
January, 1978 
Supersedes DB 41-130D, 
dated November, 1970 
Mailed to: E, D, C/2013/DB 

Application 
Westinghouse types KRD-4 and KRQ relays 
are high-speed, directional over-current 
relays. They are used for the detection of 
ground faults on transmission lines, feeder 
transmission lines, and feeder circuits. 

They can also be used, without modification, 

Westinghouse Electric Corporation 
Relay Instrument Division 
Newark, N.J. 07101 

to provide directional ground fault protec­
tion in K-Dar carrier relaying schemes. 

Type KRD-4 
This dual polarized relay can be polarized 
from a potential source, a local ground 
source, or from both simultaneously. 
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KRD-4 and KRQ 
Directional 
Overcurrent Ground 
Relays 
The directional unit compares the phase 
angle relationship between the ground fault 
current and the polarizing quantity to pro­
duce contact-closing torque for faults in the 
trip direction, and contact-opening torque 
for faults in the non-trip direction. Relay 
operation occurs when both the directional 
unit and the instantaneous overcurrent unit 
close their contacts. The fault current must 
therefore be greater than the tap setting of 
the overcurrent unit. 

Type KRO 
The KRQ relay is a high-speed directional 
over-current ground relay in which the 
directional unit operates on negative se­
quence current and voltage, and the over­
current unit operates on residual or ground 
current. 

The phase angle between negative sequence 
voltage and negative sequence current is 
used for directional discrimination. Negative 
sequence polarization is applied as follows: 
(1) where zero sequence voltage or polar­
izing current is not available or the current 
is not a reliable source, or (2) where incor­
rect zero sequence polarization of direction­
al units results from mutual indiction be­
tween transmission lines. 

The negative sequence current and voltage 
are obtained by means of self-contained 
negative sequence filters connected between 
the directional unit and the current and po­
tential transformers. 

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

It is applicable for ground protection at 
undergrounded substations or grounded 
systems where only two potential trans­
formers are available, or where the potential 
transformers are on the low-tension side of 
a wye-delta or delta-wye power transformer 
bank. 

Device Number: 67N 
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Construction 

Fig. 1 

H••--�, Decou pier 

KRQ Front View 

Calibration 
Resistor 

Polarizing ----1 
Capacitor 

Fig. 2 

Varistor -----� 

Fig. 4 

Polarizing 
Reactor 

Varistor 

--•--- Decoupler 
Capacitor 

KRD-4 Rear View 

----Phase 
Shifting 
Capacitor 

�-��Saturating 
Transformer 

KRQ Rear View 
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Overcurrent Unit (I) 

The ground instantaneous overcurrent sec­
tion consists of an induction cylinder unit 
with moving and stationary contact, phase 
shifting capacitor, varistor, saturating trans­
former with a tapped primary winding and a 
secondary winding, and a tap block for 
current pickup settings. 

A varistor is connected across the secondary 
winding to reduce the voltage peaks applied 
to the induction unit and to the phase shift­
ing capacitor. 

Tap Block 

The primary winding is tapped, and these 
taps are brought out to a tap block for ease 
in changing the pick up of the overcurrent 
unit. By using a tapped transformer, the 
relay can provide approximately 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. 

Directional Unit (D) 

KRD-4 
The KRD-4's directional unit consists of an 
induction cylinder unit, phase shifting net­
work, and a die-coupling network. 

Since this single unit can be polarized from 
a potential source, from a local ground 
source, or from both simultaneously, a 
simplified trip circuit and one, instead of 
two, back contacts can be used in the over­
current torque control circuit. 

KRQ 
The KRQ directional unit is a product induc­
tion cylinder type, which operates on the 
interaction between the polarizing circuit 
flux and the operating circuit flux. 

Indicating Contactor Switch 
(ICS) 

When the de operated ICS is energized, the 
moving contacts bridge two stationary con­
tacts, completing the trip circuit. 
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KRD-4 and KRQ 
Directional Overcurrent 
Ground Relays 

Internal Wiring Diagrams, Front View 
KRD-4 Dual Polarized 
Directional Overcurrent Ground, FT-31 Case (Front View) 

Fig. 5 

Indicating Contactor Switch 

Directional Contacts (Lower Unit) 

Saturating Transformer 

Varistor 

Overcurrent Unit (Upper Unit) 

Reactor 

Directional Unit (Lower Unit) 

Saturable Shunt 

Decou pier Transformer 

Reactor 

Chassis Operated Shorting Switch 

Flexitest Switch 

Current Test Jack 

Case Terminals 

NOTE. With Relative Instantaneous Polanty 
as shown, the Directional Unit Contacts Close. 

629A509 
Sub. 1 

KRQ High Speed Directional Overcurrent 
Negative Sequence Ground, FT-42 Case (Front View) 

Ph. 3--� Ph
i 

2 r- - Ph.1 

11 12 1 3  

Fig. 6 

Auto-Transformer 

Reactor 
Overcurrent Unit (Top Unit) 
Varistor 

Saturating Transformer 

Directional Unit (Lower Unit) 

Indicating Contactor Switch 

Mutual Reactor 

Flexitest Switch 

Current Test Jack 

Chassis Operated Shorting Switch 

Case Terminals 

184A546 
Sub. 1 www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



Descriptive Bulletin 
41-1300 

Page 4 

Type KRD -4 External Wiring Diagram, For Ground Fault Protection 

Station Bus 

2 

3 

c: 0 
"13 
e 
0 
0> c: 
ii Q_ 
� 

l 

2 3 

Decou pier Transformer 
Secondary 

Device Number Chart 

67N - Directional Overcurrent Ground 
Relay, Type KRD-4 

- Overcurrent Unit of Type KRD-4 
D - Directional Unit of Type KRD-4 

Fig. 7 

Install Jumper Between Terminals 4 and 5 
When Potential Polarizing is not Used. 

Primary Saturating 
Transformer 

52 - Power Circuit Bre�ker 
ICS - Indicating Contactor Switch 
52a - Breaker Auxiliary Contact 
52TC - Breaker Trip Coil 

§ 
A 

B 

c 

Primary 
Decou pier Transformer 

De Trip Bus 
Pos. -----1�--------------------------------

- 52a ®I 
c 

Neg----_.----------------------------------

629A946 
Sub. 2 
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KRO External Wiring Diagram 

c: 

.g 
" 

� 
Ci 
"' c: 

·c. 
.� 
.::: 

1 

Station Bus Phase Rotation A. B. C 

A B C 

Device Number Chart 

67N - Directional Overcurrent Negative Sequence 
Ground Relay, Type KRO 

10 - Overcurrent Unit of Type KRO 
D - Directional Unit of Type KRO 

Fig. 8 

ICS -Indicating Contactor Switch 
52 - Power Circuit Breaker 
52a - Breaker Auxiliary Contact 
52TC - Breaker Trip Coil 

Pos. 

Neg. 
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KRD-4 and KRQ 
Directional Overcurrent 
Ground Relays 

Other 
Relays 

De Trip Bus 
., 

: 52a 

® 

Alternate 
Connection 
(Neutral Formed 
Externally) 

Contact 
Closes I 

I 

! 
• 

I 
Directional Unit 
Phase Angle Characteristics 

2908201 
Sub. 2 www . 
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Further Information 
Specifications and Ordering Information­

Tech. Data 41 -020 
Prices- Price List 41 -020 
Instructions Maintenance and Testing­

KRD-41L41-137.3; KRQ IL41-164 
Flexitest Cases- Descriptive Bulletin 41-075 
Other Westinghouse Protective Relays­

Selector Guides 41-000 A B, C 

Westinghouse Electric Corporation 
Relay Instrument Division 
Newark, N.J. 071 01 
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Westinghouse 

• 

Descriptive Bulletin 41-130C Page 1 

Directional Overcurrent Relays 

For Phase and Ground Fault Detection 
on Transmission Lines and 
Feeder Circuits 
Types KRC, KRD, KRP, KRV 

Application 

Types KRC, KRD and KRP single-phase 
high-speed directionally controlled over­
current relays are designed to protect trans­
mission lines and feeder circuits from dam­
age due to ground faults. 

They can also be used. without modifica­
tion. to provide directional ground fault de­
tection with the K-Dar carrier or microwave 
relaying schemes. 

Phase fault detection IS provided by the type 
KRV relay. 

Types Available 

Type Directional Unit Polarization 
KRC Residual Current 
KRD Residual Current and Voltage 
KRP Residual Voltage 
KRV Line Voltage 

Device Numbers 

KRC, KRD, KRP . . . . . . . . . . . . . . . . . . .  67N 
KRV . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 

February. 1971 
Supersedes Descriptive Bulletin 41-130C Dated 
May. 1962 
E. D. C/2013/DB www . 
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Westinghouse 

• 
Construction and Operation 

0 Overcurrent Trip Contact (I) 

e Overcurrent Unit Phase Shifter 

e High-speed Overcurrent Unit 

0 Saturating Transformer 

0 Overcurrent Unit Tap Block 

0 Spare Tap Screw 

0 Directional Trip Contact (D) 

0 Directional Torque Control Contact (D) 

0 
� 

Magnetic Adjusting Plugs 

c Voltage Polarized Directional Unit 

G) Current Polarized Directional Unit 

� Indicating Contactor Switch (ICS unit) 
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Type KRC 
The KRC relay is current polarized as shown 
in f1gure 10, page 6. Maximum torque on 
the directional unit occurs when the opera­
ting current (lo) leads the polarizing current 
(lp) by approximately 40°. 

Type KRD 
The KRD relay is dual polarized (see f1gure 
11). It utilizes the current polarized direc­
tional unit of the KRC and the potential 
polarized unit of the KR P relay. 

Type KRP 
Type KRP is potential polar1zed as shown 1n 
figure 12. It has 1ts max1mum torque when 
the residual current lags the polariz1ng 

voltage by approximately 60°. The maximum 
torque angle IS shifted by means of an In­
ternally mounted capacitor-res1stor combi­
nation as shown in figure 8. 

Type KRV 
Type KRV is potential polarized from line 
voltage as shown in figure 13. Maximum 
torque on the directional un1t occurs when 
the operating current leads the polarizing 
voltage by 30°. By connecting the direc­
tional unit. using phase current in one phase 
and polarizing potential across the other 
two phases. the max1mum torque occurs 
when the fault current lags its 1 00 percent 
PF position by approximately 60°. This 
connection is shown in f1gure 9. 

Directional Unit (D) 
Consists of a d1e-cast aluminum frame 
which supports an electro-magnet. a smgle­
pole double-throw mov1ng contact assem­
bly, and a molded bridge. The electromagnet 
has two series-connected polarizing coils 
mounted opposite one another; and two 
series connected operating coils mounted on 
alternate opposing sides. The moving con­
tact assemble shaft is supported on both 
ends by Jewel bearings. A moving aluminum 
cylinder with a molded insulating hub sup­
ports the moving contact assembly and ro­
tates in the air gap between the electro­
magnet and the magnetic core. Spurious 
torques are balanced out by means of two 
magnetic adjusting plugs. 

Overcurrent Unit (I} 
KRC, KRD, KRP Ground Relays 
This is a cylinder-design unit similar in con­
struction to the directional unit. except that 
it has one circuit closing contact. Each pair 
of pole windings is energized by ground 
current from the operating circuit. In order 
to develop the necessary rotational torque, a 
capacitor is series-connected with one pair 
of pole windings to obtain the desired time­
phase relationship between the current in 
the two pairs of coils. As shown in figures 

6, 7, 8. and 9. one of the directional unit 
contacts is connected across one pair of pole 
windings of the overcurrent unit. This con­
tact shunts the operating current around the 
pole wmdings, preventing the unit from 
developing rotational torque. However, 
when the directional unit picks up under 
fault conditions. the short on the overcurrent 
unit coils is removed; allowing the over­
current unit to rotate almost simultaneously 
with the directional un1t, thereby providing 
high-speed operation. 

A saturating transformer is used to feed the 
overcurrent unit. It limits the energy ap­
plied to the unit at high current values. The 
pr1mary windmg of the saturating trans­
former has taps connected to a tap block 
to facilitate changing the current pickup 
values of the unit. 

Tap value current is the minimum current 
required to just close the relay contacts. 
This tapped transformer arrangement sup­
plies the same amount of energy to the over­
current unit for any tap setting, at a given 
multiple of tap current. Thus, the relays 
have one operating time current curve (see 
figures 14 and 1 5) throughout their entire 
range. 

A non-linear resistor (varistor) is connected 
across the secondary winding of the trans­
former and overcurrent coils to reduce the 
voltage peaks applied to the capacitor and 
overcurrent unit. 

KRV Phase Relay 
The KRV's cylinder-design directional unit 
is similar to the ground relay instantaneous 
overcurrent unit. except that it receives its 
energy from the phase current transformer. 
As shown in figure 9 the capacitor phase 
shifting circuit is controlled by one of the 
contacts on the CS-1 switch. which in turn 
is operated by the directional unit. Contact 
closing torque is produced in the over­
current unit when the directional unit closes 
its contact and operates the CS-1 switch. 

Descriptive Bulletin 41-130C Page 3 

Directional Overcurrent Relays 

For Phase and Ground Fault Detection 
on Transmission Lines and 
Feeder Circuits 
Types KRC, KRD, KRP, KRV 
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Westinghouse 

• 
Directional Unit Sensitivity 
Relay 
Type I Ampere 

Rating 
Minimum Pickup Values+ 

Volts I Amperes 

KRC I . 5-2 . . 

KRD I 1-4 
(current 
unit) 2-8 . .  

4-16 . .  

10-40 . . 

KRP .5-2 1 
KRD 1-4 
(voltage 
unit) 2-8 1 

4-16 1 

10-40 1 

KRV .5-2 1.2 
1-4 

2-8 1.2 

4-16 1.2 

10-40 

I 
1.2 

20-80 1.2 

+ Energization quantities are input quantities at the 
relay terminals. 

* Maximum torque angle. 
• In each winding. 

0.5 • 

0.65. 

1.0. 

1.3. 

2.0 

4.0 

4.0 

I 8.0 

2.0 

2.0 

I 4.0 

I 8.0 

8.0 

Directional Unit Polarizing Circuit Burden 
Relay Type I Rating 

I Amps 
(1 sec.) 

KRC 230 
KRD (current unit) 230 
KRD (voltage unit) 
KRP 
KRV 

+ Burden of voltage polarized units taken at 120 
volts; current polarized units taken at 5 amperes. 

@ Degrees current leads or lags voltage at 120 volts 
on voltage polarized units and 5 amperes on cur­
rent polarized units. 

Overcurrent Unit: Amperes 

Range 

0.5-2.5 
1-4 
2-8 
4-16 

10-40 
20-80 

Taps 

0.5-0.75-1-1.25-1.5-2 
1-1.5-2-2.5-3-4 
2-3-4-5-6-8 
4-6-8-9-12-16 

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

Volts 
(30 sec.) 

208 
208 

I 
I 
I 
I 

Volt 
Amps+ 

1.45 
1.45 

11.2 
11.2 
12.5 

Phase Angle 
Relationship 

lo leading lp by 40"* 

In phase 

lo leading lp by 40"* 

In phase 

I lagging V by 60"* 

I in phase with V 

I lagging V by 60"* 

I in phase with V 

I leading V by 30" 

I leading V by 30" 

I leading V by 30" 

I leading V by 30" 

I leading V by 30" 

Power 
Factor 
Angle@ 

a· lag 
8" lag 

28" lead 
28" lead 
15" lead 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



' . ' 

Internal Wiring 

KRC 

KRP 

Indicating 
Contactor Switch 

r---;r------+-+-- Overcurrent Unit 
(Upper Unit) 

r----+-t--·- Saturating 
Transformer 

}--f---.f.-+-+--- Directional Unit 
(Lower Unit) 

Flexitest Switch 

Case Terminals 

,---7""'===============.,..--- Indicating 
Contactor Switch 

,---,,.-----f--+-- Overcurrent Unit 

• W1th Relative Instantaneous Polanty As 
Shown, The Direct1onal Un1t Contacts Close 

(Upper Unit) 

Saturating 
Transformer 

Varistor 

Directional Unit 
(Lower Unit) 

Flexitest Switch 

KRD 

Descriptive Bulletin 41 -130C Page 5 

Directional Overcurrent Relays 

For Phase and Ground Fault Detection 
on Transmission Lines and 
Feeder Circuits 
Types KRC, KRD, KRP, KRV 

r--;=::::;c.:::::::::-:-:-:-:-:-::-:-:-:-:-:::=��\--· Indicating 
Contactor Switch 

KRV 

,--------------·-11--t-- Directional Contacts 
(Lower Unit) 

'+-+-+--1--- Varistor 

'-..._------+-+-+--1--- Directional Contacts 
(Middle Unit) 

Case Terminals 

Auxiliary 
Switch 

Red Dot 

De Control Circuit 

lead Res is. 
Position Value 

0 
2 300 

2700 
4 6500 

4--4--- Red Handle 

-t-+-t-- Current Test Jack 

Test Switch 

Directional Unit 
(Lower Unit) 

Chassis Operated 
Shorting Switch 

Terminal 

With Relative Instantaneous 
Polarity As Shown, The 
Directional Unit Contacts Close. 
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Westinghouse 

• 
External Wiring 

Type KRC 

c 
9 
u 
ru 

0 

l 

Stat1on Bus 

Type KRD 

Stat1on Bus 

Phase 
Relays 

External SchematiC Of Type KRP Relay 
For Ground Fault Protection 

Pn 

67N 
-t9 

Saturatmg Transformer 
Dev1ce Number Chart 

67 N-Ground Directional Overcurrent Relay, Type KRC 
6 iN- -Overcurrent Un1t Of Type KR C 

ficiN - Directional Un1t Of Type KRC 

-------------------�-

1 

Phase 
Relays 

� When Not Used, Jumper 
Termmals 4 And 5 

67N 
+9 

Pn 
Saturating Transformer 

Oev1ce Number Chart 
67N--Ground D1rectional Overcurrent Relay, Type KRO 
6iN -OvercurrentUnJtOfTypeKRo 

66� -Lower 0JrectJonal Un1t Of Type KRO 

66� -Upper D1rect1onal Un1t Of Type KRD 

Pos 
DC Tnp Bus 

Neg 

_52 

(52\, 
\!5;) 

52 -Power C1rCu1t Breaker 
ICS -Jnd1catmg Contactor Sw1tch 

a -Breaker Auxi11ary Contact 
TC -Breaker Tr1p Coil 

Pos DC 

183A968 

Tnp Bus 

Saturating Transformer f 
Sec 

J 

Neg 

(s;\,a 

'OJ 

52 -Power C1rcu1t Breaker 
ICS -lnd1cating Contactor Sw1tch 

a -Breaker Auxil1ary Contact 

TC -BreakerTnpCod 

II 

183A970 
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,. 

Type KRP 

c 
9 
u 
� 

0 
g' 
a. "-
� 

Stat1on Bus 

Phase 
Relays 

Dev1ce Number Chart 
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Directional Overcurrent Relays 

For Phase and Ground Fault Detection 
on Transmission Lines and 
Feeder Circuits 
Types KRC, KRD, KRP, KRV 

Pos DC Tnp Bus 

; �Tii)l' 91CS : D 

67N 
--�-

j 67N-Ground 01rect1onal Overcurrent Relay, Type KRP -52 
Pn 

Saturatmg Transformer 

F1g 12 

Type KRV 

6 �N_ -Overcurrent Un1t Of Type K R P 

§6N -DirectlonaiUnitOf TypeKR P 
52 -Power Circu1t Breaker 
ICS -lnd1cat1ng Contactor Sw1tch 

a -Breaker Auxiltary Contact 
TC -Breaker Tnp Coil 

Stat1on Bus Phase Rotat1on 1 2,  3 

c 
0 

� 
0 
"-
� 

j 

� 
Lme 

F1g 13 

--��----rY�--���-a Aux 

67 67 
6+ D 7 

67 67 
6+ D 7 

Pn 67 l/St 8 PH 

1/St 

T/St 

Dev1ce Number Chart 
67 -Phase Dtrect1onal Overcurrent Relay, Type KRV 

67N-Ground Directional Overcurrent Relay, Type KRD 
(Both 67 And 67N) 
I lo -Instantaneous ojc Un1t 
D, Do-01rect1onal Un1t 
CSI} -Auxil1ary Sw1tches ICS 

52 -Power C1rcu1t Breaker 
a -Breaker Auxil1ary Contact 

TC -Breaker Tnp Coil 

IJST -Saturating Transformer For lnst o/c Un1t 

Pas 

Neg 

Phase 
1 DC 

52 a 

(52\ \!S) 

p T 

Tnp Bus 

=52 a 

® c 

Neg 

Transformer Bank 
Neutral 

1 83A969 

r----------------------, 

v12 Phase 1 

Phase 3 

r�::toc 
\Rotation K

elay 
I 

v,J 
I 

·--.., I I 
I 1 
I I 
I I 
I I 

:Phases1 
12 &3 
1 Same 

I As 
Phase 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

L,.. __ _J 

3 

hase 2 
Relay 

Vectors At 100% P F Power 
In Tnpp1ng D1rect1on 

Ground 

Use 52 a Contact When Tnp Cod 
SuperviSIOn L1ght Is Used 

Dev1ce Number Chart 2908768 www . 
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Directional Overcurrent Relays 

For Phase and Ground Fault Detection 
on Transmission Lines and 
Feeder Circuits 
Types KRC, KRD, KRP, KRV 

Typical Time Curves 

Types KRC and KRD ( Current Polarized) 

60 

48 

36 

Instantaneous Overcurrent Unit 
Typical Closing T1me 
(For Two Element Dual 
Polarized Relay) 

� 24 
c 0 u "' VI 

2 

Multiples Of Pickup 

Fig. 14 

Type KRV 

50 

40 

4 5 6 7 8 9 10 20 30 40 50 

"' 
'0 30 c 

Typical Time Curves Cylinder 
Instantaneous Overcurrent Unit 

0 u "' � 20 

� 
E 10 
Q) 
E 
i= 0 

0 4 6 
Multiples Of Tap Value Current 

Fig. 16 

Shipping Weights and Carton 

10 12 

Dimensions 

Type Case Weight: Lbs. 
Type 

KRC,KRP,KRV FT-31 

KRD 

Further Information: 

Prices. ordering information: Price List 
41-020 

Dimensions: Descriptive Bulletin 41-075 
Inquiries: Nearest Westinghouse Sales 

Office 

Net 

16 

19 

Flexitest case: Descriptive Bulletin 41-075 
Instructions: 

KRC. KRD. KR P 

KRV 

Instruction Leaflet 
41 -1 37 
Instruction Leaflet 
41-137.1 

Other protective relays: Index 41-000 

Westinghouse Electric Corporation 

14 16 

184A946 

Shipping 

20 

23 

Relay Instrument Division: Newark Plant, Newark, N. J. 07101 
Printed in USA 

Types KRD and KRP (Potential Polarized) 

65 

60 

50 

40 

For Potential Polarized Where 

MPP' EpoLIOpCOS{9-60°) 

For Current Polarized 

MPP' 
I poL I opCOS{�-40°) 

.25 

Directional Un1t Closing T1mes 
(A) Current, Voltage, Polarized 

30 (B) I Volt Voltage Polarized 

<JI 
'0 
5 20 
u ... "' 

::;;: 10 
s 
Q) 

E 
i= I 

Directional Unit Opening Time 
Current, Voltage, Polarized 

MPP,Multiples Of P roduct Pickup 
EPoL =Polarizing Voltage 
I POL =Polarizing Current 
Iop=Operoting Current 

6'Angle By Which I0 Logs Ep 
l1l 'Angle By Which I0 Logs I p 

D1rect10nol Units 
Typical Operot>ng Time 
(For Two Element Dual 
Polarized Relay) 

I 2 3 4 6 8 10 20 40 60 100 200 400 I 8ool 2000 
600 1000 Multiples Of Product Pickup 

Fig. 15 

Domestic Shipping 
Carton: Inches 

8x10x21 

538108 

' 
_-,_.,'<" 
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