP Relay in the 

T ype F T3 7  Case. 

WITK IELATIYE I ISTAITUEOUS 
,OU.I ITY AS SKOW, TN£ DIIECTI OIIAL 
UIIT COl TACT CLOSES TO TNE LEFT, 

184A020 

F ig. 9. Internal Schematic of the Type IRD Relay In the 
Type F T4 1  C ase. 
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TY P ES I R P , I R C AND I R D R E LAYS ________________________________________________ _ 

8 

ENERGY REQUIREMENTS 
I N S T A N T A N E O U S  O V E R C U R R E N T  U NIT O P E R A T I N G  C U R R E N T  C I R C U I T  - 60 C Y C L E S  

t t  "' t t ¢ 
AMP E R E  RANGE TAP VA AT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P. F. ANGL E 

. 5  .37 39 24 46 

. 75 .38 36 13 37 

1 .39 35 8.5 34 
.5-2 1.25 .41 34 6 . 0  32 

1.5 . 43 32 4 .6  31 

2 .45 30 2 . 9  28 

1 .41 36 9.0 36 

1.5 . 44 32 5 . 0  32 

2 . 47 30 3.0  29 
1-4 2 .5  .50 28 2.1 27 

3 . 53 26 1.5 26 

4 .59 24 0 . 93 24 

2 1 .1 49 6 . 5  48 

3 1.2 43 3.3 42 

4 1.3 38 2.1 37 
2-8 5 1.4 35 1.4 35 

6 1 . 5  33 1.1 33 

8 1.8 29 0. 7 29 

4 1 .5  51  2.4 51 

6 1.7  45 1 .2  45 

4-16 8 1.8 40 0.7 40 

9 1.9 38 0.6 38 

12 2.2 34 0 .37 34 

16 2.5 30 0 .24 31 

10 1 . 7  28 0.43 28 

15 2.4 21 0.27 21 

20 3.1 16 0.20 17 
10-40 24 3.6 15 0.15 15 

30 4 .2  12 0.11 13 

40 4 .9  11 0 .08 12 

20 6 . 6  31 0 . 40 31 

30 9 . 3  24 0. 25 24 

20-80 40 12 20 0.18 20 
48 13.5 18 0.14 18 

60 15.9 16 0 . 10 1fj 
80 19. 2  15 0.07 15 

RANGE CONTINUOUS RATING ONE SECOND RATING l (AMPERES) t (AMPERES) 

. 5-2 5 100 

1-4 8 140 

2-8 8 140 

4-16 10 200 

10-40 10 200 

20-80 10 200 

t Thermal capacities for short tames other than one second may be calculated on the basis of time being inversdy proportional to th� 
square of the current. 

rJ> De&rees cUTTent lags voltage. 

f t Voh01u ta.ken with Rectox type vobmeter. 
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T Y P ES I R P, I RC AND I RD R E LA YS _______________________ .:.:;I .L:;.:.�4�1 ·:.:.:1 3�3�M 

ENE RGY R EQUI R EM EN T S - 60 CYCLES 

DI R E CT IONAL UNIT O P E RATING CI RCU I T  B URDEN 

VOLT AMPERES tt  
At At 3 Times At 10 Times At 20 Times 

Continuous One Second Power 
Rel ay Range Rating Rating t Factor 
Type Amps (Amperes) ( Amperes) Angle ¢ 

0 . 5-2 . 5  - 230 44.0 
IRC 2-6 - 230 4 2 . 5  

4-1 2  1 2  280 3 1 . 8  

0 . 5-2 . 5  1 0  230 3 4 . 5  
IRP 2-6 1 0  230 3 4 . 5  

4- 1 2  1 2  280 25 . 0  

0 . 5-2 . 5  1 0  230 45.0 
IRD 2-6 10 230 45 .0 

4-1 2  1 2  280 3 2 . 4  

¢ D egre es current lags vo ltage at tap value current. 

Minimum Minimum Minimum Minimum 
Tap V alue Tap Value Tap Value Tap Value 

Current Current Current Current 

0.033 0 .30  3 . 3  1 4 . 2  
0 . 58 5 . 28 58 .0  240 . 0  
0 . 6 4  6. 1 2  70.0 272.0  

0 .03  0 . 23 2.8 1 1 .5 
0 . 44 4 .08 48.0  182 .0  
0 .48 4 . 6 2  5 3 . 6  2 1 6 . 0  

0 .07 0 . 59 6 . 6  26.0 
1 . 0 4  9 . 9  106.0  4 20 . 0  
1 . 1 6 1 0 . 8  1 2 1 . 2  472.0  

t Thermal capacities  for short tim e s  o ther than one se cond may be calculated on the basis of tim e 
being invers ely proportional to th e square of the current. 

t t  Voltages taken with R ectox type voltm eter. 

RELAY TYPE 
IRC 

IRP 

KRD Current Unit 

IRD Voltage Unit 

E N E R G Y  R E QU I R EM E N T S - 60 C Y C L E S  
D I R E CT IONAL UNIT  POLA R I Z I N G  CIRCUIT B U R D E N  

RATING VOLT AMPERES /':, POWER FACTOR ANGLE ¢ 

230 Amperes t 1 . 45 8 o L ag 

208 Volts t t  1 1 . 2  28 ° L ead 

230 Amperes t t 1 . 45 8 ° L ag 

208 Volts t t 1 1 . 2  28 ° L ead 

¢ D egre e s  current leads or lags voltage at 1 20 vol!Js on voltage polarized unifJs and 5 ampere s  on cur­
rent polarized units. 

6 Burden of voltage polarized units tak en at 1 20 volts .  Burden of current polarized unifJs taken at 5 ampere's .  

t One second rating. 

t t  30 'Se cond rating. The 1 0  s econd rating i s  345 volts.  The continuous rating vs 1 20 volts.  
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TYPES I RP, I RC AND I RD R EL AYS--------------------------

ENERGY REQUIREMENTS 

T Y P E I R D- 2, I RC- 2, I R P - 2  T I M E  O VE RC U R R E N T  U N I T S  

VOLT AMPERES t t  

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 

AMPERE RATING RATING t FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 

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

0.5 0.91 28 58 4.8 39.6 256 790 

0. 6 0 .96 28 57 4.9 39.8 270 851 

0.8 1 . 18 28 5 3  5.0 42. 7 308 1024 

0. 5/ 2.5 1.0 1 . 37 28 50 5 . 3  45.4 348 1220 

1 . 5  1 .95 28 40 6 .2  54.4  435 1740 

2.0 2 . 24 28 36 7 . 2  65.4 580 2280 

2.5 2 . 50 28 29 7 .9 73.6  700 2850 

2.0 3. 1 1 10 59 5.04 38 . 7  262 800 

2.5 4.0 1 10 55 5. 13 39.8 280 920 

3.0 4.4 1 10 5 1  5 . 37 42.8 3 1 2  1008 

2/6 3 . 5  4.8 1 10 47 5.53 42.8 329 1 120 

4 .0  5 . 2  1 10 45 5 . 72 46.0 360 1 2 16 

5 .0  5 . 6  1 10 4 1  5 .90 50. 3  420 1500 

6.0 6.0 1 10 37 6 .54 54.9 474 1800 

4.0 7 . 3  230 65 4.92 39. 1 268 848 

5.0 8.0 230 50 5 . 20 42.0 305 1020 

6.0 8 . 8  230 47 5.34 44. 1  330 1 128 

4/ 12 7.0 9.6 230 46 5 . 53 45.8 364 1 260 

8.0  10 . 4  230 43 5.86 49.9 400 1408 

10.0 1 1 . 2  230 37 6 . 6  5 5 . 5  470 1720 

12.0 1 2.0 230 34 7.00 62.3 5 28 2064 

t Thermal ca�acities for short times other than one second may be calc ulated on the basis of time being inversely proportional to the 
s quare of t e current. 

¢ Degrees current lags voltage at tap value c urrent. 

tt Voltages taken with Re ctox type voltmeter. 
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TYP ES I R P, IRC AND IRD R E LAYS ______________________ I ._L_. 4_1_-1_33_M 

AMPERE 
RANGE TAP 

(0.5 
(0.6 
(0.8 

0.5/2.5 (1.0 
(1.5 
(2.0 
(2.5 

(2 
(2.5 
(3 

2/6 (3.5 
(4 
(5 
(6 

(4 
(5 
(6 

4/12 (7 

AMPERE 
RANGE 

0.5/2.5 

2/6 

4/12 

(8 
(10 
(12 

TAP 

(0.5 
(0.6 
(0.8 
(1.0 
(1.5 
(2.0 
(2.5 

(2 
(2.5 
(3 
(3.5 
(4 
(5 
(6 

(4 
(5 
(6 
(7 
(8 
(10 
(12 

E N ERGY REQUIREMENTS 
I RD-5, IRC- 5, I RP- 5, 
I R D-6,  I RC-6, I RP - 6, T I M E  O VE RC U RR E N T  U N I T S 

CONTINuOUS ONE SECOND 
RATING RATINGt 

(AMPERES) (AMPERES) 

2 88 
2.2 88 
2.5 88 
2.8 88 
3.4 88 
4.0 88 
4.4 88 

8 230 
8.8 230 
9.7 230 

10.4 230 
11.2 230 
12.5 230 
13.7 230 

16 460 
18.8 460 
19.3 460 
20.8 460 
22.5 460 
25 460 
28 460 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

69 3.92 
68 3.96 
67 3.96 
66 4.07 
62 4.19 
60 4.30 
58 4.37 

67 3.88 
66 3. 90 
64 3.93 
63 4.09 

62 4.12 
59 4.20 
57 4.38 

65 4.00 
63 4.15 
61 4.32 
59 4.35 
56 4.40 
53 4.60 
47 4.92 

VOLT AMPERES t t 
AT 3 TIMES 
TAP VALUE 

CURRENT 

20.6 
20.7 
21 
21.4 
23.2 
24.9 
26.2 

21 
21.6 
22.1 
23.1 
23.5 
24.8 
26.5 

22.4 
23.7 
25.3 
26.4 
27.8 
30.1 
35.6 

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 
106 
114 
122 
147 
168 
180 

110 
118 
126 
136 
144 
162 
183 

126 
143 
162 
183 
204 
247 
288 

I R D- 7, I R C- 7, I RP - 7  T I M E  O V E R C URR E N T  U N I T S  

CONTINUOUS 
RATING 

(AMPERES) 

2 
2.2 
2.5 
2.8 
3.4 
4.0 
4.4 

8 
8.8 
9.7 

10.4 
11.2 
12.5 
13.7 

16 
18.8 
19.3 
20.8 
22.5 
25 
28 

ONE SECOND 
RATlNGt 

(AMPERES) 

88 
88 
88 
88 
88 
88 
88 

230 
230 
230 
230 
230 
230 
230 

460 
460 
460 
460 
460 
460 
460 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

68 3.88 
67 3.93 
66 3.93 
64 4.00 
61 
58 
56 

66 
63 
63 
62 
61 
59 
58 

64 
61 
60 
58 
55 
51 
46 

4.08 
4.24 
4.38 

4.06 
4.07 
4.14 
4.34 
4.34 
4.40 
4.62 

4.24 
4.30 
4.62 
4.69 
4.80 
5.20 
5.40 

VOLT AMPERES t t 
AT 3 TIMES AT 10 TIMES 

TAP VALUE TAP VALUE 
CURRENT CURRENT 

20.7 103 
20.9 107 
21.1 114 
21.6 122 
22.9 
24.8 
25.9 

21.3 
21.8 
22.5 
23.4 
23.8 
25.2 
27 

22.8 
24.2 
25.9 
27.3 
29.8 
33 
37.5 

148 
174 
185 

111 
120 
129 
141 
149 
163 
183 

129 
149 
168 
187 
211 
260 
308 

AT 20 TIMES 
TAP VALUE 
CURRENT 

270 
288 
325 
360 
462 
548 
630 

308 
342 
381 
417 
448 
540 
624 

376 
450 
531 
611 
699 
880 

1056 

AT 20 TIMES 
TAP VALUE 

CURRENT 

278 
288 
320 
356 
459 
552 
640 

306 
342 
366 
413 
448 
530 
624 

392 
460 
540 
626 
688 
860 

1032 

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

cp Degrees c urrent lags voltage at tap value current. 

tt Voltages taken with Rectox type voltmeter. 
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TY P E S  I RP, I RC AND I RD RELAY S  _______________________ _ 

Continuous 
Ampere Rating 
Range Tap ( Amperes) 

( 0 . 5  2 
( 0 . 6  2 . 2 
(0 .8  2 . 5  

0 . 5/ 2. 5  ( 1 . 0  2 . 8  
( 1 . 5  3 . 4  
( 2. 0  4 . 0  
( 2 . 5  4 . 4  
( 2  8 
( 2 . 5  8 . 8  
( 3  9 . 7  

2/6 ( 3 . 5  1 0 . 4  
( 4  1 1 . 2  
( 5  1 2 . 5  
( 6  1 3 . 7  
( 4  1 6  
( 5  1 8 . 8  
( 6  1 9 . 3  

4/ 1 2  (7  20.8 
(8 2 2. 5  
( 10 25 
( 1 2  28 

Continuous 
Ampere Rating 
Range Tap ( Amperes) 

0 . 5 1 . 7  
0 . 6  1 .9 
0 .8  2 . 2 

0 . 5/ 2 . 5  1 . 0  2 . 5  
1 . 5  3 . 0  
2 . 0  3 . 5  
2 .5  3 .8  
2 . 0  7 . 0  
2 . 5  7 . 8 
3 . 0  8 . 3  

2/6 3 . 5  9 . 0  
4 . 0  1 0 . 0  
5 . 0  1 1 .0 
6 . 0  1 2 . 0  
4 . 0  1 4  
5 . 0  1 6  
6 . 0  1 7  

4/ 1 2  7 . 0  1 8  
8 .0  20 

10 .0  22  
1 2.0 26 

E N E RGY R EQU I R EMENTS 
I RD-8, I RC-8, I RP-8, TIME OVERCURRENT UNITS 
I RD-9, I RC-9, I RP-9, 

VOLT .AMPERES t t  

One Second Power At At 3 Times At 10 Times 
Rating t Factor Tap Value T ap Value Tap Value 
( Amperes) Angle ¢ Current Current Current 

88 72 2 . 38 2 1  1 3 2  
88 7 1  2 . 38 21 1 3 4  
88 69 2 . 40 2 1 . 1  1 4 2  
8 8  67 2 .42  2 1 . 2  1 50 
88 6 2  2. 5 1  2 2  170 
88 57 2 . 6 5  2 3 . 5  200 
88 53 2 . 74 24.8  228 

230 70 2 . 38 2 1  1 3 6  
230 66 2 . 40 2 1 . 1 1 4 2  
230 64 2 .42  2 1 . 5  1 49 
230 6 2  2 . 48 2 2  1 5 7  
2 3 0  60 2 . 5 3  2 2 . 7  164 
230 58 2 .64  24  180  
230 56 2 .75 25 . 2  198 
460 68 2 . 38 2 1 . 3  1 4 6  
460 63 2 . 4 6  2 1 . 8  1 58 
460 60 2 . 5 4  2 2 . 6  1 7 2  
460 57 2 . 6 2  2 3 . 6  1 9 0  
460 54 2 . 7 3  24.8 207 
460 48 3 . 00 27.8  248 
460 4 5  3 . 46 3 1 . 4  292  

I RD-1 1 ,  I RC-1 1 ,  I RP-1 1 O V E RCU RRENT U N I TS 
VOLT AMPERES tt 

One Second Power At At 3 Times At 10 Times 
Rating t Factor Tap Value Tap Value Tap V alue 
( Amperes) Angle ¢ Current Current C urrent 

56 36 0 . 7 2  6 . 5 4  7 1 . 8 
56 34 0 . 7 5  6 . 80 75.0  
56 30 0 . 8 1  7 . 46 84.0 
56 27 0 . 8 9  8 . 30 93. 1 
56 2 2  1 . 1 3  10.04 1 1 5 . 5  
56 17 1 . 30 1 1 . 9 5  1 3 6 . 3  
56 16 1 . 48 13 .95  160 . 0  

230 3 2  0 .73  6 . 30 74 . 0  
230 3 0  0 . 78 7 . 00 78 .5  
230 27 0 . 8 3  7 . 74 84 . 0  
2 3 0  24 0 . 88 8 . 20 89.0  
230 23 0 . 96 9 . 1 2  1 0 2 . 0  
230 20 1 . 07 9. 80 109.0  
230 20 1 . 23 1 1 . 34 1 29 .0 
460 29 0 . 79 7 .08 78 . 4  
460 25 0 . 89 8 .00 90.0 
460 2 2  1 . 0 2  9 . 18 10 1 . 4 
460 20 1 . 10 1 0 . 00 1 10 .0 
460 18 1 . 23 1 1 . 1  124 .8  
460 17 1 . 3 2  1 4 .9 1 3 1 . 6 
460 16 1 . 8  1 6 . 3  180.0  

I RD TIME O V E RCURR ENT UNIT BURDEN DATA AT H I GH CURRENTS 
Ampere Range . 5-2 . 5  

··----- -----· 

Tap V alue Current . 5  1 . 0  
Multiples o f  Tap Value Current 40 80 20 40 8 
VA t t  790 2600 3 80 1 280 60 

-- -·----

P.F.  Angle cf; 4 6 . 7  ° 42 ° 3 7  ° 26 . 5  ° 4 .8  ° 

At 20 Tim es 
Tap V alue 

C urrent 
350 
3 6 5  
400 
440 
530 
675 
800 
3 60 
395 
430 
470 
500 
580 
660 
420 
480 
5 50 
620 
700 
850 

1 0 20 

At 20 Times 
T ap V alue 

C urrent 
2 50 
267 
298 
3 30 
4 1 1  
5 0 2  
6 10 
264 
285 
309 
3 40 
3 7 2  
430 
504 
296 
3 40 
378 
4 5 4  
480 
600 
720 

2.5 
1 6 

280 
4.3 ° 

t Thermal cap acities fo r 'Short tim es other than one 'se cond m ay be  calculated on the basvs of tim e 
being inversely proportional to the square of th e current. 

¢Degrees current lags vo ltage at tap value current. 

t tV oltages tak en uith R e ctox typ e voltm eter. 
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TYPES IRP, IRC AND IRD R ELAYS _____________________ __:_I . L�-�4_1 -_l J...:..JM_ 

70 

I-
60 t- 1  SEC . 

,_ 50 UJ 
(f) 
"'( 
ID 
LIJ 
....J 
u 
>-
u 
ol+O (() 
(f) UJ ....J u >­u 

30 

20 

1 0  

- I 

---+---
-:__:r-
-- +--1---- t 
- - -
1--
1- -t--1---

J--

0 
1 

- -�-

f- -
-

1 \  1 \  ' ' 

I\  
\ 

\ \ 

\ 

\ 
\. 

\. 
- -· -

:"' 

I' 
!". 

1 '1'. 
1/2 

2 

2 

I 

I 

' 

' 

.;.I ' 9 
8 

7 
I 6 

' ' . 1,.. 
"'!.. 5 ' .,.,_ .,... 

iji'N. 
� 3  

' i 

' 

' 

TYP I CAL T I ME CURVES 
TYP E C0-2 

OVER CU RREN T RELAY 
50-60 CYCL ES 

' 

I 

' 

' ' 

T I M E D I AL SETT I N G  

1 1  
10 1, 

...... 
....... 

......... ....... ...... ...... 1"'-o ........ ....... :--. - � ....... � ,.., - ...... 

-
"' o;;: -� ' 

-p..... ... 
':"'!' ' ,.... r---� ·  "- r-1--r-.-;;;: !'-r-Jo- T-!--�--

3 1+ 5 6 7 8 9 10 12 14 16 18 20 
MU L T I P l eS O F  TAP VAL U E  CURRENT 

Curve 418244 

Fig. 10. Typical Time Curves of the T ime-O vercurrent Unit of the Short Time (2) R elays. 
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TY P E S I RP, I RC AN D I R D R E LAYS ______________________________________________ ___ 
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F ig. l l. Typical T ime Curve of th e Time·O vercurrent Unit of the Long Time (5) R elays. 
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TYPES IRP,  I R C  AND I R D  R ELAYS ______________________ 1 ·_L_. _41_·1_33_M _ 
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F ig. 12. Typical T ime C urve ol the Time-O vercurrent Unit ol the Definite T ime (6) R elays. 
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TYPES IRP, I RC AND IRD RELAYS ____________________ _ 
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F lg. J3. Typical Time Curve of the Tlm .. Overcu"ent Unit of the Moderately inverse (7) Relays. 
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TY PES I RP, IRC AND IRD R E L AYS-----------------------'--
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Fig. 1 4. T yp ic"ol Tim e  C urve of the Time•Overcurrent l ln it of the In verse (8) R elays. 
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TY PES IRP,  IRC AND IRD R ELAYS------------------------
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F ig. 15. Typical Time Curve of the T im e·O vercurrent Unit of the Very Inverse (9) R elays. 
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TYPES I RP, IRC AND I R D  R E L AYS ----------------------' · L_._4_1 ·_.:1 3:..:..3M� 
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TYP E S  I RP ,  I RC, AND I R D  R ELAYS 
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TY PES I RP, IRC AND IRD R ELAYS _______________________ I_. L_._4_1 -_1 3_3M_ 

T r i p  C i rc u i t  Constants 

Indicating Contactor Switch -

0. 2 ampere tap - 6.5 ohms d-e resistance 

2.0  ampere tap - 0. 15 ohms d-e resistance 

Auxi l i a ry Switch  ( C S- 1 )  

The auxiliary switch has a d-e resistance of 

1 1 65 ohms .  

Type  I R P  R e l a y  

The IRP relay i s  designed for potential polariza­

tion and has its maximum torque when the current 

lags the voltage by approximately 60 degrees.  The 

shifting of the maximum torque angle is accomplished 

by the use of an internally mounted phase shifter as 

shown in the internal schematic. 

The directional unit minimum pick-up is approxi­

mately 1 volt and 2 amperes at its maximum torque 

angle for the directional units used with the 0.5  
to  2.5 and 2 to 6 ampere range time over-current units. 

For the directional units used with the 4- 12 ampere 

range time overcurrent units the minimum pick-up is 

1 volt and 4 amperes.  

Type I R C  R e l a y  

The IRC relay i s  designed for current polariza­

tion and has its maximum torque when the operating 

current leads the polarizing current by approximately 

40°. 

The directional unit minimum pick-up is 0.5  
ampere in  each winding at  the maximum torque angle 

for the directional units used with the 0.5  to 2 . 5  and 

2 to 6 ampere range time overcurrent units. For the 

directional units used with the 4- 1 2  ampere range 

time overcurrent units t he minimum pickup is 1 

ampere . 

Type  I R D  R e l ay 

The type IRD relay utilizes a directional unit 

similar to the IRC relay in conjunction with the direc­

tional unit and phase-shifting circuit of the IRP relay. 

The current-polarized directional unit of the IRD 

relay operates on residual currents while the poten­

tial-polarized directional unit of the IRD relay oper­

ates on residual voltage and residual current . 

For the directional units used with the 0.5 to 2 
and 2 to 6 ampere time overcurrent units , the mini­

mum pick-up of the current polarized unit is 0 . 5 
ampere in each winding at the maximum torque angle. 

The minimum pick-up for the voltage polarized unit is 

1 volt and 2 amperes with the current lagging voltage 

by 60° . 

For the directional units used with the 4 to 12 
amp ere range time overcurrent units ,  the minimum 

pick-up is 1 ampere for the current-polarized dtrec­

tional unit and 1 volt and 4 amperes for the voltage­

polarized directional unit. 

S E T T I N G S  
T i m e  O ve rcurrent U n i t  ( CO)  

The time o vercurrent unit settings can be defined 

either by tap setting. and time dial position or by tap 

setting and a specific time of operation at some cur­

rent multiple of the tap setting ( e. g, 4 tap setting, 2 
time dial position or 4 tap setting, 0 . 6  seconds at 

6 times tap value current). 

To provide selective circuit breaker operation, a 

minimum coordinating time of 0 . 3  seconds plus circuit 

breaker time is recommended between the relay being 

set and the relays with which coordination is to be 

effected. 

The connector screws on the tap plate above the 

time dial makes connections to various turns on the 

operating coil. By placing this screw in the various 

tap plate holes , the relay will j ust close its contacts 

at the corresponding current 4-5- 6- 7- 8- 1D- 1 2  amperes, 

or as marked on the tap plate . 

C A U T I O N  Since the tap block connector screw car­

ries operating current , be sure that the screw is turn­

ed tight . In order to avoid opening the current trans­

former circuits when changing taps under load, con­

nect the space connector screw in the desired posi­

tion before removing the other tap screw from the 

original tap position . 

I n stantaneo u s  R ec l o s i n g  

The factory adjustment of  the C O  unit contacts 

provides a contact follow. Where circuit breaker re­

closing will be intiated immediately after a trip by 

the CO contact, the time of the opening of the contacts 

should be a minimum. This condition is obtained by 

loosening the stationary contact mounting screw, 

removing the contact plate and then replacing the 

plate with the bent end resting against the contact 

spring. With this change and the contact mounting 

screw tightened, t he stationary contact w ill rest 

solidly against its backstop.  

I n stantan eo u s  O v ercu rrent Unit  ( 1 )  

The only setting required is  the pickup current 

setting which is made by means of the connector 

screw located on the tap plate. By placing the con-
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TYPES I RP, I RC AND I R D  R ELAYS 

ne ctar s crew in the desired tap ,  the relay will j ust 
close its contacts at the tap value current. 

C A U T I O N  Since the tap block connector screw car­
ries operating current, b e  sure that the screw is 
turned tight. 

In order to avoid opening the current transformer 
circuits when changing tap s  under load, connect the 
spare tap screw in the desired tap position before re­
moving the other tap s crew from the ori ginal tap 
po sition. 

D i recti o n al U n i t s  { D) 

No setting is required. 

Ind i ca t i n g  Conta c tor Sw i tch  ( I C S/ 1  a n d  I C S/ T )  

The setting required o n  the ICS units is  the 
selection of the 0 . 2  or 2 . 0  amp ere tap setting. This 
selection is made by connecting the lead located in 
front of the tap block to the desired setting by means 
of the connecting screw. 

A u xi l i a ry Swi tch (CS- 1 )  

No setting required on the CS- 1 unit except for the 
selection of the required 24 , 48, 125 or 250 voltage 
on the tapped rexi stor. Thi s connection can be made 
by referring to Fig .  23 .  

I N S T A L L A T I O N  

The relays should be mounted on switchbo ard 
p anels or their equivalent in a location free from dirt, 
moi sture , excessive vibratio n  and heat. Mount the 
relay vertically be mean s  of the t wo mounting studs 
for the type FT projection case or by means of the 
four mounting holes on the fl ange for the semi-flush 
type FT case. Either of the studs or the mounting 
screws may be utilized for gro unding the rel ay. The 
electrical connections may be made directly to the 
terminal s by mean s  of screws for steel panel mount­
ing or to terminal stud s furni shed with the relay for 
thick panel mounting. The terminal studs may be 
easily removed or inserted by locking two nut s on the 
studs and the n  turn ing the proper nut with a wrench . 

For detail information on the FT Case refer to 
I . L .  4 1-076. 

The ext ern al a- c connections of the directional 
overcurrent rel ays are shown in Figs. 20 , 2 1  and 22.  
If  no voltage polarizing source is to be connected to 
the IRD relay, short-circuit the voltage polarizing 
circuit at the terminals of the relay . 

22 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct operation 
of this relay have been made at the factory. Upon re­
ceipt of the relay, no customer adjustment s,  other 
than those covered under "SETTINGS" , should b e  
required. 

A c cep tan ce Check 

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

Instantaneous Overcurrent Unit ( I) 

1. Contact Gap - The gap between the stationary 
and moving contacts with the relay in the de-ener� 

gized po sition should be approximately . 0 20 11• 

2. Minimum Trip Current - The normall y-closed 
contact o f  the directional unit should be blocked open 
when checking the pick-up of the overcurrent unit. 

The p ick-up of the overcurrent unit can be checked 
by i nserting the tap screw in the desired tap hol e and 
applying rated tap value current. The contact should 
clo se within ± 5% of tap value current . 

Directional Unit (D) 

1.  Contact Gap - The gap between the stationary 
contact and moving contact with the relay in the de­
energized position should be approximately . 0 2011• 

2. Sensitivity - The respective directional units 
should trip with value of energization and phase angle 
relationship as indicated in Table 1. 

3. Spurious Torque Adjustments - There should 
be no spurious closing torques when the operating 
circuits are energized p er Table 2 with the polarizing 
circuits short circuited for the voltage polarized units 
and open-circuited for the current pol arized units. 

Time Overcurrent Unit ( CO) 

1. Contacts - Th e  index mark on the movement 
frame will coincide with the "0 " mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop, the index mark is offset to the right of the 
"0 " mark by approximately . 020 ". The placement of 
the various time dial positions in line with the index 
mark will give ope�ting times as shown on the re­
spective time-current curves. 

2. Minimum Trip Current - Set the time dial to 

position 6 with the auxiliary switch (CS- 1 )  contacts 
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TY P E S  I RP ,  I RC AHD I R D  R ELAYS -------------------�---'-· L_. 41 -1 33M 

I 2 3 
LINE 

STATION BUS 

IRP RELAT (FRONT VIEW) 

1 r T I MER STOPS 
TO WHEM AUX. T IMER � RELAY COM TACT J STOP LoPEhS } TO I T I MER STARTS 

TIMER � WHEM SWITCH 
START L" S" CLOSES 

SWITCH ·s· 
�120 VOLTS 

'------------------tO--<:) � 60 CICLES 

184All8 
Fig. 19. Diagram of test connections of the t ime-overcurrent unit. 

POS --�-------------------
67N 
Tcf 

I/ST 
S E C. 

+c..c_s_-• ___ }_, co 

DEVICE NUMBER CHART 

6 7N-DlRECTIONAL OVERCURRENT GROUND 
RELAY TYPE IRP 

D - DIRECTIONAL UNIT 

CO- TIME- OVERCURRENT UNIT 

t- INSTANTANEOUS 0/C UNIT 
liST - SATURATING TRANSFORMER 

FOR INST. 0/C UNIT 

tCS - TNOICATING CONTACTOR SWITCH 

5 2 - POWER CIRCUIT BREAKER 
• -- AUXILIARY CONTACT 
TC - TRIP COIL 

&TN -
3-

NEG.-..... ------------+-----

Fig. 20. External Schematic o f  the IRP R elay fo r  Ground Fault Protection. 

289B506 
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TY P ES I RP, I RC AND IRD RELAYS -----------------------
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z 0 
>= 
u 
"' 
a: 
0 

I 2 3 
L I N E 

I 2 3 
L I NE 

S T A T I  

D E V I C E  NUMBER C H A R T  

67N-DIRECTIONAL O V E R CU R R E N T  GROUND 
RELAY T Y P E  IRD 
D I U - U P P E R  D I R E C T I O N A L  U N I T  

0/ L - L O W E R  D I R E C T I O N A L  U N I T  

C O - T I M E - OVERCURRENT UNIT 
I - INSTANTANEOUS 0 / C  UNIT 
I/ST- SAT U R A T I N G  TRANSFORMER 

FOR INST. 0/C U N I T  

ICS - I N DIC AT I N G  CONTACTOR SWITCH 

5 2 - P OWER C I R C U I T  BRE A K E R  

a - A U X I L I A R Y CONTACT 
TC - TRIP COIL  

r-1---�-f----.-.llh 
MAIN 

P.T. 

A U X .  
R T. 

L - - - \- - - - - - - -� 
WHEN N O T  U S E D, JUMPER 
TERMINALS 4 AND 5 

N E U T R A L  O F  GROUND 
C U R R E N T  S O U R C E  

POS�. -1�------------------
67N 10 

I�S �11S 

CO I 

cs cs 
T I 

5 2 o  

67N  � 

1/ST 
S E C. 

+
'---

C S - 1  ------'+ C 0 

NE G.-.._ ____________ ..._ __ _ 

289B508 

Fig. 2 1. External Schematic of the IRD Relay for Ground Fault Protection. 

S T A T I O N  B U S  

DE�CE NUMBER C H A R T  

67N-DIRECTIONAL OVERCURRENT GROUND 
RE L AY T Y PE I R C  

D - D I R E C T I O N A L  U N I T  
CO - TIME - OVERCURRENT UNIT 
I- INSTANTANEOUS 0/C UN I T  

liST-SATURATING T R A N S F O R M E R  
FOR INST.  0/C U N I T  

N E U T R A L  O F  G R O U N D  

CURRE N T  S O U R C E  

I C S - INDICAT ING CONTACTOR SWITCH 

5 2 - P O W E R  C I R C U I T  B R E A K E R  

a - AUX ILIARY ' C O N TA C T  

T C - TR IP  C O I L  

P O S .-..... =----------
67N TO 

1/ST 
S EC.  

+�c-s-_1 -�+co 
6 7N 3 

N E G .-.._ ______ _. __ __ 

289B507 

Fig. 22. External Schematic of the I R C  Relay for Ground Fault Protection. 
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TYPES I R P ,  I RC AND I R D  R ELAYS _______________________ I . L_._4_1 -_1 3_3_M 

blocked closed, alternately apply tap value current 

plus 3% and tap value current minus 3%. The moving 

contact should leave the backstop at tap value current 

plus 3% and should return to the backstop at tap value 

current minus 3%. 

3.  Time Curve - Tabl e 3 shows the time curve 

calibration points for the various types of rel ays. 

With the time di al set to the indicated position, apply 

the currents specified by Table 3 ( e . g .  for the CD-2, 

3 and 20 times tap value current) and measure the 

operating time of the relay. The operating times 

should equal those of Table 3 plus or minus 5 percent. 

Indicating Contactor Switches (ICS/1) and (ICs/T) 

A) Clo se the contacts of the CO and pass suf­

ficient d.c.  current through the trip circuit to close 

the contacts of. (ICS/T). This value of current should 

not be greater than the particular (ICS/T) tap setting 

being used. The operation indicator target should 

drop freely, bringing the letter "T" into view. 

B) Close the contacts of the instantaneous over­

current unit (I) and the directional unit ( D). Pass suf­

ficient d.c. current through the trip circuit to close 

the contacts of (ICS/1). Thi s value of  current should 

not be greater than the particular (ICs/I) tap setting 

being used. The operation indicator target shoul d 

drop freely, bringing the letter "I• into view. 

C) The contact gap should be approximately 

. 047" between the bridging moving co ntact and the 

adjustable stationary contacts. The bridging moving 

contact should touch both stationary contacts 

simultaneously. 

Rout ine  M a i n ten ance  

All relays should be inspected periodically and 

the time of op eration should be check ed at least 

once every year or at such other time intervals as 

may be dictated by experience to be suitable to the 

particular application. The use of phantom loads, in 

testing induction-type relays, should be avoided, 

since the resulting distorted current wave form will 

produce an error in timing. 

All contacts should be periodically cleaned. A 

contact burnisher �18 2A836HO 1 is recommended for 

this purpose. The use of abrasive material for clean­

ing contacts is not recommended, because of the 

danger of embedding small particles in the face of 

the soft silver and thus impairing the contact. 

C al i brat ion 

use the followi ng procedure for calibrating the 

relay if the relay has been tak en apart for rep airs or 

the adjustments have been disturbed. This procedure 

should not be used unl e ss it is apparent that the re­

lay is not in proper working order. ( See .. Acceptance 

Check.,). 

I n stantaneo u s  O vercu rren t U n i t  ( 1 )  

1. The upper pin bearing sho ul d be screwed down 

until there is approximately .025 cl earance between 

it and the top of shaft bearing. The upper pin bearing 

shoul d then be securel y locked in position with the 

lock nut. The lower bearing po sition is fi xed and can­

not be adjusted! 

2. The contact gap adjustment for the overcurrent 

unit i s  made with the moving contact in the reset 

position , i . e. , against the right side of the bridge. 

Move in the l eft-hand stationary contact until it just 

touches the moving contact then back off the station­

ary contact 2/3 of one tum for a gap of approximately 

.020".  The clamp holding the stationary contact hous­

ing need not be loosened for the adjustment since the 

clamp utilizes a spring-type action in holding the sta­

tionary contact in position. 

3. The sensitivity adjustment is made by varying 

the tension of the spiral spring attached to the mov­

ing element assembly. The spring is adjusted by 

pl acing a screwdriver or similar tool into one of the 

notche s located on the periphery of the spring ad­

juster and rotating it. The spring adjuster is located 

on the underside of the bridge and is held in place 

by a spring type clamp that does not have to be 

loo sened prior to making the necessary adjustments. 

Before applying current, block open the normally­

clo sed contact of the directional unit. Insert the tap 

screw in the minimum value tap setting and adjust 

the spring such that the contacts will close as indi­

cated by a neon lamp in the contact circuit when 

energized with the required current. The pick up of 

the overcurrent unit with the tap screw in any other 

tap should be within ± 5% of tap val ue. 

If adjustment of pick-up current in between tap 

settings is desired insert the tap screw in the next 

lowest tap setting and adjust the spring as described. 

It should be noted that this adjustment results in a 

slightly different time characteristic curve and burden. 

Directional Unit ( D) 

In the type IRP and IRC relays the directional 

unit is the lower cylinder unit. In the type IRD the 

directional units are the lo wer and middle cylinder 

units. 
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TYP E S  I RP ,  I R C  AND I R D  R E LAYS'------------------------

1. The upper bearing screw shoul d be screwed 

down until there is approximately . 0 25 clearance be­

tween it and the top of the shaft bearing. The upper 

pin bearing shoul d then be securely locked in position 

with the lock nut. 

2. Contact gap adjustment for the directional 

unit is made with the moving contact in the reset 

position, i . e . ,  against the right side of the bridge. 

Advance the right hand stationary contact until the 

contacts just close. Then advance the stationary 

contact an additional one-half turn. 

Now move in the left-hand stationary co ntact until 
it just touches the moving co ntact. Then back off the 

stationary contact 3/4 of one turn for a contact gap 

of . 0 20 11  to . 0 2411• The clamp holding the stationary 

contact housing need not be loosened for the adjust­

ment since the clamp utilizes a spring-typ e action in 

holding the stationary contact in po sition. 

3. Insert tap screw of overcurrent unit in highest 

tap. The sensitivity adj ustment is made by varying 

the tension of the spiral spring attached to the mov­
ing element assembly. The spring is adjusted by plac­

ing a screwdriver or similar tool into one of the 

notches loc ated on the periphery of the spring ad­

juster and rotating it. The spring adj uster is located 

on the underside of the bridge and is held in place 

by a spring type clamp that doe s not have to be 

loo sened prior to making the necess ary adjustments. 

The spring is to be adjusted such that the con­

tacts will close as indicated by a neon lamp in the 

contact circuit when energized with the required 
current and voltage as shown in Table 1. This tabl e 

indicates that the spring can be adjusted when the 

phase angle relationship between the operating cir­
cuit and the polarizing circuit is at the maximum 

torque angle or when the circuit relationship has the 

operating and polarizing circuits in phase. 

4. The magnetic plugs are used to reverse any 

unwanted spurious torques that may be present when 
the relay is energized on current or voltage alone. 

The reversing of the spurious torques is accom­

plished by using the adjusting plugs in the following 

manner: 

a) Voltage circuit terminal s on the voltage polar­

ized rel ays (IRP and IRD voltage polarized unit) are 

short-circuited. 

b) The polarizing circuits of the current polar­

lzeci relays (IRC and IRD current polarized unit) are 

open-circuited. 

Upon completion of either •a" or "b" current is 

applied to the operating circuit terminals as per 

26 

Table 2. 

Plug adjustment is then made per Table 2 such 

that the spurious torques are reversed. The plugs are 

held in position by upper and lower plug clips. These 

clips need not be disturbed in any manner when mak­
ing the nece ssary adjustment. 

The m agnetic plug adjustment may be utilized to 

po sitively close the contacts on current alone.  This 

may be desired on some installations in order to in­

sure that the relay will always trip the breaker on 

zero potential. 

Time Overcurrent Unit (CO) 

1. Contacts - The index mark on the movement 

frame will coincide with the "0" mark on the time 

dial when the stationary contact has moved through 
approximately one-half of its normal deflection. There­

fore, with the stationary contact resting against the 

backstop, the index mark is offset to the right of the 

"O" mark by approximately . 0 20". The placement of 

the various time dial positions in line with the index 
mark will give operating times as shown on the re­

spective time-current curves. 

2) Minimum Trip Current - The adjustment of 

the spring tension in setting the minimum trip current 

value of the relay is mo st conveniently made with the 

damping magnet removed. 

With the time dial set on "0",  wind up the spiral 

spring by means of the spring adjuster until approxi­

mately 6-3/4 convolutions show. 

Set the relay on the minimum tap setting, the 

time dial to position 6.  

With the auxiliary switch (C& l )  contacts blocked 

closed, adjust the control spring tension so that the 

moving contact will leave the backstop at tap value 
current + 1 . 0% and will return to the backstop at tap 

value current - 1 . 0%. 

3) Time Curve Calibration - Install the perma­
nent magnet. 

Apply the indicated current per Tabl e 3 for perma­

nent magnet adjustment ( e. g. IRP-8, 2 times tap value) 

and measure the operating time. Adjust the permanent 

magnet keeper until the operating time corresponds 

to the value of Table 3. 

Apply the indicated current per Tabl e 3 for the 

el ectromagnet plug adjustment ( e. g. IRP-8, 20 times 

tap value) and me asure the op erating time. Adjust the 

proper plug until the operating time corresponds to 

the value in Table 3. ( Withdrawi ng the l eft hand plug, 

front view increases the operating time and withdraw­

ing the right hand plug , front view, decreases the 

time. ) In adjusting the plugs,  one plug should be 
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P o D  IDENT IFY ING 2 
DOT � bJ 

c----<§}--J 

POSIT ION RATED D-C  

L E AD 0 VOLT AGE 

24 
4 6  

1 2 5  
250 

RESISTOR 

RESI STANCE 

0 
300 

2700 
6500 

NOTE RELAYS ARE SH IPPED  O N  THE  1 25 VOLT TAP 

LEAD @ 

184A316 

Fig. 23. Sele ction o f  Proper Voltage Tap for A uxi li ary 
Switch ( CS- 1) Operation. 

screwed in compl etely and the other plug run in or 
out until the proper operating time has been obtained. 

Recheck the permanent magnet adjustment . If the 
operating time for this c alibration point has changed, 
readjust the permanent m agnet and then recheck the 
electromagnet plug adj ustment. 

Indicating Contactor Switches (ICS/1) and (ICS/';!')_ 
Adjust the contact gap for approximately .04 7 " .  
A) Close the contacts o f  the C O  and pass suf-

B ) Close contacts of instantaneous overcurrent 
unit (I) and directional unit (D).  Pass sufficient d. c. 
current through the trip circuit to close contacts of the 
(ICS/1). This value of current should hot be greater 
than the particular (ICS/1) tap setting being used. 
The operation indicator target should drop freely 
bringing the letter "I " into view. 
A u x i l i ary Swi tch  {CS- 1) 

Adjust the stationary core of the switch for a 
clearance between t he stationary core and the moving 
core when the switch is picked up . This can be done 
by turning the relay upside-down. Then screw up the 
core screw until the moving core starts rotating. Now 
back off the core screw until the moving core stops 
rotating . This indicates the points where the play 
in the assembly is taken up, and where t he moving 
core j ust separates from the stationary core screw. 
Back off the core screw approximately one turn and 
lock in place.  This prevents the moving core from 
striking and sticking to the stationary core because 
of residual magnetism. Adjust the contact clearance 
for 3/64 "  by means of the two small nuts on either 
side of the Micarta disc.  

Connect lead (A) to  proper terminal per Fig .  23 . 
Block directional unit (D)  contacts clo se and ener­
gize trip circuit with rated voltage . Contacts of 
auxiliary switch (CS- 1 )  should make as indicated by 
a neon lamp in the contact circuit . 

R EN E WA L  PA R T S  

ficient d. c. current through the trip circuit to close Repair work can be done most satisfactori ly at 
the contacts o f  the (ICS/T). Thi s value of current the factory. However, interchangeable parts can be 
should not be greater than the particul ar (ICS/T) tap furnished to the customers who are e quipped for doing 
setting being us ed. The op eration indicator target repair work . When ordering parts , always give the 
should drop freely bringing the l etter "T" into view. complete nameplate data.  

TAB L E  I 

D I R ECT IO�AL UNIT SENSITIVITY 
AM P E R E  RATI NG 

R E LAY TY P E  O F  VAL U ES F O R  MI N. P I CK U P  t PHASE ANG L E  R E LAT I ONSH I P  
TIM E-O V E RCU R R E N T  

U N I T  
VOLTS AMP E R E S 

. 5-2. 5 1 2 . 0  
IRP 2-6 1 4 . 0  
IRD (Voltage 

Unit) 1 4 . 0  
4- 1 2  1 8 . 0  

0 . 5  
. 5-2. 5 

IRC 
2-6 . 5 7 IRD (Current 6 

Unit) 4- 12  
1 . 0  
1 . 3  

t The energization quantities are input quantities at the relay termi nals.  
t t  Maximum torque angl e.  

I lagging V by 60° T t 

I in-pha� with V 

I lagging V by 60° t t  
I in-phase with V 

I 0 leading Ip 

In-phase 
I0 leading IP 

In-phase 

by 40° t t  

by 40° t t  

6, When normal system conditions limit the current to less than twice pickup . performance may b e  improved b y  sel­

lecting a higher current C. T. tap to energize the polarizing circuit. 
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TY P E S  I R P, I RC AND I R D  R E LAYS ------------------------

R E LAY RAT I NG 

All Ranges 

All Ranges 

TABLE I I  

D I RECTIONAL UNIT CAL I B RATION t 

CURR ENT AMP E R E S  BOT H PL UGS I N  COND I T I ON 

80 Spurious Torque In Contact 

Closing Direction (Left Front 

View) 

80 Spurious Torque In Contact 

Opening Direction (Right Front 

View) (Contacts remain open) 

ADJUSTMENT 

Right (Front-View) Plug Screwed 

Out Until Spurious Torque is Re-

versed. 

Left (Front View) Plug Screwed 

Out Until Spurious Torque is in 

Contact Closing Direction. Then 

the plug is screwed in Until Spuri-

ous Torque is Reversed. 

t Short circuit the voltage polarizing circuit at the relay terminals before making the above adjustment. 

TAB L E  I l l  

T I M E  C U R V E  C AL I B R A T I O N  D A T A - 60 C Y C L E S  

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME- TIME CURRENT OPERATING CURRENT OPERATING 
OVERCURRENT DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME 

UNIT TYPE POSITION TAP VALUE ) SECONDS TAP VALUE) SECONDS 

2 6 3 0.57 2 0  0.22 

5 6 2 37.80 1 0  14.30 

6 6 2 2.46 2 0  1 . 19 

7 6 2 4.27 2 0  1 . 1 1  

8 6 2 13.35 2 0  1 . 1 1  

9 6 2 8.87 2 0  0.65 

1 1  6 2 1 1. 27 20 0 . 24 
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Fig. 24. Test Connections 
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TY P E S I R P , IRC AND IRD R E L AYS_· ________________________________________________ _ 

3 0  

I ' 
J _ ) • 1 9()-32 SCREW - ._-/ TOOTHED 

Uf /__/ LOWIASHER 

PANEL 

S PACERS FOR I 
( 

-- 2 :� � 
�- s -i  _J 

PANEL CUTOUT ' DR I LL I NG 
FOR SEM I - FLUSH MTG. 

PANEL DR I LL I NG OR CUTOijT FOR 
PROJECT I ON  MTG. 

( FROitT Y I EW) 

Fig. 25. Outline and Dri lling P l an fo r the IRP and I R C  Rel ay s  in th e Type F T3 1  Case. 
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TYP E S  IRP I I R C  AN D I R D  R E LAYS _____________________ ___;I.;_. L_ • ...;..41_-1_3_3M 

-1-- �-+--

SPACERS FOR 
THI N  PAIIELS 

5 - �8 SCREW "ij FOR TH I Cl , r� AIIEL liSE WI � - 1 8 SlUD ) 

I� 
" 

� --�· IIOo-!2 SCREW 
I l]lJ I FOR TH I CK PAIIEL ��::.-USi • 1 �32 STUD 

1-r;_�- - � --tftrrrrBm �:J" '� 
- D I A  - D I A. 10 HOLES 
611 ' � OR CUT OUT 

TEIIMI UL AIID 
MOUNT I NG DETAI LS 

9 
16 

-h. 
�ta , - I  1.---s-s� 

- ,.,.  
en 

PAIIEL CUTOUT I DR I LL I NG 
FOR SEMI FLUSH MTG. 

PAIIEL OR I LLI IQ OR CUTOUT FOR 
PIIGJ£CTI ON MTQ. 

( FlOIIT Vlh) 

I 'f DIA. IJ HOLES FOR 
. 1 90-32 MTB. SCRE� 

57-D-7904. 

Fig. 26. O utline an d D ri lling Plan for the IRD Relay in th e Type FT4 1 Case. 
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I N S T A L L A TI O N  
Westinghouse I . L .  4 1 - l 33N 

• OPE R A T I O N  • M A I N T EN A N C E 

I N S T R U C T I O N S  
DIRECTIONAL OVER CURRENT GROUN D RELAYS 

TYPES IRP, IRC AND IR D 

C A U T I O N  Before putting relays into servi ce,  remove 
all blocking which may have been inserted for the 
purpose of securing the p arts during shipment, make 
sure that all moving parts op erate freely,  inspect the 
contacts to see that they are clean and clo se properly,  
and operate the relay to check the settings and 
electrical connections. 

A P P L I C A T I O N  
These relays are ground directional overcurrent 

relays which are used for the protection of trans­
mission lines and feeder circuits.  Both the time­
overcurrent and instantaneous overcurrent units are 
directionally controlled. 

The type IRP relay is potential polarized. The 
typ e IRC relay is c urrent polarized. The typ'e IRD 
relay is a dual polarized relay which can be polarized 
from a potential source ,  from a local ground source or 
from both simultaneously. 

C O N S T R U C T I O N A N D  O P E R A T I O N  

The various types of relays consist of a direction­
al unit or units (D) ,  an auxiliary switch (CS- 1) , a 
time-overcurrent unit (CO) ,  an instantaneous over­
curre nt unit (I) , an instantaneous overcurrent unit 
transformer ,  and two indicating contactor switches 
(ICS/1) and (ICS/T). The principle component parts 
of the relays and their location are shown in Fig. 1 
through 6. 

T i m e- O v e r c u r re n t  U n it ( C O ) 

The electromagnets for the types IR-5 ,  IR-6, IR-7, 
IR-8 and IR-9 relays have a main tapped coil located 
on the center leg of an "E" type laminated structu re 
that produces a flux which divides and r eturns through 
the outer legs. A shading coil c auses the flux through 
the left leg to l ag the main pole flux. The out-of-p hase 
flux es thus produced in the air gap cause a contact 
closing torque. 

The electromagnet for the typ e IR-2 and IR- 1 1  
relays has a main c oil consisting of a tapped primary 

-l< winding and a sec ondary winding. Two identical coils 
on the outer 1 egs of the 1 ami nation structure are con­
nected to the main coil secondary in a manner so that 
the com bination of all the fl uxes o rorluced by the 
el ectromagnet result in out-of-ohase fl u xes in the air 
gap . The out-of-phase air gao fl uxes o roducerl c ause a 
contact closing torque.  

SU PERSEDES I . L .  4 1 - 1 33M,  dated A ug ust 1 974 
* Denotes c ha nge from s u perseded issue.  

I n d i cat i n g  C o n t a cto r S w i t c h  U n i t s  ( I C S/1 a n d  I C S/ T )  

The d-e indicating contactor switch is a small 
clapper typ e devic e.  A magnetic armature, to which 
leaf-spring mo unted contacts are attached, is attracted 
to the magnetic core upon energization of the switch. 
When the switch closes the moving contacts bridge 
t wo stationary contacts, completing the trip circuit. 
Also during this operation two fingers on the armature 
deflect a spring located on the front of the switch, 
which allows the op eration indicator target to drop,  

The front spring, in addition to holding the target, 
provides restraint for the armature and thus controls 
th_e pick up value of the switch. 

D i recti o n al U n i t  ( D) 

The directional unit is a product inductiQn cylin­
der type unit op erating on the interaction between the 
polarizing circuit flux and the op erating circuit flux. 

Mechanically,  the directional unit is composed of 
four basic components:  A die-cast alurr.inum frame,  
an electromagnet,  a moving element assembly, and a 
molded bridg e .  

The frame serves as the mounting structure for 
the magnetic core. The magnetic core which houses 
the lower pin bearing is secured to the frame by a 
locking nut. The bearing can b e  replaced, if neces­
sary, without having to remove the magnetic core from 
the frame. 

The electromagnet has two seri es-connected polar­
izing coiis mounted diametrically oppo site one an­
other; two series-connected operating coils mounted 
diametrically opposite one another; two magnetic ad­
justing plugs; upper and lower adjusting plug clip s, 
and two locating pins. The locating pins are used to 

. · l ll pos.1ihle contingencies which may arise during 
installation,  operatio n .  or main tenance, and all 
details and mriations of this equipment do not 
purport to he co vered by these instructions. If 
further infrmnation is desired by purchaser re­
garding his particular installation, operation or 
1 1 1aintenance of his equipment.  the local West­
inghouse Electric Corporation represen tative 
should he contacted. 
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6 

5 

Fig. J. Type IRD Relay Without Case (Front View). J - Instantaneous Over­

current Unit one/ Saturating Transformer, 2 - Current Polarized D irect­

ional Unit. 3 - Voltage Polarized Directional Unit. 4 - Time Over­

current Unit, 5 - Indicating Contactor Switch. 6 - A uxi liary Switch. 

1 

3 

Fig. 2. Type IRD Relay Without Case (Rear View). 1 - Varistor. 2 - Saturating 

Transformer. 3 - "E" Type Electromagnet. 
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TYPES IRP,  I RC AND I R D  R E LAYS _______________________ I_.L_. _41-· 1_3_3N 

F ig. 3. D irectional Unit. l - Stationary Contacts. 2 - Stationary Contact Pressure Spring. 3 - Magnetic A djusting P lugs, 

4 - Upper B earing Screw. 5 - Moving Contact, 6 - Spring A djuster C larnp. 7 - C urrent B ias Vane. 

2 

�7 

F ig. 4 .  Time Overcurrent Unit. l - Tap B lock. 2 - Time D ial. 3 - Control Spring A ssemb ly. 4 - D isc, 5 - Stationary 
Contact A ssembly. 6 - Magnetic P lugs. 7 - Permanent Magnet. 
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TY P E S  I RP, I RC AND I RD RELAYS ________________________ _ 

Fig. 5. Instantaneous Overcurrent Unit. 1 - Saturating Transformer. 2 - Tap B lock. 3 - Stationary Contact. 4 - Moving 

Contact. 

T 

Fig. 6. Indicating Contactor Switch (ICS). 
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TYPES I R P, IRC AND IRD R ELAYS __________________ _ 
I .L. 41·133N 

accurate! y po sition the lower pin bearing, which is 
mounted on the frame , with respect to the upper pin 
bearing . which is threaded into the bridge . The elec 
tro magnet is secured to the frame by four mounting 
screws.  

The moving element assembly consists of a spiral 
spring , contact carrying member, and an aluminum 
cylinder assembled to a molded hub which holds the 
shaft. The shaft has removable top and bottom jewel 
bearings. The shaft rides between the bottom pin 
bearing and the upp er pin bearing with the cylinder 
rotating in an air gap formed by the electromagnet and 
the magnetic core. 

The bridge is  secured to the el ectromagnet and 
frame by t wo mounting screws. In addition to holding 
the upp er pin bearing, the bridge is used for mounting 
the adjustable stationary contact housing . The sta­
tionary contact housing is  held in position by a spring 
type clamp . The spring adjuster is located on the 
underside of the bridge and is attached to the moving 
contact arm by a spiral spring. The spring adjuster 
i s  also held in place by a spring typ e clamp . 

With the contacts closed,  the electrical connec­
tion is made through the stationary contact housing 
clamp , to the moving co ntact, through the spiral spring 
o ut to the spring adjuster clamp . 
A u x i l i ary Switch ( C S - 1 )  

The auxiliary switch i s  a small solenoid type 
d.c. switch. A cylindrical plunger, with a silver 
disc mounted on its lower end, moves in the core of 
the solenoid . As the plunger travels upward, the 
disc bridges the silver stationary contacts .  A tapped 
resistor is used to enable one to use the contactor 
switch on a 24. 48. 1 25 or 250 volt d . c .  system con­
nected per Fig. 23 . The operation of the CS- 1 
switch is controlled by the directional unit (D) which 
in turn directionally controls the time-overcurrent 
unit (CO). When suffic ient power flows in the tripping 
direction, the CS- 1 switch operates and bridges the 
lag coil of the time-overcurrent unit (CO) permitting 
this unit to operate.  

I nstantaneous Overcurrent Unit (I) 

The instantaneous overcurrent unit is  similar in 
construction to the directional unit .  The time phase 
relationship of the two air gap fluxes neces sary for 
the development of torque is achieved by means of a 
capacitor connected in series with one pair of pole 
windings.  

The normally-closed contact of the directional unit 
is connected across one pair of pole windings of the 
instantaneo us ov ercurrent unit as shown in the in­
ternal schematics. This arrangement short-circuits 
the operating current around the pole windi ngs; pre-

venting the instantaneo u s  overcurrent unit from de­
veloping torque. If the directional unit should pick 
up for a fault, this short-circuit is removed, allowing 
the instantaneous overcurrent contact to commence 
closing almost simultaneously with the directional 
contact for high speed operation. Total operating 
time is shown in Figs . 17 and 1 8 .  

I n stantaneo u s  O verc u rrent U n i t  T ra n s fo rm e r  

This transformer i s  o f  the saturating typ e for 
limiting the energy to the instantaneous overcurrent 
unit at higher values of fault current and to reduce 
C . T .  burden. The primary winding is tapped and these 
taps are brought out to a tap block for ease in chang­
ing the pick-up of the instantaneous overcurrent unit . 
The use of a tapp ed transformer provides approximate­
ly the same energy level at a given multiple of pickup 
current for any tap setting, resulting in one time curve 
throughout the range of the relay. 

Across the secondary is connected a non-linear 
resistor kno wn as a varistor. The effect of the varis­
tor is to reduce the voltage peaks applied to the over­
current unit and p hase shifting capacitor. 

C H A R A C T E R I S T I C S  

The time characteristics o f  the directional over­
current relays are designated by s pecific numbers as 
indicated below ( e. g. , IRV-8).  

T i m e  

C h aracter i s t i c s  

Short Time 
Long Time 
Definite Time 
Moderately Inverse Time 
Inverse Time 
Very Inverse Ti m e  
Extremely Inverse Time 

D e s i g n at i o n  

2 
5 
6 
7 
8 
9 

1 1  

The relays are a vail able i n  the following current 
ranges: 

Instantaneous Overcurrent Unit (I) 

Range Tap s 

0 .5- 2  Amps 0 .5  0 .75  1 .0  1. 25 1 . 5 2 
1-4 1 . 0  1 . 5  2 .0  2.5  3 .0  4 .0  
2-8 2 3 4 5 6 8 
4- 1 6  4 6 8 9 1 2  1 6  

10-40 1 0  1 5  20 24 30 40 
20-80 20 30 40 48 60 80 
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TYPES I RP, I R C AND IRD R E LAYS ________________________________________________ _ 

Time Overcurrent Unit 

Range Taps 

. 5-2.5 0 . 5  0 . 6  0 . 8  1 . 0  1 . 5  2 .0  2. 5 
2-6 2 2 .5  3 3 . 5  4 5 6 
4 - 1 2 4 5 6 7 8 10  12 

The tap value is the minimum current required to 
just close the relay contacts. 

The time vs . current characteristics for the time­
overcurrent unit are shown in Figs. 10 to 16 .  These 
characteristics give the contact closing time for the 
various time dial settings when the indicated multi­
ples of tap value current are applied to the relay. 

6 

T I M E  C U R V E S  

The time curves for the IRD relay are shown in 
Fig. 1 7  and 1 8 .  Fig. 1 7  consists of three curves 
which are: 

1) Directional Unit opening times for current and 
voltage polarized. 

2) Directional U nit closing time for current and volt­
age polarized. 

3) Directional Unit closing time for 1 volt ,  voltage 
polarized.  

Fig.  18 shows the instantaneous overcurrent unit 
closing time.  

The voltage polarized curve B begins to deviate 
from curve A for less than 5 volts .  

B o t h  t h e  directional unit and t h e  o v ercurrent 

unit must operate before the t rip circuit can be com­
pleted. H ence, the unit which takes the longer time 
to operate determines when the break er will be 
tripped. The overcurrent unit contacts cannot operat e  
until the back contacts of directional unit open; 
therefore,  the total time for overcurrent unit to op er­
ate is its closing time given in Fig.  1 8  plus the 
directional unit opening time given in Fig. 1 7 .  The 
total closing time for the directional unit is  given in 
Fig. 1 7 .  The two examples below will serve to illus­
trate the use of the curves.  

Example 1 :  Using the formulas and definition of 
symbols on  Fig. 1 7 ,  we have-

L et: Ipol = 2 amps .  
Iop = 2 . 3 1  
Tap Value ( T) = 0 . 5  amp. 
¢ - 40 ° = 0 ° 

(For timing unit , assume 
C0-9 with Yz time dial setting) 

For current polarized relay: 

MPP = Iop Ipol Cos ( ¢ - 40° ) 

0 . 25 

MPP 
(2 .3 1 )  (2)  = 1 8 . 5  

0 . 2 5  

Referring to F i g .  1 7  at multiples o f  produce pick­
up of 1 8 . 5 ,  the directional unit operating time is about 
1 1  ms , and the c losing time for this unit is 56 ms . 

For overcurrent unit :  

Multiples of  pickup = Iop = 2 ·3 1  = 4 . 6  
T 0.5 

E ntering the curve in Fig. 18 at multiples of pick­
up e qual to 4 . 6 ,  the closing time for instantaneous 
overcurrent is 1 6  ms . However, the total operating  
time for the  overcurrent unit is 16  plus 1 1 ,  which is 
the opening time of back contacts of the directional 
unit , or 27 ms total operating time for overcurrent unit . 
The total time for directional unit is 56 ms ; and , 
since this is the longe st time ,56 ms is the tot al oper­
ating time of the instantaneous overcurrent circuit . 

E ntering the curve in Fig.  1 5  at 4 . 6 ,  the Yz time 
dial setting gives 1 4 0  ms . The total time for the time­
overcurrent circuit is 56 ms directional unit time plus 
1 6  ms CS- 1  time plus 1 4 0  ms = 2 1 2  ms . 

Example 2 :  

Let : Ipol = 2 0  amp s .  

lop = 23 . 1  amps 

T (tap) = 1 amp. 

¢ - 40 ° = 0 

MPP 

MPP = 

lop !Pol Cos ( ¢ - 40 ° ) 

0 . 2 5  

( 2 0 )  (23 . 1 )  

0 . 25 
= 1 850 

Entering Fig.  1 7 ,  the direct ional unit closing time 
is 12 ms, and the opening time of its back contacts 
is 1 ms . The total operating time for the directional 
unit is 13 ms.  

For overcurrent unit :  

Multiples of  pickup = lop  = 23 . 1  
T 

23 . 1  

Referring to Fig . 1 8 ,  the overcurrent unit con­
tact closing time is about 1 4  ms . Therefore , the total 
operating time for this unit is 14 plus 1 or 15 ms . In 
this case the total operating time of relay is 1 5  ms . 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY PES IRP,  I RC AND I R D  R E LAYS --------- I . L . 4 1 - 1 33N 

F i g .  15 gives an operat in g  time of about 5 0  ms . 

The t ime -overcurrent c i r cuit is 1 2  p lus 1 6  ms CS- 1  
time plus 5 0 = 7 8  m s .  

T rip  C i rcu i t  

The relay contacts will safely close 30 amperes 
at 250 vol t s  d c and the seal- i n  contacts of the indi­

c:.:ti ng c o ntactor swi t c h e s  will  sa fe l y  carry thi s  cur­

rent long enough to tri p a circuit breaker. 

The indicating contactor switch has two taps that 
provide a pickup setting of 0 .  2 or 2 amperes. To 
change taos requires connecting the lead located in 
front of the tap block to th e desired setting by means 

of a screw c;:mnection. 

C on tact s 

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

The set screw in e ach stationary contact has 
been shop adjusted for optimum follow and this ad­
justment should not be d isturbed.  

IITM IELATIWE IIIUIITAIEOUS 
'OLAI ITY AS IMM, HIE DIIECTIIMIU 
llaiT COITACT CLOSES TO TilE LifT. 

IUTUTAif:OIII OWUCUUEJT WilT  (U,U CYLIIMI 
Ill I T )  

SATUUTIIi 
TU.ISFOI«I 

lED DOT 

OllftTI IIIAL IHI I T  
( L OW£1  CYLIJIOU UII I T} 

CMUIIS OPUATU 
SIIOITIIIII IWITC. 

lEO 11.\MU 
TEST SIITCI 

TEbUUL 

184A034 

Fig. 8. Internal Schematic of the Type IRC Relay in the 
Type FT3 1  Case. 

.lUX I L IUY 
Sliii iTCrl 

I•DICUIII.O - - , 
COMTACTOR S'II ITCH 
( � I�IIT f .  L )  

I II D I C A T I II U -- _  
CUIUACTOR S • I T C H  
( L E F T  F. � .  ) 

W l T 11  RELATI�E IIISUIIUIIEOUS 
POLA R I T Y  AS S"O_.)I, THE O I R E C T I OIUL 
U)I I T  CO)IHCT CLOSES TO TtiE L E F T .  

SATUIIATIIIII 
TRAIISFOII!o�E� 

RED DOT 

IIIOUC T I OII U II I T  

D U IECTIIlUL U II I T  
( LOWER CYLIIIDEl 

UII I T )  

___ / CHASSIS OPEIU.T[I) 
SHORT III\I SIIITCII 

- RE O HAIIDlf 
TEST SWITCH 
CUIIREIIT TEST JACK 

TER�otiUL 

184A033 
Fig. 7. Internal Schematic of the Type IRP Relay in the 

Type F T31 Case. 

W I T K  RELATIVE I MSTAUAMEOUS 
I'OLAII: ITY AS SHOW, THE DIII:ECTIOUL 
UNIT COIUCT CLOSES TO TilE LEFT. 

lt l llMT MAID 
COlT ACTS 

184A020 
F ig. 9. Internal Schematic of  the Type IRD Relay in the 

Type FT4 1  Case. 
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TYPES IRP, I RC AND I R D R E LAYS ________________________________________________ _ 

8 

E N E R G Y  R E Q U I R E M E N T S  
INSTANTAN EOUS OVERCURRENT U N I T  OPE RATI NG CURRENT CI RCUIT - 60 H E RTZ 

AMP E R E  RANGE TAP 

. 5  

. 75 

1 
. 5- 2  1 .  2 5  

1 . 5  

2 

1 

1 . 5  

2 
1-4 

2 . 5  

3 

4 

2 

3 

4 
2-8 

5 

6 

8 

4 

6 

4- 1 6  8 

9 

1 2  

1 6  

10 

15 

20 
10-40 

24 

30 

40 

20 

30 

20-80 
40 

48 
GO 
80 

RANGE 

. 5- 2 

1-4 

2-8 

4-16  

10-40 

20-80 

tt 
VA AT TAP VAL U E  

. 3 7  

. 3 8  

. 3 9  

. 4 1  

. 4 3  

. 45 

. 4 1  

. 44 

. 4 7  

. 5 0  

. 5 3  

.59 

1 . 1  

1 . 2  

1 . 3  

1 . 4  

1 . 5  

1 . 8  

1 . 5  

1 . 7  

1 . 8  

1 . 9  

2 . 2  

2 . 5  

1 . 7  

2 . 4  

3 . 1 

3 . 6  

4 . 2  

4 . 9  

6 .6  

9 . 3  
1 2  

1 3 . 5  

1 5 . 9  

1 9 . 2  

CONTINUOUS RATING 

( AMPERES) 
· ---------

5 

8 

8 

10 

10 

10 

</> 
P . F . ANGL E 

39 

36 

35 

34 

3 2  

3 0  

3 6  

3 2  

3 0  

28 

26 

24 

49 

43 

38 

35 

3 3  

29 

5 1  

45 

40 

38 

34 

30 

28 

21 

1 6  

15 

1 2  

1 1  

3 1  

24 
20 

18 

16 

15 

- -- -- - - -

t t 1> 
VA AT 5 AMPS. P . F. ANGLE 

24 46 

1 3  37 

8 . 5 34 

6 . 0  3 2  

4 . 6  3 1  

2 . 9  2 8  

9 . 0  3 6  

5 . 0  3 2  

3 . 0  29 

2 . 1 27 

1 . 5  2 6  

0 .93  24  

6 .5  48 

3 . 3  4 2  

2. 1 37 

1 . 4  35 

1 . 1 3 3  

0. 7 29 

2 . 4  5 1  

1 . 2  45 

0. 7 40 

0 . 6  3 8  

0 . 37 34 

0 . 24 3 1  

0.43 28 

0 . 27 2 1  

0 . 20 1 7  

0 . 15 15 

0 . 1 1  13 

0 . 08 1 2  

0 . 40 3 1  

0 .  2:) 24 
0 . 18 20 

0 . 14 1 R  
0 . 1 0 1G 

0 .07  1 5  

O N E  SECO N D  RATING 

t ( /,MPERES) 
-

100 

140 ' 

140 

200 i 
I ::: __L_ ___ -------

t Th�rmal cap aCJlle.<; for short t 1 m e s  other than one s e c ond may be caLculated on the baus of tJme bemg 1nversely proportwnal to the 
s quare of the current. 

4> Degrees current lags voltag e .  

t t Vol1ages tahen with Rectox type voltmeter. 
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TYPES I RP, I RC AND I RD R E LA YS ______________________ __;,I;,:;.L;;... 4.:..:1....:· 1�33:::.::.N 

E N E RGY R E QUI REMENTS - 60 H E RTZ 

DI R E C T IONAL U N I T  O P ERATING C I RCUIT B UR D E N  
-- - - ----- -

VOLT AMP ERES 
r-----

t t  

A t  At 3 Times At  1 0  Times At 2 0  Times  

Continuous 

Relay Range R ating 

Type Amps ( Amperes) 

One Second 

R ating t 
( A mp eres) 

ower 

actor 

p 
F 

A ngle cj; 

Minimum Minimum Minimum Minimum 

Tap V alue Tap V alue Tap V alue Tap V alue 

C urrent Current C urrent Current 
----- - ------- ---- ---- t------ -� 

0 . 5- 2 . 5  2 3 0  4 4 . 0  

IRC 2-6 230 4 2 . 5  

4- 1 2  1 2  280 3 1 . 8 
- -----f---- -- - - --

0 . 5-2. 5 1 0  2 3 0  3 4 . 5  

IRP 2-6 1 0  230 3 4 . 5  

4- 1 2  1 2  280 25 . 0  
+------ - - ----

0 . 5- 2 . 5  1 0  230 4 5 . 0  

IRD 2-6 1 0  230 45 .0  

4- 1 2  1 2  280 3 2 . 4  
----- -

¢ D e gre es curre nt lags ?J o ltage at tap ?J a lue current . 

0 . 0 3 3  0 . 3 0  3 3 1 4 . 2 

0 . 58 5 . 28 5 8 . 0  2 4 0 . 0  

0 . 64 6 . 1 2  7 0 . 0  2 7 2 . 0  
- -- ------ - - ------- --- -

0 . 0 3  0 . 2 3 2 . 8  1 1 . 5  

0 . 44 4 . 0 8  4 8 . 0  1 8 2 . 0  

0 . 48 4 . 6 2  5 3 . 6  2 1 6 . 0  
-- - ------- - - -----

0 . 0 7  0 . 59 6 . 6  26 . 0  

1 . 0 4  9 . 9  1 0 6 . 0  4 20 . 0  

1 . 1 6 1 0 . 8 1 2 1 . 2  4 7 2 . 0  

t T h e rrn al capaciti e s  fo r s h o rt tim e s  o th e r  than one s e c ond m ay be cal culated on th e b a s i s  o f  tim e 

b einy in v e rs e ly proportional to th e square o f  the current. 

tt V o l t a:;e s taken u·ith R e r:t o x  typ e  v o ltm e t e r. 

E N E RGY R E QU I R EMENTS - 60 H E RTZ 
DI R E CT IO NAL U N I T  POLA R I Z I N G  C I R CU I T  B U R D E N  

r------ -----,------ --- - - --------,-- ----------------,------------------, 

RELAY TYPE RATING 

230 Amperes t 

IRP 2 0 8  Volts  t t  

KRD Current Unit 230 Amperes t t e----- ----- - -- ---- ---
IRD Voltage U nit 208 Volts i "  t 

VOLT AMP ERES [I_ 
1 . 45 

1 1 . 2  

1 . 45 

1 1 . 2  

- -------- --- -

POWER FACTO R  ANGLE ¢ 

8 "  L ag 

28 '0 L ead 

8 o L ag 

28 o L e ad 

¢ !J e;;re e s  c urrent le ads or t ag s  v o ltage at 1 20 v o l t s  on ·v o l t ag e  p o lari z e d  units and 5 am p e re s on cur­
rent p o l ariz e d  un i t s .  

!'I B urden o f  v o ltage p o lari z e d  uni ts tak en a t  1 20 v o l t s .  B urden of current p o l ari z e d  units tak e n  a t  5 am p e res . 

t O n e  se cond ratiny. 

t t  30 s e c o n d rating . T h e  10 s e c ond rating is 345 v o l t s .  T h e  c o ntinuou s  rating is 1 20 v o lt s .  
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TY P E S  IRP,  I RC AND I R D  R E LAYS-------------------------

ENERGY REQUIREMENTS 

T Y P E I R D- 2, I RC- 2, I R P - 2  T I M E  O V E R C U R R E N T  U N I T S  

VOLT AMPERES t t 

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 
AMPERE RATING RATING t FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 
RANGE TAP ( AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT 

0.5 0.91 28 58 4.8 39. 6 256 790 

0. 6 0.96 28 57 4.9 39.8 270 85 1 

0.8 1 . 18 28 53 5.0 42.7 308 1024 

0.5/2.5 1 .0  1 . 37 28 50 5 . 3  45 . 4  348 1220 

1 . 5  1 .95 28 40 6 .2  54. 4 435 1740 

2.0 2 . 24 28 36 7.2  65.4  580 2280 

2.5 2 . 50 28 29 7.9 73.6 700 2850 

2.0 3 . 1  1 10 59 5.04 38.7 262 800 

2.5  4 .0  1 10 55 5. 13 39.8 280 920 

3.0 4.4 ao 51 5 . 37 42.8 3 1 2  1008 

2/6 3 . 5  4.8 1 10 47 5.53 42.8 3 29 1 120 

4 .0  5 .2  1 10 45 5. 72 46.0 360 1 2 16 

5 .0  5 .6  1 10 4 1  5.90 50 . 3  420 1500 

6.0 6.0 1 10 37 6.54 54.9 474 1800 

4.0 7 . 3  230 65 4.92 39. 1 268 848 

5.0 8 .0  230 50 5 . 20 42.0 305 1020 

6.0 8.8 230 47 5 . 34 44. 1  330 1 128 

4/ 12 7.0 9.6 230 46 5 . 53 45.8 364 1260 

8.0  10 . 4  230 43 5.86 49. 9  400 1408 

10.0 1 1 . 2  230 37 6.6 55.5  470 1720 

12.0 12.0 230 34 7.00 62.3 528 2064 

t Thermal ca[acities for short times other than one second may be calc ulated on the basis of time being inversely proportional to the 
s quare of t e current. 

¢ Degrees current lags voltage at tap value c urrent. 

t t Voltages taken with Rectox type voltmeter. 
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TYP E S  I R P, IRC AND IRD R E LAYS I .L.  41·1 33N 

AMPERE 
RANGE 

0.5/2.5 

2/6 

4/12 

TAP 

(0.5 

(0.6 

(0 .8  

( 1 .0 

( 1.5 

(2.0 

(2.5 

(2 

(2.5 

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 1 0  

( 1 2  

AMPERE 

E N E RGY R E Q U I REMENTS 
I R D-5 I R C- 5  I RP - 5  
I R D-6: I R C-6: I RP - 6: T IM E  O V E RC U R R E N T  U N I T S  

VOLT AMPERES t t 
CONTINuOUS 

RATING 
(AMPERES) 

ONE SECOND 
RATINGt 

(AMPERES) 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

AT 3 TIMES 
TAP VALUE 

CURR ENT 

AT 10  TIMES 
TAP VALUE 

CURRENT 

* 2 . 7  
* 3 . 1  
* 3 . 7  
* 4. 1 
* 5 . 7  
* 6 . 8  
* 7 . 7  

8 

8.8 

9.7 

10.4 

1 1 . 2  

1 2. 5  

13.7 

16 

18.8 

19.3 

20.8  

22.5 

25 

28 

88 

88 

88 

88 

88 

88 
88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

69 3. 92 

68 3 .96 

67 3 .96 

66 4.07 

62 4 . 19 

60 4.30 

58 4.37 

67 3 . 88 

66 3. 90 
64 3 . 93 

63 4.09 

62 

59 

57 

65 

63 

61 

59 

56 

53 

47 

4 . 1 2  

4 .20 

4.38 

4.00 

4 . 15 

4 . 32 

4 . 35 

4 . 40 

4 .60 

4 .92 

20.6 

20.7 

2 1  

21.4 

23.2 

24.9 

26.2 

21 

21 .6  

22. 1 

2 3 . 1  

2 3 . 5  

24.8 

26.5 

22.4 

23.7 

25.3 

26.4 

27 .8  

30. 1 

35.6 

103 

106 

1 14 

122 

147 

168 

180 

l lO 

l l8 

1 26 

136 

144 

162 

183 

126 

143 

162 

183 

204 

247 

288 

I R 0- 7, I R C- 7, I R P- 7 Tl M E 0 V E R C U R R E N  T U N I T  S 

VOLT AMPERES t t 

AT 20 TIMES 
TAP VALUE 

CURRENT 

270 

288 

325 

360 

462 

548 

630 

308 

342 

381 

4 1 7  

448 

540 

624 

376 

450 

531 

6 l l  

699 

880 

1056 

CONTINUOUS ONE SECOND 
RATING RATING t 

POWER AT AT 10 TIMES AT 20 TIMES 
TAP VALUE TAP VALUE 

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

AT 3 TIMES 
TAP VALUE 

CURRENT CURRENT CURRENT 

(0 . 5  

(0 . 6  

(0.8 

0.5/2. 5 ( 1. 0  

( 1 . 5  
(2.0 

(2.5 

(2  

(2 .5  

(3  

2/6 (3 . 5  

( 4  

( 5  

( 6  

(4 

(5 

4/ 12 (6 

(7 

(8 

( 1 0  

( 1 2  

* 2 .  7 88 
* 3 . 1 88 
* 3. 7 88 
* 4. 1 88 
* 5. 7 88 
* 6 . 8  88 
* 7 .  7 88 

8 230 

8.8 230 

9. 7 230 

10.4 230 

1 1 .2 230 

1 2.5 230 

13.7 230 

16 460 

18.8 460 

19.3  460 

20.8 460 

22.5 460 

25 460 

28 460 

68 3.88 

67 3 .93 

66 3 .93 

64 4 .00 

6 1  4 .08 

58 4 .24 
56 4 . 3 8  

6 6  4 . 06 

63 4 .07 

63 4 . 14 

62 4 . 34 

6 1  4 .34 

59 4 . 40 

58 4.62 

64 4 .24 

6 1  4 . 3 0  

60 4 .62 

58 4. 69 

55 4 .80 

51 5. 20 

46 5 .40 

20.7 

20. 9  

2 1 . 1  

2 1 . 6  

22 . 9  

24.8 

25.9 

2 1 . 3  

2 1 . 8  

22.5 

23.4 

23 .8  

25.2 

27 

22.8 

24 .2 

25.9 

27 . 3  

29.8 

33 

37.5 

103 278 

107 288 

l l4 320 

1 22 356 

148 459 
174 552 

185 640 

l l l  306 

1 20 342 

1 29 366 

141  4 1 3  

149 448 

163 530 

183 624 

1 29 392 

149 460 

168 540 

187 626 

2 1 1  688 

260 860 

308 1032 

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

¢ Degrees current lags volt?ge at tap value current. 

tt Voltages taken with Rectox type voltmeter. 
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T Y P E S  I R P1 I RC AN D I R D  R E LAYS _______ � ------------------

ENE RGY R EQUI R EM EN TS 
I R D-8 , I R C-8 , I R P -81 T I M E  OVE RCU R R E N T U N I T S 
I R D"91 I RC-9, I R P "9 , 

VOLT AMPERES t t  

Continuous One Se cond Power At At 3 Times At 1 0  Times At 20 Tim es 
Ampere Rating Rating t Factor Tap Value Tap Value Tap Value Tap V alue 
Range Tap ( Amp eres) ( Amp eres) A ngle ¢ Current Current Current Curre nt 

( 0 . 5  * 2 . 7 88 7 2  2. 38 2 1  1 3 2  350 
( 0 . 6  * 3 . 1  88 7 1  2 . 38 2 1  1 3 4  3 6 5  
( 0 . 8  * 3 . 7 88 69 2 . 40 2 1 . 1  1 4 2  400 

0 . 5/ 2. 5  ( 1 . 0  * 4 . 1  8 8  6 7  2 . 42 2 1 . 2  1 50 4 40 
( 1 . 5  * 5 . 7  8 8  6 2  2 . 5 1  2 2  1 7 0  5 30 
( 2 . 0  * 6 . 8 8 8  57 2 .65 2 3 . 5  200 675 
( 2 . 5  * 7 . 7 88 53 2. 74 2 4 . 8  2 2 8  8 0 0  

( 2  8 230 7 0  2 . 38 2 1  1 36 360 
( 2 . 5  8 . 8  230 6 6  2 . 40 2 1 . 1  1 4 2  3 9 5  
( 3  9 . 7  230 64 2 . 4 2  2 1 . 5  1 49 4 3 0  

2 / 6  ( 3 . 5  1 0 . 4  230 6 2  2 . 4 8  2 2  1 5 7  470 
(4 1 1 . 2  230 60 2 . 53 2 2 . 7  1 64 500 
(5 1 2 . 5  230 58 2 . 6 4  2 4  1 8 0  580  
( 6  1 3 . 7  230 56 2.  75  25 . 2  1 9 8  6 6 0  

( 4  1 6  460 68 2 . 38 2 1 . 3  1 4 6  4 2 0  
( 5  1 8 . 8  460 63 2 . 4 6  2 1 . 8  1 5 8  4 8 0  
( 6  1 9 . 3  460 60 2 . 54 2 2 . 6  1 7 2  5 50 

4/ 1 2  ( 7  2 0 . 8  4 6 0  5 7  2 . 6 2  2 3 . 6  1 9 0  6 2 0  
( 8  2 2. 5  4 6 0  5 4  2 . 7 3  24 . 8  207 700 
( 1 0 25 460  48 3 . 00 2 7 . 8  248 8 50 
( 1 2  28 460 45 3 . 46 3 1 . 4  29 2 1 0 20 

I I I RD- 1 1  I RC-1 1 I R P- 1 1  OVERCU R R EN T  UN I TS 
VOLT AMP ERES t t  

Continuous One Second P ower At At 3 Times At 1 0  Times At  20 Times 
Ampere Rating Rating t Factor Tap Value Tap Value Tap V alue T ap V alue 
Range Tap ( Amperes) ( Amperes) A ngle ¢ Current Current Current Current 

0 . 5 1 . 7  5 6  36 0 . 7 2  6 . 54 7 1 . 8 2 5 0  
0 . 6  1 . 9  5 6  3 4  0 . 7 5  6 . 80 7 5 . 0  2 6 7  
0 . 8  2 . 2  5 6  3 0  0 . 8 1  7 . 46 8 4 . 0  2 9 8  

0 . 5/ 2 . 5  1 . 0  2 . 5  5 6  2 7  0 . 8 9 8 . 30 9 3 . 1 3 30 
1 . 5 3 . 0  56 22 1 . 1 3  1 0 . 0 4  1 1 5 . 5  4 1 1  
2 . 0  3 . 5  56 17 1 . 30 1 1 .9 5  1 36 . 3  50 2 
2 . 5  3 . 8  5 6  1 6  1 . 48 1 3 . 9 5  1 60 . 0  6 1 0 

2 . 0  7 . 0  230 32 0 . 7 3  6 . 30 7 4 . 0  2 6 4  
2 . 5  7 . 8  230 3 0  0 . 7 8 7 . 00 7 8 . 5  2 8 5  
3 . 0  8 . 3  230 2 7  0 . 8 3  7 . 7 4  84 . 0  3 0 9  

2/6 3 . 5  9 . 0  230 2 4  0 . 88 8 . 20 8 9 . 0  3 4 0  
4 . 0  1 0 . 0  230 23 0 . 9 6  9 . 1 2  1 0 2 . 0  3 7 2  
5 . 0  1 1 . 0 230 20 1 . 0 7  9 .80  109 .0  430 
6 . 0  1 2 . 0  230 20 1 . 2 3 1 1 . 3 4  1 29 . 0  5 0 4  

4 . 0  1 4  4 6 0  29 0 . 79 7 . 0 8  7 8 . 4  2 9 6  
5 . 0  1 6  460 25 0 . 89 8 . 00 90 .0  3 40 
6 . 0  1 7  460 2 2  1 . 0 2 9 .  1 8  1 0 1 . 4  3 7 8  

4/ 1 2  7 . 0  1 8  460 20 1 . 1 0 1 0 . 00 1 1 0 .0 454  
8 . 0  2 0  4 6 0  1 8  1 . 2 3 1 1 . 1  1 2 4 . 8  4 8 0  

1 0 . 0  2 2  460 17 1 . 3 2  1 4 . 9  1 3 1 . 6  600  
1 2 . 0  26 460 1 6  1 . 8  1 6 . 3  1 80 . 0  7 20 

I RD TIME OVERCURRENT UNI T BURDEN DATA AT H I GH C U R R EN TS 

f--
Ampere Range 

Tap Value Current 
--- - --Multiples of Tap Value Current 

VA t t  

P.F.  A ngle ¢ 

40 

790 

4 6 . 7  () 

. 5  
�- ----· - - - ----

-;=1� -

so 2 0  
-- -- -- ---- - - -- -

2600 380 

42 ° 3 7  ° 

.5·2 . 5  

1 . 0  

l 40 

1 28 0  

r - 26 . 5  ° 

--- -�- ---� 

2 . 5  
I 

8 I 1 6  
- - - · - l -��-------1 

60 ! 280 - - � -- - -- --- ----

4 . 8 ' 4. 3 ° 

t T h e rm al c ap aciti es fo r sh o rt tim es o t h e r  t h an one s e cond m ay b e  cal cul at e d  on th e b a si s  o f  tim e 
b e ing imJ e rs e ly pro p o rtional to th e square of th e current. 

,f!J e ;;re e s current lags 'U O lta;;e at t ap ·v alu e current.  

t t V o ltage s tak en u ith R e ct o x  typ e v o ltm e t e r. 
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TY P ES IRP,  IRC AND IRD R E LAYS ______________________ ___.:..:I .:.::L=--. 4:..:.1.....:c-1.::;;33�N 

(/) U.l _. u >­u 

70r-r-r-r-
�-rrr�nr,,v.�,�i\nn1TnonTrrnr7m���nTn-������-T����� \ ,\ \ I I TYP I CA L  T I M E  CU R V ES 

r-r-r-��-r�-++*4H· -�Atr+' �ftH++��r���+H�-�-����-r 
- ���4-�����������H+���H�44����·�· � TYPE C0-2 

�r-��-H��+H-� 4���� +���������+--��� 0 V E R CU R R ENT R E LAY 
- - -+-+--+-H'r+-1--\l--+l-1-+\-r-1\cr-t\+-+'. \t-t-+-\t+t-:-, h-tl-ttt-1-.+t+i-r++H-�'+r--�+--<---t--� 50-60 H E RTZ \; \ !\ \ : 6 0 - 1 S E C • t---+--\1---t-t +-t--+-t---,+ , +  ' , ' , ' ,, 
�+ I \ :� �-������-r-���+-+-+-���+4�H 
�+- --�++�t-+��-�·�\��+��H+��4-�-+���-���4-- +-4-4-+-��� �­
-�

, 
----1---1--+-t----+-\+-t-\--1-+-..-+-,\---r-'�\ -\ ',-:-,' +-H+''-+1 t+t--------t--+-f--<---+t+ri+t-�+-�---t �-t--HI--t--+--+-

' l"!ooi.' .  --
1 · � -...... --

!'. ' -� ...... ,...., +- +--+-t--t-+-"'1od-+-+ 
1/2 :-... I 

·:-!" --t -+--+--+-+-+--+-+ 

I I I  1 1  

2 3 � 5 6 7 8 9 10 12 1� 16 18 20 
MU L T I P l eS OF TAP V A L U E  C U R R E N T  

Curve 418244 

Fig. JO, Typical Time Curves of the T/me-O vercurrent Unit of the Sho rt Time (2) R elays. 
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TY P ES I RP, I RC AND I R D  R E LAYS ________________________ _ 
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TYP I CA L  TI M E  CU R V ES 

TYPE C0-5 

O V E R  CU R R ENT R E LAY 

50-60 H E RTZ 

, ' I 
I I  ' I 
: [  ' I  i i i i i I ! I l l  , ,  

I , ' I I  I , ,  
' · ' 

i !  I i 
· I I 1 ' , 

i ;  
i ' ' I 

I 
I I 
I I  

I I i 
I 

' 
I 
I I 

I I I ! i 

I 
i i 

r I 

I 
I ' : I 

\ ' ! i : '  I I I 

I I I i I , I I 
' i  i I ' 'I I I '  

I I 

2 3 4 5 6 7 8 9 10 
MU L T I P L ES O F  TAP V A L U E  CU RRENT 

Curve 418245 

F ig. 1 1 . Typ i cal T ime Curve of th e T ime·O vercurrent Unit of th e Long Time (5) Relays. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES IRP,  I RC AND I RD R ELAYS ______________________ ..:..:I ..=L·:__:4o....:.1 ·..:.1::::::33=-N 
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TYP E S  I RP, I RC, AND I RD R EL AYS 
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TY PES IRP,  I RC AND IRD R ELAYS _______________________ I_.L_._41_·1_3_3N 

T r i p  C i rc u i t  Con stants 

Indicating Contactor Switch -
0 . 2  ampere tap - 6.5  ohms d-e resistance 
2 . 0  ampere tap - 0 . 15 ohms d-e resistance 

Auxi l i a ry Switch ( C S- 1 )  

The auxiliary switch has a d-e resistance of 
1 1 65 ohms . 

T ype I R P  R e l a y  

The IRP relay i s  designed for potential polariza­
tion and has its maximum torque when the current 
lags the voltage by approximately 60 degrees.  The 
shifting of the maximum torque angle is accomplished 
by the use of an internally mounted phase shifter as 
shown in the internal schematic. 

The directional unit minimum pick-up is approxi­
mately 1 volt and 2 amperes at its maximum torque 
angle for the directional units used with the 0 . 5 
to 2.5  and 2 to 6 ampere range time over-current units. 
For the directional units used with the 4- 12 ampere 
range time overcurrent units the minimum pick-up is 
1 volt and 4 amperes. 

Type I R C  R e l ay 

The IRC relay is designed for current polariza­
tion and has its maximum torque when the operating 
current leads the polarizing current by approximately 
40° . 

The directional unit minimum pick-up is 0. 5 
ampere in each winding at the maximum torque angle 
for the directional units used with the 0. 5 to 2.5  and 
2 to 6 ampere range time overcurrent units. For the 
directional units used with the 4- 1 2  ampere range 
time overcurrent units the minimum pickup is 1 

ampere . 

T yp e  I R D  R e l ay 

The type IRD relay utilizes a directional unit 
similar to the IRC relay in conjunction with the direc­
tional unit and phase-shifting circuit of the IRP relay. 

The current-polarized directional unit of the lRD 
relay operates on residual currents while the poten­
tial-polarized directional unit of the IRD relay oper­
ates on residual voltage and residual current. 

For the directional units used with the 0. 5 to 2 
and 2 to 6 ampere tifne overcurrent units , the mini­
mum pick-up of the current polarized unit is 0. 5 
ampere in each winding at the maximum torque angle. 
The minimum pick-up for the voltage polarized unit is 

1 volt and 2 amperes with the current lagging voltage 
by 60° . 

For the directional units used with the 4 to 12 
ampere range time overcurrent units, the minimum 
pick-up is 1 ampere for the current-polarized dtrec­
tional unit and 1 volt and 4 amperes for the voltage­
polarized directional unit. 

S E T T I N G S  
T i m e  O ve rcu rrent U n i t  ( CO)  

The time overcurrent unit settings c an be defined 
either by tap setting. and time dial position or by tap 
setting and a specific time of operation at some cur­
rent multiple of the tap setting ( e. g. 4 tap setting, 2 
time dial position or 4 tap setting, 0 . 6  seconds at 
6 times tap value current). 

To provide selective circuit breaker operation, a 
minimum coordinating time of 0. 3 seconds plus circuit 
breaker time is recommended between the relay being 
set and the relafS with which coordination is to be  
effected. 

The connector screws on the tap plate above the 
time dial makes connections to various turns on the 
operating coil . By placing this screw in the various 
tap plate holes, the relay will just close its contacts 
at the corresponding current 4-5-6-7-8- 10- 12 amperes, 
or as marked on the tap plate. 

CAU T IO N  Since the tap block conne ctor screw car­
ries operating current , be sure that the screw is turn­
ed tight . In order to avoid opening the current trans­
former circuits when changing taps under load , con­
nect the space connector screw in the desired posi­
tion before removing the other tap screw from the 
original tap position. 

I n stan tan eo u s  R ec lo s i n g  

The factory adjustment o f  the CO unit contacts 
provides a contact follow. Where circuit breaker re­
closing will be intiated immediately after a trip by 
the CO contact, the time of the opening of the contacts 
should be a minimum. This condition is obtained by 
loosening the statim.ary contact mounting screw, 
removing the contact plate and then replacing the 
plate with the bent end resting against the contact 
spring. With this change and the contact mounting 
screw tightened, t he stationary contact will rest 
solidly against its backstop.  
I n stantan eou s O vercurrent U n i t  ( 1 ) 

The only setting required is the pickup current 
setting which is made by means of the connector 
screw located on the tap plate . By placing the con-
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TY P ES I R P ,  I RC AND I R D  R E LAYS
-------------------------

ne ctar s crew in the desired t ap ,  the rel ay will j ust 
close its contacts at the tap value current. 
C A U T I O N  Since the tap block connector screw car­
ries  operating current, b e  sure that the screw i s  
turned tight . 

In order to a void opening t he current transformer 
circuits whe n  changing t ap s  under load, connect the 
spare tap screw in the desired tap position before re­
moving the other tap s crew from the ori gin al tap 
po sition. 
D i rect i o n al U n i t s  { D) 

No setting i s  required. 
I n d i ca t i n g  C o n ta c tor S w i tc h  ( I C S/ 1  a n d  I C S / T )  

The setting required on t h e  res units is  the 
selection of the 0 . 2  or 2.0 amp ere tap setting. This 
selection i s  made by connecting the l e ad located in 
front of  the tap block to the desired setting by means 
of the connecting screw. 

Auxi l i a ry Sw i tch  ( C S- 1 )  

No setting required o n  the CS- 1 unit except for the 
selection of the required 24, 4 8 ,  125 or 250 voltage 
on the tapped rexi stor . This connection can be made 

by referring to Fig. 2 3 .  

I N S T A L L A T I O N  
Th� re lays should be mounted on switchboard 

panels or the ir e quivalent in a location free from dirt , 
moisture , e xcess ive vibrati on and heat . Mount the 
re lay vert ically by means of the rear mounting stud or 
studs for the type FT projection case or by means of 
the four mounting h oles on the flange for the semi­
flush type FT case . Either the stud or the mount ing 
screws may be uti lized for grounding the re lay . Ex­
ternal toothed washers are provided for use in the 
locations shown on the outline and drilling plan to 
facilitat� making a good e lectrical connecti on be­
tween the re lay c a s e . its mounting screws or studs , 
and the re lay pane l .  Ground Wires are affixed to the 
mount ing screws or studs as required for poorly 
grounded or ins ulat ing pane ls . Other  � lectrical con­
nections may be made dir�ctly to the terminals by 
m�ans of screws for steel panel  mounting or to  the 
terminal stud furnished with the re lay for thick pane l 
mount ing. The terminal stud may be eas ily re moved 

or inserted by locking two nuts on the stud and then 
turning the proper nut with a wrench . 

For detail information on the FT case refer to 
I . L .  4 1 - 076 . 

T h P  r x t P rn al a- c co n n e c ti o n s  u f  t h e  di recti o n al 

o Y e r c l! r rent rel ay s  arr s h o w n  i n  F i g s .  2 0 ,  2 1  and 2 2 .  

I f  n o  voltage polarizing source i s  t o  b e  connected t o  
the IRD relay. short-circuit t h e  voltage polarizing 
circuit at the terrr:inals of  the relay .  

2 2  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to i nsure correct operation 
of  this relay have been  made at the factory. Upon re­
ceipt of the rel ay , no customer adjustments ,  other 
than those  covered under " SETTINGS" , should b e  
required . 

A c c e p ta n c e  C h e ck 

The following che ck is recommended to insure 
that the relay is in proper working order; 

Instantaneo us Overcurrent Unit ( I) 

1 .  Contact Gap - The gap between the stationary 
and moving contacts with the rel ay in the de-ener­
gi zed position should be approximately . 0 20 ". 

2. Minimum Trip Current - The normally-closed 
contact o f  the directional unit should be blocked open 
when check ing the pick-up of the o vercurrent uni t .  

The  pick-up o f  the  overcurrent unit can  be  check ed 
by inserting the tap scre w in the desired tap hol e and 
applying rated tap v alue current . The contact shoulrt 
close within ± 5o/c: of tap value current. 

Directional Unit ( D) 

1 .  Contact Gap - The gap between the stationary 
contact and moving contact with the relay in the de­
energized position should be appro ximately . 0 20". 

2 .  Sensitivity - The respective directional units 
should trip with value of  energization and phase angle 
relationsh ip as indicated in Table 1.  

3 .  Spurious Torque Adjustments - There should 
be no spurious  closing torques when the operating 
circuits are energized per Tabl e  2 wi th the polarizing 
circuits short circuited for the voltage polarized units 
and open-circuited for t he current polarized units.  

Time Overcurrent Unit ( CO) 

1. Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop, the index mark is offset to the right of the 
"0" mark by approximately . 0 20 " .  The placement of 
the various time dial posi tions in l ine with the index  
mark will give oper.:ting times as shown on the  re­
spective time-current curves. 

2. Minimum Trip Current - Set t he t ime dial t o  
position 6 with the auxiliary switch (CS- 1 )  contacts 
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TY P E S  I R P ,  IRC AND IRD R ELAYS ----------------------LL_._4_1 ·-13-3N 

I s> j lTl 
A B C 

L I N E  

.loP RELAY 
(FRONT V I EW) 

j 
RES I STANCE LOAD --I 

AUX. 
RELAY 

yf---. 1 T ( T IMER STOPS 

� ' 0 · WHEN AU X. > T IMER � RELAY CONTACT 
------- ' STOP loPEhS 

f.c...rm-v- ... ' 
TO r T 1  MER STARTS 

• 

-
� T I MER 1 WHEN SW I TCH 

r- _I START l " S" CLOSES 

* Fig. 19. D iagram ol test connections of the time-overcurrent unit, 
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* Fig. 20. External Schematic of the I RP Relay for Ground Fault Protection. 
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TY P ES I RP ,  I RC AND IRD RELAYS-----------------------
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67N-0 1 R E C T I O N A L  ()\f [ R C U R R E N T  GROUN O 
R E L AY T Y P E  I R D 
:; ; " - ...__ P P � �  D I R E C T I O N A L  U N I T 

OIL - LO W E R  D I R :: C T I O N A L  U N I T  
C O - T I M E - O V E R C U R R E N T  U N I T  

I N S TA N T A N E O U S  0 / C  U N I T  
I/ST- S AT U RAT I N G  T R A N S FOR M E R  

F O R  I N S T. 0 / C  U N I T  
I C S - I N DI C A T I N G  CONTACTOR S W I T C H  

� ;:: - :> C I/'.' E R  C IRCU I T B R E A K E R  

a - A U X I L I A R Y  C O N T A C T  

T C - T R I P  C O I L  

N F U T R A L  OF GROUND 
C U R R E N T  S O U R C E  

A U X .  p T 

Pos ---.----------------------
6 7N TO 

* Fig. 2 1 .  External Schematic of  the IRD Relay for Groun d  Fault Protection. 

---1�--�s�-���-�c�,�· �a�c�s __________________ A 
--��·------------------------------ 8 
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L I N E  

D E V I C E  N U M B E R  : H A R T  

I . P O L A R I Z I N G  

1� � � ?� � 2F G R OU N D  
� C U R R E N T  S O U R C E  

6 7 N  D I R E C T I O N A L  OV E R C U R R E N T  GoCLND 
R E L AY T Y PE I R C  

:· - D 1 '1 E C T ION A L  U N I T  
C O - T I M E - O V E R C U R R E N T  U N I T  
T -- I N S T A N TA N E O U S  0/C U N I T  

I ! S T  -SATLIR A T I N G  T R A N S F O R M E R  
F Q R  I N S T. 0 / C  U N I T  

: c s - I N D I C A T I N G  CONTACTOR S W I T C H  

F J W E R  C I R C U I T  B R E A K E R  

o - A U X IL I A R Y  C (> f\J TA C: T  

T C  -- T R I P  C O I L 

P ' ' --�----------------------

* Fig. 22. External Schematic of the IRC Relay for Gro un d  Fault Protection. 
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TY PES IRP, I R C  AND I R D  RELAYS _______________________ ,_. L_· 4_1_·1_3_3N 

blocked closed, alternately apply tap value current 

plus 3% and tap value current minus 3%. The moving 

contact should leave the backstop at tap value current 

plus 3% and should return to the backstop at tap value 

current minus 3%. 

3. Time Curve - Table 3 shows the time curve 

calibration points for the various types of rel ays. 

With the time di al set to the indicated position, apply 

the currents specified by Table 3 (e. g. for the co-2, 

3 and 20 times tap v alue current) and measure the 

operating time of the relay. The operating times 

should e qual those of Table 3 plus or minus 5 percent. 

Indicating Contactor Switches (ICS/1) and (ICs/T) 

A) Clo se the contacts of the CO and pass suf­

ficient d. c.  current through the trip circuit to close 

the contacts of. (ICS/T). This value of current shoul d 

not be greater than the particular (ICs/T) tap setting 

being used. The operation indicator target should 

drop freely, bringing the l etter "T" into view. 

B) Close the contacts of the instantaneous over­

current unit (I) and the directional unit ( D).  Pass suf­

ficient d.c. current through the trip circuit to close 

the contacts of (ICS/1). Thi s value of  current should 

not be greater than the particular (ICs/1) tap setting 

being used. The operation indicator target shoul d  

drop freely, bringing the letter " I "  into view. 

C) The contact gap shoul d  be approximately 

. 0 47" between the bridging moving co ntact and the 

adjustable stationary contacts. The bridging moving 

contact should touch both stationary contacts 

simultaneously. 

Ro ut ine  M a i n tenance  

All relays should b e  inspected periodically and 

the time of op eration should be check ed at least 

once every year or at such other time intervals as 

may be dictated by experience to be suitable to the 

particular application. The use of phantom loads, in 

testing induction-type relays, should be avoided, 

since the resulting distorted current wave form will 

produce an error in timing. 

All contacts should be periodically cleaned. A 

contact burnisher 1118 2A836HO 1 is recommended for 

this purpose. The use of abrasive material for clean­

ing contacts is not recommended, because of the 

danger of embedding small particl es in the face of 

the soft silver and thus impairing the contact. 

C a l i bration 

use the following procedure for calibrating the 

relay if the relay has b een tak en apart for rep airs or 

the adjustments have been disturbed. This procedure 

should not be used unless it is apparent that the re­

l ay is not in proper working order. ( See "Acceptance 

Check "'). 

I n stantaneo u s  O v e rcu rren t U n i t  ( 1 )  

1 .  The upper pin bearing sho ul d be screwed down 

until there is approximately .025 clearance between 

it and the top of shaft bearing. The upper pin bearing 

shoul d then be securely locked in position with the 

lock nut. The lower bearing po sition is fi xed and can­

not be adjusted! 

2. The contact gap adjustment for the overcurrent 

unit is made with the moving contact in the reset 

position, i. e. ,  against the right side of the bridge. 

Move in the l eft-hand stationary contact until it just 

touches the moving contact then back off the station­

ary contact 2/3 of one tum for a gap of approximately 

. 0 20 " .  The clamp holding the stationary contact hous­

ing need not be loosened for the adjustment since the 

clamp utilizes a spring-type action in holding the sta­

tionary contact in po sition. 

3. The sensitivity adjustment is made by varying 

the tension of the spiral spring attached to the mov­

ing element assembly. The spring is adjusted by 

pl acing a screwdriver or similar tool into one of the 

notche s located on the periphery of the spring ad­

juster and rotating it. The spring adjuster is located 

on the underside of the bridge and is held in place 

by a spring type clamp that does not have to be 

loo sened prior to making the necessary adjustments. 

Before applying current, block open the normall y­

do sed contact of the directional unit. Insert the tap 

screw in the minimum value tap setting and adjust 

the spring such that the contacts will close as indi­

cated by a neon lamp in the contact circuit when 

energized with the required current. The pick up of 

the overcurrent unit with the tap screw in any other 

tap should be within ± 5% of tap val ue. 

If adjustment of pick-up r;urrent in between tap 

settings is desired insert the tap screw in the next 

lowest tap setting and adjust the spring as described. 

It should be noted that this adjustment results in a 

slightly different time characteristic curve and burden. 

Directional Unit ( D) 

In the typ e IRP and IRC relays the directional 

unit is the lower cylinder unit. In the type IRD the 

directional units are the lo wer and middle cylinder 

units. 
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TY P E S  I RP, I R C  AND I R D  R E LAYS'------------------------

1 .  The upper bearing screw shoul d be screwed 
down until there is approximately .0 25 clearance be­
tween it and the top of the shaft bearing. The upper 
pin bearing shoul d then be securely locked in position 
with the lock nut. 

2. Contact gap adjustment for the directional 
unit is made with the moving contact in the reset 
position, i .e. , against the right side of the bridge. 
Advanc e  the right hand stationary contact until the 
contacts just clo se. Then advance the stationary 
contact an additional one-half turn. 

Now move in the left-hand stationary contact until 
it just touches the moving contact. Then back off the 
stationary contact 3/4 of one turn for a contact gap 
of . 0 20 " to . 0 24". The cl amp holding the stationary 
contact housing need not be loo sened for the adjust­
ment since the clamp utilizes a spring-typ e a0tion in 
holding the stationary contact in po sition. 

3. Insert tap screw of overcurrent unit in highest 
tap. The sensitivity adjustment is made by varying 
the tension of the spiral spring attached to the mov­
ing element assembly, The spring is adjusted by plac­
ing a screwdriver or similar tool into one of the 
notches located on the periphery of the spring ad­
juster and rotating it. The spring adjuster is located 
on the underside of the bridge and is held in place 
by a spring type clamp that doe s not have to be 
loosened prior to making the necessary adjustments. 

The spring is to be adjusted such that the con­
tacts will clo se as indicated by a neon lamp in the 
contact circuit when energized with the required 
current and voltage as shown in Table 1. This tabl e 
indicates that the spring can be adjusted when the 
phase angle relationship between the operating cir­
cuit and the polarizing circuit is at the maximum 
torque angle or when the circuit relationship has the 
operating and polarizing circuits in phase. 

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

The reversing of the spurious torques is accom­
plished by using the adjusting plugs in the following 
manner: 

a) Voltage circuit terminal s on the voltage polar­
ized relays (IRP and IRD voltage polarized unit) are 
short-circuited. 

b) The polarizing c ircuits of the current polar­
ized relays (IRC and IRD current polarized unit) are 
open-circuited. 

Upon completion of either •a" or  ''b" current is 
applied to the operating circuit terminals as per 

26 

Table 2. 

Plug adjustment i s  then made per Table 2 such 
that the spurious torques are reversed. The plugs are 
held in position by upp er and lower plug cl ips, These 
clips nee d not be disturbed in any manner when mak­
ing the necessary adjustment. 

The m agnetic plug adjustment may be utilized to 
po sitively close the contacts on current alone. This 
may be desired on some installations in order to in­
sure that the relay will always trip the break er on 
zero potential .  

Time Overcurrent Unit (CO) 

1. Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop,  the index mark is offset to the right of the 
"0" mark by approximately . 0 20". The placement of 
the various time dial positions in line with the index 
mark will give operating times as shown on the re­
spective time-current curves. 

2) Minimum Trip Current - The adjustment of 
the spring tension in setting the minimum trip current 
value of the relay is most conveniently made with the 
damping magnet removed. 

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

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

With the auxiliary switch (CS- 1)  contacts blocked 
closed , adjust the control spring tension so that the 
moving contact will leave the backstop at tap value 
current + 1 . 0% and will return to the backstop at tap 
value current - 1 . 0%. 

3) Time Curve Calibration - Install the perma­
nent magnet. 

Apply the indicated current per Tabl e 3 for perma­
nent magnet adj ustment (e .g. IRP-8, 2 time s tap value) 
and measure the operating time. Adjust the permanent 
magnet keeper until the operating time corresponds 
to the value of Table 3. 

Apply the indicated current per Table 3 for the 
electromagnet plug adjustment ( e. g. IRP-8, 20 times 
tap value) and measure the operating time . Adjust the 
proper plug until the operating time corresponds to 
the value in Table 3. ( Withdrawing the left hand plug, 
front view increases the operating time and withdraw­
ing the right hand plug , front view, decreases the 
time.) In adjusting the plugs,  one plug should be 
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TY P E S  I R P, I RC AND I R D  R E LAYS ______________________ ._I_.L_. 4_1_· 1_3_3N 

''D  I D E NT ifY ING 2 
DO: � Lc_! c-----@--J 

I 
3 41 � � 

POS IT ION  RATED D-C  R E S I STOR 

L E AD 0 VOLT AGE R E S I STANCE 

I 2 4  --:-� 2 
--- -48- -

300 
1 2 5  2700 
250 6500 

NOTE REL AYS ARE SH IPPED  O N  THE 1 25  VOLT TAP 

L E A D @ 

184A316 

Fig. 23.  Selection of  Proper Voltage Tap for A uxil iary 
Switch (CS- l )  Operation. 

screwed in completely and the other plug run in or 
out until the proper operating time has been obtained. 

Recheck the permanent magnet adjustment. If the 
operating time for this c alibration point has changed, 
readjust the permanent m agnet and then recheck the 
electromagnet plug adj ustment. 

Indicating Contactor Switches (ICS/I) and (ICS/Tl... 
Adjust the contact gap for approximately .04 7" . 

A) Close the contacts of the CO and pass suf-

B) Close contacts of instantaneous overcurrent 
unit (I) and directional unit (D). Pass sufficient d. c. 
current through the trip circuit to close contacts of the 
(ICS/1). This value of current should hot be greater 
than the particular (ICS/1) tap setting being us ed.  
The operation indicator target should drop freely 
bringing the letter "I"  into view. 
A u x i l i ary Swi tch  ( CS- 1) 

Adjust the stationary core of the switch for a 
clearance betwee n the st ationary core and the moving 
core when the switch is picked up . This can be done 
by turning the relay upside-down. Then screw up the 
core screw until the moving core starts rotating. Now 
back off the core screw until the moving core stops 
rotating. This indicates the points where the play 
in the assembly is taken up, and where the moving 
core j ust separates from the stationary core screw. 
Back off the core screw approximately one turn and 
lock in place . This prevents the moving core from 
striking and sticking to the stationary core because 
of residual magnetism . Adjust the contact clearance 
for 3/64 " by means of the two small nuts on either 
side of the Micarta dis c .  

Connect lead (A)  t o  proper terminal p e r  Fig. 2 3 .  
Block directional unit (D) contacts clo se and ener· 
gize trip circuit with rated voltage.  Contacts of 
auxiliary switch (CS- 1 )  should make as indicated by 
a neon lamp in the contact circuit . 

R E N E W A L  P A R T S  
ficient d. c.  current through the trip circuit to clo se Repair work can be done most satisfactori ly at 
the contacts o f  the (ICS/T). This value of current the factory . However, interchangeable parts can be 
should not be greater than the particular (ICS/T) tap furnished to the customers who are e quipped for doing 
setting being used. The operation indicator target repair work . When ordering parts ,  always give the 
should drop freely bringing the letter "T" into view. complete nameplate data. 

TA BL E I 

DIR ECTIONAL UNIT SENSITIVITY 
AM P E R E  RATI NG 

R E LAY TY P E  O F  VAL U ES FOR MI N. P I CK U P  t PHASE ANG L E  RE LAT I O NSH I P  
TIM E-O V E RCURR ENT VOLTS AMP E R E S 

U N I T  

. 5- 2. 5  1 2 . 0  
IRP 2- 6 1 4 . 0  
IRD (Voltage 

Unit) 1 4 . 0  
4- 1 2 1 8 . 0  

0 . 5  
. 5- 2 . 5  

IRC 2-6 . 5 7 IRD (Current 6 
Unit) 4- 1 2  1 . 0  

1.3 
t The energization quantities are input quantities at the rel ay terminals .  

tt  Maximum torque angle. 

I lagging V by 60° T t  
I in-phas,r with V 

I l agging V by 60° t t  
I in-phase with V 

I 0 leading Ip 

In-phase 
10 leading Ip 

In-phase 

by 40° t t  

b y  40° t t  

6 When normal system conditions limit the current to less than twic e pickup , performance may b e  impro v ed b y  sel­

lecting a higher current C. T . tap to energize the polarizing circuit. 
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TYPES I R P, I RC AND I R D  R E LAYS 

R E LAY RAT I NG 

All Ranges 

All Ranges 

T A B L E  I I  

DIR ECTIONAL UNI T  CALI BRATION t 

CUR R E NT AMP ER E S  BOT H P L UGS I N  COND I T I ON 

80 Spurious Torque In Contact 
Closing Direction (Left Front 
View) 

80 Spurious Torque In Contact 
Opening Direction (Right Front 
View) (Contacts remain open) 

ADJ USTME NT 

Right (Front-View) Plug Screwed 
Out Unt' l Spurious Torque is Re-
versed. 

Left (Front View) Plug Screwed 
Out Until Spurious Torque is in 
Contact Closing Direction. Then 
the plug is screwed in Until Spuri-
ous Torque is Reversed. 

t Short circuit the voltage polarizing circuit at the relay terminals before making the above adj ustment. 

TAB L E  I l l  

TIME CURVE CALIBRATION DATA - 60 H ERTZ 

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME- TIME CURRENT OPERATING CURRENT OPERATING 
OVERCURRENT DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME 

UNIT TYP E  POSITION TAP VALUE ) SECONDS TAP VALUE) SECONDS 

2 6 3 0.57 2 0  0.22 

5 6 2 37. 8 0  1 0  14.30 

6 6 2 2.46 2 0  1 . 19 

7 6 2 4 .27 2 0  1 . 1 1  

8 6 2 13.35 2 0  1 . 1 1  

9 6 2 8.87 2 0  0.65 

1 1  6 2 1 1. 27 20 0 . 24 
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TY P E S  I R P, IRC AND I R D  R E LAYS -----------------�_.L_. 4_;_1 -�13.:...::3N 

A 
8 
c 

/ � ;-'-� v 
I PHASE � SH I FTER 

c A I 8 .......... 
� ± 6  6 

PHASE 
ANGLE 

-D±METER 
-o ..._, 

4�VARIAC 
.J...J.. J. J. "'} a 

b 

Fig. 24. Test Connections 
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TYP E S  I R P, IRC AND IRD R E L AYS·--------------------------

30 

,---+----.. -·--- --�:1 r���g1 
8 . 250 

( 209. 55) 

-f--1-+---1----1:- -
� 1 6 . 5 0 0  

( 4 1 9 .  I )  

:'---+------'-_1_ i. 3 . 1 8 8  1 :  
(80 . 98 )  

~ 6
·
375 -

PA N E L  LOCATION � (161 . 9 3 )  

S EM I - FLUSH MTG , 
PROJECT I O N  MTG . -----� 

TERMINAL AND MOUNTING DETAILS 

• 250 DIA. 4 HOLES FOR 
(6. 351 , 190-32 MTG, SCREWS 

PAN E L  C UTO U T  8 DRI LL I N G  
F O R  S E M I - F L U S H  M T G . 

1�0 
(25.4) 

-+-�-+- 2.0 (50.8) 

57-D-7902 

Fig. 25. Outline and Drillin g P l an fa r the IRP and IRC Relays in the Type FT3 1  Case. 
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TYP E S  I RP ,  I RC AND I RD R E LAYS·----------------------•_. L_. 4_1_-1_33_N 

9. 625 
( 2 4 4 .4 8 ) 

+ -1---+-----6'-1 19 . 250 i. (489 . 00) '---1--'j_ 1 .. 375 
( 161 .93 } 

2 .78 1 
(70.64 

f 

8.938 
(227.01) 

. 250 DIA. 4 HOLES FOR 
(6•35 1 .1 90- 32 MTG. SCREWS 

9.250 
(235 .00) 

2 . 938 
(74. 63 ) 

1 8 . 500 
( 49 6 . 9) 

57-D-7904_ 

Fig. 26. O utline and Drill ing Plan for the IRD Relay in the Type FT41 Case. 
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W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
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RETURN TO FILE Supplementary Instructions 

TYPE I RD RELAY S W I TH 1 AMP I C S  UN I T  

L 9 1 4 5.QQ__ 

Thi s  i n f o rmation i s  supp lementary to I n s truc t i on Le a f l et 4 1 - 1 3 3  
and app l � s t o  the I RD l ine o f  re l ay s  with a 1 amp . d e  ICS un i t . 
I n s t ruct i on Le a f le t  4 1 - 1 3 3  wi l l  app l y  w i th the f o l l owing excep t i on s : 

The 0 . 2 / 2  amp . r e s  o f  I n s t ru c t i onLe a f le t  4 1 - 1 3 3  i s  omi t te d  and 
a 1 amp . ICS un i t  i s  used in i t s  p l ace . Th i s  un i t  i s  s imi lar i n  
con s t ruc tion to the 0 . 2 / 2 . 0  ampere res except that t h e  m a i n  coi l 
i s  not t apped .  

TRIP C I RCUIT CONSTANTS 

1 amp . I C S  0 . 1  Ohms d e  re s i s t ance 

THERMAL CAPACI TY 

Ampe re 
1 s econd 

1 4 0  

Rating ( Coi l )  
continuous 
5 . 0  

The contact gap o f  the 1 . 0  amp . I CS shoul d  be 5 / 6 4 i n c h . P i ck ­
up current o f  t he devi ce s hould not be le s s  than 1 . 0  amp . de 
nor gre ater than 1 . 2  amp . de 

The se i n s t ru c ti on s  app ly to the fo l lowing s chemat i c : l 8 5A 3 5 8 . 

Attachmen t s : 

I n s t ruction Le af let 
Schemat i c  Di �g ram 

4 1 - 1 3 3 
1 8 5 A3 5 8  

We&tlnlhou• Becrrlc Clrporlllun 
Atla,·lnatru•nt Dlvlal01 
Ntwerk. N. J. 

p..C 

L 9 1 4 5 o o  

... 12/ /6 
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Westinghouse I . L . 4 1 - 1 33 .30 

I NSTAL LATI O N  • OPERAT I O N  • MAI N TENAN CE 

INSTRUC T ION S 
TYPE IRV DIRECTIONAL OVERCURRENT RELAY 

FOR PHASE PROTECTION 

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

A P P L I C A T I O N  

These relays are phase directional overcurrent 
relays which are used for the protection of trans­
mission lines and feeder circuits. Both the time­

�current and instantaneous overcurrent unjts are 
dir�etionally controlled. 

C O N S T R U CT I O N  AN D O P E R A T I O N  

The Type IRV relay consists of a directional 
unit (D), an auxiliary switch (C8- l), a time-overcurrent 
unit (CO), an instantaneous overcurrent unit (1), an 
instantaneous overcurrent unit transformer, and two 
indicating contactor switches (ICS/1) and (ICS/T). 
The principle component parts of the relays and their 
location are shown in Fig. 1 and 2. 
T i me-Overc urrent U n i t  ( C O )  

The electromagnets for the types C0-5, C0-6, 
C0-7, C0-8 and C0-9 units have a main tapped coil 
located on the center leg of an "E" type laminated 
structure that produces a flux which divides and re­
turns through the outer legs. A shading coil causes 
the flux through the left leg to lag the main pole flux. 
The out-of-phase fluxes thus produced in the air gap 
causes a contact closing torque. 

The electromagnet for the type C0-2 and C0-11 units 
have a main coil consisting of a tapped primary wind­
ing and a secondary winding. Two identical coils on 
the outer legs of the lamination structure are connect­
ed to the main coil secondary in a manner so that the 
combination of all the fluxes produced by the electro­
magnet result in out-of-phase fluxes in the air gap. 
The out-of-phase air gap fluxes produced cause a 
contact closing torque. 

S U P E R S E D E S  I . L . 4 1 - 1 33 . 3C 
* D enotes change  from su perseded i s sue .  

I nd i c at ing  Contactor S w i tch  U n its  ( I C S/ 1  a n d  I C S/T) 

The d-e indicating contactor switch is a small 
clapper type device. A magnetic armature , to which 
leaf-spring mounted contacts are attached, is attracted 
to the magnetic core upon energization of the switch. 
When the switch closes the moving contacts bridge 
two stationary contacts, completing the trip circuit. 
Also during this operation two fingers on the armature 
deflect a spring located on the front of the switch, 
which allows the operation indicator target to drop. 

The front spring, in addition to holding the target, 
provides restraint for the armature and thus controls 
the pick-up value of the switch. 

D irect iona l  U n i t  ( D )  

The directional unit i s  a product induction cylin­
der type unit operating on the interaction between the 
polarizing circuit flux and the operating circuit flux. 

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

The frame serves as the mounting structure for 
the magnetic core. The magnetic core which houses 
the lower pin bearing is secured to the frame by a 
spring and snap ring. This is an adjustable core 
which has a . 0 25 inch flat on one side and is held in 
its adjusted position by the clamping action of two 
compressed springs. The bearing can be replaced, if 
necessary, without having to remove the magnetic 
core from the frame. 

The electromagnet has two series-connected 
polarizing coils mounted diametrically opposite one 
another, two series-connected operating coils mounted 
diametrically opposite one another; two magnetic ad­
justing plugs; upper and lower adjusting plug clips, 
and two locating pins. The locating pins are used to 
accurately position the lower pin bearing, which is 
mounted on the frame,  with respect to the upper pin 
bearing ,  which is threaded into the bridge. The elec-
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tromagnet is secured to the frame by four mounting 

screws. 

The moving elemeQt assembly consists of a spiral 

spring, contact carrying member, and an aluminum 

cylinder assembled to a molded hub which holds the 

shaft. The shaft has removable top and bottom jewel 

bearings. The shaft rides between the bottom pin 

bearing and the upper pin bearing with the cylinder 

rotating in an air gap formed by the el ectromagnet 

and the magnetic trore. 

The bridge is secured to the electromagnet and 

frame by two mounting screws. In addition to holding 

the upper pin bearing, the bridge is used for mounting 

the adjustable stationary contact housing. The sta­

tionary contact housing is held in position by a spring 

type clamp. The spring adjuster is located on the 

underside of the bridge and is attached to the moving 

contact arm by a spir.al spring. The spring adjuster 

is also held in place by a spring type clamp. 

With the contacts closed, the electrical connec­

tion is made through the stationary contact housing 

clamp , to the moving contact, through the spiral spring 

I n stantaneous  Overcurrent U n i t ( I )  

The instantaneous overcurrent unit i s  similar in 

construction to the directional unit. The time phase 

relationship of the two air gap fluxes necessary for 

the development of torque is achieved by means of a 

capacitor connected in series with one pair of pole 

windings. 

I n s ta n taneou s O vercu rren t U n i t  T ra n sform er ( I/S T )  

This transformer i s  o f  the saturating type for 

limiting the energy to the instantaneous overcurrent 

unit at higher values of fault current and to reduce 

C. T. burden. The primary winding is tapped and these 

taps are brought out to a tap block for ease in chang­

ing the pick-up of the instantaneous overcurrent unit. 

The use of a tapped transformer provides approximate­

ly the same energy level at a given multiple of pick­

up current for any tap setting, resulting in one time 

curve throughout the range of the relay. 

Across the secondary is connected a non-linear 

resistor known as a varistor. The effect of the varis­

tor is to reduce the voltage peaks applied to the 

overcurrent unit and phase shifting capacitor. 

Auxi l i ary Switch ( C S- 1 )  

The auxiliary switch i s  a small solenoid type 

d.c. switch. A cylindrical plunger, with a silver disc 

mounted on its lower end, moves in the core of the 

solenoid. As the plunger travels up ward , the disc 
bridges the silver stationary contacts. A tapped re­
si stor is used to enabl e one to use the contactor 
switch on a 48, 1 25 or 250 volt d .c .  syste m con­
nected per Fig. 13. The operation of the CS- 1 switch 
is controlled by the dire ctional unit (D) which in turn 
directionally controls the time-overcurrent unit (CO) 
as shown in  Fig. 15 .  When sufficient power flows in 
the tripping direction , the CS- 1 switch operates and 
bridges the lag coil of the time-overcurrent unit ( CO) 
permitting this unit to operate .  

Another contact of cs- 1 seals in its coil through 
the break contact of  the I unit , in order to relieve the 
make contact of D from carrying the c s- 1  coil current. 
The break contact of D breaks this  seal by short cir­
cuiting the CS-1 coil. The break contact of the I unit 
also breaks the seal of the CS- 1 coil to prevent trip­
ping on reversed faults where the directional unit was 
preclosed on load current . 

I n stantaneo u s - U n i t  Torque  C ontrol  

When the make contact of D closes , it permits 
the I unit to operate .  It connect s capacitor C3 and 
one pair of I-unit coils across the output voltage of 
the saturat ing transformer I/ST. The full-wave bridge 
in this connection and the rectifier in  series with the 
D contact serve to isolate  the a-c and d-e circuits.  

C H A R A C T E R I S T I C S  

The time characteristics of the directional over­

current relays are designated by specific numbers as 

indicated below (e.g. , IRV-8 ). 

T i m e 
C h ar acter i st i c s  D e s i g n at ion  

Short Time 2 
Long Time 5 
Definite Time 6 
Moderately Inverse Time 7 
Inverse Time 8 

Very Inverse Time 9 
Extremely Inverse Time 1 1  

The relays are available in the following current 

ranges: 
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TYPE IRVRELAY __________ __ ____________________________________________ ___ 

WITH RELATIVE IIIST.l.IITAMEOUS 
POLAR tTY AS SHOWN, THE 
D I RECTIONAL U N I T  CONTACTS CLOSE 

INSTAMTANEOUS 
OVERCURREin UNIT 
{UPPER CYL.UIIIT) 

SATURATUIG 
TRAIISFORMER 

\IIOUCTIOII D I S C  
U N I T  

D I RECTIOIIAL U II I T  (LOWER CYL.UIIIT) 

CHASS I S  OPERATED 
SHORT I N G  SWITCH 

RED HANDLE 

TEST SWI TCH 

CURRENT TEST JACK 

TEIMUIAL 

185A421 
Fig. 3. Internal Schematic of the Type IRV Relay in the 

Type FT31 Case. 

Instantaneous Overcurrent Unit (I)  

Range Taps 

0.5- 2  Amps 0 . 5  0 .75  1 .0  1 . 25 1 . 5  2 
1-4 1 . 0  1 . 5  2. 0 2. 5 3 . 0  4. 0 
2-8 2 3 4 5 6 8 
4- 16 4 6 8 9 12 16 

10-40 10 15 20 24 30 40 
20-80 20 30 40 48 60 80 

Time Overcurrent Unit 

Range Taps 

. 5- 2 . 5  0 . 5  0 . 6  0 . 8  1 . 0  1 . 5  2.0 2 . 5  
2-6 2 2 .5  3 3 . 5  4 5 6 
4- 1 2  4 5 6 7 8 10 1 2  

The tap value i s  the minimum current required to 

just close the relay contacts. 

The time vs. current characteristics for the time­

overcurrent unit are shown in Figs. 4 to 10. These 

characteristics give the contact closing time for the 

various time dial settings when the indicated multi­

pl es of tap vaJue current are applied to the relay, 

The time vs. current characteristics for the in­

stantaneous overcurrent unit is shown in Fig. 1 1. 

The time vs. current characteristics for the 

directional unit is shown in Fig. 1 2. 

4 

Tr ip  C i rc u i t  

The relay contacts will safely close 3 0  amperes 

at 250 volts d.c. and the seal-in contacts of the indi­

cating contactor switches will safely carry this cur­

rent long enough to trip a circuit breaker. 

The indicating contactor switch has two taps 

that provide a pickup setting of 0 . 2  or 2 amperes. To 

change taps requires connecting the l ead located in 

front of the tap block to the desired setting by means 

of a screw connection. 

C y l i n der U n it  C o ntacts  

The moving contact assembly has been factory 

adjusted for low contact bounce performance and 

should not be changed. 

The set screw in each stationary contact has 

been shop adjusted for optimum follow and this ad­

justment should not be disturbed. 

Tr ip  C i rc u i t  C o n stants 

Indicating Contactor Switch -

0 . 2  ampere tap - 6 . 5  ohms d-e resistance 

2.0 ampere tap - 0. 15 ohms d-e resistance 

Aux i l iary Switch  ( C S- 1 )  

The auxiliary switch op erating time i s  approxi­
mately 5 mil liseconds. 

48-250 volt  d-e relay 
d-e resistance - 1 1 6 5  ohms 

24 volt d-e relay 
d-e resistance - 1 10 ohms (note that series re­

sistor is a fixed 1 00 o hm resistor). 

D i recti onal  U n i t  

Th e  IRV relay i s  intended for phase fault pro­

tection and the directional unit has its maximum 

torque when the current leads the voltage by appro x­

imately 30 °. The directional unit minimum pickup is 

1.2 volts and 4 amperes at its maximum torque angl e 

for the 4 to 1 2  ampere range relays and 1 .  2 volts and 

2 amperes for the 0 . 5  to 2.5  ampere and the 2 to 6 
ampere range relays. 

The directional unit should be connected using 

the current in one-phase wire and the potential across 

the other two phase wires. This connection is com­

monly referred to as the 90 •connection. When utilizing 

the 90 • connection the maximum torque of the relay 

occurs when the fault current lags its 100% P.F. 

position by approximately 60 •.  See Fig. 15. 
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TYPE I RV R ELAY ______________________________________________________ �---'·_L_. 4_T_· T�33_. __ 3o 

ENERGY REQUIREMENTS 
INST ANT A N E O US O V E R C U R R E N T  U N I T  O P E R A T I N G  C U R R E N T  C I R C U I T  - 60 C Y C L E S  

t t </> t t  ¢ 
AMPERE RANGE TAP VA AT TAP VALUE P . F .  ANGLE VA AT 5 AMPS. P. F. ANGL E 

. 5  .37 39 24 46 

.75 .38 3 6  13 37 
1 .39 35 8.5 34 

.5-2 1 . 25 . 4 1  34 6.0 32 
1.5 . 43 32 4 .6  31  
2 .45 30 2.9 28 

1 . 4 1  3 6  9.0 3 6  
(5 .44 32 5.0 32 
2 .47 30 3 . 0  29 

1-4 2.5 .50 28 2. 1 27 
3 .53 26 1.5 26 
4 .59 24 0 .93 24 

2 1 . 1  49 6.5 48 
3 1 .2  43  3 . 3  4 2  
4 1 . 3  38 2. 1 37 

2-8 5 1 .4  35 1 . 4  35 
6 1 .5  33 1 . 1 33 
8 1 .8 29 0. 7 29 

4 1 .5  5 1  2.4 5 1  
6 1 .7  45 1 .2  45 

4·1 6  8 1 .8  40 0 .  7 40 
9 1 .9  38 0 .6  38 

12 2 .2  34 0 .37 34 
16 2 .5  30 0 .24 3 1  

10 1.7 28 0.43 28 
15 2.4 21  0.27 21  
20 3 . 1  1 6  0 .20 17 

10·40 24 3 . 6  15 0. 15 15 
30 4.2 12 0. 1 1  13 
40 4.9 1 1  0.08 12 

20 6 .6  3 1  0 . 40 3 1  
30 9 . 3  24 0 .25 24 

20-80 40 12 20 0. 18 20 
48 13.5 18 0 . 14 18 
60 15.9 16 0. 10 16 
80 19 . 2  15 0.07 15 

RANGE CONTINUOUS RATING ONE SECOND RATING 
(AMPERES) t (AMPERES) 

. 5-2 5 100 

1·4 B 140 

2-8 8 140 

4- 16 10 200 

10-40 10 200 

20·80 10 200 

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

rf> Degrees current lags voltage .  

t t Voltagu taken with Rectox type voltmeter. 
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6 

ENERGY REQUIREMENTS 

TYP E  I RV-2 TI ME OV E RCU R R EN T  UNITS 

AMPERE 
RANGE TAP 

0.5 

0. 6 

0.8 

0.5/2.5 1 .0  

2/6 

4/12 

1 . 5  

2.0 

2.5 

2.0 

2.5 

3.0 

3.5 

4.0  

5.0 

6.0 

4.0 

5.0 

6.0 

7.0 

8.0 

10.0 

1 2. 0  

CONTINUOUS ONE SECOND 
RATING RATINGt 

(AMPERES) (AMPERES) 

0.91 28 

0.96 28 

1 . 18 ·28 

1 . 37 28 

1.95 

2 . 24 

2 .50 

3 . 1 

4.0 

4 . 4  

4 . 8  

5. 2 

5 . 6  

6.0 

7.3 

8.0 

8 . 8  

9.6 

10. 4  

1 1 . 2  

12.0 

28 

28 

28 

1 10 

uo 

1 10 

1 10 

1 10 

1 10 

1 10 

230 

230 

230 

230 

230 

230 

230 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

58 4.8 

57 4.9 

53 5.0 

50 5 . 3  

40 

36 

29 

59 

55 

51 

47 

45 

4 1  

37 

65 

50 

47 

46 

43 

37 

34 

6 .2  

7.2 

7.9 

5.04 

5. 13 

5.37 

5 .53 

5.72 

5 .90 

6.54 

4.92 

5 . 20 

5 . 34 

5 . 35 

5.86 

6.6 

7.00 

VOLT AMPERES t t 

AT 3 TIMES 
TAP VALUE 
CURRENT 

39. 6  

39.8 

42.7 

45.4 

54.4 

65.4 

73. 6 

38.7 

39. 8  

42.8 

42.8 

46.0 

50.3 

54.9 

39. 1 

42.0 

44. 1  

45.8 

49.9 

5 5 . 5  

62.3 

AT 10 TIMES AT 20 TIMES 
TAP VALUE TAP VALUE 

CURRENT CURRENT 

256 790 

270 85 1 

308 1024 

348 1220 

435 

580 

700 

262 

280 

3 1 2  

329 

360 

420 

474 

268 

305 

330 

364 

400 

470 

5 28 

1740 

2280 

2850 

800 

920 

1008 

1 120 

1 2 16 

1500 

1800 

848 

1020 

1 1 28 

1260 

1408 

1720 

2064 

I R V-5, 
I RV-6, 

TI ME OVERCURRENT UNI TS 

AMPERE 
RAl«lE TAP 

(0.5 
(0.6 
(0.8 

0.5/2.5 (1.0 
(1.5 
(2.0 
(2.5 

(2 
(2.5 
(3 

2/6 (3.5 
(4 
(5 
(6 

(4 
(5 

. (6 
4/12 (7 

(8 
(10 
(12 

CONTINuOUS 
RA'l1NG 

(AMPERES) 

2.7 
3.1 
3. 7 
4.1 
5.7 
6.8 
7.7 

8 
8.8 
9.7 

10.4 
11.2 
12.5 
13.7 

16 
18.8 
19.3 
20.8 
22.5 
25 
28 

ONE SECOND 
RATlNGt 

(AMPERES) 

88 
88 
88 
88 
88 
88 
88 

230 
230 
230 
230 
230 
230 
230 

460 
460 
460 
460 
460 
460 
460 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

69 3.92 
68 3.96 
67 3.96 
66 4.07 
62 4.19 
60 4.30 
58 4.37 

67 3.88 
66 3.87 
64 3.93 
63 4.09 

62 4.08 
59 4.20 
57 4.38 

65 4.00 
63 4.15 
61 4.32 
59 4.27 
56 4.40 
53 4.60 
47 4.92 

VOLT AMPERES t t 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.6 
20.7 
21 
21.4 
23.2 
24.9 
26.2 

21 
21.6 
22.1 
23.1 
23.5 
24.8 
26.5 

22.4 
23.7 
25.3 
26.4 
27.8 
30.1 
35.6 

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 
106 
114 
122 
147 
168 
180 

110 
118 
126 
136 
144 
162 
183 

126 
143 
162 
183 
204 
247 
288 

AT 20 TIMES 
TAP VALUE 

CURRENT 

270 
288 
325 
360 
462 
548 
630 

308 
342 
381 
417 
448 
540 
624 

376 
450 
531 
611 
699 
880 

1056 

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

cp Degrees current lags voltage at tap value current. 

t t Voltages taken with Recto% type voltmeter. www . 
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AMPERE 
RANGE 

0.5/2.5 

2/6 

4/12 

TAP 

(0.5 
(0.6 
(0.8 
(1.0 
(1.5 
(2.0 
(2.5 

(2 
(2.5 
(3 
(3.5 
(4 
(5 
(6 

(4 
(5 
(6 
(7 
(8 
(10 
(12 

CONTINUOUS 
RATING 

(AMPEREE) 

2.7 
3.1 
3.7 
4.1 
5.7 
6.8 
7.7 

8 
8.8 
9.7 

10.4 
11.2 
12.5 
13.7 

16 
18.8 
19.3 
20.8 
22.5 
25 
28 

E N E RGY REQU I R EMENTS 

I R V-7 TIM E OVER CU R RENT UNITS 

ONE SECOND 
RATlNG t 

(AMPERES) 

88 
88 
88 
88 
88 
88 
88 

230 
230 
230 
230 
230 
230 
230 

460 
460 
460 
460 
460 
460 
460 

POWER 
FACTOR 
ANGLE ¢ 

68 
67 
66 
64 
61 
58 
56 

66 
63 
63 
62 
61 
59 
58 

64 
61 
60 
58 
55 
51 
46 

AT 
TAP VALUE 

CURRENT 

3.88 
3.93 
3.93 
4.00 
4.08 
4.24 
4.38 

4.06 
4.07 
4.14 
4.34 
4.34 
4.40 
4.62 

4.24 
4.30 
4.62 
4.69 
4.80 
5.20 
5.40 

VOLT AMPERESt t 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.7 
20.9 
21.1 
21.6 
22.9 
24.8 
25.9 

21.3 
21.8 
22.5 
23.4 
23.8 
25.2 
27 

22.8 
24.2 
25.9 
27.3 
29.8 
33 
37.5 

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 
107 
114 
122 
148 
174 
185 

111 
120 
129 
141 
149 
163 
183 

1 29  
149 
168 
187 
211 
260 
308 

I RV-8, 
I RV-9, 

TIM E  OVE RCU RREN T UNI TS 

VOLT AMPERESt t 

AT 20 TIMEE 
TAP VALUE 
CURRENT 

278 
288 
320 
35i 
459 
552 
640 

306 
342 
366 
413 
448 
530 
624 

392 
460 
540 
626 
688 
860 

1032 

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 
AMPERE RATlNG 
RANGE TAP (AMPERES) 

(0.5 2.7 
(0.6 3. 1 
(0. 8  3.7 

0.5/2.5 (1 .0  4. � 

2/6 

4/12 

(1.5 5.  7 
(2.0 
(2.5 

(2 
(2.5 
(3 
(3.5 
(4 
(5 
(6 

(4 
(5 
(6 
(7 
(8 
( 10 
(12  

6 .8  
7 .7  

8 
8.8 
9.7 

10.4 
1 1. 2  
12 .5  
13.7 

16 
18.8 
19.3 
20.8 
22.5 
25 
28 

RATING• FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 
(AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT 

88 72 2.38 21 132 350 
88 71 2.38 21 134 365 
88 69 2.40 21.1 142 400 
88 67 2.42 2 1.2 150 440 
88 62 2.51 22 170 530 
88 
88 

230 
230 
230 
230 
230 
230 
230 

460 
460 
460 
460 
460 
460 
460 

57 
53 

70 
66 
64 
62 
60 
58 
56 

68 
63 
60 
57 
54 
48 
45 

2.65 
2.74 

2.38 
2.40 
2.42 
2.48 
2.53 
2.64 
2.75 

2.38 
2.46 
2 .54 
2.62 
2.73 
3.00 
3.46 

23.5 
24.8 

21 
2 1 .1 
21 .5 
22 
22.7 
24 
25.2 

21 .3  
21.8 
22.6 
23.6 
24.8 
27.8 
31.4 

200 
228 

136 
142 
149 
157 
164 
180 
198 

146 
158 
172 
190 
207 
248 
292 

675 
BOO 

360 
395 
430 
470 
500 
580 
660 

420 
480 
550 
620 
700 
850 

1020 

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

cp Degrees current lags voltage at tap value current. 

t t Voltage& taken with Rectox type voltmeter. 
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TYPE IRV RELAY 

ENERGY REQUIREMENTS 

I RV- 1 1  OVE RCU RREN T  UNITS 
VOLT AMPERES! t 

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 

AMPERE RATING RATINGt FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 

RANGE TAP (AMPERES) (AMPERES) ANGLE</> CURRENT CURRENT CURRENT CURRENT 

0.5 1.1 56 36 0.12 6.54 11.8 250 

0.6 1.9 56 34 0.15 6.80 15.0 261 

0.8 2.2 56 30 0.81 1.46 84.0 298 

0.5/2.5 1.0 3.5 56 21 0.89 8.30 93.1 330 

1.5 3.0 56 22 1.13 10.04 115.5 411 

2.0 3.5 56 11 1.30 11.95 136.3 502 

2.5 3.8 56 16 1.48 13.95 160.0 610 

2.0 1.0 230 32 0.13 6.30 14.0 264 

2.5 1.8 230 30 0.18 1.00 18.5 285 

3.0 8.3 230 21 0.83 1.14 84.0 309 

2/6 3.5 9.0 230 24 0.88 8.20 89.0 340 

4.0 10.0 230 23 0.96 9.12 102.0 312 

5.0 11.0 230 20 1.01 9.80 109.0 430 

6.0 12.0 230 20 1.23 11.34 129.0 504 

4.0 14 460 29 0.19 1.08 18.4 296 

5.0 16 460 25 0.89 8.00 90.0 340 

6.0 1 1  460 22 1.02 9.18 101.4 318 

4/12 1.0 18 460 20 1.10 10.00 110.0 454 

8.0 ·20 460 18 1.23 11.1 124.8 480 

10.0 22 460 11 1.32 14.9 131.6 600 

12.0 26 460 16 1.8 16.3 180.0 120 

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

¢ Degrees current lags voltage at tap value current. 

t t Voltages taken with Rectox type voltmeter. 

ENE RGY R EQUIR EMENTS - 60 CYCLES 

DI R ECTIONAL UNIT OP E RATING CI RCUI T BURDEN 

VOLT AMPERES t t 

At At 3 Times At 10 Times 

Continuous One Second Power Minimum Minimum Minimum 

Range Rating Rating t Factor Tap Value Tap Value Tap Value 

Amps (Amperes) ( Amperes) Angle </> Current Current Current 

0.5-2.5 10 230 34.5 0.03 0.23 2.8 

2-6 10 230 34.5 0.4 4 4.08 48.0 

4-12 12 280 0. 48 4 . 62 53.6 

¢ Degrees current lags voltage at tap value current. 

t Thermal capacities for short times other than one second may be calculated on the basis of time being 

inversely proportional to the square of the cu"ent. 

t t Voltages talt.en with Rectox type voltmeter. 

DI RECTIONAL UNIT POLARIZING CIRCUIT BURDEN 

At 20 Times 

Minimum 

Tap Value 

CUrrent 

11.5 

182.0 

216.0 

The burden at 120V, 60 cycles, is 12.5 volt- amperes at 15 degrees. (current leading voltage). 

8 

.� 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  I R V RE LAY _________________________________________________________ ,_. L_._4_J ._1 3_3_.3 __ o 

70 

60 

w ...J u >-u 
o�O co 

(/) w _, u >­u 
30 

20 

1 0  

f--1-l -

1-

-· 

- -
1---

0 
1 

TYP I CAL T I ME CU RVES 
TYPE C0-2 

OVER CURREN T RELAY 1 \  
50-60 CYCL ES 

SEC •. 

\ 

' 
\ 

i 

\ 

1\  T I M E  D I AL SETT I N G  

I I 1 1  
10 

1\ I \. 9 ' ...... 
8 

...... ' 
\. 7 

......... ..... ..... ..... 
1\. 6 r-.. ' ..... r-.. 1\.. ......... """ 5 ;;;;;:: --=� ' -f- - �'--� 

......... -� ij -..... � 1'\.. 3 r--.;,;;: .... ' +- roo 1 ... r-" 2 "- 1"-""' r--
1 !"""!--"' ,...... � f"'o 

1/2 

2 3 � 5 6 7 8 9 10 12 14 16 18 20 
MU L T I P l eS OF TAP VALUE CURRENT 

Curve 418244 

Fig. 4. Typical Time Curves of the Time-Overcurrent Unit of the Short Time (2) Relays. 
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Fig. 5. Typical Time Curve of the Time-Overcurrent Unit of the Long Time (5) Relays. 
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Fig. 6. Typical Time Curve of the Time-Overcurrent Unit of the Definite Time (6) Relays. 
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Fig. 1 1 . Typical Time Curve of the Instantaneous Overcurrent Unit. 

S E T T I N G S  

T i m e  O verc urrent U n i t  ( C O )  

The time overcurrent unit settings can b e  defined 
either by tap setting, and time dial position or by tap 
setting and a specific time of operation at some cur­
rent multiple of the tap setting ( e . g. 4 tap setting, 2 
time dial position or 4 tap setting, 0 . 6  seconds at 6 
times tap value current). 

To provide selective circuit breaker operation, a 
minimum coordinating time of 0. 3 seconds plus circuit 
breaker time is recommended between the rei ay being 
set and the relays with which coordination is to be 
effected. 

The connector screws on the tap plate above the 
time dial makes connections to various turns on the 
operating coil . By placing this screw in the various 
terminal plate holes, the relay will respond to multi­
ples of tap value currents in accordance with the 
various typical time-current curves. 

C A U T I O N  Since the tap block connector screw car­
ries operating current, be sure that the screw is turned 
tight. In order to avoid opening the current transformer 
circuits when changing taps under load, connect the 
spare connector screw in the desired position before 

1 6  

removing the other tap screw from the original tap 
position. 

I n stantaneous R e c l o s i n g  

The factory adjustment o f  the C O  unit contacts 
provides a contact follow. Where circuit breaker re­
closing will be initiated immediately after a trip by 
the CO contact, the time of the opening of the contacts 

should be a minimum. This condition is obtained by 
loosening the stationary contact mounting screw, 
removing the contact plate and then replacing the 
plate with the bent end resting against the contact 
spring. 

I n stantaneous O v erc urrent U n i t  ( I ) 

The only setting required is the pickup current 
setting which is made by means of the connector 
screw located on the tap plate. By placing the con­
nector screw in the desired tap , the relay will just 
close its contacts at the tap value current. 

C A U T I O N  Since the tap block connector screw car­
ries operating current, be sure that the screw is 
turned tight. 

In order to avoid opening the current transformer 
circuits when changing taps under load, connect the 
spare tap screw in the desired tap position before re-
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Fig. 12. Typical Tim• Curves of the Directional Unit. 

moving the other tap screw from the original tap posi­

tion. 

D i rectional  U n it s  (D)  

No setting i s  required. 

I nd icat ing  Contoctor Swi tch  ( I C S/ 1  and I CS/T) 

The only s etting r e quired o n  the res units i s  

the selection of the 0.  2 or 2.0 ampere tap setting. This 
selection is made by connecting the lead located in 
front of the tap block to the desired setting by means 
of the connecting screw. 

Au x i l i a ry  S w i t c h  ( C S- 1 )  

No setting required on the cs- 1 unit except for 

the selection of the required 48, 1 2 5  or 250 voltage 
on the tapped resistor. Thi s connection can be made 
by referring to Fig. 13 . 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 

panel s or their equivalent in a location free from dirt, 

moisture, excessive vibration and heat Mount the 
relay vertically by means of the two mounting studs 

tbr proj ection mounting or by means of the four mounting 

holes on the flange for the semi-flush mounting. 

Either of the studs or the mounting screws may be 

utilized for grounding the relay. The electrical con­

nections may be made directly to the terminal s by 
means of screws for steel panel mounting or to ter­

minal studs furnished with the relay for thick panel 
mounting. The terminal studs may be easily removed 

or inserted by locking two nuts on the studs and then 
turning the proper nut with a wrench. 

For detail information on the FT Case refer to 

I .L.  4 1-076. 

The external connection of the directional over­
current relays is shown in Fig. 15. 

A DJ U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera­

tion of this relay have been made at the factory. Upon 
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L E A D  0 VOLTAGE R ESISTANCE 

2 48  300 
3 1 25 2700 
4 250 6500 

NOTE . RELAYS ARE SHIPPED ON THE 125 VOLT TAP 

184A316 

Fig. 13. Selection of Proper Voltage Tap for Auxiliary 
Switch (CS- 1) Operation. 

receipt of the relay, no customer adjustments ,  other 
than those covered under "SETTINGS", should be 
required.  

Acceptance  C h e c k  

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

Instantaneous Overcurrent Unit ( I) 

1. Contact Gap - The gap between the station­
ary and moving contacts with the relay in the de­
energized position should be approximately . 0 20". 

2 .  Minimum Trip Current - The D contacts 
should be blocked clos ed when checking the pick-up 
of the o vercurrent unit. 

The pick-up of the overcurrent unit can be check­
ed by inserting the tap screw in the desired tap hole 
and applying rated tap value current. The contact 
should close within ± 5% of tap value current. 

Directional Unit (D) 

1. Contact Gap - The gap between the station­
ary contact anct moving contact with the relay in the 
de-energized position should be approximately . 020". 

2. Sensitivity - The directional unit should trip 
with 1 . 2  volts and 4 amperes at its maximum to rque 
angl e ( current leading the voltage by 30 °) for the 
4 to 1 2  amp ere range relays and 1. 2 volts and 2 
amperes for the 0 . 5  to 2 . 5  ampere and the 2 to 6 
ampere range relays. 

1 8  

3. Spurious Torque Adjustments - There should 
be no spurious closing torques when the operating 
circuits are energized per Table 2 with the polarizing 
circuit short circuited. 

Time Overcurrent Unit ( CO) 

1.  Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop ,  the index mark is offset to the right of the 
"0" mark by approximately . 0 20". The placement of 
the various time dial positions in line with the index 
mark will give operating times as shown on the re­
spective time-current curves. 

2. Minimum Trip Current - Set the time dial to 
position 6 with the auxiliary switch (CS- 1) contacts 
blocked closed, alternately apply tap value current 
plus 3% and tap value current minus 3%. The moving 
contact should leave the backstop at tap value cur­
rent plus 3% and should return to the backstop at 
tap value current minus 3o/o-

3. Time Curve - Tabl e 1 shows the time curve 
calibration points for the various types of rel ays. 
With the time dial set to the indicated position, apply 
the currents specified by Table 1 ( e g. for the IRV- 2 
3 and 20 times tap value current) And m easure the 
operating time of the relay. The operating times 
should equal those of Table 1 plus or minus 5 percent. 

For type IRV- 1 1  rei ay only, the 1.  30 times tap 
val ue operating time from the number 6 time dial 
po sition is 54 .9 ±5% seconds. It is important that the 
1 . 30 tim es tap v alue current be m aintained accurate­
l y� The m aintaining of this current accuratel y i s  ne­
cessary b ecau se of the steepness of the slope of the 
tim e- current characteristic (Fig. 19) .  A 1% variation 
in the 1 . 30 times tap value  current (including m ea­
suring instrument deviation) will change the nominal 
operating time by approximately 4%. 

Indicating Contactor Switches (ICS/ 1) and (ICS/T) 

A) Close the contacts of the CO and the direc­
tional unit (D) and pass sufficient d. c. current through 
the trip circuit to close the contacts of ( ICS/T). This 
value of current should not be greater than the parti­
cular (ICS/T) tap setting being used. The operation 
indicator target should drop freely, bringing the letter 
"T" into view. 

B) Close the contacts of the instantaneous over­
current unit (I) and the directional unit (D). Pass suf-

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E IRV R ELAY __________________________________________________________ ���- L�-�4�1 -�1 3�3�. 3 0 

IIOTE: BLOCK 0 .&.liD CSI COMT.I.CTS 
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l84A948 

Fig. 14. Diagram of test connections of the time-overcurrent 

unit. 

ficient d.c.  current through the trip circuit to close 
the contacts of (ICS/1). This value of current should 
not be greater than the particular (ICS/1) tap setting 
being used. The operation indicator target should 
drop freely, bringing the letter "I" into view. 

C) The contact gap should be approximately 
. 047" between the bridging moving contact and the 
adjustable stationary contacts. The bridging moving 
contact should touch both stationary contacts simul­
taneously. 

Rout ine  M a i nten anc e 

All rel ays shoul d be inspected and checked p �ri­
odically to assure prop er op eration. General l y  a 
vi su al inspectio n shoul d call attention to any notice­
abl e changes. A minimum suggest ed check on the re­
I ay system is to clo s e  the contacts m anually to as­
sure that the breaker trip s and the target drops. Then 
rel e ase the contacts an d observe that th e reset i s  
smooth and po sitive. 

If an additional tim e check i s  desired, p as s  sec­
ondary current through the rel ay and check the time 
of op eration. It is preferabl e to m ak e  thi s at several 

times pi ck- up current at an expected operating point 
for the particul ar appli cation. For the . 5  to 2. 5 am­
p ere range C0- 5  and C0- 6 induction unit use the al­
ternative test ci rcuit in Fig. 16 as these rel ays are 
affected by a di storted wave form . With thi s connec­
tion the 25/ 5 ampere current transformers shoul d be 
work ed well bel o w  th e knee o f  the saturation ( i . e. use 
10L 50 or b etter). 

All contacts shoul d be periodical l y  cleaned. A 
contact burnisher tt 18 2A836HO 1 is recomm ended fo r 
thi s purpo se. The use of abrasive material for cl ean­
ing contacts i s  not recommended, because o f  the 
danger of embedding sm al l  parti e! es in the face of the 
soft silver and thus imp airing the contact. 

C a l i brati on  

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
the adjustments have been disturbed. This procedure 
should not be used unless it is apparent that the re­
lay is not in proper working order. (See "Acceptance 
Check"). 

I n stanta n eo u s  O vercurrent U n i t  ( 1 )  

1 .  The upper pin bearing should be screwed 
down until there is approximately . 0 25" cl earance 
between it and t he top of shaft bearing. The upper 
p in bearing should then be securely locked in pos­
tion with the lock nut. The lower bearing position is 
fixed and c annot be adjusted 

2. The contact gap adjustment for the over­
current unit is made with the moving contact in the 
reset position, i. e . ,  against the right side of the 
bridge . 

Move in the left-hand stationary contact until 
it just touches the moving contact then back off the 
stationary contact 2/3 of one turn for a gap of approx­
imately .0 20". The clamp holding the stationary con­
tact housing need not be loosened for the adjustment 
since the clamp utilizes a spring-type action in hold­
ing the stationary contact in position. 

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

Before applying current, bl ock cl ose the con-
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TY P E I RV R E LAY ________________________________________________________ __ 

tacts of the D unit. Insert the tap screw i n  the mini­

m um value tap setting and adjust the spring such 

that the contacts wil l  close as indicated by a neon 

l amp in the contact circuit when energized with the 

required current. The pickup of the o vercurrent unit 

with the tap screw is any other tap shoul d be within 
± 5%of tap value. 

If adjustment of pick-up current in between tap 
settings is desired insert the tap screw in the next 

lowest tap setting and adjust the spring as described. 
It should be noted that this adjustment results in a 

slightly different time characteristic curve and burden. 

Directional Unit ( D) 

The directional unit is the lower cylinder unit. 

1. The upper bearing screw should be screwed 

down until there is approximately .025" clearance 

between it and the top of the shaft bearing. The upper 

pin bearing should then be securely locked in posi­

tion with the lock nut. 

2. Contact g ap adjustment for the directional 
unit is made with the moving contact in the reset 

position,  i . e. ,  against the right side of the bridge. 

Advan ce the right hand stationary contact until the 
contacts just clo se. Then advance the stationary 

contact an additional one- h al f  turn. 

Now move in the l eft-hand stationary contact 
until it just touches the moving contact. Then back 
off th e stationary contact 2/ 3 of one turn for a con­

tact g ap of . 0 20 . . . The cl amp hol ding the stationary 

contact housing need not be loo sened for the adjust­

ment since the cl amp uti l izes a spring-type action in 
hoi ding the stationary contact in po sition. 

3. Insert tap screw of overcurrent unit in highest 
tap. The sensitivity adjustment is made by varying 
the tension of the spiral spring attached to the mov­

ing el ement assembly. The spring is adjusted by plac­

ing a screwdriver or similar tool into one of the 

notches located on the periphery of the spring adjust­

er and rotating it. The spring adjuster is located on 

the underside of the bridge and is held in place by a 

spring type cl amp that does not have to be loosened 

prior to making the necessary adjustments. 

The spring is to be adjusted such that the con­

tact will close as indicated by a neon lamp in the 

contact circuit when energized with 1 .  2 volts and 4 
amps ( current leading 30 °) for the 4 to 1 2  ampere 

range relays and 1. 2 volts and 2 amps for the 0. 5 to 

2 .5  and 2 to 6 amp ere range rel ays. This can be done 

approximately using current in phase with voltage by 

increasing the pickup current to 4 . 6  and 2. 3 amp eres 

20 

respectively. 

4. The magnetic plugs and core are used to 

reverse any unwanted spurious torques that may be 

present when the relay is energized on current alone. 

The reversing of the spurious torques is accom­

plished by using the adjusting pl ugs and core in the 
fol lowing manner: 

Short circuit the voltage terminal s and appl y  

current to the operating circuit terminal s  as per 

Tabl e 2, 

Plug and core adjustment is then made per Table 

2 such that the spurious torques are reversed. The 

plugs are held in position by upper and lower plug 

clips. These clips need not be disturbed in any man­
ner when making the necessary adjustment. The core 

assembly is held in position by the clamping action 

of two compressed springs. This allows its position 

to -be changed by inserting a non-magnetic tool into 
the slot on the bottom side of the unit. 

The magnetic plug and core adjustment may be 

utilized to positively close the contacts on current 

alone. This may be desired on some installations in 

order to insure that the relay will always trip the 

breaker on zero potential. 

Time Overcurrent Unit (CO) 

1) Contacts - The index mark on the movement 

frame will coincide with the "0" mark on the time 

dial when the stationary contact has moved through 

approximately one-half of its normal deflection. 

Therefore, with the stationary contact resting against 
the backstop , the index mark is offset to the right of 

the "0" mark by approximately . 0 20 " .  The place­

ment of the various time dial positions in line with 

the index mark will give operating times as shown on 
the respective time-current curves.  

2) Minimum Trip Current - The adjustment of 

the spring tension in setting the minimum trip current 

value of the relay is most conveniently made with the 

damping magnet removed. 

With the time dial set on "0",  wind up the spiral 

spring by means of the spring adjuster until approxi­

mately 6-3/4 convolutions show. 

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

With the auxiliary switch (C&- 1) contacts blocked 

closed, adj ust the control spring tension so that the 

moving contact will leave the backstop at tap value 

current +1.0% and wil l  return to the backstop at tap 
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Fig. 15. External Schematic of the IRV Relay for Phase Protection and the IRD Relay for Ground Protection. 

value current -1 .0%. 

3) Time Curve Calibration - Install the perma­
nent magnet. 

Apply the indicated current p er Tabl e 1 for p erma­
nent magnet adjustment ( e . g. IRV-8 , 2 times tap value) 
and measure the operating time. Adjust the p erm anent 
magnet keeper until the op erating time corresponds 
to the value of Tabl e 1 .  

For typ e IRV- 1 1  relay only ,  the 1 . 30 times tap 
value operating time from the number 6 tim e dial 
position is 54.9 ±5% seconds. It is  important that the 
1. 30 times tap value current be maintained accurate­
ly.  The maintaining of thi s current accuratel y i s  ne­
cessary b ecause of the st eepness of the slope of the 
tim e- current characteristi c ( Fig. 19). A 1% variation 
in the 1 . 30 time s tap v al u e  current ( incl uding mea­
suring instrument d eviation) will chang e the nominal 
op erating time by approximately 4%.' if the operating 

time at 1 . 3  times tap value i s  not within these l imits, 
a minor adju stment of the control spring will give the 
correct op erating time without any undue effect on the 
on the minimum pick-up of the rel ay. Thi s check is to 
be made after the 2 times tap value adju stment has 
been completed. 

Apply the indicated current per Table 1 for the 
el ectromagnet plug adjustment ( e . g. IRV-8, 20 times 
tap value) and measure the operating time. Adjust the 
proper plug until the operating time corresponds to 
the value in Tabl e 1. ( Withdrawing the l eft hand plug, 
front view increases the operating time and withdraw­
ing the right hand plug, front view, decreases the 
time.)  In adjusting the plugs, one plug should be 
screwed in compl etely and the other plug run in or 
out until the proper operating time has been obtained. 

Recheck the p ermanent magnet adjustment. If the 
operating time for this calibration point has changed, 
readjust the p ermanent magnet and ther1 recheck the 
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TYPE IRVRELAY ______________________________________________________ ___ 

el ectromagnet plug adjustment. 

Indi cating Contactor Switches (ICS/1) and (ICS/T) 

Adjust the contact gap for approximately .047".  

A) Close the contacts of the CO and the direc­

tional unit and pass sufficient d.c. current through 

the trip circuit to close the contacts of the (ICS/T). 

This value of current should not be greater than the 

particular (ICS/T) tap setting being used. The opera­

tion indicator target should drop freely bringing the 

letter "T" into view. 

B) Close contacts of instantaneous overcurrent 

unit (I) and directional unit ( D). Pass sufficient d.c. 

current through the trip circuit to close contacts of 

the (ICS/1). This value of current shoul d not be great­

er than the particular (ICS/1) tap setting being used. 

The operation indicator target should drop freely 

bringing the l etter "I" into view. 

A u x i l i ary Sw i tch  ( C S- 1 )  

Adjust the stationary core of the switch for a 

cl earance between the stationary core and the moving 

core when the switch is picked up. This can be done 

by turning the relay upside-down. Then screw up the 

2 2  

core screw until the moving core starts rotating. Now 

back off the core screw until the moving core stops 

rotating. This indicates the points when the play in 

the assembly is taken up , and where the moving core 

just separates from the stationary core screw. Back 

off the core screw approximately one turn and lock in 

place. This prevents the moving core from striking 

and sticking to th e stationary core because of resi­

dual magnetism. Adjust the contact clearance for 

3/64" by means of the two small nuts on either side 

of the Micarta disc. 

Connect lead ( A) to proper terminal per Fig. 13.  
Block directional unit (D)  contacts close and ener­

gize trip circuit with rated voltage. Contacts of aux­

iliary switch (C& l) should make as indicated by a 

neon lamp in the contact circuit. 

R E N E W A L  P A R T S  

Repair work can b e  done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for doing 

repair work. When ordering parts, always give the 

complete nameplate data. 
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TIME-
OVERCURRENT 

UNIT TYPE 

2 

5 

6 

7 

8 

9 

1 1  

Rel ay Rating 

.5 to 2.5 Amp 

and 2-6 amps. 

4- 12 amp s 

. 5  to 2. 5 amps 
and 2-6 amps 

4- 12 

TABLE I 
T I ME C URV E C AL I B RATIO N D ATA - 60 C Y C L E S  

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME CURRENT OPERATING CURRENT OPERATING 
DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME 

POSITION TAP VALUE) SECONDS TAP VALUE) SECONDS 

6 3 0�57 2 0  0.22 

6 2 37.8 0 1 0  14.30 

6 2 2.46 2 0  1 .19 

6 2 4.27 20 1 . 1 1  

6 2 1 3.35 20 1.11 

6 2 8.87 2 0  0.65 

6 2 1 1. 2 7  2 0  0 . 24 

TABL E 2 
DI R E CTIONAL UNIT CALI B RATION + 

Current 

25 AmP 

50 amps 

50 amps 

100 amos 

Adjust 

Core t t  

Magnetic 

Plugs 

Ad j u stment 

Rotate core by means of adj uster 

located on bottom side of 

cylinder unit. Adjust core so 

that a slight contact opening 

torque is made. Recheck at 

1 5  and 5 amps. to see there is 
no closing torque for the lower 

range units and 30 amps and 10 

amps for the 4- 12 amp range 

relays. 

If spurious torque is in the 

contact closing direction 
(l eft front view) screw out 
right magnetic plug until 

direction of spurious torque 

is reversed. 
If spurious torque is in the 

contact opening direction, screw 

out left plug until spurious 

torque is slight contact opening. 

Recheck at 40, 25 and 10 amps 

for the lower range units and 

80, 50 and 20 amps for the 

4- 12 amp range relays, 

t Short circuit the voltage polarizing circuit at the relay terminals before making the above adjustments. 

tt Plugs should be at fully in position prior to adjustment of core. 
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Fig. 7 6. Outline and Drilling Plan for the Type IRV Relay in the Type FT3 7  Case. 
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I N ST A L L A TI O N  • 

Westinghouse I . L. 41 - 1 33 .28 

O PE 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  
TYPE IRQ DIRECTIONAL OVERCU RRENT 

NEGATIVE SEQUENCE RELAY 

FOR GROU N D  PROTECTION 

C A U T I O N  Before putting the relay into service,  re­
move blocking from all the moving parts. Inspect the 
relay and operate all elements by hand to be sure no 
damage has occured during shipment. 

A P P L I C A T I O N  

The typ e IRQ is a directional overcurrent ground 
relay in which the directional unit operates on neg­
ative sequence current and voltage, and the over­
current units op erates on residual or ground current. 
The negative sequence current and voltage are obtain­
ed by means of self-contained negative sequence 
filters connected between the directional unit and the 
current and potenti al transformers. 

The relay is intended for use at locations where 
the present equipment or system conditions do not 
permit the use of the conventional typ es of directional 
ground relays operating entirely on residual current 
and voltage. 

At an ungrounded substation on grounded systems 
where only two potential transformers are available, 
or where the potential transformers are on the low­
tension side of a wye-delta or delta-wye power trans­
former bank, the type IRQ relay is applicable for 
ground protection. 

C O N S T R U C T I O N A N D  O P E R A T I O N 

The type IRQ relay consists of a directional 
cylinder unit (D) operating on negative sequence quan­
titi es, negative- sequence current and voltage filters 
an auxiliary switch (C& l), a time-o vercurrent unit 
(CO),  an instantaneous overcurrent unit (I), and two 
indicating contactor switches (ICS/1) and (ICS/T). The 
principle component parts of the relays and their 
location are shown in Figs. 1 and 2. 

D i rect iona l  U n i t ( D )  

The directional unit is  a product induction cylin­
der type unit op erating on the interaction between the 

SU PERSEDES I . L. 41 - 1 33 . 2A 
*Denotes change from superseded i ssue 

polarizing circuit flux and the operating circuit flux. 

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

The frame serves as the mounting structure for 
the magnetic core. The magnetic core which houses 
the lower pin bearing is secured to the frame by a 
locking nut. The bearing can be replaced, if neces­
sary, without having to remove the magnetic core from 
the frame. 

The electromagnet has two series-connected polar­
izing coils mounted diametrically opposite one an­
other; two series-connected operating coils mounted 
diametrically opposite one another; two magnetic ad­
justing plugs; upper and lower adjusting plug clips,  
and two locating pins. The locating pins are used to 
accurately position the lo wer pin bearing, which is 
mounted on the frame,  with respect to the upper pin 
bearing,  which is threaded into the bridge. The elec­
tromagnet is secured to the frame by four mounting 
screws. 

The moving element assembly consists of a spiral 
spring, contact carrying m ember, and an aluminum 
cylinder assembled to a molded hub which holds the 
shaft. The shaft has removable top and bottom j ewel 
bearings. The shaft rides between the bottom pin 
bearing and the upper pin bearing with the cylinder 
rotating in an air gap formed by the electromagnet and 
the magnetic core. 

The bridge is secured to the el ectromagnet and 
frame by two mounting screws. In addition to holding 
the upper pin bearing, the bridge is used for mounting 
the adjustable stationary contact housing. The sta­
tionary contact housing is held in po sition by a spring 
typ e clamp. The spring adjuster is located on the 
underside of the bridge and is attached to the moving 
contact arm by a spiral spring. The spring adjuster 
is also held in place by a spring type clamp. 
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Fig.  1. Type IRQ Relay without Case (R ear View) 
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Fig. 2. Type IRQ Relay without Case (Front View) 
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Fig. 3. Time Overcurrent Unit (Front View). 1 - Tap B lock, 2 · Time D ial, 3 - Control Spring A ssembly, 4 - D i sc, 5 .  Stationary 
Contacts A ssembly, 6 .  Magneti c P lugs, 7 - P ermanent M agnet 

With the contacts closed, the electrical connec­
tion is made through the stationary contact housing 
clamp, to the moving contact, through the spiral 
spring out to the spring adjuster clamp. 

N e g a t i v e  S e q u e n c e  F i l te r  

The current and voltage filters consist o f  re­
actors and resistors connected together as shown in 
the internal schematic ( Fi g. 4). 

T i me-O verc u rre nt  U n i t ( C O )  

The electromagnets for the types IRQ-5,  IRQ- 6 ,  

IRQ- 7 ,  IRQ-8 and IRQ-9 relays have a main tapped 
coil located on the center leg of an "E" type lamin­
ated structure that produces a flux which divides and 
returns through the outer l egs. A shading coil causes 
the flux through the l eft leg  to lag the main pole flux. 
The out-of-phase fluxes thus produced in the air gap 
cause a contact closing torque. 

The electromagnet for the type IRQ- 2 and IRQ- 1 1  

relays has a main coil consisting o f  a tapped primary 
winding a s e co n d ary w i n ding .  Two identi cal coil s 

on the outer legs of the lamination structure are con­
nected to the main coil secondary in a manner so that 
the combination of all the fluxes produced by the 
electromagnet result in out-of-phase fluxes in the air 
gap. The out-of-phase air gap fluxes produced cause a 
contact clo sing torque. 

A u x i l i a ry S w i t c h  ( C S - 1 ) 

The auxiliary switch i s  a small solenoid type d. c. 
switch. .A cylindrical plunger, with a silver disc 
mounted on  its lower end, moves in the core of  the 
solenoid. As the plunger travels upward, the disc 
bridges the silver stationary contacts. A tapped re­
sistor is used to enable one to use the contactor 
switch on a 24, 48 , 1 25 or 250 volt d. c. system con­
nected per Fig. 14. The operation of the cs- 1 switch 
is controlled by the directional unit ( D) which in 
tum directionally controls the time-overcurrent unit 
( CO) .  When sufficient po wer flows in the tripping 
direction, the cs- 1 switch operates and bridges the 
lag coil of  the time-overcurrent unit ( CO)  p ermitting 
this unit to operate. 
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REO HANDLE 

--
CURRENT TEST JACK 

TEIINIIIAL 

Fig. 4. Intern al Schematic of the I R Q  Relay. 

I n s t a n ta n e o u s  O v erc urre n t  U n i t  (I) 

The in stantaneous o vercurrent unit consists of a 
induction cylinder type unit and a transformer. The 
induction cylinder unit is similar in construction to 
the directional unit. The time phase relationship of  
the two air gap fluxes necessary for the  development 
of  torque is achieved by m eans of a capacitor connec­
ted in series  with one p air of pole windings. 

The normally-clo sed contact of the directional unit 
is connected across  one p air of pole windings of the 
instantaneous o vercurrent unit as shown in the inter­
nal schematics. This arrangem ent short-circuits the 
operating current around the pole windings; preventing 
the instantaneous overcurrent unit from developing 
torque. If the directional unit should pick up for a 
fault ,  this short-circuit i s  removed, allowing the in­
stantaneous overcurrent contact to commence clo sing 
almo st simultaneously with the directional contact 
for high speed op eration. 

The transformer is of  the saturating type for 
limiting the energy to the instantaneous overcurrent 
unit at higher values of fault current and to reduce 
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l84A996 
Fig. 5. Sensitivity Curve of the Directional Unit (D) .  

C. T.  burden" The primary winding i s  tapped and 
these taps are brought out to a tap block for ease 
in changing the pick-up of  the instantaneous over­
current uniL The use of a tapped transformer prov­
ides approximately the same energy level at a given 
multiple of pickup current for any tap setting, result­
ing in one time curve throughout the range of the 
relay" 

Acro s s  the secondary is connected a non-linear 
resi stor known as a varistoL The effect of the varis­
tor is to reduce the voltage peaks applied to the over­
current unit and phase shifting capacitor. 

I n d i c a t i n g  C o n t a c t o r  S w i t c h  U n i t ( I C S / 1  a n d  I C S / T )  

The d-e indicating contactor switch i s  a small 
clapper type device" A magnetic armature ,  to which 
l eaf- spring mounted contacts are attached, is attracted 
to the ma gnetic core upon energization o f  the switch. 
When the switch clo ses the moving contacts bridge 
two stationary contacts, completing the trip circuit. 
Al so during this operation two fingers on the armature 
deflect a spring located on the front of the switch, 
which allows the operation indicator target to dro p .  
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CONTACT GAP 
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184A995 
Fig. 6. Time Curve of the Directional Unit (D) 

The front spring, in addition to holding the target, 
provides restraint for the armature and thus controls  
the  pickup value of the switch. 

C H A R A C T E R I S T I C S  

The time characteristics of the time overcurrent 
relays are designated by specific numbers as indicat­
ed below ( eg. IRQ-8). 

T i m e  
C h aracte r i s t i c s  

Short Time 

Long Time 

Definite Time 

Moderately Inverse Time 

Inverse Time 

Very Inverse Time 

Extremely Inverse Time 

D e s i g n at i o n  

2 

5 

6 

7 

8 

9 

1 1  

The relays are available in the following current 
ranges: 

Time Overcurrent Unit 

Range Tap s  

. 5-2 .5  

2-6 

4- 12  

0 . 5  0 . 6  0 . 8  1 .0  

2 2. 5 3 3 . 5  

4 5 6 7 

1 . 5 2 .0  2 .5  

4 5 6 

8 10 1 2  

REST OF C I RCUIT MOTE: 
--{ SAME .1.$ TIIAT AT CLOSE CS-1 COitTACTS lEFT TO TEST OYEICUIIEIT 

ALTERIU.TJVE CONNECTI O!'S FOR 5 T0 2. S .uti'ERE U.IIGE 
I RJI-5 AND I�Q-6 RH.I.YS 

I[,, 
Ult!T (CO) 

292B934 
Fig. 7. D iagram of Test Connections for the Circuit Clos ing 

Time Overcurrent Unit  of the IRQ Relay. 

Instantaneous Overcurrent Unit (I) 

Range Tap s  

0 . 5- 2  Amps 0 . 5  0.  7 5  1 . 0  1 . 25 1 . 5  2 

1-4 1 .0  1 . 5  2 . 0  2 .5  3 .0 4 .0  

2-8 2 3 4 5 6 8 

4- 16  4 6 8 9 1 2  1 6  

10-40 10 15 20 24 30 40 

20-80 20 30 40 48 60 80 

The tap value is  the m1mmum current required to 
just close the relay contacts. 

The time vs. current characteristics for the time­
overcurrent unit are shown in Figs. 15 to 2 1 .  These 
characteristics give the contact closing time for the 
various time dial settings when the indicated multi­
ples of tap value current are applied to the relay. 

The time vs. current characteristics for the in­
stantaneous overcurrent unit is shown in Fig. 1 3 .  

The time v s .  current characteristics for the direc­
tional unit is shown in Fig. 6 .  

D i re c t i o n a l  U n i t ( D )  

The directional unit minimum pick-up is  approx­
imately 0. 76 volt-ampers ( e .  g. 0 . 19  volt and 4 am-
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T YP E  I RQ R E L AY ____________________________________________________________ __ 

! FRONT VIEW) 

ADJUST MIDDLE FILTER 
RESISTOR SLIO£R FOR 
ZERO VOLTAGE 

DISCONNECT LEAD TO 
LOWER RIGHT HAND TERM 
I RIGOO T - VIE W )  
O F  MUTUAL REACTOR 

0·1� VOLT 
RECTOX VOLTMETER 

POSITIVE SEQUENCE CALIBRATION NEUTRAL TAl' CALIIIII.&TION 290B264 

Fig. 8. Test Di agram for Calibration of the Negative Sequence Current Filter in the I R Q  R elay. 

peres) in tenns of  negative sequence quantities  appli ed 
at the relay terminals at the m aximum torque angle 
of approximately 98°( current leading voltage). 

A typical sensitivity curve for the negative seq­
uence directional unit is shown in Fig. 5. 

The tim e  vs current characteristic for the direc­
tional unit is shown in Fig. 6 .  

T r i p  C i r c u i t  

The relay contacts will safely clo se 3 0  amperes 
at 250 volts d. c. and the seal-in contacts of the indi­

cating contactor switches  will safely carry this cur­
rent long enough to trip a circuit breaker. 

The indicating contactor switch has two tap s that 
provide a pickup setting of 0. 2 or  2 amperes. To 
change taps requires connecting the lead located in 
front of  the tap block to the desired setting by m eans 

6 

of a screw connection. 

C y l i n d e r  U n i t  C o n t a c t s  

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

The set screw in each stationary contact has 
been shop adjusted for optimum follow and thi s ad­

justment should not be distrubed. 

T r i p  C i r c u i t  C on s t a n t s  

Inidcating Contactor Switch -

0. 2 ampere tap s - 6 . 5  ohms d-e resistance 
2.0 ampere tap s - 0 . 15 ohms d. c resistance 

The auxili ary switch operating tim e  is approxi­
m ately 5 milliseconds. 

d. c resistance - 1 165 ohm s 
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T Y P E  I R Q  R ELAY __________________________________________________________ I ._L_. _41_·1_J_J._2_B 

STATION BUS 

z 0 
;::: :.l 
"' 
0 

I 2 3 

PHASE ROTATION 1 · 2 · 3  

R E L A Y ----l_J__ _ )  ( FRONT V IE W )  
TEST 

1 .  OPEN RELAY SWITCH 10 

2 .  OPEM RELAY SWITCH 16 AND JUMPER SWITCH JAWS 
16 AND 1 5  

3 .  OPEN RELAY SWITCH � 

�. D I RECTIONAL CONTACT SHOULD CLOSE WHEN POWER 
FLOW IS I HTO L I N E ,  OVER THE RANGE OF 
1�20 LAGG I N G  TO 380 LEAD I N G  POWER FACTOR. 
MAXI MUM CLOS I N G  TORQUE OCCURS AT 
APPROX IMATELY 520 LAG. 

290B560 
Fig. 9. In Service Test Procedure for Verifying Proper External Connections Where CT Neutral is Formed Within the Relay. 

S E T T I N G S  

D i re ct i o n a l  U n i t  ( D )  

N o  setting i s  required. 

T i m e O verc u rrent  U n i t  ( C O )  

The time overcurrent unit settings can be defined 
either by tap setting and time dial position or by tap 
setting and a specific time of operation at some cur­
rent multiple of the tap setting ( e . g. 4 tap setting, 2 
time dial position or 4 tap setting, 0. 6 seconds at 
6 times tap value current) .  

To provide selective circuit breaker operation, a 
minimum coordinating time of 0 . 3  seconds plus circuit 
breaker time is recommended between rel ay being 
set and the relays with which coordination is to be 

effected. 

The connector screws on the tap plate above the 

time dial mak e s  connections to various turns on the 
operating coil. By placing this screw in the various 

tap plate holes,  the relay will just close  its contacts 

at the corresponding current in amperes, or as marked 
on the tap plate. 

C A U T I O N :  Since the tap block connector screw 
carries op erating current, be sure that the screw is 
turned tight. In order to avoid opening the current 
transformer circuits when changing taps under load, 

connect the spare connector screw in the desired 
position before removing the other tap screw from the 
original tap position. 

I n stan tan e o u s  R e c l o s i n g  

The factory adjustment of  the C O  unit contacts 
provides a contact follow. Where circuit breaker re­
closing will be intiated immediately after a trip by 
the CO contact, the time of the opening of the con­
tacts should be a minimum. This condition is obtained 
by loosening the stationary contact mounting screw, 
removing the contact plate and then replacing the 
plate with the bent end resting against the contact 
spring. With this change and the contact mounting 
screw tightened, the stationary contact will rest 
solidly against its backstop. 

I n stanta n e o u s  O v e r c u r r e n t  U n i t (I) 

The only setting required is  the pickup current 
setting which is made by means of the connector 
screw located on the tap plate. By placing the con-
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T Y P E  I R Q  R ELAY __________________________________________________________ __ 

STATION BUS PHASE ROTATION 1 · 2 · 3  

F T - 1  SWITCH 

S NO. 498A009GOI 

I 2 3 

TEST NO. I • POLAR I TY CHECK FOR 1 5 / 5  AMPERE AUX I L I ARY ---
CURRENT TRANSFORMER 

t. OPEN RELAY SWITCH 1 0  AND FT-1 SWITCH J 

2. OPEN RELAY SWITCH 16 AND JUMPER SWI TCH JAWS 
16 AND 1 5  

3.  OPEN FT-1 SWITCHES B, F AND H 

�- D I RECTIONAL CONTACT SHOULD REMA I N  OPEN WHEN 
POWER FLOW IS INTO THE L I ME, OVER THE 
RANGE OF 82° LAGG I N G  TO 98° LEAD I N G  POWER 
FACTOR. MAXI MUM OPEN I N G  TORQUE OCCURS AT 
APPROX IMATELY 8° LEAD I M G  POWER FLOW. 

TEST MO. 2 - RELAY OPERAT ION TEST 

t. OPEN RELAY SWITCH 1 0  AMp FT-1 SWITCH J 

2 .  OPE" RELAY SWI TCH 16 AND JUMPER SWI TCH JAWS 
16 AMO 1 5  

3. OPEN FT-1 SWI TCH B 

�. D I RECT I ONAL CONTACT SHOULD CLOSE WHEN POWER 
FLOW I S  INTO L I ME, OVER THE RANGE OF 
1 �2° LAGG I N G  TO 38° LEA D I N G  POWER FACTOR. 
MAXIMUM CLOS I N G  TORQUE OCCURS AT 
APPROX IMATELY 52" LAG. 

290B559 
Fig. 1(1. In Servi ce Test Procedure for Verifying P roper External Connections Where CT Neutral is Formed Externally.  

nectar screw in the desired tap , the relay will just 
close  its contacts at the tap value current. 

C A U T I O N  Since the tap block connector screw 
carries operating current, b e  sure that the screw i s  

turned tight. 

In order to avoid  opening the current transformer 
circuits when changing taps under load, connect the 
spare tap screw in the desired position before re­
moving the other tap screw from the original tap 
position. 

N e g a t i v e S e q u e n c e  F i l te r  

8 

No setting i s  required.  

I ndi cat ing Contactor Swi tch ( I CS/1 and I CS/T) 

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

Auxi l i ary Switch (CS - 1) 
The only setting required on the CS- 1 unit is  

the selection of the required 24 , 48,  1 25 or 250 volt­
age on the tapped resistor. This connection can be 
made by referring to Fig.  14.  

I N S T A L L A T I O N 

The relays should be mounted on switchboard 
p anel s  or their equivalent in a location free from 
dirt, moisture, excessive vibration and heat. Mount 
the relay vertically by m eans of the two mounting 
studs for the FT projection case or by m eans of  
the four mounting holes in the flange of the semi­
flush type FT case. Either of the studs or the mount­
ing screws may be utilized for grounding the relay. 
The electrical connection may be made directly to 
the terminal s  by means of screws for steel p anel 
mounting or to terminal studs furnished with the relay 
for thick p anel mounting. The terminal studs may be 
easily removed or inserted by locking two nuts on 

the studs and then turning the proper nut with a 
wrench. 

For detailed FT case information, refer to L L .  
4 1-076. 
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TYPE I RQ R ELAY __________________________________________________________ �I -�L�- �41�- 1�3�3-�2 8  

z 0 
>= 
u 
"' 
a: 
i5 
"' z 
a: 
a. 
ii' .... 

STATION BUS PHASE ROTATION 1 , 2 , 3  

5 2  

, ,  I I  I I  I I : I  

OTHER 
RELAYS 

I :  I I 1 I 6 7N 6 7 N  

I i i � I I I 67N 6 7 N  1 1 1 6 --y--1 I Le�����\rl�b0-.-

6 7 N  s-
6 7 N  """7 
67N 9 

67N 16 

\ V2 (

1

R

O

�F J  

I 
1 2 

CO C I CLOSES I 
I 
I 

DIRECTI ONAL UNIT PMASE ANGLE 
CHARACTERISTICS 

D. C .  TRIP B U S  
P O S �----------------------------

(i7N 
10 

D E V I C E  N U M B E R  CHART 

6 7 N - D I R E C T I O N A L  OVERCURRENT NEGATIVE 
SEQUENCE GROUND R E L AY, T YPE IRQ 

D DIRECTIONAL U N I T  

C O  - T I M E - OV E R C U R R E N T  U N I T  

- I N S T A N T A N E O U S  0/C U N I T  

I/ST - SATURAT I N G  T R A N S FO R M E R  
F O R  INSTANTANEOUS 0/C U N I T  

1 I 6;• 

: L_�����-t�o-t-
1 I I 

OTHER 
RELAYS 

ALTERNATE 
CONNECTION 
( NEUTRAL FORMED 

EXT ERNALLY ) 

ICS - INOICATING C O N TA C T O R  SWITCH 

C S · I  - A U X I L I A R Y  CONTAGTOR SWITCH 

52 POWER C I R CU I T  B R E A K E R  

I 2 3 

I 5A 

I -
I 67N I 67N l 5f5 

��� -�- --v,.. �iSA----....-------PRI. 

a - A U X I L I A R Y  CONTACT 

T C  - TRIP C O I L  

290B55l 

Fig. 1 1 . External  Schematic o f  IRQ R elay. 

The external connections of the directional 
overcurrent relay are shown in Fig. 1 2. 

A D J U S T M E N T  A N D  M A I N T E N A N C E  

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

A c c e p t a n c e  C h e c k  

The following check i s  recommended to insure 
that the relay is in proper working order; 

N e g a t i v e  S e q u e n c e  F i l te r  

The filters are adjusted for balance i n  the factory 

and no further adjustments or maintenances should be 
required. The nominal voltage and current output of  
the filters on po sitive sequence is approxirnately zero. 
This serves as a convenient check on the balance of 
the filters. If any two input l eads to the potential 

filter should be interchanged, a high voltage occurs 
across the output terminals of the filter. Similarly,  

if  any two of the phase leads to the input tenninals 
of  the current filter are interchanged, an output cur­
rent will be obtained. 

D i rect i o n a l  U n i t  ( D )  

1 .  Contact Gap - The gap between the station­
ary contact and moving contact with the relay in the 
de-energized position should be appro ximately . 0 20" 

2.  Sensitivity - Refer to the test diagram in fig. 

12 .  Apply a single-phase voltage V 1 2  equal to 0 . 5 7  

volts ( corresponds to a negative-sequence input 

voltage of . 19 volts) and a single-phase current e qual 

to 6.93 amperes as shown (corresponds to a negative 
sequence input current of  4 amperes). With a phase 
angl e meter connected as shown, rotate the phase 
shifter until the current l eads the voltage by 188°. 
Thi s corresponds to the negative sequence component 
of current leading the negative sequence component 
of  voltage by 98 °. The directional unit contact 
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T Y P E  I RQ R EL AY 
-------------------------------------------------------------------------

AUTO- __ TfUMSFORIII[R- __-

FRQJIIT YI!W 

II.MWETEA 

REACTOR 

184A599 
Fig. 12.  Test D i agram for Checking Maximum Torque Angle  

and Min imum Voltage for Contact Closure of the 
D irection al  Unit. 

should pick up within ± 10% of  the above input volt­
age to the relay. 

3.  Spurious Torque - With the relay connected 
in the t e st diagram as abov e ,  remove th e input volt­

a�e and connect terminais 14,  15 ,  and 16 together. 
Remove the phase-angle m eter. With 80 amp eres 
single-phase current applied, there should be no 
spurious closing torque. 

T i m e O v e r c u r r e n t  U n i t  (C O )  

L Contacts - The index m ark on the movement 
frame will coincide with the "0" mark on the tim e 
dial when the stationary contact has moved through 
approximately one-half  of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop, the index mark is  offset to the right of  the 
"0" mark approximately . 0 20 " .  The plac ement of 
the various time dial positions in line with the index 
mark will give operating times as shown on the re­
spective time-current curves. 

2. Minimum Trip Current - Set the time dial to 
position 6 with the auxiliary switch (C8- 1) contacts 
blocke d  closed, alternately apply tap value current 

1 0  

plus 3o/c and tap value current minus 3o/c. The moving 
contact should l eave the backstop at tap value cur­
rent plus 3% and should return to the backstop at 
tap value current minus 3%. 

3. Time Curve - Table 1 shows the time curve 
calibration points for the various type s  of relays. 
With the time dial set to the indicated position, apply 

the current specified by Table 1 ( e. g. for the IRQ- 2 ,  

3 and 20 times tap value current). And measure the 
operating time of the relay. The operating tim e s  
should equal tho se of Table 1 plus or minus 5 p ercent. 

For type IRQ- 1 1  relay only, the 1. 30 tim e s  tap 

value operating time from the number 6 time dial 
position in 54.9 ±5o/c seconds. It is important that the 
1 .30 tim e s  tap value current be maintaine d  accurate­
ly. The m aintaining of this current accurately is ne­
cessary because of the steepness of the slope of the 
time-current characteristic ( Fig. 2 1) . .  A 1% variation 
in the 1.  30 tim e s  tap value current (including mea­
suring instrument deviation) will change the nominal 
operating time by approximately 4%. 

I n st a n t a n eo u s  O ve r c u rrent  U n i t  (I) 

1 .  Contact Gap - The gap between the stationary 
and moving contacts with the relay in the de-ener­
gized position should be approximately . 0 20 " .  

2 .  Minimum Trip Current - The normally- closed 
contact of the directional unit should be blocked open 
when checking the pick-up of the overcurrent unit. 

The pick-up of the overcurrent unit can be check­
ed by inserting the tap screw in the desired tap hole 
and applying rated tap value current. The contact, 
should clo se within ± 5o/c of  the tap value current. 

I nd i c a t i n g  C o n t a c t o r  S w it c h e s  ( I C S /1  a n d  ( I C S/T ) 

A) Close  the contacts of the CO and p ass suf­
ficient d. c. current through the trip circuit to close  

the contacts of ( ICS/T). This value of current should 

not be greater than the p articular ( ICS/T) tap setting 

being used. The operation indicator target should 
drop freely, bringing the letter "T" into view. 

B) Close  the contacts of  the instantaneous over­
current unit (I) and the directional (D).  Pass suf­
ficient d. c. current through the trip circuit to close 
the contacts of  (ICS/I). This value of current should 
not be greater than the p articular (ICS/I) tap setting 
being used. The operation indicator target should 
drop freely, bringing the l etter "I" into view. 

C) The contact gap should be approximately 
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T Y P E  I RQ R ELAY ____________________________________________________________ I_. L_. _41_·�13�3.�2 B  

\ T Y P I C A L  T I M E  C U R V E S  
C Y L I N D E R  

I N STANTANEOUS OVE R C U R RENT U N I T  

� � .......... ...........__ --

50 

(/) 40 
Q 
z 
0 0 w 30 (/) 
....J 
....J 
� 
z 20 
w 
:! 
1- 10 

0 
0 2 4 6 8 1 0  1 2  1 4  1 6  

M U LT I P L E S  OF TAP VA L U E  C U R RE N T  
184A946 

Fig. 13. Typical Time Curve of the Instantaneous O vercurrent Un it. 

. 047" between the bridging moving contact and the 
adjustable stationary contacts. The bridging moving 
contact should touch both stationary contacts sim­
ultaneously. 

R o ut i ne M a i nt e n a n c e  

All relays should be inspected p eriodically and 
the time o f  operation should be checked at l east 
once every year or at such other time intervals as 
may be dictated by experience to be suitable to the 
p articular application. 

If an additional time check is desired, p ass sec­
ondary current through the relay and check the time of  
operation. I t  is preferable to mak e  this at  several 
times  pick-up current at an expected operating point 
for the particular application. For the . 5 to 2.  5 ampere 
range IRQ-5 and IRQ-6 induction unit use the alterna­
tive test circuit in Fig. 7 as these relays are affected 
by a distorted wave form. With this connection the 
25/5 ampere current transformers should be worked 
well below the knee of the saturation (i . e. ,  use 10L50 
or better). 

All contacts should be periodically cleaned. A 
contact burnisher i't 18 2A836HO 1 is recommended for 
this purpo se. The use of abrasive material for clean­
ing contacts is not recommended, because of the 

danger of embedding small particles  in the face o f  
the soft silver and thus  impairing the contact. 

C a l i b rat io n 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for rep airs or 
the adjustments have been disturbed. This procedure 
should not be used unl e ss it is apparent that the re­
lay is not in proper working order. ( See "Acceptance 
Check ").  

N e g a t i v e  S e q u e n c e  V o l ta g e  F i l te r  

A. Apply 1 20 volts balanced 3 phase voltage 
60 cycles to terminal s 14 ,  15, and 16 of the relay , 
making sure that phase 1 ,  2, and 3 of the applied 
voltage is connected to terminals 14, 1 5 ,  and 16 
repectively. 

B. Using a calibrated high resistance rectox 
voltmeter, measure the voltage between th-e tap on 

the auto-transformer (middle terminal , lower-right 
hand reactor, front view) and the tap on the adjust­
able 2" resistor. If the voltage is high ( 40 to 50 
volts) the filter is  probably improperly connected. 
If properly connected, the voltage will be low. Using 
a low range ( approximately 5 volts) move the adjust­
abl e tap until the voltage reads a minimum. This 
value should be l ess than 1 . 5  volts. 
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TY PE I RQ R ELAY--------------------------------------------------------------

N e g a t i ve S e q u e n c e  C u rrent  F i l te r  

Refer to fig. 8 for positive sequence calibration. 
A. Connect relay terminals 7 and 9 together. 

Remove l ead to lower right hand terminal of mutual 
reactor (right side view) to disconnect the directional 
unit. 

B. Pass 10 amperes in terminal 6 and out ter­
minal 8 .  

C. With a 0- 15 volts, rectox type voltmeter, 
measure and record voltage between terminals 6 and 
the lower right hand terminal of mutual re actor. Thi s 
voltage should be between 1 .85  and 1 .95 volts. 

D. No w  me asure the voltage from terminal 6 to 
terminal 7 .  Adj ust the top filter resistor tap until 
this voltage is 1. 73 times the reading of part C. 

R efer to fig. 8 for neutral tap calibration. 

A. Using the test connections as shown and a 
low range voltmeter connected between terminal 6 and 
7 ,  adjust the middle filter re sistor tap connection 
until the measured voltage is zero. R econnect lead 
to mutual reactor at end o f  this test. 

D i re c t i o n a l  U n i t  ( D )  

1 .  Th e upper bearing screw should b e  screwed 
down until there i s  approximately . 0 25" cl earance 
between it and the top of the shaft bearing. The upper 
pin bearing should then be securely locked in posi­
tion with the lo ck nut. 

2. Contact gap adjustment for the directional 
unit is made with the moving contact in the reset 
position, i . e., against the right side of the bridge. 
Advance the right hand stationary contact until the 
contacts just clo se. Then advance the stationary 
contact and additional one-half tum. 

No w  move in the l eft-hand stationary contact 
until it just touches the moving contact. Then back 
off the stationary contact % of one tum for a contact 
gap of .020" to . 024" . The clamp holding the station­
ary contact housing need not be loosened for the 
adj ustment since the clamp utili zes a spring-type 
action in holding the stationary contact in position. 

3. The sensitivity adjustment is made by varying 
the tension of the spiral spring attached to the mov­
ing element assembly. The spring is adj usted by 
placing a screwdriver or similar tool into one of tha 

1 2  

notches located on the periphery o f  the spring ad­
juster and rotating it. The spring adjuster i s  located 
on the underside of the bridge and is hel d  in plac e 
by a spring typ e clamp that does not have to b e  
loosened prior t o  making the necessary adjustments. 

The spring is to be adjusted such that the con­
tacts will close when the r elay is energized with 
0.57  volts and 6.93 amp s at 188° (current l eading 
voltage), considering the rel ay connected to the test 
circuit in Fig. 1 2. 

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

The reversing of the spurious torques i s  accom­
plished by using the adjusting plugs in the following 
manner: 

a) Connect the relay voltage circuit terminal s 
(phase 1 ,  2 and 3) together. 

b) Apply 80 amp eres singl e - phase current 
(momentarily) in phase 2 terminal and out phase 3 
terminal. 

Plug adjustment is then made p er Table II such 
that any contact closing spurious torques are reversed. 
The plugs are held in position by upper and lo wer 
plug clips. These clips need not be disturbed in any 
manner when making the n ecessary adjustment. 

The magnetic plug adj ustment may be utilized to 
po sitively close the contacts on current alone. Thi s 
may be desired on some in stallations in order to in­
sure that the relay will always trip the breaker on 
zero potential. 

I n s t a n t a n e o u s  O v e r c urrent  U n i t  ( 1 )  

1. The upper pin bearing should be screw ed down 
until there is appro ximately . 0 25 clearance between 
it and the top of shaft bearing. The upper pin bearing 
should then be securely lo ck ed in po sition with the 
lock nut. The lo wer bearing po sition i s  fixed and can­
not be adjusted! 

2. Th e contact gap adjustment for the overcurrent 
unit is made with the moving contact in the reset 
position, i . e. ,  against the right side of the bri dge. 
M o v e  in th e l eft-hand stationary contact until it j ust 
touches the moving contact then back o ff the station­
ary contact 2/3 of one tum for a gap of appro ximately 
. 0 20".  The clamp holding the stationary contact hous­
ing need not be loo sened for the adjustment since the 
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clamp utilizes a spring-type action in holding the sta­
tionary contact in po sition. 

3 .  The sen sitivity adjustment is made by varying 
th e ten sion o f  th e spiral spring attached to the mov­
ing element assembly. The spring is adj usted by 
placing a screwdriver or similar tool into one of the 
notches located on the periphery of the spring ad­
juster and rotating it. The spring adjuster is located 
on the underside of the bridge and is hel d in place 
by a spring typ e clamp that do es not have to be 
loosened prior to making the necessary adjustments. 

Before applying current, block op en the normally­
clo sed contact of the directional unit Insert the tap 
screw in the minimum value tap setting and adj ust 
the spring such th at th e contacts will close as indi­
cated by a neon lamp in the contact circuit when 
energi zed with the required current. The pick up of 
the overcurrent unit with the tap screw in any other 
tap should be within ±5o/c of tap value. 

If adjustment of pick-up current in between tap 
settings is desired insert the tap screw in the next 
lowest tap setting and adjust the spring as de scribed. 
It should be noted that this adjustment results in a 
slightly different time characteristic curve and burden. 

Time Overcurrent Unit (CO) 
1) Contacts - The index mark on the movement 

frame will coincide with the "0 " mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. 
Therefore, with the stationary contact resting against 
the backstop, the index mark is o ffset to the right of 
the "0" mark by approximately . 0 20".  The place­
ment of the various time dial po sitions in line with 
the index mark will give op erating times as shown on 
the respective time-current curves. 

2) Minimum Trip Current - The adjustment of 
the spring tension in setting the minimum trip current 
value of the relay is most conveniently made with the 
damping magnet removed. 

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

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

With the auxiliary switch (C& 1) contacts block ed 
closed, adj ust the control spring tension so that the 
moving contact will leave the backstop at tap value 
current + l . Oo/c and will return to the back stop at tap 
value current - l.Oo/c. 

3) Time Curve Calibration - Install the perma­
nent magnet. 

Apply the indicated current per Table 1 for perma­
nent magnet adjustment ( e. g. IRQ-8,  2 times tap value) 
and measure the op erating time. Adjust the permanent 
magnet keeper until the op erating time corresponds 
to the value of Table 1. 

For typ e IRQ- 1 1  relay only, the 1. 30 times tap 
value operating time from the number 6 time dial 
po sition is 54.9 ±5o/c seconds. It is important that the 
1 . 30 times tap value current be maintained accurate­
ly. The maintaining of this current accurately is nec­
essary because of the steepness of the slope of th e 
time- current characteri stic (Fig. 2 1). A 1o/c variation 
in the 1 .30  tim e s  tap value current (including mea­
suring instrument deviation) will change the nominal 
operating time by approximately 4o/c if the op erating 
time at 1 .  3 times tap value is not within these limits, 
a minor adjustment of the control spring will give the 
correct op erating time without any undue effect on the 
minimum pick-up of the relay. This check is to be 
made after the 2 times tap value adj ustment has been 
completed. 

Apply th e indicated current p er Table 1 for the 
el ectromagnet plug adj ustment ( e. g. IRQ-8,  20 times 
tap value) and measure the operating time. Adjust the 
proper plug until the operating time corresponds to 
the value in Table 1 (Withdrawing the left hand plug, 
front view increases the op erating time and withdraw­
ing the right hand plug, front view, decreases the 
time. ) In adjusting the plugs, one plug should be 
screwed in completely and the other plug run in or 
out until the proper op erating time has been obtained. 

Recheck the p ermanent magnet adjustment. If the 
operating time for this calibration point has changed, 
readjust the permanent magnet and then recheck the 
electromagnet plug adj ustment. 
Indicating Contactor Switches (ICS/1) and (ICS/T) 

Adjust the contact gap for approximately . 047 " .  

A) C l o s e  t h e  contacts o f  the C O  and the direc­
tional unit and pass sufficient d. c. current through 
the trip circuit to close the contacts of the (ICS/T). 
This value of current should not be greater than the 
particular (ICS/T) tap setting being used. The op er­
ation indicator target should drop freely bringing the 
letter "T" into view. 

B) Close contacts of instantaneous overcurrent 
unit (I)  and directional unit (D). P ass sufficient d. c. 
current through the trip circuit to clo se contacts of 
the (ICS/1). This value of current should not be great­
er than the particular (ICS/1) tap setting being used. 
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TYPE I RQ R ELAY ____________________________________________________________ __ 

The operation indicator target should drop freely 
bringing the letter "I" into view. 

A u x i l i a ry S w i t c h  ( C S - 1 ) 

Adjust the stationary core o f  the switch for a 
clearance between the stationary core and the moving 
core when the switch i s  picked up. This can be done 
by turning the relay upside- down. Then screw the core 
screw up until the moving core starts rotating. Now 

back off the core screw until the moving core stop s 
rotating. This indicates the points when the play in 
the assembly i s  taken up, and where the moving core 
just separates from the stationary core screw. Back 
off the core screw appro ximately one turn and lock in 
place. This prevents the moving core from striking 
and sticking to the stationary core because of resi­
dual magnetism. Adjust the contact clearance for 
3/64" by means of the two small nuts on either side 
of  the Micarta disc. 

Connect l ead (A) to proper terminal p er Fig. 14. 
Block directional unit (D) contacts close and ener­
gize  trip circuit with rated voltage. Contacts of aux­
iliary switch (C& 1) should mak e  as indicated by a 
neon l amp in the contact circuit. 

R E N E W A L  P A R T S  

Repair work can b e  done most satisfactorily at 
the factory. However, interchangeable p arts can be 
furnished to the customers who are e quipped for doing 
repair work. When ordering p arts, always give the 
complete nameplate data. 

POSITION RATED D - C  RES ISTOR 

L E AD 0 VOLTAGE RESISTANCE 

2 48  300 
3 1 2 5  2700 

4 2 50 6500 

NOTE RELAYS ARE SHIPPED ON THE 125 VOLT TAP 

184A316 

Fig. 14. Selection of P roper Voltage Tap for A uxi li ary Switch 
(CS- 1) Operation. 

TAB L E  I 

T I M E  C U R V E  C AL I B R A T I O N  D A T A - 60 C Y CL E S  

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME- TIME CURRENT OPERATING CURRENT OPERATING 
OVERCURRENT DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME 

UNIT TYPE POSITION TAP VALUE ) SECONDS TAP VALUE) SECONDS 

IRQ- 2 6 3 0.57 20 0.22 

IRQ- 5 6 2 37.80  1 0  14.30 

IRQ- 6 6 2 2.46 2 0  1 . 19 

IRQ- 7 6 2 4.27 20 L l l  

IRQ- 8 6 2 13.35 20 1 . 11  

IRQ- 9 6 2 8.87 2 0  0.65 

IRQ- 1 1  6 2 1 1. 27 20 0 .24 
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T A B L E  I I  

DIR ECTIONAL UNI T  CALIBRATION t 

R E LAY RAT I NG CURR ENT AMP E R E S  BOT H  P L UGS I N  COND I T I ON ADJ USTMENT 

All Ranges 80 Spurious Torque In Contact Right (Front-View) Plug Screwed 
Closing Direction (Left Front Out UntH Spurious Torque is Re-
View) versed. 

All Ranges 80 Spurious Torque In Contact Left (Front View) Plug Screwed 
Opening Direction (Right Front Out Until Spurious Torque is in 
View) (Contacts remain open) Contact Closing Direction. Then 

the plug is screwed in Until Spuri-
ous Torque is Reversed. 

t Short circuit the voltage polarizing circuit at the relay terminals before making the above adj ustment. 

E N E RGY R EQUI R EMENTS 

I R Q-2 TIME O V E R CU R R E N T  U N I T S  

VOLT AMPERES**  

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 
AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT CURRENT CURRENT CURRENT 

0.5 0 .9 1  28 58 4.8 39.6 256 790 
0. 6 0 .96 28 57 4 .9  39 .8  270 85 1 
0 .8 1 . 18 28 53 5.0 42.7 308 1024 

0 .5/2.5 1 . 0  1 . 37 28 50 5 . 3  45 .4  348 1220 
1 . 5  1 .95 28 40 6 .2  54.4 435 1740 
2 .0 2 . 24 28 36 7.2 65.4 580 2280 
2.5 2 .50 28 29 7.9 73.6 700 2850 
2.0 3 . 1  1 10 59 5.04 38 .7  262 800 
2.5 4.0 110 55 5. 13  39.8 280 920 
3.0 4.4 1 10 5 1  5 . 37  42. 8 3 12  1008 

2/6 3 .5  4 .8  1 10 47 5.53 42.8 329 1 120 
4 . 0  5 .2  1 10 45 5 .72 46.0 360 1216 
5 .0  5 .6  1 10  4 1  5 .90 50.3 420 1500 
6.0 6.0 1 10 37 6.54 54.9 474 1800 
4 .0  7 . 3  230 65 4. 92 39. 1 268 848 
5.0 8.0 230 50 5 . 20 42.0 305 1020 
6 .0 8 .8 230 47 5 . 34 44. 1 330 1 1 28 

4/12 7.0 9 . 6  230 46 5 .53 45. 8  364 1260 
8 .0  10 .4  230 43 5.86 49.9 400 1408 

10.0 1 1 . 2  230 37 6 .6  55.5 470 1720 
12.0 12.0 230 34 7.00 62.3 528 2064 

• Thermal cafacities for short times other than one s econd may be calc ulated on the basis of time being inversely proportional to the 
square of t e current. 

¢ Degrees c urrent lags voltage at tap value current, 

• •  Voltages taken with R e ctox type voltmeter . 
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E N ERGY R EQUI REMENTS 

I RQ-5, I RQ-6 TIME OVE R C U R R E N T  UNITS 

VOLT AMPERES•• 

CONTIN uOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 
TAP VALUE 

CURRENT 
AMPERE 
RANGE TAP 

(0.5 

(0.6 

(0.8 

0.5/2.5 ( 1 . 0  

( 1. 5  

( 2 . 0  

(2.5 

(2 

(2 .5  

(3  

2/6 (3.5 

(4 

(5 

(6 

(4 

(5 

(6 

4/12 (7 

(8 

(10 

( 1 2  

AMPERE 
RANGE TAP 

0.5/2. 5 

2/6 

4/12 

(0 . 5  

(0.6 

(0.8 
( 1. 0  

( 1 . 5  
(2.0 

(2.5 

( 2  

( 2 . 5  

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

(10 

( 1 2  

RATING 
(AMPERES) 

2 

2. 2 

2 .5  

2 .8  

3 .4  

4 . 0  

4.4 

8 

8.8 

9.7 

10.4 

1 1 . 2  

1 2. 5  

13.7 

16 

18.8 

19 .3  

20 .8  

22.5 

25 

28 

RATING• 
(AMPERES) 

88 

88 

88 

88 

88 

88 
88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

FACTOR TAP VALUE TAP VALUE TAP VALUE 
ANGLE ¢ CURRENT CURRENT CURRENT 

69 3 .92 20.6 103 

68 3 . 96 20.7 106 

67 3.96 2 1  1 14 

66 4.07 21 .4 122 

62 4 .19  23 .2  147 

60 4.30 24.9 168 

58 4 .37 26. 2  180 

67 3 . 88 2 1  1 10 

66 3. 90 21 .6  1 18 

64 3 .93 22. 1 126 

63 4.09 2 3 . 1  136 

62 4 .12  23 .5  144 

59 4 . 20 24.8 162 

57 4 .38 26.5 183 

65 4.00 22.4 126 

63 4. 15 23.7 143 

61 4 ,32 25.3 162 

59 4 .  35 26.4 183 

56 4.40 27 .8  204 

53 4 .60 30. 1  247 

47 4 .92 35.6  288 

270 

288 

325 

360 

462 

548 

630 

308 

342 

381 

417 

448 

540 

624 

376 

450 

53 1 

6 1 1  

699 

880 

1056 

I R Q-7 T IME OVE R C U R R E NT U N ITS 

CONTINUOUS ONE SECOND 
RATING RATING• 

(AMPERES) (AMPERES) 

2 

2. 2 

2 .5  

2 .8  

3 . 4  
4 . 0  

4 . 4  

8 

8 .8  

9 .7  

10.4 

1 1.2 

1 2.5 

13.7 

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

68 

67 

66 
64 

6 1  

58 

56 

66 

63 

63 

62 

61 

59 

58 

64 

6 1  

60 

58 

55 

51 

46 

3.88 

3 .93 

3 . 93 
4.00 

4.08 

4 . 24 

4.38 

4.06 

4.07 

4 . 14 

4 . 34 

4 .
,
34 

4 .40 

4 .62 

4.24 

4 .30 

4.62 

4.69 

4 .80 

5 . 20 

5.40 

VOLT AMPERES• • 

AT 3 TIMES AT 10 TIMES AT 20 TIMES 
TAP VALUE TAP VALUE TAP VALUE 

CURRENT CURRENT CURRENT 

20.7 

20.9 

2 1 . 1  
21.6 

22 . 9  

24 .8  

25 .9  

21 .3  

21.8 

22.5 

23.4 

23. 8  

25.2 

27 

22.8 

24 . 2  

25.9 

27.3 

29.8 

33 

37.5 

103 

107 

1 14 
1 22 

148 
174 

185 

1 1 1  

120 

1 29 

141 

149 

163 

183 

129 

149 

168 

187 

2 1 1  

260 

308 

278 

288 

320 

356 

459 
552 

640 

306 

342 

366 

413 

448 

530 

624 

392 

460 

540 

626 

688 

860 

1032 

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

cf> Degrees current lags voltage at tap value current. 

•• Voltages taken with R ectox type voltmeter. 
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AMPERE 
RANGE 

0.5/2.5 

2/6 

4/12 

E N E RGY REQUI R EMENTS 

I RQ-8, I R Q-9 T IME OVERCU R R E N T  U N ITS  

TAP 

(0.5 

(0.6 

(0.8 

( 1 . 0  

( 1 .5 

(2 .0 

(2.5 

(2 

(2 .5 

(3 

(3 .5  

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

( 10 

( 1 2  

CONTINUOUS 
RATING 

(AMPERES) 

2 

2.2 

2.5 

2.8 

3.4 

4 .0 

4 .4 

8 

8.8 

9.7 

10.4 

1 1 . 2  

12.5 

13 .7  

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

ONE SECOND 
RATING ' 

(AMPERES) 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

4 60 

460 

460 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

72 

71 

69 

67 

62 

57 

53 

70 

66 

64 

62 

60 

58 

56 

68 

63 

60 

57 

54 

48 

45 

2.38 

2 . 38 

2 .40 

2 .42 

2.51 

2 .65 

2 .74 

2.38 

2.40 

2 .42 

2.48 

2 .53 

2.64 

2.75 

2.38 

2.46 

2 .54 

2 .62 

2.73 

3 .00 

3.46 

VOLT AMPERES' ' 

AT 3 TIMES 
TAP VALUE 

CURRENT 

21  

21  

2 1 . 1  

2 1 . 2  

22 

23 . 5  

24.8 

21  

2 1 . 1  

2 1 . 5  

2 2  

22.7 

24 

25.2 

2 1 . 3  

2 1 . 8  

22.6 

23 .6 

24.8 

27.8 

3 1 .4 

AT 10 TIMES 
TAP VAL UE 

CURRENT 

132 

134 

142 

150 

170 

200 

228 

136  

142  

149 

157 

164 

180 

198 

146 

158 

172 

190 

207 

248 

292 

AT 20 TIMES 
TAP VALUE 

CURRENT 

350 

365 

400 

440 

530 

675 

800 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

I R Q- 1 1  OVERCU R R EN T  U N I T S  

CONTINUOUS ONE SECOND POWER AT 
AMPERE RATING RATING' FACTOR TAP VALUE 
RANGE TAP (AMPERES) (AMPERES) ANGLE </> CURRENT 

0.5 1 . 7  56 36 0.72 

0.6 1 .9 56 34 0 .  75 

0 .8  2.2 56 30 0.81  

0.5/2.5 1 .0 2 .5  56 27 0.89 

2/6 

4 / 1 2  

1 .5 

2.0 

2.5 

2 .0  

2 .5  

3.0 

3 .5 

4 .0  

5.0 

6.0 

4.0 

5 . 0  

6 . 0  

7.0 

8.0 

10.0 

12.0 

3.0 

3.5 

3.8 

7.0 

7.8 

8.3 

9.0 

10.0 

1 1 .0 

1 2.0 

14 

16 

1 7  

1 8  

20 

22 

26 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

22 

17 

16 

32 

30 

27 

24 

23 

20 

20 

29 

25 

22 

20 

18 

17 

16 

1 . 1 3  

1 .30 

1 .48  

0.73 

0.78 

0.83 

0.88 

0.96 

1 .07 

1 .23 

0. 79 

0.89 

1 .02 

1 . 10 

1 .23 

1 . 32 

1 . 8  

VOLT AMPERES" 

AT 3 TIMES AT 10 TIMES AT 20 TIMES 
TAP VALUE TAP VALUE TAP VALUE 
CURRENT CURRENT CURRENT 

6.54 7 1 . 8  250 

6.80 75.0 267 

7 .46 84.0 298 

8.30 93 . 1  330 

10.04 

1 1 .95 

13 .95 

6.30 

7.00 

7.74 

8.20 

9.12 

9.80 

1 1 .34 

7.08 

8.00 

9 . 1 8  

10.00 

1 1 . 1  

14.9 

16.3 

1 15 .5  

136.3 

160.0 

74.0 

78.5 

84.0 

89.0 

102.0 

109.0 

129.0 

78.4 

90.0 

1 0 1 . 4  

1 1 0.0 

124.8 

1 3 1 .6 

180.0 

4 1 1  

502 

6 1 0  

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

720 

* Thermal c ap a c ities for short times other than one s e cond may be calc ulated on the basis of time being inverse ly 
proportional to the square of the current. 

¢ Degrees c urrent lags voltage at tap value c urrent. 

** Voltages taken with R e ctox type voltmeter. 
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* 
EN ERGY R EQU I REM ENTS FOR THE 

SEQUENCE FI LTER A N D  TH E DI RECTIONAL U N I T  
( A l l  Burdens a t  6 0  Cyc les) 

The current burden of the relay with positive sequence currents applied (no output current to the direc-
tional unit) is as follows: 

Phase Continuous One Second Watts Volt-Amps. 
Rating-Amps. Rating-Amps. at 5 Amps. at 5 Amps. Power Factor Angle 

2 10 150 5 . 5  5 .5 oo 

3 10 1 50 . 35 1 . 28 74° Lag 
1 10 150 5 . 4  7.5 44° Lag 

The current burden of the relay with zero sequence currents applied is as follows: 

Watts  Volt - A m p s. 
P h a s e  A t  5 A m p s .  At 5 A m p s .  P ower Factor  Angle 

1 4 . 66 5 . 5  3 2° 

2 4 .92  5 .0  100 

3 3 . 30 3 . 7  27° 

The voltage burden of the relay with positive sequence voltage applied (n o output voltage to the direc­
tional unit) is as follows: 

Pot. Transf. Across Phase Volts Watts volt-Amps.  Power Factor Angle 

Burden values on three star connected potential transformers. Values at the star voltage of 66 . 4  volts 
( 1 15 volts delta) . 

1 8  

1 
2 
3 

1 15 
1 15 
1 15 

0 
0. 2 

23 . 2  

26. 8 
0 . 3  

2 7 . 0  

Burden values on two open-delta potential transformers . values at 1 15 volts . 

1 2  1 15 -23. 2 46.5 

23 1 15 46.6 46 . 6  
23 1 15 . 10 .48 

3 1  1 15 23 . 2  46.5 
3 1  1 15 23 . 2  46.6 
12 1 15 0.50 0.52 

Burden values on three d elta connected potential transform ers .  Values at 1 15 volts. 

3 1  1 15 15 .4 3 1 .0  
1 2  1 15 -7.8  15 . 6  
23 1 15 15 . 6  1 5 . 6  

90° Lag 
48° Lag 
30° Lag 

1 20° Lag 
00 

5 8° Lag 
60° Lag 
60° Lag 

2° L ead 
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E N E R G Y  R E Q U I R E M E N T S  
INST ANT A N E O U S  O V E R C U R R E N T  U N I T  O P E R A T ING C U R R E N T  C I R C U I T  - 60 C Y C L E S  

t t  "' t t ¢ 
AMP E R E  RANGE TAP V A  AT TAP VAL U E  P . F .  ANGL E VA AT 5 AMPS. P . F. ANGLE 

.5  

. 75 

1 
5-2 1 . 25 

1 . 5  

2 

1 

1 . 5  

2 
1-4 2 . 5  

3 

4 

2 

3 

4 
2-8 5 

6 

8 

4 

6 

4-16 8 

9 

1 2  

1 6  

10 

15 

20 
10-40 24 

30 

40 
20 

30 

20-80 40 

48 
60 

80 

RANGE 

. 3 7  

. 3 8  

. 39 

. 4 1  

. 4 3  

. 4 5  

. 4 1  

. 4 4  

. 47 

. 50 

. 5 3  

. 5 9  

1 . 1  

1 . 2  

1 . 3  

1 . 4  

1 . 5  

1 . 8  

1 . 5  

1 . 7  

1 . 8  

1 . 9  

2 . 2  

2 . 5  

1 . 7  

2 . 4  

3 . 1  

3 . 6  

4 . 2  

4 . 9  

6 . 6  

9 . 3  

1 2  

1 3 . 5  

1 5 . 9  

1 9 . 2  

CONTINUOUS RATING 

( AMPERES) 

39 24 

3 6  13 

35 8 . 5  

34 6.0 

32 4 . 6  

3 0  2 . 9  

3 6  9 . 0  

3 2  5 . 0  

3 0  3 . 0  

2 8  2. 1  

26 1 . 5  

24 0 .93  

49 6.5 

43 3 . 3  

38 2. 1 

35 1 . 4  

33 1 . 1  

29 0. 7 

5 1  2. 4 

45 1 . 2  

40 0 . 7  

3 8  0. 6 

34 0.37 

30 0 . 24 

28 0 . 4 3  

2 1  0 .27 

1 6  0 . 20 

15 0. 15 

12 0 . 1 1  

1 1  0.08 

31 0 . 40 

24 0 . 25 

20 0. 18 

18 0. 1 4  

16 0 . 10 

15 0 . 07 

.

--

-

_
_ 
1, 

-
O

-

N E  SECO N D  RATING 

t ( AMPERES) 
1---------+----- ------ .. -- --··--

- ·-- ·--· I . 5-2 

1-4 

2-8 

4-16 

10-40 

20-80 

5 

8 

8 

10 

10 

10 

100 

I 140 

140 

200 

200 

200 

46 

37 

34 

32 

3 1  

28 

3 6  

3 2  

2 9  

2 7  

26 

24 

48 

4 2  

37 

35 

33 

29 

5 1  

45 

40 

38 

34 

3 1  

28 

2 1  

1 7  

15 

1 3  

12 

3 1  

24 

20 

18 

1R 

15 

I L_ _____ _L ____
_

___ ·-----------�----·-·------� 

t Thermal capacities for short Hmes other than one s e c ond may be calculated on the basis of time being inversely proporti.imal to the 
square of the current. 

t:P Degrees current lags voltag e .  

t t Voltages taken with Rectox type voltmeter. 
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Fig. 16. Typical Time Curve of the Time-Overcurrent Unit of the Long Time (5) Relay. 
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Fig. 1 7. Typ i ca l  Time Curve of the Time-O vercurrent Un it of the Definite Time (6) R elay. 
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TYP E I RQ R ELAY ____________________________________________________________ 
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Fig. 18. Typi cal Time Curve of the Time-O vercurrent Unit of the Moderately Inverse (7) R elay. 
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Fig. 19. Typ i cal Time Curve of the Time-O vercurrent Unit of the Inverse (B) Relay. 
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Fig. 20. Typical Time Curve of the Time-Overcurrent Unit of the Very In verse (9) Re lay. 
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Westinghouse L L .  4 1 - 1 33F 

I N S T A L L A TI O N  • O PE R A T I O N  • M A I N TE N A N C E  

I N S T R U C T I O N S  
DIRECTIONAL OVERCURRENT GROUND RELAYS 

TYPES IRP, IRC AND !B.D 

C AU T I ON Before putting relays into servi ce,  remove 
all blocking which may have been inserted for the 
purpose of securing the parts during shipment, make 
sure that all moving parts op erate freel y ,  inspect the 
contacts to see that they are clean and clo se properly ,  
and operate the relay t o  check t h e  settings and 
el ectrical connections. 

A P P L I C A T I O N  

These relays are ground directional overcurrent 
relays which are used for the protection of trans­
mission lines and feeder circuits.  Both the time­
overcurrent and instantaneous overcurrent units are 
directionally controlled.  

The type IRP relay is potential polarized. The 
typ e IRC relay is current polarized. The typ e  IRD 
relay is a dual polarized relay which can be polarized 
from a potential source,  from a local ground source or 
from both simultaneously. 

C O N S T R U C T I O N  A N D  O P E R A T I O N 

The various types of relays consist of a direction­
al unit or units (D) ,  an auxiliary switch (CS- 1) , a 
time-overcurrent unit (CO), an instantaneous over­
current unit (I) , an instantaneous overcurrent unit 
transformer, and two indicating contactor switches 
(ICS/I) and (ICS/T) . The principle component parts 
of the relays and t he ir location are shown in Fig.  1 
through 6. 

T i m e-Overcur rent U n i t  ( C O )  

The electromagnets for the types IR-5,  IR-6 , IR-7, 
IR-8 and IR-9 relays have a main tapped coil located 
on the center leg of an "E" type laminated structure 
that produces a flux which divides and r eturns through 
the outer legs. A shading coil causes the flux through 
the left leg to lag the main pole flux. The out-of-phase 
fluxes t hus produced in the air gap cause a contact 
closing torque. 

The electromagnet for the type IR-2 and IR- 1 1  
relays has a main coil consisting o f  a t app ed primary 
winding a secondary winding. Two identical coils 

SUPERSEDES I . L .  41 - 1 33E 
* Denotes change from superseded i ssue 

o n  t h e  outer l egs o f  the l amination structure are con­
nected to the main coil secondary in a manner so that 
the com bination of al l the fl uxes o rorluced by the 
el ectromagnet result in out-of-ohase fl uxes in the air 
gap . The out-of-phase air gao fluxes o ro ducerl cause a 
contact cl osing torque. 

I nd i cati n g  Conta cto r Sw i tch  U n i t s  ( I CS/1 and I C S/T)  

The d-e indicating contactor switch is a small 
clapper type device .  A magnetic armature,  to which 
leaf-spring mounted contacts are attached, is attracted 
to the magnetic core upon energization of the swit ch . 
When the switch clos es t he moving contacts bridge 
t wo stationary contacts ,  completing the trip circuit. 
Also during this operation two fingers on the armature 
deflect a spring located on the front of the switch, 
which allows the op eration indicator target to drop. 

The front spring, in addition to holding the target, 
provides restraint for the armature and thus controls 
the pickup value o f  the switch. 

D i rectio nal  U n i t  ( D) 

The directional unit is a product inductiQn cylin­
der type unit op erating on the interaction between the 
polarizing circuit fl ux and the operating circuit flux. 

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

The frame serves a s  the mounting structure for 
the magnetic core. The magnetic core .. which house s  
the lower pin b earing is secured t o  the frame by a 
locking nut. The bearing can be replaced, if neces­
sary, without having to remove the magnetic core from 
the frame.  

The electromagnet has two series-connected polar­
izing coil s mounted diametrically opposite one an­
other; two series-connected operating coils mounted 
diametrically opposite one another; two magnetic ad­
justing plugs; upper and lower adjusting plug clips,  
and two locating pins.  The locating pins are used to 
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Fig, 1. Type IRD Relay Without Case (Front View). 1 - Instantaneous Over· 

current Unit and Saturating Transformer. 2 - Current Po larized Direct· 

ional Unit. 3 - Voltage Polarized Directional Unit. 4 - Time Over· 

current Unit. 5 - Indicating Contactor Switch. 6 - A uxiliary Switch. 

.. \ , 

1 

3 

Fig. 2. Type IRD Relay Without Case (Rear View). 1 - Varistor. 2 - Saturating 

Transformer. 3 - "E" Type Electromagnet. 
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TYPES IRP, I RC AND I R D  R E LAYS _______________________ I_. L_._4_1 -_1 J_J_F 

F ig. 3. D irectional Unit. l - Stationary Contacts, 2 - Stationary Contact Pressure Spring. 3 - Magnetic A djusting Plugs. 

4 - Upper B earing Screw, 5 - Moving Contact, 6 - Spring A djuster Clarnp. 7 - C urrent B ias Vane, 

2 

Fig. 4. T ime Overcurrent Unit. l - Tap B lock. 2 - Time Dial. 3 - Control Spring A ssembly. 4 - Disc, 5 - Stationary 
Contact A ssembly. 6 - Magnetic Plugs. 7 - Permanent Magnet, 
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TY P ES I RP, I RC AND IRD RELAYS ________________________________________________ ___ 

Fig. 5. Instantaneous Overcurrent Unit. 1 - Saturating Transformer. 2 - Tap B lock. 3 - Stationary Contact. 4 - Moving .-, 

Contact. 

Fig. 6. Indicating Contactor Switch (ICS). 
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TYPES I R P, I R C  AND I R D  R E L AYS ______________________ __:I::. L:.:... =.:41:.:.:·1:...:::3::.:....3 F 

accuratel y position the lower pin b earing, which is 
m ounted on the frame , with respect to the upper pin 
bearing ,  which is threaded into the bridge . The elec 
tromagnet is secured to the frame by four mounting 
screws. 

The moving eleme!'lt assembly consists of a spiral 
spring, contact carrying member, and an aluminum 
cylinder assembled to a molded hub which holds the 
shaft. The shaft has removable top and bottom jewel 
bearings. The shaft rides between the bottom pin 
bearing and the upp er pin bearing with the cylinder 
rotating in an air gap formed by the electromagnet and 
the magnetic core. 

The bridge is secured to the electromagnet and 
frame by t wo mounting screws. In addition to holding 
the upp er pin bearing, the bridge is used for mounting 
the adjustable stationary contact housing. The sta­
tionary contact housing is held in position by a spring 
type clamp. The spring adjuster is located on the 
underside of the bridge and is attached to the moving 
contact arm by a spiral spring. The spring adjuster 
is also held in place by a spring type clamp . 

With the contacts closed, the electrical connec­
tion is made through the stationary contact housing 
clamp , to the moving contact, through the spiral spring 
o ut to the spring adjuster clamp . 
A u xi l i ary Swi tch (CS- 1)  

The auxiliary switch i s  a small solenoid type 
d.c. switch. A cylindrical plunger, with a silver 
disc mounted on its lower end, moves in the core of 
the solenoid. As the plunger travels upward, the 
disc bridges the silver stationary contacts.  A tapped 
resistor is used to enable one to use the contactor 
switch on a 24, 48 , 1 25 or 250 volt d . c .  system con­
nected per Fig. 23 . The operation of the CS- 1 
switch is controlled by the directional unit (D) which 
in turn directionally controls the time-overcurrent 
unit (CO). When s ufficient power flows in the tripping 
direction, the CS- 1 switch operates and bridges the 
lag coil of the time-overcurrent unit (CO) permitting 
this unit to operate. 

I n stan taneo u s  O vercurrent U n i t  ( 1 )  

The instantaneous overcurrent unit is similar in 
construction to t he directional unit. The tim e  phase 
relationship of the two air gap fluxes necessary for 
the development of torque is achieved by me ans of a 
capacitor connected in series with one pair of pol e 
windings. 

The normally-clo sed contact of the directional unit 
is connected across o ne pair of pole windings of the 
instantaneous overcurrent unit as shown in the in­
ternal schematics. This arrangement short-circuits 
the operating current around the pole windings; pre-

venting the instantaneo u s  overcurrent unit from de­
veloping torque. If the directional unit should pick 
up for a fault, this short-circuit is removed, allowing 
the instantaneous overcurrent contact to commence 
closing almost simultaneously with the directional 
contact for high sp e ed op eration. Total operating 
times are shown in Figs. 17 and 1 8 .  

I n stantaneo u s  O vercu rrent U n i t  T ra n s fo rm e r  

This transformer is o f  the saturating type for 
limiting the energy to the instantaneous overcurrent 
unit at higher value s of fault current and to reduce 
C.T . burden. The primary winding is tapped and the se 
taps are brought o ut to a tap block for ease in chang­
ing the pick-up of the instantaneous overcurrent unit. 
The use of a tapp ed transformer provides approximate­
ly the same energy level at a given multiple of pickup 
current for any tap setting, resulting in one time curve 
throughout the range of the relay. 

Across the secondary is connected a non-linear 
resistor kno wn as a varistor. The effect of the varis­
tor is to reduce the voltage peaks applied to the over­
current unit and p hase shifting capacitor. 

C H A R A C T E R !  S T I C S  

The time characteristics o f  the directional over­
current relays are designated by spec ific numbers as 
indicated below (e .g. , IRV-8). 

T i m e  

C h aracter i  st i e s  

Short Time 
Long Time 
Definite Time 
Moderately Inverse Time 

Inverse Time 

Very Inverse Ti me 

Extremely Inverse Time 

D e s i gnat ion  

2 
5 
6 
7 
8 
9 

1 1  

The relays are available i n  the following current 
ranges: 

Instantaneous Overcurrent Unit (I) 

Range Tap s 

0. 5-2 Amp s 0 . 5  0.  75 1 .0  1 . 25 1 .5  2 
1-4 1 .0  1 .5  2 .0  2 .5  3. 0  4 . 0  
2-8 2 3 4 5 6 8 
4- 16  4 6 8 9 12 16  

10-40 10  1 5  20 24 30 40 
20-80 20 30 40 48 60 80 
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TY P ES I RP, I R C AND I R D R E LAYS ________________________________________________ __ 

Time Overcurrent Unit 

Range Taps 

.5-2.5 0 .5  0 .6  0 .8  1 .0 1 . 5  2 . 0  2 . 5  
2-6 2 2. 5 3 3 .5  4 5 6 
4- 1 2  4 5 6 7 8 10 1 2  

The tap value is  the minimum current required to 
just close the relay contacts. 

The time vs. current characteristics for the time­
overcurrent unit are shown in Figs . 10 to 16. These 
characteristics give the contact closing time for the 
various time dial settings when the indicated multi­
ples of tap value current are applied to the relay. 

T rip  C i rcu i t  

The relay contacts will safely close 30 amperes 
at 250 volts d c and the seal-in contacts of the indi­
c:;_ting contactor switches will safely carry this cur­
rent long enough to tri_p a circuit breaker. 

The indicating contactor switch has two taps that 
provide a pickup setting of 0 . 2  or 2 amperes. To 
change taps requires connecting the lead located in 
front of the tap block to the desired setting by means 
of a screw connection. 

•1111 lEL.iTIVE llllAIITAIIIEOI.IS 
'OLAI ITY AS SMM, TilE OI IECTIQIAL 
ua! I T  COIITACT CLOSES TO TillE LEFT. 

IISTAITAIIEOWS 
OVEICUU£1H UI I T  
(WI'f"El CYLIID£1 Ia lT) 
SATUIATIIi 
TUISFOIIIU 

lED DOT 

DIIECTIQIAL IHiil (LOWU CYLUIOEI 
UIIT) 

C»ASJI S  OPUUU 
SMOITIIQ PITCM 

lED IIAIDL£ 
TUT SaiTCM 
tiiiiUT TEST JACI 
TEIHIIIIAL 

184A034 

F ig. B. Internal Schematic of the Type IRC Relay in the 
T ype F T31  Case. 

6 

Contacts  

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

The set screw in each stationary contact has 
been s hop adjusted for optimum follow and this ad­
justment should not be disturbed. 

WITH RELATIWE I NSTAMTAIIEOOS 
POLARITY AS SIIOWII, THE D I RECTIONAL 
UNIT CONTACT CLOSES TO TKE LEFT. 

IIISTAIITAMEOUS 
OVERCURRENT IJIIT 
(UPPER C'I'LIIIDER 

UNIT) 

SATURA.TIII6 
TRAIISFORHER 

REO DOT 

IIIDUCTION UIIIT 

O J RECTI OIIAL UIIIT 
(LOWER trLIUEI 

UNIT) 

CHASS I S  OPERATED 
SHORTING SWITCH 

RED KAIIOLE 
TEST SWITCH 
CURII:EU TEST -'ACI 

TERMINAL 

184A033 

F ig. 7. Internal S chemotic of the Type I RP Relay in the 
Type F T31 Case. 

WITH RELATIVE HISTAMTAMEOUS 
I"OLAR ITY AS SHOWN, THE DIRECTI OIIAL 
UMIT COlT ACT CLOSES TO TME LEFT. 

184A020 

F ig. 9. Internal Schematic o f  the Type IRD Relay in the 
Type F T4 1  Case. 
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TYP ES I R P ,  I RC AND IRD R E LAYS ____________________________________________ �I�.L�- �41�- 1�3�3F_ 

E N E R G Y  R E Q U I R E M E N T S  
I N ST A N T A N E O U S  O V E R C U R R E N T  U N I T  O P E R A T I N G  C U R R E N T  C I R C U I T  - 60 C Y C L E S  

t t  
AMP E R E  RANGE TAP V A  AT TAP VAL U E  

. 5  . 37 

. 75 . 3 8  

1 . 39 
. 5-2 1 . 25 .4 1 

1 . 5  . 4 3  

2 . 45 

1 . 4 1  

1 . 5  . 44 

2 . 4 7  
1-4 2 . 5  . 5 0  

3 . 5 3  

4 . 59 

2 1 . 1  

3 1 . 2  

4 1 . 3  
2-8 5 1 . 4  

6 1 . 5  

8 1 . 8  

4 1 . 5  

6 1 . 7  

4- 1 6  8 1 . 8  

9 1.9  

1 2  2 . 2  

1 6  2 .5  

1 0  1 . 7  

1 5  2 . 4  

20 3. 1 
10-40 

24 3 . 6  

30 4 . 2  

4 0  4 . 9  

20 6 . 6  

3 0  9 . 3  

20-80 40 1 2  

48 1 3 . 5  

60 1 5 . 9  

80 1 9 . 2  

RANGE CONTINUOUS RATING 
( AMPERES) 

. 5- 2 5 

1-4 8 

2-8 8 

4- 1 6  1 0  

10-40 10 

20-80 1 0  

cp t t  '/> 
P . F .  ANGLE VA AT 5 AMPS. P. F.  ANGLE 

39 24 46 

36 1 3  3 7  

3 5  8 . 5  34 

34 6 . 0  32 

32 4.6 3 1  

30 2.9 28 

36 9 . 0  3 6  

3 2  5 . 0  3 2  

3 0  3 . 0  29 

28 2. 1 27 

26 1 . 5  2 6  

24 0 .93  24 

49 6 . 5  4 8  

4 3  3 . 3  42 

3 8  2. 1 37 

3 5  1 . 4  3 5  

3 3  1 . 1  3 3  

29 0. 7 29 

5 1  2 .4  5 1  

4 5  1 . 2  45 

40 0 . 7  4 0  

3 8  0 . 6  3 8  

3 4  0 . 3 7  3 4  

3 0  0 . 24 3 1  

28 0.43 28 

2 1  0 . 27 2 1  

1 6  0 . 20 1 7  

15 0 . 1 5  1 5  

1 2  0 . 1 1  1 3  

1 1  0 . 08 12 

3 1  0 . 40 3 1  
24 0. 2G 24 

20 0 . 18 20 

1 8  0 . 14 18 

16 0 . 10 lf) 
1 5  0 . 07 1 5  

--

l
-

ONE 'ECONO RAT<NG J t (AMPERES) 
- ----

100 

140 

140 

200 

200 

200 

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

c/> Degrees current lags voltage. 

t t Voltages taken with Rectox type voltmeter. 
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TY PES I R P , I R C AN D I R D R ELAYS ______________________________________________ ___ 

EN E RGY R EQU I R EMENTS - 60 CYCLES 

D I R E C T I O N A L  U N I T  O P E R A T I N G  C I R C U I T  B U R D E N  

VOLT AMPERES t t * 

At At 3 Times At 10 Times At 20 Times 
Continuous One Second Power Minimum Minimum Minimum Minimum 

Relay Range Rating Rating t * Factor Tap Value Tap Value Tap Value Tap Value 
Type Amps (Amperes) ( Amperes) Angle ¢ Current Current Current Current 

0 .5-2.5 230 44. 0 0 .033 0 . 30 3 . 3  14 . 2  
IRC 2-6 230 42.5 0 .58  5 . 28 58.0 240 . 0  

4- 12  1 2  280 3 1 .8 0 . 64 6. 12  70 .0 272 .0  

0 .5-2.5  10 230 34. 5  0 . 03 0 . 23 2 .8  11 .5  
IRP 2-6 10 230 34. 5 0 . 44 4.08 48.0 182.0 

4- 12 1 2  280 25 .0 0.48 4. 62 53 .6  216 .0  

0.5-2.5 10 230 45.0 0 . 07 0 .59 6. 6 26. 0 
IRD 2-6 10 230 45 . 0  1 .04 9 .9  106.0 420.0 

4- 12  12  280 32.4 1 . 16 10.8  1 2 1 . 2  472 .0  

¢ Degrees current lags voltage at tap value current. 

* t Thermal capacities for short times other than one second may be calculated on the basis of time being 

inversely proportional  to the square of the current. 

* tt Voltages taken with Rectox type voltmeter. 

R E L AY TYP E 

IRC 

IRP 

IRD Current 
Unit 

IRD Voltar;e 
Unit 

E N E RGY R EQUI R EM E NTS - 60 CYCLES 

D I R ECTIONAL UNIT POLARI Z ING CI RCUIT BURDEN 

R AT I NG 

230 t 
Amperes 

208 t t  
Volts 

230t 
Amperes 

208 t t  
Volts 

VOLT AMP E R E S  6 
* 1 .45 

* 1 1 . 2  

* 1 .45 

* 1 1 . 2  

POW E R  FACTOR ANG L E ¢  

8° Lag 

28° Lead 

8° Lag 

28° Lead 

¢ Degrees current leads or lags voltage at 120 volts on voltage polarized units and 5 amperes on current 
polarized units, . 

1::, Burden of voltage polarized units taken at 120 volts, Burden of current pol arized units taken at 5 amperes. 
* t One second rating, 

* t t  30 second rating. The 10 second rating is 345 volts. The continuous rating is 1 20 volts. 
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TYP E S  IRP,  I RC AND I RD R E LAYS -----------------------..:..:1 -:.:L.:.... 4::..:1.:..:· 1.;;33�F 

EHERGY REQUI REMENTS 

T Y P E I R D- 2, I RC- 2, I R P - 2  T I M E  0 VE R C U R R  E N T  U N I T S  

VOLT AMPERES t t  * 

CONTINUOUS ONE SECOND� POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 

AMPERE RATING RATING t * FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 

RANGE TAP (AMPERES) (AMPERES) ANGL E ¢  CURRENT CURRENT CURRENT CURRENT 

0.5 0.91 28 58 4.8 39 . 6  256 790 

0 . 6  0 . 9 6  28 57 4.9 39.8 270 85 1 

0.8 1 . 18 28 5 3  5 . 0  42. 7 308 1024 

0.5/2.5 1.0 1 . 37 28 50 5 . 3  45 . 4  348 1220 

1 . 5  1 .95 28 40 6 . 2  54. 4 435 1740 

2 .0  2 . 24 28 36 7 . 2  65.4 580 228o 

2.5 2 . 50 28 29 7.9 73.6  700 2850 

2 .0  3 . 1  1 10 59 5.04 38. 7  262 800 

2.5 4.0 1 10 55 5. 13 39.8 280 9 20 

3.0 4 . 4  1 10 5'1 5 . 3 7  42.8 3 1 2  1008 

2/6 3 .5  4.8 1 10 47 5 . 53 42. 8 329 1 120 

4 .0  5 .2  1 10 45 5.72 46.0 360 1 2 16 

5.0 5.6 1 10 4 1  5 . 90 50 . 3  420 1500 

6.0 6.0 1 10 37 6.54 54.9 474 1800 

4.0 7 . 3  230 65 4. 9 2  39. 1 268 848 

5.0 8 .0  230 50 5 . 20 42.0 305 1020 

6.0 8 . 8  230 47 5 . 34 44. 1  330 1 128 

4/ 12 7.0 9.6 230 46 5 . 53 45.8 364 1260 

8.0 10 . 4  230 43 5.86 49. 9  400 1408 

10.0 1 1. 2  230 3 7  6 . 6  5 5 . 5  470 1720 

1 2.0 12.0 230 34 7.00 62.3 528 2064 

* t Thermal cafacities for short times other than one s econd may be calc ulated on the basis of time be ing inversely proportional to the 

s quare of t e current. 

¢ Degrees c urrent lags voltage at tap value current. 

:/#: tt Voltages taken with R e c tox type voltmeter. 
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TYP ES IRP,  IRC AND IRD R E LAYS _______________________ _ 

E N E RGY R EQUI REMENTS 
I R D-5, I R C- 5, I RP - 5, 
I R D-6, I R C-6, I RP - 6, T IM E O VE RC U R R E N T  U N I T S  

VOLT AMPERES t t * 
AMPERE 
RANGE TAP 

0.5/2.5 

2/6 

4/12 

(0.5 

(0.6 

(0.8 

( 1 .0 

(1 .5  

(2.0 

(2.5  

(2  

(2.5 

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 
( 1 0  

( 1 2  

CONTINUOUS 
RATING 

(AMPERES) 

2 

2.2 

2.5 

2.8 

3.4 

4.0 

4.4 

8 

8 .8  

9 .7  

10 .4  

1 1 . 2  

12.5  

13 .7  

16 

18.8 

19 .3  

20. 8  

22.5 

25 

28 

ONE SECOND POWER AT 
RATINGt >1\< FACTOR TAP VALUE 

(AMPERES) ANGL.E ¢ CURRENT 

88 

88 

88 

88 

88 

88 
88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

69 

68 

67 

66 

62 

60 

58 

67 

66 

64 

63 

62 

59 

57 

65 

63 

6 1  

59 

56 

53 

47 

3 .92 

3 . 96 

3 .96 

4.07 

4.19 

4.30 

4.37 

3 . 88 

3 . 90 

3 . 93 

4.09 

4 . 1 2  

4.20 

4.38 

4.00 

4 . 15 

4 .32 

4 . 35 

4.40 

4 .60 

4 . 92 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.6 

20.7 

2 1  

2 1 .4 

23.2 

24.9 

26.2 

21 

2 1 . 6  

22. 1 

23. 1  

23.5 

24.8 

26.5 

22.4 

23. 7  

25. 3  

26.4 

27 .8  

3 0 . 1  

35.6 

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 

106 

1 14 

122 

147 

168 

180 

1 10 

1 18 

126 

136 

144 

162 

183 

126 

143 

162 

183 

204 

247 

288 

AT 20 TIMES 
TAP VALUE 

CURRENT 

270 

288 

3 25 

360 

462 

548 

630 

308 

342 

381 

4 1 7  

448 

540 

624 

376 

450 

53 1 

6 1 1  

699 

880 

1056 

I R D- 7, I R C- 7, I RP - 7  T I M E  O V E R C UR R E N T  U N I T S  

CONTINUOUS ONE SECOND POWER AT 
AMPERE RATING RATlNGt * FACTOR TAP VALUE 
RANGE TAP (AMPERES) (AMPERES) ANGLE ¢ CURRENT 

0.5/2.5 

2/6 

4/12 

(0.5 

(0.6 

(0.8 

( 1. 0  

( 1 . 5  

(2.0 

(2.5 

(2 

(2.5 

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

(10 

( 1 2  

2 

2. 2 

2.5 

2 .8  

3 .4  

4 .0  

4.4 

8 

8 .8  

9 .7  

10.4 

1 1 .2 

1 2.5 

13 .7  

16 

18.8  

19.3 

20.8 

22.5 

25 

28 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

68 

67 

66 

64 

6 1  

58 

56 

66 

63 

63 

62 

61 

59 

58 

64 

6 1  

60 

58 

55 

51 

46 

3 .88 

3 .93 

3 .93 

4.00 

4.08 

4.24 

4.38 

4.06 

4.07 

4 . 14 

4.34 

4 .34 

4.40 

4 .62 

4.24 

4.30 

4 .62 

4.69 

4.80 

5 . 20 

5.40 

VOLT AMPERES t t * 
AT 3 TIMES AT 10 TIMES AT 20 TIMES 

TAP VALUE TAP VALUE TAP VALUE 
CURRENT CURRENT CURRENT 

20.7 

20.9 

2 1 . 1  

2 1 . 6  

22.9 

24.8 

25.9 

2 1 . 3  

21 .8  

22.5 

23.4 

23.8 

25.2 

27 

22.8 

24.2 

25.9 

27.3 

29 .8  

33  

37 .5  

103  

107 

1 14 

1 22 

148 

174 

185 

1 1 1  

120 

1 29 

141 

149 

163 

183 

1 29 

149 

168 

187 

2 1 1  

260 

308 

278 

288 

320 

356 

459 

552 

640 

306 

342 

366 

4 1 3  

448 

530 

624 

392 

460 

540 

626 

688 

860 

1032 

* t Thermal capacities f or short times other than one s econd may be calculated on the basis of time being inversely proportional to the 
square of the current. 

¢ Degrees current lags voltage at tap value current. 

* tt Voltages taken with R ectox type voltmeter. 
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TYPES I R P ,  IRC AND I R D  R E L AYS. _______________________ ...:..:' ·=L=-. 4;:.:1.;..:·1..::;33::.!..F 

AMPERE 
RANGE 

0.5/2.5 

2/6 

4/ 1 2  

TAP 

(0.5 

(0.6 

(0.8 

( 1 . 0  

( 1 . 5  

(2.0 

(2.5 

(2 

(2.5 

(3 

(3 .5 

(4 

(5  

(6  

(4 

(5 

(6 

(7 

(8 

( 10 

( 1 2  

AMPERE 

E NE RG Y  REQUI R EME NTS 

I R D-8, I RC-8, I RP·8 ,  
T I M E O V E RC U R R E N T  U N IT S  

I R D-9, I RC-9, I RP -9, 

VOLT AMPERES tt * 
CONTINUOUS 

RATING 
(AMPERES) 

2 

2.2 

2.5 

2 .8  

3 .4 

4 .0 

4 .4 

8 

8.8 

9 .7  

10.4 

1 1 . 2  

12 .5  

13 .7  

16 

18.8 

19.3 

20.8 

22.5 

25 

28 

ONE SECOND POWER 
RATINGt * FACTOR 

(AMPERES) ANGLE ¢ 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

72 

71 

69 

67 

62 

57 

53 

70 

66 

64 

62 

60 

58 

56 

68 

63 

60 

57 

54 

48 

45 

AT 
TAP VALUE 

CURRENT 

2.38 

2 . 38 

2.40 

2.42 

2 . 5 1  

2 . 65 

2.74 

2.38 

2.40 

2.42 

2.48 

2 .53 

2.64 

2 .75 

2.38 

2.46 

2 .54 

2.62 

2.73 

3 .00 

3 .46 

AT 3 TIMES 
TAP VALUE 

CURRENT 

2 1  

2 1  

2 1 . 1  

2 1 . 2  

22 

23 . 5  

24.8 

21 

2 1 . 1  

2 1 . 5  

22  

22 .7  

24 

25.2  

21 .3  

2 1 . 8  

22.6 

23.6 

24. 8  

27.8 

3 1 .4 

AT 10 TIMES 
TAP VAL UE 

CURRENT 

132 

134 

142 

150 

170 

200 

228 

136 

142 

149 

157 

164 

180 

198 

146 

158 

172 

190 

207 

248 

292 

I R D- 1 1 ,  IRC-1 1 ,  I R P- 1 1  OVE RCUR R ENT UNITS 

ONE SECOND POWER AT 
RATING t * FACTOR TAP VALUE 

VOLT AMPEREStt * 

AT 20 TIMES 
TAP VALUE 

CURRENT 

350 

365 

400 

440 

530 

675 

800 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

RANGE TAP 

CONTINUOUS 
RATING 

.�MPERES) (AMPERES) ANGLE <;\ CURRENT 

AT 3 TIMES 
TAP VALUE 
CURRENT 

AT 10 TIMES 
TAP VALUE 
CURRENT 

AT 20 TIMES 
TAP VALUE 
CURRENT 

0.5/2.5 

2/6 

4 / 1 2  

0.5 

0.6 

0.8 

1 .0 

1 . 5  
2.0  

2 . 5  

2 . 0  

2 . 5  

3 . 0  

3 .5  

4 .0  

5.0 

6.0 

4.0 

5.0 

6.0 

7.0 

8.0 

10.0 

1 2 .0 

1 .7 

1 . 9  

2 .2  

2.5 

3.0 
3.5 

3.8  

7.0  

7.8 

8.3 

9.0 

1 0.0 

1 1 .0 

1 2.0 

14  

16 

17 

18 

20 

22 

26 

56 

56 

56 

56 

56 
56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

36 

34 

30 

27 

22 
1 7  

1 6  

32 

30 

27 

24 

23 

20 

20 

29 

25 

22 

20 

18 

17 

16 

0.72 

0.75 

0.81 

0.89 

1.13 
1 .30 

1 .48 

0.73 

0.78 

0.83 

0.88 

0.96 

1 .07 

1 .23 

0.79 

0.89 

1 .02 

1 . 10 

1 .23 

1 .32 

1.8 

6 .54 

6 . 80 

7.46 

8.30 

10.04 

1 1 .95 
13 .95 

6.30 

7.00 

7.74 

8.20 

9.12 

9.80 

1 1 .34 

7 .08 

8.00 

9.18  

10.00 

1 1 . 1  

14.9 

16.3 

7 1 .8 

75.0 

84.0 

93.1 

115.5 
136.3 

160.0 

74.0 

78.5 

84 . 0  

89.0 

102.0 

109.0 

129.0 

78.4 

90.0 

101 .4 

11 .0.0 

124.8 

1 3 1 .6 

180.0 

250 

267 

298 

330 

4 1 1  
502 

6 1 0  

264 

285 

309 

340 

3?2 

430 

504 

296 

340 

378 

454 

480 

600 

720 

* t Thermal capacities for s hort times other than one s e cond may be c alculated on the basis of time being inversely 
proportional to the s quare of the c urrent. 

¢ Degrees c urrent lags voltage at tap value c urrent. 

'If< tt Voltages taken with R e ctox type voltmeter. 
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TY PES I R P , IRC AN D IRD R ELAYS ________________________________________________ _ 
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Fig. 10. Typical Time Curves of the Time-O vercurrent Unit of the Short Time (2) R elays. 
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Fig. 1 1. Typical T im e  Curve of the T im e·O vercurrent Unit of the Long T im e  (5) R elays. 
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TYPES I R P ,  IRC AND I R D  R E LAYS 
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Fig. 12. Typical Time Curve of the T ime·O vercurrent Unit of the Definite Time (6) Relays. 
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TY P E S I R P, I RC AN D IRD R ELAYS ________________________________________________ _ 

T r i p  C i rc u i t  Con stants 

Indicating Contactor Switch -
0 . 2  ampere tap - 6.5 ohms d-e resistance 
2 .0  ampere tap - 0. 15 ohms d-e resistance 

Au xi I i ary Switch ( C S- 1 )  

The auxiliary switch has a d-e resistance of 
1 1 65 ohms . 

Type  I R P  R e l a y  

The IRP relay i s  designed for potential polariza­
tion and has its maximum torque when the current 
lags the voltage by approximately 60 degrees.  The 
shifting of the maximum torque angle is accomplished 
by the use of an internally mounted phase shifter as 
shown in the internal schematic. 

The directional unit minimum pick-up is approxi­
mately 1 volt and 2 amperes at its maximum torque 
angle for the directional units used with the 0 .5  
to  2.5 and 2 to  6 ampere range time over-current units. 
For the directional units used with the 4- 12 ampere 
range time overcurrent units the minimum pick-up is 
1 volt and 4 amperes . 

Type  I R C  R e l ay 

The IRC relay is designed for current polariza­
tion and has its maximum torque when the operating 
current leads the polarizing current by approximately 
40° . 

The directional unit minimum pick-up is 0 .5  
ampere in each winding at the maximum torque angle 
for the directional units used with the 0 .5  to 2.5 and 
2 to 6 ampere range time overcurrent units. For the 
directional units used with the 4-1 2  ampere range 
time overcurrent units the minimum pickup is 1 
ampere . 

T y p e  I R D  R e l ay 

The type IRD relay utilizes a directional unit 
similar to the IRC relay in conjunction with the direc­
tional unit and phase-shifting circuit of the IRP relay. 

The current-polarized directional unit of the IRD 
relay operates on residual currents while the poten­
tial-polarized directional unit of the IRD relay oper­
ates on residual voltage and residual current. 

For the directional units used with the 0 .5  to 2 
and 2 to 6 ampere time overcurrent units, the mini­
mum pick-up of the current polarized unit is 0. 5 
ampere in each winding at the maximum torque angle. 
The minimum pick-up for the voltage polarized unit is 

20 

1 volt and 2 amperes with the current lagging voltage 
by 60° . 

For the directional units used with the 4 to 12 
ampere range time overcurrent units, the minimum 
pick-up is 1 ampere for the current-polarized dtrec­
tional unit and 1 volt and 4 amperes for the voltage­
polarized directional unit. 

S E T T I N G S  
T i m e  O ve rcu rrent U n i t  ( CO)  

The time overcurrent unit settings can be  defined 
either by tap setting. and time dial po sition or by tap 
setting and a specific time of operation at some cur­
rent multiple of the tap setting ( e. g. 4 tap setting, 2 
time dial position or 4 tap setting, 0 . 6  seconds at 
6 times tap value current). 

To provide selective circuit breaker operation, a 
minimum coordinating time of 0 .  3 seconds plus circuit 
breaker time is recommended between the relay being 
set and the relays with which coordination is to be  
effected. 

The connector screws on the tap plate above the 
time dial makes connections to various turns on the 
operating coil. By placing this screw in the various 
tap plate holes, the relay will just close its contacts 
at the corresponding current 4-5-6-7- 8- 1Q-1 2  amperes, 
or as marked on the tap plate. 

C AU T I O N  Since the tap block connector screw car­
ries operating current, be sure that the screw is turned 
tight. In order to avoid opening the current trans­
former circuits when changing tap s  under load, con­
next the spare connector screw in the desired po si­
tion before removing the other tap screw from the 
original tap position. 

I n stan taneo u s  R eclo s i n g  

The factory adjustment o f  the CO unit contacts 
provides a contact follow. Where circuit breaker re­
closing will be intiated immediately after a trip by 
the CO contact, the time of the opening of the contacts 
should be a minimum. This condition is obtained by 
loosening the stationary contact mounting screw, 
removing the contact plate and then replacing the 
plate with the bent end resting against the contact 
spring. With this change and the contact mounting 
screw tightened, the stationary contact w ill rest 
solidly against its backstop.  
I n stan tan eo u s  O vercu rrent U n i t  ( 1 ) 

The only setting required is the pickup current 
setting which is made by means of t he connector 
screw located on the tap plate. By placing the con-
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TYP ES I RP,  IRC AHD I R D  R ELAYS 

nector screw in the desired t ap ,  the relay will j ust 
close its contacts at the tap value current. 

C A U T I O N  Since the tap block connector screw car­
ries operating current, b e  sure that the screw is 
turned tight. 

In order to avoid opening the current transformer 
circuits when changing t ap s  under load, connect the 
spare tap screw in the desired tap position before re­
moving the other tap s crew from the original tap 
po sition. 

D i rectio nal U n i t s  ( D) 

No setting is required. 

* In d i ca t i n g  Conta ctor Sw i tc h  ( I C S / 1  a n d  I C S/ T )  

The setting required o n  the ICS units i s  the 
selection of the 0 . 2  or 2 . 0  ampere tap setting. This 
selection is made by connecting the lead located in 
front of the tap block to the desired setting by means 
of the connecting screw. 

Auxi l i ary Switch (CS- 1 )  

No setting required o n  the cs- 1 unit except for the 
selection of the required 24, 48, 125 or 250 voltage 
on the tapped rexistor. This connection can be made 

by referring to Fig. 23. 

I N S T A L L A T I O N  

The relays should be mounted on switchbo ard 
p anels or their equivalent in a location free from dirt, 
moisture , excessive vibration and heat. Mount the 
relay vertically be mean s  of the two mounting studs 
for the type FT projection case or by means of the 
four mounting holes on the flange for the semi-flush 

type FT case. Either of the studs or the mounting 
screws may be utilized for grounding the rel ay. The 
electrical connections may be m ade directly to the 
terminals by means of s crews for steel panel mount­
ing or to terminal studs furnished with the relay for 
thick panel mounting. The terminal studs may be 
easily removed or inserted by locking two nut s on the 
studs and then turning the proper nut with a wrench. 

For detail information on the FT Case refer to 
I .L.  4 1-076. 

The external a- c connections of the directional 
overcurrent relays are shown in Figs. 20, 2 1  and 22. 
If no voltage polarizing source is to be connected to 
the IRD relay. short-circuit the voltage polarizing 
circuit at the terminals of the relay. 

I . L .  4 1 · 1 33 F  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct operation 
of this relay have b een made at the facto ry. Upon re­
ceipt of the rel ay, no customer adjustment s,  other 
than those covered under "SETTINGS" , should b e  
required. 

A c cep ta n c e  C h e ck 

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

Instantaneo us Overcurrent Unit ( I) 

1 .  Contact Gap - The gap between the stationary 
and moving contacts with the rel ay in the de-ener­
gized po sition should be approximately . 0 20". 

2. Minimum Trip Current - The normally-closed 
contact of the directional unit should be blocked open 
when che ck ing the pick-up of the overcurrent unit. 

The pick-up of the overcurrent unit can be checked 
by inserting the tap screw in the desired tap hol e and 
applying rated tap v alue current. The contact should 
clo se within ± 5% of tap val ue current. 

Directional Unit ( D) 

1 .  Contact Gap - The gap between the stationary 
contact and moving contact with the relay in the de­
energized position should be approximately . 0 20". 

2. Sensitivity - The respective directional units 
should trip with value of energization and phase angle 
relationship as indicated in Table 1. 

3. Spurious Torque Adjustments - There should 
be no spuriou s  closing torques when the operating 
circuits are energized per Table 2 with the polarizing 

circuits short circuited for the voltage polarized units 
and open-circuited for the current polarized units. 

Time Overcurrent Unit ( CO) 

1. Contacts - Th e  index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when th e stationary contact has moved through 
approximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop, the index mark is offset to the right of the 
"0" mark by approximately . 0 20". The placement of 
the various time dial positions in line with the index 
mark will give operating times as shown on the re­
spective time-current curves. 

2. 1\tinimum Trip Current - Set the time dial to 
position 6 with the auxiliary switch (CS- 1) contacts 
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I 2 3 
LINE 

STATION BUS 

D 

IRP RELAT 
( FRONT VIEW) 

1 rT I MER STOPS TO WHEN AUX. 
· TIMER � RELAY CONTACT J sToP LoPEhs } TO {T I MER STARTS 

TIMER WHEN SWI TCH 
START 'S' CLOSES 

SWITCH 
'S' 

�120 VOLTS L----------------._--o � 60 CICLES 

184All8 
Fig. 19. D iagram ol test connections ol the time-overcurrent unit. 

pos.-..----------

DEVICE NUMBER CHART 

67N-OIRECTIONAL OVERCURRENT GROUND 
RELAY TYPE IRP 
D- DIRECTIONAL UNIT 
tO- T IME- OVERCURRENT UNIT 
1- INSTANTANEOUS 0/C UNIT 
liST -SATURATING TRANSFORMER 

FOR INST. 0/C UNIT 
ICS - INDICATING CONTACTOR SWITCH 

52 - POWER CIRCUIT BREAKER 
o - AUXILIARY CONTACT 
T C - TRIP COIL 

67N 'TO 

67N -
3
-

l/ST 
S E C. 

fL_cs_-_1 ___ }__, co 

NEG.-.._ _____ _. __ _ 

289B506 

Fig. 20. External Schematic o f  the I RP R elay for G round Fault Protection. 
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TY P ES I RP, I RC AND I R D  R ELAYS ---------------------__;.:;' ·-=-L .=-4�1 ·....:.1 .:.=33F 

� 

I 2 3 
L I NE 

� 
1 

52 

I 2 3 
L INE 

STATI B 

DEVICE NUMBER CHART 

r-f---�......f----+-JIIH 
MAIN 

P,T. 

--�------�------+-----+-- 1 
�-------+------�----�- 2 
�-------+------�-----r- 3 --r-----�-------t----�- G 

AUX .  
P. T. 

L - - - \- - - - - - - _J 
WHEN NOT USED, JUMPER 
TERMINALS 4 AND 5 

67N-DIRECTIONAL OVERCU R R E N T  GROUND 
RELAY TYPE IRD 
DIU-UPPER DIRECTIONAL UNIT 
OIL- LOWER DIRECTIONAL UNIT 
CO- TIME - OVERCURRENT UNIT 
I - INSTANTANEOUS 0/C UNIT 
liST- SATURATING TRANSFORMER 

FOR INST. OIC UNIT  
ICS - INDICATING CONTACTOR SWITCH 

5 2 - POWER CIRCUIT BREAKER 
o - AUXIL IARY  CONTACT 
TC - TRIP COIL 

DIU 67N 7 

NEUTRAL OF GROUND 
CURRENT SOURCE 

Q

I�S 

4

I�S 

CO I 

qs ±� t67N � 2 
52  a 

67N  
"'3 

I/ST 
S E C. 

+
'----

CS-1  

_____)

} C D  

NEG.--&-------+----

289B508 

* Fig. 21.  External Schematic of the IRD Relay for Gro un d  Fault P rotection. 

STAT ION  B U S  

67N 8 
* 

}'""' { RELA Y S  

co D liST 67N 
_, .;:9 
· v- PRI , '71""-" 

DEVICE NUMBER CHAR  T -67N DIRECTIONAL OVERCURRENT GROUND 
RELAY TYPE IRC 
0- DIRECTIONAL UNIT 
CO- TIME-OVERCURRENT UNIT 
! - INSTANTANEOUS OIC UN IT  
liST -SATURATING TRANSFORMER 

FOR INST. OIC UN IT  

NEUTRAL  OF GROUND 
CUR R E N T  SOURCE 

ICS - INDICATING CONTACTOR SWITCH 

5 2 - POWE R  CIRCUIT BREAKER 
o - AUXILIARY CONTACT 
TC - TRIP COIL 

POS .-..-----------
67N TO 

1/ST 
S EC.  

fL_cs_-_� ___ f_j c o  

NEG.-...... --------4..,_ ........ 

289B507 

* Fig. 22. External Schematic of the I R C  Relay for Gro un d  Fault Protection. 

23 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY PES I RP ,  I RC AND I R D  R ELAYS -----------------------

blocked closed, alternately apply tap value current 
plus 3% and tap value current minus 3%. The moving 
contact should leave the backstop at tap value current 
plus 3% and should return to the backstop at tap value 
current minus 3%. 

3 .  Time Curve - Table 3 shows the time curve 
calibration points for the various types o f  rel ays. 
With the time dial set to the indicated position, apply 
the currents specified by Tabl e 3 (e.g.  for the co- 2. 
3 and 20 time s tap value current) and measure the 
operating time of the relay. The operating times 
sho uld e qual those of Table 3 plus or minus 5 percent. 

Indicating Contactor Switches (ICS/1) and (ICS/T) 

A) Clo se the contacts of the CO and pass suf­
ficient d. c. current through the trip circuit to close 

the contacts of . (ICS/T). This value of current should 
not be greater than the p articular (ICS/T) tap setting 
being used. The operation indicator target should 
drop freely, bringing the letter "T,. into view. 

B) Close the contacts of the instantaneous over­
current unit (I) and the directional unit ( D). Pass suf­
ficient d.c.  current through the trip circuit to close 
the contacts of (ICS/1). This value o f  current should 

not be greater than the p articular (ICS/1) tap setting 
being used. The operation indicator target should 
drop freely, bringing the letter "I" into view. 

C) The contact gap should be approximately 
. 047" between the bridging moving co ntact and the 
adjustabl e stationary contacts. The bridging moving 
contact should touch both stationary contacts 
simultaneou sly. 

Ro ut ine  M a i n ten a n c e  

All relays should b e  inspected periodically and 
the time of operation should be check ed at least 
once every year or at such other time interval s as 
may be dictated by experience to be suitable to the 
p articular applic ation. The use of phantom loads, in 
testing induction-type relays, should be avoided, 
since the resulting distorted current wave form will 
produce an error in timing. 

All contacts should be periodically cleaned. A 
contact burnisher ttl82A836HO 1 i s  recommended for 
this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the 
danger of embedding small particles in the face of 
the soft silver and thus impairing the contact. 

C al i b ratio n 

use the following procedure for calibrating the 
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relay if the relay has been taken apart for rep airs or 
the adj ustments have been disturbed. This procedure 
should not be used unle ss it is apparent that the re­
l ay i s  not in proper working order. ( See •Acceptance 
Check ..,). 

I n stantaneo u s  O vercu rren t U n i t  ( 1 )  

1 .  The upper pin bearing sho ul d be screwed down 
until there is approximately .025 clearance between 
it and the top of shaft bearing. The upper pin bearing 
should then be securely locked in po sition with the 
lock nut. The lower bearing position is fixed and can­
not be adjusted! 

2. The contact gap adjustment for the overcurrent 
unit i s  made with the moving contact in the reset 
po sition ,  i . e. , against the right side of the bridge. 
Move in the left-hand stationary contact until it just 
touches the moving contact then back off the station­
ary contact 2/3 of one turn for a gap of approximately 
. 0 20 " .  The clamp holding the stationary contact hous­
ing need not be loosened for the adjustment sinc e the 
clamp utilizes a spring-type action in holding the sta­
tionary contact in po sition. 

3. The sensitivity adjustment is made by varying 
the tension of the spiral spring attache d to the mov­
ing element assembly. The spring is adjusted by 
pl acing a screwdriver or similar tool into one of the 
notche s located on the periphery of the spring ad­
juster and rotating it. The spring adjuster is located 
on the underside of the bridge and is held in place 
by a spring type clamp that doe s  not have to be 
loo sened prior to making the necessary adjustments. 

Before applying current, block open the normally­
do sed contact of the directional unit. Insert the tap 
screw in the minimum value tap setting and adjust 
the spring such that the contacts will clos e  as indi­
cated by a neon lamp in the contact circuit when 
energized with the required current. The pick up of 
the overcurrent unit with the tap s crew in any other 
tap should be within ± 5% of t ap value. 

If adj ustment of pick-up current in between tap 

settings is desired insert the tap screw in the next 
lowest tap setting and adjust the spring as described. 
It should be noted that this adjustment result s  in a 
slightly different time characteristic curve and burden. 

Directional Unit ( D) 

In the type IRP and IRC relays the directional 
unit is the lower cylinder unit. In the type IRD the 
directional units are the lo wer and middle cylinder 
units. 
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TYPES I RP ,  I RC AND I RD R E LAYS._ ______________________ I ._L ._4_1 ·_1 3_3F 

1 .  The upper bearing screw shouJ d be screwed 
down until there is approximately .025 clearance be­
tween it and the top of the shaft bearing. The upper 
pin bearing should then be securely locked in position 
with the lock nut. 

2. Contact gap adjustment for the directional 
unit is made with the moving contact in the reset 
position, i . e . ,  against the right side of the bridge. 
Advance the right hand stationary contact until the 
contacts just clo se. Then advance the stationary 
contact an additio nal one-half turn. 

Now move in the left-hand stationary contact until 
it just touches the moving co ntact. Then back off the 
stationary contact 3/4 of one turn for a contact gap 
of . 0 20 "  to . 0 24". The cl amp holding the stationary 
contact housing need not be loosened for the adjust­

ment since the clamp utilizes a spring-typ e action in 
holding the stationary contact in po sition. 

3.  Insert tap screw of overcurrent unit in highest 
tap. The sensitivity adjustment is made by varying 
the tension of the spiral spring attached to the mov­
ing element assembly. The spring is adjusted by plac­
ing a screwdriver or similar tool into o ne of the 
notches located on the periphery of the spring ad­
j uster and rotating it. The spring adjuster is located 
on the underside of the bridge and is held in place 
by a spring type clamp that doe s not have to b e  
loosened prior t o  making the necessary adjustments. 

The spring is to be adjusted such that the con­
tacts will close as indicated by a neon lamp in the 
contact circuit when energized with the required 
current and voltage as sho wn in Table 1. This tabl e 
indicates that the spring can be adjusted when the 
phase angle relationship between the operating cir­
cuit and the polarizing circuit is at the maximum 
torque angle or when the circuit relationship has the 
operating and polarizing circuits in phase. 

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

The reversing of the spurious torque s is accom­
plished by using the adjusting plugs in the following 
manner: 

a) Voltage circuit terminals on the voltage polar­
ized rel ays (IRP and IRD voltage polarized unit) are 
short-circuited. 

b) The polarizing circuits of the current polar­
ized relays (IRC and IRD current polarized unit) are 
open-circuited. 

Upon completion of either •a" or ''b" current is 

applied to the operating circuit terminals as per 

Table 2. 

Plug adjustment is then made per Table 2 such 
that the spurious torques are reversed. The plugs are 
held in position by upp er and lower plug clips. These 
clip s need not be disturbed in any manner when mak­
ing the necessary adjustment. 

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

Time Overcurrent Unit (CO) 

1. Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop,  the index mark is offset to the right of the 
"0" mark by approximately . 0 20". The placement o f  
the various time dial positions i n  line with the index 
mark will give operating times as shown on the re­
spective time-current curves. 

2) Minimum Trip Current - The adjustment of 
the spring tension in setting the minimum trip current 
value of the relay is most conveniently made with the 
damping magnet removed. 

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

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

With the auxiliary switch (C8- 1)  contacts blocked 
closed, adjust the control spring tension so that the 
moving contact will leave the backstop at tap value 
current + 1. 0% and will return to the backstop at tap 
value current -1 .  0%. 

3) Time Curve Calibration - Install the perma­
nent magnet. 

Apply the indicated current per Table 3 for perma­
nent magnet adjustment (e. g. IRP-8, 2 time s tap value) 
and measure the operating time. Adjust the permanent 

magnet keeper until the operating time corresponds 
to the value of Table 3. 

Apply the indicated current per Table 3 for the 
el ectromagnet plug adj ustment (e. g. IRP-8, 20 times 
tap value) and measure the op erating time . Adjust the 
proper plug until the operating time corresponds to 
the value in Table 3. (Withdrawing the left hand plug, 
front view increases the operating time and withdraw­
ing the ri ght hand plug, front view, decreases the 
time.) In adjusting the plug s ,  one plug should be 
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TY P E S I RP, I RC AND I R D R E L AYS ________________________________________________ _ 

POSIT ION  RATED O-C R ESISTOR 

L E AD 0 VOLTAGE RESISTANCE 

14 0 
4 8 300 

1 2 5  2700 
250 6500 

NOTE . REL AYS ARE SH IPPED  O N  T H E  115 VOLT TAP 

184A316 

Fig. 23. Selection of Proper Voltage Tap for A uxiliary 
Switch ( CS- 1) Operation. 

screwed in completely and the other plug run in or 
out until the proper operating time has been obtained. 

Recheck the p ermanent magnet adjustment. If the 
operating time for this c alibration point has changed, 
readjust the p ermanent m agnet and then recheck the 
electromagnet plug adj ustment. 

Indicating Contactor Switches (ICS/I) and (ICS/T) 

Adjust the contact gap for approximately .04 7 " .  

A) Close the contacts of the C O  and pass suf­
ficient d.c. current through the trip circuit to clo se 
the contacts o f  the (ICS/T). This value of current 
should not be greater than the p articular (ICs/T) tap 
setting being used. The op eration indicator target 
should drop freely bringing the letter "T" into view. 

B) Close contacts of instantaneous overcurrent 
unit (I) and directional unit (D). Pass sufficient d. c. 
current through the trip circuit to close contacts of the 
(ICS/1). This value of current should hot be greater 
than the particular (ICS/1) tap setting being used . 
The operation indicator target should drop freely 
bringing the letter "I" into view. 

A u xi l i ary Switch ( C S - 1 )  

Adjust the stationary core o f  the switch for a 
clearance between the stationary core and the moving 
core when the switch is picked up . This can be done 
by turning the relay upside-down. Then screw up the 
core screw until the moving core starts rotating. Now 
back off the core screw until the moving core stops 
rotating. This indicates the points where the play 
in the assembly is taken up, and where the moving 
core j ust separates from the stationary core screw. 
Back off the core screw approximately one turn and 
lock in place . This prevents the moving core from 
striking and sticking to the stationary core because 
of residual magnetism . Adjust the contact clearance 
for 3/64 " by means of the two small nuts on either 
side of the Micarta disc.  

Connect lead (A) to proper terminal p er Fig. 23 .  
Block directional unit (D)  contacts clo se and ener­
gize triP circuit with rated voltage . Contacts of 
auxiliary switch (CS- 1 )  s hould make as indicated by 
a neon lamp in the contact circuit. 

R E N E W A L  P A R T S  
Repair work can b e  done most satisfactorily at 

the factory. However, interchangeable parts can be 
furnished to the customers who are equipped for doing 
repair work. When ordering parts , always give the 
complete nameplate data. 

TAB L E  I 

DIR ECTIONAL UNIT S ENSITIVITY 

R E LAY TY P E  
AM P E R E  RAT I NG VAL U ES FOR MI N. P I CK U P  t O F  

TIM E-O V E RCU R R E N T  
UNIT 

VOLTS AMP E R ES 

. 5- 2. 5  1 2 . 0  
IRP 2-6 1 4 . 0  
IRD ( Voltage 

Unit) 1 4 . 0  
4- 1 2  1 8 .0 

0 .5  
. 5- 2. 5  0- :3"7 IRC 2-6 

IRD (Current � 
Unit) 4- 1 2  1 . 0  

Itt 
* t The energization quantities are input quantities at the rel ay terminals. 

* tt Maximum torque angle. 
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PHAS E  ANG L E  R E LAT I ONSH I P  

I lagging V by 60° t t 

I in-phas.al with V 

I lagging v by 60° t t  

I in-phase with V 

I 0 leading Ip 

In-phase 

by 40° t t  

* 

* 

* 

I0 l eading Ip by 40o t t  * 
In-phase 
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TYPES I R P, I RC AND I RD R E LAYS I .L .  4 1 - l JJF 

R E LAY RAT I NG 

All Ranges 

All Ranges 

TAB L E  I I  

D I R E CT IONAL UNI T  CAL I B RATION t 

CURR ENT AMP E R E S  BOTH PL UGS I N  COND I T I ON 

80 Spurious Torque In Contact 
Closing Direction ( Left Front 
View) 

80 Spurious Torque In Contact 
Opening Direction (Right Front 
View) (Contacts remain open) 

ADJ USTME NT 

Right (Front-View) Plug Screwed 
Out Unt\ l Spurious Torque is Re-
versed. 

Left (Front View) Plug Screwed 
Out Until Spurious Torque is in 
Contact Closing Direction. Then 
the plug is screwed in Until Spuri-
ous Torque is Reversed. 

t Short circuit the voltage polarizing circuit at the relay terminals before making the above adjustment. 

TABLE I l l  

T I M E  C U R V E  C AL I B R A T I O N  D A T A - 60 C Y C L E S  

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME- TIME CURRENT OPERATING CURRENT OPERATING 
OVERCURRENT DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME 

UNIT TYPE POSITION TAP VALUE ) SECONDS TAP VALUE) SECONDS 

2 6 3 0.57 2 0  0.22 

5 6 2 37. 8 0  1 0  14.30 

6 6 2 2.46 2 0  1 .19 

7 6 2 4.27 2 0  1 . 1 1  

8 6 2 13.35 2 0  1 . 1 1  

9 6 2 8.87 2 0  0.65 

1 1  6 2 1 1. 27 20 0 . 24 
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TYPES I R P , I RC AND I R D R E LAYS ______________________________________________ ___ 

2 8  

190-32 S.CREW 

S�CER. f"ol=l 
THil-l P�H�c;. 

_s_IQ ':.CREW 
IE> (F'OR 1\·HC"­�E\... IJSt;: �-IS �T\.JD) 
. 190-3Z. SCREW (FOR. T H I C K  

P" .... WlO.L.. US.£ 
. 1 9 0 -32 STUO) 

- �OIA. 
T�RM I!o.IAL AW D 

ME>Ut.&T I NCJ DEl AI L '=> 

� OIA.. -4- �0LE S. f'"OR 
.1 90-32. MT&. 'DCR.f'WS 

PANEL c.UTO\lT t ORILLINGr 
FOR. 'SEMI -FLU CQH MT(i-. 

P,.._NEL DRI LL\1-&G- OR C.\JTOU'T 
PROJII:CT\ ON MTCir. 

( FRC»olT \1\EW) 

TERMINAL 
NU M8EA. 

57-D-7902 ,�� 

Fig. 24. Outline and Drill ing P l an for th e IRP and IRC R el ay s  in th e Type F T3 1  Case. 
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TYPES I R P, I R C  AN D I R D  R E L AYS _______________________ 1 ·_L_. _4 1_· 1_33_F 

S PACER F O R  
TH I N  PAN E L S  

T E R M I N A L  A N D  
M O U N T I  N <?  .D ETA I LS 

Ill OT E. - A L L  D I M E N S I O N S 
I N  I N C H E S 

I 

..!... DI A .  + H o L E S  F OR 
4- . 1 90·32 MTG. SC REWS 

z. '� :.._ I G  c:- .1  ;;.1 8  

- I� 
co 

PA N E L  CUTC U T  ¢ D RI L L I N G  
F O R  S E MI - F L U S H M T G .  

TL f::.M I NAL N U M BER 
PA N E L  D R I L L I N C1  OR C U T O U T  F O R  

f' R CJ J E.C.:.T I O N  M TG ·  
F R O N T  V I E W  

57-D-7904 

Fig. 25. O utline an d Drilling Plan for the IRD Relay in the Type FT4 1 Case. 
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W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  

R E LAY- I N STR U M E N T  D IVI S I O N  N EWAR K, N .  J.  
Printed i n  U.S.A. www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



Westinghouse I . L. 4 1 - 1 33 o 
I N S T A L L A TI O N  • O P E 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  
DIRECTIONAL OVERCURRENT GROUND RELAYS 

TYPES IRP, IRC AND IR D 

C A U T I O N  Before p utting relays into servi ce, remove 
all blocking which may have been inserted for the 
purpose of securing the parts during shipment, make 
sure that all moving parts operate freely, inspect the 
contacts to see that they are clean and close properly, 
and op erate the relay to check the settings and 
electrical connections. 

A P P L I C A T I O N  

These relays are ground directional overcurrent 
relays which are used for the protection of trans· 
mission lines and feeder circ uits. Both the time­
overcurrent and instantaneous overcurrent units are 
directionally controlled. 

The type IRP relay is potential polarized. The 
type IRC relay is current polarized. The typ e IRD 
relay is a dual polarized relay which can be polarized 
from a potential source, from a local ground source or 
from both simultaneously. 

C O N S T R U C T I O N A N D  O P E R A T I O N  

The various types of relays consist of a direction­
al unit or units (D) ,  an auxiliary switch (CS- 1) ,  a 
time-overcurrent unit (CO), an instantaneous over­
current unit (I) , an instantaneous overcurrent unit 
transformer, and two indicating contactor switches 

(ICS/1) and (ICS/T) .  The principle component parts 
of the relays and t heir location are shown in Fig. 1 
through 6. 

T i m e-O vercurrent U n i t  (CO)  

The electromagnets for the types IR-5, IR-6, IR-7 , 
* IR-8 and IR-9 relays have a main tapped coil located 

on the center leg of an "E" type laminated structure 
that produces a fl.ux which divides and r eturns through 
the outer legs. A shading coil causes the flux through 
the left leg to lag the main pole flux. The out-of-phase 

flux es thus produced in the air gap cause a contact 
closing torque. 

The electromagnet for the type IR-2 and IR- 1 1  

* relays has a main coil consisting o f  a tapped primary 
winding a secondary winding. Two identical coils 

SUP E RSEDES I . L. 4 1 - 1 33C 
*Denotes change from superseded i ssue 

on the outer l egs of the l amination structure are con­
nected to the main coil secondary in a mann er so that 
the combination of all the fluxes produced by th e 
el ectromagnet result in out-of-phase fl uxes in the air 
gap . The out-of-phase air gaP fluxes Produced cause a 
contact cl osing torque. 

I n d i cat i n g  Conta cto r Sw i tch  U n i t s  ( I CS/1 an d I C S/T)  

The d-e indicating contactor switch i s  a small 
clapper typ e device. A magnetic armature, to which 
leaf-spring mounted contacts are attached, is attracted 
to the magnetic core upon energization of the swit ch. 
When the switch closes t he moving contacts bridge 
two stationary contacts, completing the trip circuit. 
Also during this operation two fingers on the armature 
deflect a spring located on the fro nt of the switch, 
which allows the op eration indicator target to drop. 

The front spring, in addition to holding the target, 
provides restraint for the armature and thus controls 
the pickup value of the switch. 

Di recti o n al U n i t  ( D) 

The directional unit is a product inductiQn cylin­
der type unit op erating on the interaction between the 
polarizing circuit flux and the op erating circuit flux. 

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

The frame serves as the mounting structure for 
the magnetic core. The magnetic core which houses 
the lower pin bearing is secured to the frame by a 
locking nut. The bearing can be replaced, if neces­
sary, without having to remove the magnetic core from 
the frame. 

The electromagnet has two series-connected polar­
izing coils mounted diametrically opposite one an­
other; two series-connected operating coils mounted 
diametrically opposite one another; two magnetic ad­
justing plugs; upper and lower adjusting plug clips, 
and two locating pins. The locating pins are used to 
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* Fig. 1. Type IRD Relay Without Case (Front View). 1 - lnstantane�us Over­
current Unit ana Saturating Transformer. 2 - Current Polarlzea Direct­

Ional Unit. 3 - Voltage Polarlzea Directional Unit. 4 - Time Over­

current Unit. 5 - Ina/eating Contactor Switch. 6 - A uxiliary Switch. 

�' ) 

1 

3 

Fig. 2. Type IRD Relay Without Case (Rear View). 1 - Varistor. 2 - Saturating 

Transformer. 3 - "E" Type Electromagnet. 

) ) 

..... 
-< 
""0 
m 
II' 

;::o 

_-o 
;::o 
n 

� 
z 
0 

;::o 
0 

;::o 
m 
r-
� 
-< 
II' 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY PES IRP,  I RC AND I R D  R E LAYS ______________________ r . L_._4_1·_13_3_D 

Fig. 3. D irectional Unit. l - Stationary Contacts. 2 - Stationary Contact Pressure Spring. 3 - Magnetic A djusting P lugs. 

4 - Upper Bearing Screw. 5 - Moving Contact. 6 - Spring A djuster C lamp. 7 - Current B ias Vane. 

2 

�7 

* Fig. 4. Time Overcurrent Unit. l - Tap B lock. 2 - Time D ial. 3 - Control Spring A ssembly. 4 - D isc. 5 - Stationary 

Contact A ssembly. 6 - Magnetic Plugs. 7 - Permanent Magnet. 
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TY P ES I RP, I RC AND IRD RELAYS _______________________ _ 

Fig. 5. Instantaneous Overcurrent Unit. J - Saturating Transformer. 2 - Tap B lock. 3 - Stationary Contact. 4 - Moving 

Contact. 

Fig. 6. Indicating Contactor Switch (ICS). 
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TYPES I R P, IRC AND I R D  R ELAYS ______________________ _.:..:• ·=L.:.....4:..:.1 ·....:.1.::.::33::..=..D 

accuratel y po sition the lower pin b earing, which is 
mounted on the frame , with respect to the upper pin 
bearing , which is threaded into the bridge. The eleo­
tromagnet is secured to the frame by four mounting 
screws. 

The moving element assembly consists of a spiral 
spring, contact carrying member, and an aluminum 
cylinder assembled to a molded hub which holds the 
shaft. The shaft has removable top and bottom jewel 
bearings. The shaft rides between the bottom pin 
bearing and the upp er pin bearing with the cylinder 
rotating in an air gap formed by the electromagnet and 
the magnetic core. 

The bridge is secured to the electromagnet and 
frame by t wo mounting screws. In addition to holding 
the upp er pin bearing, the bridge is used for mounting 
the adjustable stationary contact housing . The sta­
tionary contact housing is held in position by a spring 
type clamp. The spring adjuster is located on the 
underside of the bridge and is attached to the moving 
contact arm by a spiral spring. The spring adjuster 
is also held in place by a spring type clamp . 

With the contacts closed, the electrical connec­
tion is made through the stationary contact housing 
clamp, to the moving contact, through the spiral spring 
out to the spring adjuster clamp . 
A u x i l i ary Switch (CS- 1)  

The auxiliary switch i s  a small solenoid type 
d.c.  switch. A cylindrical plunger, with a silver 
disc mounted on its lower end, moves in the core of 
the solenoid. As the plunger travels upward, the 
disc bridges the silver stationary contacts .  A tapped 
resistor is used to enable one to use the contactor 
switch on a 24 , 48,  1 25 or 250 volt d. c.  system con­
nected per Fig. 2L The operation of the CS- 1 
switch is controlled by the directional unit (D) which 
in turn directionally controls the time-overcurrent 
unit (CO). When sufficient power flows in the tripping 
direction, the CS- 1 switch operates and bridges the 
lag coil of the time-overcurrent unit (CO) permitting 
this unit to operate. 

I n stanta n eo u s  O vercurrent U n i t  ( 1 ) 

The instantaneou& overcurrent unit is similar in 
construction to the directional unit. The time phase 
relationship of the two air gap fluxes neces sary for 
the development of torque is achieved by means of a 
capacitor connected in series with one pair of pole 
windings.  

The normally-closed contact of the directional unit 
is connected across one pair of pole windings of the 
instantaneou s  overcurrent unit as shown in the in­
ternal schematics. This arrangement short-circuits 
the operating current around the pole windings; pre-

venting the instantaneou s  overcurrent unit from de­
veloping torque. If the directional unit should pick 
up for a fault, this short-circuit is removed, allowing 
the instantaneous overcurrent contact to commence 
closing almost simultaneously with the directional 
contact for high speed operation. 

I n stantaneo u s  O vercu rrent U n i t  T ran sfo rm e r  

This transformer is o f  the saturating type for 
limiting the energy to the instantaneous overcurrent 
unit at higher values of fault current and to reduc� 
C. T. burden. The primary winding is tapped and these 
tap s are brought out to a tap block for ease in chang­
ing the pick-up of the instantaneo us overcurrent unit. 
The use of a tapp ed transformer provides approximate­
ly the same energy level at a given multiple of pickup 
current for any tap setting, resulting in one time curve 
throughout the range of the relay. 

Acros s  the secondary is connected a non-linear 
resistor kno wn as a varistor. The effect of the varis­

tor is to reduce the voltage peaks applied to the over­
current unit and p hase shifting capacitor. 

C H A R A C T E  R l  S T I  C S  

* The time characteristics o f  the directional over­
current relays are designated by spec ific numbers as 
indicated belo w (e.g. , IR - 8).  

T i m e  
C haracter i st i c s  

Short Time 
Long Time 
Definite Time 
Moderately Inverse Time 
Inverse Time 
Very Inverse Time 
Extremely Inverse Time 

D e s i gn at i o n  

2 

5 

6 

7 

8 

9 

1 1  

The relays are available in the following current 
ranges: 

Instantaneous Overcurrent Unit (I) 

Range Tap s 

0. 5-2 Amps 0 . 5  0. 75 1 . 0  1 . 25 1 . 5  2 

1-4 1 . 0  1 . 5  2.0 2. 5 3.0 4 . 0  

2-8 2 3 4 5 6 8 

4-16 4 6 8 9 12  1 6  

10-40 10 15 20 24 30 40 

20-80 20 30 40 48 60 80 
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TYPES I RP, I R C AND I R D R E LAYS ________________________________________________ __ 

Time Overcurrent Unit 

Range Taps 

. 5-2.5 0.5 0.6 0 . 8  1 . 0  1 . 5  2.0 2. 5 
2-6 2 2. 5 3 3 . 5  4 5 6 
4- 1 2  4 5 6 7 8 10 1 2  

The tap value i s  the minimum current required to 
just close the relay contacts. 

The time vs. current characteristics for the time­
overcurrent unit are shown in Figs. 10 to 16. Thes e 
characteristics give the contact closing time for the 
various time dial settings when the indicated multi­
ples of tap value current are applied to the relay. 

T rip Ci rcu i t 

The relay contacts will safely close 30 amperes 
at 250 volts d c and the seal-in conlacts of the indi­
c:lting contactor switches will safely carry this cur­
rent long enough to tri p a circuit breaker. 

The indicating contactor switch has two taps that 

provide a pickup setting of 0 .  2 or 2 amperes .  To 
change taps requires connecting the lead located in 
front of the tap block to the desired setting by means 

of a screw connection. 

TIIP , ... , 

WITN RELATIVE IIIIAIITAIIEOUS 
POlAI ITY AS SIKMI, TilE O I IECTIOIAL 
UII IT COMTACT CLOSES TO TilE LEFT. 

IUTAIITAIEOU$ 
O'IEIC&IUEMT Wi l T  
(UH'EI CYLIIKI 

!M I T )  

UTUIATIIIQ 
TIAISFOIMll 

lED DOT 

DIIECTIOIAL !*IT 
( LOIIIEI CYLI IIIEI UIIIT) 

IUUCTI. UIIT 

CMASSIS Of"£1AJED 
SMOI:TIIQ SIITCM 
lED IIAULE 

TEST s-.TCM 

CUII£1T TEST .uti 
TUMUIAL 

184A034 

F ig. B. Internal Schematic of the Type /RC Relay in the 
Type F T 3 l  Case. 

6 

Conta cts 

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

The set screw in e ach stationary contact has 
been s hop adjusted for optimum follow and this ad­
justment should not be disturbed. 

WITH RELATIVE IIISTAIHANEOUS 
POLAR ITY AS SIIOWII, THE D I RECT I ONAL 
UIIJT CONTACT CLOSES TO TilE LEFT. 

INSTAIITANEOUS 
OVERCURRENT UIII I T  
(UPPEII CYLINDEII 

UNIT) 

S.UURA.TIMQ 
TRAIISFOR,.ER 

liED DOT 

III.DUCTION UIIIT 

O I IIECTIOIIAL UIIIT 
(LOWER CYLI IIDER 

UNIT) 

CHAS S I S  OPERATED 
StiORTING SWITCH 

REO HANDLE 

\<-r-"i"t--TEST SWITCH 

TERMIIIAL 

184Ao33 

F ig. 7. Internal Schematic of the Type IRP Relay in the 
Type F T3 l  Case. 

DIRECTIOIAL. 
COliTACTS 
(NODDLE UIIT) 

WITit RELATIVE I II STAIITAIIEOUS 
I"OLAR ITY AS SHOWII, THE DIII:ECTIOUl 
UIIIT COIITACT CLOSES TO TME lEFT. 

184A020 

F ig. 9. Internal Schematic of the Type IRD Relay in the 
T _-,., t- F T4 1  Case. www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



TY P ES I R P, I RC AND IRD RELAYS ______________________ .:.:.I . L�·:...:4:..:.:1·:.!.:13�3D 

E N E R G Y R E Q U I R E M E N T S  
INST A N T AN E O U S  O V E R C U R R E NT U N I T  O P E R A T ING C U R R E N T  C I R C U I T  - 60 C Y C L E S  

t t  t t  '/> 
AMP E R E  RANGE TAP VA AT TAP VALUE 

</> 
P . F. ANGLE VA AT 5 AMPS. P . F. ANGL E 

.5-2 

1-4 

2-8 

4- 16 

10-40 

20-80 

RANGE 

. 5  

0 75 

1 

1 .25 

1 .5  

2 

1 

1 . 5  

2 

2 .5  

3 

4 

2 

3 

4 

5 

6 

B 

4 

6 

8 

9 

12 

16 

10 

15 

20 

24 

30 

40 

20 

30 

40 

48 

60 

80 

.37 

.38 

.39  

.41  

. 4 3  

. 45 

. 4 1  

. 44 

. 4 7  

. 50 

.53  

. 59 

1 . 1 

1 . 2  

1 . 3  

1 . 4  

1 . 5  

1 . 8  

1 . 5  

1 . 7  

1 . 8  

1 . 9  

2.2 

2 .5  

1 . 7  

2 . 4  

3 . 1  

3 .6  

4 .2  

4 .9  

6 .6  

9 .3  

12  

1 3 . 5  

1 5 . 9  

1 9 . 2  

3 9  

36 

35 

34 

32 

30 

36 

32 

30 

28 

26 

24 

49 

43 

38 

35 

33  

29 

5 1  

45 

40 

38 

34 

30 

28 

21 

16 

15 

12 

1 1  

3 1  

24 

20 

18 

16 

15 

24 

13 

8.5  

6.0 

4 .6  

2 .9  

9 .0  

5 .0  

3 .0  

2. 1 

1 . 5  

0 . 93 

6 . 5  

3 . 3  

2. 1 

1 . 4  

1 . 1 

0. 7 

2.4 

1 . 2  

0 . 7  

0.6 

0 .37 

0 .24 

0.43 

0.27 

0 .20 

0 . 15 

0. 1 1  

0 .08 

0 . 40 

0 . 25 

0 . 18 

0. 14 

0 . 10 

0 . 07 

46 

37 

34 

32 

3 1  

28 

36 

32 

29 

27 

26 

24 

48 

42 

37 

35 

33 

29 

5 1  

45 

40 

38 

34 

3 1  

28 

21 

17 

15 

13 

12 

3 1  

24 

20 

18 

16 

15 

CONTINUOUS RATING � ONE SECOND RATING 

1--------+--------
( AM
_

P
_

E
_
R_ES

_
) 

______ · -··- , ___ _ 
t
_

C!
_,
M
_

P
_

E
_
R

_
ES
_

l 
____ _ 

. 5-2 5 100 

1-4 8 140 

2-8 8 140 

4-16 10 200 

10-40 10 

20-80 10 

200 

200 

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

¢ Degrees current lags voltag e ,  

t t Voltages taken with Rectox type voltmeter. 
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TY PES I R P ,  I R C  AN D IRD R ELAYS _______________________ _ 

ENE RGY R EQUI R EMENTS - 60 CYCLES 

D I R E CT I ONAL U N I T  O P E R AT I N G  C I R C U I T  B U R D E N  

VOLT AMPERES* *  

At At 3 Times At 10 Times At 20 Times 
Continuous One Second Power Minimum Minimum Minimum Minimum 

Relay Range Rating Rating * Factor Tap Value Tap Value Tap Value Tap Value 
Type Amps (Amperes) (Amperes) Angle ¢ Current Current Current Current 

0 . 5-2 .5  230 44. 0 0 .033 0 . 30 3 . 3  14 . 2  
IRC 2-6 230 42.5 0. 58 5 . 28 58.0 240 . 0  

4- 1 2  1 2  280 3 1 . 8 0 . 64 6. 1 2  70 .0 272.0 

0 . 5-2.5 10 230 34.5 0. 03 0 . 23 2.8 1 1 . 5  
IRP 2-6 10 230 34.5 0 . 44 4 .08 48.0 182 . 0  

4- 1 2  1 2  280 25 . 0  0 .48 4 . 62 5 3 . 6  216 .0  

0.5-2.5 10 230 45.0 0 . 07 0 . 59 6. 6 26.0 
IRD 2-6 10 230 45 . 0  1 . 04 9.9 106. 0 420.0 

4- 1 2  1 2  280 32. 4 1 . 16 10.8 1 2 1 . 2  472.0 

¢ Degrees cu"ent lags voltage at tap value current. 

• Thermal capacities for short times other than one second may be calculated on the basis of time being 
inversely proportional to the square of the cu"ent. 

• • Voltages taken with Rectox type voltmeter. 

R E L AY T Y P E  

IRC' 

IRP 

IRD Current 
Unit 

IRD Voltage 
Unit 

ENE RGY R EQUI R EMENTS - 60 CYCLES 

D I R ECT IONAL UNIT POLARIZING CI RCUIT BURDEN 

R AT I NG VOLT AMP E R ES t:, 
230* 1 .45 

Amperes 

208* *  1 1 . 2  
Volts 

230* 1 . 45 
Amperes 

208 * *  1 1 . 2  
Volts 

POW E R  FACTOR ANGL E ¢  

8° Lag 

28° Lead 

8° Lag 

28° Lead 

¢ Degrees current leads or lags voltage at 1 20 volts on voltage polarized units and 5 amperes on current 
polarized units . . 

8 

1::, Burden of voltage polarized units taken at 1 20 volts. Burden of current polarized units taken at 5 amperes. 
* One s econd rating. 

* *  30 second rating. The 10 second rating is 345 volts. The continuous rating is 1 20 volts. 
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TYPES I RP, I RC AND I R D  R E LAYS _______________________ I . L_._.c_1·_1 3_3o_ 

E N E RGY R EQU I R EMENTS 

T Y P E I R D· 2, I R C· 2, I R P • 2 T I M E  0 V E R C U R  R E N  T U N I T S  

VOLT AMPERES**  

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES AT 20 TIMES 

AMPERE RATING RATING* FACTOR TAP VALUE TAP VALUE TAP VALUE TAP VALUE 

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

0.5 0.91 28 58 4.8 39.6 256 790 

0 . 6  0.96 28 57 4.9 39.8 270 85 1 

0.8 1 . 18 28 53 5.0 42. 7 308 1024 

0.5/2.5 1.0 1 . 37 28 50 5 . 3  45 . 4  348 1220 

1 . 5  1.95 28 40 6 .2  54.4  435 1740 

2 .0  2 . 24 28 36 7 .2  65.4  5 80 2280 

2.5 2.50 28 29 7.9 73.6  700 2850 

2 .0  3 . 1  1 10 59 5.04 38. 7  262 800 

2.5 4.0 110 55 5. 13 39.8 280 920 

3.0 4 . 4  1 10 5 1  5 . 3 7  42. 8 3 1 2  1008 

2/6 3 . 5  4.8 1 10 47 5 .53 42.8 329 1 120 

4 .0  5 .2  1 10 45 5 . 72 46.0 360 1 2 16 

5 .0  5 . 6  1 10 4 1  5.90 50. 3  420 1500 

6.0 6.0 1 10 37 6.54 54.9 474 1800 

4.0  7 .3  230 65 4.92 39. 1 268 848 

5.0 8.0 230 50 5. 20 42.0 305 1020 

6.0 8.8 230 47 5 . 34 4 4 . 1  330 1 128 

4/ 12 7.0 9.6 230 46 5 . 53 45.8 364 1260 

8.0  10 . 4  230 43 5.86 49.9 400 1408 

10.0 1 1 . 2  230 37 6.6 55.5  470 1720 

1 2.0 12.0 230 34 7.00 62.3 528 2064 

• Thermal cafacities for short times other than one s econd may be calc ulated on the basis of time be ing inversely proportional to the 

s quare of t e c urrent. 

¢ Degrees c urrent lags voltage at tap value current. 

• •  Voltages taken with Re ctox type voltmeter . 
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TYP ES I R P ,  I R C  AND I RD R E LAYS _______________________ _ 

E N E RGY R EQUIREMENTS 
I R D-5, I R C- 5, I RP - 5  
I R D·6, I R C-6, I RP - 6: T IM E  O V E R C U R R E N T  U N I T S 

VOLT AMPERES* • 

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES 
AMPERE 
RANGE TAP 

(0.5 

(0.6 

(0.8 

0.5/2.5 ( 1 .0 

( 1.5  

(2.0 

(2.5 

(2 

(2.5 

(3 

2/6 (3 .5  

(4  

(5 

(6 

(4 

(5 

(6 

4/12  (7  

(8 

(10 

(12 

AMPERE 
RANGE TAP 

0.5/2. 5 

2/6 

4/12  

(0 . 5  

(0.6 

(0.8  

( 1. 0  

( 1 . 5  
(2.0 

(2.5 

(2 

(2.5 

(3 

(3.5 

(4 

(5 

(6 

(4 

(5 

(6 

(7 

(8 

(10 

(12 

RATING 
(AMPERES) 

2 

2. 2 

2.5 

2.8 

3.4  

4 .0  

4 .4  

8 

8 .8  

9.7 

10.4 

1 1 . 2  

1 2. 5  

1 3 . 7  

16 

18.8 

19.3 

20 .8  

22.5 

25 

28 

RATING* 
(AMPERES) 

88 

88 

88 

88 

88 

88 
88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

FACTOR TAP VALUE TAP VALUE TAP VALUE 
ANGLE ¢ CURRENT CURRENT CURRENT 

69 3.92 20.6 103 

68 3 . 96 20.7 106 

67 3.96 2 1  1 14 

66 4.07 2 1 .4 122 

62 4 . 19 23.2 147 
60 4 .30 24.9 168 

58 4 .37 26.2 180 

67 3.88 21 110 

66 3 .  90 21 .6  1 18 

64 3 .93 22. 1 126 

63 4.09 23 . 1  136 

62 4 .12  23 .5  144  

59  4 .20 24.8 162 

57 4.38 26. 5 183 

65 4.00 22.4 126 

63 4. 15 23.7 143 

61 4 . 32 25.3 162 

59 4 .  35 26.4 183 

56 4.40 27 .8  204 

53 4 . 60 30. 1 247 

47 4 . 92 35.6 288 

I R D- 7, I R C- 7, I RP - 7  T I M E  O V E R C UR R E N T  U N I T S  

CONTINUOUS 
RATING 

(AMPERES) 

2 

2. 2 

2 .5  

2 .8  

3 .4  
4.0 

4.4 

8 

8.8 

9.7 

10.4 

1 1 .2 

1 2.5 

1 3 .7 

16 

18.8 

19. 3 

20.8 

22.5 

25 

28 

ONE SECOND 
RATING* 

(AMPERES) 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER AT 
FACTOR TAP VALUE 
ANGLE ¢ CURRENT 

68 3 .88 

67 3 .93 

66 3 . 93 

64 4.00 

6 1  4 .08 

58 4 .24 

56 

66 

63 

63 

62 

6 1  

5 9  

5 8  

6 4  

6 1  

60 

58 

55 

51 

46 

4 .38 

4.06 

4.07 

4 . 14 

4 . 34 

4.34 

4 .40 

4 .62 

4 . 24 

4.30 

4.62 

4.69 

4.80 

5 .20 

5.40 

VOLT AMPERES* * 

AT 3 TIMES 
TAP VALUE 

CURRENT 

20.7 

20.9 

2 1 . 1  
2 1 . 6  

22.9 

24.8 

25.9 

2 1 . 3  

21.8 

22.5 

23.4 

23 .8  

25.2 

27 

22.8 

24.2 

25.9 

27.3 

29 .8  

33  

37 .5  

AT 10 TIMES 
TAP VALUE 

CURRENT 

103 

107 

114 
1 22 

148 

174 

185 

1 1 1  

120 

129 

141  

149 

163 

183 

129 

149 

168 

187 

2 1 1  

260 

308 

AT 20 'TIMES 
TAP VALUE 

CURRENT 

270 

288 

3 25 

360 

462 

548 

630 

308 

342 

381 

417 

448 

540 

624 

376 

450 

53 1 

6 1 1  

699 

880 

1056 

AT 20 TIMES 
TAP VALUE 

CURRENT 

278 

288 

320 

356 

459 
552 

640 

306 

342 

366 

4 1 3  

448 

530 

624 

392 

460 

540 

626 

688 

860 

1032 

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

cf> Degrees current lags voltage at tap value current. 

•• Voltages taken with R ectox type voltmeter. 
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TYPES I RP ,  IRC AND I R D  R ELAYS ______________________ --=.1_· L_._ .. _1·_13_3°_ 

AMPERE 

RANGE 

0.5/2.5 

2/6 

4/ 1 2  

E N E RG Y  R E QU I R EM E NTS 

I R D-8, I RC-8, I R P-8,  
T I M E  O V E R C U R R E N T  U N IT S  

I R D-9, I R C-9,  I RP-9,  

CONriNUOUS 

RATING 

P OWER AT 

VOLT AMPERE S** 

TAP (AMPERES) 

ONE SECOND 

RATING ' 

( AMPERES) 

FACTOR TAP VALUE 

A NGLE ¢ CURRENT 

AT 3 TIMES 

TAP VALUE 

CURRENT 

AT 10 TIMES 

TAP VALUE 

CURRENT 

AT 20 TIMES 

TAP VALUE 

CURRENT 

(0. 5 

(0.6 

(0.8 

( 1 . 0  

( 1 . 5  

( 2 . 0  

( 2 . 5  

( 2  

(2 .5  

(3 

(3.5 

(4 

( 5  

( 6  

(4 

(5 

(6 

(7 

(8 

(10 

( 1 2  

AMPERE 
RANGE 

0.5/2.5 

2/6 

4/12  

2 

2 . 2  

2 . 5  

2.8 

3 .4 

4 .0  

4 .4 

8 

8.8 

9.7  

10.4  

1 1. 2  

1 2 . 5  

1 3 . 7  

1 6  

18.8 

19.3 

20.8 

22.5 

25 

28 

88 

88 

88 

88 

88 

88 

88 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

72 

71 

69 

67 

6 2  

57 

53 

70 

66 

64 

62 

60 

58 

56 

68 

63 

60 

57 

54 

48 

45 

2 .38 

2.38 

2 . 40 

2 . 4 2  

2 . 5 1  

2 . 65 

2 . 74 

2 .38 

2 .40 

2 .42  

2 .48 

2 . 53 

2.64 

2 . 75 

2 .38 

2.46 

2 . 54 

2 .62 

2 . 73 

3 . 00 

3.46 

21  

21  

2 1 . 1  

2 1 . 2  

2 2  

23.5  

24.8  

2 1  

2 1 . 1  

2 1 . 5  

2 2  

2 2 . 7  

24 

2 5 . 2  

2 1 . 3  

2 1.8 

22.6 

23.6 

24. 8  

27.8 

3 1 . 4  

132 

134 

142 

150 

170 

200 

228 

136 

1 4 2  

149 

157 

164 

180 

198 

146 

158 

172 

190 

207 

24 8 

292 

350 

365 

400 

440 

530 

675 

800 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

I R D- 1 1 ,  I R C- 1 1 ,  I R P- 1 1  OVERCU R R E N T  U N I TS 

CONTINUOUS ONE SECOND 
RATING RATING' 

TAP (AMPERES) (AMPERES) 

0.5 

0.6 

0.8 

1 .0 

1 . 5  

2.0 

2 . 5  

2 .0  

2.5 

3.0 

3 . 5  

4.0 

5.0 

6.0 

4 . 0  

5 . 0  

6.0 

7.0 

8.0 

10.0 

1 2 .0 

1 . 7  

1 .9 

2.2 

2 .5  

3.0 

3.5 

3 .8  

7 .0  

7 .8  

8 .3  

9.0 

10.0 

I l .O 
12 .0  

14 

1 6  

1 7  

1 8  

2 0  

2 2  

26 

56 

56 

56 

56 

56 

56 

56 

230 

230 

230 

230 

230 

230 

230 

460 

460 

460 

460 

460 

460 

460 

POWER AT 
FACTOR TAP VALUE 
ANGLE</> CURRENT 

36 

34 

30 

27 

22 

17 

16 

32 

30 

27 

24 

23 

20 

20 

29 

25 

22 

20 

1 8  

1 7  

1 6  

0.72 

0.75 

0.81 

0.89 

1 . 1 3  

1 .30 

1 .48 

0.73 

0.78 

0.83 

0.88 

0.96 

1 .07 

1 .23 

0.79 

0.89 

1 .02 

1 . 10 

1.23 

1 . 32 

1 . 8  

VOLT AMPERES'' 

AT 3 TIMES 
TAP VALUE 
CURRENT 

6.54 

6.80 

7.46 

8.30 

10.04 

1 1 .95 

13.95 

6.30 

7.00 

7.  74 

8.20 

9 . 1 2  

9.80 

1 1 .34 

7.08 

8.00 

9 . 1 8  

10.00 

1 1 . 1  

14.9 

16.3 

AT 10  TIMES AT 20 TIMES 
TAP VALUE TAP VALUE 
CURRENT CURRENT 

71.8  

75.0 

84.0 

93 . 1  

1 15 . 5  

136.3 

160.0 

74.0 

78.5 

84.0 

89.0 

102.0 

109.0 

129.0 

78.4 

90.0 

1 0 1 . 4  

l lO.O 
124.8 

1 3 1 . 6  

180.0 

250 

267 

298 

330 

4 1 1  

502 

6 1 0  

264 

285 

309 

340 

372 

430 

504 

296 

340 

378 

454 

480 

600 

720 

* Thermal capacities for short times other than one s e cond may be c alculated on the basis of time being inversely 
proportional to the s quare of the c urrent. 

¢ Degrees c urrent lags voltage at tap value c urrent. 

** Voltages taken with R ectox type voltmeter. 
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TY P E S  I RP, IRC AND IRD R ELAYS ______________________ I_. L_ • ....:...4 1:...· 1:.::.33=-D 

Tr ip  C i rcu i t  Constants 

Indicating Contactor Switch -
0. 2 ampere tap - 6. 5 ohms d-e resistance 
2. 0 ampere tap - 0. 15 ohms d-e resistance 

Auxi l i ary Switch (CS- 1 )  

The auxiliary switch has a d-e resistance of 
1 1 65 ohms . 

Type  I R P  R e l a y  

The IRP relay i s  designed for potential polariza­
tion and has its maximum torque when the current 
lags the voltage by approximately 60 degrees . The 
shifting of the maximum torque angle is accomplished 
by the use of an internally mounted phase shifter as 
shown in the internal schematic. 

The directional unit minimum pick-up is approxi­
mately 1 volt and 2 amperes at its maximum torque 
angle for the directional units used with the 0. 5 

to 2.5 and 2 to 6 ampere range time over-current units .  
For the directional units used with the 4- 12 ampere 
range time overcurrent units the minimum pick-up is 
1 volt and 4 amperes.  

Type I R C  R e l a y  

The IRC relay is designed for current polariza­

tion and has its maximum torque when the operating 
current leads the polarizing current by approximately 
40° . 

The directional unit minimum pick-up is 0. 5 

amPere in each winding at the maximum torque angle 
for the directional units used with the 0.5 to 2 . 5  and 
2 to 6 ampere range time overcurrent units. For the 
directional units used with the 4- 1 2  ampere range 
time overcurrent units t he minimum pickup is 1 
ampere . 

T y p e  I R D  R e l ay 

The type IRD relay utilizes a directional unit 
similar to the IRC relay in conjunction with the direc­
tional unit and phase-shifting circuit of the IRP relay. 

The current-polarized directional unit of the IRD 
relay operates on residual currents while the poten­
tial-polarized directional unit of the IRD relay oper­

ates on residual voltage and residual curre nt . 

For the directional units used with the 0 . 5  to 2 

and 2 to 6 ampere time overcurrent units , the mini­
mum pick-up of the current polarized unit is 0. 5 

ampere in each winding at the maximum torque angle. 
The minimum pick-up for the voltage polarized unit is 

1 volt and 2 amperes with the current lagging voltage 
by 60° . 

For the directional units used with the 4 to 1 2  
ampere r ange time overcurrent units, the minimum 
pick-up is 1 ampere for the current-polarized dtrec­

* tional unit and 1 volt and 4 amperes for the voltage­
polarized directional unit. 

S E T T I N G S  
T i m e  O ve rcurrent U n i t  ( CO)  

The time overcurrent unit settings can b e  defined 
either by tap setting . and time dial po sition or by tap 
setting and a specific time of operation at some cur­
rent multiple of the tap setting (e.  g. 4 tap setting, 2 

time dial po sition or 4 tap setting, 0 . 6  seconds at 
6 times tap value current). 

To provide selective circuit breaker operation, a 
minimum coordinating time of 0. 3 seconds plus circuit 
breaker time is recommended between the relay being 
set and the relays with which coordination is to be 
effected. 

The connector screws on the tap plate above the 
time dial makes connections to various turns on the 
operating coil. By placing this screw in the various 
tap plate holes ,  the relay will just close its contacts 

at the corresponding current 4-5-6-7-8- 1Q- 1 2  amperes, 
or as marked on the tap plate.  

C AU T I O N  Since the tap block connector screw car­
ries op erating current, be sure that the screw is turned 
tight. In order to avoid opening the current trans­
former circuits when changing tap s  under load, con­
ne xt the spare connector screw in the desired po si­
tion before removing the other tap screw from the 
original tap position. 

I n stan taneo u s  R ec lo s i n g  

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

* spring. With this c.hange and the contact mounting 
screw tightened, the stationary contact will rest 
solidly against its backstop.  
I n stanta n eo u s  O vercu rrent Unit  ( 1 )  

The only setting required i s  the pickup current 
setting which i s  made by means of the connector 
screw located on the tap plate. By placing the con-
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TY P ES I R P, I RC AND I R D  R ELAYS 

ne ctor s crew in the desired t ap ,  the rel ay will j ust 
close its contacts at the tap value current. 

C A U T I O N  Since the tap block connector screw car­
ries operating current, b e  sure that the screw is 
turned tight. 

In order to avoid opening the current transformer 
circuits when changing tap s  under load, connect the 
sp are tap screw in the desired tap position before re­
moving the other tap s crew from the ori ginal tap 
po sition. 

D i rectio n al U n i t s  ( D) 

No setting is required. 

l ndi eati n g  Co ntacto r  Sw itch ( I C S/ 1  a n d  I CS/ T) 

No setting is required on the ICS units except the 
selection of the 0 . 2  or 2.0 ampere tap setting. This 
selection is made by connecting the lead located in 
front of the tap block to the desired setting by means 
of the connecting screw. 

Auxi l i ary Switch (CS- 1 )  

No setting required on the CS- 1 unit except for the 
selection of the required 24, 48,  125 or 250 voltage 
on the taPPed resistor. This connection can be made 
by referring to Fig. 2 1 .  

I N S T A L L A T I O N  

The relays should be mounted on switchbo ard 
p anels or their equivalent in a location free from dirt, 
moisture , excessive vibration and heat. Mount the 
relay vertically be means of the t wo mounting studs 
for the type FT projection case or by means of the 
four mounting holes on the flange for the semi-flush 
type FT case. Either of the studs or the mounting 
screws may be utilized for grounding the rel ay. The 
electrical connections may be made directly to the 
terminal s by means of s crews for steel panel mount­
ing or to terminal stud s furnished with the rel ay for 
thick panel mounting. The terminal studs may be 

easily removed or inserted by locking two nuts on the 
studs and then turning the proper nut with a wrench. 

For detail information on the FT Case refer to 
I .L.  4 1-076. 

The external a·c connections of the directional 
overcurrent relays are shown in Figs . 18,  1 9  and 20. 

If no voltage polarizing source is to be connected to 
the IRD relay, short-circuit the voltage polarizing 
circuit at the terminals of the relay. 

20 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct operation 
of this relay have been made at the factory. Upon re­
ceipt of the relay, no customer adjustment s ,  other 
than those covered under "SETTINGS" , should be 
required. 

A c cep ta n ce C h e ck 

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

Instantaneous Overcurrent Unit ( I) 

1. Contact Gap - The gap between the stationary 
and moving contacts with the relay in the de-ener­
gized po sition should be approximately . 0 20 ". 

2. Minimum Trip Current - The normally-closed 
contact o f  the directional unit should be blocked open 
when checking the pick-up of the overcurrent unit. 

The pick-up of the overcurrent unit can be checked 
by inserting the tap screw in the desired tap hole and 
applying rated tap value current. The contact should 
close within ± 5% of tap value current. 

Directional Unit ( D) 

1. Contact Gap - The gap between the stationary 
contact and moving contact with the relay in the de­
energized position should be approximately . 0 20". 

2. Sensitivity - The respective directional units 
should trip with value of energization and phase angle 
relationship as indicated in Tabl e 1.  

3.  spurious Torque Adjustments - There should 
be no spuriou s  closing torques when the operating 
circuits are energized per Table 2 with the pol arizing 
circuits short circuited for the voltage polarized units 
and open-circuited for the current polarized units. 

Time Overcurrent Unit (CO) 

1. Contacts - The index mark on the movement 
frwne will coincide with the "O" mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 

backstop,  the index mark is offset to the right o f  the 
"0" mark by approximately .020". The placement of 
the various time dial positions in line with the index 
mark will give operating times as shown on the re­
spective time-current curves. 

2 .  Minimum Trip Current - Set the time dial to 
position 6 with the auxiliary switch (C8- 1) contacts 
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I 2 3 
LINE 

STATION BUS 

!RP RELAY 
(FRONT V I EW) 

1 rT I MER STvPS 
TO WHEN AUX. 

T I M ER � RELAY CONTACT j STOP lams } TO ( T I MER STARTS 
T I ME R  i WHEN SWITCH 
START , ' S '  CLOSES 

SWITCH 
" S" 

�120 VOLTS L---------------._-0 �� 60 CYCLES 
� 

184All8 
Fig. 1 7. Diagram of test connections of the time-overc:urrent unit. 

Pas --�-------------------

DEVICE NUMBER CHART 
67N-DIRECTIONAL OVERCURRENT GROUND 

RELAY TYPE IRP 

D - DIRECTIONAL UNIT 

CO- T IME - OVERCURRENT UNIT 

t- INSTANTANEOU S  0/C UNIT 
liST -SATURATING TRANSFORMER 

FOR INST. 0/C UNIT 

!CS - INDICATING CONTACTOR SWITCtl 

5 2 - POWER CIRCUIT BREAKER 
o - AUXILIARY CONTACT 

T C - TRIP COIL 

67N 
10 

67N -
3
-

I/ST 

S E C. 

+L_cs_·_l 
__

_ <f..J co 

NEG __ _._ ________ ,._ __ 

289B506 

F ig. 18.  External Schematic: of the IRP Relay for Ground Fault Protection. 
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I 2 3 
L INE  

I 2 3 
L INE  

STAT ION BUS  

OE�CE NUMBER C HART 

67N-OIRECTIONAL OVERCURRENT GROUND 
RELAY TYPE !RC 
0- DIRECTIONAL UNIT 
C O - TIME-OVERCURRENT UNIT 
! - INSTANTANEOUS OIC UNIT 
liST -SATURATING TRANSFORMER 

NEUTRAL OF GROUND  
CURRENT SOURCE 

FOR INST. OIC UNIT 
ICS - !NDICAT ING CONTACTOR SWITCH 

5 2 - POWER C IRCUIT BREAKER 
a - AUXILIARY CONTACT 
TC - TRIP COIL 

POS .-+-----------
67N 
10 

67N 3 

l/ST 
SEC .  

f'-c_s_-_1 ___ }--' c o  

NEG.--+-------..._ __ _ 

289B507 

Fig. 1 9. External Schematic of the IRC Relay for Ground Fault Protection. 

}"""' { RELAYS 

DEVICE NUMBER CHART 

67N-OIRECTIDNAL OVERCURRENT GROUND 
RELAY TYPE  IRO 
DIU-UPPER DIRECTIONAL UN IT 
OIL - LOWER DIRECTIONAL UNIT 
CO- TIME- OVERCURRENT UNIT 
I -- INSTANTANEOUS OIC UNIT 
liST- SATURATING TRANSFORMER 

FOR INST. OIC UNIT 
ICS-- INDICATING CONTACTOR SWITCH 

5 2 - POWER C IRCU IT BRE AKER 
a - AUXIL I A R Y  CONTACT 
TC - TRIP COIL 

r-t-----,'--j----..-1111• 
MAIN 

P,T. 
'--j----<>-+---+-11 1 1 

NEUTRAL OF GROUND 
CURRENT SOURCE 

AUX. 
P. T. 

!/ST 
S E G. 

f'-----cs-1 -----'}co 
67N 3 

NEG.-.._ ______ _._ __ _ 

289B 508 

Fig. 20. External Schematic of the IRD Relay for Ground Fault Protection. 
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blocked closed, alternately apply tap value current 
plus 3% and tap value current minus 3%. The moving 
contact should leave the backstop at tap value current 
plus 3% and should return to the backstop at tap value 
current minus 3%. 

3. Time Curve - Tabl e 3 shows the time curve 
calibration points for the various types of relays. 
With the time di al set to the indicated position, apply 
the currents specified by Table 3 (e .g .  for the co-2, 
3 and 20 time s t ap value current) and measure the 
operating tim e of the relay. The operating times 
should e qual tho se of Table 3 plus or minus 5 percent. 

Indicating Contactor Switches (ICS/1) and (ICS/T) 

A) Close the contacts of the CO and pass suf­
ficient d.c .  current through the trip circuit to close 
the contacts of. (ICS/T) . This value of current should 
not be greater than the p articular ( ICS/T) tap setting 
being used. The operation indicator targ et should 
drop freely, bringing the letter "T" into view. 

B) Close the contacts of the instantaneous over­
current unit (I) and the directional unit ( D). Pass suf­
ficient d. c. current through the trip circuit to close 
the contacts of (ICS/I). This value of current should 
not be greater than the p arti cular (ICS/1) tap setting 
being used. The op eration indicator target should 
drop freely, bringing the letter "I" into view. 

C) The contact gap should be approximately 
. 04711 between the bridging moving contact and the 
adjustable stationary contacts. The bridging moving 
contact should touch both stationary contacts 
simultaneously. 

R o u t i n e  M a i n ten ance  

All relays should b e  inspected periodically and 
the time of op eration should be check ed at least 
once every year or at such other time interval s  as 
may be dictated by experience to be suitable to the 
o articular application. The use of phantom loads, in 
testing induction-type relays, should be avoided, 
since the re sulting distorted current wave form will 
produce an error in timing. 

All contacts should be p eriodically cleaned. A 
contact burnisher t�l82A8 36HO 1 is recommended for 
this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the 
danger of embedding small p articl es in the face of 
the soft silver and thus impairing the contact. 

C al i brat ion  

Use the following procedure for calibrating the 

relay if the relay has been tak en apart for rep airs or 
the adjustments have been disturbed. This procedure 
should not be used unl e ss it is apparent that the re­
l ay is not in prop er working order. ( See "Acceptance 
Check .,).  

I n stantaneo u s  O v e rcu rren t U n i t  ( 1 )  

1 .  The upper pin bearing should be screwed down 
until there is approximatel y . 0 25 cl earance between 
it and the top of shaft bearing. The upper pin bearing 
shoul d then be securely locked in po sition with the 
lock nut. The lower bearing po sition is fixed and can­
not be adjusted! 

2. The contact gap adj ustment for the overcurrent 
unit is made with the moving contact in the reset 
position ,  i . e. , against the right side of the bridge. 
Move in the left-hand stationary contact until it just 
touches the moving contact then back off the station­
ary contact 2/3 of one tum for a gap of approximately 
. 0 20 " .  The clamp holding the stationary contact hous­
ing need not be loo sened for the adjustment since the 
clamp utilizes a spring-type action in holding the sta· 
tionary contact in po sition. 

3. The sensitivity adjustment is made by varying 
the tension of the spiral spring attache d to the mov­
ing element assembly. The spring is adjusted by 
placing a screwdriver or similar tool into one of the 
notche s located on the p eriphery of the spring ad­
juster and rotating it. The spring adjuster is located 
on the underside of the bridge and is held in place 
by a spring typ e  clamp that doe s  not have to be 
loo sened prior to making the neces sary adjustments. 

Before applying current, block open the normally­
do sed contact of the directional unit. Insert the tap 
screw in the minimum value tap setting and adjust 
the spring such that the contacts will close as indi­
cated by a neon lamp in the contact circuit when 
energized with the required current. The pick up of 
the overc urrent unit with the tap s crew in any other 
tap should be within ± 5% of t ap value. 

If adjustment of pick-up current in between tap 

settings is desired insert the t ap screw in the next 
lowest tap setting and adjust the spring as described. 
It should be noted that this adjustment results in a 
slightly different time characteristic curve and burden. 

Directional Unit (D) 

In the typ e IRP and IRC relays the directional 
unit is the lower cylinder unit. In the type IRD the 
directional units are the lo wer and middle cylinder 
units. 
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TY P E S  I RP, IRC AND I R D  R ELAYS'------------------------

1. The upper bearing screw shoul d be screwed 
down until there is approximately . 025 clearance be­
tween it and the top of the shaft bearing. The upper 
pin bearing should then be securely locked in position 
with the lock nut. 

2. Contact gap adjustment for the directional 
unit is made with the moving contact in the reset 
position, i . e. , against the right side of the bridge. 
Advance the right hand stationary contact until the 
contacts just clo se .  Then advance the stationary 
contact an additio nal one-half turn. 

Now move in the left-hand stationary contact until 
it just touche s the moving co ntact. Then back off the 
stationary contact 3/4 of one turn for a contact gap 
o f  . 0 20 "  to . 0 24". The clamp holding the stationary 
contact housing need not be loo sened for the adjust­

ment since the clamp utilizes a spring-typ e action in 
holding the stationary contact in po sit ion. 

3. Insert tap screw of overcurrent unit in highest 
tap. The sensitivity adjustment is made by varying 
the tension of the spiral spring attached to the mov­
ing element assembly. The spring is adjusted by plac­
ing a screwdriver or similar tool into one of the 
notches located on the periphery of the spring ad­
j uster and rotating it. The spring adjuster is located 
on the underside of the bridge and is held in place 
by a spring type clamp that doe s not have to be 
loosened prior to making the necessary adjustments. 

The spring is to be adju sted such that the con­
tacts will close as indicated by a neon lamp in the 
contact circuit when energized with the required 
current and voltage as shown in Tabl e 1. This tabl e 
indicates that the spring can be adjusted when the 
phase angle relationship between the operating cir­
cuit and the polarizing circuit is at the maximum 
torque angle or when the circuit relationship has the 
o perating and polarizing circuits in phase. 

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

The reversing of the spurious torques is accom­
plished by using the adjusting plug s  in the following 
manner: 

a) Voltage circuit terminal s on the voltage pol ar­
ized relays (IRP and IRD voltage polarized unit) are 
short-circuited. 

b) The polarizing circuits of the current polar­
ized relays (IRC and IRD current polarized unit) are 
open-circuited. 

Upo n  completion of either •a" or "b" current is 

applied to the operating circuit terminals as per 

24 

Table 2.  

Plug adjustment is then made per Table 2 such 
that the spurious torques are reversed. The plugs are 
held in position by upp er and lower plug clip s.  These 
clips nee d not be disturbed in any manner when mak­
ing the necessary adjustment. 

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

Time Overcurrent Unit (CO) 

1. Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one-half of its normal deflection. There­
fore, with the stationary contact resting against the 
backstop, the index mark is offset to the right of the 
"0" mark by approximately . 0 20". The placement of 
the various time dial positions in line with the index 
mark will give operating times as shown on the re­
spective time-current curves. 

2) Minimum Trip Current - The adjustment of 
the spring tension in setting the minimum trip current 
value of the relay is most conveniently made with the 
damping magnet removed. 

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

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

With the auxiliary switch (C& l )  contacts blocked 
closed, adjust the control spring tension so that the 
moving contact will leave the backstop at tap value 
current + 1 . 0% and will return to the backstop at tap 
value current - 1 . 0%. 

3) Time Curve Calibration - Install the perma­
nent magnet. 

Apply the indicated current per Tabl e 3 for perma­
nent magnet adj u stment (e. g. IRP-8, 2 times tap value) 
and measure the operating time. Adjust the permanent 
magnet keeper until the operating time corresponds 
to the value of Table 3. 

Apply the indicated current per Tabl e 3 for the 
electromagnet plug adjustment ( e. g. IRP-8, 20 times 
tap value) and measure the op erating time . Adjust the 
proper plug until the operating time corresponds to 
the value in Tabl e 3. ( Withdrawing the l eft hand plug, 
front view increases the operating time and withdraw­
ing the ri ght hand plug , front view, decrease s the 
time.)  In adjusting the plug s ,  one plug should be 
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LEAD @ 

I POSITION RATED O-C RESISTOR 

L E AD 0 VOLTAGE R ESISTANCE 

I 24 0 
2 4 8  300 
3 1 2 5  2700 
4 250 6500 

NOTE . R ELAYS ARE SHIPPED O N  THE 125 VOLT TAP 

184A316 

Fig. 2 1 .  Selection of Proper Voltage Tap for A uxiliary 

Switch (CS-1 J Operation. 

screwed in completely and the other plug run in or 
out until the proper operating time has been obtained. 

Recheck the p ermanent magnet adjustment. If the 
operating time for this c alibratio n point has changed, 
readjust the permanent magnet and then recheck the 
electromagnet plug adjustment. 

Indicating Contactor Switches (ICS/1) and (ICS/T.L 

Adjust the contact gap for approximately .047" . 

A) Close the contacts of the CO and pass suf-

B) Close contacts of instantaneous overcurrent 
unit (I) and directional unit (D). Pass sufficient d. c. 

current through the trip circuit to close contacts of the 
(ICS/I). This value of current should hot be greater 
than the particular (ICS/I) tap setting being used.  
The operation indicator target should drop freely 
bringing the letter "I" into view. 

Auxi l i ary Switch (CS- 1 )  

Adjust the stationary core of the switch for a 
clearance between the stationary core and the moving 
core when the switch is picked up . This can be done 
by turning the relay upside-down. Then screw up the 
core screw until the moving core starts rotating. Now 
back off the core screw until the moving core stops 
rotating . This indicates the points where the play 
in the assembly is taken up, and where the moving 
core just separates from the stationary core screw. 
Back off the core screw approximately one turn and 

lock in place . This prevents the moving core from 
striking and sticking to the stationary core because 
of residual magnetism. Adjust the contact clearance 
for 3/64 " by means of the two small nuts on either 
side of the Micarta disc.  

Connect lead ( A) to Proper terminal per Fig. 2 1. 
Block directional unit (D) contacts close and ener­
gize trip circuit with rated voltage. Contacts of 
auxiliary switch (CS- 1) s hould make as indicated by 
a neon lamp in the contact circuit. 

R E N E W A L  P A R T S  
ficient d. c. current through the trip circuit to clo se Repair work can be done most satisfactori ly at 
the contacts of the (ICS/T). This value of current the factory . However, interchangeable parts can be 
should not be greater than the p articular ( ICS/T) tap furnished to the customers who are equipped for doing 
setting being us ed. The op eration indicator target repair work. Whe n ordering parts, always give the 
should drop freely bringing the letter "T" into view. complete nameplate data. 

TABL E I 

D I R E'CT IONAL UNIT SENSITIVITY 
AM P E R E  RATI NG 

R E LAY TY P E  O F  VAL UES FOR MI N .  P I C K U P *  PHASE ANG L E  RE LAT I ONSH I P  
TIME-O V E RCU RR ENT 

UNIT 
VOLTS AMP E R ES 

. 5- 2. 5  1 2 . 0  
IRP 2- 6 1 4. 0 
IRD (Voltage 

Unit) 1 4 . 0  
4- 1 2  • 

l 8.0  

0 . 5  
. 5- 2. 5 

IRC 
2-6 

IRD ( Current 0 . 65  

Unit) 4- 1 2  1 . 0  
1 . 3  

• The energization quantities are input quantities at the relay t erminals. 
• •  Maximum torque angle. 

I lagging V by 60° • •  
I in-phas.i! with V 

I lagging V by 60° • •  

I in-phase with V 

1a leading 1p by 40° • • 

In-phase 

1a leading 1o by 40° • • 
In-phase 
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TYPES I R P, I RC AND I RD R E LAYS 

R E LAY RAT I NG 

All Ranges 

All Ranges 

TABLE I I 

DIR ECTIONAL UNI T  CAL I B RATION t 

CURR ENT AMP E R E S  BOTH PL UGS I N  COND I T I ON 

80 Spurious Torque In Contact 
Closing Direction (Left Front 
View) 

80 Spurious Torque In Contact 
Opening Direction (Right Front 
View) (Contacts remain open ) 

ADJUSTME NT 

Right (Front-View) Plug Screwed 
Out Unti \ Spurious Torque is Re-
versed. 

Left (Front View) Plug Screwed 
Out Until Spurious Torque is in 
Contact Closing Direction. Then 
the plug is screwed in Until Spuri-
ous Torque is Reversed. 

t Short circuit the voltage polarizing circuit at the relay terminals before making the above adjustment. 

TABL E I l l  

T I M E  C U R V E  C AL I B R A T I O N D A T A - 60 C Y C L E S  

PERMANENT MAGNET ADJUSTMENT ELECTROMAGNET PLUGS 

TIME- TIME CURRENT OPERATING CURRENT OPERATING 
OVERCURRENT DIAL (MULTIPLES OF TIME (MULTIPLES OF TIME 

UNIT TYP E POSITION TAP VALUE) SECONDS TAP VALUE) SECOND S 

2 6 3 0.57 2 0  0.22 

5 6 2 37.8 0  1 0  14.30 

6 6 2 2.46 2 0  1 . 19 

7 6 2 4.27 2 0  1 . 1 1  

8 6 2 13.35 2 0  1 . 1 1  

9 6 2 8.87 2 0  0.65 

� 1 1  6 2 1 1. 27 20 0 . 24 
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190-32 S.ct:IE.W 

S�CER F'Ol=l. 
THit.l P�H.LC:. 

_s-IQ '!.CR.EW liD (F'OR "T�IC� A'.\JEL \.lS\;: 
� - 18 �TUD) 1 6  

. 190-3Z. SCREW (FOR. T H I CK 
1'"-"Wli.l... US.£. 

. 1 90·3� 'STUD) 

- �DIA.-
T�RM I'-IAL AW D 

MCUHT I NCJ DE'TA.I L'S> 

k OIA.. -4 �0LE S. FOR 
. 1 90-32. MT&. �CR["WS 

PANEL C.UTOUT l DRILLIWGr 
FOR 'SEI'-\1 -t='LU C:.H MTG-. 

TERMI NAL 
NUM@IER. 

PA.NEL DRILL\� OR C.UTOU'T FOR 
?ROJa:C.T \ ON M\Qr. 

( FRC»otT \1\EW) 

57-D-7902 

Fig. 22. Outline and Drilling P lan for the IRP and IRC Relays In the Type FT3 J Case, 
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S PACI:� F O R  
TH I N  PAN E L S  

5 /�-18 S C R EW 
( FOR TH I C K  
PA N E L  \.; S E 
2 - I B  STU D) IG;  

. 1 9 0  -'32 SCREW 
FOR 11-\ l Cl( PANEL 
USE . 1 90 -32. ':>TUO 

TE R M I N I\ L A N D  
M O V N T I  N �  .D ETA I LS 

N OT E. - All D I M E N S I O N S 
I N  I N C H E. .S 

� 
1 6  

.l DI A .  + H O L E �  F OR 
4 . 1 90-32. MTG. SC REWS 

Z. �� I,._ I G  
c:: 2 ;;;I a 

1 

PI\N E:L CUTO U T  ¢ D RI L L I N G  
F O R  S E MI - F L U SH M T G .  

T f. l':- 1-'\ I N.AL I�\ N U M BE R  
PA N E L  D f<. I L L I N �  O R  C UT O U T  F O R  

r R C � E.C.TI o N  t-II TG · 
F R O NT V I E W  

57-D-7904 

Fig. 23. - Outline and Drilling P lan lor the IRD Relay in the Type F T4l  Case. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  

R E LAY- I N STR U M E N T  D IV I S I O N  N EWA R K, N .  J.  
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