
Westinghouse I.L. 41-164F 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE KRQ DIRECTIONAL OVERCURRENT 

NEGATIVE SEQUENCE RELAY 
FOR GROUND PROTECTION 

C AUT I 0 N Before putting the relay into service, re­

move blocking from all the moving parts. Insp ect the 

relay and op erate all eleme nts b y  hand to be sure no 

damage has occurred during shipment . 

APPLI C ATION 

The type KRQ relay is a high-s p e e d  directional 

o vercurrent ground relay in which the directio n al unit 

operate s on n e gative s equence curr ent and voltag e ,  

and the over-curr ent unit operates on re sidual or 

ground current. The ne gative s e quence curr ent and 

voltage are obtained by mean s  of self-contained 

negative s equence current and voltage filters. 

The relay is intended for us e at locations where 

the present equipment or system conditions do not 

permit the use of the conventional types of directional 

ground relay� operating e ntirely on residual current 

and voltag e . 

At an ungrounded sub station on grounded s y stems 

where only two potential transformers are available, 

or where there i s  a delta-wye transformer b etween 

thl' potential transformers and the protected lin e ,  

the type KRQ re l ay i s  applicable for ground pro­

tection.  

The KRQ is also us ed , witho ut modificatio n  to 

to provide directional ground fault protection in the 

KD carrier relaying scheme. Operation of the relays 

in connection with the carrier sclwme i s  fully des­

cribed in I.L. 41-911. 

CONSTRUCTION AND OPERATION 

The type KHq rdas consists of a directional 

cylinder unit opE•rating on nE•gatin• Sf'C!llE' nCE' quanti­

tics, nE•gati\·(•-sf'quE·ncro current anrl voltage filters, 

high-spE'E'd m·E'ITurn·nt cylindE•r unit orwrating on 

n•sidual C'UIT\'Ill, and an indicating contract o r  s\\'itc:h. 

SUPERSEDES I.L. 41-164E 
*Denotes Change From Superseded Issue. 

Directional Unit (D) 

The directional unit is a product induction cylinder 

type unit op erating on the interaction b etween the 

polarizing circuit flux and the- operating circuit flux . 

Mechanically, the directional unit is composed of 

four b asic components; A die-cast aluminum frame, 

an electro magnet, a moving e le ment assembly , and 

a molded bridge .  

The frame serves a s  the mounting structure for 

the magnetic core . The m agnetic core which houses 

the lower p in b e aring is secured to the frame b y  a 

locking nut . The b earing can be replace d ,  if neces­

sary, without having to remove the magnetic core 

from the frame. 

The electrom agnet has two s eries-connected 

polarizing coils mounted diametrically opposite one 

another; two series-connected operating coils mounted 

diametrically opposite one another; two magnetic 

adj ustin g  plugs; upp e r  and lower adjusting plug 

clips, and two locating p i ns .  The locating pins are 

used to accurately position the lower pin b e aring , 

which is threaded into the brid g e .  The electrom agnet 

is secured to the frame by four mounting screws. 

The moving element assembly consists of a 

s piral spring, contact carrying me mber, and an alum­

i num cylinder assembled to a molded hub which 

holds the shaft. The shaft has removable top and 

bottom j e w el b earings. The shaft rides between the 

bottom p i n  bearing and the upper pin b earing 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 scre w s .  In addition to holding 

the upper pin bearing, the bridge is used for mounting 

the adjustabl e  stationary co ntact housing . The sta­

tio nary co nt act housing is held in po sition by a 

spring type clamp. rhe spring adjuster is located o n  
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CUR RENT FILTER 
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Fig. 1. Type KRQ Relay without case (Rear View). 
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Fig. 2. Type KRQ Relay without case (Front View). 
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TYPE KRQRELAY ___________________________________________________________ ,_.L_._4_1 -_1 6_4 __ F 

INDICATitiG-...__ 
CONrACTOR 
Slfiii•Crl 

ICS 

,, 12 " 

- REACTOR 

- - O�ERCURREIIT Uti IT (TOP UNIT ) 

- SATURATINU 

TRANSFORMfR 

VARISTOR 

DIRECTIOMALUNIT 

(LOWER UMIT ) 

--CHASSIS OPERATED 

SliORTIMii SWITCii 

-REDiiAMDLE 

---1_- TEST SWITCH 

_j �cuRRENT TEST JACK 

TERM I MAL 

184A546 
Fig. 3 . . Internal Schematic of the Type KRQ Relay in the 

Type FT42 Case. 

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 e le ctrical c onnec­
tion is made through the stationary contact housing 
clamp , to the movin g contact, through the spiral 
spring out to the spring adjuster clamp. 

Negative Sequence Filter 

The current and voltage filters consist of re­
actors and resistors connected together as shown in 

the internal schematic (Fig . 3) .  

Over current Unit (I) 

The overcurrent unit is similar in construction to 
the directional unit. The time phase rel ationship of 
the two air-gap fluxes necessary for the development 
of torque is achieved by means of a capacitor con­
nected in series with one p air of pole windings.  

The normally-closed contact of the directional 
unit is connected across one pair of pole windings 
r)f the overcurrent unit as shown in th<.' internal sche­
matics. This arrangement short-circuits the op era­
ting current around the pole windings, preventing the 
.wercurre nt unit from developing torque. If the direc­
; ir>nal unit should pick up for a fault, this short-cir­
' u1t is removed, allowing the overcurrent contact to 
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184A995 
Fig. 4. Time Curves of the Directional Unit (0). 

commence closing almost simultaneously with the 
directional contact for high-speed operation.  

Overcurrent Unit Transformer 

This transforme r is of the saturating type for 
limiting the energy to the overcurrent unit at higher 
values of fault current and to reduce C . T .  burden. 
The primary winding is tapped and these taps are 
brought o ut to a tap block for ease in changing the 
pick-up of the overc urrent unit. The use of a tapped 
tran sformer provides approximately the same energy 
level at a given multiple of pickup current for any 
tap setting, resulting in one time curve thro ughout 
the range of the relay . 

Across the secondary is connected a non-linear 
resistor k nown as a v aristor. The effect of the var­
istor is to reduce the voltage peaks applied to the 
ov ercurrent unit and phase shifting capacitor. 

Indicating Contactor Switch Unit (ICS) 
The indicating contactor switch is a small d-e 

operated clapper type d evice. 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 clos es, the moving 
contacts bridge two stationary co ntacts, completing 
the trip circuit. Also d uring this operation two 
fingers on the armature deflect :l c�nring located o n the 
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TYPEKRQRELAY---------------------------------------------------------

"' 
Ill "' "' 
_J "' cr 
.... 
:::> 
"' 
z 

8 

7 

� 6 
"' z 
:::i 

cr 5 
"' 
!::i 
-= 
0 .... 4 "' "' 
� _J 0 > 3 
.... 
:::> 
a. 
� 
"' 
0 
z "' :::> 0 
"' 
Ill 

"' > 
� "' w z 

I 

0 

-,---

' 

\ 
\ 

"' 
r-- !'... 

CURRENT APPLIED AT 

MAXIMUM TORQUE ANGLE. -
CONTACTS CLOSE FOR 

VOLTAGES AND CURRENTS -
ABOVE AND TO RIGHT OF 
THE CURVE. 

I 
- f- -f--- -- -f--

1 - - --- ----
f---1-f--

---r-
4? AMrER:t=r 

0 I 3 4 5 

NEGATIVE SEQUENCE AMPERES INPUT TO FILTER 

Fig. 5. Sens itivity Curve of the Directional Unit (D). 

fro nt of the switch, which allows the operation indi­
cator target to drop . The t arget is reset from the 
outside of the cas e  by a push rod located at the 
bottom of the cover. 

The front spring, in addit ion to holding the 
target, provides restraint for the armature and thus 
controls the pick up value of the swit ch. 

CHARACTERISTICS 

Instantaneous Overcurrent Unit (I) 

The relays are available in the following current 

ranges: 

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 1 2  16 

10-40 10 15 20 24 30 40 

The tap value is the minimum current required to 
just close the o vercurrent relay contacts . For pick-

4 

up s ettings in b etween taps, refer to the section 
under Adjustments. 

Directional Unit (D) 

The directional unit minimum pick-up is approx­

imately 0. 76 volt-amp eres (e. g .  0. 19 volt and 4 am­

p eres) in terms of negative sequence quantities ap­

plied at the relay terminals at the maximum torque 
angle of approximately 98° (current leading voltage). 
See Fig .  5 .  

Trip Circuit 

The main contacts will safely close 30 amperes 
at 250 volts d-e and the s eal-in contacts of the in­
dicating contactor switch will safely carry this cur­
rent long enough to trip a circuit breaker. 

The indicating contactor switch has a pickup of 
appro ximately 1 ampere. 

The t rip circuit resistance is 0 . 1  ohm d- e .  

SETTINGS 

Over current Unit (I) 

The only setting required is the pickup current 
s etting which is made by means of the connector 
screw located on the tap plate. By placing the con­
nector screw in the d esired tap, the relay will j ust 
close its contacts at the tap value current . 

For carrier relaying, the carrier-trip overcurrent 
unit located in the type KRQ relay should be set on a 
higher tap than the carrier-start overcurrent unit 
located in the type KA relay at the opposite end of 
the line. 

CAUTION 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 t aps under load, connect the 
spare tap screw in the d esired tap position b efore 
removing the other tap screw fro m the original tap 
position. 

Directional Unit (D) 

No s etting is required . 

INSTALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
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TYPE KRQ RELAY ______________________________________________ _____________ L_L_. 4_1_· 1_64_F __ 
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67N DIRECTIONAL OVERCURRERT NEGATIVE SEQUEIC£ 

GROUND RELAY lRQ 

10 OVERCURREMT UliT OF lRQ 

D DIRECTIONAL UliT OF lRQ 

ICS llDICATilG COMTACTOR SWITCII 

52 POWER CIRCUIT BREAKER 

II 

: L_f--<H't--il...,.-c-"----+-=*-<=>-t-
1 

OTHER 
RELAYS 

ALTERNATE 
CONNECTION 
(NEUTRAL FORMED 
EXTERNALLY) 

a BREAKER AUXILLURY COlTACT 

TC BREAKER TR I P COIL 

A 8 C I 
I � 

I SA 

I 
-

I §!.!!.. �7N 15;5 

P;�-A�As�· i5A 

290B201 

Fig. 6. External Schematic for Type KRQ Relay. 

dirt, moisture , excessive vibration and heat. Mount 
the relay v ertically by means of the two mo unting 
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 th e mount­
ing screws may be utilized for grounding the relay. 
The electrical connections may be made d irectly to 
the terminals by means of screws for s teel panel 
mounting or to terminal 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 detailed FT case information, refer to I.L. 
4 1-076. 

The external connections of the directional 
overcurrent relay are shown in Fig . 6. 

External connections may be checked by using 

the relay as specified in either Fig.  9 or 10 depending 

upon whether or not the 15/5A auxiliary CT is us ed. 
About 0. 3 of an ampere load current at a known power­

factor angl e should be flowing in the main CT sec­

ondaries. This check is appropriate prior to commis­
sioning the relay or when trouble shooting. 

AD J USTMENTS AND MAINTENANCE 

The proper adjustments to insure correct opera­
tion of this relay have b een made at the factory . Upon 
receipt of the relay, no customer adjustments, other 
than those covered under "SETTINGS", should be 
required. 

Contacts 

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

The s et screw in each stationary contact has 
been adjusted for optimum follow and t his adjustment 
should not be disturbed. 
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TYPEKRQRELAY------------------------------------------------------------
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Fig. 7. Test Diagram for Checking Maximum-Torque Angle 

and Minimum Voltage for Contact Closure of Direc­

tional Unit. 

Acceptance Check 

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

Overcurrent Unit (I) 

1. Contact Gap - The gap between the stationary 
and moving contacts with the relay in the de-ener­
gized position should be approximately .020". 

2. l\lini rnum 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 
c1'PCkPd by inserting the tap screw in the desired tap 
!.ole and arplying rated tap value current. The con­
tact should close within ±5'); of tap value current. 

Negative Sequ ence Filter 

The filters are ad1 usted for balance in the factory 

and no furthl•r adjustments or maintenailCes should bt> 

required. The nominal 1·oltagE' and current output o: 

thP filters on positin• sequence is approximately zero. 

This serves as a convenient check on the balance of 

tlw filters. If any two input leads to the potential 

filter should be interchanged, a high voltage occurs 

across the output terminals of the filter. Similarly, 

if any t11o of the phase leads to the input terminals 

6 

of the current filter are interchanged, an output current 

will be obtained. 

Directional Unit (D) 

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

2. Sensitivity- Refer to the test diagram in fig. 
7. Apply a single-phase voltage V AB equal to 0.57 
volts (corresponds to a negative-sequence input vol­
tage 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 shown, 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 should 
pick up within ±lOo/c of the above input voltage to 
the relay. The above quanties are determined as 
follows: 

V A2 = Neg. Sequence Voltage 

1 2 - (- V AB 3 3 

VAB V A2 = 3 
for V AB 

V A2 = 0. 19 volts 

1 1 
3 a2 V AB - 3 a V AB) 

0.57 volts 

IA2 = 
(0 + a2 I - a!) 3 

= I /- 90' 
1n 

for I = 6.93 amps 

IA:' = 4 .!=_9_()0 alll_ps 

3. Spurious Torque- With the relay connected 

in the test diagram as above, remove the input 
voltag e and connect terminals 14, 15, and 16 together. 
Remove the phase-angle meter. With 80 amperes single­

phase current applied, there should be no spurious 

closing torque. 
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TYPE KRQ RELAY----------------------------------------------------------���-L�-�4�1·�16�4�F 

KRQ RELAY 

(FRONT VIEW) 

@ � �@ 16 

·� 0 r1 0 
� 0 6 0 0 

ADJUST MIDDLE Fll TER 

RESISTOR SLIDER FOR 
ZERO VOLTAGE, � 

-· ADJUST TOP FILTER 

RESISTOR SLIDER FOR 
v2�L73 V1 

DISCONNECT LEAD TO 
LOWER RIGHT HAND TERM 
( RI�T SIDE VIEW) 
OF MUTUAL REACTOR 

0-15 VOLT 
RECTOX VOLTMETER 

POSITIVE SEQUENCE CALIBRATION NEUTRAL TAP CALIBRATION 

290B264 
Fig. 8. Test Diagram for Calibration of Negative Sequence Current Filter in KRQ Relay. 

4. Apply 120 volts balanced 3 ¢ voltage, 60Hz .. 

to terminals 14, 15 and 16 of the relay. Do not apply 

current. No trip should be observed for this condi­

tion. Reverse the voltage to terminals 14 and 15: 

No trip should be observed. 

5. Refer to fig. 8. Do not apply voltage. Pass 

5 Amps. in terminal 6 and out terminal 8. There 

should be no trip. Reverse the current: no trip. 

Indicating Contoctor Switch (ICS) 

Close the main relay contacts and pass sufficient 

d-e current through the trip circuit to close the con­

tacts of the res. This value of current should be 

between 1 and 1. 2 amperes. The indicator target 

should drop freely. 

The contact gap should bl: approximately 5/64" 

between the bridging moving (:ontaet and the adjust­

able stationary contacts. Ttw l·.rid�;ing moving con­

tact should touch both stationary <"ontacts simultan­

t�ously. The third moving C'lntacl st10uld make at 

appro xi mate ly the same time. 

Routine Maintenance 

All rrluys .;hould be i�l:OP<'Ctf'•� pr·rio<!ically ami 

the operation should be checked at least once every 

year or at such other time intervals as may be dic­

tated by experience to be suitable to the particular 

application. 

All contacts should be periodically cleaned. A 

contact burnisher S# 182A836HO 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 tl:u!s impairing the contact. 

Co I i brat ion 

Use the following procedure for calibrating the 

relay if the relay has been taken apart for repairs or 

the adjustments have been disturbed. This procedure 

should not be used unless it is apparent that the 

relay is not in proper working order. (See "Accept­

ance Check"). 

(Overcurrent Unit (I)) 

1. The upper pin bearing should be screwed down 

unL!l there is approximately .025" clearance between 

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

should then be securc>Lv locked in position with the 

lod\ nut. Tlw lowPr tw<trim' :>':-;ition i;.; f ixc>d and 
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TYPEKRQ RELAY ______ __________________________________________________ �---

STEP 2 PLACES THE fOLLOWING VOLTAGES ON THE RELAY VA Va VA2 �PHASE A NEG SEQUENCE VOLTAGE 

frF.���kL Vo l�< 

V,_2 o 113 (VAN +a_.' VIM+ aYcN l 
�VH VAZ= �(l+o..2-2o.)=-o.VClN 

z 
0 I 
.., 
z 

� 
ii .... 

l 

A B C 

RELAY-_ 
(FRONT VIEW) 

STEP 3 PLACES THE FO LLOWING CURRENTS ON THE RELAY 

TEST 

!r.z IA2: PHASE A NEG SEQUENCE ClH'RIEIJIIT 

,, 
N 

1. OPEN RELAY SWITCH 10 

h.z= 1/3\h+a}Ia +4.Ic l 

IAZ: IA 

3 

2. OPEN RElAY SWITCH 15 AIIID JIINPER SWITCH JAWS 
14 AMD 15 

3. OPEN RELAY SWlTCHES 6 AND 8 
14. DIRECTIONAL CONTACT SHOULD CLOSE WHEIC POWER 

FLOW IS INTO LIME, OVER THE RANGE OF 
B� LAGGING T09B0 LEADIMG POWER FACTOII: • 

MAXIMUiol CLOSING TORQUE OCCURS AT 
APPROXIMATHY eo LEAD, 

MAX. 
TORQUE 

'IAZ 
I 
I 
I 

CONTACT CLOSIN!i TOIIOUl • ZERO 
8 ___ - TORQUE 

---- VAZ 

290B560 
Fig. 9. In-Servic e  Test Proc edure for Verifying Proper External Connections Where CT Neutral is Formed Within Relay. 

cannot be adjusted . 

2. The contact gap adjustment for the overcur­

rent unit is made with the moving contact in the reset 

position, i.e., against t he 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 

. 020". The clamp holding the stationary contact 

housing need not be loosened for the adjustment since 

the clamp utilizes a spring-type action in holding the 

stationary contact in position. 

3. The sensitivity adjustment is made by vary­

ing 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 i'l djust­

ments. 

Before applying current, block open the normally­

closed contact of the directional unit. Insert the tap 

screw in the minimum value tap setting and adjust 

8 

the spring such that the contacts will close as in­

dicated 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 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_ 

Negative Sequence Vol tage Fil ter 

A. Apply 120 volts balanced 3 phase voltage 

60 cycles to terminals 14, 15, and 16 of the relay, 

making sure that phase 1, 2 and 3 of the applied 

voltage is connected to terminals 14, 15, and 16 

respectively. 

B. Using a calibrated high resistance rectox 

voltmeter, measure the voltage between the 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 

yolts) the filter is probably improperly connected. 

If properly connected, the voltage will be low. 

Using a low range (approximately 5 volts) move the 
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TYPE KRQ RELAY __________________________________________________________ _ L_L_._4 1_- 1_6 __ 4F 
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A B C 

PHASE ROTATION A, B, C 

RELAY-� 
(FRONT VIEW) 

FT·I SWITCH 
S NO. 498A009GOI 

TEST NO. I - POLARITY CHECK FOR 15/5 AMPERE AUXILIARY 
CURREHT TRANSFORMER 

1. OPEN RELAY SWI TCH 10 AND FT-1 SWI TCH J 

2. OPEN RELAY SWI TCH 16 AND JUMPER SWI TCH JAWS 
16 AND 15 

3. OPEN FT-1 SWI TCHES B, F AND H 

"· D I RECTIONAL CONTACT SHOULD REMAI N  OPEN WHEN 
POWER FLOW IS INTO THE L I NE, OVER THE 
RAMGE OF 82° LAGG ING TO 98° LEAD ING POWER 
FACTOR. NAXIMUM OPENING TORQUE OCCURS AT 
APPROXI MATELY 8° LEADING POWER FLOW. 

TEST NO. 2 - RELAY OPERATION TEST 

t. OPEN RELAY SWITCH tO AND fT-1 SWITCH J 

2. OPEN RELAY SW I TCH 15 AND JUMPER SWI TCH JAWS 
14 AND 15 

3. OPEN RELAY SWITCHES 6 AND 8 
ll. DIRECTIONAL CONTACT SHOULD CLOSE WHEN POWER 

FLOW IS INTO liNE, OVER THE RANGE OF 
82° LAGG ING TO 99• LEAD I NG POWER FACTOR. 

HAXI HUM CLOS ING TORQUE OCCURS AT 
APPROXI MATELY 8" LEAD 

29013'559 

Fig. 70. In-Service Test Procedure for Verfying Proper External Connections Where CT Neutral is Formed Externally. 

arijustable tap until the voltage reads a minimum. 

This value should be less than 1.5 volts. 

Negative Sequence Current Filter 

Refer to fig. 8 for positive sequence calibration. 

A. Connect relay terminals 7 and 9 together. 

Remove 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 1.85 and 1. 95 volts. 

D. Now measure the voltage from terminal 6 to 

terminal 7. Adjust the top filter resistor tap until 

t his voltage is 1. 73 times the reading of part C. 

Refer 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 resistor tap connection 

until the measured voltage is zero. Reconnect lead 

to mutual reactor at end of this test. 

Directional Unit (D) 

1. The upper bearing screw should be screwed 

down until there is appr oximately .0 25" clearance 

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

pin bearing should then be securely locked in posi­

tion with t he lock nut. 

2. Contact gap adjustment f or the directional 

unit is made with the moving contact in the r eset 

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 con­

tact an additional one- quarter 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 con­

tact gap of .020" to . 024". The clamp holding the 

stationary contact housing need not be loosened for 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T YPEKRQRELAY __________________ ____________ __________________________ ___ 

the adjustment since the clamp utilizes a spring-type 
action in holding the stationary contact in position. 

3. The s ensitivity 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 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 does not have to be 
loosened prior to making the necessary adjustments . 

The spring is to be adjusted such that the con­
tacts will close when the relay 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 . 7. 

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 plugs in the following 
manner: 

a) Connect the relay voltage circuit t erminals 
(phase 1, 2 and 3) together. 

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

terminal. 

Plug adjustment is then made per Table I such 

that any contact closing spurious torques are reversed. 

The plugs are held in position by upper and lower 

plug clips. Thes e clips need not be disturbed in any 
manner when making the neces sary adjustment. 

The magnetic plug adjustment may be utilized to 
positively close the contacts on current alo ne . This 
may be d esired on some installations in order to in­
sure that the relay will always trip the breaker o n  
zero pot ential . 

Indicating Contactor Switch 
_(ICS) 

First adjust the two main contacts (left and right 
hand side, front view), for a contact gap of 5/64" 

(- 1/64", tO). 

Close the main relay contacts and check to see 
that the relay picks up between 1 and 1. 2 amperes 
d-e .  

Make sure that all three contacts make and the 
target drops freely when the above current is appl ied. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to the customers who are e quipped for 
doing repair work . When ordering parts, always give 
the complete name plate data. 

TABLE I 

DIRECTIONAL UNIT CALIBRATION 

RELAY RATING CURRENT AMPERES BOTH PLUGS IN CONDITION ADJUSTMENT 
--

All Ran ges 80 Spurious Torque in Co ntact Right (Front-View) Plug Screwed 
Closing Direction (Left Front Out Until Spurious Torque is Re-
View) versed . 

All Ranges 80 Spurious Torque in Co ntact Left (Front View) Plug Screwed 
' Opening Direction (Right Front Out Until Spurious Torque is in 
I View) (Con tacts rem ain open) Contact Closing Direction. Then I I the plug is screwed in Until Spuri-

I I ous Torque is Reversed . I I ' 
---- ------
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TYPE KRQRELAY _________________________________________________________ ,_.L _. _4 _1 - _16_4 F_ 

E N E R G Y R E Q U I R E M E NTS 

INSTANTANEOUS OVERCURRENT UNIT OPERA TING CURRENT CIRCUI T - 60 CYCL ES 

AMPERE RANGE 
--� 

-

. 5-2 

--�---·· -�·· ---

1-4 

�- --��--- ----

2-8 

4- 16 

1D-40 

TAP 

. 5  

.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 

I 40 

--�-�- �--�---�--��- --------;----------------

VA AT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE 
-- ---- �- � - -------+---------� 

r---

. 37 

. 38 

. 39 

.41 

.43 

. 45 

39 

36 

35 

34 

32 

30 

. 4 1  36 

.44 32 

.47 30 

.50 28 

. 53 26 

.59 24 
- -�-- �� --� ---- �-���----------�-� - ��--------+ 

1. 1 49 

1.2 43 

1.a 38 

1.4 35 

Ui 33 

1.8 29 

Ui 5 1  

1.7 45 

1.8 40 

l.H 38 

2.2 34 

2.�i 30 

1.7 28 

2.4 2 1  

3.1 16 

3.6 15 

4.2 12 

4.9 11 

24 46 

13 37 

8.5 34 

6. 0 32 

4.6 3 1  

2.9 28 

9. 0 36 

5. 0 32 

3. 0 29 

2. 1 27 

1.5 26 

0. 93 24 
-------------- -

6.5 48 

3.3 42 

2. 1 37 

1. 4 35 

1. 1 33 

0.7 29 

2.4 5 1  

1.2 45 

0.7 40 

0.6 38 

0. 37 34 

0.24 3 1  

0. 43 28 

0.27 2 1  

0.20 17 

0. 15 15 

0. 1 1  13 

0. 08 12 
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TYPE KRQ RELAY 

ENERGY REQUIR E MENTS 
FOR THE DIRECTIONAL UNIT A ND THE FILTER 

{All Burdens at 60 Cycles) 

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 

1 10 150 5.4 7.5 44° Lag 
2 10 150 5.5 5.5 oo 
3 10 150 .35 1. 28 74° Lag 

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

Watts Vol t- Amp s. 
P hase A t  5 Amp s. A t  5 Amp s .  P ower Factor Angle 

1 4.66 5.5 32° 

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 o utput voltage to the direc­
tional unit) is as follows: 

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

Burden values o n  three star connected potential transformers.  Values at the star voltage of 66. 4 volts 
( 115 volts delta) . 

1 115 0 26.8 90° Lag 

2 1 15 0.2 0.3 48° Lag 
3 115 23.2 27.0 30° Lag 

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

12 1 15 -23.2 46.5 120° Lag 

23 115 46.6 46. 6 00 

23 1 15 . 10 .48 58° Lag 

3 1  1 15 23.2 46.5 60° Lag 

3 1  1 15 23.2 46.6 60
° Lag 

12 115 0.50 0.52 2° Lead 

Burden values on three d elta connected potential transform ers . Values at 115 v olts. 

3 1  1 15 15.4 3 1. 0  60° La g 

12 1 15 -7. 8 15. 6 120° Lag 
23 1 15 15. 6 15.6 00 
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TYPE KRQ RELAY -----------------------------'�· L:..:.· ..:.4 .:..1 ·...:.:1 6:._:4_:_F 

19 9 li2_-

r"••- r "" i --� 

� --1 � -

I 
I 

t I 
I 

I ••• � �  

I..OI«J 
(Jl 

� 

-1-.t 
2:' 

-�� __l_--'= 

--� --� 

A-'t. 

-� a-�-� 

--.� �i(;.k-� 
�-(:� �·· .� PA.NEL LOCA.T\ON 

SE.MI-VLUSI-\ MTG:. 
PRO.lE.CTION MTG------

TE:�M!NAI... A-Nt.> 
MOUNT I NGr OE:T,I>..\L'5 

NOTE"; ALl... DIMEI..ISIONS 
IN INCHES. 

TERMINAL 

* DIA.. 4 HOLES FOR 
.190-32 MT<lr.SCREW& 

-IN 
a> 

-l.t '" 
! 

PANEL CUTOUT t DRILLING 
FOR �EM\ -F"LU�,H MTG.. 

PANE:.L uRILI..INGr OR 

C.\.ITOUT FOR PROJE<;TION MTG. 
(n;&.()\ll"T \IIE:W) 

k DIA.. cO HOLEC:. 
OR CUT .. OUT 

3 
a"· 

57-D-7905 
Fig. 11. Outline and O,i/ling Plan for the Type KRQ Relay in the Type FT42 Case. 
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Westinghouse 1. L. 4 1- 164E 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT IONS 
TYPE KRQ DIRECTIONAL OVERCURRENT 

NEGATIVE SEQUENCE RELAY 
FOR GROUND PROTECTION 

CAUTION Before putting the relay into s ervice, re­
move blocking from all the moving parts. Inspect the 
relay and operate all elements by hand to be sure no 
damage has occurred during shipment . 

APPLICATION 

The typ e KRQ r elay is a high-sp eed directional 
overcurrent ground relay in which t he directional unit 
operates on negative sequence current and voltage, 
and the o ver-current unit operates on residual or 
ground current. The negative sequence current and 
voltage are obtained by means of self - contained 
negative sequence filter s connected between the 
directional unit and the current and potenti al trans ­
formers. 

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

At an ungrounded substation on grounded systems 
where only two potential transformers are av ailable , 

or where the potential transformers are on the low­
tension side of a wye-delta or delta-wye power trans­
former bank, the type KRQ relay is applicable for 
ground protection. 

The KRQ is also used, without modification to 
to provide directional ground fault protection in the 
KD carrier relaying scheme .  Operation of t he relays 
in connection with the carrier scheme is fully des­
cribed in I.L. 4 1-9 1 1. 

CONSTRUCTION AND OPERATION 

The type KRQ rel ay consists of a directional 
cyl inder unit operating on negative sequence quanti­
ties, negative-sequence current and voltage filters, 
high- sp eed overcurrent cylinder unit operating o n  
residual current, and an indicating contractor switch. 

SUPERSEDES I.L. 41-164D 
*Denotes Change From S uperseded Issue. 

Directional Unit.(D) 

The directional unit is a p roduct induction cylinder 
type unit operating on t he interaction b etween 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 s ecured to the frame by a 
locking nut. The bearing can be replaced, if neces­
s ary, 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 
adjusting plugs; upper and lower adjusting plug 
clips, and two locating pins . The locating pins are 
used to accurately position the lower pin bearing, 
which is threaded into the bridge.  The electromagnet 
is secured to the frame by four mounting screws. 

The moving e lement assembly consists of a 
spiral spring, contact carrying member, and an alum­
inum cylinder assembled to a molded hub which 
holds the s haft . The shaft has removable top and 
bottom jewel b earings.  The s haft 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 co ntact housing is held in position by a 
spring type clamp . The spring adjuster is located o n  
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N VARISTOR 

OVERCURRENT UNIT 
PHASE SHIFTER 

TURATING TRANSFORMER 

TIVE SEQUENCE 
CALIBRATION TAP 

NEUTRAL CALIBRATION 
TAP 

Fig. 1. Type KRQ Relay without case (Rear View). 

OVERCURRENT 
TRIP CONTACT !II 

HIGH SPEED 
OVERCURRENT UNIT 

OVERCURRENT UNIT 
TAP BLOCK 

VOLTAGE FILTER 
ADJUSTING RESISTOR 

DIRECTIONAL TRIP 
CONTACT (D) 

DIRECTIONAL TORQUE 

CONTROL CONTACT(� 

MAGNETIC ADJUSTING 
PLUGS 

DIRECTIONAL 
UNIT 

THREE WINDING 
MUTUAL REACTOR 

AUTO-TRANSFORMER 

REACTOR 

INDICATING 
CO NT ACTOR 
SWITCH (ICS) 

Fig. 2. Type KRQ Relay without case (Front View). 
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TYPEKRQRELAY ______________________________________ ___________________ ,_.L_._41_-1_6_4E_ 

ICS 

,, " 

.rJ---f--+----t- AUTo-TII.AMSFORMER 

C--+--t---rREJ.CTOR 

" 

OIRECTIOMAL UNIT 
(LOWER WilT} 

CKASSIS OPERATED 
SHORTING SWITCH 

RED HANDLE 

CURRENT TEST JACk 

TERNUIAL 

184A546 
Fig. 3 . . Internal Schematic of the Type KRQ Relay in the 

Type FT42 Case. 

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 c lo sed, the ele ctrical conn ec­
tion is made through the stationary contact housing 
clamp , to the moving contact , thro u gh the spiral 
spring out to the spring adjuster clamp. 

Negative Sequence Filter 

The current and voltage filters consist of re­
actors and resistors connected together as shown in 
the internal schematic (Fig. 3). 

Overcurrent Unit (I) 

The o vercurrent unit is similar in construction to 
the directional unit. The time phase relationship of 
the two air-gap fluxes necessary for the d ev elopment 
of torque is achieved by means of a capacitor con­
nected in series with o ne p air of pole windings .  

The normally-closed contact o f  the directional 
unit is connected acros s  one pair of pole windings 
of the overcurrent unit as shown in the internal sche­
matics.  This arrangement short-circuits the op era­
ting current around the pole windings, preventing the 
overcurrent unit from developing torque . If the direc­
tional unit should pick up for a fault, this short-cir­
cuit is removed, allowing the overcurrent contact to 

"' 0 

.24 
.2 2 
.20 
.18 
.16 

� .14 
0 IIJ 
rn .12 
IIJ .10 
::E ;:: 

.OB 

.06 
.04 
.02 
0 

\ 
\ � 
\l .\ [Y 

'\ \ ;t '--"-.L 

CONTACT GAP 
APPROXIMATELY .020 INCH 

NEGATIVE SEQUENCE INPUT 
VOLTAGE TO FILTER 

(LINE TO NEUTRAL BASE) 
-

r--o.5 v. 

I •r-f----1.0 V. 

r f---2.0 V. 

r; I If f----5.0 v. 
lr3o.o v. 

r; I I; 
Vi I 
!; -......_ -1--t--
.;.:_ -""'-

o 5 � � ro e � e � 
NEGATIVE SEQUENCE AMPERES INPUT TO FILTER 

184A995 
Fig. 4. Time Curves of the Directional Unit (D). 

commence closing almost simultaneously with the 
directional contact for high-speed operation. 

Overcurrent Unit Transformer 

This transformer is of the saturating type for 
limiting the e nergy to the overcurrent unit at higher 
values of fault current and to reduce C.T.  burden. 
The primary winding is tapped and thes e  taps are 
brought o ut to a tap block for ease in changing the 
pick-up of the overcurrent unit. The use of a tapped 
transformer provides approximately the same energy 
level at a given multiple of pickup current for any 
tap setting, res ulting in one time curve thro ughout 
the range of the relay . 

Across the s econdary is connected a non-linear 
resistor known as a varistor. Th e  effect of the var­
istor is to reduce the voltage p eaks applied to the 
overcurrent unit and phase shifting capacitor. 

Indicating Contactor Switch Unit (ICS) 
The indicating contactor s witch is a small d-e 

op erated clapper type d evice.  A magnetic armature , 
to which l eaf-spring mounted contacts are attached , 
is attracted to the magnetic core upon energization of 
the switch. When the switch clos es, the moving 
contacts b ridge two stationary co ntacts, compl eting 
the trip circuit. Also d uring this op eration two 
fingers on the armature d eflect a spring located on the 
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TYPEKRQRELAY-----------------------------------------------------------

"' "' « ID 
-' « a: 1-:::l "' z 
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:::i 

a: "' 
� 
ii: 
0 

a 

7 

6 

5 

1- 4 "' "' 
� -' 0 > 3 
1-:::l Q. 
� 
"' <.:> z "' :::> 0 "' "' 
"' > 
!i 
"' 
UJ 
z 

I 

0 

-···-

I I 

1\ 
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CURRENT APPLIED AT 

MAXIMUM TORQUE ANGLE. -
CONTACTS CLOSE FOR 

VOLTAGES AND CURRENTS -
ABOVE AND TO RIGHT OF 

THE CURVE. 

-r- -I- - 1-----

-- --r-

41 AMrEREl\ 
r--1--

---\ 
0 I 2 3 4 5 

NEGATIVE SEQUENCE AMPERES INPUT TO FILTER 

Fig. 5. Sensitivity Curve of the Directional Unit (D). 

fro nt of the switch, which allows the operation indi­
cator target to drop . The target is reset from the 
outside of the case by a push rod located at the 
bottom of the cover. 

The front spring, in addit ion to holding the 
target, provides restraint for the armature and thus 
controls the pickup value of the swit ch. 

CHARACTERISTICS 

Instantaneou s Overcurrent Unit (I) 

The relays are av ailable in the following current 

ranges: 

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 

The tap value is the minimum current required to 
just close the overcurrent relay contacts . For pick-

4 

up s ettings in b etween taps, refer to the section 
under Adjustments. 

Directional Unit (D) 

The directional unit minimum pick-up is approx­

imately 0.76 volt- amp ere s (e. g .  0. 19 volt and 4 am­
peres) in terms of negative sequence quantities ap­
plied at the relay terminals at the maximum tor que 

ang le of approximately gga (current leading voltage). 
See Fig . 5. 

Trip Circuit 

The main contacts will safely close 30 amperes 
at 250 volts d-e and the s eal-in contacts of the in­
dicating contactor switch will safely carry this cur­
rent long enough to trip a circuit breaker. 

The indicating contactor switch has a pickup of 
appro ximately 1 ampere. 

The t rip circuit resistance is 0. 1 ohm d-e .  

SETTINGS 

Overcurrent 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. 

For carrier relaying, the carrier-trip overcurrent 
unit located in the type KRQ relay should be set on a 
higher tap t han the carrier-start overcurrent unit 
located in the type KA relay at t he opposite end of 
the line. 

CAUTION 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 
c ircuits when changing taps under load, connect the 
spare tap screw in the desired tap position b efore 
removing the other tap screw fro m the original tap 
position. 

Directional Unit (D) 

No setting is required .  

INSTALLATION 

The relays s hould be mounted on switchboard 
panels or t heir equivalent in a location free from 
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TYPE KRQ RELAY ___________________________________________________________ r ._L_. 4_1_- 1_64_e __ 
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STATION BUS PHASE ROTAT ION A1 B, C 
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V3 C 
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I 
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N

A
S� j5A 

290B201 

Fig. 6. External Schematic for Type KRQ Relay. 

dirt, moisture, excessive vibration and heat . Mount 
the relay v ertically by means 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 s tuds or the mount­
ing screws may be utilized for grounding the relay. 
The electrical connections may be made directly to 
the terminals by means of screws for steel panel 
mounting or to terminal studs furnished with the relay 
for thick panel mounting. The terminal studs may b e  
easily removed o r  inserted b y  locking two nuts o n  
the studs and then turning the proper nut with a 
wrench. 

For detailed FT case information, refer to I .L.  
4 1-076. 

The external connections of the directional 
overcurrent relay are s hown in Fig. 6 .  

External connections may be checked by using 

the relay as sp ec ified in either Fig. 9 or 10 depending 

upon whether or not the 15/5A auxiliary CT is used. 
About 0. 3 of an ampere load current at a known power­
factor angl e should be flowing in the main CT sec­

ondaries. This check is appropriate prior to commis­
sioning the relay or when trouble shooting. 

AD J USTMENTS AND M AINTENANCE 

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 b e  
required.  

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 adjusted for optimum follow and t his adjustment 
should not be disturbed. 
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II[GATIVI!: 
IEOUUICIE 
VOLTAO[aV'11 8 

3 .-:-,------:;-+t---cl:---�---, 

A U T O ­
TRAM'5 f0R.[R 

IIIUTUAL 
REACTOIII 

"" 
T O R Q U E  ' ZEI'IO 

TOROU� 

184A599 

Fig. 7. Test D iagram for Checking Maximum-Torque Angle 

and M inimum Voltage for Contact Closure of Direc­

tional Unit. 

Acceptance Check 

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

Overcurrent Unit (I) 

1 .  Contact Gap - The gap b etween the stationary 
and moving contacts with the relay in the de- ener­
gized position should be appro ximately .020 " .  

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 b e  
c h eckPd b y  inserting the tap screw i n  the desired tap 
hole and applying rated tap value c urrent. The con­
tact should close within ±5% of tap value c urrent. 

Negative Sequence Filter 

The filters are adj usted for balance in the factory 

an d no furt her adj ustment s or maintenances should be 

required. The nominal voltage and current output of 

the filt ers on positive sequenc e is app roximately ze-ro. 

6 

This serves as a convenient check on the balance of 

the filter s.  If any two input leads t o  the potential 

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

if any two of the phase lead s  to the input terminals 

of the current filter are interchanged , an output current 

will be obtained. 

Directional Unit (D) 

1. Contact Gap - The gap b etween the station­
ary contact and moving contact with the relay in t he 
d e-energized position should b e  approximately . 0 20 " .  

2 .  Sensitivity - R efer to the test diagram i n  fig. 
7. Apply a singl e-phase voltage V AB e qual to 0 . 57 
volts ( corresponds to a negative-sequence input vol­
tage of . 1g volts) and a single-phase current e qual 
to 6.g.3 amperes as shown (corresponds to a n egative 
sequence input current of 4 amp eres). With a p hase 
angl e m eter connected as shown, rotate the phase 
shifter until the current l eads the voltage by 188°. 
This corresponds to the negative sequ ence component 
of current l eading the negative sequence component 
o f  voltage by gao. Th e directional unit contact shoul d 
pick up within ± lOo/c of the above input voltage to 
the rel ay. The above quantie s  are determined as 
follows: 

V A 2  = Neg. Sequence Voltage 

1 
V A 2 = 3 ( VA N +  a 2 V BN + a VcN ) 

VA B 
V A 2 = 

3 
for V A B = 0. 57 volts 

V A 2  = 0 . 1g volts 

1 
= 3 (lA + a2 Is + a le ) 

1 
= 3 (0 + a 2 I - a l ) 

IA 2 = _I_ /- goo 
J) 3  

for I = 6 .g3  amps. 

IA 2 = 4 /- goo amps.  
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' 

_Q _: 

ADJUST MIDDLE FILTER 
RESI STOR SLIDER FOR 

ZERO VOLTAGE 

Y---t-+- A D J U S T  TOP F I L T E R  
RESISTO R  SLIDER FOR 
v2 ' 1. 7 3  v1 

0 

DISCONNECT LEAD TO 
LOWER RIGHT HAND TERM 
( RIG>H SIDE VI E W )  
OF MUTUAL REACTOR 

0 - 1 5 VOLT 

RECTOX VOLTMETER 

POSITIVE SEQUENCE CALIBRATION 
NEUTRAL TAP CALIBRATION 

290B264 

Fig. 8. Test Diagram for Calibration of Negative Sequence Current Filter in KRQ Relay. 

3 .  Spurious Torque - With the relay connected 
in the test diagram as above,  remove the input 
voltage and connect terminals 14 ,  1 5 ,  and 16 together. 

Remove the phase-angle meter. With 80 amperes single­

phase current applied, there should be no spurious 

closing torque_ 

Indicating Contoctor Switch (ICS) 

Close the main relay contacts and pass sufficient 
d-e current through the trip circuit to close th e con­
tacts of the ICS. This value of c urrent should be 
between 1 and L2 amperes . The indicator target 
should dro p freely. 

The contact gap should be approximately 5/64" 
between the bridging moving contact and the adjust­
able stationary contacts _ The bridging moving con­
tact should touch both stationary contacts simultan­
eously. The third moving contact should m ake at 
appro ximately the same time_ 

Ro u t i n e  M a i n t e n a n c e 

All relays should be inspected periodically and 
the operation should be checked at least once every 

year or at such other time intervals as may be dic­
tated by experience to be suitable to the particular 
application .  

All contacts should be periodically cleaned. A 
contact burnisher Slt 182A836H0 1 is recommended for 
this p urpos e _  The use of abrasive material for clean­
ing contacts is not recommend ed , b ecause of the 
danger of embedding small particles in the face of 
the soft silver and thus impairing the contact . 

Calibration 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
the adjustments have been disturbed . This procedure 
should not be used unless it is apparent that the 
relay is not in proper working order. (See "Accept­
ance C heck ") _  

(Overcurrent Unit (I) ) 

L The upper pin bearing should be screwed down 
until there is approximately . 0 25 "  clearance between 
it and the top of shaf t bearing. The upper pin bearing 
should then be securely locked in position with the 
lock nut. The lower bearing position is f ixed and 
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STATION BUS PHASE ROTATION A , B , C  
A A • • 

z 
0 i 

A 8 C 

R E L A Y ----U_ _ I 
( FRONT VIE W )  

VAt = PHASE A N E G  SEQUENCE VOLTAGE 

v..,2 � 113 t "''" + r/ "'•N + a.VcN ) 
�\IAZ VAz = � ( 1 +0..2 -zo.. ) � -o.Va.N 

STE P 3 PLACES THE FOLLOWING CURRENTS ON THE RELAY 

TEST 

1,2 • PHASE A NEG SEQUENCE CUftftfliiT 

hz • IJ3 ( I A + a}Ia  + Q.lc l 
lAZ• !A 

3 

1. OPEN RELAY SWI TCK 10 

2. OPEN RELAY SWI TCH 15 Alii JUWEI SWITCH JAWS 
14 UD IS 

3.  OPEN RHAY SWITCHES 6 AND S 
,., D I RECTIONAL CONTACT SHOULD CLOSE WHEN POWER 

FLOW IS INTO L IME, OVER THE RANGE OF 
8� LAGGING T098D LEADING POWER FACTOI. 

tr.IUI NUM CLOS ING TORQUE OCCURS AT 
APPROXI MATELY 8 0 LEAD. 

MAX. 
TORQUE 

h .• 

I 
I 
I 

290B560 
* Fig. 9. I n-Service Test Procedure for Verifying Proper External Connections Where CT Neutral is Formed Within Relay. 

cannot be adj usted . 

2. The contact g ap adj ustment for the overc ur­

r e nt u nit  is made w it h  t h e  moving c on t act in t h e  r eset 

p o s i t i o n ,  i . e . , again st t h e  right side of the b ridg e .  

Move i n  t h e  l eft- h and s t at i o :1 ary con t act u ntil it  j u s t  

t ou c h e s  t h e  m ov ing c ontact . Then back off  the s t at ion­
ary c o nt act 2/3 of one t urn for a g ap of appro ximat el y  

. 0 20 " .  T h e  c lamp holding the stationary contac t  

h o u sing n e ed n o t  b e  loosened for the adj u st ment s i n c e  

t h e  clamp utilizes a spring-type action in holding t h e  

stationar y  c ontact in p o s i tion.  

3 .  The sensitivity adjustment is made by vary­
ing the tension of the s"Piral 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 
lo cated 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 nec essary adjust­
ments . 

Before applying current, block open the normally­
closed contact· of the directional unit. Insert the tap 
screw in the minimum value tap setting and adjust 

8 

the spring such that the contacts will close as in­
dicated by a neo n 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 value. 

If adjustment of pick-up current in between tap 
s ettings is desi red , 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 
sli ghtly different time characteristic curve and burden. 

Negative Sequ ence Voltage Fi lter 

A. Apply 1 20 volts balanced 3 p hase voltage 
60 cycles to terminals 1 4 ,  1 5 ,  and 16 of the relay , 
making sure that phase 1, 2 and 3 of the applied 
voltage is connected to terminals 14, 15, and 1 6  
respectively. 

B. Using a calibrated high resistance rectox 
voltmeter, measure the voltage between the tap on 

the auto-transformer (middle terminal, lower r"ight 
hand reactor, front view) and the tap on the adj ust­
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 
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A B C 

RELAY 
( F RONT VIEW) 

F T - 1  S W I T C H  
S NO. 498A009 GOI 

TEST NO. I - POLAR I TY CHECK FOR tS/S  AMPERE AUX I L I ARY 
- - -- CURRENT TRANSFORMER 

!. OPEN RELAY SWITCH 10 AND FT-1 SWITCH J 
2 .  O�'EH RELAY SWITCH 16 AND JUMPER SWITCH JAWS 

16 AND lS 
3. OPEN FT-1 SWITCHES 8, F AND H 
�. 0 I RECTI OMAL CONTACT SHOULD RENA I M OPEN WHEN 

POWER FLOW I S  I NTO THE L I N E ,  OVER THE 
RANGE OF 82° LAGG I NG TO 98° LEAD I NG POWER 
FACTOR. •Axl •u• OPEN I NG TORQUE OCCURS AT 
APPRO X I MATELY 8° LEAD I MG POWER FLOW. 

TEST_N0._2 - RELAY OPERATION TEST 
1. OPEN RELAY SWITCH 10 AND FT-1 SWITCH J 
2 .  OPEN RELAY SWITCH 15 AND JUMPER SWITCH JAWS 

14 AND I S  
3.  OPEK RELAY SWITCHES 6 ANO 8 
�. D I RECTIONAl CONTACT SHOUlD ClOSE WHEN POWER 

flOW IS INTO ll HE, OYER THE RANGE OF 
82° LAGG I N G  TO 98• LEAD I NG POWER FACTOR. 

M.U i j.IUM CLOS ING TORQUE OCCURS AT 
APPROX I MATELY 8° LEAD 

- - lop"tE 
c 

OTHER 
RELAYS I 

.___ _ _  � GRO. 

290B559 
* F ig. 10. In-Service Test Procedure for Verfying Proper External Connections Where CT Neutral is Formed Externally. 

adjustable tap until the voltage rea,ds a minimum. 
This value should be less than 1 . 5  volts . 

Nega tive Sequence C urrent Filter 

Refer to fig. 8 for positive sequence calibration. 

A. Connect relay terminals 7 and 9 together. 
Ren,ove 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 reacto r. This 
voltage should be between 1 . 85 and 1 . 95 volts.  

D. Now measure the voltage from t erminal 6 to 
terminal 7. Adjust the top filter resistor tap until 
t his voltage is 1. 73 times the reading of part C .  

Refer t o  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 resistor tap connection 
until the measured voltage is zero . Reconnect lead 
to mutual reactor at end of this test . 

Direct ional Unit (D) 

1 .  The upper bearing screw should be screwed 
down until there is ap pr oximately .0 25 "  cl e arance 
between it and the top of the sh aft bearing. The upper 
pin bearing should then be securely locked in posi­
tion with t he lo ck nut. 

2. Co ntact gap adj ustment f or the directional 
unit is made with the moving contact in the r eset 
positio n, i . e. , against the right side of the bridge. 
Advance the right hand stationary contact until the 
contacts just clo se. Then advance the station ary con­
tact an additional one- quarter 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 con­
tact gap of .020 "  to . 0 24 " .  The clamp holding the 
stationary contact housing need not be loosened for 
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TYPEKRQRELAY ______________________________________________________ ___ 

the adjustment since the clamp utilizes a spring-type 
action in holding the stationary contact in position. 

3. The s ensitivity adjustment is made by varying 
the tension of the spiral spring attached to the mov­
ing element assembly. The spring is adjusted by 
placing 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 l ocated 
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 . 

The spring is to be adjusted such that the con­
tacts will close when the relay is energized with 0 . 5 7  
volts and 6 . 93 amps at 188° (current leading voltage) ,  
considering the relay connected t o  the test circuit 
in Fig . 7. 

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 plugs in the following 
manner: 

a) Connect the relay voltage circuit t erminals 
(phase 1 ,  2 and 3) together. 

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

P lug adjustment is then made p er Table I such 
that any contact clo sing spurious torques are reversed. 
The plugs are held in position by upper and lower 

p lug clips. These clips need not be disturbed in any 

manner when making the neces sary adj ustment. 

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

Indicating Cantactar Switch (ICS) 

First adjust the two main co ntacts (left and right 
hand side,  front view),  for a contact g ap of 5 / 64 "  
(- 1/64 " ,  +0). 

Close the main rel ay contacts and check to see 
that the relay picks up between 1 and 1 . 2  amperes 
d-e . 

Mak e sure that all three contacts make and the 
target drops freely when the above current is applied. 

RENEWAL PARTS 

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 name plate data. 

TABLE I 

DIRECTIONA L UNIT CA LIBRATION 

RELAY RATING CURRENT AMP ERES BOTH PLUGS IN CONDITION ADJUSTMENT 

All Ranges 80 Spurious Torque in Co ntact Right ( Front-View) Plug Screwed 
Closing Direction (Left Front Out Until 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 rem ain open) Contact Closing Direction. Then 

the plug is screwed in Until Spuri-
ous Torque is Reversed . 
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E N E R G Y R E Q U I R E M E N T S  

INSTANTANEOUS OVERCURRENT UNI T  OPERA T I NG CURRENT CIRCUI T - 60 CYCLES 

AMPERE RANGE TAP VA AT TAP VALUE P.F. ANGLE VA AT 5 AMPS. P.F. ANGLE 

.5  .37  39 24 46 

.75 . 38 36 1 3  3 7  
1 .39  35 8.5 34 

.5- 2 1 . 25 . 4 1  34 6 .0  3 2  
1 . 5  .43 3 2  4 . 6  3 1  
2 .45 30 2.9 28 

- -

1 .4 1 36 9 .0  3 6  
1 .5 .44 3 2  5 . 0  3 2  

1-4 
2 .47 30 3.0 29 
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 3 7  

2- 8 5 1 . 4  35 1 . 4  35 
6 1 . 5  33 1 . 1  33 
8 1 . 8  29 I 0 . 7  29 : -r- 1 .5  5 1  I 

2.4 5 1  I 
I 

1 . 7  45 I 1 . 2  45 

4- 16 
8 1 . 8  40 0 . 7  40 
9 1 . 9  3 8  0 . 6  3 8  

1 2  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 2 1  

1Q-40 
20 3 . 1 16 I 0 . 20 1 7  
24 3 . 6  

I 
15 

I 
0 . 15 15 

30 4 . 2  1 2  0. 1 1  13 
40 4 . 9  1 1  0. 08 1 2  
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TYPE KRQ RELAY 

ENERGY REQUIREMENTS 
FOR THE DIRECTIONAL UNIT AND THE FILTER 

(Al l  Bu rdens a t  60 Cyc l es) 

The current burden of the relay with positive sequenc e 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 

1 10 150 5 . 4  7 . 5 44° Lag 
2 10 1 50 5 . 5  5. 5 oo 
3 10 1 50 . 35 1. 28 7 4° L ag 

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

Watts Volt - Amps. 
P hase At 5 Amps. At 5 Amps. P ower Factor Angl e 

1 4 . 66 5 .5 3 2° 

2 4 . 9 2  5 . 0  100 

3 3 . 30 3 . 7  27° 

The voltage b urden of the relay with positive s equence voltage applied (n o output voltage to the direc­
tional unit) is as follows: 

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

Burden values on three star connected potential transformers . Values at the star voltage of 66.4 volts 
( 1 15 volts delta). 

12 

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 . 

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 t hree d elta connected potential transform ers . Values at 1 15 volts. 

3 1  1 15 15 .4 3 1 . 0  
12 1 15 -7.8  15 . 6  
23 1 15 15 . 6  15 . 6  

90° Lag 
48° Lag 
30° Lag 

1 20° Lag 
oo 

5 8° Lag 
60° Lag 
60° Lag 

2° Lead 
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�1 

- -- +-

t �� 
' , _ ___!_ _ __ 1-,---� - I 3 . . 

--, ��"' I+-__J , !  

1.-----:�EL LOC�T \ ON �0 
SEMI-FLU'S\-1 MTG. � 
PRO.lE.CTION MTG--

�--_- -=-·::, /-. I S C -:! 2 SCREW 
�.�-- 7 PAN£L 

� -S Pli CE! S p:,e 
THIN PANELS 

r-[- l8 "=>CREW I (FOR THICK 
_:S P�NE'- USE - t(O-lB S!UD) 

_..---. I S C' -3 2  SCPEW 
ifEb:JI� / FOR iH I C �-;  PA !JE'L ' --i� �S:. I JC -32 STVD 

- _Jii =������ 
-1�:�- �-=- -- -- . 

L. 4 '  ;- . - '.; .•\� . 
TERMI NA-L A.Nt.J 
MOIJNI I NG.- DETA-I LS. 

NOT E' :  ALL DIMENSIONS 
IN I NCHES. 

TERM I NAL 

* OIA.. 4 1-1 0 1-ES. FOR 
. 1 90 -32 MT6. S.CRS:Wto 

--.--+- + -4-+-� 

-11\J 
Cl) 

PANEL CUTOUT t DRILLING­
FOR SEMI - FLU S H  MTGr. 

PANEL DRIL\..INGr OR. 

CUTOUT FOR PROJECTION MTG. 
�,- VIEW'\ 

i: DIA.. '20 HOLE'!. 
- OR CUT, 0\J'T 

3 
s"· 

57-D-7905 
Fig. 1 1. Outline and Drilling Plan for the Type KRQ Relay in the Type FT42 Case. 
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