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� * • �--------------------------------------------------------------------
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TYPE HKB RELAY AND TEST 
EQUIPMENT FOR TYPE FD CARRIER 

CAUTION Before putting relays into service, 

remove all blocking which may have been in­

serted 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. 

APPLICATION 

The type HKB relay is a high speed carrier 

relay used in conjunction with power line 

carrier equipment to provide complete phase 

and ground fault protection of a transmission 

line section. Simultaneous tripping of the 

relays at each line terminal is obtained in 

three cycles or less for all internal faults 

within the limits of the relay settings. The 

relay operates on line current only, and no 

source of a - c line potential is required. 

Consequently, the relays will not trip during 

a system swing or out-of-step conditions. The 

carrier equipment operates directly from the 

station battery. 

PART I- TYPE HKB RELAY 

CONSTRUCTION 

The relay consists of a combination posi­

tive, negative and zero sequence network, a 

saturating auxiliary transformer, two Rectox 

units, two polar relay units, a telephone-type 

relay, a neon lamp, contactor switch and 

operation indicator all mounted in a Type M-20 

Flexitest Case. 

When the standard projection case is sup­

plied, the sequence network, tap plates, and 

saturating auxiliary transformer are mounted 

SUPERSEDES l.l. 41-650. 5A 
*Denotes change from superseded issue. 

in a box which can be located on· the rear of 

the switchboard panel in any convenient po­

sition. The remainder of the relay elements 

are mounted in the relay case proper. The 

taps and terminal numbers of the relay in the 

standard case and the external box correspond 

to those in the type FT case. (See Figures 1, 
2, and 3). Terminals 18, 19 and 20 of the ex­

ternal box are to be connected to the corre­

sponding terminals of the relay in the stand­

ard case. Otherwise, all external connections 

for the relay in the standard projection case 

or in the type FT case are made to the same 

terminals. 

Sequence Network 

The currents from the current transformer 

secondaries are passed thru a network consist­

ing of a three-winding iron-core reactor and 

two resistors. The zero-sequence resistor, 

Ro, consists of three resistor tubes tapped to 

obtain settings for various ground fault con­

ditions. The other resistor R1 is a formed 

single wire mounted on the rear of the relay 

sub-base . The output of this network provides 

a voltage across the primary of the saturating 

transformer. 

The lower tap block provides for adjustment 

of the relative amounts of the positive, nega­

tive and zero sequence components of current 

in the network output. Thus, a single relay 

element energized from the network can be used 

as a fault detector for all types of faults" 

Saturating Auxiliary Transformer 

The voltage from the network is fed into the 

tapped primary (upper tap plate) of a small 

saturating transformer. This transformer and 
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Fig. !-Internal Schematic of the Type HKB Carrier Relay 
in the Type FT Case. 

a neon lamp connected a cross its secondary are 

used to  limit the voltage impres sed on t he 

fault detectors (polar relay elements) and t he 

carrier Control Unit ,  t hus providing a small 

range of voltage for a large variation of 

maximum to minimum fault currents . This pro­

vides high operating energy for light fault s ,  

a nd limits  the operating energy for heavy 

faults to a rea sonable value . 

The upp er t·ap plate changes t he output of 

t he saturating t ransformer , and i s  marked in 

amperes required t o  pick up the lower fault 

detector element . For furt her di scus sion , see 

section ent itled , "Setting " .  

Rectox Units  

The s econdary of t he saturating transformer 

feeds a bridge-connected Rectox Unit ,  t he out ­

put of which energi zes t he polar fault detec­

tor elements . A second Rectox , energized from 

t he output of the C ontrol Uni t ,  supplies a d-e 

voltage to the telep hone relay element which 

operates only for an internal fault . The use 
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Fig. 2- Internal Schematic of the Type HKB Carrier Relay 
in the Standard Projection Case. 

of sensitive polar relay keeps down t he energy 

required from the current transformers.  

Polar-Type Relays 

These elements consist of a rectangular 

s haped magneti c  frame, an electromagnet , a 

permanent magnet , and an armature with a set 

of contact s .  The poles of the p ermanent mag­

net clamp directly to each side of the magnet ­

ic frame . Flux from t he p ermanent magnet di ­

vides into two paths ,  one path a cross t he air 

gap at  t he front of the element in which the 

a rmature is locat ed, the ot her across two gap s 

at t he base  of the frame . Two a djustable 

screw type shunts which require no locking 

screws are locat ed acros s  the rear air gap s .  
Thes e change t he reluctance of the magneti c  

path  so a s  to  force some o f  t he flux t hru t he 

moving armature which i s  fa stened to t he lea f 

spring and attached to t he frame midway be-

tween t he two rear air gap s . Flux in the 

armature polarizes it and creat es a magnetic 

bias  causing it  to  move t oward one or the 

other of the poles , depending upon the adjust ­

ment of the magnetic s hunt screws . 

A coil i s  p la ced around the armature and 

within the magnetic frame . The current which 
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Fig. 3-Internal Schematic of the Sequence Network Used 
with the Type HKB Relay in the Standard Pro­
jection Case. 

flows in the coil produc es a magnetic field 

whic h opposes the p ermanent magnet fiel d  and 

acts  to move the armature in the contact-clos­

ing direction . 

Contactor Swit ch  

The d-e  contactor swit c h  in t he relay is  a 

small solenoid type switc h. A cylindrical  

p lunger with a silver disc mounted on its 

lower end moves in the core o f  t he solenoid .  

A s  t he p lunger travels upward,  the disc 

bridges t hree s il ver stationary c onta ct s . The 

coil is in series with the ma in contacts  of 

t he relay and with the trip coil of the 

brea ker. When the relay contacts  close,  t he 

coil becomes energized and c loses t he switch 

contact s .  This shunt s  the  ma in relay contacts  

thereby relieving them of t he duty of c arrying 

tripping current . These c ontacts  remain 

closed until the trip c ircuit is opened by the 

auxil iary switch on t he breaker . The con ­

tactor swit c h  is equipp ed wit h a third point 

which is connected to a terminal on the relay 

to operate  a bell alarm .  

Operat ion Indicator 

The operation in dicator is a small  solenoid 

coil connected in t he trip circuit . When the 

coil is energized, a spring -restrained arma ­

ture releases t he white target whic h fal l s  by 

gravity to indicate  completion of the trip 

c ircuit . The indicator is reset from outs ide 

of the case by a push rod . 

OPERATION 

The HKB carrier relaying system compares the 

p hase  positions of the currents  at th� ends of 

a l ine -section over a carrier c hannel to  

det ermine whether an internal or external 

fault exists . 

energize a 

s ingle-p hase  

The three-p hase  l ine currents 

sequenc e  network whic h gives a 

output voltage proportional to a 

combination of sequenc e  component s of t he l ine 

current . During a fault ,  t his s ingle -p ha s e  

voltage controls a n  electronic circuit whic h 

allows the transmiss ion of carrier on a lter-

nate hal f-cycles 

rent . Carrier is 

of the p ower-frequency cur­

transmitted from both. l ine 

terminals in this manner, and is received at  

the opposite ends where it  is  compared with 

the p hase  posit ion of the local  s equence 

network output . This comparison takes place 

in a va cuum tub e . The polarities o f  the volt­

ages to be compared are  such that  for an  in­

ternal fault ,  p late current flows on alternate 

p ower-frequency ha lf-cycles.  A relay con ­

nected in the p l a t e  c ircuit of the va cuum tube 

operates  under this c ondition to complete the 

trip circuit . During an external faul t ,  the 

change in direction of current flow causes the 

plate current to be continuously blocked,  and 

the plate c ircuit relay does not operate . 

Since this relaying system operates only 

during a fault ,  t he carrier c hannel is avail a ­

ble at  all  other times for the transmis sion o f  

other functions . 

CHARACTERISTICS 

The sequence network in t he relay is arrang­

ed for several possible  comb inations of se­

quence components . For most appl ications , the 

output of the network will contain the posi­

t ive, negative and zero sequence comp onents of 

the l ine current . In this case , the taps on 

t he upper tap plate indicate the balanced 

threephase amperes whic h will pick up t he l ow­

er or carrier start fault detector (FDl ) .  The 

upper polar element (FD2 ) , whic h supervises  
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TYPE HKB RELAY 

operation of the telephone-type relay, is ad­

justed to pick up at a current 25 percent 

above t ap value .  The t ap s  available are 3 ,  4 ,  

5, 6 ,  7, 8, and 10. These taps are on the 

primary of the saturat ing transformer . For 

pha se-to-phase faults  AB and CA , enough nega­

t ive s equen ce current has been introduced to 

allow the fault detector FDl to p ick up at 86% 
of t he tap setting . For BC faults , the fault 

det ector will p ick up at approximately 50% of 

t he tap s etting . This difference in pick-up 

current for different pha se-to-phase faults is 

fundamental ; and occurs because of the angles 

at which the positive and negative s equence 

component s of current add together . 

With t he sequen ce network a rranged for posi­

t ive, negative and zero sequence output , there 

are some applicat ions where the maximum load 

current and minimum fault current are too 

close together to set the relay to pick up 

under minimum fault current , yet not operate 

under loa d .  For these ca ses , a tap is avail a -

ble which cuts the three phase sensitivity in 

hal f ,  while the pha s e-to-pha s e  sett ing is sub­
stantially unchanged . The relay then trip s at  

90% of tap value for AB and CA faults , and at  

twice t ap val ue for three-phas e  faults . The 

setting for BC faults  is 65 percent of tap 

value. In some cases ,  it may be desirable  to 

eliminate respons e  to positive sequence cur­

rent entirely,  and operate  the relay on nega­

t ive-plus-zero s equence current . A tap is 

available to operate  in this manner . The 

fault det ector p icks up at 95% of tap value 

for all p ha s e-to-pha se faults , but is unaf­

fected by balan ced load currenv or three-phase 

faults .  

For ground faults , separate t ap s  are availa­

ble for a djustment of t he ground fault s en si­

t ivity to about l/4 or 1/8 of the upper tap 

p late s etting . See Table II . For example, if 

t he upper t ap p late is set at tap 4, the fault 

detector (FDl ) p ick-up current for ground 

faults can be either 1 or l/2 ampere . In 

special application s ,  it may b e  desirable  to 

eliminate response to zero s equence current . 

The relay is provided with a tap to allow s uch 

operation . 

4 

SETTINGS 

The ·HKB 

adjustment 

relay ha s 

of t he 

separate tap plates for 

phase and ground faul t  

s ensit ivities and the sequence components in­

cluded in the network output. The range of 
the available tap s is sufficient to cover a 

wide range of app l ication . The method of Ge-

termining the correct taps for a given in stal­

lation is discussed in t he following p a ra ­

graph .  

In all ca ses ,  the similar fault det ectors on 

the relays at both terminal s of a line section 

must be  s et to pick up at the same val ue of 

line current o This is necessary for correct 

blocking during faults external to the p ro­

tected l ine sect ion . 

Sequ�nce Combination Tap s 

The two halves of the lower tap plate are 

for connecting the sequence network to provide 

any of the combinations described in the pre­

vious s ection. The l eft half of the tap plate 

changes the tap on the third win ding of the 

mutual reactor and thus changes the relative 

amounts of positive and negative sequence 

sensitivity . Operation of the relay with the 

various taps is given in the table below . 

Sequence Components Taps on Lower Fault Detector PDl Pick Up 6. 
Comb. in Network Output Tap Block 3¢ Fault $d - � Fault 

Pas. ,Neg., Zero 

Poa., Neg., zero 

Ne�., Zero 

Left Right 

�� 
G or H* 

B G or H 

G or H 95:% Tap Value 

* Taps F, G and H are zero-sequence taps for adjusting groun'd 

fault aensi ti vi ty. See section on zero-sequence current tap. 

l::.. Fault detector FD2 is set to pick up at 125� of FDl for 

a two-,terminal line, or 25� of PDl for a three-terminal 

line. 

Positive-Sequence Current Tap and FD2 Tap 

The upper tap plate has val ues of 3 , 4, 5 , 6 , 7 ,  

8, an d 10. As mentioned before, these numbers 

represent the three-pha se, fault  detector FDl 

p ickup currents ,  when the relay is connected 

for posit ive, negative and zero s equence out-
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TYPE HKB RELAY --------------- ---_.::..'· ::..L. .:..:.41..:.-65:.:o.:.:.:.5s 

put . The fault detector FD2 closes  i t s  con ­
tact t o  allow tripping a t  current value 25 

percent above the fault detector FDl setting . 

This 25 percent difference  is neces sary to in ­

sure that the carrier start fault detectors 

(FDl ) at  b oth ends of a transmi ssion l ine 

section pick up to start carrier on an ex­

ternal fault before operating energy is ap ­

p lied through FD2 . 

For a three -t erminal l ine, the tap link on 

FDl panel is connected to the right hand tap 

which allows FD2 to pick up at 250% of FDl 

setting . This is neces sary t o  a l l ow proper 

blocking on three-terminal lines when approxi ­

mat ely equal current s are fed in two termi ­

nal s ,  and their sum flows out the third termi­

nal of the l ine . For two -termina l  lines, the 

l ink is connected to the left hand tap , and 

operation is as describ ed in the previous 

par.agraph . 

The tap s  on the upper and lower tap plates 

should b e  selected to  a ssure operation on 

minimum internal l ine-to-line faul t s, and yet 
not operate on normal load c urrent , particu-

larly if  the carrier channel is  to  b e  used for 

auxiliary functions . The dropout current of 

the fault detector is 75 percent of the pick­

up current ,  and this fa ctor must a l so b e  con ­

sidered in sel ecting the positive- sequence  

current tap and sequence component combina-

tion . The margin between l oad current and 

fault detector pick up should be sufficient t o  
allow the fault detector t o  drop out a fter an 

external  faul t ,  when load current c ontinues t o  

flow . 

Zero -Sequence Current Tap 

The right half of the l ower t ap plate  is for 

adjusting the ground fault respon se of the 

rel ay . Taps G and H give ground fault sensi­

t ivities a s  l isted in Tab le II . Tap F is  used 

in applications where increased sen s it i vity to 

ground faul ts is  not require d .  When thi s tap 

i s  used, the voltage output of the network due 

t o  zero -sequenc e current is el iminated . 

TABLE II 
Ground Fault Pickup 

Comb . 
Percent of Upper Tap Settin! Lower Left 

Tap Tap G Tap H 
l c 25% 12% 
2 B 20 10 
3 A 20 10 

Examples  of Relay Settings 

CASE I 

Assume a two - terminal l in e  with current 

transformers rated 400/5 at b oth terminal s .  

Al so  a ssume that full l oad current i s  300 

amperes ,  and that on minimum internal pha se­

t o -pha se fault s  2000 amperes is  fed in from 

one end and 600 amperes from the other end . 
Further assume that on minimum internal ground 

faul t s ,  400 amperes i s  fed in from one end, 

and 100 amperes from the other end .  

P ositive Sequence Current Tap 

Secondary Values : 

5 
Load Current = 300 x 

400 
= 3 .  75 amperes ( l) 

Minimum Phase-To -Pha se Fault Currents : 

5 
600 x -- = 7 .  5 amperes 

400 
( 2) 

Fault detector FDl setting ( three pha se) 

must be at least : 

3 -75 
0 . 75 

5 amperes ( 0. 75 is  dropout 

fault detector) 

ratio of 

( 3 )  

s o  that the faul t detector will reset on load 

current. 

In order to  complete the trip circuit on a 

7 - 5  ampere phase-t o-pha se fault, the fault 

detec tor FDl setting ( three -pha se) must be not 

more than : 

l l 
7.5 X ---x G.98 amperes ( 4 )  

0.866 1.25 

( FD2 pick up ) 1.25 = 
FDl pick up 
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TYPE HKB RELAY-------------------

Sequence Comb ination Tap 

From a comparison of (3 ) and ( 4 )  above , it 

i s  evident that the fault detector can be set 

to  trip under minimum phase fault condition 

yet not operate under maximum 

case ,  tap C on  the l ower left 

b e  used (see Table 1, Comb 1)  

load . In this 

tap bl ock woul d 

as there i s  

sufficient  di fference  b etween maximum load  and 

minimum fault to use the full three -pha se sen ­
sitivity . Current tap 6 woul d b e  used .  

Zero Sequence  Tap 

Secondary Value : 

5 
100 X -- = 1 . 2 5  

4 00 
amperes minimum 

fault current . 

ground 

With the 

use , the 

upper t ap 6 and sequence tap C in 

fault detector FDl pickup currents 

for ground faul t s  are a s  follow s :  

Lower right tap G-1/4 x 6 1 . 5 amp . 

Minimum trip = 1 . 25 x 1 . 5 1 . 88 amp . 

Lower right t ap H-1/8 x 6 0 . 75 amp . 

Minimum trip = 1 . 25 x 0 . 75 = 0 . 94 amp . 

From the above , tap H woul d be used to trip 

the minimum ground fault of 1 . 25 ampereso 

Case II 

Assume the same fault current s  as  in Case I ,  

but a maximum l oa d  current of 500  ampe res . In 

this example , with the same sequence comb i ­
nation a s  i n  Case  I ,  the fault detectors can ­

n o t  be  s e t  to  trip o n  the minimum internal 
three -pha se fault , yet remain inoperative on 

load current . ( Compare (5 ) and (6 ) b el ow ) . 
However,  by connecting the network p er Comb i ­

nation 2 o n  Table I ,  the relay can be set to  

trip on  minimum pha se-to-phase  faul t ,  although 

it will have only hal f the sensitivity to  

three -phase fault s .  This will allow op eration 

at maximum load without p icking up the fault 

detector , an d provide high speed relaying of 

all except light three-phase  faults. 

In order to  c omplete the trip c ircuit on a 

7 . 5  amp ere phase-to-pha se fault,  the fault 

6 

detector tap must now b e  not more than : 

l l • 

7 . 5 x -- x -- = 6 . 6 
1 . 25 o. 9 

{5 ) 

To be sure the fault detector FDl will reset 

after a fault , the minimum tap setting is  de ­

termined as follows : 

5 
Loa d Current = 500 x -- = 6 . 25 amp s  

400 

6 . 25  
8 . 33 

0 . 75 

( 6 )  

(7) 

Since the fault detector p ickup current for 

three -phase faults  is twice tap value , half 

the above value (Eq . 7)  should be used in de ­

termining the minimum three -phase tap . 

8 . 33 
4 . 17 (8 ) 

2 

From a comp arison. of ( 5 )  and ( 8 )  above , tap 

5 or 6 could be used . 

With the three-phase tap 5 in use , the fault 

detector p ickup current for groun d  fault s  will 

be as  foll ows: 

Tap G -l /5 x 5 = 1 . 0  a .  

Min imum trip 1 . 0  x 1 . 25 a .  

Tap H-l/10 X 5 = 0 . 5  a .  

1 . 25  amp . 

Minimum trip 1 . 25 x 0 .5 a .  = 0 . 63 amp . 

Therefore , t ap H would be used to  t rip the 
minimum ground fault of  1 . 25 ampere with a 

margin of safet y .  

INSTALLATION 

The relays should be mounted on switchboard 

panels  or their equivalent in a location free 

from dirt, moisture , excessive vibration and 

heat . Mount the relay vertically by means of  

the two mount ing studs for the type FT pro­

jection case  or by mean s of  the four mounting  

hol es on  the flange for  the semi-flush type FT 

case . E ither of the studs or the mounting 

s crews may be utilized for grounding the 

relay . The electrical connection s  may be made 
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TYPE HKB RELAY ____________________ u _. 4_1 -_6s_o _.s a 

direct to the terminals  by means of s crews for 

steel panel mounting or to termina l  studs 

furnished with the relay for ebony-asbe stos or 
slate p anel  mounting . The termina l  studs may 

be easily removed or inserted by locking two 

nut s on the studs and then turning the proper 

nut with a wrench. 

ADJUSTMENTS AND MAINTENANCE 

CAUTION 

l .  Make sure that the neon l amp is  in place  

whenever relay operation is  b eing checked. 

Thi s is  neces sary to l imit the voltage peaks 

in the filter output at high current s so as to 

prevent damage to the Rectox Units . 

2 .  When changing taps under loa d ,  the spare 

tap screw should be inserted before removing 

the other tap screw. 

* 3 .  A l l  contacts  shoul d be periodically 

cleaned . A contact burni sher S#l82A836HOl is  

recommended, because of the danger of embed­

ding sma l l  particles  in the fa ce of the soft 

silver and thus impairing the ·contact. 

� .  The proper adjustment s  to insure correct 

operation of this relay have b een mad� at the 

fa cto2y and shoul d not be disturbed a fter re ­

ceipt by the customer . If  the a djustments 

have been changed, the relay taken apart for 

repairs , or if  it is  desired to check the a d­
justments a t  regular maintenance periods , the 

instructions  below should be followed . 

Sequence  Network 

There are no adjustments to make in the net ­

work . 

The follo\�ing mechanical  a djustment s are 

given as a guide , and some deviation from them 

may be necessary to obt a in proper electrical 

cal ibration . 

FAULT DETECTORS-GENERAL 

The sensitivity of the polar elements is a d-

justed by means of two magnetic , screw-type 

shunts at the rear of the element . These  

shunt screws are  hel d  in  prop er a djustment by  
a flat  strip spring a cros s the  b a ck of  the 

element frame , so no locking s crews are re­

quired. Looking at  the relay front view, 

turning out the right -hand shunt decreases  the 

amount of current required to c lose the right ­

hand contact . Conversely, drawing out the 

l eft -hand shunt increases  the amount of cur­

rent required to trip the relay. In general, 

the farther out the shunt screws are turned,  

the greater the toggl e  action will b e ,  and a s  

a result ,  the drop out current will be  lower. 

In a djusting the polar elements , be sure that 

a definite toggle action i s  obtained, rather 

than a gradual movement of the armature from 

toe back (left -hand ,  front view) to the front 

(right -hand, front view) contact a s  the cur­

rent i .s increased .  

* Set  the relay taps  on 5 ,  C ,  and  H .  

the panel l ink to the  left -hand 

Connect 

terminal. 

When different relay taps are used in 

service  than for calibration , the a ctual pickup 

current will vary slight ly from the calculated 

value per Table I .  This occurs because fra c ­

tional  turns cannot be used on the saturat ing 

transformer primary winding . 

A. Lower Polar Element (FD-1 )  - Adjust the 

contact screws to obtain an . 050" contact gap 

such that the armature motion between the left 

and right hand contacts is in the central part 

of the a ir gap between the pole faces. Tight ­
en the contact locking nuts . Approximate ad­
justment s  of the two magnetic shunt screws are 
a s  follows : 

Screw both shunt screws a l l  the way in . 

Then b a ck out both s crews six turns . Pas s  

4 . 33 amperes ,  60 cycle s ,  in phase A and out 

pha se B .  screw in the left hand sh��t until  

the  armature moves to the right . If the arma ­

ture moves to the right at less  than 4.33 am­

p eres , screw out the l eft -hand shun t  until 

proper armature act ion is  obtained. 

Reduce the current until the armature resets 

to the left . This should happen at not less  

than 75% of the pickup value , or 3 . 25 amperes . 

If the armature resets at  less  than this 
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TYPE HKB RELAY ____________________________________ __ 

value , it  will b e  neces sary to advance  the 

right hand shunt to obtain a dropout of 75% or 

greater . This  in turn will require a slight 

readjustment of the l eft hand shunt. Re check 

the p ickup and dropout points several times , 

and make any minor "trimming" a djustments of 

the shunt screws that may be neces sary to ob ­

tain correct calibration . If the above pro­

cedure does not give a sufficiently high dro�­

out , a small amount of further a djustment can 

be obtained by a dvancing the right -hand con ­

tact  screw a fraction of a turn . As finally 

a djusted, the contact  gap should be at least 

. 030" , and the action of the armature shoul d 

be snappy a t  the p ickup and dropout point s .  

B .  Upper Pol ar Element (FD-2 )  - Adjust the 

contact screws to obt a in an . 050" contact gap 

such that the armature motion between contacts  

is  in the central portion of the air gap be­

tween the pol e faces . Tighten the locking 

nut s . 

Follow the same adjustment procedure a s  for 

FDl , except for a pickup current of 5 . 41 am­

p ere s ,  and a dropout current of at least 75% 

of pickup, or 4 . 06 amperes .  Just above the 

p ickup current , there will b e  a sl ight amount 

of contact vibration . Make a final adjustment 

of the two right -hand contact  screws to obtain 

equal vibration of both contacts as  indicated 

by a neon lamp connected in the contact cir­

cuit . 

Operating E lement (Telephone Type Relay)  

Adjust the contact gap to 0 . 04 5 " . This  i s  

don e by bending down the armature contact-
lever stop on the relay frame . Now with the 
armature in the operated position ,  adjust the 
armature residual gap to 0 . 010" by means of 

the a djustable set screw . This gap should be 

mea sured just b elow the armature set screw . 

For those relays with a fixed residual spacer,  

the gap is  about 0 . 008 " .  Check to see that. 

there is a contact follow of a few thousandths 

of an inch after the contact closes . 

Connect a d-e milliammeter (0-25 rna. )  a cros s 
test switchjaws Hl and Il (relay out of c a s e ) . 

Connect a source of variable a-c  voltage (0 to 

10 vol t s ,  60 cycl es ) across switchjaws Fl and 

Gl: The relay should pick up at 10  to 12  rna . 

8 

direct current in the coil circuit with s in e  

wave voltage applied to the a -c side o f  the 

bridge rectifier . The dropout current will b e  

4 t o  7 rna . The contact spring tension can b e  

changed,  if  neces sary, to obtain these  values . 

For the relay in the standard c a s e ,  apply 

a -c voltage across terminals  9 and 10 and in­

sert a test plug connected to a d-e mill i ­

ammeter in the single test switch jack of the 

relay . If clip leads are used, it will b e  

neces sary to slip a strip o f  in sulating mater­

ial  such a s  fiber into the test switch jack 

a fter opening the switch blade to obt a in a 

reading . 

Contactor Switch 

Adjust the stationary core of the switch for 

a clearance between the stationary core when 

the switch i s  picked up . Thi s can be most 

conveniently done by turning the relay up ­

side-down . Screw up the core screw until  the 

moving core starts rotating . Now , b a ck off 

the core screw until  the moving core stop s  

rotating . This indicates the point where the 

p lay in the moving contact a s sembly is taken 

up , and where the moving core just separates 

from the stationary core screw . Back off the 

stationary core screw one turn beyond thi s 

point and lock in place . This prevent s the 
moving core from striking and sticking to the 

stationary core bec ause of residual magneti sm .  

Adjust the contact clear<?.nce for 3/32 inch by 

means of the two sma l l  nuts on either side of 

the Micarta di sc . The .>wit ch shoul d pick up 

at  2 amperes d-e . Test for sticking a fter 30 

amperes d-e have been passed thru the coil . 

The coil  resistance is  approximately 0 . 25 ohm . 

Operation Indicator 

Adjust the indi c ator to operate at 1 . 0  

ampere d-e gradually applied by loosening the 

two screws on the under side of the a s sembl y, 

and moving the bra cket forward or backward . 

If  the two helical springs which reset the 

armature are replaced  by new springs , they 

shoul d be weakened slightly by stretching to 

ob�ain the 1 ampere cal ibration . The coil 

resistance is  approxima tely 0 . 16  ohms . 
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Repair 

at the 

RENEWAL PARTS 

work can be done most satisfactorily 

factory. However, interchangeable 

parts can be 

are equipped 

furnished to the custqmers who 

for doing repair work. When 

ordering parts, always give the complete name­

plate data. 

ENERGY REQUIREMENTS 

Burdens measured at a balanced three-phase 

current of five amperes. 

Relay Pha s e  A P ha se B Phase C � VA Angle VA Angle :f.!l... Angle 

A -F-3 

A -H-10 

B-F -3 

B-H-10 

C -F-3 

C-H-10 

2 . 4  

3-25 
2 . 3  

4 . 95 

2 . 32 
6 . 35 

00 

00 

00 

00 

0 . 6  

0 . 8  

0.63 

2 . 35 

0 . 78 

3 . 83 

00 

100° 

00 

90"' 

00 

80° 

2 . 5  

1 . 28 

2 . 45 

0 . 3  

2 . 36 

1 . 98 

50° 

55° 

55° 

60° 

50° 

185° 

Burde ns measured at a single-phase  t o  

neutral current o f  five amperes. 

Relay 
Taps 

A -F-3 

A -H-10 

B-F-3 

B-H-10 

C -F-3 

C-H-10 

Phase  A Pha s e  B 
VA Angle VA Angle 

2 . 47 0° 2 . 1  10° 
7-3 60° 12 . 5  53° 

Pha s e  C .:!.!__ Angle 

1 . 97 20° 
6 . 7 2-6° 

2 . 45 
1 6 . 8  

2 . 49 

31 . 2  

0° 2 . 09 

55° 22 . 0  

0° 1. 99 

41° 36.0 

15° 2 . 07 

50° 12 . 3  

15° 2 . 1 1  

38° 23 . 6  

10° 

38° 

15° 

35° 

The angles above are the degrees by which 

the current lags its respective voltage . 

PART II - HKB CONTROL UNIT 
(FD CARRIER) 

The construction , operation, a nd adjustment 

of the Control Un it used with the HKB relay 

are covered in a separate instruction book 

identified a s  I . B .  84-891-1 . The Control Unit 

is a part of the Type FD carrier assembly. 

OVERALL TEST OF COMPLETE 
INSTALLATION 

After the comp lete equipment has been in­

stalled and adjusted, the fo llowin� tests can 

be made which will provide an overall check on 

the rela y and carrier equipment . The phase  

rotation of the three-phase currents can be 

checked by measuring the a-c voltage across 

relay terminals 19 and 20 o� test switches B 
and c with a high resistance a-c voltmeter of 

at least 1000 ohms per volt. The reading ob­

tained should be approximately 0 ..  9 volts per 

ampere of balanced three-phase load current 

(secondary value) with relay taps 4, c and H. 

The following test requires that a balanced 

three-phase load current of at least 1 . 0 am­

p ere (secondary) be flowing through the line­

section protected by the HKB relays. At both 

terminals of the p rotected line-section, re­

move t he HKB relay cover a nd open t he trip 

circuit by pulling the test switch bla de with 

the long red handle. Put the tap screw on the 

upper tap p late in the 4 tap ,  and on the lower 

one in the C and H taps. Be sure to insert 

t he spare tap s crew b efore removing the con­

nected one . Now open test switches D and E on 

the relay at one end of the line s ection 

(station A) a nd insert a current test p lug or 
strip of in sulating material into the test 

jack on switch E to open the circuit through 

t hat swit c h .  The above operation shorts the 

pha se A to neutral circuit ahead of the 

s equence filter and 

lead from the filter. 

disconnects the phase A 

This causes the phase  B 

a nd C currents to return to the current trans-

formers through the 

the filter, thus 

ground fault fed 

zero - sequenc e resist or in 

simulating a p hase A-to­

from one end of the lin e 

only .  As a result , both the fault detectors 

a nd operating element at Station A should 

close their contact s .  C ompl etion of the trip 

c ircuit can b e  checked by connecting a small 

lamp (not over 10 watts) acros s  the terminals 

of test switch J .  

Now perform the above operations at the 

opposite end of the line-section (station B) 

without resetting the switc hes at Station A. 

This simulates a phase-to ground fault ex­

ternal to the protected line -section . The 

fault detectors , but not the operation element 

at B should p ic k  up , and the operating element 

at A should reset . Re store test switches D 

and E at Station A to norma l (c losed) . The 

line conditions now represent a phase-to­

ground fault fed from Station B only. The 
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PANEL LOC .. TION fO� 

PROJECTION TYPE HTQ. 

0 " 

I I I 

� I � i 
I 

0 l ' 
-a I 

/ 
\ STUDS 1=0'R PROJ'. 
\ TYPE HTG.j DIA. \ HOLE (� REQ) 

Jt-18 HTG. STUD(Z. R'r.Q) 
FROM 

� CUT OUT FOit 
I �EMI-H.USH ' �OUNTING 

� DIA. HOLES fO"­�EMl FlUS" 'NPE HTG.(4 HOLES) 

DW6 9-B-1905 
'3-B-202.2. 

16 -B-2478 

* Fig. 4-Outline and Drilling Plan for the M-20 Projection or Semi-Flush Type FT Flexitest Case. See the Internal 

Schematic for the Terminals Supplied. For Reference Only. 

=t::! 
N 

l DIA.I>RILL FOR THICK PANELS 
h DIA.ORILL (2-I-IOLES) OPENING.S fOR TKIN PA.NE.L 1�-32. TERM. SC.It.EW Ek.. STUQS 

MOUNTIN�- ,4:-ZOMOU��;O�E.EW 

USE STIJDS 
fOR THICK PAN�L'S 

39-C-942 

Fig. S�Outline and Drilling Plan for the Standard Projection Case. See the Internal Schematic for the Terminals Supplied. 
For Reference Only. 
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. /30·.32 SCREWS \.FOR TER/W//VA�S 
7 � 1>/A. MTI';. 1-/0�I!:.S (4-#0�ES) 

· 13-D -5953 

Fig. 6-0utline and Drilling Plan for the Sequence Filter Used with the Type HKB Relay in the Standard Case. For 
Reference Only. 

fault detectors at A should reset and the op­

erating element at B should pick up. Restore 

test switches D and E at Station B to normal, 

and. all elements of the rel.ay at Station B 

should reset. For the relay in the standard 

case, the above test can be performed using 

suitable external test switches. 

The above tests have checked phase rotation, 

tne polarity of the sequence filter output, 
the interconnections between the relay and the 

carrier set and the Phase A current connec-

tions to the relay at both stations. Phase B 

and C can be similarly checked by opening test 

switches F and G for phase B, and switches H 

and I for phase C. The same procedure de­

scribed for Phase A is then followed. 

If a l l  the tests  have been compl eted with 

sat isfa ctory resul ts, the test  swit ches at 

both l ine termina l s  should be closed ( cl os e  

the trip circuit test switch last ) and the re­

l ay cover replaced. The equipment i s  now 

ready to protect the l ine-section to whi ch it 

is connected . 

PART III- TYPE HKB TEST FACILITIES 

APPLICATION 

The type HKB test facilities provide a 

simple manually operated test procedure that 

will check the combined relay and carrier 

equipment. The test can be performed without 

the aid of instruments. The results given as­

surance that all equipment is in normal oper­
ating condition without resorting to more 

elaborate test procedures. 

CONSTRUCTION 

Test Switch 

The type W 

eight pairs 

test switch is provided with 

of contacts, two pairs of which 

are closed in the "carrier on" position. The 

contact arrangement is shown 

the outline and drilling 

These contacts are used to 

trip c ircuit and the alarm 

in Fig . 7, and 

plan in Fig . 10. 

complete the .HKB 

circuit is indi-

cated in Fig. 7 by contacts l, 2 ,  and 7, 8 .  

In the "carrier off" position the .HKB trip 
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TYPE HKB RELAY 

circuit is opened 

but the alarm circuit 

through contacts 1 and 2, 

remains closed. Two 

test positions to the right of the "carrier 

off" positions are provided. When the switch 

is moved to either of these positions, the re­

lay trip and alarm circuits are interrupted 

and a red alarm light is turned on by switch 

contact 3 and 4. Moving the switch to the 

TEST 1 position will connect the output of the 

auxiliary test transformer directly to the HKB 

terminals number 25 and 26, through the type W 

contacts number 9 and 10, 11 and 12. Moving 

the switch to the TEST 2 position will connect 

the test transformer with a reversed polarity 

to the HKB relay through switch contacts 13, 

14 and 15, 16. 

Auxiliary Test Transformer 

The auxiliary test transformer is designed 

to operate from a 115 volt, 60 cycle power 

source. Four secondary taps numbered 1, 2, 3, 

and 4 are provided to vary the magnitude of 

the test current, as follows: 

Trans. Tap 

1 3 amp. 2 amp. 

2 5 4 

3 7.5 5. 5 

4 9.5 7 

The outline and drilling plan of the trans-

former is shown in Fig. 8 .  

Indicating Lamps 

The red and blue indicating lamps are stand­

ard rectangular Minalites. Outline and drill­

ing dimensions are given in Fig. 10. 

ADJUSTMENT 

Choose a transformer tap that will provide 

approximately two times the phase-to-ground 

current setting of the FD-2 fault detector as 

previously determined. 

OPERATION 

A multi-contact switch is provided at each 

line terminal which serves the dual functions 

of a carrier on-off switch and a test switch. 

12 

This 

phase 

switch is arranged 

current to the HKB 

to apply a single 

relay to simulated 

internal and thrQugh fault conditions. 

operation is nJted by observing a blue 

eating lamp connected in the HKB relay 

Relay 

indi­

trip 

circuit. During the test the HKB trip circuit 

to the line breaker is opened and a red warn­

ing light is energized through auxiliary con­

tacts on the test switch. 

Use of the auxiliary test equipment is to be 

limited to provide a simplified test after the 

initial installation tests have been performed 

as described in part II of this instruction 

leaflet. 

The test apparatus is to be connected as 

shown in Fig. 7 with the auxiliary test trans­
formers energized from 115 volt, 60 cycle 

power sources at each line terminal that are 

in phase with each other. The following oper­

ation procedure assumes that the same polarity 

is used in connecting the test transformer at 

each line terminal. 

1. Turn the carrier test switch at both 

line terminals to CARRIER OFF. 

2. Turn the carrier test switch to TEST l 

at line terminal #1. T�e local relay should 

operate to transmit half cycle impulses of 

carrier, and trip. Tripping will be indicated 

by the blue light. 

3. Turn the HKB test switch at the remote 

line terminal #2 to TEST l. This will simu­

late an internal fault fed from both line ter-

minals. The 

trip, and the 

relay at line terminal #2 will 

relay at line terminal #1 will 

remain tripped. Tripping will be indicated by 

the blue lights at each line terminal. Carrier 

will be transmitted in half cycle impulses 

simultaneously from each end of the line. 

4. Reset the HKB test switch at line termi­

nal #1. The relay at terminal #l will reset 

and turn off the blue light. The relay at 

terminal #2 will hold its trip contact closed, 

lighting the blue light. 

5. Turn the HKB test switch at line termi-

nal #1 to TEST 2. This condition will simu-
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late an external fault. The trip contacts of 

both relay,  will be  hel d open and the bl ue 

l ight will be extinguished .  

6. Reset the test switches a t  both line 

termina l s  to CARRIER OFF before retur.ning to 

CARRIER ON for normal s ervice. Push in handle 

to turn in ON position . 

This completes the test procedure. 

Component Style Numbers 

Test Tran sformer s #1338284 

Type W Test Switch s #1584284 for 

mounting. 

Type W Test Switch s #1584285 for 

panel mounting. 

STATION BUS PHASE ROTATION A,B,C TRIP CIRCUITS 
± BACKUP RELAYS 

A B C 

CARRIER 

OFF 

LINE 
TRAP 

TO 
LINE 

TU�NER 
DRAIN 
COIL 

H 

CARRIER SWITCH 
POSITION 

CONTACT 
TEST TEST I OfF 

"O:W ... � ...... (lilY 
ONl< 

I" " 

TO 
CARRIER 

SET 

TEST I ON 1-2 X Tesraffi 3-4 X X 
5-6 X X 

7-P. X X 
9-10 X 

SWITCH 
11·12 X 

18•14 X 
PLATE 15•16 X 

X DENOTES CONTACT CLOSED 

Fig. 7- Schematic Connections of Type HKB Relay and Test Facilities. 

1/8 "  panel 

1-1/2" 

6-c-4428 

13 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HKB RELAY 

TOP 

13-D-5861 

Fig. 8- Outline and Drilling Plan of the Type HKB Test 
Transformer. For Reference Only. 

TYPE 'W" TEST SWITCH 

Lam� 32 

INDICATING LAMP 

TER/'1/N//LS 

FRONT V!£W 

ll-D-9486 

Fig. 9- Internal Schematic of the Typel 

HKB Test Transformer . 

.5.." 16 DIA.(3) 

DRILLING 
PLAN 

6-C-4060 

Fig. 10-0utline and Drilling Plan of the Type W Test Switch and Indicating Lamps which are Part of the Type HKB 
Test Facilities. For Reference Only. 
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I. L. 41-650.5A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HKB RELAY AND TEST 

EQUIPMENT FOR TYPE FD CARRIER 

CAUTION Before putting relays into service, 

remove all blocking which may have been in­

serted 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. 

APPLICATION 

The type HKB relay is a high speed carrier 

relay used in conjunction with power line 

carrier equipment to provide complete phase 

and ground fault protection of a transmission 

line section. Simultaneous tripping of the 

reiays at each line terminal is obtained in 

three cycles or less for all internal faults 

within the limits of the relay settings. The 

relay operates on line current only, and no 

source of a - c line potential is required. 

Consequently, the relays will not trip during 

a system swing or out-of-step conditions. The 

carrier equipment operates directly from the 

station battery. 

PART I- TYPE HKB RELAY 

CONSTRUCTION 

The relay consists of a combination posi­

tive, negative and zero sequence network, a 

saturating auxiliary transformer, two Rectox 

units, two polar relay units, a telephone-type 

relay, a neon lamp, contactor switch and 

operation indicator all mounted in a Type M-20 

Flexitest Case. 

When the standard projection case is sup­

plied, the sequence network, tap plates, and 

saturating auxiliary transformer are mounted 

SUPERSEDES I. L. 41-650.5 
*Denotes change from superseded Issue 

in a box which can be located on· the rear of 

the switchboard panel in any convenient po­

sition. The remainder of the relay elements 

are mounted in the relay case proper. The 

taps and terminal numbers of the relay in the 

standard case and the external box correspond 

to those in the type FT case. (See Figures 1, 
2, and 3). Terminals 18, 1 9  and 20 of the ex­

ternal box are to be connected to the corre­

sponding terminals of the relay in the stand­

ard case. Otherwise, all external connections 

for the relay in the standard projection case 

or in the type FT case are made to the same 

terminals. 

Sequence Network 

The currents from the current transformer 

secondaries are passed thru a network consist­

ing of a three-winding iron-core reactor and 

two resi.stors. The zero-sequence resistor, 

R0, consi.sts of three resistor tubes tapped to 

obtain settings for various ground fault con­

ditions. The other resistor R1 is a formed 

single wire mounted on the rear of the relay 

sub-base. The output of this network provides 

a voltage across the primary of the saturating 

transformer. 

The lower tap block provides for adjustment 

of the relative amounts of the positive, nega­

tive and zero sequence components of current 

in the network output. Thus, a single relay 

element energized from the network can be used 

as a fault detector for all types of faults, 

Saturating Auxiliary Transformer 

The voltage from the network is fed into the 

tapped primary (upper tap plate) of a small 

saturating transformer. This transformer and 
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UPPER CONTACT 
� 
J: ::::<RM,NALS 

COVER 0PERAT£D '-._I=�--=�;_.:==-..:;:;..,;:;;;;_==�...:;;::.J OPERATION INDICATOR 

SWrTCH-WHEN USED 

3WINDING 
MlJTUAl..�"C.TOR. 

1 3-D-5784 

FULL WAVE 

ADJLINK 

UPPER POU\F\ 
RELA.V ELEMENT 
IOOJL 

--LOWER POLAR 
R.l!-L.Pt..V El.E.MENT 

SATURATING 
TRAN'5FORMER 

TO RELAY 

URRf.NT TEST J-'C.K 

TO BA'5E. TERMe 

Fig. 1- Internal Schematic of the Type HKB Carrier Relay 
in the Type FT Case. 

a neon lamp connected across its secondary are 

used to limit the voltage impressed on the 

fault detectors (polar relay elements) and the 

carrier Control Unit, thus providing a small 

range of voltage for a large variation of 

maximum to minimum fault currents. This pro-

vides high operating energy for light faults, 

and limits the operating energy for heavy 

faults to a reasonable value. 

The upper tap plate changes the output of 

the saturating transformer, and is marked in 

&mperes required to pick up the lower fault 

detector element. For further discussion, see 

section entitled, "Setting". 

Rectox Units 

The secondary of the saturating transformer 

feeds a bridge-connected Rectox Unit, the out­

put of which energizes the polar fault detec­

tor elements. A second Rectox, energized from 

the output of the Control Unit, supplies a d-e 

voltage to the telephone relay element which 

operates only for an internal fault. The use 

2 

UPPER CONTACT 

FULL WA\/E 
RECTIFIERS 

NEON LAMP 

L.OWER POLAR RELAY ELEMENT 
REAR VIEW 

CONTACTOR SWITCH 

PERATION INDICATOR 

TE�T =.WITCH 

1 3-D-5903 

Fig. 2- Internal Schematic of the Type HKB Carrier Relay 
in the Standard Projection Case. 

of sensitive polar relay keeps down the energy 

required from the current transformers. 

Polar-Type Relays 

These elements consist of a rectangular 

shaped magnetic frame, an electromagnet, a 

permanent magnet, and an armature with a set 

of contacts. The poles of the permanent mag­

net clamp directly to each side of the magnet­

ic frame. Flux from the permanent magnet di­

vides into two paths, one path across the air 

gap at the front of the element in which the 

armature is located, the other across two gaps 

at the base of the frame. Two adjustable 

screw type shunts which require no locking 

screws are located across the rear air gaps. 

These change the reluctance of the magnetic 

path so as to force some of the flux thru the 

moving armature which is fastened to the leaf 

spring and attached to the frame midway be-

tween the two rear air gaps. Flux in the 

armature polarizes it and creates a magnetic 

bias causing it to move toward one or the 

other of the poles, depending upon the adjust-

ment of the magnetic shunt screws. 

A coil is placed around the armature and 

within the magnetic frame. The current which 
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3 W/NO/NG' .3 RES/STIM' TUBES 
MVTI/AL HE.4CTOR 

FORPNASE 
NOTAT/ON A).B.C 

TOP YIEW 

13-D-5952 

Fig. 3-Internal Schematic of the Sequence Network Used 
with the Type HKB Relay in the Standard Pro­
jection Case. 

flows in the coil produces a magnetic field 

which opposes the permanent magnet field and 

acts to move the armature in the contact-clos­

ing direction. 

Contactor Switch 

The d-e contactor switch in the relay is a 

small solenoid type 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 three silver stationary contacts. The 

coil is in series with the main contacts of 

the relay and with the trip coil of the 

breaker. When the relay contacts close, the 

coil becomes energized and closes the switch 

contacts. This shunts the main relay contacts 

thereby relieving them of the duty of carrying 

tripping current. These contacts remain 

closed until the trip circuit is opened by the 

auxiliary switch on the breaker. The con­

tactor switch is equipped with a third point 

which is connected to a terminal on the relay 

to operate a bell alarm. 

Operation Indicator 

The operation indicator is a small solenoid 

coil connected in the trip circuit. When the 

coil is energized, a spring-restrained arma­

ture releases the white target which falls by 

gravity to indicate completion of the trip 

circuit. The indicator is reset from outside 

of the case by a push rod. 

OPERATION 

The HKB carrier relaying system compares the 

phase positions of the currents at the ends of 

a line-section over a carrier channel to 

determine whether an internal or external 

fault exists. The three-phase line currents 

energize a sequence network which gives a 

single-phase output voltage proportional to a 

combination of sequence components of the line 

current. During a fault, this single-phase 

voltage controls an electronic circuit which 

allows the transmission of carrier on alter­

nate half-cycles of the power-frequency cur-

rent. Carrier is transmitted from both line 

terminals in this manner, and is received at 

the opposite ends where it is compared with 

the phase position of the local sequence 

network output. This comparison takes place 

in a vacuum tube. The polarities of the volt­

ages to be compared are such that for an in­

ternal fault, plate current flows on alternate 

power-frequency half-cycles. A relay con­

nected in the plate circuit of the vacuum tube 

operates under this condition to complete the 

trip circuit. During an external fault, the 

change in direction of current flow causes the 

plate current to be continuously blocked, and 

the plate circuit relay does not operate. 

Since this relaying system operates only 

during a fault, the carrier channel is availa­

ble at all other times for the transmission of 

other functions. 

CHARACTERISTICS 

The sequence network in the relay is arrang­

ed for several possible combinations of se­

quence components. For most applications, the 

output of the network will contain the posi­

tive, negative and zero sequence components of 

the line current. In this case, the taps on 

the upper tap plate indicate the balanced 

threephase amperes which will pick up the low­

er or carrier start fault detector (FDl ) . The 

upper polar element (FD2), which supervises 
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TYPE HKB RELAY 

operation of  the telephone-type rel ay, is a d­

justed to pick up at a current 25 percent 

above t ap value . The taps available are 3,  4 ,  

5 ,  6 ,  7 , 8 ,  and  10 .  These tap s are  on the 

primary of the saturating transformer . For 

phase-t o -phase faul t s  AB and CA , enough nega ­

t ive sequence  current has been introduced to 

allow the fault detector FDl to p ick up at 86% 

of the tap setting . For BC faul t s ,  the fault 

detector will p ick up at approximately 50% of 

the tap setting . This difference in pick-up 

current for different pha se-to-pha se faults  is  

fundamental ; and oc curs because of the angles 

at  which the positive and negative sequence  

components of current a dd together . 

With the sequence network a rranged for posi­

tive , negative and zero sequence  output , there 

are some applications  where the maximum load 

current and minimum fault current are too 

close together to  set the relay to  pick up 

under minimum fault current ,  yet not operate  

under l oa d .  For these cases ,  a tap i s  avail a ­

ble  which cut s the three phase sensit ivity in 
half',  whi le the pha s e -to-phase sett ing is sub ­
stantially unchange d .  The relay then trips at 

90% of  tap value for AB and CA faul t s ,  an d at 

twice t ap value for three-phase faults . The 

setting for BC fault s  is 65 percent of tap 

value . In some cases ,  it may be desirable to  

eliminate response to positive sequence cur­

rent entirely, and operate the relay on nega ­
tive-plus-zero sequence  current . A tap is  

available  to  operate in this manner . The 

fault detec tor p icks up at 95% of tap value 
for all  phase-to-pha se faults , but is unaf­

fected by balanced  load curren� or three-phase 

fault s .  

For ground faults , separate taps are availa ­

ble for a djustment of the ground fault sen si­

t ivity to  about 1/4 or 1/8 of the upper tap 

plate setting . See Table I I . For example ,  if 

the upper tap p late is  set at  tap 4 ,  the fault 

detector (FDl ) pick-up current for ground 

faults can be either 1 or 1/2 ampere . In 

special app lications , it may be desirable to 

eliminate response  to  zero sequence current . 

The relay is provided with a tap to allow such 

op eration . 

4 

SETTINGS 

The ·HKB relay has separate tap plates  for 

adjustment of the phase and ground fault 

sen sitivities and the sequence components in ­

cluded in the network output . The range of 
the available taps is  sufficient to  cover a 

wide range of application . The method of G.e ­

termining the correct taps for a given in sta l ­

lation is  di scussed in the following para ­

graph . 

In a l l  cases , the similar fault detectors on 

the relays at both termina l s  of a l ine section 

must be set to p ick up at the same value of 

l ine current . This is necessary for correct 

blocking during faults  external to  the pro­

tected l ine sect ion . 

Sequen ce Combination Taps 

The two hal ves of the lower tap plate are 

for connecting the sequence network to  provide 

any of the combinations  describe d  in the pre­

vious section . The left hal f  of the tap plate  

changes the tap on the third winding of the 

mutua l reactor and thus changes the relat ive 

amounts of positive an d negative sequence 

sensitivity . Operat ion of the relay with the 

various taps is given in the table below . 

Sequence Components Taps on Lower Fault Detector FDl Pick Up 6 
Comb . in Network Output Tap Block 3,¢ Fault ¢ - 9f Fault 

Left Right 

!Jill � 
Pas. ,Neg , ,  zero G or H* 

Pos . ,  Neg . , zero B G or H 

Neg .• , Zero G or H Tap Value 

Taps F, G and H are zero-sequence taps for adjusting ground 

raul t sensitivity. see section on zero-sequence current tap. 

6. Fault detector FD2 is set to pick up ;:J.t 125� of FDl for 

a two-,terminal line, or 250% of FDl for a three-terminal 

line. 

Positive -Sequence  Current Tap and FD2 Tap 

The upper tap plate has value s of 3 , 4 , 5 , 6, 7 ,  

8 ,  and 10 . As mentioned before , these numbers 

repre sent the three -phase , fault detector FDl 

pickup currents , when the relay is connected 

for positive , negative and zero sequen ce  out-
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put . The faul t de t e c t or FD2 c l o s e s  i t s  c on -
t a c t  t o  a l l ow tripping a t  current va lue 25 

p er c en t  a b o v e  the f a u l t  de t e c t or F D l  s e t ting . 
Thi s 25 p er c en t  di f f e ren c e  i s  n e c e s sary to in ­
sure t h a t  the c a r r i e r  s t a r t  faul t de t e c t o r s  
( FDl ) a t  b o t h  e n d s  o f  a t ran smi s s i on l in e  
s e c t i on p i ck up t o  s t a r t  c a rr i e r  o n  an ex ­
t e rn a l  faul t b e fore op e r a t ing energy i s  ap ­
p l i e d  thr ough FD2 . 

For a thre e - t ermin a l  l in e , the t ap l ink on 
FDl p a n e l  i s  c onn e c t e d  to the right han d tap 
whi c h  a l l ow s  FD2 t o  p i ck up a t  250% o f  FDl 
s e t t ing . This i s  n e c e s s a ry to a l l ow proper 
b l o cking on thre e - t ermin a l  l in e s  when app rox i ­
ma t e l y  equa l curren t s  a r e  f e d  i n  two t ermi ­
n a l s ,  and t h e i r  sum f l ows out the third t ermi ­
n a l  of the l ine . For t w o - t ermin a l  l in e s ,  the 
l ink is c onne c t e d  t o  the l e ft han d tap , an d 
opera t i on i s  a s  d e s c r ib e d  in the p r e v i ou s  
p a ragraph . 

The t ap s  on the upp e r  an d l ower t ap p l a t e s  
shou l d b e  s e l e c t e d  t o  a s sure opera t i on on 
minimum in t e rn a l  l in e - t o - l in e  faul t s ,  and yet 
n o t  op e r a t e  on n orma l l o a d  curren t , p a r t i cu ­
l a r l y  i f  t h e  c a r r i e r  chann e l  i s  t o  b e  u s e d  for 
a ux i l i a ry fun c t i on s . The dropout current o f  
t h e  faul t de t e c t or i s  75 p er c en t  o f  t h e  p i ck ­
up curren t ,  an d t h i s  f a c t o r  mus t  a l s o  b e  c on ­
s i dered i n  s e l e c ting the p o s i t i v e - s equen c e  
current t ap a n d  s e quen c e  c omp on ent c omb in a ­
t i on . The margin b e t w e en l o a d  current and 

fault de t e c t o r  pick up shoul d be suffic ient t o  
a l l ow the f a u l t  de t e c tor t o  drop out a ft e r  an 
ext e rn a l  faul t ,  when l o a d  c urrent c on t inues to 
f l ow . 

Zero-Sequen c e  Current Tap 

The ri ght ha l f  o f  the l ower t ap p l a t e is for 
a d j u s t ing t h e  groun d  f a u l t re s p on s e  o f  the 
r e l 3 y . Ta p s  G and H g i v e  g r ound f a u l t  s e n s i ­

t i v i t i e s  a s  l i s t e d  i n  Tab l e  II . Tap F i s u s e d  

i n  app l i c a t i on s  where in c re a s ed s en s i t i v i t y t o  

groun d  f aul t s i s  n o t  req�ire d .  When t h i s t ap 
i s  us e d ,  t h e  v c l t a g e  outiJ Ut cf t h e  n e t � ork due 

t o  z e r o - s cq��· n c e  curre� t is e l irnin R t e d .  

TABLE I I  

Gro�n d  Faul t P i ckup 
P e r c en t  o f  Upp er Tap S e t t in� Comb . Lower Left 

Tap Tap G Tap H 
l c 25% 1 2% 
2 B 20 1 0  
3 A 20 10 

Examp l e s  o f  R e l a y  S e t t i n g s  

C A S E  I 

A s sume a two - t e rmin a l  l in e  with curren t 
tran s formers r a t e d  400/5 at b o th t ermina l s .  
A l s o  a s s ume tha t ful l l o a d  current i s  300 

amp e re s , a n d  tha t on minimum i n t e rn a l  pha s e ­
t o -pha s e  faul t s  2000 a mp e r e s  i s  f e d  i n  from 
one end and 600 amp e r e s  from the other en d .  
Further a s sume that on min imum in t e rn a l  groun d  
fau l t s ,  400 amp e r e s  i s  f e d  i n  from on e en d ,  
a n d  1 00 a mp e r e s  from t h e  other en d .  

P o s i t i v e  Sequen c e  Current Tap 

S e c on da ry V a l ue s :  

5 
Loa d Current = 300 x 

400 
= 3 - 75 amp er e s  ( l )  

M in i mum Pha s e -T o -Pha se Faul t  Curren t s : 

5 
600 X --

400 
7 . 5  amp e r e s  ( 2 )  

F a u l t  de t e c tor FDl s e t t ing ( t hr e e  pha s e ) 
mus t  be at l e a s t : 

3 - 75 
5 amp e r e s  ( 0 . 75 i s  drop out 

faul t de t e c t o r )  
r a t i o  o f  

( 3 )  

s o  t h a t  the f a u l t  de t e c t or w i l l  r e s e t  on l o a d  
c urren t . 

In o r d e r  t o  c o�p l e t e  the trip c i rcuit on a 
7 . 5 amp ere p h a s e - t o -pha s e  faul t ,  t h e  faul t 
det e c t o r FLl s e t t in g  ( thr e e -p h a se ) mus t  b e  n o t  
more than : 

l l 
7 - S x --- x o . :jUG 1 . 2 5  

( FD2 
l . 2 ':J = FDl 

0 . 98 amp eres ( 4 )  

'�P ) 
up 
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Sequenc e  Comb ination Tap 

From a comparison of ( 3 )  and ( 4 )  above , it 

i s  evident that the fault detec tor can be  set 

to trip under minimum pha se  fault condition 

yet not operate under maximum load . In this 

case ,  tap C on the l ower l eft tap block woul d 

be  used ( see Table l ,  Comb l )  a s  there i s  

sufficient difference between maximum load  and 

minimum fault to  use the full three-pha se sen ­
s itivity . Current tap 6 would be  used . 

Zero Sequence Tap 

Secondary Val ue : 

1 00 
5 

x -- = 
400 

1 . 25  amperes minimum 

fault current . 

ground 

With the 

use , the 

upp er tap 6 and sequence tap C in 

fault det ector FDl p ickup curren t s  

f o r  ground faul t s  are a s  follows : 

Lower right tap G-l/4 x 6 1 . 5 amp . 

Minimum trip = 1 . 25 x 1 . 5  1 . 88 amp . 

Lower right tap H-l/8 x 6 0 . 75 amp . 

Minimum trip = 1 . 25 x 0 . 75  = 0 . 94 amp . 

From the above , tap H woul d be  used to  trip 

the minimum ground fault of 1 . 25 ampere s .  

Case  II 

As sume the s ame fault current s  as in Case I ,  

but a maximum load  current of 500 ampe res . In 

this examp l e ,  with the s ame sequence comb i ­
nation a s  i n  C a se I ,  the fault detectors can­

not be  set to trip on the minimum internal  
three -phase fault , yet  remain inoperative on 

load  current . ( Compare ( 5 )  and ( 6 )  below ) .  
However , by connecting the network per Comb i ­

nation 2 on Table  I ,  the relay c a n  be  s e t  to  

trip on minimum pha se -to-phase faul t ,  although 

it will have only half the sensitivity to 

three -phase fault s .  Thi s  will a llow operation 

at maximum load  without p i cking up the fault 

detector,  and provide high speed  relaying of 

a l l  exc ep t  l ight three-phase  faul t s . 

In order to comp lete the trip c ircuit on a 

7 . 5 ampere pha se -t o -phase faul t ,  the fault 

6 

detector tap must now b e  not more than : 

l l • 

7 . 5  x x -- = 6 . 6 
1 . 25 0.  9 

( 5 )  

To be sure the fault detector FDl will reset 

after a fault , the min imum tap setting i s  de ­

termined a s  follows : 

5 
Load Current = 500 x -- = 6 .  25 amp s 

400 

6 . 25  
8 . 33 

0 .  75  

( 6 )  

(7 ) 

Since the fault detector p ickup current for 

three -pha se faul t s  is twi ce tap value , half 

the above value (Eq . 7 )  should be  used in de ­

termining the minimum three -phase  t ap . 

8 . 33 

2 
4 . 17 ( 8 )  

From a comp arison. of ( 5 )  an d ( 8 )  above , tap 
5 or 6 could be use d .  

With the three -pha se  tap 5 i n  use , the fault 

detector pickup current for ground faul t s  will 

be a s  follows : 

Tap G-l/5 x 5 = 1 . 0 a .  

Minimum trip 1 . 0  x 1 . 25 a .  

Tap H-l/1 0  x 5 = 0 . 5  a .  

1 . 25 amp . 

Minimum trip 1 . 25 x 0 . 5  a .  = 0 . 63 amp . 

Therefore , tap H woul d be  used to trip the 
minimum ground fault of 1 . 25  ampere with a 

margin of safety . 

INSTALLATION 

The relays should  b e  mounted on switchboard 

p an e l s  or their equiva lent in a location free 

from dirt , moisture , exces sive vibration and 

heat . Mount the relay vertically  by means of 

the two mounting studs for the type FT pro ­

jection case  o r  by mean s of the four mounting 

holes on the flange for the semi -flush type FT 

case . E ither of the studs or the mounting 

screws may be  ut il ized for grounding the 

relay . The electrical  connection s  may be  made 
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direct to the terminals by means of screws for 

steel panel mounting or to terminal studs 

furnished with the relay for ebony-a sbestos or 
slate panel mounting . The termina l  studs may 

be easily removed or insert ed by locking two 

nuts on the studs and then turning the proper 

nut with a wren ch . 

ADJUSTMENTS AND MAINTENANCE 

CAUTION 

l .  Make sure that the neon l amp is  in place  

whenever relay operation is  b eing che cked .  

This  is  nece ssary t o  limit the voltage peaks 

in the filter output at  high currents so as  t o  

prevent damage t o  the Rectox Units . 

2 .  When changing taps under loa d ,  the spare 

tap screw should be insert ed before removing 

the other tap screw . 

3 - All contacts  should be periodically 

cleaned with a fine file . S #1002110  file i s  

rec ommended ,  bec ause o f  the danger o f  embed-

ding small particles  in the face of the soft 

s ilver and thus impairing the conta ct . 

4 .  The proper a djustments to insure correct 

operation of this relay ha ve been ma d� at  the 

facto�y and should not be  disturbed a fter re­

ceipt by the customer . If  the adjustments 

have been changed, the relay taken apart for 

repairs , or if it  is  desired to  check the ad­
justments at  regular ma intenance  periods , the 

instructions  below should be followed . 

Sequence  Network 

There a re no adjustments to make in the net ­

work . 

The following mechanical adjustments are 

given as a guide , and some deviation from them 

may be necessary to obt a in proper electrical 

calibration . 

FAULT DETECTORS ·�GENERAL 

The sensitivity of the polar elements i s  ad-

justed by mean s of two magnetic , screw-type 

shunts at the rear of the element . These 

shunt screws are held in proper a djustment by 

a flat s trip spring across the back o f  the 

element frame , so n o  

quired . Looking at  

locking screws are  re­

the relay front view, 

turning out the right -han d shunt decreases  the 

amount of current required to close the right ­

hand Qontact . Conversely, drawing out the 

left-hand shunt increases the amount of cur­

rent required to trip the relay .  In general, 

the farther out the shunt screws are turned,  

the greater the toggle a ction will be ,  and as  

a result , the  drop out current will be lower . 

In a djusting the p olar element s ,  be sure that 

a definite toggle action i s  obtained,  rather 

than a gra dual movement of the armature from 

tl;le back ( left -han d ,  front view ) to the front 

( right -hand,  front view ) contact a s  the cur­

rent is  increased .  

During calibration ,  connect a 1 0 , 000 ohm re­

sistor across  terminals 1 9  and 20  or  switch 

jaws B and c .  (For the special relay wired 

p er 18-D-51 21 , use terminals 3 and 22 or 

switchjaws Al and E . ) Connect the panel link 

to the left -hand terminal .  Set  the relay taps 

on 5 ,  C ,  and H .  

A .  Lower Polar Element (FD-1 ) - Adjust the 

contact screws to obta in an . 050 "  c ontact gap 

such that the armature motion between the left 

and right hand conta cts is in the central p art 

of the air gap between the pole faces . Tight ­
en the conta ct locking nut s . Approximate ad­
justments of the two magnetic shunt screws are 
as follows : 

S crew both shunt screws all the way in . 

Then back out both screws six turns o Pass  

4.33 ampere s ,  60  cycles , in phase  A and out 

pha se B .  Screw in the left hand shunt until 

the armature moves to  the right . If the arma ­

ture moves to the right at less than 4 - 33 am­

pere s ,  s crew out the left -hand shunt until 

proper armature a ction is  obtained .  

Reduce the current until the armature resets 

to the left . This should ha�pen at not les s  

than 75% of the pickup value , or 3 - 25 amperes . 
If the armature resets at  les s  than this 
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va lue , i t  w i l l  b e  n e c e s sary t o  a dvan c e  the 

right han d shun t t o  obtain a dropout o f  7 5% or 

greater . Thi s  in turn will require a s l ight 

r e a d justment of the l e f t  hand shunt " Re check 

the p i c kup and drop out p oi n t s  several t imes , 

and make any minor " trimmin g ' '  a djus tmen t s  o f  

t h e  shunt s crews that may b e  n e c e s sary t o  ob -

t a in correct c a l ib r a t i on . If the above p r o -

c e dure does n o t  g i v e  a suf f i c i en t l y  high dro� 

out , a sma l l  amount of further a dj us tment c a n  

b e  obt a in e d  b y  a dvan c ing t h e  right -hand c on ., 

t a c t  s c rew a fra c t i on o f  a turn . A s  fin a l ly 

a d j u s t e d ,  the c ont a c t  gap shoul d b e  a t  l e a s t  

. 030 " ,  and the a c t i on o f  the armature shoul d 

b e  snappy a t  the p i c kup and dropout p o in t s . 

B .  Upp er P o l a r  E l ement (FD-2 ) - Adjust the 

c on t a c t  s crews to obta in an . 05 0 "  c on t a c t  gap 

such that the armature mot i on b etween c on t a c t s  

i s  i n  t h e  c en t r a l  p or t i on o f  t h e  a i r  g a p  b e ­

tween t h e  p o l e  f a c e s . T ighten t h e  l o cking 

nut s . 

Fol l ow th e  s a me a d ju stment p r o c e dure a s  for 

F'Dl , exc ep t  for a p i ckup current of 5 , 1, 1  am­

p er e s ,  and a dropout current o f  a t  l e a s t  75% 

o f  p i ckup ,  or 4 . 06 amp eres . Just above the 

p ickup current , there w i l l  be a s l ight amount 

of c on t a c t  vibration . Make a fin a l  a d justmen t 
of the two right -hand c orit a c t  s crews t o  obt a in 

equa l vibra t ion of b oth c on t a c t s  a s  indi c a t e d  

b y  a n e on l amp c onn e c t e d  i n  the c on t a c t  c i r -­

c ui t . 

Op erating E l ement ( Te l ephon e Type R e l a y ) 

Adjust the c on t a c t  gap t o  0 . 04 5 " . Thi s  l s  
don e b y  b en ding down t h e  armat;.;re c on t a - : t ­

l ever s t op o n  the r e l a y  frame . Now with t h e  

a rma ture in the opera t e d  p o s i t i on , a djust t h e  

a rmature r e s i dual. gap t o  0 . 01 0 "  by mean s 

the a djus t ab l e  s e t  s c rew . This gap shou l d  b e  
mea sured just b e l ow the arma ture s e t  s c r�w . 

For t ho s e  relays with a fixed res i��a l s p a �  

the gap i s  a b out 0 . 008 " .  Check t o  s e c  , 1·. 

there i s  a cont a c t  fo l l ow o f  a ['r:VJ ,. , _  · •  

o f  an inch a ft er tho c ont a c t  c l a s P �  

t e s t  swit c h � aws H l  
C onn e c t 2 �� -_ . �_ tre e 'J f  

8 

j_ �  ' n -. • 

direct current in the c o i l  c i rcuit with s in e  

wave voltage app l ie d  t o  the a - c  s i de o f  t h e  

b r i dg e  r e ct i fi e r . The dropout current w t l l  b e  

4 t o  7 rna . The c on t a c t  sp r i ng t er 1 s i c�n c a� b e  

c h a n g e d ,  i f  n e c e s sa ry ,  t o  obt a in t h e s e  va l ue s . 

For the r e l a y  in the standard c a s e ,  apply 

a - c v o l t a g e  a c r o s s  t ermin a l s  9 a n d  1 0  and in ­

sert a t e s t  plug c onnec t e d  to a d - e  mi l l i ­

amme t e r' in the s ingl e t e s t swi t ch ,j a c k  o f  the 

r e l ay . If c l ip l e ads a r e  �s e d ,  i t  wi l l  b e  

n e � e s s ary t o  ;-::; l ip a s trip o f  i_� : S1j_1 a t :2 nr, ma t e t ' -

re a cl j_nf: . 

Adjust the s t a tiona ry c o re of the s w i t c h  r·or 

a c l s aran c e  b e tween the s t a t i on ary c 0 re wnen 

the switch is p l ck e d  up . Thi s c an te oo s t  

c onven l ,:_:nt l ;v don e b y  tur�_ liD£: the r e l a y  l..:_p ­

s c rev; 1.-:.n t i l  t h e  

Now , b a c k  o f f  

s i d c - dc:\·,n . S c rev1 up the core 

mo v ing c or e  starts r o t a t ing . 

tht_� ;_:: ()1"8 s c rew un t i l  the moving c ore s t op s  

r ot a t ing . Thl s in di c a t e s  the p o in t  where the 

p l a v  5 n  the moving cont a c t  a s semb l y  is t ak en 

up , a n J  w h e r e  the moving c o re just separa t e s  

fror� t h P  s t a t i on a r y  c o r e  s crew . Back o f f  the 

s t ? t i on a r y  c ore s c rew one turn b eyond t h i s  

p o i_ :r : t  a n d  J o c k  in p l a c e . This prevent s the 
mo-/ lng ' � o r e  _rl.-.orr� s t riking and s t i c k ing t o  -+.::� 1 e  

:3 t a t j_ u: · ?. l'Y c u r e  O ec au s e  o f  r e s i dual magn eti sF.1 .  
·the (_': C1n t e c; t  c l e a r a n c e  £' o r  =:/3'2 J_n c h  b y  

m c� G rJ :::, the two sma l l  nut s on either s i de o f  
Cii s c  • 

:1 t 2 ar::p e r e s  d-e . 
The svJi t ch shoul d p i ck up 

T e s t  for s t i cking a ft er 3 0  

- c  h n  - � b e en pa s s e d  t hru t h e  c o i l . 

j_ncli. c J  tor t c_! - ; ; c r�1 l ·E" .l . 0 

c:k\11.' :-: · 

,) . 
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TYPE HKB RELAY --------------------'-l. ""'"l .-'-41:.....:- 6=-5o=.5'-"-'A 

RENEWAL PARTS 

Rep a i r  work c an be done mo st s at i s fa c t orily 

a t  the fac tory . Howeve r ,  in t erchangeabl e  

p a r t s  can b e  furn i shed t o  the custo;ners who 

a re equipped for doing rep a i r  work . When 

ordering p a rt s ,  a lways give the c omp l e t e  name ­

p l a t e  dat a . 

ENERGY REQUIREMENTS 

Burdens measured at a b a lan c e d  three -ph a s e  

current of five ampere s . 

R e l a y  Pha s e  A Pha s e  B Pha s e  C 
� VA Ang l e  VA Ang l e  .Y!i_ Angle 

A -F - 3  2 . 4  

A -H - 1 0 3 . 2 5  

B-F-3 2 . 3  

B -H - 1 0  4 . 95 

C -F -3 2 . 3 2  

C -H - 1 0  6 . 3 5  

5 °  0 . 6  0 °  

0 °  0 . 8  1 00 °  

0 °  0 . 63 0 °  

0 °  2 - 35 90"' 

0 °  0 . 78 0 °  

34 2 °  3 . 83 8 0 °  

2 . 5  

1 . 28 

2 . 4 5 

0 . 3  

2 . 36 

l .  98 

5 0 °  

5 5 °  

55 ° 

6 0 °  

5 0 °  

1 8 5 °  

Bur dens mea sured a t  a s ing l e -pha s e  t o  

n eutra l current of five amp ere s .  

Pha se A Pha s e  B Pha s e  C R e l a y  
Tap s ;!!::._ Ang l e  VA Angle VA Ang l e  

A -F - 3  

A -H - 1 0  

B -F - 3  

B - H - 1 0  

2 . 4 7  0 °  2 . 1  1 0 °  1 . 97 2 0 °  

7 - 3  6 0 °  1 2 . 5  53 ° 6 . 7  2-6 ° 

C -F-3 
C - H - 1 0  

2 . 4 5 

1 6 . 8  

2 . 4 9 

31 . 2  

0 °  2 . 09 

55 ° 22 . 0  

0 °  l .  99 

4 1 ° 36 . 0  

1 5 °  2 . 07 

50 ° 1 2 . 3 

1 5 °  2 . 1 1  

38 ° 23 . 6  

1 0 °  

38 ° 

1 5 °  

35 ° 

The angl e s ab ove are the degrees by whi ch 

che � urrent l a g s  i t s  resp e c t i ve vol tage . 

PART II - HKB CONTROL UNIT 
(FD CARRIER) 

The c o n s truc t ion , op erati on , and a djustment 

c: f the C::m trol Un i t  u se d with the HKB relay 

D re c o vered in a s epa ra t e i n s truc t i on b ook 

L c:lcnt i f i e d  a s  I . B .  81� -891 -l . The C ontrol Uni t  

i s  p a r t  of t h e  Type FD c a rrier as semb l y . 

OVERALL TEST OF COMPLETE 
INSTALLATION 

:: � I ' 

rot a t i on of the three -ph a s e  c urrent s c an b e  

checked b y  mea suring the a - c  voltage a c ro s s  

r e l ay t e rmina l s  19  and 2 0  o r  t e s t  swit c h e s  B 
an d C with a high r e s i s t a n c e  a - c  voltme t er of 

at l e a s t  1 000 ohms p er vol t . The rea ding ob ­

t a i n e d  shou l d  b e  approxima t e l y  0. 9 vol t s  per 

amp ere of b a l a n c ed three -pha s e  load current 

( s e c ondary va lue) with r e l ay t ap s  4, C and H .  

The foll owing t e s t  requires that a b a l an ce d  

three -pha s e  l o a d  current of a t  l e R s t  1 . 0  am­

p ere ( s e c on da ry )  be fl owing through the l in e ­

s e c t i on p ro t e c t ed b y  t h e  HKB r e l a ys . A t  b oth 

t ermin a l s  of the prote c t e d  l in e - s e c t i o n ,  re ­

move the HKB relay c over and open the trip 

c ircuit by pull ing the test switch b l a de with 

the l ong red handle . Put the t ap s crew on the 

upp er t ap p l a t e in the 4 t ap ,  and on the l ower 

one in the C and H t ap s . Be sure t o  in sert 

the spare t ap s c rew b e fore removing the c on ­

n e c t e d  on e .  Now open t e s t  swit ches D and E on 

the relay at on e end of the l in e  s e c t i on 

( s t a t ion A )  and in s ert a current t e s t  p l ug or 

s trip of in sul a t ing ma teri a l  i n t o  the t e s t  

j a ck on swi t ch E t o  open t h e  c i rcuit through 

that swi t ch . The ab ove op era t i on shor t s  the 

pha s e  A to n eutra l c ircuit ahead of the 

s equen c e  filter and 

l e a d  from the f i l ter . 

di s c onn e c t s  the pha s e  A 

Thi s  c au s e s  the pha s e  B 

and C current s  t o  return to the c urrent tran s ­

f ormers through the zero - s equen c e  resi s t or in 

the f i l t e r ,  thus simu l a t ing a pha s e  A - t o ­

ground fault f e d  from on e e n d  o f  the l in e  

on l y .  A s  a resul t ,  both the fault de t e c tors 

and operat ing e l ement a t  S t a t i on A shoul d 

c l o s e  their c on ta c t s .  C omp l et i on of the t rip 

c ircuit c an be checked by c onn e c t ing a sma l l  

l amp ( not over 1 0  w a t t s ) a cr o s s  the t ermin a l s  

o f  t e s t  swi t c h  J .  

Now p erform the above op era t ions at the 

opp o s it e  end of the l in e - se c t i on ( s t a t i on B )  

wi thout r e s e t t ing the swi tches a t  S t a t i on A .  

Thi s s i mul a t e s  a pha s e - t o  ground faul t  ex ­

t ern a l  t o  the pro t e c t e d  l ine - s e c t i on . The 

faul t  d e t e c tors , but not the op era t i on el emen t 

a t  B sh::;u l d  p i ck up , and the op era t ing el ement 

a t  tl. si1c ;_l d reset . R e s t ore 

S t a t i on A t o  norma l 

t e s t  swi t ch e s  D 
( c l o s e d ) . The 

; i on s now rep r e s ent a pha s e - t o -

l t  f e d  from S t a t i on B on l y .  The 
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TYPE HKB RELAY 

0 

PMJEL LOC�TION fOR 

PROJECTION TYPE MTG . 

0 . - -

I I I 

� I � 

I 

I 

I 
I 

I · �  
,_l_ I �;..,.,, t<TG st.tl i � ! ,� ·�-ft - s,l; - - ' -� � 

._ - - e � - � A.A'IJ 
I � . -- 6ji -- 1/ . 

PANEL LOCATION FOR I 

i 
I I a;t 

st · 

! ! 
.L j_ 

\ STUDS FOR PROJ .  \ TVPE MTG.jDlA. \ HOLE (2. REQ.) 
SE.M\ FlUS\-\ T'IPE M1'Gr 2� WITH ttC.RE\oJ� 

2.1. WITH STUO 
;t-18 MT<; STUD(?. REQ,) 

.. 

FROM 
DW6 9-S-1905 

9·6-20Z!. 

I 9� 
I 
I 

1 6 -B-2478 

* Fig. 4- 0utline and Drilling Plan for the M-20 Projection or Semi-Flush Type FT Flexitest Case. See the Internal 

Schematic for the Terminals Supplied. For Reference Only. 

-i DIA.DRILL FOR. THICK PANELS 
ji DIA. DRILL 

(Z.-HOLES) 

L-7� --;r-1J. 

OPENI�S fOR THIN PA.NE.L I�-3Z TERM. SC.REW Sc. STUQS 

MOUNTINE.. .!-Z.OMOLI��USOC:E'W 

USE STUDS 
FOR TMtCK P.ANEL5 

39-C -942 

Fig. 5-0utline and Drilling Plan for the Standard Projection Case. See the Internal Schematic for the Terminals Supplied. 
For Reference Only. 
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TYPE HKB RELAY --------------------:.' · ..::.:.L_;_4 1:._.:-6=s o=.s:...:...:.A 

� :r�.----------------32 

:z� 7.___1zf -

�++----------------�--------�� 

7 � f)/A. MTG". HOt.cS (4-#0LESJ 

13-D -:5953 

Fig. 6-0utline and Drilling Plan for the Sequence Filter Used with the Type HKB Relay in the Standard Case. For 
Reference Only. 

fault detectors at A should reset an d the op -

erating element at B shoul d  pick up . Re store 

test switches D and E at Station B to  norma l ,  

and. all elements of the rel.ay at Station B 

should reset . For the relay in the standard 

case , the above test  can be p erformed using 

suitable  external test swi t ches . 

The above tests have checked phase  rotati on ,  

the pol arity of the sequence filter output , 

the interconnections  between the relay and the 

carrier set and the Phase A current connec -

tions to the relay at both stations . Pha se B 

and C can be simil arly checked by opening test 

switches F and G for pha se B, an d switches H 

and I for pha se c .  The same procedure de­

scribed for Phase A is  then followe d .  

I f  a l l  t h e  t e s t s  h a v e  been comp l eted with 

B 2 t i s fa c t )ry r e s u l t s , the test switches at 

b ot h  l in e  t e rmi na l s  shou l d be c l osed ( close 

t n e  t r l p  c i rc u i t  t e s t  switch last ) and the re-

l a y c c, v e r  r e p l a c e d . The equipment is now 

rea ay t o  p r o t e c t  t h e  l ine - s ect i on to which it 

i s  c on n e c t e d . 

PART III - TYPE HKB TEST FACILITIES 

APPLICATION 
The type HKB test facilities p rovide a 

simp l e  manually 

will  check the 

operated test procedure that 

combined relay and carrier 

equipment . The test c an be performed without 

the aid  of instruments . The resul t s  gi ven a s ­
surance that a l l  equipment i s  i n  norma l oper­
ating con dition without resorting to more 

elabora te test procedures .  

CONSTRUCTION 
Test Swit ch 

The typ e  W test switch is provided with 

eight pa irs of conta c t s ,  two pairs of which 

are c l osed in the " carrier on " position . The 
contact arrangement i s  shown in Fig . 7, an d 
the outlin e  and drilling p lan in Fig . l C .  

These contacts  are used to complete the HKB 
trip circuit and the 

cated in Fig . 7 by 

In the "carrier off" 

al arm circuit is  indi ­

contacts 1 ,  2 ,  and 7 ,  8 .  

position the HKB trip 
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TYPE HKB RELAY 

c ircuit is opened through contacts 1 and 2 ,  

but the alarm c ircuit remains c losed . Two 

test posit ions t o  t he right of the " carrier 

off" positions are provided . When the switch 

is moved to either of t hese p o sitions , the re­

lay trip and alarm c ircuits are interrup ted 

and a red alarm light is turned on by switch 

contact  3 a nd 4 .  Moving the switch to the 

TEST 1 position will connect the output of the 

auxiliary test transformer directly to the HKB 
terminals numb er 25 and 26 ,  through the type W 

c ontacts  numb er 9 and 10,  1 1  and 12 . Moving 

the switch to the TEST 2 position will connect 

the test  transformer with a reversed polarity 

to the HKB relay through switch c ontac t s  1 3 ,  

1 4  and 1 5 ,  1 6 . 

Auxil iary Test Transformer 

The auxiliary test  tran s former is designed 

to operate from a 115 vol t , 60 cycle  p ower 

source .  Four secon dary t ap s  numb ered 1, 2, 3 ,  

a nd 4 are provided t o  vary the magnitude o f  

t he test curren t ,  a s  follow s :  

Trans . Tap 

1 

2 

3 

4 

3 amp . 

5 

7 . 5  

9 . 5  

2 amp . 

4 

5 . 5  

7 

The outline and drilling p lan of the trans ­

former is shown i n  Fig . 8 .  

Indicating Lamp s  

The red and b lue indicating lamp s are s tand­

ard rectangular Minalites . Outl ine and drill ­

ing dimensions  are given in Fig . 1 0 .  

ADJUSTMENT 

Choose a transformer tap that will provide 

approximately two times the phase-to-groun d  

current setting o f  the FD-2 fault detector a s  

p reviously determin e d .  

OPERATION 

A mul t i -contact switch is provi de d  at each 

l ine terminal which serves the dual function s  

of a c arrier on -off switch and a t e s t  swit ch . 

1 2  

This switch is  arranged to app ly a singl e 

phase current to the HKB relay to simulated  

internal and thr�ugh fault c onditions . Relay 

operation is n.;ted by observing a b lue indi ­

cating l amp connected in the HKB relay trip 

c ircuit . During the test the HKB trip circuit 

to  the l ine breaker is  op ened a nd a red warn ­

ing l ight is  energized through auxiliary c on­

tacts on the test switch . 

Use of the auxiliary test  e quipment i s  to b e  

l imited t o  p rovide a simplified t e s t  after the 

initial installat ion tests  have been p erforme d 

a s  de scribed in part II of this instruction 

l ea flet . 

The test  app aratus i s  to be c onnected a s  

shown i n  Fig . 7 with the auxiliary test trans ­
formers energi zed from 1 1 5  vol t ,  60 cycle  

p ower sources at each l ine terminal that  are 

in phase with each ether . The foll owing op er­

ation procedure assu�cs tha t the same p ol arity 

is  us ed in connecting the test trans former at 

each l ine terminal . 

1 .  Turn the carrier test  swi tc h  at both 

l ine terminals  to CARRIER CFF . 

2 .  Turn the c arrier t e s t  switch t o  TEST l 

at line terminal #1 . The local  relay shoul d 

operate to transmit hal f  cycle impul ses o f  

c arrier , a n d  trip . Tripp ing w i l l  be  indicated 

by the blue l ight . 

3 .  Turn the HKB test switch at the remote 

l ine terminal #2 to TEST l .  This will s imu­

late  an internal fault fed from both line ter-

minal s .  The 

trip , and the 

remain tripp e d .  

relay a t  l ine terminal # 2  will  

relay  at l ine terminal #l  will 

Tripping will be indicated by 

the blue lights at each l ine terminal .  Carrier 
will be  transmitted in hal f  cycle impul ses 

simultaneously from each end of the l ine . 

4 .  Reset the HKB test swi t ch a t  line t ermi ­

nal #1 . The relay at t erminal #l w i l l  reset 

and turn off the blue l ight . The reloy at 

terminal #2 will hold its trip con t a c t  cl c s c d ,  

l ight ing t h e  blue l ight . 

5 .  Turn the HKB test  switch at l ine termi -

nal # 1  to TEST 2 .  This c ondition will sir-;u -
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TYPE HKB RELAY ___________________ __;_I • .:.:..L ...:..:4 T....:-6..:..:so:.:.:.s:..:.;A 

late  an external  faul t . The trip contacts  of 

both relay,  will be  hel d open and the bl ue 

light will be  extinguishe d .  

6 .  Reset the t e s t  switches at  both l ine  

terminals  to  CARRIER OFF before 

CARRIER ON for oorma l service . 

to turn in ON position . 

retur.ning t o  

Push in handl e  

STATION BUS PHASE ROTATION A,B,C 

A B C 

CARRIER 
OFF 

L I N E  
TRAP 

TO 
LI N E  

TU�N ER 
DRAIN 
COI L  

H 

CARRIER SWITCH 
POSITION 

CONTACT 
TE5T2 trrsT I OFF 

= H�T �:�� 
0"'* 

I '" 
TEST I ON I 2 X 
TEST2.EB 3-4 X X 

5-6 X X 
7-8 X X 
9-10 X 

SWITCH 
1 1·12 X 

13-14 X 
PLATE 15-16 X 

X DENOTES CONTACT CLOSED 

This comp l etes  the test  procedure . 

Component Style Numbers 

Test Tran sformer 

Type W Test Switch 

Type W Test Switch 

TO 
CARRIER 

SET 

s #1338284 
S #1584284 for l/8 "  panel 

moun t ing . 

S #1 584285 for l -l/2 "  

panel mounting . 

lf HANDLE MUST BE PUSHED IN AGAINST 
SPRING ACTION AT THE ''OFF"" POSITION 
TO TURN FROM ""OFF""TO ""ON "". 

6 -c - 4 4 28 

Fig. 7- Schematic Connections of Type HKB Relay and Test Facilities. 
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TYPE HKB RELAY 

tn 
rvl-

TOP 

. 1 90 - 32. StREWS 
4 TERMINALS 

13-D-5861 

Fig. 8- Outline and Drilling Plan of the Type HKB Test 
Transformer. For Reference Only. 

TYPE "W" TEST SWITCH 

L=3�� 32 
INDICATING LAMP 

TERMINIILS 
- - - - -- - - - - l 

I 
' 

I 
I 

I I 
I I ! :2��� i 

L _ _  -� �RI -� - - - J 

FRONT VI£W 

11-D-9486 

Fig. 9- Internal Schematic of the Type 

HKB Test Transformer. 

DRILLING 
PLJI.N 

6-C-4060 

Fig. lO-Outline and Drilling Plan of the Type W Test Switch and Indicating Lamps which are Part o f  the Type HKB 
Test Facilities. For Reference Only. 
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\ 

I. L. 41-650.5 
INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HKB RELAY AND TEST 

EQUIPMENT FOR TYPE FD CARRIER 

CAUTION Before putting relays into  service , 

remove a ll blocking which may have been in­

serted for the purpose  of securing the part s 

during shipment , make sure that a ll moving 
parts operate freely, in spect the contacts to  

see  that they are  clean and  close properly ,  
and operate  the relay to  check the settings 

and electrical connection s . 

APPLICATION 

The typ e  HKB relay is a high speed carrier 

relay used in con junction with p ower line 

carrier equipment to provide complete phase  

and  ground fault protection of a transmission 

line section . Simultaneous tripping of the 

relays at each line termina l  is obtained in 

three cycles or les s  for all internal fault s 

within the limits of the relay settings . The 

relay operates  on line current only , and no 

source of a - c line potential is required . 

Consequently, the relays will not trip during 

a system swing or out -of-step condition s .  The 
carrier equipment operates  directly from the 
station battery . 

PART I - TYPE HKB RELAY 

CONSTRUCTION 

The relay consists of a comb in ation posi­

t ive , negative and zero sequence network , a 

saturating auxiliary trans former , two Rec tox 

unit s ,  two polar relay unit s ,  a telephone-type 

relay , a neon lamp , contactor switch and 

operation indicator a ll mounted in a Type M-20 
Flexitest Case . 

When the standard projection case is sup ­

plied, the sequence network , tap plates , and 

saturating auxiliary transformer are mounted 

NEW INFORMATION 

in a box which can be located on the rear of 

the switchboard panel in any c onvenient po­

sition . The remainder of  the relay element s  

are mounted in the relay case  proper . The 

taps and terminal numbers of the relay in the 

standard case and the external box correspond 

to  tho se in the typ e  FT case . ( See Figures 1, 

2, and 3 ) . Terminals 18, 19 and 20 of the ex ­

ternal box are to be  connected to the c orre ­

sponding terminals of the relay in the stand­

ard case . Otherwis e ,  a ll external connection s  

for the relay in the standard pro jection case  

or in  the  type FT  case  are  made to  the same 

terminals . 

Sequenc e Network 

The currents from the current transformer 

secondaries are passed thru a network consist­

ing of  a three -winding iron -core reactor and 

two resistors . The zero-sequence resistor , 
R0 , consists  of three resistor tubes tapped to  

obtain settings for various ground fault con ­

ditions . The other resistor R1 i s  a formed 
single wire mounted on the rear of the relay 

sub -ba s e .  The output of this network provide s  

a voltage acros s the primary of the saturating 

tran sformer . 

The lower tap bl ock provides for adjustment 

of the relative amounts of the positive , nega­

tive and  zero sequence components of current 

in the network output . Thus , a single relay 

element energized from the network can be used 

as a fault detector for all types of fault s c 

Saturating Auxiliary Transformer 

The voltage from the network is fed into the 

tapped primary ( upper tap plate ) of a small 

saturating tran sformer . Thi s tran sformer and 
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TYPE HKB RELAY 

TOP TEST SWITCH 9Bo 9:: ::::ERMIN.CS 

UPP� CONTAC� 1 �  n% � �� � � �,I.C"==-._' =...=:....=!FR-'O=NT'-..::V;:_IE..=W=-.!=:...:=
'
::_

'
,=:�� OPERATION INDICATOR 

COVER OPERATED 

SWITCH-WHEN 
U5EO 

CONTACrOR. SWITC L__��==r='\'7'= 
LOWER. I;Q�C.T 

N!::ON LAMP -

FOR. PHII\SE 
ROTATION A.,B.,C. 

3W1NDING 
MUTUAL REAC.TOR 

� TE5T SWITCH 
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Fig. 1- Internal Schematic of the Type HKB Carrier Relay 
in the Type FT Case. 

a n e on l amp c onn e c t e d  a c r o s s  i t s  s e c on dary a r e  

u s e d  t o  l im i t  the v o l t a g e  imp r e s s e d  on t h e  

faul t de t e c t or s  ( p o l a r  r e l a y  e l emen t s ) an d the 

c a rrier C on t r o l  Un i t ,  thus p r o v i ding a sma l l  

range o f  v o l t a g e  for a l arge vari a t i on o f  

max imum t o  minimum f a u l t  curren t s . Th i s  p r o -

v i de s  high op e r a t in g  energy f o r  l ight faul t s ,  

and l imi t s  the op era t ing energy for h e a vy 

f au l t s  to a r e a sonab l e  value . 

The upp er tap p l a t e  chang e s  the output o f  

t h e  s a t ura t ing t r a n s former , a n d  i s  ma rk e d  in 

a mp er e s  required to p i ck up the l ower faul t 

de t e c t or e l emen t . For further di scus s i on , s e e  

s e c t i on ent i t l e d ,  " S e t t ing " .  

R e c t ox Un i t s  

The s e c on da ry o f  t h e  s a tura t ing tran s former 

f e e d s  a b r i dg e - c onn e c t e d  R e c t ox Un i t ,  the out ­

put of whi c h  energ i z e s  the p o l a r  f au l t  de t e c ­

t or e l ement s .  A s e cond R e c t o x ,  energ i z e d  from 

the output of the C on t r o l  Un i t ,  supp l i e s  a d-e 

v o l t a g e  to the t e l ephone r e l a y  e l ement wh i c h  

op era t e s  on l y  for an in t e rn a l  faul t . The u s e  

2 

UPPER CONTACT 

F U L L  WAVE RECTI  F I E.RS 

NEON LA.MP 

CONTACTCR SWITCH 
OPER /lo..TION INDICATOR 

TEST SWITCH 

LOWER POL.AR RELAY ELEMENT 

-----L._•VPPE.R POLAR 
RELAY E L E M E N T  REAR VIEW 

Fig. 2- Internal Schematic of the Type HKB Carrier Relay 
in the Standard Projection Case. 

o f  s e n s i t i v e  p o l a r  r e l ay k e ep s down t he energy 

r e quired from the current t r a n s former s .  

P o l a r -Typ e R e l ays 

The s e  e l emen t s  c on s i s t  o f  a r e c t angul a r  

shap e d  magn e t i c  frame , an e l e c t r omagn e t , a 

p ermanent magne t ,  a n d  an a rmature with a s e t  

o f  c on t a c t s . The p o l e s  of the p ermanent mag ­

n e t  c l a mp di r e c t l y  t o  e a c h  s i de of the magn e t ­

i c  frame . Flux from the p e rmanent magn e t  di ­

v i d e s  in t o  two p a th s , one p a t h  a c r o s s  t h e  a i r  

g a p  a t  t h e  fron t o f  t h e  e l ement i n  wh i c h  the 

a rmature is l o c a t e d ,  the other a c r o s s  two gap s 

at the b a s e of the frame . Two a d j u s t a b l e  

s c rew type shunt s whi c h  require n o  l o cking 

s c rews are l o c a t e d  a c r o s s  t h e  r e a r  a i r  g ap s . 

The s e  change t he r e l uc t an c e  o f  the magn e t i c  

p a t h  s o  a s  t o  force s ome o f  the flux thru the 

moving armature wh i c h  i s  f a s t e n e d  t o  the l e a f  

spring and a t t a c hed to the frame midway b e -

tween the two rear a ir gap s . Flux in the 

armature p o l a r i z e s  i t  and c r e a t e s  a magn e t i c  

b i a s  c au s in g  i t  t o  move t oward one or the 

other o f  the p o l e s , dep ending up on the a d just ­

ment of the mar;n e t i c  shunt s c rews . 

A c o i l  i s  p l a c e d  around the armature and 

wit hin the ma gn e t i c  frame . The current wh i c h  
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/Vl·�,�-'� MVTVAL REACTOR 

FOR PNA SE 
NOTAT/ON A, .8,C 

3 RES/STOR TUBES 

TOP Y/EW 

13 -D-5952 

Fig. 3-Internal Schematic of the Sequence Network Used 
with the Type HKB Relay in the Standard Pro­
jection Case. 

flows in the coil produc es a magnetic fiel d  

which opposes the permanent magnet fiel d and 
acts  to move the armature in the contact-clos­

ing direction . 

Contactor Switch 

The d-e contactor switch in the relay i s  a 

sma l l  solenoid �ype switch . A cylindri cal  

p lunger with a silver disc  mounted on its  
solenoid . l ower end moves in the core o f  the 

As the p lunger travels upward ,  the di sc  

The bridges three silver stationary contact s .  

coil is  in series with the main contacts  of 

the rel a y  and with the trip coi l  of  the 

breaker . When the relay contacts  close ,  the 

coil becomes energized and cl oses the switch 
contacts . This  shunts the main rel ay contacts  

thereby relieving them of  the  duty of carrying 

tripping current . These contacts  remain 

c losed until  the trip circuit is opened by the 

aux i l iary switch on the breaker . The con ­

tactor swit ch i s  equipped with a third point 

whi ch i s  connected t o  a terminal  on the relay  

t o  operate a bell  a larm .  

Operation Indic ator 

The opera tion indica tor is  a sma l l  solenoid 

coil connected in the trip circuit . When the 

coil  is energized,  a spring -restrained arma ­

ture releases the white target which fal l s  by 

gravity to  indicate comp l etion of the tri� 

c ircuit . The indicator i s  reset from outside 

of the case by a push rod . 

OPERATION 

The HKB carrier relaying system compares the 

pha se positions of the currents at the ends of 

a l ine-section over a carrier channel to 

determine whether an internal  or ext ernal  

fault exists . 

energize a 

single-phase 

The three-phase l ine current s  

sequence network whi ch gives a 
output voltage proport ional t o  a 

combination of  sequence components of the l ine 

current . During a fault , thi s s ingle -pha se 

vol tage controls an el ectronic circuit which 

a l l ows the transmi ssion of carrier on a lt er-

nate ha l f-cyc les  

rent . Carrier i s  

o f  the power-frequency cur -­

transmitted from both l ine 
termina l s  in thi s  manner , and is received a t  

the opposite  ends where it  is comp ared with 

the pha s e  position of the local  sequence  

network output . Thi s compari son take<: place  

in  a va cuum tube . The polarities o f  the vol t ­

ages t o  be  compared are such that for a n  in ­

t ernal faul t ,  p late current flows on al ternate 

power-frequency half-cycles . A relay con ­

nected in the p late circuit of the va cuum tube 

operates under this condition t o  comp l ete the 

trip circuit . During an external faul t ,  the 

change in direction of current flow causes the 

p late current to be continuously bl ocked, and 

the p late  circuit relay does not op erate . 

Since this relaying system op erates only  
during a faul t ,  the c a rrier channel i s  availa ­

b l e  a t  a l l  other times for the tran smis sion of 

other functions . 

CHARACTERISTICS 

The sequence  network in the relay is arrang ­
ed for several pos sib l e  80mbinations of  se­

quence components . For most appl ication s ,  the 

output of the network wil l  contain the posi­

tive , negative and  zero sequence components  of 

the l ine current . In this case,  the taps on 

the upper tap plate  indicate the balanced 

threephase amperes which wil l  pick up the l ow­

er or carrier start faul t  detector (FDl ) . The 

upper polar element (FD2 ) , which supervi ses 
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operation o f  the telephone-type relay, is ad­

justed to  pick up at  a current 25 percent 

above tap value . The tap s  available  are 3, 4 ,  

5 ,  6 ,  7, 8 ,  and 1 0 .  These taps are on the 

primary of the saturating trans former . For 

pha s e -to-phase faul t s  AB and CA , enough nega ­

t ive sequence current has b een introduced to 

al low the fault detector FDl to pick up at 86% 

of the tap sett ing . For BC faul t s ,  the fault 

detector will p ick up at approximately 50% of 

the tap setting . This difference in p ick-up 

current for different pha se-to-phase faul t s  i s  

fundamental ; and oc curs because o f  the angles 

at  which the positive and negative sequenc e  

component s  of current a dd together . 

With the sequence network arranged for posi ­

tive , negative and zero sequenc e  output , there 

are some applic ations  where the max imum l oa d  

current a n d  minimum fault current are too 

close together to  set the relay to  pick up 

under minimum fault current ,  yet not operate 

under load.  For these cases , a tap i s  availa­

ble  which cut s the three pha se sensit ivity in 

hal f,  while the pha se -t o -pha se sett ing is sub ­
stantially unchanged .  The relay then trip s at 

90% of tap value for AB an d CA faults , and at 

twic e  t ap value for three -phase faults . The 

setting for BC faul t s  is 65 percent of tap 

value . In some cases , it may be desirable  to  

eliminate response to  positive sequence cur­

rent entirely, and operate the relay on nega ­

t ive-p lus -zero sequence current . A tap is  

available to operate in  this manner . The 

fault detector p icks up at 95% of tap value 

for all  phase-to-pha se faul t s , but is unaf-· 

fected by balanced load curren� or three-phase 

fault s .  

For ground faul t s , separate tap s  are availa ­

ble  for a djustment o f  the ground fault s ensi­

tivity to about 1/4 or 1/8 of the upper tap 

plate setting . See Tabl e  II . For examp l e ,  if 

the upper tap plate is  set at  tap 4 ,  the fault 

detector ( FDl ) pick -up current for ground 

faults  can b e  either 1 or 1/2 ampere . In 

special application s ,  i t  may be desirable t o  

e l iminate response to  zero sequenc e  current . 

The relay is provided with a tap to allow such 

operation . 

4 

SETTINGS 

The HKB relay has separate tap plates for 

a djustment of the phase and ground fault 

sensitivities and the sequence component s in­

cluded in the network output . The range of 
the available tap s  is  suffic ient t o  cover a 

wide range of application . The method o f  de ­

t ermining the correct tap s  for a given in st a l ­

lation is  discussed in the following para ­

graph . 

In all  case s ,  the similar fault det ectors on 

the relays at both termina l s  o f  a l ine section 

must be set to pick up at the same value o f  

l ine current o This  is necessary for correct 

blocking during faults  external to  the pro ­

tected l ine sect ion . 

Sequence Combination Taps 

The two halves of the l ower tap plate are 

for connect ing the sequence network to provide 

any of the combinations  described in the pre­

vious section . The left half of the tap plate 

changes the tap on the third winding of the 

mutual reactor and thus changes the relat ive 

amounts of positive and negative sequence 

s ensitivity . Operation o f  the relay with the 

various tap s  is given in the table below .  

Sequence Components Taps on Lower 
Comb . in Network Output Tap Block 

Pos . , Neg . ,  Zero 

Pas . ,  Neg . ,  zero 

Neg .• , Zero 

Left Right 

� �  
G or H* 

B G or H 

G or H 

Fault Detector FDl Pick Up D. 
� Fault ¢ - % Fault 

Tap Value 

Taps F, G and H are zero-sequence taps for adjusting ground 
fault sensitivity . See section on zero-sequence current tap. 

6. Fault detector FD2 is set to pick up at 125,; of FDl for 
a two-.terminal line, or 25� of FDl for a three-terminal 
line. 

Positive -Sequence Current Tap and FD2 Tap 

The upper tap plate has value s  of 3 , 4 , 5 , 6 , 7 ,  

8 ,  and 1 0 .  A s  mentioned before , thes e  numbers 

represent the three -pha se , fault detector FDl 

p ickup current s ,  when the relay is connected 

for posit ive , negative and zero sequenc e  out -
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put . The fault detect or FD2 closes i t s  c on -
tact  to  allow tripping at  current value 2 5  

p ercent above the fault detector FDl setting . 
Thi s 25 p ercent difference is  necessary t o  in ­

sure that the carrier start fault detectors 

( FDl ) at  b oth ends of a t ran smission line 

section pick up t o  start carrier on an ex­

ternal  fault before operating energy i s  ap ­

plied through FD2 . 

For a three-t erminal l in e ,  the tap link on 

FDl panel i s  connected to the right han d  tap 

which allows FD2 to p i ck up at 250% of FDl 

setting . This i s  neces sary t o  a l low proper 

blocking on three -terminal lines  when approx i ­

mat ely equal currents  a r e  fed i n  two termi ­

nals , and their sum flows out the third t ermi ­

nal o f  the line . For two-terminal  l ine s , the 

link is connected to  the left hand tap , and 

operation is  as de scrib ed in the previous 

paragraph . 

The taps on the upper and lower tap plates  

should be  selected t o  assure operation on 

minimum internal line-to -line fault s ,  and yet 
not operate on normal load current , particu­

larly i f  the carrier channel i s  to  be  used for 

auxiliary functions . The dropout current of 

the fault detector is  75  p ercent of the pick­

up curren t ,  and this  fa ctor must also  be con ­

sidered in s electing the positive- sequence 

current tap and sequence  comp onent c ombina -

t ion . The margin between load current and 
fault det e c t or p i ck up shou l d  b e  suffi c i ent t o  

a l l ow the fault de t e c t or to drop out after an 

extern a l  fault , when load current c ont inues to 

flow . 

Zero -Sequence Current Tap 

The right half of the l ower tap p la te is for 

adjust ing the ground fault resp onse of the 

relay . Taps G and H give ground fault sensi­

tivities a s  listed in Table II . Tap  F is  used  

in  appl icat ions where increa sed sensitivity to  

ground faults is  not required . When thi s tap 

is  used,  the volt age output of the network due 

t o  zero -sequence current i s  eliminated .  

TABLE I I  
Ground Fault Pi ckup 

Percent of Upp er Tap Settin! 
Comb . Lower Left 

Tap Tap G Tap H 

1 c 25% 12% 
2 B 20 10  
3 A 20 1 0  

Examples of Relay Settings 

CASE I 

A ssume a two - terminal line with current 

trans formers rated 400/5 at both t erminals . 

Also a ssume that full load current i s  300 

amp ere s ,  and tha t on minimum internal pha se­

t o -phase  fault s  2000 amperes is  fed in  from 

one end and 600 amp eres from the other end . 

Further a s sume that on minimum internal ground 

fault s ,  400 amp eres is fed in from one end, 

and 100 amp eres from the other end .  

Positive Sequence  Current Tap 

Secondary Values :  

5 
Load Current = 300 x 

400 
= 3 . 75 amp eres ( 1 )  

Minimum Pha se -To -Pha se Fault Currents : 

600 
5 

x --
4 00 

7 . 5  amp eres ( 2 )  

Fault detector FDl setting ( thre e  pha se ) 

must be  at lea st : 

3 - 75 
5 amp e r e s  ( 0 .  75 i s  dropout 

fault detector ) 

ratio of 

( 3 ) 

so  tha t the fault detector will reset on loa d  

current . 

In order to comp lete the trip circuit on a 

7 . 5  ampere phase-to-pha se faul t ,  the fault 

detector FDl setting ( three-pha se ) must  be not 

more than : 

l l 
6 . 98 7 . 5 X --- x -- =  amperes ( 4 )  o . 8G6 1 . 25 

( FD2 pick up )  1 . 25 = 
FDl p ick up 
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Sequence Comb ination Tap 

From a compari son of ( 3 )  and ( 4 )  above , it 

is evident that the fault dete 2 tor can be set 

to trip under minimum pha se 

yet not operate under maximum 

c a s e ,  tap C on the lower l eft 

be  used ( see Table l, Comb l )  

fault condit ion 

load . In this 

tap bl ock woul d 

as  there is  

suffi cient difference b etween maximum load  and 
minimum fault to  use the full three -pha se sen ­
sitivity . Current tap 6 woul d be  use d .  

Zero Sequenc e  Tap 

Secondary Value : 

5 
100 X 

4 00 
= 1 . 25 amperes minimurr. 

fault current . 

ground 

With the upper tap 6 and sequence tap C in 

use , the fault de tec tor FDl p ickup current s  

for ground faul t s  are a s  follow s :  

Lower right tap G-l/4 x 6 1 . 5 amp . 

Minimum trip = 1 . 25 x 1 . 5  1 . 88 amp . 

Lower right tap H -l/8 x 6 0 . 75  amp . 

Minimum trip = 1 . 25  x 0 . 75  = 0 . 94 amp . 

From the above , tap H woul d be  used to trip 

the minimum groun d  fault of 1 . 25 amperes " 

Case  II  

A s sume the same fault currents  a s  in Case I ,  

but a maximum load current o f  500 ampe res . In 
this example , with the same sequence comb i ­
nat ion a s  in Case  I ,  the fault detectors can­

not be  set  to trip on the minimum internal 
three -pha se fault , yet remain inoperative on 

load current . ( Compare ( 5 )  and ( 6 )  below ) .  

However, by connecting the network p er Comb i ­

nation 2 on Table I ,  the relay c a n  be  s e t  to  

trip on  min imum pha se -t o -pha se faul t ,  although 

it will have only half the sen s itivity to 

three -phase fault s .  This  will allow op eration 

at  maximum load without p icking up the fault 

detector , and prov i de high speed  relaying o f  

a l l  except light three -phase  faults . 

In order to comp l ete the trip c ircuit on a 

7 . 5 ampere phase-to-pha se faul t ,  the fault 

6 

detector tap must now b e  not more than : 

7 . 5  x -
1
- x -

1
- = 6

·
. 6  

1 . 25  0 . 9  
( 5 )  

To be sure the fault detector FDl will reset 

a fter a fault , the min imum tap set ting is de ­

t ermined a s  fol l ows : 

5 
Load Curren t = 500 X -- = 6 . 25 amp s 

400 

6 . 25 
8 . 33 

0 . 7 5  

( 6 )  

( 7 )  

Since  the fault detector pickup curren t for 

three -phase faul t s  is twic e  tap value , half  

the above value (Eq . 7 )  should be  used  in  de ­

termining the minimum three -pha se  tap . 

8 . 33 

2 
4 . 17 (8 ) 

From a comp arison. of ( 5 )  and ( 8 )  above , tap 
5 or 6 coul d be  use d .  

With the three -phase  tap 5 in use , the fault 

detector p ickup current for ground faul t s  will 

be  a s  follows : 

Tap G-l/5 X 5 = 1 . 0 a .  

Minimum trip 1 . 0  x 1 . 25  a .  

Tap H-l/10  x 5 = 0 . 5  a .  

1 . 25 amp . 

Minimum trip 1 . 25 x 0 . 5  a .  = 0 . 63 amp . 

Therefore , t ap H would be  used to trip the 
minimum ground fault of  1 . 25  amp ere with a 

margin of safety . 

INSTALLATION 

The relays shoul d b e  mounted on switchboard 

panels  or their equiva lent in a location free 

from dirt , moisture , exces sive vibration and 

heat . Mount the relay vertically by means of 

the two mount ing studs for the type FT pro­

jection case  or b y  mean s o f  the four mounting 

holes  on the flange for the semi -flush type FT 

case . E ither of the studs or the mounting 

screws may be  util ized for grounding the 

relay . The electrical connections may be  made 
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direct to the termin a l s  b y  mean s of screws for 
steel panel mounting or to termina l  studs 

furnished with the relay for ebony-a sbestos or 
slate panel  mount ing . The terminal  studs may 

be easily removed or in serted by l ocking two 

nut s on the studs and then turning the p roper 

nut with a wrench . 

RELAYS IN TYPE FT CASE 

The type FT cases are dust-proof encl osures 

combining relay elements and knife-blade test 

switches in the same case . This combination 

provides a compact  fl exib le assembl y  easy to 
maintain , inspect , test and adjust . There are 

six case sizes , designated as SlO, S20,  Ml O ,  

M20, LlO ,  L20 . S refers to the sma l l ; M the 

medium; and L ,  the l arge size cha ssis  frame . 

The numbers refer to  the possible number of  

test  switch p ositio�s  10  or 20 . 

To remove the cha ssis ,  first remove the 

c over which exposes  the relay elements  and 

test switches for inspection and testing . 

Next open the elongated red handl e switches . 

These shoul d always be opened first before any 

of the b l ack handle switches or the cam action 

latches . This  open s the trip circuit to p re -

vent accidental trip out . Then open a l l  the 

remaining switches . With a l l  the switches 

ful ly opened,  grasp the two c am action latch 

arms and pull outward . Using the l at ch arms 

as handles ,  pull the cha s sis  out of the case . 

The cha s si s  can be set on a test b ench in a 

norma l upright position a s  well  a s  on its top , 

back or sides for e a sy inspection , maintenance 

and test . 

After removing the cha s sis  a dupl icate cha s ­

s i s  maY b e  inserted in the case or the blade 

portion of  the swi tches can be cl osed and the 

cover put in place  without the cha ssis . The 
cha ssis  operated shorting switch l ocated be­

hind the current test  switch prevents open 

circuiting the current tran sformers when the 

current typ e test switches are c l osed . 

When the chassis i s  to be put back in the 

case ,  the above procedure is  to be  followed in 

the reversed orde r .  The elongated red handl e 

switch should not be closed until  after the 

chassis  has been la tched in place  and a l l  of 
the black handl e switches closed .  

The electrical  circuits are as  fol lows : 

Each t erminal  in the base connects  thru a test 

switch to  the relay el ements in the cha s si s  

as  shown o n  the internal  schematic diagrams . 

The relay termina l  is identified by numb �rs 

marked on both the in side and out side of the 
base . The test switch position s are identi-

fied  by  l etters marked on  the  top and  bottom 

surface of the moulded blocks . These letters 

can b e  seen when the cha ssis  is  removed from 

the case . 

The p otential an d control circuits thru the 

relay are di sconnected from the external  cir­

cuit by opening the as sociated test switches . 

Opening the current test switch short -circuits 

the current trans former secondary and discon ­

nects one side o f  the relay coil but lea ves 

the other side of the coil connected to the 

external  circuit thru the current test jack 

jaws . Thi s  circuit can be isolated by in sert­

ing the current test p lug ( without external  

c onnections ) , by in serting the ten circuit 

test plug ,  or by in serting a piece of insulat­

ing material approximately l/3 2 "  thick into 

the current test jack jaws . Both switches of 

the current test switch pair must be  open when 

using the current test p lug or in sulating 

material in this manner to  short -circuit the 

current tran sformer secondary . 

A cover operated switch can be supp lied with 
its c ont a c t s  wired in series with the trip 

c ircuit . This swit ch open s the trip circuit 

when the cover is  removed . Thi s switch can be 
a dded to the existing type FT cases at  any 

time . 

The relays can be tested in service , in the 

case  but with the external circuits isolated 

or out of the case as  fol lows : 

For testing in service the ammeter test p lug 

connected to suitable in strumen t s ,  can be in ­

serted in the current test jaws after opening 

the knife-blade switch to check the current 

thru the rel a y .  
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TYPE HKB RELAY ____________________________________ __ 

Voltages between the potential circuits can 

b e  measured c onveniently by clamp ing #2 clip 

l eads on the pro jecting c l ip lead lug on the 

contact  jaw . 

For testing in the case the ten c ircuit test 

plug can  be inserted in the contact jaws , with 

all  b la de s  in the full open position . This 

c onnects  the relay elements to a set of bind­

ing posts  and completely isol ates the relay 

c ircuit s from the external connections by 

means o f  an insulating barrier on the plug . 

The plug is inserted in the bottom test jaws 

with the binding posts up and in the top test 

switch jaws with the binding posts down . 

The external test c ircuit s may be made t o  

the relay e lement s b y  #2 t e s t  clip leads in-

stead of the test plug. When connecting an 

external test c ircuit to the current e lement s 

using clip l eads , care should be t aken to see 

that the current test jack j aws are open so 

that the relay is c omp l etely isolated from the 

externa l c ircuit s .  Suggested means for iso-

l at ing this c ircuit are out l i ned above . 

For testing out of the case  relay element s 

may be tested by using the ten c ircuit test 

plug or by #2 test c l ip leads as  described 

above . The factory c a l ibration is made with 

the chas sis in the case  and removing the cha s ­

sis  from the case w i l l  change the calibration 

values of some relays by a smal l  percentage . 

It i s  recommended that the relay be checked in 

position a s  a finai check on calibration . 

ADJUSTMENTS AND MAINTENANCE 

CAUTION 

l .  Make sure that the neon lamp is in p l a c e  

whenever relay operat ion i s  being checked . 

This i s  necessary to l imit the voltage peaks 

in the filter output at high currents so as to 

prevent damage to the Rectox Unit s .  

2 .  Whe n  changing tap s under l oad,  the spare 

tap s crew should be inserted before removing 

the other tap s crew . 

8 

3 .  All  contacts should b e  periodi c a l ly 

c leaned with a fine fil e .  S #1002110 file i s  

recomme nded ,  b ec ause of the danger of embed­

ding sma l l  particles  in the face of the soft 

s ilver a nd thus impairing the contact . 

4 .  The proper adjustment s to insure correct 

operation of this relay have been made a t  the 

factory a nd shoul d not b e  disturbed a fter re ­

ceipt by the customer . I f  the a djustments 

have been changed, the relay taken apart for 

repairs , or i f  it is desired to check the a d­

justment s at regular ma intenance periods , the 

instructions below should be foll owe d .  

Sequence Network 

There are no a djustments to make in the net ­

work . 

The following mechanical  a djustment s are 

given as a guide , and s ome deviation from them 

may be nec e s s ary to obtain proper electrical 

c a l ibration . 

FAULT DETECTORS-GENERAL 

The sensitivity of the polar elements is  a d­

justed by means of two magnetic , s crew-type 

shunts at the rear of the element . Thes e  

shunt screws a r e  h e l d  in proper a djustment b y  

a f l a t  strip spring a c r o s s  the back o f  the 

element frame , so no l ocking s crews are re­

quired .  Looking at the relay front view ,  

turning out the right -hand shunt decreases  the 

amount of current required to c lose the right ­

hand contact . Conversely, drawing out the 

l eft -hand shunt increases  the amount of cur­

rent required to trip the relay . In general ,  

the farther out the shunt screws are turned ,  

the greater the toggle action will be , and a s  

a resul t ,  the drop out current will b e  l ower . 

In a djust ing the polar element s ,  b e  sure that 

a definite toggle action is  obtained, rather 

tha n  a gradua l movement of the armature from 

the back (left -hand,  front view ) to the front 

(right -hand , front view ) contact  as the cur­

rent is  increased .  

During calibration, connect a 1 0 , 000 ohm re­

sistor a cross terminal s  1 9  and 20 or switch 
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TYPE HKB RELAY --------------------' ·_L_4_1 - 6_s_o .s 

jaws B and C .  (For the special relay wired 

p er 18-D· 5121 , use terminals  3 and 22 or 

switch j aws Al and E . )  Connect the panel l ink 
to the left -hand terminal . s et the relay taps 

on 5, C , and H . 

A .  Lower Polar El ement (FD-1 ) - Adjust the 

contact screws to obtain an . 050" c ontact gap 

such that the armature motion b etween the l eft 

and right hand contacts  is in the c entral part 

of  the air gap between the pole  fa ces . Tight ­
en the contact l ocking nuts . Approximate ad­

justments of the two magnetic  shunt screws are 
a s  foll ows : 

Screw both shunt screws all  the way in . 

Then back out both screws six turns . Pass  

4 . 33 amp ere s ,  60  cyc l e s ,  i n  pha se A and out 

phase B .  screw in the l e ft hand shunt until  

the  armature moves to the  right . If the arma ­

ture moves to the right at l e s s  than 4 . 33 am­

p ere s ,  screw out the l eft -hand shunt until  

proper armature action is  obta ined .  

Reduce the current until  the  armature resets 

to the left . This should happen at not l e s s  

than 75% o f  the p ickup value , o r  3 - 25 amp eres . 

If the armature resets at  less  than this 

value , it will b e  neces sary t o  advance the 

right hand shunt to obtain a dropout of 75% or 

greater . This  in turn wil l  require a sl ight 

rea djustment of the l eft hand shunt . Recheck 

the p ickup and dropout p oints severa l times , 

and make any minor "trimming"  a djustments of 

the shunt screws that may be  neces sary to ob -

tain correct calibration . If the above pro-

cedure does not give a sufficiently high drop ­

out , a sma l l  amount of  further a djustment can 

be  obtained by advancing the right -hand con­

tact screw a fraction of a turn . As  finally  

a djusted, the contact  gap  shoul d be at  least  

. 030" , and the  action of the  armature should 

be  snappy at the pickup and dropout point s .  

B .  Upp er Polar  El ement ( FD-2 ) - Adjust the 

contact screws to obt a in an . 050"  contact gap 

such that the armature motion between conta cts  

i s  in  the  c entral p ortion of the  air gap b e -

tween the pole  faces . 

nut s .  

Tighten the locking 

Follow the same a djustment procedure as for 

FDl , except for a pickup current of 5 . 4 1  am­

p ere s ,  and a dropout current of at least  75% 
of pickup , or 4 . 06 amp eres .  Just ab ove the 

p ickup curren t ,  there wil l  b e  a sl ight amount 

of contact  vibrat ion . Make a final  a djustment 

of the two right -hand contact screws to obtain 

equal vibration of both c ontacts a s  indicated 

by a neon l amp connected in the contact cir­

cuit . 

Op erating E lement (Telephon e Type Relay ) 

Adjust the contact gap to  0 . 045 " . This  is  

don e by bending down the  armature contact­

lever stop on  the  relay  frame . Now with the 

armature in the operated 

armature residual gap to 

the a djustab l e  set screw . 

position , adjust the 

0 . 01 0 "  by means of 

This gap shoul d be 

measured just below the armature set screw . 

For those relays with a fixed residua l spacer , 

the gap is  about 0 . 008 " .  Check to see that  

there is  a contact follow of a few thousandths 

of an inch after the contact closes . 

Connect a d-e mil l iammeter ( 0-25 ma . ) a cross 

test  switchjaws Hl and Il  ( relay out of case ) . 

Connect a source of variabl e  a -c voltage ( 0  to 

1 0  vol t s , 60  cycl es ) across switchjaws Fl an d 

Gl . The relay shoul d pick up at 1 0  to 12  m a . 

direct current in the coil  circui t with sin e  

wave voltage applied to  the a - c  side cf  the 

bridge rectifier . The dropout current will be 

4 to 7 rna . The contact spring tension c an be  

changed,  if  necessary, to obtain these values . 

For the rel ay in the standard case ,  app ly 

a -c voltage across  termina ls  9 and 10 and in ­

sert a test plug connected to a d-e mil l i ­

ammeter in the singl e test switch jack o f  the 

relay .  If c l ip leads are used, i t  wi l l  be  

neces sary to  s l ip a strip of in sulating mater­

ial  such as fiber into the test switch jack 

a fter opening the switch blade to obtain a 

reading . 

Contactor Switch 

Adjust the stat ionary c ore of the switch for 

a clearance  between the stationary core when 

the switch is picked up . This can be most 
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TYPE HKB RELAY-------------------

c onveniently done by turning the relay up ­

s ide -down . Screw up the core screw until the 

moving c ore starts rotating . Now ,  b ack off 

the core screw until the moving core stop s  

rotating . This indicates the point  where the 

play in the moving contact a s sembly is taken 

up , and where the moving core just separates  

from the stationary core s crew . Back off  the 

stat ionary core s crew one turn beyond thi s 

point and lock in place . This prevents the 
moving core from striking and sticking to the 

station ary core because of residual magneti sm . 

Adjust the contact  clearance for 3/32 inch by 

mean s of the two small nuts on either side of 

the Micarta disc . The switch should pick up 

at 2 amperes d-e . Test for sticking a fter 30 

amperes d-e have been passed thru the coil . 

The coil resistan ce i s  approximately 0 . 25 ohm . 

Operation Indicator 

Adjust the indicator to  operate  at 1 . 0 

ampere d-e gradually applied by loosening the 

two screws on the under side of the a s sembly,  

and  moving the bracket forward  or ba ckward . 

If the two helical springs which re set the 

armature are replaced  by new springs ,  they 

should be weakened slightly by stretching to  

obtain the l ampere c alibration . The c oil  

resistance is  approximately O o l6 ohms . 

Repair 
at the 

RENEWAL PARTS 

work can be done most satisfa ctorily 

factory . However , interchangeable 

p arts can be furni shed to the customers who 

are equipped for doing repair work . When 

ordering part s ,  always give the complete name ­
plate dat a . 

ENERGY REQUIREMENTS 

Burdens measured at a balanced three-phase 

current of five amperes .  

Relay Phase A Pha se B Pha se C � VA Angle .::!..A_ Angle � Angle 

A -F-3 

A -H-10 

B-F-3 

B-H-1 0  

C -F-3 

C -H-10  

10 

2 . 4 

3 - 25  

2 . 3  

4 . 95  

2 . 32 

6 . 35 

0 . 6  

0 . 8  

0 . 63 

2 . 35 

0 . 78 

3 . 83 

2 . 5  

1 . 28 

2 . 45 

0 . 3  

2 . 36 

1 . 98 

50° 

5 5 °  

5 5 °  

60° 

50° 

185°  

Burdens measured at a single -phase 

neutral current of five amperes . 

t o  

Relay 
Tap s 

A -F-3 
A -H-10 

B-F-3 

B-H-10 

C -F -3 

C -H-10 

The 

Pha se A Phase  B 
VA Angle � Angle 

2 . 47 0 °  2 . 1  10 °  

7 - 3  60 ° 12 . 5  53°  

Pha se C 
VA Angle 
1 . 97 20°  

6 . 7  26° 

2 . 4 5  

1 6 . 8  

2 . 49  

31 . 2  

0 °  2 . 09 

55 ° 22 . 0  

0 °  1 - 99 

4 1 ° 36 . 0  

1 5 °  2 . 07 

50°  12 . 3  

1 5 °  2 . 1 1  

38 ° 23 . 6  

angles above are the degrees b y  which 

the current lags its re sp ective voltage . 

PART 11- HKB CONTROL UNIT 
(FD CARRIER) 

The construct ion , operation , and a djustment 

of the Control Unit used with the HKB relay 

are covered in a separate instruction b ook 

identified as I .B .  84 -891 -1 . The Control Unit 

i s  a part of the Type FD carrier as sembly . 

OVERALL TEST OF COMPLETE 
INSTALLATION 

After the complete equipment has b een in ­

stalled and a djusted,  the following tests  can 

b e  made which will provide an overall check on 

the relay and carrier equipment . The pha se 

rotat ion of the three-phase  current s  can be 

checked by mea suring the a-c  voltage across  
relay termina ls 1 9  and 20 or test switche s B 
and C with a high resistance a - c  voltmeter of 

a t  least  1000 ohms per volt . The reading ob ­

tained should b e  approximately 0 . 9  volt s per 

ampere of balanced three-phase loa d  current 

( secondary value) with relay tap s  4 ,  C and H .  

The following test requires that a � .lanced 

three-phase load current of at  least  1 . 0  am­

pere ( secondary )  be  flowing through the line ­

section protected by the HKB relays . At b oth 

terminals of the protected line-section , re­

move the HKB rel�y cover and open the trip 

c ircuit by pulling the test switch blade with 

the long red han dle . Put the tap screw on the 

upper tap plate in the 4 tap , and on the lower 

one in the C and H taps . Be sure to  insert 

the spare tap s crew before removing the con -
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TYPE HKB RELAY-------------------

i DIA.DRILL 
FOR THICK 
PANELS 

3-i DIA. DRILL (Z.�HOLES) 

---!--------�� 

VSE STUD S 
FOR THICK PANELS 

39-C -942 

Fig. 6- Outline and Drilling Plan for the Standard Projection Case. See the Internal Schematic for the Terminals Supplied. 
For Reference Only. 

• /90 - 32 SC/i'EJIVS \.FOR TERM//VALS 
7 � f)//1. MTf¥. }10/.eS (4 -JIOL eS) 

1 3-D-5953 

Fig. 7- Outline and Drilling Plan for the Sequence Filter Used with the Type HKB Relay in the Standard Case. For 
Reference Only. 
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nected one .  Now open test switches D and E on 
the relay at one end of the l ine section 
( station A ) and in sert a current test plug or 

strip of in sulating material  into the test 

jack on switch E to  open the c ircuit through 

that switch . The above operation short s the 

pha se A to n eutral cir�uit ahead of the 

sequence  filter and 

lead from the filter . 

disconnects the pha se A 

Thi s  causes the pha se B 

and C current s  to  return to  the current trans ­

formers through the zero-sequence  resistor in 

the filter,  thus simulating a phase A-to­

ground fault fed from one end of the line 

onl y .  As  a resul t ,  b oth the fault detectors 
and operating element at  Station A shoul d 

close their contacts . C omp l etion of the trip 

c ircuit can be checked by c onnecting a smal l  

lamp (not over 1 0  watts ) 
of test switch J .  

a cross the terminals  

Now p erform the above operations  at the 

opposite end of the line-section ( station B )  

without resetting the switches at  Station A .  
This simulates  a phase-to - ground faul t ex­

ternal  to  the protected line-sec tion . The 

fault detectors , but not the op eration el ement 

at B should p ick up , and the operating element 

a t  A should reset . Re store test switches D 

and E at Station A to  normal ( closed ) . The 

l ine con ditions  now represent a phase-to­

ground fault fed from Station B only .  The 

fault detectors at A shoul d reset an d the op ­

erating element at B should p ick up . Restore 

test switches D and E at Station B to normal , 

and all  element s  of the relay at  Stat ion B 

shoul d reset . For the relay in the standard 
c a s e ,  the above test can be performed using 

suitable  external  test switches . 

The above tests have checked phase rotation , 

the p olarity of the sequence filter output , 

the interconnections  between the relay an d the 

carrier set and the Phase  A current connec-

tions t o  the  relay at  both stations . Phase B 
and C can be similarly checked by opening test 

switche s F and G for phase  B ,  and switches H 

and I for phase C .  The same procedure de ­

scribed for Phase A is then fol lowed .  

If a l l  the tests  have been completed with 

satisfactory resul t s , the test swit ches at 

both l ine terminals should be closed ( close 

the trip c ircuit test switch l a st ) and the re ­

lay cover replaced .  The equipment i s  now 

ready to  protect the l ine-section to which it  

i s  connected . 

PART III - TYPE HKB TEST FACILITIES 

APPLICATION 
The type HKB test facilities provide a 

simple  manual ly operated test procedure that 

will check the combined  relay and carrier 

equipment . The test can be performed without 

the aid  of instrument s .  The result s  given a s -

surance  that all  equipment 

ating condition without 

elabora te test  procedures . 

i s  in norma l oper­

resorting to more 

CONSTRUCTION 

Test Switch 

The type W test switch i s  provided with 

eight pairs of conta c t s ,  two pairs of which 

are closed in the "carrier on " position . The 

contact arrangement is shown in Fig . 8 ,  and 

the outl ine and drilling p lan in Fig . 11 . 

These conta cts  are used to  comp lete the HKB 

trip circuit and the alarm circuit is indi ­

cated in Fig . 8 by contacts 1 ,  2 ,  and 7 ,  8 .  

In the "carrier off " position the HKB trip 

circuit is op en e d  through c on t a c t s  l and 2 ,  

but the alarm circuit remain s closed .  Two 

test positions to the right of the "carrier 

off" position s  are provide d .  When the switch 
is  moved to either of these positions , the re­

lay trip and al arm circuits are interrupted 

and a red alarm l ight i s  turned on by switch 

contact 3 and 4 .  Moving the switch to the 

TEST 1 position will connect the output of the 

auxiliary test transformer directly to the HKB 

terminals  number 25 and 26 , through the typ e  W 

conta cts  number 9 and 10 ,  11 and 12 . Moving 

the switch to the TEST 2 position will connect 

the test tran sformer with a revers ed pol arity 

to the HKB relay through switch contacts  1 3 ,  

14  a n d  1 5 ,  16 . 
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TYPE HKB RELAY 

Auxil iary Test Tran sformer 

The auxiliary test  transformer is designed 

to operate from a 1 1 5  volt ,  6 0  cyc l e  power 

sourc e .  Four secon dary taps numbered l ,  2, 3 ,  

and 4 are provided to vary the magnitude of  

the test  current , a s  foll ows :  

Trans . Tap 

l 3 amp . 2 amp . 
2 5 4 

3 7 - 5  5 . 5  
4 9 - 5  7 

The outl ine and dri l l ing p lan of the trans ­

former is shown in Fig . 9 .  

Indicating Lamp s 

The red and b lue indicating lamp s are stand­

ard rectangul ar Minalites . Outl ine and dri l l ­

ing d�mension s  are given in Fig . 11 . 

ADJUSTMENT 

Choose a transformer tap that wil l provide 

approximately two times the phase-to-ground 

current setting of  the FD-2 fault detector a s  

p reviously determine d .  

OPERATION 

A multi -contact switch is  provide d  at  each 

l ine  termina l  which serves the dual functions  

of a carrier on -off switch and  a test  switch . 

This switch i s  arranged to  apply a s ingle 

phase  current to the HKB relay to  simulated 

internal  and through fault conditions . Relay 

operat ion is  noted by observing a b lue indi ­
cating l amp connected in the HKB relay trip 

circuit . During the test the HKB trip circuit 

to the l ine breaker is opene d  and a red warn ­

ing l ight is  energized through auxiliary con ­

tacts  on the test  switch .  

Use  of the auxiliary test  equipment i s  to be  

l imited to provide a simp lified test  after the 

initial installat ion tests have b een performed 

as de scribed in part II of this instruction 

l ea flet . 

The test apparatus i s  to  be  connected a s  

shown in Fig . 8 with the auxil lary test trans -

14 

formers energized from 1 1 5  volt ,  6 0  cycle  

power sources at each line  termina l  that are 

in pha s e  with each other . The foll owing op er­

ation procedure a s sumes that the same polarity 

is  used in connecting the test transformer at 

each l ine terminal . 

1 .  Turn the carrier test  switch at  b oth 

l ine  terminals  to CARRIER OFF . 

2 .  Turn the carrier test  switch to  TEST l 

at  l ine termina l  #1 . The l ocal  relay should 

operate to tran smit hal f  cycle  impul ses  of 

carrier , an d trip . Tripp ing will  b e  indi cated 

by the blue l ight . 

3 .  Turn the HKB test switch at the remote 

l ine  terminal  #2 to TEST l .  This will simu­

late  an internal  fault fed from b oth l ine ter­

mina l s .  The relay at  l ine termina l  #2 will 

trip , and the relay at l ine terminal #l wil l  

remain tripped .  Tripp ing will b e  indicated by 

the b lue l ights at  each l ine terminal . Carrier 
will be  tran smitted in hal f  cyc l e  impul ses  

simultaneously from each end  of the  l ine . 

4 .  Reset the HKB test switch a t  l ine t ermi ­

nal  #1 . The relay at  terminal #l will reset 

and turn off the blue l ight . The relay at 

t ermina l  #2 will hol d  its  trip contact closed,  

l ighting the blue l ight . 

5 .  Turn the HKB test switch at  l ine t ermi ­

nal  #l to TEST 2 .  This condition will simu­
late  an external  faul t . The trip contacts  of 

b oth relay, will be  hel d op en and the bl ue 

l ight will be extinguishe d .  

6 .  Reset the test switches at  both l ine  
t erminal s  to  CARRIER OFF before returning to  

CARRIER ON for normal service . Push in  handl e  

to  turn in ON position . 

This completes  the test procedure . 

Component Style Numbers 

Test Transformer 

Type W Test Switch 

Typ e  W Test Switch 

s #1338284 
S #1 584284 for l/8 "  panel 

mounting . 

S #1 584285 for l -l/2 "  

panel mounting . 
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TYPE HKB RELAY 

STAT ION BUS PHASE RO TATlOf.l A,B,C 

A 8 C 

CARR I ER 
OFF 

LINE 
TRAP 

TO 
LI N E  

TU�NER 
DRAIN 
COIL 

H 

CAR R I E R  SWI TC H  
POSITION 

CONTACT 
TEST2 !ITs_T I OFF 

� >���T r.:�"Jii 
O>llf 

I " ' "  
TEST I ON 1 -2 X TESTZ.EB 3-4 X X 

5-6 X X 
7-8 X X 
9-IO X 

SWITCH 1 1- 12 X 
13-14 X 

PLATE 15-16 X_ 
X DENOTES CONTACT CLOSED 

TRIP C I RCUI TS 
BACKUP RELAYS 

TO 
CARRIER 

SET 

I. l. 4 1 - 6 5 0. 5  

l( HANDLE MUST BE PUSHED I N  AGAINST 
SPRING ACTION AT THE "OFF" POSITION 
TO TURN FROM " OFF"TO " O N ". 

6 � c -4428 

Fig. 8- Schematic Connections of Type HKB Relay and Test Facilities. 

(J1 

TOP 
'------- s i---

Q $. - 1i - .  I I 
I 
I I 
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l11 
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�� �;:;;:========� 
l 3 - I: - 5 8 C l  

Fig. 9- Outline and Drilling Plan o f  the Type HKB Test 
Transformer. For Reference Only. 

FRONT VIEW 

Fig. IO- Internal Schematic of the Type 

HKB Test Transformer. 
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TYPE HKB RELAY 

TYPE 'W" TEST SWITCH 

. �I trll===f====lll 
2� --1 �2t� 

_____ _____ 1 1 2  -------��)--! TO IJi'
PANEL THICKNESS 

�------ 21� REQ'D8T_Q_PULL_OUT SIDES : n _ �rDIA. HOLE IN PANEL 

i 

INDICATING LAMP 

_s:· 1 6  DIA.(3) 

DRILLING 
PLAN 

6 -C -4060 

Fig. 11-0utline and Drilling Plan o f  the Type W Test Switch and Indicating Lamps which are Part o f  the Type HKB """' 
Test Facilities. For Reference Only. ]I 
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