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INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE HKB RELAY, CARRIER CONTROL 
UNIT (TYPE JY} AND TEST EQUIPMENT 

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 t ripping of t he 

relays at each line terminal is obtained in 

three cycles or less for all internal faults 

within the limits of the relay set t ings. The 

relay operates on line current only, and no 

source of a-c line potential is required . 

Consequent ly, the relays will not trip during 

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

carrier equipment operates directly from the 

station battery . 

PRINCIPLE OF 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 t ransmitted 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 co�parison takes p lac e 

in the grid circuit of a vacuum tube . The po­

larities of the volt ages to be compared are 

such that for an internal fault, plate c�rrent 

flows on alternate power-frequency half­

cycles. A relay connected in the plate cir­

cuit of the vacuum tube operates under this 

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*Denotes change from superseded issue. 

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 operat es only 

during a fault , the carrier channel is availa­
ble at all other t imes for the t ransmission of 

other functions. 

PART I- TYPE HICB BELAY 

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 . 

CONSTRUCTION 

The relay consists cf a co�bin&tion posi­

tive, negative and zero sequence network, � 

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 . 

W1en �he s tan dard projection case is sup­

pliE�, the sequence network, tap rla�es, ani 
saturating auxiliary t ransformer are mounted 

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 Ficures 1, 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 
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ROTATION A,B,G 
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SATURATING 
-- TRAN<::>FORME.R 

SHORTW:O:OOIT SWITCH 

RED HANOLE. 

TO RELAY 

-CURRENT TEST JA.C.K 
TO BA'5E TERMS 

Fig. 1-Internal Schematic Of The Type HKB Carrier Relay 
In The Type FT Case. 

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

t ernal box are to b e  connec t ed to the c orre­

sponding t erminals of the relay in the s t and­

ard c as e. Otherwi s e , all external connec tions 

for the relay in the s t andard projec t ion case 

or in the type FT case are made to the same 

t erminal s .  

Sequence �etwork 

The currents from the current transformer 

secondaries are passed thru a network consist­

ing of a three-winding iron-core reac tor and 

t wo resistor s. The z ero- sequen c e  resistor , 

R0, consi s t s  of three resistor tub e s  tapped to 

obtain s e ttings for various ground fault 

conditions. The other resis tor R1 is a formed 

single wire mounted on the rear of the relay 

sub-base. The output of this network provides 

a voltage acro s s  the primary of the saturating 

t ransformer . 

The lower tap block provide s for adju stment 

of the relative amount s  of the positive , nega-

tive and zero s equenc e 

in the network output . 

2 

componen t s  of current 

Thu s , a single relay 

FULLWA.VE. 
RECTIFIER� 

REAR \/JEW 

ONTACTOR SWITCH 
PER,r..TION INDICA TOP. 

13-D-5903 

TEST S.WITCH 

Fig. 2-Internal Schematic Of The Type HKB. Carrier Relay 
In The Standard Projection Case. 

element energized from the network can b e  u s ed 

as a fault d e t e c tor for all typ e s  of faul t s .  

Saturating Auxiliary Transformer 

The voltage from the network is fed into the 

tapped primary ( upper tap plat e )  of a small 

saturating trans former. This 

a neon lamp conn e c t ed acro s s  

used to limit t h e  voltage 

fault d e t e ctors (polar relay 

carrier Control Unit , thus 

transformer and 

it s s e c ondary are 

impre s s ed on the 

element s )  and the 

providing a small 

range of voltage for a large variation of 

maximum to minimum fault curren t s. This pro­

vides high operating energy for light fault s ,  

and limi t s  the operating energy for heavy 

fault s to a reasonable value. 

The upper tap plat e change s  the output of 

t;re saturating transformer , and is marked in 

amperes required to pick up the lower fault 

d e t e c tor elemen t . For further dis cu s sion , s e e  

s e c tion entitled , " S e t tings". 

Re c tox Uni t s  

The s e condary o f  the saturating transformer 

feeds a bridge-conn e c t ed Rec tox Unit , the out­

put of which energiz e s  the polar fault detec­

tor element s. A s e c ond Re c tox , energized from 

the output of the Control Unit , supplie s  a d-e 

voltage to the t elephone relay element which 

operate s only for an internal fault. The use 

� 
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A 

B 

c 

/'( 

I , W,N.,N< lh'?VTVAL RE/ICTOR 

FOR Ph'AS£ 
I?OTAT/ON A)B,C 

.3 RES/STOR TUBES 

TOP V/EW 

13-D-5952 

Fig. 3-Internal Schematic Of The Sequence Network 
Used With The Type HKB Relay In The Standard 
Projection Case. 

of s ensitive polar relay keeps down the energy 

require d  from the current transformers. 

Polar-Type Relays 

The s e  element s con sist of a rectangular 

shap e d  magnetic frame , an electromagn e t , a 

permanent magnet ,  and an armatu�e Nith a s e t  

o f  contacts. The pole s of the permanent 

magnet clamp directly to each side of the 

magnetic frame. Flux from the permanent magnet 

divide s into two paths , one path acro s s  the 

air gap at the front of the element in which 

the armature is loca t e d ,  the other acros s  two 

gaps at the base of the frame. Two adjus t ab le 

screw type shunts which require no locking * 
screws are locat e d  acro s s  the rear air gaps. 

The s e  change the reluctance of the magnetic 

path so as to force some of the flux thru the 

moving armature which i s  fastened to the leaf 

spring and attached to the frame midway b e­

t ween the two rear air gaps. Flux in the 

armature polariz e s  it and creat e s  a magnetic 

b ias causing it to move toward one or the 

other of the pol e s , depending upon the adjust­

ment of the magnetic shunt screws. 

A coil i s  placed around the armature and 

within the magnetic frame. The current which 

flows in the coil produce s  a magnetic field 

which oppo s e s  the permanent magne t  field and 

act s  to move the armature in the contact-clos­

ing direction . 

Contactor Switch 

The d-e contactor s witch in the relay is a 

small solenoid type switch. A cylindrical 

plunger with a silver disc moun t e d  on it s 

lower end mov e s  in the core or the solenoid. 

A s  the plunger travels upward ,  the disc 

b ridg e s  three silver stationary contacts. The 

coil is in s erie s  with the main con tact s  of 

the relay and with the trip coil of the 

breaker. When the relay contac t s  clo s e , the 

coil b ecom e s  energized and clo s e s the switch 

contact s. This shun t s  the main relay contacts 

thereby relieving them of the duty of carrying 

tripping current. The s e  contacts remain 

close d  until the trip circuit is opened by the 

auxiliary s witch on the b reaker. The con­

tactor switch is equippe d with a third point 

which is connect e d  to a terminal on the relay 

to operat e a b ell alarm. 

Operation Indicator 

The operation indicator is a small solenoid 

coil connect e d  in the trip circuit . When the 

coil i s  energized , a spring-re straine d  arma­

ture relea s e s  the whit e  target which falls by 

gravity to indicate completion of the trip 

circuit. The indicator is reset from outside 

of the case b y  a push rod. 

CHARACTERISTICS 
The over�ll oper�ting ch�racteristic of the 

HKB rel�y and carrier equipment is shown in 
Ji�ure 4. This shows the current in the 

o'Jera::inz rele1y element ( telephone-typ e relay ) 
plotted azainst the phase an3le difference be­

tween the fault currents at opposi te ends of 

the line. As indi cat e d , the operating element 

wi 11 trip when the phase angle departs ap­

proxir1ately ,-c, frcm the in-phas e ,  or through 

fault condition. As the electronic control 

circuits o�erate under a saturat e d  condit ion , 

the shape of this curve will not change 

materially over a wide range of fault cur­

rents. 
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TYPE HKB RELAY AND CONTROL UNIT 

The sequence network in the relay is arrang­
ed for several possible combi nations of se­
quence components. For most appl ications, 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 pl ate indicate the balanced 
threephase amperes which will pick up the l ow­
er or carrier start fault detector (FDl). The 
upper polar el ement (FD2), which supervises 
operation cf the telephone-type relay, is ad­
justed to pick up at a current 25 percent 
above tap value. The taps available are 3, 4, 
5, 6, 7, 8, and 10. These taps are on the 
primary of the saturating transformer. Fer 
phase-tc-pr,ase faults AB and CA, enough nega­
tive sequence current has been introduced to 
allow the fault detector FDl to pick up at 86% 
of the tap setting. For BC faults, the fault 
detector will pick up at approximatel y 50% of 
t_Je tap setting. Thi s di fference in pi ck-up 
current for differ ent phase-to-phase faults i s  
fundamental; and occurs because of the angles 
at which the positive and negative sequence 
<:>n�.pcnents of current add together. 

With the sequence network arranged for 
positive, negative and zero sequence output, 
there are some applications where the maximum 
load current and minimum faul t current are too 
close together to set the r el ay to pick up 
under minimum faul t current, yet not operate 
under lead. For these cases, a tap is avail­
able which cuts the three phase sensitivity in 
hal f, whil e the ph.-tse-to-phase setting i s  
substantiall y  unchanged. The relay then trips 
at 90% of tap value for AB and CA faults, and 
at twice tap val ue for three-phase faul ts. 
The setting for BC faul ts is 65 percent of tap 
val ue. In some cases, it may be desirabl e to 
eliminate response to positive sequence cur­
rent entirel y, and operate the relay on neg­
ative-pl us-zero sequence current. A tap is 
avail abl e to operate in this manner. The 
faul t detector picks up at 95% of tap �alue 
for all phase-to-phase faul ts, but is unaf­
fected by bal anced l oad current or three-phase 
faults. 

For ground faul ts, separate taps are availa­
ble for adjustment of the sround fault sensi-

4 

ANGLE BETWEEN CURRENTS AT OPPOSITE 
ENDS OF ll NE SECT tON 

ANGLE BETWEEN r: & t� = 180° 

Fig. 4-Typical Overall Operating Characteristics Of The 
Type HKB Carrier System. 

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

pl ate setting. See Tabl e II. For exampl e, if 
the upper tap plate is set at tap 4, the faul t 
detector (FDl ) pick-up current for ground 
faul ts can be either 1 or 1/2 ampere. In 
special applications, it may be desirabl e to 
eliminate response to zero sequence current. 
The relay is provided with a tap to all ow such 
operation. 

SETTINGS 

The HKB relay has 
adjustment of the 
sensitivities and 

t ap pl ates for 
ground faul t 

separate 
phase and 

the sequence components 

incl uded in the netwc�k output. The range of 
the avail able taps is sufficient to cover a 
wide range of application. The method of de­
termining the correct taps for a given instal­
l ation is discussed in the fol lowing para­
graph. 

In all cases, the simil ar fault detectors on 
the relays at both terminal s of a l ine section 
must be set to pick up at the same val ue of 
l ine current. This is necessary for correct 

·-
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TYPE HKB RELAY AND CONTROL UNIT _____________ .:;_;LL=--. 4..:..:..1-....:... 95=2 

blocking during faults external to the pro­
tected line section. 

Sequence Combination Taps 

The two h alves of the lower tap plate are 
for connecting the sequence network to �rovidr 

any of the combinations described in the pre­
vious section. The left h alf of the tap 
plate changes the tap on the third winding of 
the mutual reactor and thus changes the rela­
tive amounts of positive and negative sequence 
sensitivity. Operation of the relay with the 
variuus taps is given in the table below. 

8omb. 
Sequence Components 

In Network Output 

TABLE l 

L"' rt Riecht 
l!!l£. � 

B G or H 

G or H 

TFtpol F. G and H arr ZPrO-::;pc·u.oncP 
:·eult sPnc-iLvity. s,, ;=.--ct_on r>n 

Foul t Detector FDl Pict:: Up- A 
3? Fault � - ;1 Fault 

2x Tap r�O_% Tap VB.lue· 
value :(65% '" ECl'oult) 

Tnp Value 

Positive-Sequence C urren t Tap and FD2 Tap 

The u�per t8p plate has values of 3,4, 5,6,7, 
8, and 10. t-.s f".er.tioned befcre, these numbers 
represe�t the three-ph ase , fault detector FDl 
pic�{up curr-er_Lts, wher:. th� relCJ.y is connected 

for pcsitive , ne��tivc and zerG 2eq uence out­
put. The fault det ec tcr FD2 closes its con­

tacL tu allow trippin� at curreGt value 25 
percer.t :1bc ve the :··mlc ciet ectc r FDl settine> 

�;:his ,?· :Jerc,�·nt c:.-::._-·:·�·t•ence is �·:eces�o.r·y tu in-

sur·e thc-Jt th-2 C'l"rLer start f':.1'1lt dcteetur3 

section 
tornal fault b�fo�e 
·=-1 i_ea th::'vu'-��h �'D �. 

FGr 3. thr·ee-tc�r;JLr.c:tl ltr.e, the tap link on 
cr:cc:ted to the r·ic;ht h::,.nd tap 

whic·h allc-:1:: :�'D tc piclc up at 250% of FDl 

blockin� on th�ee-t��min�l l ines wh2n approxi­
matel�' equal ,�urrcnts itl"e �"ed ir: two te!'mi­

na ls , �nd their sum flows cut the third termi­
c't al of the line. For two-terr:tinal lines, the 

link i s ccnnected tc the left hand tap, and 

operation is CJ.S des cribed in the previous 

paragraph. 

The taps on the upper and lower tap plates 
should be selected to assure operation on 
minimum internal line-to-line faults, and yet 
not operate on normal load current, particu­
larly if the carrier channel is to be used for 
auxiliary Lln��icr.c; . The dropout current of 
the fault detector is 75 percent of the pick­
up current, and this factor must also be con­
sidered in selecting the positive-sequence 
current tap and .sequence component combina­
tion. The margin between load current and 
fault detector pick up should be suffi cient to 
allow the fault detector to drop out after 
an external fault, when 
tinues to flow. 

load current con-

Zero-Sequence Current Tap 

The right h alf of the lower tap plate is for 
adjusting the ground fault response of the 
relay. Taps G and H give e;round fault sensi­
tiv:i ties as listed in Table II. Tap F is used 
applications where increased sensitivity to 
ground faults is not required. When this tap 
is used, th e voltage o utput o�· the ;�'c·,,_·cr:. due 
to ze ro - sequence current is eliminated . 

TABLE II 
Gro ur.d ?:tul t Pickup 

Percent of u:._�er T2ip setting comb. Lower Left 
Tap Tap G Tap H 

l c 25% 12% 
2 B 20 10 
3 A ::o 10 

Examples of Relay Settings 

CASE I 

Assume a two-terr.�ir.al l i.r.e with CUl"r'er.': 

transformers rated 400/�J �: �ot� tcr�.inal8. 

Also assume that ful l lo�d currert is �00 
amperes, and that on r;inir.ur:l internal :!"!ctc-oe­

to-phase faults 2000 arr:}:eres is fed ir. frDr.1 

one end and 600 amperes rrcm the other end. 
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TYPE HKB RELAY AND CONTROL UNIT 

Further assume that on minimum internal ground 
faults, 400 amperes is fed in from one end, 
and 100 amperes from the other end. 

Positive Sequence current ·Tap 

Secondary Values: 

Load current 
5 

300 x 
400 

= 3.75 amperes (l) 

Minimum Phase-To-Phase Fault Currents: 

6oo x 
5 

7.5 amperes 
400 

(2) 

Fault detector FDI setting (three phase) 

must be at least: 

3.T5 
5 amperes (0.75 is dropout 

fault detector) 

so that the fault detector will reset 
current. 

ratio of 
(3) 

on load 

In order to complete the trip circuit on a 

7.5 ampere phase-to-phase fault, the fault 
detector FDl setting (thre.e-phase) must be not 
more than: 

7. 5 
l 

x ---
0.866 

l 
x---

1.25 
6.98 amperes 

( 

FD2 pick up 

J 

l . 25 = ---::----­
FD l pick up 

Sequence Combination TaP 

(4) 

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

is evident that the fault detector can be set 
to trip under minimum phase fault conditicn 
yet not operate under maximum load. In this 
case, tap C on the lower left tap block would 
be used (see Table l, comb 1) as there is 
sufficient difference between maximum lo ad an0 
minimum fault to use the full three-phase sen­
sitivity. current tap 6 would be used. 

Zero Sequence Tap 

Secondary Value; 

5 
100 X 

400 
1.25 arnperes minimum grc,und. 

fault current. 

6 

With the upper tap 6 and sequence tap C in 
use, the fault detector FDl pickup currents 
for ground faults are as follows: 

Lower right tap G-l/4 x 6 
Minimum trip = 1.25 x 1.5 

1.5 amp. 
1.88 amp. 

Lower right tap H-1/8 x 6 0.75 amp. 
Minimum trip = 1.25 x 0.75 = 0.94 amp. 

From the above, tap H would be used to 
trip the minimum ground fault of 1.25 amperes. 

Case 'II 

Assume the same fault currents as in case 
I, but a maximum load current of 500 amperes. 
In this example, with the same sequence com­
bination as in Case I, the fault detectors 
cannot 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 r�etw·.)rk per Combi­
nation 2 on Table I, the relay can be set to 
trip on minimum phase-to-phase fault, although 
it will have only half the sensitivity to 
three-phase faults. This will allow operation 
at maximum load without picking up the fault 
detector, and provide high speed relaying of 
all except light three-phase faults. 

In crder to complete the trip circuit on a 

'('.')ampere phase-to-phase fault, the fault 

detector tap must now be not more than: 

7.5 
1 

x-- x 
1.25 

l 

0.9 
o.o (5) 

To be sure the fault detector FDl will reset 
�Cter a fault, the minimum tap settlng is 

(u) 

(7) 

the fault detector pickup current for 
<,,-,·h;c1Se fa ults is twice tap value, half 

·1b value (Eq. 7) sh:mld be used in 
the minimum three-phase tap. 

. l ( (8) 
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TYPE HKB RELAY AND CONTROL UNIT _____________ ....:.:.L ...:::.L ...:::..41 !..:..!-9�s2 

From a comparison of (5) and (8) above, tap 

5 or o could be used . 

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

detector pickup cu�rent fur ground faults will 

be as followc: 

Tap G-1/5 x 5 = 1.0 a. 
Minlmun, trip = 1.0 x 1.25 a. 

Tap H-1/l� x 5 = 0.5 a. 

l.25x 0.5a. 

1. 25 amp. 

0.03 amp. 

Therefure, tap H would be used to trip the 
:dnirr.um ,,,round fault of 1.25 ampere with a 

m�r,�in 0f safety. 

INSTALLATION 

The re lays should be mounted on switchboard 

pa�els cr their equ1valent in a location free 

from J.irt, mci.stui"e, excessiv'2 vibra t i on and 

heat. Mount the relay vertically by means of 

the tvJO mour:ting studs fe r the type FT prCJ­

je�ttcn c ase or by means of the four �our:tins 
hulas on the flange fur the se�1-flu3h type FT 
case. Either of the studs or the mou�tlng 

sc rews �ay be utilized fur groundit the 

r�l8y. The electrlc3l ccJnn�cti0�s n1sy be D�cis 
dlree.;t t tf1e terminals ty D�23nS Cf S"rCl: i:: r 1r" 

c.n lnc studs tl 

1: "' HKB rel 

' ,,. tLe stat: 

1:;:! l v i '1 t •.. 

Style Nc•. 

1337179 
l 33 '1 L)l 

D.C. Supply 

l2J V·)lts 

Ohms 

' 0 . 
0L _) 

OutlintJ & 
Dr i ll:i n�.: 

F:i . :)a 
Ft,.:�. 1)b 

This resistor can be mounted on the rear of 
the switchboard in any convenient location. 

ADJUSTMENTS AND MAINTENANCE 

CAUTION 

l. Make sure that the neon lamp is in place 
whenever relay operation is being c'leckcC.:. 

This is rwcessJ.ry to limit the volta�;e f'c'al::. 

i n  the filter output at hi:::sh curr•er�t.s s•J ac-: t 
prevent danac:c to the Rectox Units. 

tap screw shL,ulo be 1nserce( befn:�e l':..':-,(_ ·.r� 1\ 

the other t:J�· sc ':'c"W. 

3. P-.11 cont:JCL'.� 

----- --·--- ·-

Nllrc\E Pt.flTE. 

,, , r 

<1 ,; i _,..; : �-- ':� 

::: 

NAmE. Pi.f!TE 
\ 

--c¥": ,,, ----l·· 

! L_l l I -1, 
i '\ : .ll l • I ,�,� 1-ii::l)j i L' l����=�--�� -{.t 

� i -�-i-4-l : dl ' 
k 

r , , 
l''_t1l:.. j -_- :; _,_���l> FG �- · 

Fig. 5--0utline And Drilling Plan for The External Resistor 
Used In The HKB Reiay Contro1 Circuit. For Ref· 
erence Only. 
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rYPE HKB RELAY AND CONTROL UNIT _____________ _ 

cleaned with a fine fil e . 3#1002110 file is 

recommended, because of the danger of embed­

ding small particles in the face of the soft 

silver and thus impairing the contact . 

4 .  The proper adjustments to insure correct 

operation of this relay have b een made at the 

factory and should not b e  disturbed after re­

ceipt by the customer . If the adjustments 

have b een changed, the relay taken apart for 

repairs, or if it is desired to check the 

adjustments at regular maintenance periods, 

the instructions b elow should b e  followed . 

S equence Network 

There are no adjustments to make in the 

network . 

The following mechanical adjustments are 

given as a guide, and some deviation from them 

may be necessary to obtain proper electrical 

calibration . 

FAULT DETECTORS-GENERAL 

The sensitivity of the polar elements is ad­

justed by means of two magnetic, screw-type 

shunts at the rear of the element . These 

shunt s�rews are held in proper adjustment by 

a flat strip spring across the back of the 

element frame, so no locking screws are 

required. Looking at the relay front view, 

turning out the right-hand shunt decreases the 

amount of current required to close the right­

hand contact . 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 action will be, and as 

a result, the dropout current will be lower. 

In adjusting the polar e lements, b e  sure that 

a definite toggle action is obtained, rather 

than a gradual movement of the armature from 

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

(right-hand, front vie w )  contact as the cur­

rent is increased . 

�uring calibration, connect a 1 0,000 ohm re­

sister across terminals 19 and 20 or switch 

j;:,ws B and C .  (For the special relay wired 

. 8 

per 1 8 -D-5121, use terminals 3 and 22 or 

switchjaws A l and E . )  Connect the pane� link 

to the l eft-hand terminal . Set the relay taps 

on 5, C , and H .  

/ 
A . Lower Polar E l ement (FD - 1 )  - Adjust the 

contact screws to obtain an . 05 0" contact gap 

such that the armature motion between the left 

and right hand contacts is in the central part 

of the air gap between t'1e pol e  faces .  Tight­

en the contact locking n'.lts . Approximate 

adjustments of the two magnetic shunt screws 

are as fol lows: 

Screw both shunt screws all the way in . 

Then back out both screws six turns . Pass 

4 . 33 amp e res, 60 cycles, in phase A and out 

phase B .  Screw in the left t.and shunt until 

the armature moves to the right . If the arma­

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

peres, screw out the left -hand shunt until 

proper armature action is obta ined . 

Reduce the current unti l  the armature resets 

to the l e ft . This should happen at not l ess 

than 75% of the pickup value, or 3-2 5 amperes . 

If the armature resets at l ess than this 

val ue, it w i l l  be necessary to advance the 

risht hand shunt to obtain a drcrcut of 75% or 

greater .  This in turn wi l l  require a sl ight 

readjustment of the left h and shunt. Recheck 

the pickup and dropout points sever8l times, 

and rr_al{e any rr.inor "trimrr:in:�" ad justrr.ent s of 

the shunt screws the.:: rr:ay be necessary t:' cb-
tain correct callbra�ion . If the abuve pre,-

cedure does not give a suffir�iently hi.:;h drop­

out, a sma l l  amc.unt of further adjustr:1ent can 

be obtained by advancir.;o; the right -hand con­

tact screw a fractirP -f a turn . As final l y  

adjusted, the contact _:a;; shvuld cce a:: least 

.030", and the action of che armat:c.1r2 should 

b e  snar;py at the pickup and dr:::r:::'Jt r-oicts. 

B. Upper Polar E l ement (FD-2) - Adjust the 

contact screws to obtain an . 050" contact gap 

such that the armature motion between contacts 

is in the central portion of the air gap be­

tween the pole fac�s. Tighten the l ocking 

nuts . 
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Follow the same adjustment procedure as for 

FDl, except for a pickup current of 5.41 am­

peres, and a dropout current of at least 75% 
of pickup, o� 4.06 amperes. Just above the 

pickup current, there will be a slight 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 Element (Telephone Type Relay ) 

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

done by bending down the armature contact­

lever step on the relay frame. Now with the 

armature in the operated position, adjust the 

armature residual gap to 0.010" by means of 

the adjustable set screw. This gap should be 

measured just below 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 rr.a. ) e1cross 

test switchjaws Hl and Il ( relay cut cf case ) . 

Connect a source of variable a-c vclta�c (0 tc 
10 volt s , Go cycles ) acro ss switchjaws Fl and 

Gl. The relay sr.culd ; ick ur: at 10 tc 12 r-.a. 

direct ·�;.trTeLr i:. tl:e cc il circuit with si�,c 
wa.ve �lied tc the a-c side cf :hP 

r2c�ifler . T�12 dr�Jr��t curre11t v1ill bP 

For the relay in the standard case, apply 

a-c voltage across terminals 9 and 10 and 

insert a test plug connected to a d-e milli­

ammeter in the single test switch jack of the 

relay. If clip leads are used, it will be 

necessary to slip a strip of insulating mater­

ial such as fiber into the test switch jack 

after opening the switch blade to obtain a 

reading. 

Contactor Switch 

Adjust the stationary core of the switch for 

a clearance between the stationary core when 

the switch is picked up. This can be most 

conveniently done by turning the relay up­

side-down. screw up the core screw until the 

moving core starts rotating. Now, back off 

the core screw until the moving core stops 

rotating. This indicates the point where the 

play in the moving contact assembly is taken 

up, and where the moving core just separates 

from the stationary core screw. Back off the 

stationary core screw one turn beyond this 

point and lock in place. This prevents the 

moving core from striking and sticking to the 

5tationary core because of residual magnetism. 

Adjust the contact clearance for 3/32 inch by 

means 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 after 

30 amperes d-e have been passed thru the coil. 

The coil resistance is 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 assembly, 

and moving the bracket forward or backward. 

If the two helical springs which reset the 

armature are replaced by new springs, they 

should be weakened slightly by stretching to 

obtain the 1 ampere calibration. The coil 

resistance is approximately 0.16 ohms. 

RENEWAL PARTS 

Repair work can be done most satisfactorily 

at the factory. However, interch;:mgeabl'C 

parts can be furnished to the customers �10 

are equipped for doins repair work. When 

ordering parts, always give the complete nane­

plate data. 

ENERGY REQUIREMENTS 

Burdens measured at a abalanced three-phase 

current of five amperes. 

). --2'- 3 
_c_-H-10 
3-F-j 
B-H- l:::J 

Phasi - ·- <ls 0 ?h�J 8� � V). .:O.r:;gl-c \r;._ -- )_n2lc 'J,, Angle 

2.4 
3.25 
2."'5 
4 .9'5 

::> o .t" o' 2 .':> 
o" o.8 100° 1.28 
0° o.6? o' 2.45 
o' 2.35 go" o.� 
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C- F-3 

C-H-10 

2.32 

6 . 35 

o o ;�. 3E: 
80° 1 . 98 

Burdens measured at a single -phase to  

neutral current of  five amperes. 

Relay 
Taps 

A - F-3 
A -H - 1 0  
B- F-3 
B -H-10 

C-F-3 
C-H - 1 0  

Phase A Phase C 
VA Angle 

Phase B 
VA Angle VA Ane.;le 

2.47 0° 2 . 1  10°  1.97 
c.7 
2.07 

7·3 
2.45 

16 . 8  

2.49 
'01.2 

6 0 °  
00 

12.5 53° 
2.09 15 °  

55 ° 22.0 5 0 °  1 2 . 3  

15 ° 2 . 1 1 

38° 23.c 
0 ° 1 .  99 

4 1 °  36 .0  

20 ° 

1 0 °  

The angles above are the degrees b y  whi ch 

the current lags its respect ive voltage. 

PART II-TYPE HKB CONTROL 
UNIT (JY) 

CAUTION When adjusting thi s equipment, al low 
the tube heat ers to warm up for at l east 30 

seconds before applying plate vol tage {by 

operating the rel ay fault detector ) . Thi s 
precaution is neces sary to  prevent damage to 

the type 2050 thyratrons . 

CONSTRUCTION 

The HKB control Unit consists of an e lec ­
tronic t rigger circu i t  empl oying t wo thrya­

trons; a rec tifi er-doubler vacuum tube for the 

received carrier and a vacuum "relay" tube 
whi ch c ompares the phase positions of the 

local and distant line currents . 

The general appearance and cons truction of 

the Type HKB Control Unit is  shown by the out -
line drawi ng, Figure 11 . The entire equip -

ment, with the exception of the acces sories, 

is mounted on a standard 3/16" thick aluminum 

panel 1 9" wide and 8-23/3 2 "  high with standard 

notching . The front of the panel is black 

wrinkle fini shed, and the rear is  Nasat . The 

tubes protrude through the front panel for 

convenient installation and replacement . 

Jacks are provided on the front of the panel 

for current metering as follows: 

10 

Jl{top jack ) Heater current 

J 2 ( c enter jack ) Relay tube mis sion current 

J3 (bottom jack )  Rectifier-doubler output cur-
rent . 

INSTALLATION 

When used with the Type JY Transmitter and 

Receiver, the HKB c ontrol Unit is mounted in 

the s ame cabinet with these  panel s  and immedi ­
ately beneath the Receiver panel . The in­

struction Book for the c omplete assembly of 

which this unit  i s  a part should be referred 

to  for additional mounting instructions . 

UPon delivery, the unit shoul d be  very care ­

ful ly checked for damaged part s . P articular 

attention should be  given to any parts whi ch 

may have become loose in shipment, or wires 
which may have broken because of vibration . 
Each HKB control Unit i s  supplied with an ac ­

ces sory group of c omponents for adap ting it  

for operat ion from 125  volt s  d-e or 250  volt s  

d-e . These components should b e  checked for 

damage and to see that none are mi ssing, and 
checked against the order or requi sition and 

the parts list  in thi s bock . Any shortage 
shoul d be immediately reported to the trans ­

portation company and to the neare st  district 
offic e  of the manufacturer . 

The necessary connections from the JY 
(cabinet) assembly terminal blocks to the 
switchooard, relays, etc , ,  should be  made in 
suitabl e conduit . Number 12 gauge wire i s  

recommended for these  connections . The con­

nection diagrams in the instruction book for 

the c omp lete assembly should be foll owed. Be 

sure to ground terminal #l on the HKB Unit and 
al so cabinet terminal #1. 

CIRCUIT ADJUSTMENT - GENERAL 

Do not insert the tubes  into the HKB Control 
Unit until the fol lowing paragraphs dealing 

' 
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i DIA.DRILL 
FOR THICK 
PANELS 

3� DIA.DRILL 
(Z·HOLES) 

OPENIN<OS FOR 
THIN PA.NE.L 
MOUNTIN�. 

"0-3Z TERM. SC.REW 8c. STUDS ;j:·ZO MOUNTIN" SC.i::EW 
8c. STUDS 

USE STUDS 
fOR THICK PANELS 

39-C-942 

Fig. 8-0utline And Drilling Plan For The Standard Projection Case. See The Internal Schematic For The Terminals 
Supplied. For Reference Only. 

7 � .01/1. MTf¥. 1'/0t.ES (4-#0t.ES) 

13-D-5953 

Fig. 9-0utline And Drilling Plan For The Sequence Filter Used With The Type HKB Relay In The Standard Case. For 
Reference Only. 
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with circuit adjustments have been read . 

The HKB control Unit is designe d  to use the 

same tubes for either 1 25 volt or 250 volt 

operation . When used on 250 volts d-e, the 

proper value of plate voltage for the Type 

25L6 Relay Tub e is obtaine d  from a connection 

at the positive end of the transmitter tube 

heaters. 

Short out the JY transmitter amplifier 

cathode resistor with the jumpere supplied on 

the resistor. This connection is for the 

normal transmitter operating condition . 

In order to obtain bias voltage for b oth the 

HKB Control Unit and the assosiated carrier 

transmitter, the entire d-e current drain of 

b oth units is cause d  to flow though a combi-

nation of 

this way, 

thyratrons 

resistors in the control Unit . In 

adjustab l e  bias for the type 2050 
and fixed bias of two different 

values, for the power amplifier tubes of the 

transmitter is obtaine d .  Because the adjust­

ment procedure will follow the tabulations 

shown on Tab l e  I and II as closely as 

possible, it is important to b ecome thoroughly 

familiar with the tables . Five columns are 

included in these tables. The first column 

indicates the quantity to be checke d .  The 

second column indicates the minimum value 

permissib l e . The third column indicates the 

normal value . The fourth column indicates the 

maximum value permissib l e . The fifth column 

should b e  filled in at the time of instal ­

lation, t o  indicate the actual value which was 

obtaine d .  The last column is of great im­

portance and should b e  filled in as soon as 

the HKB control Unit is installed. All 

quantities must b e  brought within the minimum 

and maximum value specified b efore the equip­

ment can b e  considered to b e  in satisfactory 

operating condition. A copy of these values 
ehould be kept with the e quipment for checking 

purposes . All letters of inquiry to the 

manufacturer regarding the operation of this 

unit should be aQcompanie d  by a list of actual 

values of the eight quantities tabulated on 

Tab l e  I or II . 

The maximum and minimum limits of the values 

in the table do not all correspond to the 

same percentage. In the case of the 

supply or battery voltage, the limits 

power 

given 

are the maximum and minimum at which the unit 

can b e  properly adjuste d  to operate; and these 

limits lnclude the maximum variation in power 

supply voltage . For instance, the HKB unit 

with 1 25 volt accessories can b e  adjusted to 

function properly on any battery which never 

exceeds 1 50 volts or drops b elow 1 00 volts . 

But once the normal voltage is established and 

adjustments are made for operation on that 

voltage., it should not be permitted to fluctu­

ate normally more than plus or minus five 

percent . 

The unit has b e en designe d  to use either 

glass or metal tubes of types 25L6 and 25Z6 , 

and the 

either . 

adjustment data is the same for 

CIRCUIT ADJUSTMENTS - 1 25 VOLT EQUIPMENT 

The numbers at the b eginning of the follow­

ing paragraphs correspond to the line numb er 

in the Adjustment Data Tables . 

1 .  The first line in the Adjustment Data 

Table is the power suppl y  or battery voltage, 

which is to be measured at the cabinet termi­

nals b efore any of the equipment is turned on . 

The actual value of this voltage at the time 

of installation should b e  entered on the line 

in the fifth column of the data tab l e . If )_t 

is not within the limits of 1 00 to 1 50 volts 

d-e, do not proceed . 

2 .  Adjustment of the HKB Control Unit tube 

heater current is now to be carried out . Since 

the bias resistor (combination of R8, R9, RlO, 

Rll and R5 ) is common to the heater circuits 

of both the carrier transmitter-receiver and 

the HKB cor.trol Unit, adjustment of 

current of one unit will affect 

heater 

that of 

the other. In order to avoid difficul ty, the 

bias resistor mentioned is to be ternllorarily 

shorted out during the adjustment o: heater 

current for both the transmitter-receiver and 

the HKB Control Unit. BEFORE PROCEEDING, 
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R-14 

R-13 

R-12 
R-26 R-6 

J-2 a!® 

T c_v4 

olliJ 

��-24-2-6 �3-2-22�20-18- -�- ��6--5-1�-----�-9-1��- -� -�� --- �---1 -21-3 --- �j 
6 -c -4415 

Fig. 10-Internal Schematic Of The Type HKB Control Unit For Type JY Carrier. 

REFER TO THE INSTRUCTION BOOK FOR THE ASSEMBLY 

OF WHICH THIS UNIT IS A PART AND CARRY OUT THE 
DIRECTIONS THEREIN FOR INSERTING MAXIMUM 
RESISTANCE INTO THE TRANSMITTER-RECEIVER 
HEATER C IRCUIT . Connect a jumper wire acros s  
terminals"#5 and #18 o f  the HKB control Unit . 

The adjusting clip on resistor R6 is to be set 
roughly in the center of the resistor . The 
adjusting clip s on the two adjustable re­
si stors R23 and R24,  which are external heater 
series  resi stors mounted on a separate panel, 
are to  be set so as to short out the least 

possible amount of these resi stors . open the 
transmitter amplifier cathode return circuit 

by inserting an open circuit plug in trans ­

mitter jack 8 .  The tubes are now to be in­

serted int o  the HKB assembly of which the HKB 
unit i s  a part . Plug a d-e ammeter of 1 

ampere range into jack Jl and adjust the 

short ing clips of external resi stors R23 and 
R24 to obtain the correct heater current as 

given in line #2 of the table . It is  desir­

able t o  keep the amount shorted out of each 

of these two resistors about equal so as to 

14 

distribute the heat produc ed equally between 

them . When the power is first app lied, the 

tube heater current will be above normal due 
to the low resistance of the cold heater 
elements .  consequently , power should be ap ­
plied for at least two minutes before readings 
are taken . After the heater current of the 
HKB control Unit and the heater current of the 
transmitter-receiver have each been adjusted, 
remove the jumper wire from terminals #5 and 
#18 of the HKB Unit . ( Close the transmitter 
amplifier cathode circuit . )  

3 .  After the adjustment s on the transmitter 
have been completed and the transmitter is  J!L 
normal operation measure again the heater cur­

rent of the HKB Unit as Jack Jl . If not with­

in the limit s  of line #3 in the Data Table, 

make such slight changes to the setting of the 
external resistors R23 and R24 as may be re ­

quired to correct it . (A  similar operation 
should be c arried out on the transmitter­
receiver . )  

• 
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TABLE I 

ADJUSTMENT FOR HKB CONTROL UNIT ON 1 25 VOLTS 

see text of Instruction book for discussion of the following table . Numbers 
preceeding data refer to  test paragraph numbers . 

Quantity Min . Normal Max . Ac tual 

1 .  Power supply volt s  1 00 .  1 25 . 1 5 0  . 

2 .  Heater Amperes , Preliminary Adjustment # . 59 . 62 • 65 

3 .  Heater Amperes , Final Adjustment + . 54 . 56 . 58 

4 .  current at jack J2 ,  Milliamperes . 0  . o  . 1 0  
Rectifier•doubler Output Milliamperes at J3* . o  . 05 . 1 0  

5 .  Total Bias volt s  1 1 . 14 . 17 . 

6 .  Master Oscillator Plate Volts -- -- - ----- ------ 25 . 30.  36 . 

7 .  Thyratron Grid Bias Volts  4 . 0  5 . 0  6 . 0  

8 .  Relay Tube Grid Bias Volts  20 . 26 . 32 . 
HKB Relay Operating Element current , Ma . 1 8 .  20 . 22 . 

# - The total tube heater current of the associated transmitter shoul d be adjusted to  thi s 
value also . 

+ - The final value of the tube heater current of the transmitter should be  within these 
limit s  for the total , and half of these  values for each branch . 

* - With no carrier being received . 

TABLE II  

ADJUSTMENT DATA FOR HKB CONTROL UNIT ON 250 VOLTS 

see text of instruction book for discussion of the following table . Numbers 
preceeding data refer to  test paragraph numbers . 

Quantity Min . Normal Max . Actual 

1 .  Power supply Volt s  200 . 250.  300 . 

2 .  Tube Heater Amperes - control Unit . 54 . 56 . 58 
" " - Transmitter . 81 . 85 . 89 

3 .  Plate Circuit Supply Volt s  95 . 135 .  165 . 

4 .  current at jack J2 ,  Milliamp eres . o  . 0  0 . 1  
Rectifier-doubler Output Milliamperes at J3* . o  . 05 0 . 1  

5 .  Total Bias Volt s  1 7 .  22 . 28 . 

6 .  Master Oscillator Plate Volts ------ ----- ------ 60 . 65 . 73 . 

7 . Thyratron Grid Bias Volts  5 . 0  6 . 0  7 . 0  

8 .  Relay Tube Grid Bias Volts  20 .  26 . 32 . 
HKB Relay Operating Element current , Ma . 1 8 .  20 . 22 . 

* - With no c arrier being received .  

1 5  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HKB RELAY AND CONTROL UNIT--------------

4 . After the 

p leted, measure 

above adjustments are c om­

at the other two metering 

jacks , J2 and J3 ,  to see that no current is  
flowing . Under the c onditions of the bias re­

sistor R6 being set near the center, the Relay 

tub e ,  v4 , is  biased well beyond plate current 

cut -off , so that the current at jack J2 should 

be well below the limit of . 1  milliampere . 

Under the condition of no r-f signal received , 
the current at jack J3 should be well below 

the l imit of . 1  rna . Any excessive current 
flow should be investigated and the fault 

cleared before proc eeding with the test s .  

· (make final check with 1 .  5 milliampere range 
of meter . )  

5 .  Measure the d-e bias voltage between 
terminal s  #5 and #18 .  

6 . This  
obtaining 

adjustment is for the purpose of 

the correct Master oscillator plate 
voltage for the transmitter . The transmitter 
must be  completely adjusted and in a state of 
normal operation ( ready to be  controlled by 
the HKB Unit ) .  In making thi s adjustment it 

is necessary to  have V1 thyratron c ontinuously 

ignited . For Control Unit S#867954A, a single 
resistor R5 is  in place of resistors R26 and 

R27 . Remove the lead from the R5 t�p nearer 

the panel 
#19 of the 
8#1471841 , 
and connect 

and connect this  l ead to terminal 

Control Unit . For control Unit 
remove the lead from the R27 tap 

to terminal #1 9 .  Now turn on the 

equipment and allow the thyratrons to heat up 

for one minute .  Block open the back contact 

of the HKB lower fault detector . Thyratron 
Vl wil l  fire and remain conducting . connect a 

d-e voltmeter of at least 1000 ohm-per-volt 
resistanc e between terminal #5 and terminal 

#19 .  Adjust R1 and R 2  to  obtain the required 

voltage as given in Table I or II · The 

transmitter shoul d now be sending out carrier 

at its  full output power . Restore all connec ­

tions to  normal . 

7 .  The ob ject of the foll owing adjustment 
i s  to set the firing point of the thyratrons 

Vl and V2 to the proper va�ue by adjust ing 
their grid bias . Two resistors , R26 and R27 , 
are provided 
and V2 grid 

16 

for separate adjustment of Vl 
bias in Control Unit 831471841 

control Unit S#867954A has a single resistor 
with two sliders (R5)  for adJustment of Vl and 
V2 grid bias . The bias c an be measured be­

tween each slider and terminal #5 . 

The negative grid bias on thyratron Vl 

should be set to zero volt s .  For either con­

trol unit style 867954-A or 147184 1 ,  remove 

the l ead from the slider ( on R5 or R27 )  which 
supplies bias to Vl thyratron and connect it 

to  the positive end terminal of that resistor 
( check with a d . c .  voltmeter ) . 

Set the negative grid bias on thyratron V2 

t o  -5 volts for 125-volt c arrier set s ,  or to  

-6 volts  for 250-volt sets by adjustment of 
the sl ider on resistor R5 or R26 . The bias 

voltage can be measured from the slider ( - )  to 
the positive end terminal (+ ) of R26 . 

With the above bias value s ,  carrier will be 

transmitted for somewhat more than one-half 

cycle ( at 60 cycles ) at low value s of fault 
current . This may be seen when viewing the 
signal across the coaxial cable  on an oscill o ­

scope . 

8 .  The following adjustment covers the set­
ting of the relay tube (V4 )  grid bias . Plug a 
d - e  milliammeter ( 0-25 rna . )  into the current 

jack on test  switch Il ( top of relay ,  second 
from left end ) of the HKB relay to measure t he 
op erat ing e l ement c o i l  current . P a s s  a cur ­

rent in p h a s e  A and out p h a s e  B of t h e  r e l ay 

suffic ient to pick up both FDl and FD2 fault 
detectors . With relay taps  4,  C ,  an d H, 5 a�­

p er e s  shoul d be sufficient . The current fro� 

the test t r an s f ormer c an be u s e d  if de s ire d . 

R e duc e the g r i d  b i a s  on t � e  re l ay t ub e  vL by 

adjusting t h e  s l i de r  �" resis tor R S  unt i l  t h e  

d-e mil l iammeter in relay j a c k  I l  re a.ds "-0 ;,;�l. 

The re l ay tube g r i d  b i a s  i s  �easured b e t ween 

the s l i der of R6 and te rminal #5 0f the c c � -

trol unit . A volt me ter cf at l east l OGO cLrc. o; ­
p er -v olt  resi stance shoul d b e  u2 e d .  C a r r i e r 

f r om the di stant l ine t ;:crrr.inal r.us t :1 . +: b P  
transmitted,  during this adjust�ent . A l l  t e s t  

circuit s and instruments r:r;ay new be  rer-.c v e d ,  

and the r e lay test  swit ches returned  t c  
n c rna l . 
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TYPE HKB RELAY AND CONTROL UNIT ___________ , _ ____;;_L ::...L ..:..:.4 1 _:..;-9s::;:;,2 

C IRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT 

1 .  The first line in the Adjustment Data 

Table is the power supply or battery voltage , 
whi ch i s  t o  b e  measured at the cabinet termi ­

nal s b efore any of the equipment is turned on . 

The actual value of this voltage at the time 
of installation should be entered on the line 

in the fifth column of the data table . If i t  

i s  not within the limit s  o f  200 to  300 volts  
d-e ,  do  not proceed . 

2 .  Adjustment of the HKB Control Unit tube 

heater current will  be accompli shed along with 

the adjustment of the transmitter heater cur­

rent , because all  the heaters of the assembly 

are connected in series . The necessary ex­
ternal heat er series resistors are a part of 

�he acces sories for the as sembly of which thi s 

Unit i s  a part ; and the instructions for their 
adjustment s are to be found in the instruction 

book for the complete assembly . After the ad­
justment is completed record the value of cur­

rent as measured at jack Jl , The heater cur­
rent s of the Control Unit and the transmitter 
should be within the limit s  tabulated on Table 

II . 

External ac ces sory resi stor R25 i s  connected 

in shunt tG the HKB tube heaters . By bypass­
ing - 3  ampere , it enables their operation in  
series  with the tube heaters of the trans­
mitter, which draw -9  amp ere . Re sistor R25 i s  

adjusted at. the factory to 208 ohms plus or 
minus 1 percent and shuul d not be changed from 
the above value . 

3 .  The plate circuit supply voltage is to  
be measured between terminal #5 and terminal 
#1 0 .  

4 . After the 
pleted, measure 
jacks , J2 and J3 , 

above adjustments are com­
at the other two metering 

to see that no current is  
flowing . Under the condition of the bias  re ­

sistor R6 being set near the center, the Relay 

Tube ,  v4 , i s  biased well beyond plate current 

cut -off, so that the current at jack J2 shoul d 

be wel l  below the limit of . 1  milliampere . 

Under the condition of no r-f signal received, 
the current at jack J3 shoul d be · well below 

the limit of . 1  rna . Any exc es sive current 

fl ow should be investigated and the fault 

cl eared before proceeding with the tests . 
(Make final check with 1 milliampere range of 

meter . )  

5 .  Measure the d-e bias voltage between 
terminal s #5 and #18 . 

6 , Oscillator P late voltage . Adjustment s 
are exactly the same as for 1 25 vol t equip ­
ment . See paragraph 6 of previous section . 

Refer to values on Table II . 

7 .  Thyratron Grid Bias Volt s .  Adjustments 

are exactly the same as for 1 25-volt equip ­
ment . see paragraph 7 of previous section . 

Refer to values on Table I I . 

8 .  Relay Tube Grid Bias Volt s .  Adjustment s 

are exactly the same as for 1 25 -volt equip ­

ment . see paragraph 8 of previous section . 
Refer to value s on Table II . 

OVERALL TEST OF COMPLETE 
INSTALLATION 

After the complete equipment has been in­
stalled and adjusted, the following test s c an 

be made which will provide an overall check on 
the relay and carrier equipment . The phase 

rotation of the three -phase current s c an be 
checked by measuring the a-c voltage across 

relay terminals 1 9 and 20 or test swi tche s B 

and C with a high resi stanc e a-c voltmeter of 
at least 1 000 ohms per volt . The reading 
obt ained should be  approximat ely o . 9  volt s  per 
ampere of balanced three-phase load current 
( secondary value ) with relay tap s  4 ,  c and H .  

Thi s  test requires that a balanced three­
phase load current of at  least 1 . 0  ampere 

( secondary) be flowing through the line ­
section protected by the HKB rel ays . At both 
terminals  of the protected line-section, re­
move the HKB relay cover and open the trip 

circuit by pulling the test. switch blade with 
the long red handle .  Put the tap screw on the 
upp er tap plate in the 4 tap , and on the lower 

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

the spare t ap screw before removing the con­
nected one . Now open test swit ches D and E on 

the relay at one end of the line section 

( station A) and insert a current test p lug or 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

strip o f  insulating mat erial into the t est 

jack on switch E t o  open the circuit through 

that switch. The above operation shorts the 

phase A to neutral circuit ahead of the 

sequence filter and disconnects the phase A 

lead from the fil t er . This causes the phase B 
and C currents t o  return to the current trans­

formers through the zero-sequence resistor in 

the filt er , thus simulating a phase A-to-

ground fault f e d  from one end o f  the line 

only . As a result , both the fault detector 

and operating element at station A should 

close their contacts . completion of the trip 

circuit can be checked by connecting a small 

lamp (not over 1 0  watts) across the t erminals 

of t est switch J ,  

N ow perform the above oper ations at the 

opposite end of the line-section (station B) 
without resetting the switches at staion A .  

This simulat es a phase - t o  ground fault ex ­

ternal t o  the pro t ect e d  line -section . The 

fault det ect or , but not the operating element 

at B should pick up , and the operating element 

at A should reset . Reste:>:'e te::;t ::;·,,::_ ;; '-';,es D 
and E at s tation A to normal (close d ) . The 

line conditions now represent a phase-to­

ground fault fed from Station B only . The 

fault det ector at A should reset and the oper­

ating element at B should pick up . Restore 

t est switches D and E at s tation B t o  normal , 

and both elements of the relay at station B 
shou l d  re s e t . For the relay in the standard 

case , the above t est can be performed using 

suitable ext ernal t est switch es . 

The above t ests have checked phase rotation , 

the polarity of the sequence fil ter output , 

the interconnections be tween the relay and the 

carrier set and the Phase A current connec­
tions to the relay at both stations . Phase 

B and C can b e  similarly checked by opening 

t est swi tches F and G for phase B, and 

switches H ;m d I for phase c .  The same pro­
cedure describ ed for Phase A is t hen followed.  

If  all the tests have been cor:1p l eted with 
satisfactory results, 
both l ine t erminal s 

the t est swi t ches at 

should be c l o sed ( cl ose 
the trip circui t test switch last ) and the re­
lay cover rep l aced. The equipment is now 
ready to prot ect the l ine- secti o n  to which i t  

1 8  

is connect e d .  

MAINTENANCE 

Since the control Unit has no front-of-panel 

controls , it requires no at t ention except 

maint enance as described in the following 

paragraphs. The unit cannot be taken out o f  

service without taking t h e  entire assembly out 

of service . 

Every three months an overall inspection 

should be made t o  see that no excessive cor-

rosion has developed due to fumes or conden -

sation of moisture . Any accumulate d  dust and 

dirt should be cleaned out , as often as once a 

month in some localities . 

Tubes 

At the end of each year of operation , the 

tubes should b e  removed from their sockets, 

and their contacts inspect e d  fur possible dirt 

or corrosion . If there is any discoloration , 

it r.;a,y- be removed by the use of very fine 

sandpaper . In order to assure maximum tub e 

life , it is very important that the resistance 

of the contacts be kept to an absolut e mini­

mum . I f necessary , this cleaning operation 

should be performed more frequently than indi­

cat ed above . 

Resistors 

The resistors are operat ed well within there 
ratings, and should not fail during the life 

of the unit . In the acc essory equipment , ·  the 

ferrule resist ors should b e  remov ed from their 

clips at the end of each year ' s  operat i on ,  and 

the ferrules and clips cleaned of corrosion 

with crocus cloth or very fine sandpaper . In 

a corrisive atmosphere a film of vaseline wil l  

re duce trouble . 

TYPE JY HKB C ONTROL UNIT COMPONENT PARTS 

1 25/250 volts d-e 

S '.yle : 1 4 7 1 84 1 A  

El ectri cal Parts per Component Parts List 

( Dw � .  7o l L 21 5 ) , except resistors R2 3 ,  R24 , and 

R?5 and tubes . style: 1 4 7 1 84 0 -A- as ab ove , 

but with tubes. 
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TYPE HKB RELAY AND CONTROL UNIT l . l. 4 1 -952 

NUMBER 
SYMBOL REQUIRED 

C l *  l 
C2 l 
C 3  l 
c4 l 
C 5* l 
C6* l 
C7* l 
C8# l 
C 9# l 
C l O# l 
C l l# l 

J l  l 
J2 l 
J3  l 

Ll* l 
Ll# l 

Rl l 
R2 l 
R3 l 
R4 l 
R'J* l 
Ho l 
R7 l 
Ri3 l 
R9 l RlO l 
R l l  l 
Rl2  l 
Rl3 l 
Rl4 l 
Rl'j  l 
Rlo l 
Rl7 l 
Rl8 l 
Rl 9 l 
R20 l 
R2l l 
R22* l 
R23 l 
R24 l 
R25 l 
R26# l 
R27# l 
CR -1# l 

Tl l 
T2 l 
T3* l 

Vl l 
V2 l 
V3 l 
vu l 

X l -XIt 4 

C O M P O N E N T P A R T S  

NAME RATING 

CAPACITORS 

Thyratron P late to P l at e  
Thyratron Output 
Rectifier Doub l er Input 
Rect ifier Doubler Output 
Transformer By-Pa s s  
Thyratron Grid By-Pass  
Thyratron Grid  By -Pass 
Delay Fil t er 
Thyratron P l ate  to Plate 
Thyratron Gri d By-Pass  
Thyratron Grid By-Pass 

METER JACKS 

Tube Heaters 
Re l ay Tub e P l at e  & Screen 
Rec t i fier Doub l er Output 

REACTORS 

Carrier Start C ircuit 
De lay F i l ter 

RESISTORS 

Carrier Start Thyratron 
Carrier Start Thyratron 
Relay Thyratron Plate 
Relay Thyratron Plate 
Thyratron B i a s  
Relay Tube Bias 
Heater Shunt 
-�mp l ifier Bias 
Amp l ifier Bias 
Amp l ifier BiC<s 
Amp l i f i er B i a s  
Bias Rest oring 
Bias Rest oring 
Bias Re st oring 
Thyratron Grid 
Thyratron Grid 
Thyratron Cathode 
Rec t i fier Doubl e r  Input 
R e c t i fier Doub l er Output 
Relay Tube Grid 
Tube Shel l  Grounding 
Reactor Shunt 
Heater Seri es  
Heater Seri e s  
Heater Shunt 
Thyratron Bias 
Thyratron Bias 
Rectox 

TRANSFORMERS 

Thyratron Input 
Relay Tube Output 
Receiver -Audio 

TUBES 

P late 
Plate 

Carrier Stort Thyratron-Gas 
Re l ay Thyrat ron-Gas 
Rectifier Doub l er-Vacuum 
Relay Tub e -Vacuum 

TUBE SOCKETS 

Octal Tub e Socket 

. 05 Mfd . , 6oo v. d-e 

. 05 Mfd . , 6oo v .  d-e 

. 0056 Mfd . , 600 V .  d-e 

. 0056 Mfd . , 600 V .  d-e 

. 0039 Mfd , , 500 V .  d-e 
22 MMF . ,  500 V .  d-e 
22 MMF . ,  500 V. d-e 
.1 Mfd . ,  6oo v. d-e 
. 25 Mfd . ± 20% 600 v. d-e 
. 0022 Mfd . � 1 0% 500 v. d-e 
. 0022 Mfd. � 1 0% 500 v. d-e 

} We ster E l e c tric 232A 
or 

Cook E l e c t ric JK - 24 

7 henri e s ,  25 rna . d-e , 1+4 0  ohms d - e  resistance 
S#l 336�43 ,  1 0  hy , 7000../"\...d-c . resi stan c e  

1 6 , 000 ohm s ,  2 2  wat t ,  tapp ed 
2 , 000 ohms , 21 wat t ,  adjustab l e  ( l  band ) . 
2 , 000 ohm s ,  2 1  watt . 
8 , 000 ohm s ,  12  watt . 

50 ohm s ,  2 2  wat t ,  adjustab l e  ( l b and ) . 
2 , 000 uhm s ,  22 watt , ad jus t ab l e  ( l  band ) . 

160  ohm s ,  4 5  wat t . 
6 . 3  C!hm s ,  4 5  watt . 

1 0  ohrr.s , 4 5 watt . 
2 . 5  ohr1s , ?l  wat t . 

4 uhrr; s ,  4 5 watt . 
5 , 600 ohms l wat t . 

0 . 1 1  ' l wat t . 
91 , 000 ' l wat t .  

0 . 1  megohm , l wat t .  
0 . 1  l wat t . 

2 , 't 00 l w;:t t . 
2 , 000 ohrr, s ,  1 watt . 

51 , 000 ohm s ,  l wat t . 
51 , 000 ohms 1 wat t . 

0 .  2"( ' l wat t . 
5 , 1 00 ' l wat t . 

6 3  ohrr.s , wire wound , adjustable ( 1  band ) . 
63 ohm s ,  1vire wound, adjustab l e  g band ) .  

250 ol1rr, s ,  wire wound,  adjust3.ble b ands ) .  
1 00 ohrr. s ,  2 2  wat t ,  adjustab l e  � i band l . 
1 00 0hrns , 2 2  watt , adjustJ.b l e  bar.d . 

S#l l 91"74 1+ 

l/4 rat io  tapp e d  secon dary , L426682 
2500/500 ohms Imp edance  Rat i o ,  L42G54C) 
2500/500 ohms Imp edan c e  Rat i o ,  L� 26549 

Type 20c)o 
Type :CO')O 
Type  
Tyr'e 

( From Dwg . T761 4 2 l � - l 4 ) .  

·• C '.� n t r c  l Unit S#86795� A onl y .  
C c n t r : · l  u�ti t S#l 471841  on ly . 
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TYPE HKB RELAY AND CONTROL UNIT --------------

ORDERING INFORMATION 

The Westinghouse Electric  C orporation i s  

prepared to supply any o f  the listed part s for 
servicing this unit . Orders should specify 

that they are for the Type JY, HKB Control 
Unit ,  and mention the unit style number and 

circuit symbol wher e it is given , All orders 

must sp ecify the rating as well . 

ACCESSORY GROUP COMPONENTS 

Not e :  Item l or 2 will  be supplied with the 

HKB Control 
tion . Tubes 
Unit . 

Unit for the appropriate app lica­

are included with the control 

l .  Acces sory Group for 1 25 volt s . 

styl e :  867955 
Electrical Part s - Resistors R23 & R24 
Mounting panel for R23 and R24 . 

2 . Acce ssory Group for 250 volts ( less  ex­

ternal heater series  resi stor ) . 

IO T£1rMINA/L5 N�EI> 

IIJ I"O ;J:.7 "" .5ND/IW.t. 

17 TC_LS _,_.,-.., 

, ,..., 17 1U -

style : 867956 

Electrical Part s - Resistor R25 
Mounting panel for R25 . 

PART m - TYPE HKB TEST FACILITIES 

APPLICATION 

The type  HKB test facLlities provide a 
simple manually operate d  test procedure that 
will  check the combined relay and carri er 

equipment . The t es� can b e  performed without 
the aid of instrument s .  The result s  given 
assurance that all equipment is in normal 
operating condition without resorting to more 
elaborate test procedures . 

CONSTRUCTION 

Test Switch 

The type W test switch i s  provi ded with 

eight pairs of contact s ,  two pairs of which 

6 - C -4159  

Fig. 11 - 0utline And Mounting Plan Of The Type HKB Control Unit For Type JY Carrier. For Reference Only. 
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TYPE HKB RELAY AND CONTROL UNIT _____________ ____;_:_;L t:.:..... 4..:..:..1 -....:....:9s:.::.2 

are closed in the "carrier on" position . The 
contact arrangement is shown in Fig . 1 2 ,  and 

the outline and dril ling plan in Fig . 1 5 ,  
These c ontacts  are used t o  co�plete the HKB 

trip circuit and the al arm circuit is indi ­
cated in Fig . 1 2  by contact s  1 ,  2 ,  and 7 ,  8 .  

I n  the "carri er off" position the HKB trip 
circuit is op ened through c ontacts  1 and 2 ,  
but the  alarm circuit remains closed .  Two 

test  positions to the right of the " carrier 
off" positions are provide d .  When the switch 

i s  moved to either of these  positions , the re­

lay trip and alarm circuits  are interrupted 
and a red al arm light i s  turned on by switch 
contact 3 and 4 .  Moving the switch to the 

� 1 position wil l  connect the output of the 
auxiliary test  transformer directly to the HKB 

terminal s number 25 and 26 , through the typ e W 
contact s numb er 9 and 1 0 ,  1 1  and 1 2 .  Moving 
the switch to the TEST 2 position will connect 
the test  transformer with a reversed polarity 

to the HKB relay through switch contacts  1 3 ,  

14  and 1 5 ,  16 . 

STATION BUS PHASE ROTATION A,B,C 

A B C 

CARRIER 
OFF 

ITST I ON TEST2.EB 

SWITCH 
PLATE 

CARRIER SWITCH 
POSITION 

�NTACT T�T ����� ,�;;� 1 .. �� 
1-2 X 3 4 X X 5-6 X X 7-B X 9-10 X 11-12 X 13-14 X 
15-16 X 
X DENOTES CONTACT CLOSED 

Auxiliary Test Transformer 

The auxiliary test transformer is des igned 

to operate from a 115 vol t ,  60 cycle  power 
source . Four secondary 
and 4 are provided to 

the test current . The 

tap s  numbered 1 ,  2·, 3 ,  
vary the magnitude · of  

tap numbers equal the 

current in amperes that will be passed  through 
the relay when ground tap H is used . If the 
relay is c onnected to use ground tap G , ap ­

proximately two times the transformer tap 

value ( 2 , 4 , 6 ,  or 8 amperes ) wil l  be passed 

through the relay . The outline and drill ing 

plan of the transformer is shown in Fig . 13 . 

Indicating Lamp s 

The red and blue indicating lamp s are 
standard rectangular Minalites . Outline and 
drilling dimensions are given in Fig . 15 . 

ADJUSTMENT 

Choose a transformer tap that wi l l  provide 

6-c -4 428 

Fig. 1 2-Schematic Connections Oi Type HKB Relay And Test Facilities. 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

approximately two times the phase-to -ground 

current setting of the HKB relay as previously 
determined .  

OPERATION 

A multi-contact swit ch i s  provided at each 

l ine t erminal which serves the dual functions 

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

This switch is arranged to apply a singl e 

phase current to the HKB relay to simulated 

int ernal and through fault conditions . Relay 
operation i s  noted by observing a blue in­

dicating lamp connected in the HKB relay trip 

c ircuit . During the test  the HKB trip c ir­

cuit to the line breaker is  opened and a red 

warning l ight is energized through auxiliary 

contacts on the test  switch . 

Use of the auxiliary t est equipment i s  to be  
limited to  provide a simp lified test after the 

initial install ation tests  have been performed 
as describ ed in part II of this  instruction 

l eaflet . 

The test apparatus is to be connected as 

shown in Fig . 12 with the auxiliary test  

transformers energized from 1 1 5  volt , 60 cyc l e  
power sources at each l ine terminal that are 
in phase with each other . The following oper­
ation procedure as sumes that the same polarity 
is used in connecting the test  transformer at 
each l ine t erminal . 

l .  Turn the carrier test switch at both 

l ine terminal s to CARRIER OFF . 

2 .  Turn the carrier test swit ch to TEST l 

at line t erminal #1 . The local relay shoul d 

22 

operat e to transmit 
carrier , and trip . 
by the blue l ight . 

3 .  

line 
Turn the HKB 

terminal #2 

half cycle  impul ses  of  
Tripping wil l  b e  indi cated 

test  switch at  the 

to TEST l .  Thi s  

remote 

wil l  
s imulate an internal fault fed from both l ine 

terminal s .  The relay at line t erminal #2 wil l  

trip , and the relay at l ine terminal # 1  wil l  

remain tripped . Tripping wil l  be indicated  by 

the blue light s at each l ine terminal . 
carrier wil l  be transmitted in half cyc l e  im­

pul ses simultaneously from each end of the 
l ine . 

4 .  Reset the HKB 
nal #1 . The rel ay 

and turn off the 

test switch at line t ermi ­

at terminal #l wil l  reset 

b lue l ight . The rel ay at 

t erminal #2 wil l  hol d  its  trip contact closed,  
l ighting the  blue l ight . 

5 .  Turn the HKB test  switch at line termi ­

nal #1 to TEST 2 .  This condition wil l  simu­
late an external fault . The trip contact s  of 

both relay ,  wil l  b e  held open anq the blue 
l ight wil l  be extinguished .  

6 .  Reset the test  switches at both l ine 

terminal 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 S#l338284 

Type  w Test Switch 3#1:584284 for l/8 " p anel 

mount ing . 

Typ e w Test switch S#l 584285 for l -1/2" panel 

mounting . 
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TYPE HKB RELAY AND CONTROL UNIT _____________ ,_. L_. 4_1 -9:....:.:::s2 

(J1 
"' ' -

1� 

-$-

1 
j 

(])I-

f 

S2 8 1 3 -D-5861 

• -$s<c • . / 90 - 3 2.  SCREWS 
4 TE RMINALS 

• .. . , 
� <I>  .. F 3 

U1 
6jliii 

�� �======� 

Fig. l3-0utllne And Drilling Plan Of The Type HKB Test 
Transformer. For Reference Only. 

TYPE 'W" TEST SWITCH 

La'"� 32 
INDICATING LAMP 

1 1 -D- 9486 

rRO!/IT VIEW 

Fig. 14-lnternal Schematic Of 

The Type HKB Test Trans­
former . 

..5._" 1 6  DIA.(3) 

DRILLING 
PLAN 

6 - c - 4 o6o 

Fig. 15-0utline 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 -952 A 

INSTAL LATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE HKB RELAY, CARRIER CONTROL 
UNIT (TYPE JY) AND TEST EQUIPMENT 

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 transmis sion 

line section . Simultaneous tripping of the 

relays at each line terminal is obtained in 

three cycles  or less  for all internal faults  

within the limit s  of the relay settings . The 

relay operates  on line current only ,  and no 

source of a-c l ine 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 . 

PRINCIPLE OF 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 exist s . The three-phase l ine currents 

energize a sequenc e network which gives a 
s ingle-phase output voltage proportional to a 
combination of sequenc e components of the line 
current . During a faul t ,  this single-phase 
voltage control s 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 
terminal s  in this manner , and is rec eived at 

the opposite ends where it i s  compared with 

the phase position of the local sequence 
network output . This comparison takes place 

in the grid circuit of a vacuum tub e . The po­

l arities of the voltages to be compared are 

such that for an internal fault ,  plate current 

flows on alternate power-frequency half­

cycles . A relay connected in the plate cir­
cuit of the vacuum tube op erates  under this 

SUPERSEDES I .L. 41 -952 
*Denotes change from superseded issue. 

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 c ircuit 

relay does not operate . 

Since this relaying system operat es only 

during a fault , the carrier channel is availa­
ble  at all other times for the transmi ssion of 

other functions . 

PART 1 - TYPE HD RELAY 

CAunON Before putting relays into service ,  

�emove all  blocking which may have been in­
serted for the purpose of securing the p arts 

during shipment , make sure that all moving 
parts operate freely, inspect the contact s  to  

see that they are clean and close properly, 

and operate the relay to check the settings 
and electrical connections . 

CONSTRUCTION 

The relay consists of a combination posi­

t i ve , negat ive and zero s e quen c e  n e twork , a 

s aturating auxiliary transformer , two Rectox 
units ,  two polar relay unit s ,  a telephone-type 
relay, a neon lamp , contactor switch and 
operation indi cator all mounted in a Type M-20 
Flexitest Case . 

w_,en the standard p r o j e c t ion case is sup­

pliE d ,  the sequence network, tap p lates , and 

saturating auxiliary transformer are mounted 

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 mount ed in the relay case proper . The 
t aps  and terminal numbers of the relay in the 

standard case and the external box correspond 

to those in the type FT case . ( see Figure s 1 ,  
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

CONTACTOR S'ltiTC L_t-"�=::::t==-'fij;'::::J 
LOWER CONTA.CT 

N�ON LAMP 

FORPHA.�E 

ROTATION A_ B., C 

3 W INDING 

MUTUAL REA.C.TOR. 

1 3 -D-5784 

� 
J

:::::ERMINALS 

------- OPERATION INDICATOR 

FULL WAVE 
REC.TI FIE.R'5 

ADJLINK 

UPPER POL�R 
R.E..l...A.YELEMILNT 
IOO ..A.. 

-LOWER POLAR 
RI!.LAV E.LE.ME.NT 

SATURATING 
TRANSFORMER 

SHORTCIROJ\1' SWITcH 

RI!!D HANDLE 

TO RELAV 

URRE.NT TEST JAC.K 
TO BASE TERMS 

Fig. 1-Internal Schematic Of The Type HKB Carrier Relay 
In The Type FT Case. 

2 ,  and 3 ) . Terminal s 1 8 ,  1 9  and 20 of the ex­

ternal box are to be connected to the c or're ­

sp onding t erminal s of the relay i n  the stand­

ard c ase . Otherwi se , all external conne cti ons 

for the relay in the standard pro jection case 

or in the typ e FT case are made to the same 

terminal s .  

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 z ero - sequence resistor, 

R0 , cons i s t s  of three resi stor tub es t appe d  to 

obtain settings for various ground fault 

c onditions . The other resi stor R1 is a formed 

s ingle wire mounted on the rear of the rel ay 

sub -base . The output of thi s network provides 

a vol tage acro s s  the primary of the saturating 

transformer . 

The l ower t ap b l ock provides for adjustment 

of the relat ive amount s of the positive, nega­

tive and zero sequenc e c omponent s of current 

in the network output . Thu s ,  a s ingl e  rel ay 

2 

ONTA.CTDR SWITCH 

PER ... TION INDICATOR 

1 3 -D- 5903 

FULL WAVE RECTI FIE�! �""'----�o:�:����E����T 
TE!>T .S.WITCH 

RE.A.R VIEW 

Fig. 2-Intemal Schematic Of The Type HKB. Carrier Relay 
In The Standard Projection Case. 

e l ement energized from the network c an b e  used 

as a fault det ector for al l typ e s  of faul t s . 

Saturating Auxiliary Transformer 

The voltage from the network i s  fed into the 

t app ed primary ( upper tap plat e )  of a small 

s aturating transformer . Thi s 

a neon l amp connected acro s s  

u s e d  to l imit the voltage 

fault dete ctors (polar rel ay 

c arrier control Uni t ,  thus 

transformer and 

it s sec ondary are 

impre s s e d  o n  the 

el ement s )  and the 

providing a small 

range of vol t age for a l arge variation of 

maximum to minimum fault current s .  Thi s pro­

vides high operating energy for l ight faul t s ,  

and l imit s  the operating energy for heavy 

fault s  to a reas onable value . .  

The upp er t ap p l at e  change s  the output of 

the saturating transformer,  and i s  marke d  in 

amp eres required to p i ck up the l ower fault 

detector el ement . For further discussion, s e e  

sect ion entitled,  " s ettings " .  

Rectox Unit s  

The secondary o f  the saturating transformer 

feeds a bridge -connected Rectox Unit ,  the out ­

put of whi ch energizes the polar fault det e c ­

t o r  el ement s . A s e c ond Re ctox , energized from 

the output of the Control Unit ,  suppl i e s  a d-e 

voltage to the t e l ephone rel ay element which 

operate s only for an internal faul t . The use 
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TYPE HKB RELAY AND CONTROL UNIT ____________ _::I·=L·:.....:":..:.1 ·..:.:.9s=:::2A 

A 

B 

c 

/'( 

3 W/NO/N" 
MVTVAL REACTOR 

FOR PHASE 
I?OTAT/ON A, B,C 

TOP VIEW 
3 .RES/STOH TUBES 

13-D-5952 

Fig. 3 - Internal Schematic Of The Sequence Network 
Used With The Type HKB Relay In The Standard 
Projection Case. 

of s ensit ive polar relay keeps down the energy 

required from the current transformers . 

P olar-Type Relays 

Thes e  el ements c on s i st of a rectangular 

shap ed magnetic frame , an electromagnet , a 

permanent magnet , and an armature with a set 

of contac t s . The p o l e s  of the p ermanent 

magnet c l amp directly to each s ide of the 

magnet i c  frame . Flux from the permanent magnet 

divides int o two p aths , one p ath acro s s  the 

air gap at the front of the el ement in which 

the armature i s  l oc ated, the other acro s s  two 

gap s  at the base of the frame . Two adjustable 
s crew type shunt s which require no locking 

s c rews are l o cated acro s s  the rear a ir gap s . 

The se change the reluc tance of the magnetic 

p ath s o  as t o  force s ome of the flux thru the 

moving armature which is fastened to the leaf 

spring and attached to the frame midway b e ­

tween t h e  two rear air gap s . Flux in the 

armature p olarizes it and creat e s  a magnetic 

b i as causing it to move toward one or the 

other of the p ol e s , depending up on the adjust ­

ment of the magnetic shunt s crews . 

A coil i s  p l ac e d  around the armature and 

within the magnet i c  frame . The current which 

fl ows in the coil produc es a magnet i c  field 

which opp o s e s  the permanent magnet field and 

acts to move the armature in the contact -clos­

ing dire ction . 

C ontactor Switch 

The d-e contactor switch in the relay is a 

small s ol enoid type swit ch . A cylindrical 

plunger with a s ilver di sc mounte d  on i t s  

l ower end moves i n  t h e  core ol' t h e  solenoi d .  

A s  the p lung er travel s upward, the di s c  

bridges three si lver stati onary contac t s . The 

coil is in seri e s  with the main c ontac t s  of 

the relay and with the trip coil of the 

breaker . When the rel ay contac t s  clo s e , the 

coil b ecomes energized and closes the switch 

c ontac t s . Thi s shunts the main relay c ontact s  

thereby relieving them of the duty of carrying 

tripp ing current . The s e  contac t s  remain 

closed unt il the trip circuit is opened by the 

auxil iary switch on the breaker . The c on­

t actor switch i s  equipped with a third p oint 

which i s  connected to a t erminal on the relay 

t o  operate a bell al arm . 

Operation Indic ator 

The operation indi c at or is a small solenoid 

coil conne c t ed in the trip circuit . When the 

coil is energi zed, a spring-restrained arma­

ture releases the white target which fal l s  by 

gravity to indicate completion of the trip 

c ircuit . The indic at or is reset from out s i de 

of the case by a push rod .  

CHARACTERISTICS 

The overall operat ing characteri stic of the 

HKB relay and c arrier equipment is shown in 

Figure 4 .  Thi s shows the current in the 

operating relay el ement ( telephone -typ e relay ) 
plotted against the phase angle difference b e ­
tween the fault current s a t  opposite ends o f  

the line . A s  indicated, the operating el ement 

will trip when the phase angle departs ap ­

proximat ely 60 ° from the in-phas e ,  or through 

fault condition . As the electronic control 

circuits operate under a saturate d  condit ion, 

the shape of thi s curve will not change 

materially over a wide range of fault cur­

rent s . 
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TYPE HKB RELAY AND CONTROL UNIT 

The sequence network in the relay is  arrang­

ed for several pos sible  combinations of se­

quence component s .  For most app li cations , the 

output of the network will c ontain the posi­

tive , negative and zero s equence components of 

the l ine current . In this case,  the tap s  on 

the upper tap plate indicat e the balanced 

threephase amperes which will p ick up the low­
er or carrier start fault detector ( FDl ) .  The 

upper polar el ement (FD2 ) ,  which supervi ses 

operat ion of the telephone-type relay ,  is  ad­

justed to pick up at a current 25  percent 

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

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

primary of the saturating transformer , For 

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

tive sequence current has been introduced to 

allow the fault det ector FDl to  pick up at 86% 
of the tap setting . 

detector wil l  pick up 

the tap setting . This  

For BC  fault s ,  the fault 

at approximately 50% of 

difference in p ick-up 

current for different phase -to-phase fault s  is 

fundamental ; 
at which the 

and oc curs because of the angles  

positive and negative sequence 

e cmp onents of current add together . 

With the sequence network arranged for 

positive , negative and zero sequenc e output , 

there are some applications where the maximum 

l oad current and minimum fault current are t oo 

cl ose together to set the relay to p ick up 
under minimum fault current , yet not operate 
under l oad . For the s e  case s ,  a tap is avail ­

abl e  which cuts the three phase sensitivity in 
half ,  whil e  the phase-to -phase setting is 

substantially  unchanged .  The relay then trips 

at 90% of tap value for AB and CA fault s ,  and 
at twice  tap value for three-phase fault s .  
The setting for BC faults  i s  65 percent of tap 
value . In some cases , it may b e  de sirab l e  to 

eliminate response to positive sequence cur­

rent entirely,  and operat e the relay on neg­

ative -plus -zero sequenc e current . A tap is  

avail able  to  operate in  th•is manner . The 

fault detector picks up at 95% of tap value 
for all phase-to-phase fault s ,  but is  unaf­

fected by balanced l oad current or three -phase 

faul t s . 

For ground fault s ,  separate taps are availa­

b l e  for adjustment of the ground fault sensi -
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Fig. 4-Typical Overall Operating Characteristics Of The 
Type HKB Carrier System. 

tivity to about 1/4 or 1/8 of the upp er tap 

plat e  setting . see Tab l e  II . For examp l e , if  

the upper tap plat e  is s et at  tap 4 ,  the fault 

detector (FDl ) p ick-up current for ground 

fault s  can b e  either 1 or 1/2 ampere . In 

special applications , it may be desirab l e  to 

eliminate response to zero sequence current . 
The relay is  provided wi th a tap t o  a llow s u c h  

operation . 

SETTINGS 

The HKB relay has 
adjustment of the 

sensitivities  and 

separate tap plates  for 

phase and ground fault 
the sequenc e comp onents 

included in the netwcrk output . The range of 

the avail ab l e  taps is  sufficient to  cover a 
wi de range of app lication . The method of de ­

termining the correc t taps  for a given instal ­

l ation is  discus sed in the foll owing para­

graph . 

In all cases , the similar fault detectors on 

the relays at both terminal s of a l ine section 

must be s et to p ick up at the same value of 

l ine current . Thi s  is  neces sary for c orrect 
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TYPE HKB RELAY AND CONTROL UNIT _____________ ,._L._4_1 _-9s_2A 

blocking during fault s  external to the pro­
tected line section . 

Sequence comb ination Taps  

The two halves of the lower tap plate are 
for connecting the sequence network to provide 

any of the c ombinations 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 rela­

t ive amount s of positive and negative sequence 
sensitivity . Operation of the relay with the 
various taps  is given in the table  below .  

Sequence Components on Lo-wer Fault Detector FDl Pick Up b. 
Comb . In N etwork Output Tap B l o c lc  3f5 Fau l t  f5 - f5 Fault 

Left Rie:ht � �  
G or H* Tap Value SE% Tap ValuP 

( 53% on BC Fault ) 
Pa s . ,  Ne g . ,  Zero B G or H 2x Tap 90% Tap Value 

r-----------------+---+-----�----v_a_lu_e-r'(6�5�%_o_n_B_C_F_au_l_t�) 

A 

3 Neg , ZPro G or H 95% Tap Value 

Taps F, G 
fault 

H are Z P r o -secuPnce 
Sep s p c -f : on on 

Fault detec tor FD2 i s  set t o  p i c k  u p  at 125% of F D l  for 
a two - t erminal line, or 250% of FDl for a three- t erminal 
Hne . 

Positive-Sequenc e current Tap and FD2 Tap 

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

8 ,  and 1 0 .  As ment ioned before , the se numbers 

represent the three-phase ,  fault detector FDl 
p ickup current s ,  when the relay is connected 

for positive , negat ive and zero sequence out­

put . The fault det ector FD2 closes  its con­
tact to allow tripping at current value 25 

perc ent above the fault detec tor FDl setting .  

This  25 perc ent difference is  necessary t o  in­

sure that the carrier start fault detectors 
(FDl ) at both ends of a transmi ssion l ine 
section pick up to start carrier on an ex­
ternal fault before operating energy is ap ­

plied through FD2 . 

For a three -t erminal line , the tap l ink on 
FDl panel i s  connected to the right hand tap 

which allows FD2 to pick up at 250% of FDl 

sett ing . This is  nec essary to al low prop er 

bl ocking on three-terminal lines when approxi­
mately equal currents are fed in two termi­

nal s ,  and their sum fl ows out the third termi­

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

l ink is connected to the left hand tap , and 

op eration is as described in the previous 

paragraph . 

The taps  on the upper and lower tap plates  
shoul d be  selected to  as sure operation on 

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

larly if the carrier channel i s  to be  used for 
auxiliary fun�tions . The dropout current of 
the fault detector is 75 percent of the pick­

up current , and this factor must also be  con­

sidered in selecting the positive-sequence 

current tap and . sequence component combina­

t ion . The margin between load current and 

fault detector p ick up shoul d be suffi cient to  
allow the fault detector to  drop out after 

an external fault , when load current con­
t inues to  flow . 

Zero-Sequence current Tap 

The right half of the lower tap plate is for 
adjusting the ground fault response of the 

relay .  Taps  G and H give ground faul t sensi ­
tivities a s  listed i n  Table II . Tap F i s  used 

applications where increased sensitivity to 

ground faults  is not required . When this tap 
i s  used, the voltage output of the netwcrk due 

to zero-sequence current i s  el iminated . 

TABLE II  

Ground Fault Pickup 

comb . Lower Left 
percent of Upp er Tap Setting 

Tap Tap G Tap H 

1 c 25% 1 2% 
2 B 20 1 0  

3 A 20 1 0  

Examples o f  Relay settings 

CASE I 

As sume a two -t erminal l ine with current 

transformers rated 400/5 at both terminal s .  

Also as sume that full load current is  300 

amperes , and that on minimum internal phase ­

to-phase fault s  2000 amperes i s  f e d  in from 

one end and 600 amperes from the other end . 
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TYPE HKB RELAY AND CONTROL UNIT 

Further assume that on minimum internal ground 
... -- - --
faults , 400 amperes is  fed in from one end , 

and 100 amperes from the other end . 

Po sitive Sequence current Tap 

Secondary Values :  

5 
Load Current = 300 x 400 = 3 .75 amperes ( l )  

Minimum Phase-To -Phase Fault currents :  

5 
6oo x -- = 7 .  5 amperes 400 ( 2 )  

Fault detector FDI setting (three phase )  

must b e  at leas t :  

3 . 75 
0 . 75 5 amperes ( 0 . 75 i s  dropout 

fault detector) 

so  that the fault detector wil l  reset 
current . 

ratio of 
( 3 )  

o n  load 

In order to c omplete the trip circuit on a 

7 . 5  ampere phase-to-phas e faul t ,  the fault 

detector FDl setting ( thre.e-phase )  must be not 

more than: 

l 7 ' 5 X 0 . 866 

l 
x --1 . 25 6 .  98 amperes 

(l . 25 = _
F
_
D_2

-=-
-p_i_

ck
_

u
_
p
_ 

\ 
FD l pick up } 

( 4 )  

S equence C ombination TaP 

From a comp arison of ( 3 )  and ( 4 )  above , it 
is  evident that the fault detector can be set 
to  trip under minimum phase fault condition 
yet not op erate under maximum load . In thi s 
case , tap C on the lower l eft tap bl ock would 

be used ( see Tabl e l ,  C omb l )  as there is  

sufficient differenc e between maximum load and 

minimum faul t to use the full  three-phase sen­

sitivity . current tap 6 would be used . 

Zero Sequence Tap 

secondary Value : 

6 

5 100 X -400 = 1 . 25 amperes minimum ground 
fault current . 

With the upp er tap 6 and sequenc e tap C in 

use ,  the fault detector FDl pickup currents 

for ground faults are as 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 would be  used to 

trip the minimum ground fault of 1 . 25 amperes . 

Case fi 

Assume the same fault currents as in case 
I ,  but a maximum load current of 500 amperes . 

In thi s exampl e ,  with the same sequenc e com­
bination as in Case I ,  the faul t detectors 

cannot be set to trip on the minimum internal 

three-phase fault , yet remain inop erative on 

load current . ( c ompare ( 5 )  and (6 ) below) . 
However , by connecting the network per C ombi­

nation 2 on  Tabl e  I , the relay can  be  set to  
trip on  minimum phase-to-phase fault , although 

it will have only half the sensitivity to  

three-phase faults . Thi s will allow operation 

at maximum load without picking up the fault 
detector , and provide high speed rel aying of 
all except light three-phase faults . 

In order t o  complete the trip circuit on a 
7 .5 amp ere pha s e -to-phase  fault , the fault 
det ector t a p  mu s t  n ow be n o t  more than : 

l 7 - 5 x -- x 
1 . 25 

l 
0 . 9  6.6 ( 5 ) 

T o  be sure the fault detector FDl wil l  reset 

after a faul t , the minimum tap setting is 
det ermined as fol l ows : 

Load Current 

C . 23 
0 . 7 5  

5 
500 x -- = o . 25 amp s 

400 
( G )  

( 7 ) 
S ince the faul t det ector pickup current for 

three -pha se faults  is twice  tap value , half 

the above va lue (Eq . 7 )  shoul d be used in 

d e t ermining the min imum three -pha se tap . 

8 . 3 3  4 . 1 7 ( 8 )  
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TYPE HKB RELAY AND CONTROL UNIT ____________ ___:•:.::· L-=-· · ...:...:41_:.·9S=2.:.;_A 

From a c omp a r i s on o f  ( 5 ) a n d  ( 8 )  abov e , t a p  

5 or 6 c ou l d  be used . 

W i t h  the three -p ha s e  t ap 5 in u s e , the fault 

det e c t or p i ckup current for ground faul t s  w i l l  

b e  a s  fol l ows : 

T a p  G - l/5 X 5 = 1 . 0 a .  

Minimum t rip l . O x 1 . 2 5 a .  l .  2 5  amp . 

T a p  H -l/1 0  X 5 = 0 . 5  a .  

Minimum trip l .  25 X 0 . 5  a .  0 . 63 amp . 

There fore , tap H would be u s e d  t o  t rip the 

min imum ground faul t of 1 . 2 5 amp e re with a 

ma rgin of s a fety . 

INSTALLATION 

T he rel ays shoul d b e  moun t e d  on swit chb oard 

p an e l s  or their equiv a l en t  i n  a l o c a t i on free 

from dirt , moisture , exc e s s iv e  v i b ra t i on and 

heat . Mount the r e l ay vert i c a lly by means of 

the two moun t ing s tuds for the type FT pro­

j e c t i on c a s e  or by means of the four moun t ing 

hol e s  on the fl ange for the s emi -flush typ e FT 

c a s e . Either of the s tuds or the mount ing 

s c rews may b e  ut i l i z e d  for grounding the 

relay . The e l e c t ri c a l  c onn e c t i on s  may be made 

direct to the t e rmin a l s  by mea n s  of s c rews for 

s t e e l  p an e l  mounting or to t e rmin a l  s tuds 

furn i shed w i t h  the r e l ay for eb ony -a sb e s t o s  or 

s l a t e  p a n e l  moun t ing . The t ermina l  s tuds may 

be e a s ily removed or ins erted by l ocking two 

nut s on the s tuds and then turn ing the p rop e r  

nut with a wren ch . 

Ext erna l Re s i s t or 

A re s i s t or i s  required in the c a rr i e r  s t a rt 

fault det e c t or c i rcui t , a s  shown in Fig . 1 2  

c onnected between HK B  relay t e rminal 8 and 

b a t t ery p o s i t ive . I t s  fun c t i on i s  t o  a v o i d  

sh ort c i rcuiting t h e  s ta t i on b a t t ery throu."h 

the n orma l ly - c l o s e d  c on t a c t  of the c a rr i e r  

s t a rt fault det e c t or FD l .  

The v a l u e s  of t h i s  re s i st o r  are t abul a t e d  

b e l ow .  

S t y l e  No . 

1 33 7 1 7 9  

1337181 

D . C .  Supply 

1 2 5  v o l t s  

2 5 0  v ol t s  

Ohms 

250 

625 

Out l in e  & 
Dril ling 

Fig . 5a 

Fig . 5b 

Thi s  resistor can be mounted  on the rear of 

the switchboard in any convenient location . 

ADJUSTMENTS AND MAINTENANCE 

CA1JTION 

1 .  Make sure that the neon lamp i s  in p lace 

whenever relay operation is  being checked .  

This is  nec es sary t o  limit the voltage p eaks 
in the filter output at high current s so as to  

prevent damage to  the Rectox Units . 

2 .  When changing taps under load, the spare 

tap screw should be inserted before removing 

the other tap screw . 

3 .  All c ontact s  should be  periodical ly 

NArc\E Pt..fiTE. 

Fig. S-Outline And Drilling Plan For The External Resistor 
Used In The HKB Relay Control Circuit. For Ref· 
erence Only. 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

* cleaned . A contact burnisher S#l82A836H01 

is recommended ,  because of the danger of em­

bedding small particles in the face of the 

s oft silver and thus impairing the c ontact . 

4 .  The p roper adjustments to insure correct  

operation of this relay have been made at  the 

factory and shoul d not be disturbed after re­

ceipt by the customer . If  the adjustments 

have been changed,  the relay taken apart for 

repair s ,  or if it is desired to  check the 

adjustment s at regular maintenance periods , 

the instructions below should be followed .  

Sequence Network 

There are no adjustments to make in the 

network . 

The following mechanical adjustment s are 

given as a guide , and some deviation from them 

may b e  neces sary t o  obtain p roper el ectrical 

c alibrat ion . 

FAULT DETECTORS-GENERAL 

The sensitivity of the polar elements is ad­

justed by means of two magnetic , screw-type 

shunts at the rear of the element . These 

shunt screws are held in proper adjustment by 
a flat strip spring across  the back of the 

element frame , so no l ocking sc rews are 
required . Looking at the relay front view, 
turning out the right-hand shunt decreases the 

amount of current required to close the right­
hand contact . 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 action will be  and as 

a resul t ,  the dropout current wil l  b e  lower . 

In adjusting the polar element s ,  b e  sure that 

a definite t oggl e act ion is obtained, rather 

than a gradual movement of the armature from 

the b ack ( left-hand, front view) to the front 

( right-hand, front view) contact as the cur­
rent is increased .  

* S et the  relay taps  on 5 ,  C ,  and H .  Correct 

the panel link t o  the left -hand t erminal .  

Note : When di fferent rel ay taps are used in 

8 

service than for calibration ,  the actual pick­

up current will vary sl ightly from the calcu­

l ated value per Table I .  This oc curs because 

fractional turns cannot be used on the satu­

rating trans former primary winding . 

A .  Lower Polar E lement ( 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 air gap between the pole faces . Tight ­

en the c ontact locking nut s . Approximate 

adjustment s of the two magnetic shunt screws 

are as foll ows : 

Screw both shunt screws al l the way in . 
Then back out both screws six turns . Pass 

4 . 33  amperes ,  60 cycles , in phase A and out 

phase B .  Screw in the left hand shunt until  

the  armature moves to  the right . I f  the arma­

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

pere s ,  screw out the left -hand shunt until  

proper armature action is  obtained . 

Reduc e the current until the armature re sets 
t o  the left . This should happen at not less  

than 75% of the p ickup value , or 3 .  25  amperes . 
If the armature resets at less  than thi s 

value , it wil l  be necessary to advance the 

right hand shunt to obtain a dropout of 75% or 

greater . Thi s in turn will require a sl ight 
readjus tment o f  the l e ft hand shun t . R e c h e c k  

the p ickup and dropout point s several times , 

and make any minor "trimming " adjustments of 

the shunt screws that may be necessary to ob ­
tain correct  cal ibration . If the above pro­

cedure does not give a sufficiently high drop ­
out , a small amount of further adjustment c an  

be obtained b y  advancing the right -hand con­

tact screw a fraction of a turn . As finally 

adjusted,  the contact gap shoul d be at least 

. 030 " ,  and the action of the armature should 
be snappy at the pi ckup and dropout point s .  

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

contact screws to obtain an . 050"  contact gap 

such that the armature motion between contacts  

is  in  the central portion of the air  gap be­

tween the pole faces . Tighten the locking 

nut s .  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HKB RELAY AND CONTROL UNIT _____________ •.:.......L.:...... • .:......4t.:......·95=;..;;2A 

Fol low the same adjustment proc edure as for 
FDl , except for a pickup current of 5 . 41 am­
pere s ,  and a dropout current of at least 75% 
of pickup , or. 4 .  06 amperes . Just above the 

pi ckup current ,  there will be  a slight amount 

of c ontact vibration . Make a final adjustment 

of the two right -hand contact screws to obtain 

equal vibration of both contact s  as indicated 
by a neon lamp connected in the contact cir­
cuit . 

Operating Element (Telephone Typ e Relay)  

Adjust the contact gap to  0 . 045 " . Thi s is  

done by bending down the arm�ture contac t­

lever stop on the relay frame . Now with the 

armature in the operated position , adjust the 
armature re sidual gap to 0 . 010"  by means of 

the adjustable set screw . This gap should be 

measured just below 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 . )  across 
test switchjaws Hl and Il ( relay out of case ) . 

Connect a sourc e of variable a-c voltage ( 0  to 

10 volts , 60 cycles ) acro ss switchjaws Fl and 
Gl . The relay should pick up at 10 to 12 rna . 

direct  current in the coil circuit with sine 

wave voltage app lied to the a-c side of the 
bridge recti fier . The dropout current wil l  be 

4 to 7 rna . The contact spring tenslon can be 
changed, if neces sary , to obtain the se values . 

For the relay in the standard cas e ,  apply 

a-c voltage across  terminal s 9 and 10  and 
insert a test plug c onnected to a d-e milli­
ammeter in  the s ingl e  test swit ch jack of the 
relay . If clip l eads are used,  it  will be 

neces sary to  slip a strip of insulat ing mater­
ial such as fiber into the test switch jack 

after opening the switch blade to obtain a 

reading . 

Contactor Swit ch 

Adjust the stati onary core of the switch for 

a clearance between the stationary core when 

the switch is picked up . Thi s can be mo st 

conveniently done by turning the relay up ­
s ide-down . Screw up the c ore screw until the 
moving core start s rotating . Now, back off 
the c ore s crew until the moving core stops 

rotating . Thi s  indicates the point where the 
play in the moving contact assembly i s  taken 

up , and where the moving core just separate s  

from the stationary core screw . Back off the 

stationary core screw one turn beyond this 

point and lock in place . This prevents the 

moving core from striking and sticking to  the 

stat ionary c ore because of residual magnetism .  

Adjust the contact clearance for 3/32 inch by 
means of the two small nuts on either side of 

the Micarta dis c . The switch should pick up 

at 2 amperes d-e . Test for sticking after 
30 amperes d-e have been passed thru the c oil . 
The c oil resistance is approximately 0 , 25  ohm. 

Operation Indicator 

Adjust the indicator to operate at 1 . 0 

ampere d-e gradually appl ied by loosening the 
two screws on the under side of the assembly,  

and moving the bracket forward or backwar d .  

If  the two helical springs which reset the 
armature are replaced by new springs , they 
should be weakened slightly by stretching to 

obtain the l ampere calibrat ion . The coil 

resistance is  approximately 0 . 16 ohms . 

Repair 

at the 
parts can 

RENEWAL PARTS 

work can b e  done most satisfac torily 

factory . However, interchangeable 
b e  furnished to  the customers who 

are equipped for doing repair work . When 

ordering part s ,  always give the complete name­

plat e  data . 

ENERGY REQUIREMENTS 

Burdens measured at a abalanc ed three-phase 

current of five amperes . 

Re lay 
Taps 

A -F -) 

A -H - 1 0  

B -F - 3 

B -H - 1 0  

Pha s e  A ?ha s e  B Phase C 
VA Angle VA Angle VA Angle 

2 . 4  

3 . 25 

2 . 3  
4 . 95 

5 °  0 . 6 0°  2 . 5  

0 °  0 . 8 100°  1 . 28 

0 °  0 . 63  0°  2 . 4 5  

0 °  2 . 35 90° 0 . �  

5 0 °  

55 ° 

55 ° 

6 0 °  
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C -F -3 

C -H-10 

2 . 32 
6 . 35  

Burdens measured at a single -phase to 

neutral current of five ampere s .  

Re lay 
Tap s 

A -F-3 

A -H - 1 0  
B-F -3 

B-H -10  

C -F-3 
C -H - 1 0  

Phase A Phase B 
VA Angle VA Angle 

2 . 47 0 °  2 . 1  1 0 °  

7 . 3 6 0 °  12 . 5  53 ° 

Phase C 
VA Angle 

1 . 97 20 ° 

6 .  7 26 ° 
2 . 4 5 

16 . 8  
2 . 49 

"0 1 . 2  

0 °  2 .  09 

5 5 °  22 . 0 

0 ° l .  99 
4 1 °  3 6 . 0  

15  ° 2 .  07 
5 0 °  1 2.3 
15 ° 2 . 1 1 

38° 23 . 6  

.,. g o 

The angles above are the degrees  by whi ch 

the current lags it s re spe ctive voltage . 

PART II-TYPE HKB CONTROL 
UNIT (JY) 

CAUTION When adjusting this  equipment , al low 

the tube heaters to warm up for at least 30 

seconds before applying plate vol tage (by 

operating the relay fault detector ) . This 

precaution is neces sary to prevent damage to 

the type 2050 thyratrons .  

CONSTRUCTION 

The HKB control Unit consists of an elec­
tronic trigger c i rcuit employing two thrya­
trons ; a rectifier-doubler vacuum tube for the 
rec eived carrier and a vacuum "relay"  tube 

whi ch comp ares  the phase positions of the 

local and distant line current s .  

The general appearance and construction of 
the Type HKB control Unit is shown by the out ­

line drawing , Figure 1 1 . The entire equip ­

ment , with the exc eption of the acc es sories , 

is mount ed on a standard 3/16"  thick aluminum 

panel 1 9 "  wide and 8 -23/32"  high with standard 

notching . The front of the panel is black 

wrinkle fini shed ,  and the rear is  Nasat . The 

tubes protrude through the front panel for 

convenient installation and rep lacement . 

Jacks are provided on the front of the panel 

for current metering as fol lows : 

1 0  

Jl ( top jack ) Heater current 

J2 ( center jack ) Relay tube mission current 

J3 (bottom jack ) Rectifier-doubler output cur-
rent . 

INSTALLATION 

When used with the Type JY Transmitter and 

Rec eiver , the HKB control Unit i s  mounted in 

the same cabinet with the se panels and immedi ­

ately beneath the Rec eiver panel . The in­

struction Book for the c omplete assembly of 
which this unit is a part should be  referred 

to  for additional mounting instructions . 

Upon delivery , the unit shoul d be very care­

fully checked for damaged parts . Parti cular 

attention should be given to  any parts whi ch 

may have become l oose in shipment , or wires 
which may have broken because of vibration . 

Each HKB c ontrol Unit i s  supplied with an ac ­

ces sory group of components for adapting it  

for operat ion from 1 25 volts  d-e or 250 vol t s  

d-e .  These components shoul d be checked for 
damage and to see that none are mi s sing , and 
checked against 

the parts list  

the order or requi sition and 

in thi s book . Any shortage 

should be immediately reported to the trans ­

portation company and to the neare st district 
o f f i c e  o f  the manufac turer . 

The necessary connections from the JY 

( c abinet ) assembly terminal bl ocks to the 
switcho oard,  relay s ,  etc , ,  should be made in 
suitable  conduit . Number 12  gauge wire i s  
recommended for these connections . The con­

nection diagrams in the instruc tion book for 

the complete assembly should be followed . Be 

sure to ground terminal #1 on the HKB Unit and 

also cabinet terminal #1 . 

C IRCUIT ADJUSTMENT - GENERAL 

Do not insert the tubes into the HKB Control 

Unit until  the foll owing paragraphs dealing 
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-! DIA.DKILL 
FOR THICK 
PANELS 

� 32: DIA.DRILL (2.·HOLES) 
39-C - 942 

Fig. 8-0utline And Drilling Plan For The Standard Projection Case. See The Internal Schematic For The Terminals 
Supplied. For Reference Only. 

, /30 -32 SC/i'EJIVS \,..-OR TERM//VA� S  
7 };. L>//1. MTf!O. HO�cS (4·/IOt.ES) 

1 3 -D-5953 

Fig. 9--0utline And Drilling Plan For The Sequence Filter Used With The Type HKB Relay In The Standard Case. For 
Reference Only. 
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with c ircuit adjustments have been read . 

The HKB control Unit i s  designed to use the 
same tubes for either 1 25 volt or 250 volt 
operation .  When used on 250 volt s  d-e , the 

proper value of plate volt age for the Type 

25L6 Relay Tube is obtained from a c onnection 
at the positive end of the transmitter tube 

heaters . 

Short out the JY transmitter amplifier 
c athode resi stor with the jumpere supplied on 

the resi stor . This  connection is  for the 
normal transmitter operating condition . 

In order to obtain bias voltage for both the 

HKB Control Unit and the assosiated carrier 
transmitter , the entire d-e current drain of 
both units  i s  caused to  fl ow though a combi­

nation of resistors in the control Unit . In 
this way, adjustable bias  for the type 2050 
thyratrons and fixed bias of two different 
values ,  for the power amplifier tubes of the 
transmitter is obtaine d .  Because the adjust ­

ment procedure will follow the tabulations 

shown on Table I and II  as closely as 

possible , it  is  important to become thoroughly 

familiar with the tables . Five columns are 
included in these tables . The first column 

indicates the quantity to be checked .  The 

second column indicates the minimum value 
permis sible . The third column indicates the 

normal value . The fourth c olumr, indi cates the 

maximum value permi s sibl e .  The fifth column 

shoul d be filled in at the time of instal ­

lation , to indicate the actual value which was 
obtained .  The last column is of great im-

portance and should 
the HKB C ontrol Unit 

be filled in as soon as 
is installed . Al l  

quanti ties must be brought within the minimu:n 
and maximum value specified before the equip ­
ment can be considered to be in satisfactory 

operating condition . A copy of these values 
should be kep t with the equipment for checking 
purposes . All letters of inquiry to the 
manufacturer regarding the operation of this 

unit should be a�companied by a list  of actual 

value s of the eight quantities tabulated on 

Table I or II . 

The maximum and minimum limit s of the value s 

in the t able  do not all c orrespond to the 
same percent age . In the c ase of the power 
supply or battery voltage , the limits given 

are the maximum and minimum at which the unit 
c an be properly adjusted to operate ; and these 

limit s lnclude the maximum variation in power 
supply voltage . For instance ,  the HKB unit 
with 1 25 volt accessories c an be adjusted to  
function properly on any battery which never 

exceeds 150  volt s  or drops below 1 00 volts .  
But once  the normal voltage i s  established and 
adjustments are made for operation on that 
voltage., it should not be permitted to fluctu­

ate normally more than plus or minus five 
percent . 

The Unit has been designed to  use either 
glass or metal tubes of types 25L6 and 25Z6 , 

and the adjustment data i s  the same 
either . 

C IRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT 

for 

The numbers at the beginning of the follow­
ing paragraphs correspond to  the line number 

in the Adjustment Data Tables . 

l . The first line in the Adjustment Data 

Table is the power supply or battery voltage , 
which is to be measured at the cabinet termi ­

nal s before any of the equipment is turned on . 

The ac tual value of this voltage at the time 
of installation should be entered on the line 

in the fifth column of the data table . If lt 
is  not within the limits  of 1 00 to 150 volts  

d-e , do  not proc eed . 

2 .  Adjustment of the HKB Control Unit tube 
heater current is now to be c arried out . Since 
the bias resistor ( combination of R8 , R9, RlO ,  
Rll and R5 ) is  common t o  the heat er circuits 

of both the carrier transmitter- receiver and 

the HKB control Uni t ,  adjustment of heater 
current of one unit will affect  that of 

the other . In order to avoid difficul ty , the 
bias resistor mentioned is to be temporarily 

shorted out during the adjustment of heater 

current for both the transmitter-rec eiver and 

the HKB control Uni t . BEFORE PROCEEDING , 
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R-12 
R-2 

R-27 
R-11 RiO R-9 R-8 

6-c -441 5 

Fig. 10 - Internal Schematic Of The Type HKB Control Unit For Type JY Carrier. 

REFER TO THE INSTRUCTION BOOK FOR THE ASSEMBLY 

OF WHICH THIS UNIT IS A PART AND CARRY OUT THE 

DIRECTIONS THEREIN FOR INSERTING MAXIMUM 
RESISTANCE INTO THE TRANSMITTER-RECEIVER 
HEATER CIRCUIT . Connect a jumper wire across  
terminal s" #5 and #18 of the HKB control Unit . 

The adjusting clip on resistor R6 i s  to be  set 
roughly in the center of the resi stor . The 
adjusting clip s  on the two adjustable re­
si stors R23 and R24 ,  which are external heater 

series resistors mounted on a separate panel , 

are to be set so as to short out the least 

possible amount of these re sistors . open the 
transmitter amplifier cathode return circuit 

by inserting an open circuit plug in trans ­
mitter jack 8 .  The tubes are now to be  in­

serted into the HKB assembly of which the HKB 

unit is a part . P lug a d-e ammeter of 1 

ampere range into jack Jl and adjust the 
shorting clips of external resi stors R23 and 
R24 to obtain the correct heater current as 

given in line #2 of the table . It is desir­

abl e  to  keep the amount shorted out of each 

of these two resistors about equal so as t o  

1 4  

distribute the heat produc ed equally between 
them . When the p ower is first applied, the 

tube heater current will be above normal due 

to  the low resistance of the cold heater 
element s . consequently,  power shoul d be ap ­
plied for at l east two minutes before readings 
are taken . After the heater current of the 
HKB control Unit and the heater current of the 
transmitter-receiver have each been adjusted, 
remove the jumper wire from terminal s #5 and 
#18 of the HKB Unit . (Close the transmitter 
amplifier cathode circuit . )  

3 .  After the adjustments on the transmitter 

have been completed and the transmitter is 1fL 
normal operation measure again the heater cur­

rent of the HKB Unit as Jack Jl . If not with­

in the limit s  of line #3 in the Data Table , 

make such slight changes to the setting of the 
external resistors R23 

quired to  correct it . 

and R24 as may be  re ­

( A  similar operation 
should be carried out on the transmitter­

receiver . )  

{ 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HKB RELAY AND CONTROL UNIT _____________ ._. L_. _.,. 1_-9...;;...s2_A 

TABLE I 

ADJUSTMENT FOR HKB CONTROL UNIT ON 125 VOLTS 

see text of Instruction book for discus sion of the foll owing table . Numbers 
preceeding data refer to test p aragraph numbers . 

Quantity Min . Normal Max . Ac tual 

l .  Power supply volt s  100 . l25 o 150 .  

2 .  Heater Ampere s ,  Preliminary Adjustment # . 59 . 62 . 65 

3 .  Heater Amperes ,  Final Adjustment + . 54 . 56 . 58 

4 .  current at jack J 2 ,  Milliamperes . 0  . 0  o lO 
Rectifier•doubler Output Milliamperes at J3* . 0  . 05 . 10 

5 .  Total Bias volt s  1 1 . 14 . 17 . 

6 .  Master Oscillator Plate Volts - - -- - -- --- - - --- - 25 . 30.  36 . 

7 .  Thyratron Grid Bias Volt s  4 . 0 5 . 0  6 . 0  

8 .  Relay Tube Grid Bias Volt s  20 . 26 . 32 . 
HKB Relay Operating Element Current , Ma . 18 . 20 . 22 o 

# - The total tube heater current of the associated transmitter shoul d be adjusted to thi s 
value also . 

+ - The final value of the tube heater current of the transmitter should be within these 
limit s for the t otal , and half of these values for each branch . 

* - With no carrier being received . 

TABLE I I  

ADJUSTMENT DATA FOR HKB CONTROL UNIT ON 250 VOLTS 

see text of instruction book for discussion of the fol lowing table . Numbers 
preceeding data refer to  test p aragraph numbers . 

Quantity M in . Normal Max o 

l .  power supply Volts 200 . 250 o 300 . 

2 .  Tube Heater Amperes - Control Unit . 54 . 56 . 58 
- Transmitter . 81 . 85 . 89 

3 .  Plate Circuit supply Volt s  95 o 135 .  165 . 

4 .  current at jack J 2 ,  Milliamp eres . 0  . 0  0 . 1  
Rectifier-doubler Output Milliamperes at J3* . 0  o 05 0 . 1  

5 .  Total Bias Volt s  1 7 .  22 . 28 . 

6 .  Master Oscillator Plate Volt s -- -- ---- -- - - - - - - - 60 .  65 . 73 . 

7 . Thyratron Grid Bias volts  5 . 0  6 . 0  7 . 0  

8 .  Relay Tube Grid Bias Volts  20 .  26 . 3 2 .  
HKB Relay Operating Element current , Ma . 18 . 20 . 2 2 .  

* - With no c arrier being receive d .  

Actual 
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TYPE HKB RELAY AND CONTROL UNIT--------------

4 .  After the above adjustment s are c om­

pleted,  measure at  the other two metering 

jacks , J2 and J3,  to see that no current is  
flowing . Under the c onditions of the bias re­

sistor R6 being s et near the center, the Relay 

tub e ,  v4 , is biased well  b eyond plate  current 
cut -off, so that the current at jack J2 shoul d 

be well below the limit of . 1  milliampere . 

of no r-f signal received, 

J3 should be well below 

Under the c ondition 
the current at jack 
the limit of . 1 rna . Any excessive current 

flow should be investigated and the fault 

cleared before proceeding with the tests . 

(make final check with 1 . 5  milliampere range 

of meter . )  

5 .  Measure the d-e bias voltage between 
terminal s  #5 and #18 . 

6 . This  
obtaining 

adjustment is for the purpose of 

the correc t  Master Oscillator plate 
voltage for the transmitter . The transmitter 

must be completely adjusted and in a state of 

normal operation ( ready to be controlled by 
the HKB Unit ) .  In  making thi s adjustment it 

is neces sary to  have V1 thyratron continuously 

ignited . For control Unit S#867954A , a single  

resi stor R5 is  in  place of resistors R26 and 

R27 . Remove the lead from the R5 t�p nearer 

the panel 
#19 of the 
8#1471841 ,  

and c onnect this l ead to t erminal 
C ontrol Unit . For control Unit 

remove the lead from the R27 tap 
and connect  to terminal #1 9 .  Now turn on the 
equipment and allow the thyratrons to heat up 
for one minute .  Block open the back contact 
of the HKB lower fault detector . Thyratron 
Vl will fire and remain c onducting . Connect a 

d-e voltmeter of at least 1000 ohm-per-volt 
resistanc e between terminal #5 and terminal 

#1 9 .  Adjust R1 and R2 t o  obtain the required 

voltage as given in Table I or II . The 

transmitter should now be sending out carrier 

at its full output power . Restore all connec ­

tions to normal . 

7 -
i s  to  

The 

set 

Vl and V2 
their grid 

ob ject of the following adjustment 

the firing point of the thyratrons 

to  the proper value by adjusting 

bias . Two resistors , R26 and R27 , 
for separate adjustment of Vl 
bias in C ontrol Unit 831471841 

are provided 
and V2 gri d 

1 6  

control Unit S#867954A has a single resistor 
with two sliders (R5)  for adJustment of Vl and 
V2 grid bias . The bias can be measured be­

tween each slider and terminal #5 . 

The negative grid b ias on thyratron Vl 

shoul d be set to zero volt s . For either con­

trol unit style 867954 -A or 1471841 ,  remove 
the l ead from the slider ( on R5 or R27 )  which 

supplies  bias to Vl thyratron and connect it  

to the positive end t erminal of that resistor 
( check with a d . c . voltmeter ) .  

Set the negative grid bias on thyratron V2 

to -5 volts for 125-volt carrier s et s ,  or t o  

- 6  volts  for 250-volt sets b y  adjustment of 
the slider on resistor R5 or R26 . The bias 

voltage can be  measured from the slider  ( - )  to 

the positive end terminal (+ ) of R26 . 

With the above bias value s ,  carrier wil l  be  

transmitted for somewhat more than one-half 

cycle ( at 60 cycles ) at low value s of fault 

current . This may be seen when viewing the 
signal across  the coaxial cable  on an oscillo­

scop e .  

8 .  The foll owing adjustment covers the s e t ­

t ing o f  the relay tube (v4 )  grid bias . Plug a 
d-e milliammeter ( 0-25 rna . )  into the current 
jack on test switch Il ( top of relay ,  second 

from left end )  of the HKB relay to measure the 
operating element c oil current . Pass a cur­
rent in phas e A and out phase B of the relay 
suffic ient to pick up both FDl and FD2 fault 
detectors . With relay tap s  4,  C,  and H,  5 am­
peres should be suffic ient . The current from 
the test transformer can be used i f  de sire d .  
Reduc e the grid bias on the relay tube v4 by 
adjusting the slider U'l resistor R6 unt i l  the 
d-e mil l iammeter in relay jack Il reads 20 rr.a . 

The relay tube grid bias is  measured between 

the s l ider of R6 and terminal #5 of t h e  con-
trol unit . A voltmeter of at least 1000 ohms­

p er-volt resi stance should be use d .  carrier 

from the di stant line terminal must not be 

transmitted,  during this adjustment . All test 

c ircuits  and instruments may now be  rerr.cved ,  
and the relay test switches returned tc 

normal . 
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TYPE HKB RELAY AND CONTROL UNIT _____________ I ._L._4
_1 -_

95_2A 

CIRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT 

1 .  The first line in the Adjust ment Data 

Table is the power supply or battery vol tage , 

which is to be measured at the cabinet t ermi ­

nal s b efore any of the equipment i s  turned on . 

The actual value of thi s voltage at the t ime 

of install ation should be entered on the l ine 

in the fifth column of the data tabl e .  If i t  

i s  not within the limit s  o f  200 to 300 volt s  

d-e , d o  not proceed . 

2 .  Adjustment of the HKB Control unit tub e 

heater current wil l  be accomp l i shed along with 

the adjustment of the transmitter heater cur ­

rent , because al l the heaters o f  the assembly 

are connected in seri e s . The nec e s s ary ex-

ternal heater seri e s  resistors are a p art of 

�he acces sori e s  for the assembly of which thi s 

Unit i s  a p art ; and the instruct ions for their 

adjustments are to b e  found in the instruct ion 

book for the complete a s s embly . After the ad­

justment is c ompleted rec ord the value of cur­

rent as measured at jack Jl . The heater cur­

rents of the Control Unit and the transmitter 

should be within the l imits tabulated on Table 

n . 

Ext ernal ac c e s s ory resi stor R25 i s  connected 

in shunt to the HKB tube heaters . By byp a s s ­

ing . 3  ampere , it enables their operation in 

serie s with the tube heaters of the trans­

mitt er, which draw . 9  amp ere . Re s i s t or R25 i s  

adjusted at. the fact ory t o  208 ohms p lus or 

minus 1 perc ent and shoul d not be changed from 

the above value . 

3 .  The plate c ircuit supply voltage is to 

be measured between terminal #5 and terminal 

#1 0 .  

4 . After the 

pleted,  measure 

jacks , J2 and J 3 ,  

above adjustment s are com­

at the other two metering 

to 

fl owing . Under the 

see that no current is 

condition of the bias re -

si stor R6 b eing set near the cent er, the Relay 

Tub e ,  v4 , is b i ased well beyond p late current 

cut -off , so that the current at jack J2 shoul d 

be wel l  below the l imit of . 1  milliamp ere . 

Under the conditi on of no r-f s ignal received, 

the current at jack J3 should be well below 

the limit of . 1  rna . Any exc es s ive current 

fl ow should be inve stigated and the fault 

c l eared before proceeding with the t e s t s . 

(Make final check with 1 milliampere range of 

meter . )  

5 .  Measure the d-e bias voltage between 

t erminal s #5 and #18 . 

6 . Oscill ator P l ate voltage . Adjustments 

are exactly the same as for 1 25 volt equip ­

ment . see paragraph 6 of previous section . 

Refer to values on Tabl e  II . 

7 .  Thyratron Grid Bias Vol t s . Adjustment s 

are exactly the same as for 1 25-volt equip ­

ment . See paragraph 7 of previous sect ion . 

Refer to values on Tab l e  II . 

8 .  Relay Tube Grid Bias Vol t s .  Adjustments 

are exactly the s ame as for 1 25 -volt equip ­

ment . see p aragraph 8 of previous section .  

Refer t o  value s on Table II . 

OVERALL TEST OF COMPLETE 
INSTALLATION 

After the complete equipment has b een in­

stalled and adjusted, the foll owing t e s t s  can 

be made which will provide an overall check on 

the relay and c arrier equipment . The phase 

rotat ion of the three-phase currents can b e  

checked b y  measuring the a-c voltage acro s s  

relay terminal s 1 9  and 20 o r  t e st swi tche s B 

and C with a high resi stance a-c voltmet er of 

at least 1 000 ohms per volt . The reading 

obtained shoul d be approximat ely o . 9  vol t s  per 

amp ere of balanced three-phase l oad current 

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

Thi s test requires that a balanc ed three­

phase l oad current of at least 1 . 0 amp ere 

( s econdary) be fl owing through the line ­

section protected b y  the HKB relays . At both 

t erminal s of the protected line -section ,  re­

move the HKB relay cover and open the trip 

circuit by pul l ing the test. switch blade with 

the l ong red handl e .  Put the tap screw on the 

upp er tap plate in the 4 tap ,  and on the lower 

one in the C and H tap s . Be sure to insert 

the spare tap sc rew· before removing the con­

nected one . Now open test swit ches D and E on 

the relay at one end of the line sect ion 

( station A) and insert a current test plug or 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

strip or insulating material into the test 
jack on switch E to  open the circuit through 

that switch . The above operation shorts the 

phase A to neutral circuit ahead or the 
sequence rilter and di sconnects the phase A 
lead rrom the ril ter . This  causes the phase  B 
and C currents to return to the current trans­

rormers through the  zero-sequence resistor in 

the rilter,  thus simulating a phase A-to-
ground rault red rrom one end or the l ine 

detector only . As a result , b oth the rault 
and operating element at station 

close their c ontacts .  Compl etion 

A shoul d 
or the trip 

circuit c an be checked by connecting a small 
lamp (not over 10 watts ) acros s  the terminal s 
or test switch J .  

Now perrorm the above oper ations at the 
opposite end or the line -section ( station B )  
without resetting the switches a t  staion A .  
Jfiis  simulates a phase-to ground rault ex­

ternal to the protected line- section . The 
rault detector , but not the operating element 
at B shoul d pick up , and the operating element 
at A shoul d reset . Restore test switches D 

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

line conditions now represent a phase-to­

ground rault red rrom station B only . The 
rault detector at A shoul d reset and the oper­
ating element at B should pick up . Restore 

test switches D and E at station B to normal , 
and both elements or the relay at station B 

shoul d reset . For the relay in the standard 
case ,  the above test can be perrormed using 
suitable  external test switches . 

The above tests  have checked phase rotation, 

the polarity or the sequence rilter output , 

the interconnec tions between the relay and the 
c arrier set and the Phase A current connec ­

tions t o  the relay a t  both stations . Phase 

B and C can be  similarly checked by opening 

test switches F and G ror phase B , and 

switches H and I ror phase c .  The same pro ­

cedure described ror Phase A is then rollowed .  

Ir  all  the tests  have been  completed with 

satisractory resul t s ,  
both line terminal s 
the trip circuit test 

lay cover repl ac ed .  
ready to protect the 

1 8  

the test switches at 
shoul d be  closed (close  

switch last ) and the re ­
The equipment i s  now 
line-section to which it 

is connected . 

MAINTENANCE 

Sinc e the control Unit has no rront -or-panel 

control s ,  it requires no attention exc ept 
maintenance as described in the roll owing 

paragraphs .  The unit cannot be taken out or 

service  without taking the entire assembly out 
or service . 

Every three months an overall inspection 
shoul d be made to see that no exces sive c or­
rosion has developed due to rumes or conden­

sation or moisture . Any accumulated dust and 
dirt should be cleaned out , as orten as  once a 

month in some localities . 

At the end or each year or operation, the 
tubes should be removed rrom their sockets ,  
and their contact s  inspected ror possible dirt 

or corrosion . Ir  there is  any discoloration , 

it may be  removed by the use or very rine 

sandpaper . In order to  as sure maximum tube 

lire , it is very important that the resistance 
or the contac ts  be kept to an absolute mini ­
mum . Ir necessary, thi s cl eaning operation 
shoul d be  perrormed more rrequently than indi ­
cated above . 

Resistors 

The resistors are operated well  within there 
ratings ,  and shoul d not rail during the lire 
or the unit . In the acces sory equipment , ·  the 

rerrul e resistors shoul d be removed rrom their 
clips at the end or each year ' s  operation, and 
the rerrules and clips cl eaned or corrosion 

with crocus cloth or very rine s andpap er .  In 
a corrisive atmosphere a rilm or vaseline wil l  
reduc e trouble .  

TYPE JY HKB CONTROL UNIT COMPONENT PARTS 

125/250 volts  d-e 

Styl e :  1471841A 

Electrical Parts per C omp onent Parts Li s t  
(Dwg . 761421 5 ) , except resi stors R23 ,  R24 , and 

R25 and tubes . styl e :  1471840-A- as above , 

but with tubes . 
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TYPE HKB RELAY AND CONTROL UNIT I.L. 41 ·9S2A 

SYMBOL 

C l *  
C 2  
C 3  
c 4  
C 5* 
C6* 
C7* 
C8# 
C9# 
C l O#  
C l l# 

J l  
J 2  
J3 

Ll* 
Ll# 

Rl 
R2 
R3 
R4 
R5* 
R6 
R7 
R8 
R9 
RlO 
Rll 
Rl2 
Rl3 
Rl4 
Rl5 
Rl6 
Rl7 
Rl8 
Rl9 
R20 
R2l 
R22* 
R23 
R24 
R25 
R26# 
R27# 
CR-l# 

Tl 
T2 
T3* 

Vl 
V2 
V3 
v4 

Xl -X4 

NUMBER 
REQUIRED 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 

l 
l 
l 

l 
l 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 

l 
l 
l 

l 
1 
1 
1 

4 

C O M P O N E N T  P A R T S  

NAME RATING 

CAPAC ITORS 

Thyratron P late to P l at e  
Thyratron Output 
Rectifier Doub l er Input 
Rectifier Doub l er Output 
Trans former By - Pa s s  
Thyratron Grid By-Pas s 
Thyratron Gri d By -Pass 
Delay Filter 
Thyratron P l at e  t o  P l at e  
Thyratron Grid By -Pas s 
Thyratron Grid By-Pass 

METER JACKS 

Tube Heaters 
Relay Tub e P l at e  & Screen 
Rec t i fier Doub l er Output 

REACTORS 

Carrier Start C ircuit 
De l ay Filter 

RESISTORS 

C arrier Start Thyratron 
Carrier Start Thyratron 
Re l ay Thyratron P l ate 
R e l ay Thyratron P l at e  
Thyratron Bias 
R e l ay Tube Bias 
Heater Shunt 
Amp l ifier Bias 
Amp l ifier Bias 
Amp l ifier Bias 
Amp l ifier Bias 
Bias Restoring 
Bias Rest oring 
Bias Re s t oring 
Thyratron Grid 
Thyratron Grid 
Thyratron Cathode 
Rectifier Doub l er Input 
Re c t i fier Doub l er Output 
R e l ay Tube Grid 
Tube She l l  Grounding 
Reactor Shunt 
Heater Seri e s  
Heater Series 
Heater Shunt 
Thyratron Bias Thyratron Bias 
Rec tox 

TRANSFORMERS 

Thyratron Input 
Re l ay Tube Output 
Rec eiver -Audio 

TUBES 

P l ate 
P late 

Carrier Start Thyratron-Gas 
Relay Thyratron-Gas 
Rectifier Doub l er-Vacuum 
R e l ay Tub e -Vacuum 

TUBE SOCKETS 

Octal Tub e Socket 

. 05 Mfd . , 6oo v. d-e 

. 05 Mfd . ,  6oo v. d-e 

. 0056 Mfd . , 600 v .  d-e 

. 0056 Mfd . , 6oo v. d-e 

. 0039 Mfd , , 500 V. d-e 
2 2  MMF . ,  500 v .  d-e 
2 2  MMF . ,  500 V.  d-e 
.1  Mfd . ,  600 V.  d-e 
. 25 Mfd . ± 20% 600 v .  d-e 
. 0022 Mfd . � 1 0% 500 v.  d-e 
. 0022 Mfd . � 1 0% 500 v .  d-e 

} Wester E l e c t r i c  232A 
or 

Cook E l e ctric JK-24 

7 henrie s ,  25 rna . d-e , 440 ohms d-e r e s i stance 
8#1 336643 ,  1 0  hy , 7000�d-c . re s i st ance 

1 6 , 000 ohm s ,  
2 , 000 ohms , 
2 , 000 ohms , 
8 , 000 ohms , 

50 ohm s ,  
2 , 000 ohm s ,  

1 6 0  ohms , 
6 . 3  ohms , 

1 0  ohrris , 
2 . 5  ohms , 

4 ohm s ,  
5 , 600 ohms , 

2 2  watt , 
2 1  watt , 
2 1  watt . 
1 2  wat t . 
2 2  wat t ,  
2 2  watt , 
4 5  wat t . 
4 5  watt . 
4 5  watt . 
2 1  watt . 
4 5  watt . 
l watt . 

tapped 
adjustab l e  ( 1  

adjustab l e  1i adjustab l e  

O . l l megohms , 1 watt . 
91 , 000 ohms , ·  1 wat t .  

0 . 1  megohm, 
0 . 1  megohm. 

2 , 4 00 ohms , 
2 , 000 ohms , 

5 1 , 000 ohm s ,  
51 , 000 ohms , 

1 wat t . 
1 wat t . 

l watt . 
1 wat t . 
l wat t . 
1 wat t . 

0 .  27 megohms , 1 watt . 
5 , 1 00 ohms , 1 wat t . 

63 ohm s ,  wire woun d ,  adjustab l e  
63 ohms , wire wound ,  adjustab l e  

2 5 0  ohms , wire woun d ,  adjustab l e  
1 00 ohms , 22 wat t ,  adjustab l e  H 1 00 ohms , 22 wat t ,  adjustable 

8#1 1 94744 

band ) . 

band l . 
band . 

( 1  band l . 1 1 band • 
2 bands ) .  

band \ . 
band . 

1/4 ratio tapped s e co ndary , L426682 
2 500/500 ohms Imp e dance Rat i o ,  L426549 
2 500/500 ohms Imp e dance Rat i o ,  L426549 

Type 2050 
Type 2050 
Type 25Z6 
Type 25L6 

8#14734 5 9  ( From Dwg . T761 4 2 1 5 -1 4 ) .  

* In C ontrol Unit S#867954A only . 
#In Control Unit 8#1 471841 only . 
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TYPE HKB RELAY AND CONTROL UNIT --------------

ORDERING INFORMATION 

The Westinghouse Electric Corporation i s  

prepared t o  supply any of the listed parts for 

servicing this  unit . Orders should specify 

that they are for the Type JY, HKB C ontrol 
Unit , and mention the unit s tyle number and 

circuit symbol wher e it i s  given , All orders 

must specify the rating as well . 

AC CESSORY GROUP COMPONENTS 

Not e :  Item 1 or 2 will  be supplied with the 

HKB control Unit for the appropriate appli ca­
tion . Tubes are included with the control 

Unit . 

1 .  Acces sory Group for 1 25 volt s .  

styl e :  867955 
Electrical Part s - Resi stors R23 & R24 

Mounting panel for R23 and R24 . 

2 , Acces sory Group for 250 volt s  {less  ex­

ternal heater series resistor ) . 

JO r£/tMIN/11-S N�Cl> 
l � n> ii! 1 "1:1 �-

styl e :  867956 

Electri cal Part s - Resistor R25 

Mounting panel for R25 . 

PART ni - TYPE HKB TEST FACILITIES 

APPliCATION 

The typ e HKB test facLlities provide a 

s imple manually operated  test proc edure that 

will  check the combined relay and carrier 
equipment . 
the aid of 

The test can be  performed without 

instrument s .  The results  given 
assurance that all equipment is in normal 

operating condition without resorting to more 
elaborate test procedures . 

CONSTRUCTION 

Test Switch 

The type w test switch i s  provided with 

eight pairs of contact s ,  two pairs of which 

6 - C -4159 

�----- ·· --------� 

Fig. 11 - 0utline And Mounting Plan Of The Type HKB Control Unit For Type JY Carrier. For Reference Only. 
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TYPE HKB RELAY AND CON/TilOL UNIT ____________ ...::•·:.;;;L·=-"'.;.:.1 ..;,;·95=2A 

are closed in the " c arrier on" position . The 
contact arrangement is shown in Fig . 1 2 ,  and 
the outline and dril l ing plan in Fig . 1 5 .  
These contacts  are used t o  co�plete the HKB 

trip circuit and the alarm circuit i s  indi ­
cated in Fig . 12  by contacts  1 ,  2 ,  and 7 ,  8 .  

I n  the "carrier off " position the HKB trip 
circuit is opened through contacts  1 and 2, 
but the alarm circuit remains closed . Two 

test positions to the right of the "carrier 

off" positions are provide d .  When the switch 

is  moved to either of these p ositions , the re­
lay trip and alarm circuits  are interrupted 
and a red al arm light is turned on by switch 
contact 3 and 4 .  Moving the switch to  the 

� 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 1 0 ,  1 1  and 1 2 .  Moving 
the switch to the TEST 2 position will connect 

the test transformer with a reversed polarity 

to the HKB relay through switch contacts  1 3 ,  

1 4  and 1 5 ,  16 . 

STATION BUS PHASE ROTATION A,B,C 

A B C 

CARRIER OFF 
TEST I ON TESTZ.EB 

SWITCH 
PLATE 

CARRIER SWITCH 
POSITION 

�ACT TEST "lEST I Off ON 
""' lt::::.Ooon I '" 

1-2 X 3-4 X X s-6 X X 
7-P. X X 9-10 X 11-12 X lll-14 X 
15-16 X 
X DENOTES CONTACT CLOSED 

Auxiliary Test Transformer 

The auxiliary test transformer is des igned 

to operate from a 115  vol t ,  60 cycle power 
source . Four secondary tap s  numbered 1 ,  2·, 3 ,  

and 4 are provided t o  vary the magnitude · of 

the test current . The tap numbers equal the 

current in amperes that wil l  be passed through 

the relay when ground tap H i s  used . If the 
relay is connected to use ground tap G , ap ­

proximately two times the transformer tap 

value ( 2 , 4 , 6, or 8 amperes ) will be p assed 

through the relay .  The outline and drill ing 

plan of the transformer is shown in Fig . 1 3 .  

Indicating Lamp s 

The red and blue indicating lamps are 
standard rectangular Minalites . Outline and 

drilling dimensions are given in Fig . 1 5 .  

ADJUSTMENT 

Choose a transformer tap that will  provide 

6-c -4428 

Fig. 12-Schematic Connections Of Type HKB Relay And Test Facilities. 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

approximately two times the phase -to -ground 
current setting or the HKB relay as previously 

determined .  

OPERATION 

A multi-contact switch is  provided at each 
line terminal which serves the dual func tions 

or a c arrier on-off switch and a test swit ch . 

This switch i s  arranged to apply a single 

phase current to the HKB relay to simulated 

internal and through fault c onditions . Relay 
operation is  noted by observing a blue in­

dicating lamp connected in the HKB relay trip 

circuit . During the test the HKB trip cir­
cuit to the line breaker is opened and a red 

warning light is energized through auxiliary 
contacts 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 installation tests have been performed 
as described in part II of this instruct ion 

leaflet . 

The test apparatus is  to be  connected as  

shown in Fig . 12  with the auxiliary test 
transformers energi zed from 115 vol t ,  60 cyc l e  

power sources  a t  each line terminal that are 
in phase  with each other . The foll owing oper­
ation procedure assumes that the same polarity 
is used in connecting the test transformer at 
each line terminal . 

1 .  Turn the c arrier test switch at both 

line terminal s to CARRIER OFF . 

2 .  Turn the c arrier test switch to TEST 1 
at line terminal #1 . The local relay should 

22 

operate to transmit 

c arrier,  and trip . 
by the blue light . 

3 .  

line 

Turn the HKB 

terminal #2 

half cycle impul ses of  

Tripping will  b e  indicated 

test switch at the 

to TEST 1 .  This 

remote 

will 
simulate an internal fault fed from both l ine 

terminal s .  The relay at line terminal #2 will  

trip , and the relay at l ine terminal #1 wil l  

remain tripped  . Tripping will  be  indicated  by 

the blue lights at  each line terminal . 
carrier wil l  b e  transmitted in half cycle im­

pul ses simultaneously from each end of the 
line . 

4 .  Reset the HKB test switch at line t ermi ­

nal #1 . The relay at terminal #1 wil l  reset 
and turn orr the blue l ight . The relay at 

terminal #2 will  hold its trip contact closed,  
lighting the blue l ight . 

5 .  Turn the HKB test switch at line termi ­

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

both relay ,  will  be  held open and the blue 
light wil l  be  extinguished .  

6 .  Reset the test switches at both line 

terminals 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 S#l338284 

Type w Test switch 8#1584284 for l/8 " p anel 

mounting . 

Type W Test Switch S#l584285 for 1 -1/2" panel 

mounting . 
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Fig. l�utline And Drilling Plan Of The Type HKB Test 
Transformer. For Reference Only. 

TYPE 'W" TEST SWITCH 

L=3�---�'* 
INDICATING LAMP 

11 -D- 9486 

T£RMI;VAL!< �-£( �- - � - � - 1 

FROIVT V!£W 

Fig. 14--lntemal Schematic Of 
The Type HKB Test Trans­
former. 

DRILLING 
PLAN 

6-c -4o6o 

Fig. IS-Outline And Drilling Plan O f  The Type W Test Switch And Indicating Lamps Which Are Part O f  The Type HKB 
Test FacWties. For Reference Only. 
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