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I. l. 41-650F 

INSTALLATION • OPERATION • MAINTENANCE 

I N S T R U C T I O N S  
TYPE HKB RELAY, CARRIER CONTROL 
UNIT (TYPE JY) AND TEST EQUIPMENT 

APPLICATION 

The type HKB relay is a high speed carrier 

r elay used in conjunction with power line 

carrier equipment to provide complete phase 

and gr ound fault protection of a transmission 

line section. Simultaneous tripping of the 

r elays at each line terminal is obtained in 

three cycles or less for all internal faults 

within the limits of the relay settings. The 

relay operates on line current only, and no 

source of a-c line potential is r equired. 

consequently, the relays will not trip during 

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

carrier equipment operates directly from th e 

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 thr ee-phase line currents 

energize a sequence network which gives a 

single-phase output voltage proportional to a 

combination of sequence components of the line 

current. During a fault, this single-phase 

voltage. controls an electronic circuit which 

allows the transmission of carrier on alter­

nate half-cycles of the power-frequency cur­

rent. carrier is transmitted from both line 

terminals in this manner, and is received at 

the opposite ends where it is compared with 

the phase position of th e local sequence 

network outpu t . ·This comparison takes place 

in the g rid circuit of a vacuum tube. The po­

laritie;c of the volt:Jges to be compared are 
such that for an interGal fault, plate cur rent 

flows on al ternate power-frequency half­

cycl es. A rel ay connected in the plate cir­

cuit of the v acuum tube operates under this 
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COMPLETE REVISION 

condition to complete the trip cir cuit. During 

an external fault, the change in direction of 

current flow causes the plate current to be 

continuously blocked, and the plate circuit 

relay does not operate. 

Since this relaying system operates only 

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

other functions. 

PART I- TYPE HD RELAY 

CAUTION Before putting r elays 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 of a combination posi­
tive, negative and zero sequence ne twork, a 

saturating auxiliary transformer, two Rectox 

units, two polar r elay units, a telephone- type 

relay, a neon lamp, contactor switch and 

operation indicator all mounted in a Type M-20 

Flexitest Case. 

W�en the standard projection case is sup­

pliEd, the sequence ne twork, tap rlates, and 

saturating auxiliary transformer are mounted 

in a box which can be located on the r ear of 

the switchboard panel in any convenient po­

sition. The remainder of the relay el ements 

are mounted in the relay case proper. Th e 

taps and terminal numbers of the relay in the 

standard case and the external box correspond 

to those in the type FT case. ( see Figures 1, 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 
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Fig. !-Internal Schematic Of The Type HKB Carrier Relay 
In The Type FT Case. 

2, and 

ternal 

3). Terminal s 18, 19 and 20 of the ex­

b ox are to be connected to the corre-

sponding terminal s of the relay in the stand­

ard case . Otherwi se, all external connections 

for the �elay in the standard projection case 

or in the type FT case are made to the same 

terminal s. 

Sequence Network 

The currents from the current transformer 

secondaries are pas sed thru a network con s ist­

i ng of a three-winding iron-core reactor and 

two resi stors. The zero- sequence resi stor, 

R0, consi sts of three res i stor tubes tapped to 

obtain settings for various ground fault 

conditions . The other res i stor R1 is a formed 

s i ngle 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 

transformer . 

The l ower tap b lock provides for adjustment 

of the relative amounts of the positive, nega­

tive and zero sequence components of current 

in the network output . Thus, a single relay 

2 

FULL WAVE 
RECTIFIER� 

NEON LAM 

REAR VIEW 

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

element energized from the network can be used 

as a fault detector for all types of fault s .  

Saturating Auxiliary Transformer 

The voltage from the network i s  fed into the 

tapped primary (upper tap plate ) of a small 

s aturating trans former . Thi s  transformer and 

a neon l amp connected acro s s  its secondary are 

used to l imit the voltage impres sed on the 

fault detectors (polar relay elements ) and the 

carrier Control Unit, thus providing a small 

range of voltage for a l arge variation of 

maximum to minimum fault currents .  Thi s pro ­

vi des high operating energy for l i ght faults, 

and l imits the operating energy for heavy 

faults to a reas onable value . 

The upper tap pl ate changes the output of 

the s aturating transformer, and i s  marked in 

amperes required to pick up the l ower fault 

detector element . For further di scu s s ion, see 

section entitled, "Setting s " .  

Rectox Units 

The secondary of the saturating transformer 

feeds a bri dge-connected Rectox Unit, the out­

put of which energizes the polar fault detec­

tor elements . A second Rectox, energi zed from 

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

voltage to the telephone relay element which 

operate s onl y for an internal fault. The use 
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3 WI/VD/Nii 
MVTI/AL REACrOR 

FOR P/IAS£ 
ROTATION A,E,C 

.3 .RESISTOR TV.BES 

TOP YIEW 

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

of sensitive pol ar rel ay keeps down the energy 

required from the current transformers. 

Polar-Type Rel ays 

These el ements consist of a rectangul ar 

shaped magnetic frame, an el ectromagnet, a 

permanent magnet, and an armature with a set 

of contacts. The poles of the permanent 

magnet clamp directl y to each side of the 

magnetic frame. Flux from the permanent magnet 

divides into two paths, one path across the 

air gap at the front of the element in which 

the armature is l ocated, the other across two 

gaps at the base of the frame. Two adjustable 

screw type shunts which require no l ocking 

screws are l ocated across the rear air gaps. 

These change the rel uctance of the magnetic 

path so as to force some of the flux thru the 

moving 

spring 

tween 

armature which is fastened to the l eaf 

and attached to the frame midway be­

the two rear air gaps_ Flux in the 

armature pol arizes it and creates a magnetic 

bias causing it to move toward one or the 

other of the poles, depending upon the adjust­

ment of the magnetic shunt screws. 

A coil is pl.aced around the armature and 

within the magnetic fr ame. The current which 

fl ows in the coil produces a magnetic fiel d 

which opposes the permanent magnet fiel d and 

acts to move the armature in the contact-clos­

ing direction. 

contactor switch 

The d-e contactor switch in the rel ay is a 

smal l sol enoid type switch. A cyl indrical 

pl unger with a sil ver disc mounted on its 

l ower end moves in the core or the sol enoid. 

As the pl unger travel s upward, the disc 

bridges three sil ver stationary contacts. The 

coil is in series with the main contacts of 

the rel ay and with the trip coil of the 

breaker. When the rel ay contacts close, the 

coil becomes energized and cl oses the switch 

contacts. This shunts the main rel ay contacts 

thereby rel ieving them of the duty of carrying 

tripping current. These contacts remain 

cl osed until the trip circuit is opened by the 

auxil iary switch on the breaker. The con­

tactor switch is equipped with a third point 

which is connected to a terminal on the relay 

to operate a bell alarm. 

Operation Indicator 

The operation indicator is a smal l sol enoid 

coil connected in the trip circuit. When the 

coil is energized, a spring-restrained arma­

ture rel eases the white target which fal l s  by 

gravity to indicate compl etion of the trip 

circuit. The indicator is reset from outside 

of the case by a push rod. 

BELAYS IN TYPE FT CASE 

The type FT cases are dust-proof encl osures 

combining relay elements and knife-bl ade test 

switches in the same case. This combination 

provides a compact fl exible assembly easy to 

maintain, inspect, test and adjust. There are 

six case sizes, designated as S l O, S 20, Ml O, 

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

medium; 8nd L, the l arge size chassis frame. 

The numbers refer to the possibl e number of 

test switch positions 10 or 20. 

To remove the chassis, first remove the 

cover which exposes the rel ay el ements and 

test switches for inspection and testing 

Next open the el ongated red handl e switches. 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

These should always be opened � before any 

of the black handle switches or the cam action 

latches. This opens the trip circuit to pre­

vent accidental trip out. Then open all the 

remaining switches. With all the switches 

fully opened, grasp Xhe two cam action latch 

arms and pull outward. Using the latch arms 

as handles, pull the chassis out of the case. 

The chassis can be set on a test bench in a 

normal upright position as well as on its top, 

back or sides for easy inspection, maintenance 

and test. 

After removing the chassis a duplicate chas­

sis may be inserted in the case or the blade 

portion of the switches can be closed and the 

cover put in place without the chassis. The 

chassis operated shorting switch located be­

hind the current test switch prevents open 

circuiting the current transformers when the 

current type test switches are closed. 

When the chassis is to be put back in the 

case, the above procedure is to be followed 

in the reversed order. The elongated red 

handle switch should not be closed until after 

the chassis has been latched in place and all 

of the black handle switches closed. 

The electrical circuits are as follows; 

Each terminal in the base connects thru a test 

switch to the relay elements in the chassis 

as shown on the internal schematic diagrams. 

The relay terminal is identified by numbers 

marked on both the inside and outside of the 

base. The test switch positions are identi­

fied by letters marked on the top and bottom 

surface of the moulded blocks. These letters 

can be seen when the ch'assis is removed from 

the case. 

The potential and control circuits thru the 

relay are disconnected from the external cir­

cuit by opening the associated test switches. 

Opening the current test switch short-circuits 

the current transformer secondary and dis­

connects one side of the relay coil but leaves 

the other side of the coil connected to the 

external circuit thru the current test jack 

jaws. This circuit can be isolated by in­

serting the current test plug (without exter­

nal connections ) , by inserting the ten circuit 

4 

test plug, or by inserting a piece of insulat­

ing material approximately 1/32" thick into 

the current test jack jaws . Both switches of 

the current test switch pair must be open when 

using the current test plug or insulating 

material in this manner to short-circuit the 

current transformer secondary. 

A cover operated switch can be supplied with 

its contacts wired in series with the trip 

circuit. This switch opens the trip circuit 

when the cover is removed. This switch can be 

added to the existing type FT cases at any 

time. 

The relays can be tested in service, in the 

case but with the external circuits isolated 

or out of the case as follows: 

For testing in service the ammeter test plug 

connected to suitable instruments, can be in­

serted in the current test jaws qfter opening 

the knife-blade switch to check the current 

thru the relay. 

voltages between the potential circuits can 

be measured conveniently by clamping #2 clip 

leads on the projecting clip lead lug on the 

contact .iaw. 

For testing in the case the ten circuit test 

plug can be inserted in the contact jaws, with 

all blades in the full open position. This 

connects the relay elements to a set of bind­

ing posts and completely isolates the relay 

circuits from the external connections by 

means of an insulating barrier on the plug. 

The plug is inserted in the bottom test jaws 

with the binding posts up and in the top test 

switch jaws with the binding posts down. 

The external test circuits may be made to 

the relay elements by #2 test clip leads in­

stead of the test plug. When connecting an 

external test circuit to the current elements 

using clip leads, care should be taken to see 

that the current test jack jaws are open so 

that the relay is completely isolated from the 

external circuits. Suggested means for 

isolating this circuit are outlined above. 
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For testing out of the case relay elements 

may be tested by using the ten circuit test 

plug or by #2 test clip leads as described 

above. The factory calibr�tion is made with 

the chassis in the case and r emoving the 

chassis from the case will change the calibra­

tion values of some relays by a small per­

centage. It is recommended that the r elay be 

checked in position as a final check on 

calibration. 

CHARACTERISTICS 

The overall operating characteristic of the 

HKB r elay and carrier equipmen t is shown in 

Figure 4 .  This shows the current in the 

operating relay element ( telephone-type relay) 

plotted against the phase angle difference be­

tween the fault currents at opposite ends of 

the line. As indicated, the operating element 

will trip when the phase angle departs ap­

proximately 60° from the in-phase, or through 

fault condition . As the electronic control 

a saturated condition, 

curve will not change 

circuits operate under 

the shape of this 

materially over a wide range of fault cur-

r ents. 

The sequen ce network in the relay is arrang­

ed for several possible combinati ons of se­

quence components. For most applications, the 

output of the network will contain the posi­

tive, negative and zero sequence components of 

the line current. In this case, the taps on 

the upper tap plate indicate the bal anced 

thr eephase amperes which will pick up the low­

er or c arrier start fault detector (FDl). The 

upper polar element (FD2) , which supervises 

operation of the telephone-type relay, is ad­

justed to pick up at a current 25 perc ent 

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 . For 

phase-to-phase faults AB and CA, enough n ega­

tive sequence current has been introduced to 

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

detector will pick up 

the tap setting. This 

For BC faults, the fault 

�t approximately 50% of 

difference in pick-up 

current for differ ent phase-to-phase faults is 

fundamental; an d occurs because of the angles 

at which the positive and n egative sequen ce 

ANGLE BETWEEN CURRENTS AT OPPOS lTE 

ENOS OF LINE SECTION 

ANGLE BETWEEN 1: 1: 1� = 180° 

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

components of current add together. 

With the sequence network arranged for 

positive, negative and zero sequence output, 

ther e are some applications where the maximum 

load current and minimum fault current are too 

close together to set the r elay to pick up 

under minimum fault current, yet not operate 

under load . For these cases, a tap is avail­

able which cuts the three phase sensitivity in 

halr, while the phase-to-phase setting i� 

substantially unchanged. The relay then trips 

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

at twice tap value for three- phase faults . 
The setting for BC faults is 65 percent of tap 

value. In some cases, it may be desirable to 

eliminate response to positive sequence cur­

rent entirely, and operate the relay on neg­

ative-plus-zero sequence current. A tap is 

available to operate in this manner. The 

fault detector picks up at 95% of tap value 

for all phase-to-phase faults, but is unaf­

fected by balanced load current or three-phase 

faults. 

For _ground faults, separate taps are availa­

ble for adjustment of the ground fault sensi­

tivity to about 1/4 or 1/8 of the upper tap 
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TYPE HKB RELAY AND CONTROL UNIT 

plate setting . see Table II. For example, if 

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

detector (FDl) pick-up current for ground 

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

special applications, it may be desirable to 

eliminate response to zero sequence current . 

The rel ay is provided with a tap to a l l ow such 

operation . 

SETTINGS 

The HKB relay has 

adjustment of the 

sensitivities and 

separate tap pl ates for 

ground fault phase and 

the sequence components 

included in the network output. The range of 

the available taps is sufficient to c ove.r a 

wide range of application . The method of de­

termining the c orrect taps for a given instal ­

lation is discussed in the foll owing para­

graph . 

In all c ases, the similar fault detectors on 

the rel ays at both terminals of a line section 

must be set to pick up at the same value of 

line current. This is necessary for c orrect 

blocking during faults external to the pro ­

tected line section. 

Sequence Combination 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 

pl ate 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 

various taps is given in the table below . 

Comb. 
!i'Pult Detecto:r FD1 Flex: up 6. 

3/J Fcml t t Fault 

Valur' 
F�mlt) 

Positive -Sequence Current Tap and FD2 Tap 

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

6 

8, and 10 . As mentioned before, these numbers 

represent the three-phase, fault detector FDl 

pickup currents, when the relay is c onnected 

for positive, negative and zero sequence out­

put . The fault detector FD2 cl oses its c on ­

tact t o  all ow tripping a t  current value 25 

percent above the fault detector FDl setting . 

This 25 percent difference is necessary to in­

sure that the c arrier start fault detec tors 

(FDl) at both ends of a transmission line 

section pick up to start c arrier on an ex-

ternal fault before 

plied through FD2 . 

operating energy is ap-

For a three-terminal line, the tap link on 

FDl panel is c onnected to the right hand tap 

which allows FD2 to pick up at 250% of FDl 

setting . This is necessary to all ow proper 

blocking on three-terminal lines when approxi­

mately equal currents are fed in two termi­

nals, and their sum fl ows out the third termi­

nal of the line . For two-terminal lines, the 

link is c onnected to the left hand tap, and 

operation is as described in the previous 

paragraph . 

The taps on the upper and l ower tap pl ates 

should be selected to assure operation on 

minimum internal line-to-line faul ts, and yet 

not operate on normal load current, particu­

l arly if the carrier channel is 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 selec ting the positive-sequence 

current tap and sequence c omponent c ombina­

tion . The margin between load current and 

fault detector pick up shoul d be sufficient to 

al l ow the fault detector to drop out after 

an external fault, when l oad current con­

tinues to flow. 

Zero-sequence current Tap 

The right half of the l ower tap plate is for 

adjusting the ground fault response of the 

relay . Taps G and H give ground fault sensi­

tivities as listed in Table II . Tap F is used 

applic ations where increased sensitivity to 

ground faults is not required. When this tap 

is used, the voltage output of the network due 

to zero-sequence current is eliminated .  
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TABLE I I  
Ground Fault Pickup 

comb. Lower Left 
Percent of UPper Tap Setting 

Tap Tap G Tap H 

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

Examples of Relay Settings 

CASE I 

As sume a two-terminal l ine w ith current 

transformers rated 400/5 at both terminal s .  

Al so assume that full load current i s  300 
amperes , and that on minimum internal phase­

to-phase faults  2000 amperes is fed in from 

one end and 600 amperes from the other end. 

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: 

5 
Load Current = 300 x -- = 3. 75 amperes ( 1 )  

400 

Minimum Phase-To-Phase Fault currents: 

6oo 
5 

X--= 
400 

7.5 amperes (2) 

Fault detector FDI setting ( three phase ) 

must be at least: 

3.75 
= 5 (0.75 i s  dropout ratio of amperes 

0.75 
fault detector ) ( 3 ) 

so that the fault detector will reset on load 

current . 

In order to complete the trip circuit on a 

7.5 ampere phase-to-phase fault ,  the fault 

detector FDl setting ( three-phase) must be not 

more than: 

1 
7

"
5 X 0.866 

1 
x --

1.25 
6. 98 amperes (4) 

(1•25 = 
FD2 pick up \ 
FD 1 pick up } 

Sequence Combination TaP 

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

is evident that the fault detector can be set 

to trip under minimum phase fault condition 

yet not operate under maximum l oad . In thi s  

case , tap C on the lower left tap block would 

be used ( see Table 1, comb 1) as there i s  

sufficient difference between maximum load and 

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 amperes minimum ground 

fault current . 

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 1.5 amp . 

Minimum trip = 1 .25 x 1.5 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-
,;. 

b ination 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 network per comb i ­

nation 2 on Table I ,  the relay can b e  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 fault s .  
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

In order to complete the trip circuit on a 
7.5 ampere phase-to-phase fault, the fault 
detector tap must now be not more than: 

1 
7.5 x -- x 

1.25 
1 

0.9 
6.6 (5) 

To be sure the fault detector FDl will reset 
after a fault, the minimum tap setting is 
determined as follows: 

5 
Load current = 500 x 

400 

6.25 
8.33 

0.75 

6.25 amps (6) 

('7) 

Since the fault detector pickup current for 
three-phase faults is twice tap value, half 
the above value (Eq. 7) should be used in 
determining the minimum three-phase tap. 

8.33 
4.17 

2 
(8) 

From a comparison of (5) and (8) above, tap 
5 or 6 could be used. 

With the three-phase tap 5 in use, the fault 
detector pickup current for ground faults will 
be as followst 

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

Tap H-l/10 X 5 = 0.5 a. 

1.25 amp. 

Minimum trip 1.25 x 0.5 a. = 0.63 amp. 

Therefore, tap H would be used to trip the 
minimum ground fault or 1.25 ampere with a 
margin or safety. 

INSTALLATION 

The relays should be mounted on sw:Ltchboard 
panels or their equivalent in a location free 
from dirt, moisture, excessive vibration and 
heat. Mount the relay vertically by means of 
the two mounting studs for the type FT pro­
jection case or by means of the four mounting 
holes on the flange for the semi-flush type.FT 
case. Either of the studs or the mounting 
screws may be utilized for grounding the 
relay. The electrical connections may be made 

8 

direct to the terminals by means of screws for 
steel panel mounting or to terminal studs 
furnished with the relay for ebony-asbestos or 
slate panel mounting. The terminal studs may 
be easily removed or inserted by locking two 
nuts on the studs and then turning the proper 
nut with a wrench. 

External Resistor 

A resistor is required in the carrier start 
fault detector circuit, as shown in Fig. 12 
connected between HKB relay terminal 8 and 
battery positive. Its function is to avoid 
short circuiting the station battery through 
the normally-closed contact or the carrier 
start fault detector FDl. 

The values of this resistor are tabulated 
below. 

Style No. 

1337179 
1337181 

TERMD 

TI"PM <> .. 

D.c. supply Ohms 

125 volts 
250 volts 

'l C?!OJ w 

; == 
w I ltRn-b' v 
':l 11E.RM.·'B 0 "' 
J1 �<(RM' 

" .. 

_j_ 
.Jl.D\1-\. - 2-\\()Ll.S 

250 
625 

outline & 
Drilling 

Fig. 5a 
Fig. 5b 

:: 

NliME Pt..llT£. N II ME. PLf!Tt; 

l�...j f\� (5b) 
(.?.- K.-t':.�IS I OR.S) 

Fig. 5-0utline And Drilling Plan For The External Resistor 
Used In The HKB Relay Centro! Circuit. For Ref­
erence Only. 
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TYPE HKB RELAY AND CONTROL UNIT _____________ LL_. _41 _-6s_o_F 

This resistor can be mounted on the rear of 

the switchbqard in any convenient location. 

ADJUSTMENTS AND MAINTENANCE 

CAUTION 

1. Make sure that the neon lamp is in place 

whenever relay operation is being checked. 

This is necessary to limit the voltage peaks 

in the filter output at high currents 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 contacts should 

cleaned with a fine file. 

be periodically 

8#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 been made at the 

factory and should not be disturbed after re­

ceipt by the customer. If the adjustments 

have been changed, the relay taken apart for 

repairs, or if it is desired to check the 

adjustments at regular maintenance periods, 

the instructions below should be followed. 

Sequence 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 screws 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 incr·eases 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 dropput current will be lower. 

In adjusting the polar elements, be 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 view) contact as the cur­

rent is increased. 

During calibration, connect a 10,000 ohm re­

sistor .across terminals 19 and 20 or switch 

jaws B and C. ( For the special relay wired 

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

switchjaws Al and E.) Connect the panel link 

to the left-hand terminal. Set the relay taps 

on 5, C , and H .  

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

contact screws to 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 contact locking nuts. Approximate 

adjustments of the two magnetic shunt screws 

are as follows: 

Screw both shunt screws all the way in. 

Then back out both screws six turns. Pass 

4 . 3 3  amperes, 60 cycles, in phase A and out 

phase B. Screw in the left hand shunt until 

the armature moves to the right. If the arma­

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

peres, screw out the left-hand shunt until 

proper armature action is obtained. 

Reduce the current until the armature resets 

to the left. This should happen at not less 

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

If the armature resets at less than this 

value, it will be necessary to advance the 

right hand shunt to obtain a dropout of 75% or 

greater. This in turn will require a slight 

readjustment of the left hand shunt. Recheck 

the pickup and dropout points several times, 

and make any minor "trimming" adjustments of 
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TYPE HKB BELAY AND CONTROL UNIT _____________ _ 

the shunt screws that may be necessary to ob­

tain correct calibration. If the above pro­

cedure does not give a sufficiently high drop­

out, a small amount of further adjustment can 

be obtained by advancing the right-hand con­

tact screw a fraction of a turn. As finally 

adjusted, the contact gap should be at least 

,030", and the action of the armature should 

be snappy at the pickup and dropout points. 

B. Upper Polar Element (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 

nuts. 

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, or 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 o·.045". This is 

done by bending down the armature contact­

lever stop on the relay frame. Now with the 

armature in the operated 
armature residual gap to 

the adjustable set screw. 

position, adjust the 

o. 010" by means of 

This gap should be 

measured just below the armature set screw. 

For those relays with a fixed residual spacer, 

the gap is about o.oo8". 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 source of variable a-c voltage (0 to 

10 volts, 60 cycles) across switchjaws Fl and 

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

direct current in the coil circuit with sine 

wave voltage applied to the a-c side of the 

bridge rectifier. The dropout current will be 

4 to 7 rna. The contact spring tension can be 

changed, if necessary, to obtain these values. 

10 

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 

ial such as fiber 

after opening the 

reading. 

Contactor Switch 

strip of insulating mater­

into the test switch jack 

switch blade to obtain a 

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 

stationary 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 l ampere calibration. The coil 

resistance is approximately 0.16 ohms. 

RENEWAL PARTS 

Repair work can be done most satisfactorily 

at the factory. However, interchangeable 

parts can be furnished to the customers who 

are equipped for doing repair work. When 
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.190-32 
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Fig. 6-0utline And Drilling Plan For The M-20 Projection Type FT Flexitest Case. See The Internal Schematic For The 
Terminals Supplied. For Reference Only. 
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Fig. 7-0utline And Drilling Plan For The M-20 Semi-Flush Type FT Flexitest Case. For Reference Only. 
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i OIA.DRILL 
FOR THICK 
PANELS 

&. DIA.ORILL OPENIN<ioS fOR 
(Z-HOLES) THIN PANEL 

MOUNTING.. 
I �0-3Z TERM. SC.REW 8c. STUP5 

;j:-ZOMOUNTINCO SC.i:E\o.l 
&. STuDS 

USE STIJO 5 
FOR THICK PANELS 

Fiq. 8-0utline And Drillinq Plan For The Standard Projection Case. See The Internal Schematic For The Terminals 
Supplied. For Reference Only. 
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7 /� L>//1. MT�. HO�cS 
( 4 ·.IIOL cS) 

Fiq. 9-0utline And Drillinq Plan For The Sequence Filter Used With The Type HKB Relay In The Standard Case. For 
Reference Only. 
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ordering parts, always give the complete name­

plate data . 

ENERGY REQUIREMENTS 

Burdens measured at a abalanced three-phase 

current of five amperes . 

Relay 
� 
A-F-3 

A-H-10 

B-F-3 

B-H-10 

C-F-3 

C-H-10 

Phase A 
VA Angle 

2.4 

·3 .25 

2.3 

4.95 

2.32 

6.35 

?hase B Phase C 
VA Angle VA Angle 

0.6 

0.8 

0.63 

2.35 

0 0 78 

3. 81 

0° 2 . 5  

100° 1.28 

0 ° 2 0 45 

90° 0 0 3 

0 ° 2 0 36 

80° 1.98 

50° 

55° 

55° 

60° 

50° 

185° 

Burdens measured at a single-phase to 

neutral current of five amperes. 

Relay 
Taps 

A-F-3 

A-H-10 

B-F-3 

B-H-10 

C-F-1 

C-H-10 

Phase A 
VA Angle 

2.47 0° 

60° 

00 

Phase B 
VA Angle 

2.1 

12.5 

2.09 

10° 

53° 

Phase C 
VA A.ngle 

7-3 
2. 45 

16.8 

2.49 

31.2 

55° 22.0 

15 ° 2 0 07 

50° 12.3 

15° 2.11 

38° 23 . 6  

00 1.99 

41° 36.0 

The angles above are the degrees by which 

the current lags its respective voltage. 

PART II-TYPE HKB CONTROL 
UNIT (JY) 

CAUTION When adj usting this equipment, allow 

the tube heaters to warm up for at least 30 

seconds befor e applying plate voltage ( by 

operating the relay fault detector ) . This 

precaution is necessary to prevent damage to 

the type 2050 thyratrons .  

CONSTRUCTION 

The HKB Control Unit consists of an elec­

tronic trigger circuit employing two thrya­

trons; a rectifier-doubler vacuum tube for the 

received carrier and a vacuum "relay" tube 

which compares the phase positions of the 

local and distant line currents. 

The general appearance and construction of 

the Type HKB control Unit is shown by the out­

line. drawing, Figure 11 . The entire equip­

ment, with the exception of the accessories, 

is mounted on a standard 3/16" thick aluminum 

panel 19" wide and 8-23/32" high with standard 

notchin g .  The front of the pan el is black 

wrinkle finished, and the rear is Nasat . The 

tubes protrude through the front panel for 

convenient installation and replacemen t .  

Jacks are provided on the front o f  the panel 

for current metering as follows: 

Jl(top j ack) Heater current 

J2 (center j ack) Relay tube mission current 

J3 (bottom j ack) Rectifier-doubler output cur-

rent. 

INSTALLATION 
When used with the Type JY Transmitter and 

R eceiver, the HKB control Unit is mounted in 

the same cabinet with these panels and immedi­

ately beneath the Receiver panel . The in­

struction Book for the complete assembly of 

which this unit is a part should be r eferred 

to for additional mounting instructions. 

Upon delivery, the unit should be very care­

fully checked for damaged parts . P articular 

attention should be given to any parts which 

may have become loose in shipment, or wires 

which may h&ve br oken because of vibration. 

Each HKB Control Unit is supplied with an ac­

cessory group of components for adapting it 

for operation from 1 25 volts d-e or 250 volts 

d-e . These components should be checked for 

damage and to see that none are missing, and 

the order or requisition and 

in this book . Any shoPtage 

checked against 

the parts list 

should be immediately reported to the trans-

portation company and to the nearest district 

off ice of the manufacturer. 

The necessary connections from the JY 

(cabinet) assembly terminal blocks to the 

switchboard, relays, etc, , should be made in 

suitable conduit . Number 12 gauge wire is 

recommended for these connections. The. con­

nection diagrams in the instruction book for 

the complete assembly should be followed . Be 

sure to ground terminal #l on the HKB Un it and 

also cabinet terminal #1 . 

CIR CUIT ADJUSTMENT- GENERAL 

Do not insert the tubes into the HKB Control 

Unit until the following paragraphs dealing 
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TYPE HKB RELAY AND CONtROL UNIT_' -------------

with c ircuit adjustments have b een read. 

The HKB control Unit i s  designed to use the 

s ame tub e s  for either 125 volt or 250 volt 

operation . When used on 25 0 volt s d-e, the 

proper value of plate voltage 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 transmit t er amplifier 

c athode re s i s t or with the Jumpere suppli e d  on 

the resistor . This c onnection is for the 

normal transmitt er operating c ondition . 

In order to obtain bias voltage for both the 

HKB control Unit and the as sosiat e d  carrier 

transmit t er, the entire d-e current drain of 

both unit s  is c aused t o  flow 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 amplifi er tubes of the 

transmit t er is obtaine d .  Because the adjust­

ment proc e dure will follow the tabulation s  

shown o n  Table I and II as clos ely as 

pos sible, i t  i s  important to become thoroughly 

familiar with the t ables. Five columns are 

included in t he s e  tables . The first c olumn 

indi c at e s  the quantity to be checke d .  The 

s e c ond column indicat e s  the minimum value 

permi s s ible. The third c olumn indi cates the 

normal value . The fourth column indicate s  the 

maximum value permi s sible . The �i�th c olumn 

should be �illed in at the time o� instal­

lati on, to indi cate the actual value which was 

obtained .  The last column is of great im­

portance and should be filled in as soon as 

the HKB C ontrol Unit i s  inst alle d .  All 

quanti t i e s  must be brought within the minimum 

and maximum value specified before the equip­

ment c an be consi dered to be in satisfac tory 

operating c onditi on. A c opy of the s e  values 

should be kept with the equipment for che cking 

purpo s e s. All lett ers of inquiry to the 

manufacturer regarding the operation of this 

unit should be acc ompanied by a list of actual 

values of the eight quantities tabulat ed on 

Table I or II. 

The maximum and minimum limi t s  of the value s 

14 

in the table do not all c orrespond to the 

s ame percentag e . In the case of the power 

supply or batt ery voltage, the limit s given 

are the maximum and minimum at which the unit 

c an be properly adjusted to operate; and thes e  

limit s lnclude the maximum variation in power 

supply voltage. For ins t ance, the HKB unit 

with 125 volt acces s orie s c an b e  adjusted t o  

func tion properly o n  any bat t ery which never 

exc eeds 150 volt s or drops below 100 volt s . 

But onc e  the normal voltage is established and 

adjustments are made for operation on that 

voltage., it should not be permitted to fluctu-

at e normally more than plus or minus 

percent . 

five 

The Unit has b een designe d to use e ither 

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

and the adjustment data is the same 

either . 

C IRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT 

for 

The numbers at the b eginning of the follow­

ing paragraphs c orrespond to the line number 

in the Adjustment Data Tables. 

l. The first line i n  the Adjustment Dat a 

Table is the power supply or battery voltage, 

whi c h  is to be measured at the c abinet t ermi­

nals be�ore any of the equipment is turned on . 

The ac tual value of this voltage at the time 

of installation should be entere d on the line 

in the fifth c olumn of the data table . I� i t  

i s  not within the limi t s  o f  100 to 150 volt s 

d-e, do not proc eed . 

2. Adjustment of the HKB C ontrol Unit tube 

heater current is now to be c arried out . Since 

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

Rll and R5) i s  common to the heater circui t s  

o f  both the carrier transmitt er-rece iver and 

the HKB Control Uni t, adjustment of heater 

current of one unit will 'l.ffe ct that of 

the other. In order to avoid diffic ulty, the 

bias resistor mentioned is to be t emporarily 

short ed out during the adjustment of heater 

current 

the HKB 
for both the transmitt er-rec eiver and 

Control Unit. BEFORE PROCEEDING, 
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R-14 

R-13 

R-12 
R-

R-27 
R-11 R;Q R-9 R-8 

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

REFER TO THE INSTRUCTION BOOK FOR THE ASSEMBLY 

OF WEICH 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 

terminals"#5 and #18 of the HKB Control Unit. 

The adjusting clip on resistor R6 is to be set 

roughly in the center of the resistor. The 

adjusting clips on the two adjustable re­

sistors R23 and R24, which are external heater 

series resistors mounted on a separate panel, 

are to be set so as to short out the � 
possible amount of these resistors. Open the 

transmitter amplifier cathode return circuit 

by inserting 

mitter jack 8. 

an open circuit plug in trans­

The tubes are now to be in-

serted into the HKB assembly of which the HKB 
unit is a part. Plug a d-e ammeter of l 

ampere range into jack Jl and adjust the 

shorting clips of external resistors R23 and 

R24 to obtain the correct heater current as 

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

able to keep the amount shorted out of each 

of these two resistors about equal so as to 

distribute the heat produced equally between 

them. When the power is first applied, 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 

#1 8 of the HKB Unit. (close the transmitter 

amplifier cathode circuit. ) 

3· After the adjustments on the transmttter 

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

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

in the limits of line #3 in the Data Table, 

make such slight changes to the setting of the 

external resistors R23 

quired to correct it. 

should be carried out 

receiver. ) 

and R24 as may be re­

(A similar op�ration 

on the transmitter-
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

TABLE I 

ADJUSTMENT FOR HKB CONTROL UNIT ON 125 VOLTS 

see t ext of Instruction book for di scus sion of the following table . Numbers 
preceeding data refer to t e st paragraph numbers. 

Quant ity Min . Normal Ma.x . 

1. Power Supply Vol t s  100. 125o 150 . 

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

3. Heater Amperes, Final Adjustment + . 54 . 56 . 58 
4 .  Current at jack J2, Milliamperes .o .o olO 

Rectifier•doubler Output Milliampere s at J3* .o . 05 . 10 

5 .  Tot al Bias Volts 11. 14. 17. 
6. Master Os cillator Plate Vol t s---------------- 25. 30. 36. 

7. Thyratron Gri d Bias Volts 4.0 5 . 0 6. 0 

8. Relay Tube Grid Bias Vol t s  20. 26 . 32. 
HKB Relay Operating Element current, Ma . 18. 20. 22o 

Ac t ual 

# - The total tube heater current of the associated transmit t er should b e  adjusted to thi s  
value al so. 

+ - The final value of the t ub e  heater current of the t ransmitter should be within these 
l imit s  for the total, and hal f of these value s for each branch. 

* - With no c arrier b eing received. 

TABLE II 

ADJUSTMENT DATA FOR HKB CONTROL UNIT ON 250 VOLTS 

see text of instruc tion book for discus s ion of the following t able . Numb ers 
pre c eeding data refer to t e s t  paragraph numbers . 

16 
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4 . After the above adjust ment s are com­

pleted, measure at the other two metering 

j acks, J2 and J3, t o  see that no current is 

fl owi ng . Under the conditions of the bias re­

sistor R6 being set near the center, the Relay 

t ube, v4 , is biased well beyond pl at e current 

cut-off, so that the current at j ack J 2  shoul d 

be well bel ow the l imit of . 1  mill i ampere . 

under the condition of no r-f si gnal receiv ed, 

the current at jack J3 shoul d be wel l below 

the l imit of . 1  rna. Any excessive current 

flow shoul d be i nvestigated and the fault 

cleared before proceeding with the t est s .  

( make final check with 1 . 5  milli ampere range 

of met er . ) 

5 .  Measur e the d-e bias volt age between 

t erminal s #5 and #1 8. 

6 . Th is 

obtaining 

adjust ment is for the purpose of 

the correct Master oscill ator pl at e 

voltage for the transmitter .  The transmitt er 

must be c ompl etel y adjust ed and in a st ate of 

normal operation ( ready to b e  controll ed by 

the HKB Unit ) .  In making this adjustment it 

is necessary to have V1 thyrat ron c ontinuousl y 

ignited. For control Uni t S#867954A, a sing l e  

resist or R5 i s  i n  pl ac e o f  resistors R26 and 

R27. Remove the l ead from the R5 t�p nearer 

the panel 

#1 9 of the 

8#1471 84 1 ,  

and c onnec t 

and c onnect this l ead to terminal 

Control Unit . For Control Unit 

remov e th e l ead from the R 27 tap 

to terminal #1 9. Now turn on the 

equipment and al l ow the thyratrons to heat up 

for one minute. Bl ock open the back c ontac t 

of the HKB l ower fault det ector . Thyratron 
Vl wil l fire and remain c onducting. Connec t a 

d-e vol tmeter of at l east 1 000 ohm-p er-volt 
resistanc e between terminal #5 and terminal 

#1 9. Adj ust R1 and R 2  to obtain the required 

voltage as g iven in Tabl e I or II . The 

transmitter shoul d now be sending out c arr ier 

at its full output power . Restore al l c o nn e c ­

tions to normal. 

7. The obj ec t of the foll owing adj ustment 

is to set 

Vl and V2 
their grid 

are p r o v i d e d  

and V2 gri d 

th e firing point of the thyratrons 

to th e proper value by adj usting 

bias. Two resistors, R 26 and R27, 

for separate adj ustment of Vl 

bias in c ontrol Unit 831 471 84 1  

control Unit S#867954A has a singl e resistor 

with t wo sliders (R5)  for adJ ustment of Vl and 

V2 grid bias. The bias can be measured be­

t ween each sli der and t ermi nal #5 · 

The neg at ive grid bias on thyratron Vl 

shoul d be set to zero vol t s .  For either con­

trol unit style 867954-A or 1 47 1 84 1 ,  remove 

the l ead from the slider ( on R5 or R27) which 

suppl ies bias to Vl thyratron an d connect it 

t o  the positive end terminal of that resist or 

( c heck with a d. c .  voltmeter ) .  

Set the negativ e  grid bias on thyratron V2 

to -5 vol t s  for 125 -volt c arrier sets, or to 

-6 vol t s  for 250-volt sets by adj ust ment of 

the sl ider on resistor R5 or R26. The bias 

v ol tage c an be measured from the slider ( - ) t o  

the positive end terminal (+)  o f  R26 .  

With the above bias val ues, c arrier will be 

transmitted for somewhat more than one-hal f 

c ycl e ( at 60 c yc l es) at l ow val ues of faul t 

c urrent. This may be seen when viewing the 

signal across the c o ax i a l  cabl e  on an osc il l o­

sc ope. 

8. The foll owing adj ustment c over s th e set­

ting of the relay tube ( V4 ) grid bias. P l ug a 

d - e  mill iammeter ( 0- 25 rna . )  into the c urrent 

jack on te s t switch Il ( top of rel ay, second 

from l eft end ) of th e HKB relay to mea sur e the 

operating element coil c ur r en t . Pass a cur­

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

suf f i c i ent to pick up b o t h  FDl and FD2 fau l t  

de t e c t or s . W i t h  r e l ay t ap s  4 ,  C, and H ,  5 am­

p e r e s  shoul d be suf f i c ient . The current from 

the t e s t  t r an s f ormer c an be used if' de s i re d . 
R e duc e the gri d b i a s  on the r e l ay t '�b e  vL by 

a d j u s t ing the s l i d e r  v' : r e s i s t o r  RS unt i l  the 

d-e m i l l iamme t e r  ir" r e l ay j a ck Il re ads ;:_ o  r�a . 

T!1e r e l ay t ub e  gri d b i a s  i s  rr.e asured b e t we en 

the s l ider of R6 and t e rminal # 5  of the c c n -

t r ol unit . A v o l tme ter o f  at l e a s t  l OOC cLrr. s ­

p e r- vo l t  r e s i s t an c e  s houl d  b e  us e d .  C a rr i e r  

f r om t h e  di s t an t  l in e  t e rminal r.;us t  w: t b e  

tran smi tted, during t h i s  a d j u s tmen t . Al l t e s t 

c ir c u i t s  and i n s t rument s may now b e  rerr.c ve d ,  

an d the 

n o rma l . 

r e l ay t e s t  s w i t c h e s  r et urned t c  
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TYPE HKB RELAY AND CONTROL UNIT --------------

CIRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT 

l .  The first line in the Ad just ment Data 

Tab l e  is the power supply or b at t ery vol tage , 

whi ch is to be measured at the cabinet t ermi ­

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

The ac tual value of this voltage at the time 

of instal l ati on should be entered on the l i ne 

in the fifth c olumn of the data tabl e .  If i t  

i s  not within the limi t s  o f  200 t o  300 volt s  

d-e , d o  not proc eed . 

2 .  A djustment of the HKB C ontrol unit tube 

heat er current wil l  be accomp l i shed along with 

the adjustment of the transmit t er heater cur ­

rent , because a l l  t h e  heaters of t h e  assembly 

are connected in series . The nec e s s ary ex­

ternal heater series resistors are a p art of 

�he ac cessori es for the assembly of which this 

Unit is a part ; and the instruct ions for their 

adjus tment s are t o  be found in the instruction 

b ook for the complete assembly . After the ad­

justment i s  c ompleted record the value of cur­

rent as measured at jack Jl . The heater cur­

rent s of the C ontrol Unit and the transmi t ter 

should be within the l imits t abul ated on Tabl e  

II . 

External ac c e s s ory re sistor R25 is connected 

in shunt t o  the HKB tube heat ers . BY bypas s­

ing .3  ampere , it  enables their operation in 

seri es with the tube heaters of the tran s ­

mitter,  which draw . g amp ere . Re sistor R25 i s  

adjusted at the factory t o  208 ohms plus o r  

minus l percent and shuul d not be changed from 

the above value . 

3 .  The plate circuit supply vol tage is t o  

b e  measured between t erminal # 5  and terminal 

#1 0 .  

4 . After the above adjustments are com­

p l e t e d ,  measure at the other two metering 

jacks , J2 and J 3 ,  to s e e  that n o  current i s  

fl owing . Under the condi t i on o f  the bias re ­

si stor R6 b eing set near the center, the Relay 

Tub e ,  v4 , is biased well beyond plate current 

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

be wel l  b el ow the l imit of . 1  mil l i amp ere . 

Under the condition of no r-f signal receive d ,  

t h e  current at jack J3 shoul d be well below 

the l imit of . l  rna . Any exc essi ve current 

fl ow shoul d be investigat ed and the fault 

1 8  

cl eared b efore proceeding with the t es t s . 

(Make final check with 1 milliampere range of 

meter . )  

5 .  Measure the d-e bias voltage between 

t erminal s #5 and #1 8 .  

6 . Oscil l ator P late Volt age . Ad justment s 

are exactly the same as for 1 25 vol t equip ­

ment . see paragraph 6 of previous section . 

Refer to values on Tab l e  II . 

7 .  Thyratron Gri d Bias Volt s . Ad justment s 

are exactly the same as for 1 25-vol t equip ­

ment . see paragraph 7 of previous section. 

Refer t o  values on Table II . 

8 .  Relay Tube Gri d Bias Vol t s .  Adjustment s 

are exactly the same as for 1 25-volt equip ­

ment . see paragraph 8 of previous secti on . 

Refer to values on Tab l e  II . 

OVERALL TEST OF COMPLETE 
INSTALLATION 

After the 

stalled and 

complete equipment has b een in­

adjusted, the foll owing test s can 

be made whi ch wil l  provide an overall check on 

the rel ay and carrier equipment . The phase 

rot at ion of the three-phase currents can be 

checked by measuring the a-c vol tage acro s s  

relay terminal s 1 9  and 2 0  or test swi tches B 

and C with a high resistance a-c voltmeter of 

at l east 1000 ohms per volt . The reading 

obtained shoul d be approximately o . 9  vol t s  per 

amp ere of balanced three-phase l oad current 

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

Thi s test requires that a bal anced three­

phase load current of at l east 1 . 0 amp ere 

( s econdary) be fl owing through the line ­

section prot ected by the HKB rel ays . At b oth 

t erminal s of the prot ected line - section ,  re­

move the HKB relay c over and open the trip 

circuit by pulling the t e s t. swi t ch b lade with 

the l ong red handle . Put the tap screw on the 

upp er tap plate in the 4 tap ,  and on the l ower 

one in the C and H taps . Be sure to ins ert 

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

the relay at one end of the line sect ion 

( stat i on A )  and insert a current test plug or 
"'"""' 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HKB RELAY AND CONTROL UNIT ____________ ..:;,;I.L=-. ...:...:.41 ....:.;-6s:.::..o _;_F 

strip of 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 of the 

sequence filter and 

lead from the filter . 

disconnects the phase A 

This causes the phase B 

and C currents to  return to the current trans ­

formers through the zero-sequence resistor in 

the filter, thus simulating a phase A-to-

ground fault fed from one end of the line 

only . As a result , 

and operating element 

close their contacts . 

both the fault detector 

at station A should 

completion of the trip 

circuit can be checked by connecting a small 

lamp (not over 10 watts ) across the terminals 

of test switch J. 

Now perform the 

opposite end of 

without resetting 

above oper ations at the 

the line-section ( station B )  

the switches at Staion A .  

Thi s  simulates a phase -to ground fault ex­

ternal to the protected line -section. The 

fault detector, but not the operating element 

at B should pick up , and the operating element 

at A should reset . Restore test switches D 

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

line conditions now represent a phase-to ­

ground fault fed from Station B only . The 

fault detector at A should reset and the op er­

ating element at B should pick up . Restore 

test switches D and E at Station B to normal , 

and both elements of the relay at station B 

should reset . For the relay in the standard 

case , the above test can be performed using 

suitable external test switches .  

The above tests have checked phase rotation, 

the polarity of the sequence filter output , 

the interconnections between the rel ay and the 

carrier set and the Phas e A current connec ­

tions t o  the relay at both stations . Phase 

B and C can be  similarly checked by opening 

test switche s F and G for phase B, and 

switche s H and I for phase c .  The same pro­

cedure described for Phase A is  then followed.  

If all the tests have been completed wi th 

satisfactory results , the test switches at 

both line terminal s should be cl osed ( close 

the trip circuit test switch last ) and the re -

lay cover repl ac ed . 

ready to protect the 

The equipment i s  now 

line -section to which it 

is connected .  

MAINTENANCE 

Since the Control Unit has no· front -of-panel 

control s ,  it requires no attention exc ept 

maintenance as described in the foll owing 

paragraphs . The unit cannot be taken out of 

service  without taking the entire assembly out 

of service . 

Every three months an overall inspection 

should be made to see that no exceE sive cor­

rosion has developed due to fumes or conden­

sation of moi sture . Any ac cumulated dust and 

dirt shoul d be cl eaned out , as often as onc e a 

month in some localities . 

Tubes 

At the end of each year of operation, the 

tubes should be removed from their sockets ,  

and their contacts insp ected for possible dirt 

or corrosion . If there is any discoloration , 

it may be  removed by the use of very fine 

sandpaper . In order to as sure maximum tube 

life , it is very important that the resistanc e 

of the contacts be  kept to an absolute mini ­

mum . If necessary, thi s cl eaning operation 

shoul d be  performed more frequently than indi ­

cated above . 

Resistors 

The resistors are operated well  within there 

ratings , and shoul d not fail during the life 

of the unit . In the acces sory equipment , ·  the 

ferrule resistors should be removed from their 

clips  at the end of each year ' s  operation , and 

the ferrules and clips cl eaned of corrosion 

with crocus cloth or very fine sandpap er . In 

a corrisive atmosphere a film of vaseline will 

reduc e troubl e .  

TYPE JY HKB CONTROL UNIT COMPONENT PARTS 

125/250 volts d-e 

Styl e :  1471841A 

Electrical Parts per Component Parts List 

( Dwg . 7614215 ) ,  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 _____________ _ 

2 0  

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

SYMBOL 

C l *  
C 2  
C 3  
c 4  
C5* 
C6* 
C7* 
CS# 
C9# 
C l O# 
C l l# 

Jl 
J2 
J3 

Ll* 
Ll# 

I\l 
R2 
R3 
R4 
R5* 
R6 
R7 
R8 
I\9 
R l O  
Rl l 
R l 2  
Rl3 
Rl4 
Rl5 
Rl6 
Rl7 
Rl8 
Rl9 
R20 
R2l 
R22* 
R23 
R24 
R25 
R26# 
R27# 
CR- 1# 

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 
l 
l 
l 

4 

NAME 

CAPACITORS 

Thyratron P late to Plate 
Thyratron Output 
Rec t i fier Doub l er Input 
Rectifier Doubler Output 
Transformer By - Pa s s  
Thyratron Grid By-Pas s  
Thyratron Grid By-Pass 
Delay Filter 
Thyratron Plate to Plate 
Thyratron Grid By-Pass 
Thyratron Gri d By-Pas s  

METER JACKS 

Tube Heaters 
Relay Tube Plate & Screen 
Rec t i fier Doub l er Output 

REACTORS 

Carrier Start C ircuit 
Delay Filter 

RESISTORS 

Carrier Start Thyratron 
Carrier Start Thyratron 
Relay Thyratron P l at e  
Relay Thyratron Plate 
Thyratron Bias 
Relay Tube Bias 
Heater Shunt 
Amp l ifier Bias 
Amp l ifier Bias 
Amp l ifier Bias 
Amp lifier Bias 
Bias Rest oring 
Bias Restoring 
Bias Re st oring 
Thyratron Grid 
Thyratron Grid 
Thyratron Cathode 
Rect ifier Doub l er Input 
Rec t i fier Doub ler Output 
Relay Tub e Grid 
Tube Shel l  Grounding 
Reactor Shunt 
Heater Seri es 
Heater Series 
Heater Shunt 
Thyratron Bias 
Thyratron Bias 
Rectox 

TRANSFORMERS 

Thyratron Input 
Rel ay Tube Output 
Receiver -Audio 

TUBES 

Plate 
P late 

Carrier Start Thyratron-Gas 
Relay Thyratron -Gas 
Rec t i fi er Doubl er -Vacuum 
Relay Tube -Vacuum 

TUBE SOCKETS 

Octal Tub e Socket 

* In Control Uni t  S#867954A only . 
#In Control Unit S#l47184l onl y .  

RATING 

. 05 Mfd . ,  6 00 v .  d-e 

. 05 Mfd . , 600 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  
. l  Mfd . ,  6 0 0  V .  d-e 
. 25 Mfd . ± 20% 6oo 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 t ri c  232A 
or 

Cook E lectric JK-24 

7 henries , 25 rna . d-e , 440 ohms d-e re s i s tanc e  
3#1336643,  1 0  hy, 7000J\...d-c . resi stance 

1 6 , 000 ohms,  22 wat t ,  tapped 
2 , 000 ohms,  21 watt , adjustabl e  ( l  band ) . 
2 , 000 ohms,  21 watt . 
8 , 000 ohms , 1 2  watt . 

50 ohms , 22 wat t ,  adjustab l e  (i band � . 
2 , 000 ohms , 22 watt , adjustable b and . 

160 ohms,  4 5  wat t .  
6 . 3  ohm s ,  4 5  watt . 

1 0  ohni s ,  4 5  watt . 
2 . 5  ohms , 21 wat t . 

4 ohms , 45 wat t . 
5 , 600 ohms , l watt . 

0 . 11 megohms , l wat t . 
91 , 000 ohms , '  l wat t . 

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

2 , 4 00 ohms , l wat t .  
2 , 000 ohms , l watt . 

5 1 , 000 ohms , l watt . 
51 , 000 ohms , l watt . 

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

63 ohms , wire wound, adjustab l e  r band\ . 
63 ohms , wire woun d ,  adjustab l e  l band . 

250 ohms,  wire wound, adjustab l e  2 bands ) .  
1 00 ohms , 22 wat t ,  adjustab l e  g band � . 
1 00 ohms , 22 wat t ,  adjustab l e  band . 

S#ll 94744 

l/4 rati o  tapped s eco ndary , L426682 
2500/500 ohms Impedance Ratio , L426549 
2500/500 ohms Imp e dance Ratio , L42654 9 

Type 2050 
Type 2050 
Type 25Z6 
Type 25L6 

S#l473459 (From Dwg . T761 4 2 1 5 - l 4 ) .  

� '""" 
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TYPE HKB RELAY AND CONTROL UNIT ____________ ...;.;t..:.:..L .:;;..Al:..:-6;;;..::5o�- F  

ORDERING INFORMATION 

The Westinghouse Electric C orporation i s  

prepared t o  supply any o f  the listed parts 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 spec ify the rating as well . 

ACCESSORY GROUP COMP ONENTS 

Note : Item 1 or 2 will be supplied with the 

HKB C ontrol Unit for the appropriate appli ca­

tion . Tubes are included with the control 

Unit . 

1 .  Acces sory Group for 125  volts . 

styl e :  867955 

Electrical Part s - Resistors R23 & R24 

Mounting panel for R23 and R24 . 

2 . Acces sory Group for 250 vol ts ( less  ex­

ternal heater series res istor ) . 

style : 867956 

Electrical Part s - Resi stor R25 

Mounting panel for R25 . 

PART m - TYPE HKB TEST FACILITIES 

APPliCATION 

The type HKB test facLlities provide a 

simple  manually operated test procedure that 

will check the combined relay and carrier 

equipment . The test can be performed without 

the aid of instruments .  The results  given 

assurance that all equipment is in normal 

operating condition without resorting to more 

elaborate test procedures . 

CONSTRUCTION 

Test Switch 

The type w test switch is provided with 

eight pairs of contacts ,  two pairs of which 

' 

" 
' 

�� 

�U�·-�J 
'� TEitMIN"'LS N�L!:P 
1 4 T"O l.1 � �w#. 

17 T£-INIU .. S -� 
1 1"0 !7 11:> .,..,_. 

�----- ·� --------� 

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 _____________ _ 

ar� c l o s e d  in the " c arrier on " posi tion . The 

c ontac t arrangement is shown in Fig . 1 2 ,  and 

the outline and dri l l ing plan in Fig . 1 5 ,  

The s e  c onta c t s  are used t o  c o�plete the HKB 

trip c ircuit and the al arm c ircuit i s  indi ­

cated in Fig . 1 2  by c ontac t s  l ,  2, and 7 ,  8 .  

In the " c arrier off" p o s i ti on the HKB trip 

c ircuit is opened through c ontact s  l and 2, 

but the al arm c ircuit remains c l o s ed . Two 

t e s t  p os i t i ons to the right of the " c arrier 

off " p o s i t ions are provi ded .  When the switch 

is moved to either of these positions , the re ­

l ay trip and alarm c ircui t s  are interrup t e d  

and a r e d  alarm l i ght i s  turned on b y  switch 

c ontact 3 and 4 .  Moving the swi t ch to the 

� 1 posi t i on wil l  c onne c t  the output of the 

auxiliary t e s t  transformer dire c tly to the HKB 

t e rminal s numb er 25 and 26 , through the type W 

c ontac t s  numb er 9 and 1 0 ,  11 and 1 2 .  Moving 

the swi t ch to the TEST 2 position wil l  connect 

the test trans former with a reversed polarity 

t o  the HKB relay through swi t ch c ontac t s  1 3 ,  

1 4  and 1 5 , 16 . 

STATION BUS PHASE ROTATION A,B,C 

A B C 
CARRIER SWITCH 

POSITION 
CARRIER ONTACT TEST TEST I Off 0111 

OFF II� � .:.;:.� l .. IN 
TEST I ON 1 -2 X TESTZ.® 3-4 X X 

5-6 X X 7-8 X X 
9-10 X 
1 1- 12 X SWITCH 13-14 X PLATE 15-16 
X DENOTES CONTACT CLOSED 

Auxiliary Test Transformer 

The auxil i ary t e s t  transformer is de s igned 

t o  op erat e from a 1 1 5 vol t , 60 c yc l e  p ower 

s ourc e . Four s e c ondary t ap s  numb ered l ,  2·, 3 ,  

and 4 are provided t o  vary the magni tude · of 

the t e s t  current . The tap numb ers equal the 

current i n  amperes that will b e  passed through 

the relay when ground t ap H i s  us e d .  I f  the 

relay is c onnec t e d  to use ground t ap G, ap -

proximately two time s the transformer tap 

value ( 2 , 4 , 6 ,  or 8 amp ere s )  wil l  be p a s s e d  

through t h e  rel ay .  The out l ine and dri ll ing 

p l an of the t ransformer is shown in Fig . 1 3 . 

Indic ating Lamp s 

The red and blue indicat ing lamps are 

s t andard rectangular Minal i t e s . outline and 

dril l i ng dimen sions are given in Fig . 1 5 .  

ADJUSTMENT 

Choose a transformer tap that wi l l  provide 

Fiq. 12--Schematic Connections Of Type HKB Relay And Test Facilities. 
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TYPE HKB RELAY AND CONTROL UNIT. _____________ I_.L_4_1 -6_5o_F 

approximately two times the phase -to -ground 

current setting of the HKB relay as previously 

determined .  

OPERATION 

A multi-contact switch is  provided at each 

line terminal which serves the dual functions 

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

Thi s switch is arranged to apply a singl e 

phase current to the HKB relay to simulated 

internal and through fault conditions . Relay 

operation i s  not ed by observing a blue in­

dicating lamp connected in the HKB relay trip 

circuit . During the test the HKB trip c ir­

cuit to the line breaker i s  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 

limited to provide a s implified test after the 

initial installation tests have b een performed 

as describ ed in part II of this instruction 

leaflet . 

The test apparatus is to be  connected as 

shown in Fig . 12  with the auxiliary test 

transformers energized from 115 vol t ,  60 cycle  

power sources at each l ine terminal that are 

in phase with each other . The following op er­

ation procedure assumes that the same polarity 

is used in connecting the t est transformer at 

each line terminal . 

1 .  Turn the carrier test switch at both 

line terminal s to CARRIER OFF . 

2 .  Turn the carrier test switch to TEST 1 

at line terminal #1 . The local relay should 

operate to transmit 

carrier,  and trip . 

by the blue light . 

3 .  

line 

Turn the HKB 

terminal #2 

half cycle impul ses  of  

Tripping will be  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 line terminal #1 will 

remain tripped . Tripping will be indicated by 

the blue light s at each line terminal . 

carrier will be  transmitted in half cycle  im­

pulses  simultaneously from each end of the 

line . 

4 .  Reset the HKB test switch at l ine termi ­

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

and turn off the b lue l ight . The relay at 

terminal #2 will hold its trip contact closed,  

lighting the blue light . 

5 .  Turn the HKB test switch at line termi ­

nal #1 to TEST 2 .  This condition will s imu­

late an external fault . The trip contacts of  

both relay ,  will be held open and the blue 

l ight will be extinguishe d .  

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

terminals to CARRIER OFF before returning to 

CARRIER ON for normal service . Push in handle 

to turn in ON position . 

This completes the test procedure . 

component Style Numbers 

Test Transformer S#l338284 

Type w Test switch 5#1584284 for 1/8 "  panel 

mounting . 

Typ e w Test switch S#l584285 for l -l/2" panel 

mounting . 
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TYPE HKB RELAY AND CONTROL UNIT --------------

c.n 
NI-

. 1 90 - 3 2. SCREWS 
4 TERMINALS 

l I �-
J l-!=!, �========� 

Fig. 13---0utline And Drilling Plan Of The Type HKB Test 
Transformer. For Reference Only. 

TYPE 'W" TEST SWITCH 

L=3'·� 32 
I N DICATING LAMP 

JE!?H//If/1/_c.-

FRONT V/£W 

Fig. 14-lnternal Schematic Of 

The Type HKB Test Trans­
former. 

� ·
DIA.(3) 

DRI LLING 
PLAN 

Fig. IS-Outline And Drilling Plan Of The Type W Test Switch And Indicating Lamps Which Are Part Of The Type HKB 
Test Facilities. For Reference Only. 

W E S T I N G H O U S E  E L E C T R I C C O R P O R A T I O N  
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INSTALLATION • OPERATION • MAINTENANCE 

I N  S T R U c · T I 0 N S 
TYPE HKB RELAY, CARRIER CONTROL UNIT AND TEST EQUIPMENT 

APPLICATION 

The type HKB relay i s  a high speed carrier 
re lay used in con junct ion with power l ine s 
carrier equipment t o  provide complete phase 
and ground fault prot e ct ion of a t ransmi s s ion 
line sect ion . Simultaneous tripping of the 
relays at each line terminal i s  obtained in 
three cycles  or less  for all internal fault s 
within the limit s of the relay setting s . The 
re lay operat e s  on line current only , and no 
s ource of a - c  line potent ial is required . 
Consequent ly, the relays will not t r ip during 
a system swing or out -of - step condit ion .  The 
carr ier equipment operat e s  directly from the 
stat ion battery . 

PRINCIPLE OF OPERATION 

The HKB carrier relaying system compare s the 
phase posit ions of the current s at the ends of 
a l ine -sect ion over a carrier channe l t o  
de termine whether an internal or external 
fault exist s .  The three -phase line current s 
ene rgize a sequence filter which gives a 
s ingle -phase output vo ltage proport ional t o  a 
comb inat i on of s e quence component s of the l ine 
current . During a fault , thi s single -pnase 
voltage controls an e lectronic c ir cuit which 
allows the t ransmi s s ion of carrier on alt e r ­
nate half-cycle s of the power -frequency cur ­
rent . Carrier i s  transmitted from both l ine 
terminals  in this manner ,  and is rece ived at 
the oppo site ends where it is compared with 

the phase posit ion of the local sequence 
filter output . Thi s comparison take s place in 
the grid circuit of a vacuum tube . The polar -

ities of the voltage s t o  be compared are such 

that for an internal fault , plate current 

flows on alternate power -frequency half-

cycles . A relay conne cted in the plate cir-

cuit of the vacuum tube operate s under this 

SUPERSEDES I.L. 41 -650C 

c ondit ion to complete the t r i p  c ircuit . During 
an external fault , the change in direct ion of 
current f l ow causes the plate current to be 
cont inuously blocked , and the plate cir�uit 
re lay doe s not operate . 

Since this relaying system ope rat e s  only 
during a fault , the carrier channel is availa­
ble at all other t ime s for the t�ansmi ss ion of 
other funct ions . 

PART I - TYPE HKB RELAY 

CAUTION Before putt ing re lays into service , 
remove all b locking which may have been in ­
serted for the purpose of se curing the part s 
during shipment , make sure that all moving 
part s operate free ly , in spect the con�act s t o  
s e e  that they are clean and c lose properly , 
and operate the relay t o  check the settings 
and e lectri cal connect ions . 

CONSTRUCTION 

The re lay c.on sists  of a combinat ion 
positive , negat ive and zero sequence filter , a 
saturat ing aux i l iary t ran s f orme r , two Re c t ox 

unit s , two polar relay unit s , a te lephone -type 
re lay , a neon lamp , contact or switch and 

ope rat ion indicator all mounted in a Type M-20 

l!,lexi test C a s e . 

When the standard pro ject ion case i s  
supp lied, the sequence filt e r ,  tap plate s ,  and 

saturat ing auxi liary t ransfoi'mer are mounted 
in a box which can be located on the rear of 
the swit chboard pane l in any convenient po ­
s it ion . The remainder of the re lay e lement s 
are mounted in the re lay case prope r . The 
taps and terminal numbers of the re lay in the 
standard case and the external box corre spond 
to those in the type FT case . ( See Figures  1 ,  
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

NEON LAMP 

fOR PHASE 
ROTATION A,B,C 

3 WINDING 
MUTUAL REACTOR 

FULL WAVE 
....-RECTIFIERS 

A.o.J. LINK 

UPPER: POLAR 
RELAY ELEMENT 

LOWER POLAR 
RELAY ELEMENT 

"<"T""-rr'-L_CURRENT TEST JACI'\ 
TO BASE TERMS. 

CHASSIS OPERATED 
·-------sH"ORTI NG SWITCH 

Fiq. !-Internal Schematic Of The Type HKB Carrier Relay 
In The Type FT Case. 

2 ,  and 3 ) . Terminals  1 8 ,  19  and 2 0  of the ex­
ternal box are t o  be conne cted to the corre ­
sponding termlnal s  of the relay in the stand ­
ard case . Otherwi se , a l l  external conne c ­
t ions for t h e  re lay i n  the standard project ion 
case or in t he t ype FT case are made to the 
same t erminal s .  

Sequence Fi lter 

The current s from the current t ransformer 
secondarie s are passed thru a filter con­
sist ing of a three -winding iron -core react or 
and two resistors . The zero - sequence re sistor ,  
R0 , con s i s t s  of three res i s t or tubes tapped t o  
obtain sett ings f o r  various ground fault 
conditi on s . The other re s i st or R1 is a formed 
s ingle wire mounted on the rear of the re lay 
sub -base . The output of this filter provides  

a voltage across  the primary of the saturat ing 
t ransforme r .  

The lower tap block provide s for ad justment 
of the re lat ive amount s of t he posit ive , nega­
t ive and zero sequence component s of current 
in the f i lter output . Thus a s ingle relay 
element energized from the filter can be used 

2 

TEST SWITCH---

�EON LIIIMP-

LOWER POLPt.R lt.El .. �r:V ELEM'ENr 

;--�••o•�­
�11 �+ cs E� �  

F02 I 

� 2711 � I  I 
'· ., I 

-
TELEPHONE RELA� -- I 

- - - � -- � FULL WA.'IE j RECTIF\�RS 

l __ 
R'E"R �lEW 

" I 

- UPPER POLI'rt.R 
JtELFW ELEME.N'T 

Fiq. 2-lnternal Schematic Of The Type HKB Carrier Relay 
In The Standard Projection Case. 

as a fault detector for a l l  type s of fault s .  

Saturat ing Auxi liary Tran sformer 

The voltage from the filter i s  fed int o the 
tapped primary (upper tap p lat e )  of a smal l  
saturat ing t ransforme r .  Thi s  t ran sformer and 
a neon lamp connected across it s secondary are 
used t o  limit the voltage impre ssed on the 
fault det ectors ( pola r  re lay e lement s ) and the 
carrier Control Unit , thus providing a sma l l  
range of vo ltage for a large variati on of 
maximum t o  minimum fault current s .  Th:i s  pro -
vides  high operat ing energy for l i ght fault s ,  
and l imit s the operat :ing energy for heavy 
fau l t s  t o  a reasonable value . 

The upper tap plate change s the output of 
the saturat ing t ransforme r ,  and is marked in 
amperes required t o  pick up the lower fault 
detector e lement . For further discus sion , see 
sect i on ent it led , " Set t ings " .  

Re ctox Unit s 

The secondary of the saturating t ransformer 
feeds a bridge -connected Rectox unit , the out ­
put of which energizes the polar fault det e c ­
t or e lement s .  A second Re ctox,  energized from 
the output of t he Control Unit , supplies  a d - e  
vo ltage t o  the t e lephone re lay e lement whi ch 
operate s  only for an int ernal fault . The use 
of sensit ive po lar relay keeps d own the energy 
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TYPE HKB RELAY AND CONTROL UNIT ____________ -.:.I.�L_. 4_1 ·...:...:6s:..:.:.oo 

c 

/'( 

3 WIIVD/Nii 
MVTVAL REACTOR 

.3 RES/ST()H TUBES 

FQH PHASE 
RQTAT/0/V A . .B,C 

TOP VIEW 

Fig. 3-lntemal Schematic Of The Sequence Filter Used 

With The Type HKB Relay In The Standard Projec· 
tion Case. 

required from the curren� t ran sformers . 

Polar-Type Re lays 

The se e lement s consist of a rectangu lar 
shaped magnetic frame , an e lect romagnet , a 
permanent magnet ,  and an armature with a set 
of c ontact s .  The pole s of the permanent 
magnet clamp directly t o  each s ide of the 
magnet i c  frame . Flux from the pe rmanent magnet 
divide s into two paths , one path acro s s  the 
air gap at the front of the e lement in which 
the armature is located , the other acros s  two 
gaps at the base of the frame . Two adjus table 
shunt s are l ocated acros s  the rear air gaps . 
The se change the reluctance of the magnet ic 
path so as t o  force some o f  the f lux thru the 
moving armature which is fastened to the leaf 
spring and attached to the frame midway be ­
tween the two rear air gaps . Flux in the 
armature polarize s  it and creates  
bias causing it t o  move t oward 

a magnet i c  
one o r  the 

other of the pole s ,  depending upon the ad ­
justment of the magnet ic shunt s .  

A coil i s  p laced around the armature and 
within the magnetic frame . The current whi ch 
flows in the coil produces a magnetic field 
which oppose s the permanent magnet field and 
act s t o  move the armature in the contact ­
closing dire ct ion . 

Contactor Switch 

The d-e  c ontact or switch in the re lay i s  a 
small solenoid type swit ch . A cylindrical 
plunger with a s ilver disc mounted on its 
lower end move s in the core of the solenoid . 
A s  the plunger t rave l s  upward , the disc 
bridge s three s ilver stat ionary contact s .  The 
coil  i s  in serie s with the main contacts  
of  the re lay and with the trip coil of the 
breaker . When the re lay contact s close , the 
coil  be come s ene rgized and closes  the switch 
c ontact s .  Thi s  shunt s  the main re lay contact s 
thereby reliev ing them df the duty of carry-
ing tripping current . The se contacts remain 
closed unt il the t rip circuit is opened by the 
auxi l iary switch on the breake r .  The 
cont actor swit ch i s  equipped with a third 
point which is c onnected to a terminal on the 
re lay to operate a bell alarm . 

Ope ration Indicator 

The operat ion indicator i s  a small solenoid 
coil  connected in the trip circuit . When the 
coil  i s  energized, a spring-restrained arma­
ture re leases the white target which fal l s  by 
gravity t o  indicate completion of the t rip 
c ircuit . The indicator i s  reset from out s ide 
of the case by a push rod . 

Flexitest  Re lay Case 

The type FT case s  are dust -propf enc losures 
combining re lay element s and knife -blade test  
swit che s in the same case . Thi s combinat ion 
provide s  a compact f lexible as semb ly easy t o  
maintain, inspect , test  and adjust . There are 
three main unit s of the type FT case : the case , 
cove r ,  and chas sis . The case i s  an all welded 
steel hous ing containing the hinge half of the 
knife -blade test swit che s and the terminal s  
for external connect ions . Tte cover i s  a drawn 
steel frame with a c lear window which fit s 
over the front of th� case with the swit che s 
c lo sed . The chassis  i s  a frame that support s 
the re lay element s and the contact jaw half of 
the test swit che s . This  slide s in and out of 
the case . The electrical c onne ction s  be -
tween the base and chassis  are comp leted 
through the c losed knife -b lade s .  
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HKB RELAY AND CONTROL UNIT _____________ _ 

ng Chas s,i s  

remove the chas si s ,  first remove the 
by unscrewing the captive nut s at the 

s .  There are two cover nut s on the S 
ase and four on the L and M size case s . 
exposes the re lay e lement s and all the 
swit che s for inspect ion and test . The 
step i s  t o  open the test  switche s . 

open the e l ongated red handle swit che s 
before any of the black hand le swit ches 

cam act ion lat che s . This opens the 
circuit t o  prevent acc idental t rip out . 
open all  the remaining switche s .  The 
of opening the remaining swit che s i s  not 
ant . In opening the test swit che s they 

be moved al l �ne way back against the 

With all  the swit che s ful ly opened , 

the two cam act i on latch arms and pul l  

�d . Thi s re leases the cha s s i s  from the 

Using the lat ch arms as handl e s ,  pul l  
1as s i s  out o f  the case . The chassis can 
�t on a test  bench in a normal up.right 
ton as we l l  as on its  t op .  back or side s ,  
�sy inspection ,  maintenance and test . 

er removing the chas sis  a duplicate 
is may be in serted in the case or the 

porti on of the swit che s can be closed 
the cover put in place without the 

is . The chassis  operated short ing swit ch 
ed behind the current t e s t  switch 
nt s open circuiting the current t ran s ­
rs when the current type t e s t  swit che s 
losed . 

n the cha s s i s  i s  t o  be put back in the 
the above procedure is t o  be followed in 

eversed order . The e longated red handle 
h should not be clo sed unti l  after the 
is has been lat ched in place and all of 
lack handle swit ches c lo sed . 

rical Circuit s  

h terminal in the base connect s thru a 
switch t o  the re lay e lement s in the 

is as shown on the internal s chemati c  
ams . The re lay terminal i s  identified b y  
rs marked on b oth the inside and out side 
e base . The test swi t ch posit ions are 
ified by letters marked on the t op and 

bottom surface of the mou lded blocks . The se 
letters can be seen when the chas sis is re ­
moved from the case . 

The p otential and c ontrol c ircuit s thru t he 
re lay are disconnected . from the external c ir­
cuit by opening the associated test switche s . 
Opening the current test  swi t ch short circuit s 
t he current t ran sformer secondary and dis con ­
nects one side of the re lay coil but leave s 
the other side of the coil  connected t o  the 
external c ircuit thru the current test  jack 
jaws . This circuit can be iso lated by insert ­
ing the current test  plug (without external 
connections ) , by inserting the ten c ircuit 
test  p lug , or by insert ing a piece of insu­
lating material approximate ly 1/32 "  thi ck into 
the current t e st jack jaws . Both swit che s of 
the current test swit ch pair must  be open when 
using the current test  plug or insulat ing 
material in this manner t o  short -circuit the 
current t ransformer secondary . 

A c over operated swit ch can be supplied with 
it s contact s wired in series  with the t rip 
c ircuit . This swit ch opens the t rip c ircuit 
when the cover is removed . This swi t ch c an be 
added t o  the exi s t ing type FT case at any 
time . 

Test1ng 

The re lay can be t e sted in service , in the 
case but with the external circuit s i s o lated 
or out of the case as follows : 

Testing In Service 

The ammeter test  plug can be inserted in the 
current t e st jaws  after opening the knife­
b lade switch t o  check the current thru the 
re lay . Thi s p lug consists  of two conduct ing 
strips separated by an insulating strip . The 
ammeter i s  connected t o  the se strips by termi ­
nal screws and the leads are carried out thru 
holes in the back of the insulat ed hand le . 

Vo ltage s between �ne potent ial circuits  
can be  measured c onvenient ly by c lamping 
c lip leads on the project ing clip lead 
on the contact jaw .  

#2 
lug 
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TYPE HKB RELAY AND CONTROL UNIT ____________ --.:.t:.....::L::._. 4.:..:..1-=-6 so:.::.::o 

Test ing In Case 

With all b lade s  in the full  open posit ion , 
the ten c ircuit t e st plug can be inserted in 
the contact j aws . This connects the re lay 
element s t o  a set of b inding post s and com­

Pletely i solat e s  the relay �ircuit s from the 
externa l  c onne ct ions by means of an insu ­
lat ing barrier on the plug . The external 
t e st circuit s are connected to the se binding 
post s . The plug i s  inse rted in the bottom 
test  j aws  
the t op 

with the binding post s up and in 
test  swit ch jaws  with the binding 

post s down . 

The external t e st c ircuit s may be made to 
the relay e lement s by #2 t e st c lip leads in-
stead of the t e st plug . When connect ing an 
external test circuit to the current element s 
using c lip leads ,  care should b e  taken t o  see 
that the current t e st jack jaws are open so 
that the relay i s  completely isolated from the 
external circuit s .  Sugge sted means for i s o -
lating this c ir cuit are out lined above , under 
"Electrical Circuit s " . 

Testing Out Of Case 

With the chas s i s  removed from the base re lay 
e lement s may be tested by us ing the ten c i r ­
cuit test  plug o r  b y  # 2  t e st clip leads a s  
described above . The factory cal ibrat ion i s  
made with the chassis  i n  the case and removing 
the chassis  from the case will change the 
calibrat ion value s by a small percentage . It 
is recommended that the relay be che cked in 
posit ion as a final check on calibrat ion . 

CHARACTERISTICS 

The overall operating characterist ic of the 
HKB relay and carrier equipment is shown in 
Figure 4 .  Thi s shows the current in the 
operating relay e lement (te lephone -type re lay )  
p lotted against the phase angle difference be ­
tween the fault currents at opposite ends of 
the l ine . As indicated,  the operating e lement 
will trip when the phase angle departs 
approximate ly 4 5 °  from the in-phase , or 
through fault condition . As the e le ct ronic 
c ontrol circuit s operate 
condit ion , the shape of 

under a saturated 
this curve will not 

60 .30 0 30 60 ,0 120 
BETWEEN CURRENTS AT OPPOSITE 
(NOS OF LINE SECTION 

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

change materially over a wide 
fault current s .  

range of 

The sequence filter in the re lay is arranged 
for several pos sible combinations of sequence 
c omponent s .  For most appl icat ion s ,  the out ­
put of the filter will contain the posit ive , 
negat ive and zero sequence c omponents  of the 
l ine current . In this case , the taps on the 
upper t ap p late indicate the balanced three ­
phase amperes which will pick up the lower or  
carrier start fault detector ( FDl ) . The upper 
polar e lement ( FD2 ) ,  which supervis e s  opera­
t ion of the telephone -type relay ,  i s  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 . The se taps are on the primary of the 
saturat ing transformer . For phase -to -phase 
fault s AB and CA , enough negative sequence 
current has been introduced to allow the fault 
dete ctor FDl to pick up at 86% of the tap 
sett ing . For BC fault s ,  the fault detector 
will pick up at approximately 50% of the tap 
setting . This difference in pick up current 
for different phase -to -phase fault s i s  funda­
mental ; and occurs be cause of the angle s at 
which the positive and negat ive seqnence c om­
ponent s of current add togethe r . 
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TYPE HKB RELAY AND CONTROL UNIT --------------

With the sequence f i l t e r  arranged for 

posit ive , negative and zero sequen ce output , 

there are s ome appl i cat ions whe re the maximum 

l o ad current and minimum fault current are t o o  

c l ose t ogether t o  s e t  the re lay t o  pick up 

under minimum fau l t  curren t ,  yet not operate 

und e r  l o ad .  For the se case s ,  a tap i s  avai l ­

able whi ch cut s the three phase sen siti vity in 

hal f ,  whil e  the phase - t o -phase setting i s  

sub s t an t i a l l y  unchanged . The re l ay then trip s 

at 90� of t ap value for AB and CA fau l t s ,  and 

at twi ce t ap value for three -phase fau lt s . 

The setting for BC fault s i s  65 percent of t ap 

value . In s ome case s ,  it may be d e s irable t o  

e l iminate re spon se t o  positive sequence cur ­
rent ent ire l y ,  and operate the re lay o n  neg-

ative -plus -zero sequence current . A tap is 

availab l e  t o  operate in this manner .  The fau lt 

detector picks up at 95� of t ap value for a l l  

pha s e -t o -phase fau lt s ,  but i s  unaffected by 

balanced l o ad current or three -phase fau lt s .  

For ground fau lt s ,  separate taps are availa­

b le for ad justment of the ground fault sens i ­

t ivity t o  about 1/4 or 1/8 of the upper t ap 

p late s e t t ing . See T ab l e  I I .  For examp l e ,  if 

the uppe r  t ap p late i s  set at t ap 4 ,  the fault 

det e c t or (FDl ) pick-up current for ground 

fault s can be e ither 1 or 1/2 ampe re . In 

spe c ial app l i cat i on s ,  it may be de s irable t o  

e liminate re sponse t o  zero sequence current . 

The re lay i s  provided with a tap t o  a l l ow such 

operat ion . 

SEmNGS 

The HKB re lay has separate tap plat e s  for 

adjustment of the phase and ground fault 

sensit ivit ie s and the sequence c omponent s 

inc luded in the fi lter output . The range of 

the available t ap s  i s  suffic ient t o  cover a 

wide range of app l i cat ion . The method of de -

termining the c orrect tap s  for a given inst a l ­

lat ion i s  discussed i n  the f o l l owing paragraph . 

In a l l  case s ,  the simi lar fau lt det e ctors on 

the re lays at both termina l s  of a line s e ct i on 

must be set t o  pick up at the same value of 

l ine current . This 
'
i s  neces sary for correct 

b locking during fau l t s  external t o  the 

prot ected line sect ion . 

6 

Sequence Combinat ion Taps 

The two halve s of the lower tap plate are 

for connecting the sequence f i l t e r  to provide 

any of the comb inat ions d e s cribed in the pre ­

vious s e c t i on . The left half of the tap 

p late changes the tap on the third winding of 

the mutua l reactor and thus changes the re la ­

t ive amount s of posit ive and negative sequence 

sensit ivity . Operat ion of the re lay with the 

various taps is given in the tab le be l ow .  

Sequence Components Taps on Lower Faul_t Detector FDl Pick -Up a 
Comb . In Filter Output Tap Block 321 Fault .£l - f" Fault 

1 

2 

3 

Lpft Right 
Half Half 

P a s .  NE'!g . '  Zf'l'O c G or H* Tap Value 86% Tap Value 
( 53� on BC Fault ) 

Pas . ,  Neg . , Zf'l'O B G or H 2x Tap 90% Tap Value 
Value 65 •. on BC Fault ) 

Neg . , Zero A G or H 95� Tap Value 

Taps F, G and H arp zpro-sequPnce taps for adjusting eround 
fault sensitivity. SeP SPCtion on zero-sPquence current tap. 

A Fault detector FD2 1 s set to pick up at 125,: of FDl t·or 
a two-terminal line, or 250% of F'Dl f'or a three- terminal 
line. 

P o s it ive- Sequence Current Tap and FD2 Tap 

The upper tap p late has value s of � , 4 , 5 , 6 , 7 ,  

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

repre sent the three -phase , fault dete ct o r  FDl 

pickup current s ,  when the re lay is connected 

for posit ive , negative and zero sequence out ­

put . The fault det e c t or FD2 c l o s e s  i t s  

c ontact t o  al low tripping a t  current value 25 

percent above the rault det e c t or FDl sett �ng . 

This 25 percent difference is ne c e s sary t o  in­

sure that the carrier start fault detect ors 

( FDl ) at both ends of a t ransmi s sion l ine 

s e c t i on pick up to start carrie r  on an e x ­

t e rnal fault bef ore operating energy i s  ap ­

p l ied through FD2 .  

For a thre e -t e rminal l ine , the tap l ink on 

FDl pane l is c onnected t o  the right hand t ap 

which al l ows FD2 t o  pick up at 250� of FDl 

setting . This is ne ce s sary to al l ow proper 

b locking ·on three -terminal line s when approxi ­

mat e l y  equal current s are fed in two termi ­

nal s ,  and their sum f l ows out the third t e rmi­

nal of the line . For two -terminal line s ,  the 

l ink i s  c onne cted t o  the l e ft hand t ap ,  and 

operation is as d e s cribed in the previous 

paragraph . 
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TYPE HKB RELAY AND CONTROL UNIT -------------'-· L_. _41_-650_o 

The t aps on the upper. and lower tap plate s 
should be selected t o  as sure ope ration on 
minimum internal l ine -to - l ine fault s ,  and yet 
not operate on normal load current , parti cu­
larly if the carrier channe l i s  t o  be used for 
auxil iary funct ion . The dropout current .of 
the fault detector is 75 peruent of the pick 
up current , and this factor must also be con­
s idered in selecting the positive - sequence 
current tap and sequence component com­
binat ion . The margin between load current and 
fault detector p ick up should be sufficient 
to all ow the fault detector to drop out after 
an external fault , when load current 
t inue s to flow .  

Zero-Sequence Current Tap 

con -

The right half o f  the l ower tap plate is  for 
adjusting the ground fault re sponse of the 
rel ay .  Tap s  G and H give ground fault sensi­
t ivitie s as listed in Table I I .  Tap F i s  used 
appl icat ions where increased sen s it ivity t o  
ground fault s is  not required . When this tap 
is used , the voltage output of the filter due 
t o  zero -sequence current is eliminated . 

Table II 
Ground Fault Pickup 

Percent .of Upper Tap Setting 
Comb. IDwer left 

Tap Tap G Tap E 

1 c 25;, � 
2 B 20 10 
3 A 20 10 

Examples  of Re·lay Settings 

CASE I 

Assume a two -terminal 
transformers rated 400/5 

l ine with current 
at both terminal s . 

Also assume that ful l  l oad current is 300 
ampere s ,  and that on minimum internal phase ­
t o -phase fault s 2000 amperes is fed in from 
one end and 600 ampere s from the other end . 
Further assume that on minimum internal ground 
fault s ,  400 amperes i s  fed in from one end , 
and 100 amperes from the other end . 

Posit ive Sequence Current Tap 

Secondary Value s :  
5 

Load Current = 3 00 x -- = 3 - 75 ampere s ( 1 )  
400 

Minimum Phase -To-Phase Fault Current : 
5 

6 00 x -
4
- = 7 .  5 ampere s 
00 

( 2 )  

Fault detector FDl f;!etting 
·
( thi'ee phase ) must 

be at least : 
3 - 75 

---- = 5 ampere s ( 0 . 75 is dropout ratio of 
0 . 75 

fault detector) ( 3 )  
s o  that the fault detector will  reset on l oad 
current . 

In order t o  complete the trip c ircuit on a 
7 . 5  ampere phase -to-phase fault , the fault 
detector FDl setting ( three -phase ) must be not 
more than : 

1 1 
7 - 5 x 

0 . 866 
x 

1 . 25 
= 6 . 98 amperes 

FD2 pick up 
1 .  25 = -----,..--.:... 

FDl pick up 

Sequence Combination Tap 

( 4 )  

From a comparison o f  ( 3 )  and ( 4 )  above , it 
is evident that the fault detector can be set 
t o  trip under minimum phase fault condit ion , 
yet not operate under maximum load . In this 
case , tap C on the lower left tap block would 
be used ( see Table 1 ,  Comb . 1 )  as there i s  

sufficient difference between maximum l oad and 
minimum fault t o  use the ful l  three -phase sen ­
s it ivity . Current t ap 6 would be u sed . 

Zero Sequence Tap 

Secondary Value : 
5 

100 x -- = 1 . 25 
400 

ampere s minimum ground 
fault current 

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

Lower right tap Q-1/4 x 6 = 1 . 5 amp . 
Minimum trip = 1 . 25 x 1 . 5  = 1 . 88 amp . 
Lower right tap H-1/8 x 6 - 0 .75 amp . 
Minimum t rip = 1 .  25 x 0 .75 =- 0 . g4 amp .  

From the above , tap H would be used to 
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TYPE HKB RELAY AND CONTROL UNIT ____________ _ 

t rip the minimum ground fault of 1 . 25 amperes .  

CASE II 

A ssume the same fault current s as in Ca.se 

I ,  but a maximum load current of 500 amperes .  

In this example , with the s�e sequence com­

bination as in Case I, the fault detectors 

cannot be set to t rip on the minimum internal 

three-phase fault , yet remain inoperative on 

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

However,  by connect ing the filter per C omb i ­

nat ion 2 on Tab le I ,  the relay can b e  set to  

t rip on minimum phase-to -phase fault , although 

it wi l l  have only half the sensitivity t o  

three -phase fault s . This wi l l  al low operation 

at maximum load without picking up the fault 

detector ,  and provide high speed re laying of 

all except light three -phase fault s .  

In order to  complete the trip circuit on a 

7 . 5 ampere phase -to -phase fault , the fault 

detector tap must now be not more than : 

l 1 
7 . 5  x - x - = 6 .6 ( 5 )  

1 . 25 0 . 9  

T o  be sure the fault detector FD l  wi l l  reset 

after a fault , the minimum tap setting i s  

determined as fol lows : 

Load Current = 50 0  x 4;0 = 6 . 25 amps (6 ) 

6 . 25 -- ,.  8 . 33 0 . 75 
( 7 )  

Since the fault detector pickup current �or 
three -phase fault s is twice tap value , half 

the above value {Eq . 7 )  should be used in 

determining the minimum three -phase tap . 

4 "' 4 . 17 ( 8 )  
From a comparison of ( 5 )  and ( 8 )  above , tap 

5 or 6 c ou ld be u sed . 

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

detector pickup current for ground faults  will 

be as follow s :  

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

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

Tap H-1/10 X 5 = ? · 5  a . 

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

Therefore , 

minimum ground 

tap H would be used to trip the 

fault of 1 . 25 ampere with a 

margin of safety .  

8 

INSTALLATION 

The re lays should be mounted on swit chboard 

pane ls  or their equivalent in a locat ion free 

from dirt , moisture , 

heat . Mount the re lay 

the two mounting studs 

exce ssive vibration and 

vertically by means of 

for the type FT pro -

jection case or by means of tha four mounting 

holes on the flange for the semi -flush type FT 
case . Either of the studs or the mounting 

screws may be ut i lized for grounding the 

••e lay·. The e lectrical connections may be made 

direct to the terminals by means of s crews for 

steel pane l mounting .or to terminal studs 

furnished with the re lay for ebony-asbestos or 

s late panel mounting . The terminal studs may 

be easi ly removed or inserted by locking two 

nut s on the studs and then turning the proper 

nut with a wrench . 

External Re sistor 

A resistor is required 

fault detector circuit , 

connected between HKB 

N1ti"4\E PLIITE. 

in the carPier start 

as shown in Fig . 12 

re lay terminal 8 and 

l �  
f l � .  ( 5b )  

(2. • R.£.�15 't OR.� 

Flq. 5--0utllne And Drllllnq Plan For The Extemal Realator 
Used In The HKB Relay Control CircuiL For Ref· 
erence Only. 
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TYPE HKB RELAY AND CONTROL UNIT ______________ 1.L_. _41...:-6.::..:..::soo 

bat tery posit ive . It s funct ion is to avoid 
short c ircuit ing the stat ion battery through 
the normally-closed contact of the carrier 
start fault detector FDl .  

The value s of this re s i stor are tabulated 
bel ow . 

Style No . 

1337179 
1337181 

D . C .  Supply 

125 volt s 
250 volts 

250 
625 

Out line & 
Dri l l ing 

Fig . 5a 
Fig . 5b 

This re s i st or can be mounted on the rear of 
the swit chboard in any convenient locat ion . 

ADJUSTMENTS AND MAINTENANCE 

CAUTION 

1 .  Make sure that the neon lamp is in place 

whenever relay operat ion is  be ing che cked . 
This  i s  nec e ssary to limit the voltage peaks 
in the filter output at high currents so as t o  
prevent damage t o  the Rectox Unit s .  

2 .  When changing taps under load , the spare 
tap s crew should be inserted before 
the othe r tap s crew . 

removing 

3 ·  All contact s should 
c leaned with a f ine file . 

be periodically 
3#1002110 file i s  

rec ommended , because o f  the danger o f  em­
bedding small part icles  in the face of the 
s oft s i lver and thus impairing the contact . 

4 .  The proper ad justment s t o  insure corre ct 
operat ion of this relay have been made at the 
fact ory and should not be disturbed after re ­
ceipt by the cu stomer . If the ad justment s 
have been changed , the relay taken apart for 
repairs� or if it is des ired to  che ck the 
adjustment s at regular maintenance periods , the 
instruct ions be l ow should be followed . 

Sequence Filter 

There are no adjustment s t o  make in the 
filter . 

The follow ing mechanical adjustment s are 
given as a guide , and some deviati on from them 
may be ne ces sary to obtain proper e le ctrical 
cal ibrat ion . 

Fau lt Detector FDl (Lowe r Polarized 
Relay Element ) 

Back off contact screws so that they do not 
make contact . Screw magnet i c  shunts int o the 
all out pos it ion . The armature should remain 
against whichever s ide it is pushed with this 
adjustment . 

Contact Adjustment 

Push the armature to the right . Adjust the 
right -hand contact unt il  it bare ly make s a 
light c ircuit . A flickering light is per­
mis s ible . Give the contact screw 2/� turn to  
obtain the proper follow . Lock in po sition by 
t ightening the nut on the contact screw . 

Now push the armature t o  the left . Adjust 
the left hand contact unt i l  it bare ly make s a 
light c ircuit , 
additional 2/3 

then give the contact screw an 
turn to obtain the proper 

contact follow . Lock in position . 

Calibrat ion 

During cal ibrat ion , conne ct a 1 0 , 000 ohm 
re s istor across  terminals  19 and 20 or switch 
j aws  B and C to simulate the l oad of the 
transformer in the Control Unit . Approximate 

adjustment s are as follow s :  Screw in the right 
hand magnet ic  shunt unti l  the top air gap i s  
shunted . With the upper t ap on 4 ,  and the 
lower taps on C and H, pas s  ) . 46 amperes ,  60  
cycles  in phase A and out phase B ,  and s c rew 
in the left hand shunt unt il  the armature 
closes  the right hand contact . Reduce the 
current unt i l  the armature reset s ;  this should 
happeu a"L aut; le s s  than 75% of the pick up 
value . Lock the shunt s in position and re -
check the cal ibration 
act ion of the armature 
may be ne ce ssary to  
follow to  obtain the 

several t ime s . The 
should be snappy . It 
increase the contact 

required dropout . As 
finally ad justed , the contact gap must be at 
least . 016 inch . 

Fault Detector FD2 

Contact Adjustment 

(UDper Polarized 
Relay Element ) 

Ad just the s ingle contact the same as the 
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right hand contact on the l ower polar e l ement . 

Calibration 

Connect the 1 0 , 000 ohm resistor acro�s 
re lay terminals 19 and 20 or swit ch jaws B and 
C .  Set the relay taps on 4 ,  C and H as before . 
Screw in the right hand shunt unt il  the t op 
air gap i s  shunted . Pass 4 . 33 ampe re s in 
phase A and out phase B ,  and screw in the left 
hand shunt unt il  the armature closes its 
contact . Reduce the current until  the arma ­
ture re set s ;  this should happen at not le s s  
than 75% o f  the pick up value . Lock the 
shunt s in position and reche ck the calibr�t ion 
several t ime s .  The act ion of the armature 
should be snappy . It may be neces sary to in­
crease the fol l ow on the contact t o  obtain 
the required dropout . As finally adjusted , 
the contact gap must be at least . 016 inch . 

Operating Element (Telephone Type Relay ) 

Check contact adjustment t o  s e e  that 
stationary contact i s  defle cted 5 t o  10 mi l s  
after contact close s . 

Calibration 

Connect a d -e mi l liammeter 
test swit ch jaws Hl and 

( 0 -25 rna ) acros s  
Il ( re lay out o f  

case ) .  Connect a source of variable a-c 
vo ltage ( 0  t o  10 volt s )  between terminals 9 
and 1 0  ( o r  swit ch jaws Fl and Gl ) .  The e l e ­
ment i s  to b e  adjusted for 7 . 5  to 8 . 5  rna . d -e 
pick up and 3 t o  5 rna .  dropout . The contact 
spring t ension and the armature set screw can 
be adjusted t o  obtain the se value s . 

For the relay in the stanqard case , apply 
the a-c voltage across terminals  9 and 10 and 
insert a test plug conne cted t o  a d - e  mi l l i ­
ammeter i n  the s ingle test switch jack of the 
relay . If c lip leads are used , it wi l l  be 
neces sary to s lip a strip of insulating 
material such as fiber int o the test swit ch 
jack after opening the switch blade to obtain 
a reading . 

Contact or Switch 

Adjust the stat ionary core of the swit ch for 

1 0  

a c learance between the stationary �ore when 
the swit ch is picked up . Thi s can be most 
convenient ly done by turning the re lay up­
side -down . Screw up the core screw unti l  the 
moving core· start s rotat ing . Now , back off 
the core screw unt i l  the moving core stops 
rotat ing . Thi s indicates the point where the 
p lay in the moving contact assemb ly i s  taken 
up , and where the moving core just separate s  
from the stationary core screw . Back off the 
stati onary core screw one turn beyond thi s 
point and lock in place . This  prevent s the 
moving core from striking and sticking t o  the 
stationary core because of re sidual magnet i sm .  
Adjust the contact clearance for 3/32 inch by 
means of the two small  nut s on either side of 
the Micarta disc . The swit ch should pick up 
·at 2 ampere s d -e . T e st for st icking after 
30 ampere s d-e have been passed thru the coi l .  
The coil re sistance i s  approximately 0 . 25 ohm . 

Operat ion Indicator 

Adjust the indicator t o  operate at 1 . 0 
ampere d-e  gradual ly app lied by loosening the 
two screws on the under side of the assemb ly , 
and moving the bracket forward or backward . 
If the two he lical  springs which reset the 
armature are replaced by new springs , they 
should be weakened s light ly by stret ching t o  
obtain the l ampere calibration .  The c o i l  
resistance i s  approximately 0 . 16 ohm . 

RENEWAL PARTS 
Repair work can be done most sat isfact orily 

at the fact ory . However , interchangeab le 
part s can be furnished 
are equipped for doing 
ordering part s ,  always 
nameplat e dat a .  

t o  the customers who 
repair work . When 

give the complete 

ENERGY REQUIREMENTS 
Burdens measured at a balanced three -phase 

current of five ampe�es .  
Re lay Phase A Phase B Phase C 
Taps VA Angle VA Angle Ya Angle 

A -F-3 
A -H-10 
B -F-3 
B -H-10  
C -F-3  
C -H-10 

2 . 4 
3 . 25 
2 . 3  
4 . 95 
2 . 32 
6 . 35 

5 °  0 .6 
0 °  0 . 8  
0 °  0 . 6 3  
0 °  2 . 35 
0 °  0 . 78 

342 ° 3 . 83 

0 0  
1 0 0 °  

0 0  
90°  

0 0  
8 0 °  

2 . 5  
1 . 28 
2 . 45 
0 . 3  
2 . 36 
1 .9a 

5 0 °  
5 5  ° 
55 ° 
6 0 °  
5 0 °  

185 ° 
Burdens measured at a slngle -phase t o  

neutral current o f  five amperes . 
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! DIA.DRILL 
FOR THICK 
PANELS 

i'z DIA. DRILL 
(Z.-HOLES) 

OPENIN<OS FOR 
THIN PANE.L 
MOUNTIN�. 

. I �0-3Z TERM. SCREW f!c. STUOS 

,t-ZO MOUNTIN<O SCRE>I 
f!c. STUDS 

USE STUD S 
FOR THICK PANELS 

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

7 /� /)/A. MTt;. #O�cS 
(4 -/IOL cS) 

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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Re lay 
Taps  
A -F -3 
A -H-10  
B -F-3  
B -H-10  
C -F-3 
C -H-10  

Phase A 
VA Angle 
2 . 47 0 °  

Phase B 
VA Angle 
2 . 1  

12 . 5  
2 . 09 

1 . 99  

7 - 3 
2 . 45  

16 . 8  
2 . 49 

3 1 . 2  4 1 °  36 . 0  

Phase C 
VA Angle 

1 . 97 20 ° 
6 . 7 26 ° 
2 . 07 1 0 °  

12 . 3  o8 ° 
2 .  1 1  1 5  ° 

23 . 6  35 ° 

The angl e s  above are the degrees  by which 
the current lags it s re spe ct ive voltage . 

PART n - TYPE HKB CONTROL UNIT 

CAUTION When ad just ing thi s equipment , allow 
the tube heaters t o  warm up for at least 30 
seconds be fore applying plate voltage ( by 
operat ing the re lay fault detector ) . Thi s 
pre caut i on i s  nece s sary t o  prevent damage t o  
the Type 2050 thyratrons . 

CONSTRUCTION 

The HKB Cont rol Unit  con s i s t s  of an e l e c -
t ronic  t rigger c ircuit employing two thyra -
tran s ; a re ctifier -doub ler vacuum tube for the 
rece ived carrier and a vacuum "re lay " tube 
which compare s the pha se posit ion s of the 
local and d i stant line current s .  

The general appearance and construct ion of 
the Type HKB Control Unit i s  shown by the out ­
l ine drawing , Figure 1 1 . The ent ire equip ­
ment , with the except i on of the acces sorie s ,  
i s  mounted on a standard 3/16 " thick aluminum 
pane l 19 " w ide and 8 -23/32 " high with standard 
not ching . The front of the panel i s  b lack 
wrinkle fini shed , and the rear i s  Nasat . The 
tubes  prot rude through the front pane l for 
convenient installati on and replacement . 

Jacks are provided on the front of the pane l 
for current metering as follows : 

Jl ( t op jack ) Heater current 
J2 ( center jack ) Re lay tube emi s sion current 
J3 ( bottom j ack)  Re ctifier -doub ler output cur -

rent 

INSTALLATION 

When used with the Type JY Transmitter and 
Rec e iver,  the HKB Control Unit i s  mount ed in 
the same cabinet with the se pane l s  and imme d i -

ate ly beneath the Re ceiver pane l .  The Instru c ­
t ion Book f o r  the complete as sembly of which 
thi s unit is a part should be referred to for 
add itional mount ing instruct ion s . 

Upon delivery , the unit should be very 
careful ly checked for damaged part s .  Part icu ­
lar att ent i on should be given t o  any part s 
whi ch may have become loo se in shipment , or 
wire s which may have broken be cause of 
vibrat ion . Each HKB Control Unit i s  supplied 
with an acce s s ory group of component s for 
adapting it for operat ion from 125 volt s d - e  
or 250 volt s d - e .  The se component s should be 
checked for damage and to see that none are 
mis sing , and checked against the order or re ­
qui s it ion and the part s l i st in this book as  
we ll  as the instruct ion sheet furni shed with 
each acce s s ory package . Any shortage should 
be immediate ly reported to the tran sportat i on 
company and t o  the nearest dist rict offi ce of 
the manufacturer .  The dummy re s i stor  plug 
furni shed w ith the HKB acce s s orie s i s  for use 
in the JY Transmitter amplifier cathode c i r ­
cuit . Remove the re s i stor regularly furnished 
with the JY Transmitter and replace w ith this 
dummy plug . 

The neces sary conne ctions  from the JY 
( cabinet ) assemb ly terminal blocks t o  the 
swit chboard , re lays , etc . ,  should be made in 
sultable conduit . Number 12 gauge wire i s  
recommended f o r  the se connections . The con-
nect i on d iagrams in the instruct ion book for 
the complete assembly should be followed . Be 
sure t o  ground terminal # 1  on the HKB Unit and 
also cabinet terminal # 1 . 

C IRCUIT ADJUSTMENT - GENERAL 

Do not insert the tube s int o the HKB 
Cont rol Unit unt il  the following paragraphs 
dealing with circuit adjustment s have been 
read . 

The HKB Control Unit is des igned to use the 
same tube s for e ither 125 volt or 250 volt 
operat ion . When used on 250 volt s d - e , the 
prope r value of plate voltage for the Type 
25L6 Relay Tube is obtained from a connect ion 
at the pos it ive end of the transmitter tube 
heater s . 

In order to obtain bias voltage for b oth the 
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Fig. 10-Internal Schematic Of The Type HKB Control Unit. 

HKB C ont rol Unit and the a s s ociated carri er  
t ransmitter , the  ent ire d-e  current drain of  
both uni t s  i s  caused to  f l ow through a c omb i ­
nat ion o f  r e s i s t ors  i n  the C ontrol Unit . In 
this way , ad justab le bias for the Type 2050 
thyrat rons and fixed bias of two d ifferent 
value s ,  for the power amp lifier tub e s  of the 
t ran smitter is obtained . Be cause the ad just -
ment 
shown 

procedure 
on Tab l e s  

w i l l  f o l l ow the tabulation s  
I and II  as  c l o s e ly as  

possib l e , it i �  important t o  become thoroughly 
fami l iar with the tab l e s . Five c olumn s are 
inc luded in the se  tab l e s .  The first c olumn 
indi cat e s  the quantity t o  be che cked . The 
second c olumn indicat e s  the min imum value 
permi s s ible . The third co lumn indicat e s  the 
normal value . The fourth c olumn indi cat e s  the 
maximum value permi s s ib l e . The fifth co lumn 
should be f i l led in at the t ime of insta l -
lat ion , t o  indi cate the actual value whi ch was 
obtained . The last c olumn i s  of great im-
portance and should be f i l led in as soon as  
the HKB C ontrol Unit i s  installed . A l l  
quant ities  must b e  brought within the minimum 
and maximum value spe cified before the e quip ­
ment can be cons idered t o  be in sat i s fact ory 
operating c ondit ion .  A copy of the se  value s 
should be kept with the e quipment for che cking 
purpo se s .  A l l  letters  of inquiry to the 
manufacturer regarding the operat ion of this 

1 4  

unit should be accompanied by a l i st of actual 
value s of the eight quant ities  tabulated on 
Tab le I or II . 

The maximum and minimum ·limit s o r  the value s 
in the table  do not a l l  corre spond t o  the 
same percentage . In the case of ths power 
supp ly or bat tery voltage , the l imit s given 
are the maximum and minimum at whi �h the un i t  
can be proper ly ad justed to  operate ; and the s e  
l imi t s  inc lude 
supply voltage . 
with 125 volt 

the maximum variat ion i n  power 
For instance , the HKB unit 

acces sorie s can be ad justed t o  
funct i on prope rly on any batt e ry whi ch neve r 
exceeds 150 vo l t s  or drops b e l ow 100 volt s . 
But once the normal voltage i s  e stab l i shed and 
ad justment s are made for operation on that 
voltage , it should not be permitted to f luctu­
ate norma l ly more than p lus or minus five 
percent . 

The Unit has been designed t o  use either 
gla s s  or metal tube s of type s 25Lc and 2526 , 
and the ad justment dat a i s  the same for 
e ithe r . 

C IRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT 

The numbers  at the beginning of the f o l l ow ­
ing paragraphs corre spond t o  the l ine numbers 
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TYPE HKB RELAY AND CONTROL UNIT _____________ t _L_4_1 -6_so_o 

in the Ad justment Data Tab le s . 

1 .  The first l ine in the Adjust,nent Data 
Table is the power supply or bat tery voltage , 
which i s  t o  be measured at the cabinet termi ­
nal s  before any of the equipment i s  turned on . 
The actual value of thi s  voltage at the t ime 
of instal lat ion should be entered on the line 
in the f ifth c olumn of the data tab le . If it 
i s  not within the l imit s of 100 t o  150 volt s 
d - e ,  do not proceed . 

2 .  Ad justment of the HKB Control Unit tube 
heate r  current is now t o  be carried out . Since 
the bias re s i stor  ( combinat i on of R8 , R9 , RlO , 
Rll and R5 ) i s  common t o  the heater circuit s 
of both the carrier t ransmitter -re ceiver and 
the HKB Control Unit , ad justment of heater 
current of the one unit will  affect that of 
the othe r . In order t o  avoid difficulty , the 
bias  re sistor  ment ioned i s  t o  be temporarily 
shorted out during the ad justment of heater 
current 
the HKB 
REFER TO 

for both the t ransmitter -re ceiver and 
Control Unit . BEFORE PROCEEDING ,  

THE INSTRUCTION BOOK FOR � HE  ASSEMBLY 
OF WHICH THIS UNIT IS A PART AND CARRY OUT THE 
DIRECTIONS 
RESISTANCE 

THEREIN FOR INSERTING MAXIMUM 
INTO THE TRANSMITTER-RECEIVER 

HEATER C IRCUIT . Conne ct a jumper wire acro s s  
terminals  #5 and # 1 8  o f  the HKB Control Unit . 
The adjust ing c l ip on re s i s t or R6 i s  t o  be set 
roughly in the cente r  of the re sistor . The 
ad jus t ing c l ips  on the two ad justable re ­
s i stors  R23 and R24 , which are external heater 
s e r i e s  re s i s t o r s  mounted on a s eparate pane l ,  
are t o  be set s o  as  t o  short out the � 
pos s ible amount of the se re s i st or s . Remove 
the dummy re s i st or plug from it s c lips in the 
t ransmitter amplifier cathode return circuit . 
The tubes  are now to be inserted int o the HKB 
assembly of which the HKB Unit i s  a part . Plug 
a d - e  ammeter of 1 ampere range into j ack Jl 
and ad just the short ing c lips of external re ­
s i s tors  R23 and R24 t o  obtain the correct 
heater current as  given in l ine #2 of the 
table . It i s  de s irable t o  keep the amount 
shorted out of each of the se two re s i stors  
about equal s o  as  t o  distribute the heat pro ­
duced equally between them . When the power i s  
first applied , the tube heat er current will  be 
above normal due to the low resi stance of the 
c old heate r  element s .  Consequent ly power 

should be applied for at least two minute s 
before readings are taken . Afte r  the heate r  
current o f  the H KB  Cont rol Unit and the heate r  
current of the t ran smitter -rece iver have each 
been adjusted , remove the jumper wire from 
t erminals #5 and #18 of the HKB Un i t . Replace 
the dummy re s i stor plug in its  c l ip s in the 
t ransmitter . 

3 ·  After the adjustment s on the transmitter 
have been c ompleted and the transmitter is in 
normal operat ion measure again the heater cur ­
rent of the HKB Unit at Jack Jl . If not within 
the l imit s of line #3 in the Data Table , make 
such s l ight change s t o  the setting of the ex­
ternal re s i stors  R2? and R24 as may be re ­
quired t o  correct it . (A s imilar operat l on 
should be carried out on the transmitt e r ­
receiver . )  

4 .  After the above ad justment s are c om­
pleted , measure at the other two metering 
jacks . J2 and J? , to see that no  current i s  
flowing . Under the condit ion of the bias re ­
s i st o r  R6 being set near the center , the Relay 
Tube , V4 , is biased well beyond p late current 
cut -off , so that the current at jack J2 should 
be well below the limit of . 1  milliampere . 
Under the c ondition 
the current at j ack 
the l imit of . 1  rna . 

of no r -f signal receive d ,  
J? should b e  we l l  be low 

Any exce s s ive current 
flow should be inve st igated and the fault 
c leared before proceeding with the t e st s .  
(Make final check with 1 . 5  mil liampere range 
of meter . )  

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

6 .  This adjustment i s  for the purpose of 
obtaining the correct Master Oscillat or plate 
voltage for the t ransmitte r .  The t ran smitter 
must be completely ad justed and in a state of 
normal operation ( ready t o  be cont rolled by 
the HKB Unit ) .  In making this adjustment i t  
i s  neces sary t o  have V1 thyratron c ont inuou s ly 
ignited . For Control Unit S#867954A , a s ingle 
resistor R5 is in place of re s i stors  R26 and 
R27 . Remove the lead from the R5 tap nearer 
the pane l and conne ct this lead to terminal 
# 19 of the Control Unit . For Control Unit 

tap S#l47 184 1 ,  remove the lead from the R27 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

TABLE I 

ADJUSTMENT FOR HKB CONTROL UNIT ON 125 VOLTS 

See text of Instruction book for d i s cussion of the fol lowing table . Numbers 
preceeding data refer t o  t e st paragraph numbers . 

Quantity Min . Normal Max . 

1 .  Powe r Supply Vol t s  1 0 0  1 2 5  1 5 0  

2 .  Heat er Ampere s ,  Pre limi nary Adjustment # · 59 . 6 2  . 65 

3 · Heater Ampere s ,  Final Adjustment + . 54 . 56 . 58 

4 .  Current at jack J2 , Mi l l iamperes  0 0 . 10 
Re c t ifier -doub ler Output Mi l liampere s at J3 * 0 . 05 . 10 

5 - Total Bias Vol t s  l l  14  17 

6 .  Master O s c i l lator Plate Volt s - - - - - - - - - - - - - - - - - - -See t ransmitter instruct ion b ook . 

7 - Thyrat ron Grid Bias Vol t s  4 . 0  6 . 0 1 0 . 0  

8 .  Re lay Tube Grid Bias Vol t s  20  26 32 
HKB Re lay Operat ing Element Current , Ma . 18  20  22  

Actual 

# - The t otal tube heater current of the as s ociated t ransmitter should be ad justed to this 
value also . 

+ - The final value of the tube heat e r  current of the t ransmitter should be within the se 
l imit s for t he t ot al , and half of the se value s for each branch . 

* - With no carrier being rece ived . 

TABLE II 

ADJUSTMENT DATA FOR HKB CONTROL UNIT ON 250 VOLTS 

See text of instruction book for discu s s i on of the following table . Numbers 
preceeding data refer to t ext paragraph numb er s . 

Quantity 

1 .  Power Supply Vo l t s  

2 .  Tube Heat e r  Ampere s - Contro l Unit  1 1  1 1  1 1  - Transmitter 

3 .  Plate Circuit Supply Vo l t s  

4 .  Current a t  jack J2 , Mi l liampe re s 
Re ctifier -doubler  Output Mi l liampere s at J3 * 

Total Bias Vol t s  

Min . 

200  

. 54 

. 81 

95 

0 
0 

17 

Normal 

250 

. 56 

. 85 

135 

0 
. 05 

22 

Max . 

300  

. 58 

. 89 

165 

0 . 1  
0 . 1  

28 5 .  

6 .  Mas ter Oscil lat or Plat e  Volt s - - - - - - - - - - - - - - - - - - - -See t ransmitter instruction book . 

7 .  Thyratron Grid Bias Vol t s  

8 . Re lay Tube Grid Bias Vol t s  
H KB  Re lay Ope rat ing E lement Current , Ma . 

* - With no carrier be ing received . 

16 

4 . 0  

20  
18 

7 . 0  

26 
20  

1 2 . 0  

32 
22 

Actual 
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TYPE HKB BELAY AND CONTROL UNIT 

and connect t o  terminal #19 . Now turn on the 
equipment and allow the thyrat rons to heat up 
for one minute . Block open the back contact 
of the HKB lower fault dete ctor . Thyrat ron 
Vl will fire and remain conduct ing . Connect a 
d-e voltmeter of at least 1000 ohm-per-volt 
resistance between terminal #5 and terminal 
#19 . Adjust Rl and R2 to obtain the required 
voltage as given in the Table in the Trans ­
mitter Instruct ion Book . The t ransmitter 
should now be sending out carrier at its full  
output power . Re store all connect ions to  
normal . 

7 .  The object of the follow ing adjustment 

i s  to set the firing point of the 
Vl and V2 to the proper value by 

thyratrons 
adjust ing 

the ir grid bias . Two re sistors , R26 and R27 , 
are provided for separate adjustment of Vl 
and V2 grid bias in Control Unit 3#147 184 1 .  
Control Unit S#867954A has a single resistor 
w ith two sliders ( R5 )  for adjustment of Vl and 
V2 grid bias . The bias can be measured be ­
tween each slider and t erminal #5 . 

In making this adjustment , 
t o  apply a simulated fault 

it is neces sary 
t o  the HKB re lay 

and associated carrier set . If the current 
circuits of the relay are not conne cted to the 
line current transformers , a single -phase 60  
cyc le current from a variable test source can 
be applied t o  the HKB relay terminals 24 and 
25 , simu lat ing a single -phase -to-ground fault . 
If the relay current circuit s are connected t o  
the l ine , open test switches D , E .  F ,  G H ,  I 
and J .  Test switch J opens the t rip circuit . 
This switch should be opened first and left 
open during all adjustment s .  The current cir� 
cuit s t o  the re lay have been shorted by open­
ing swit che s D, F, and H, but the relay i s  
still conne cted t o  the current t ransformers 
through the test jacks on switches E ,  G and I .  
The se circuits are opened by insert ing current 
test plugs or str i p s  of insulation into the 
t e st jacks on swit che s E ,  G and I .  The re lay 
is now ent irely disconnected from the current 
t ransformers , and the single phase t e st source 
can be connected between swit ch jaws F and G .  

Put the upper tap screw in tap 4 and the 
lower tap screws in the C and H taps . Thi s 
set s the pickup current of the relay fault de -

I. l. 41 -6500 

tector at 0 . 5  ampere for a single -phase -t o ­
ground fault . Adjust the s l iders on R5 or 
R26 and R27 for maximum grid bias on the 
thyratrons ( sliders away from the pane l ) . 
Block open the normally closed 9ontact on the 
carrier start fa.ul t detector ( lower polar e le­
ment ) .  Insert a milliammeter in jack Jl of 
the carrier transmitter to read oscillator 

cathode current . Apply the single -phase test 
current t o  the re lay and increase it t o  0 . 3  
amperes .  Now gradually reduce the bias on 
thyratron Vl by moving R5 s l ider #1 ( the one 
nearer the panel )  or the sl ider on R27 t oward 
the panel .  A point will  be reached where Vl 
fire s to start carrier . This will be indicated 
by reading on the d -e mil liammeter in trans ­
mitter Jack Jl . Tighten the slider at thi s 
point . Check this sett ing by reducing the 
test current t o  zero and momentari ly removing 
the blocking in the FDl back contact t o  
extinguish Vl . Increase the test current unt il 
Vl fire s . Thi s  should occur at 0 . 3  ampere 
+ 10% . 

With Vl fired and the test current set at 
0 . 3  ampere , gradually reduce the bias on 
thyratron V2 by moving R5 slider #2 ( the one 
furthe r from the panel )  or the slider on R26 
t oward the panel .  A point will be reached 
where V2 fire s  and triggering will then take 
place with thyratrons Vl and V2 firing on 
alternate half cycles of the applied test  
current . Triggering will be indicated by a 
reduct i-on in the milliammeter reading at 
t ransmitter jack Jl t o  50 or 60% of it s in­
itial value . Tighten the slider at thi s point .  
Check the setting by reducing the test current 
to zero and momentari ly removing the blocking 
in the FDl back contact to extinguish Vl or V2 
( e ither may remain fired ) . Increase the test 
current unti l  t riggering begins . Thi s should 
occur at 0 . 3  ampere + lCJ% . 

Note : Taps are provided 6n the secondary of 
t ransformer T l  to compensate for variat ion in 
tubes .  The lead shown connected to t ran s -­
former T l  terminal # 3  may b e  connected t o  
terminal #4 , and s imilarly for terminal #7 and 
#8 . 

8 .  The 
setting of 

following 
the relay 

adjustment covers the 
tube (V4 )  grid bias . 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

With the t e st current circuit applied t o  the 
re lay (des cribed in paragraph 7 ) , increase the 
a - c  current unt i l  the neon lamp in the HKB re ­
lay light s .  Plug a d -e mi ll iammeter int o  the 
current jack on t e st switch Il on the re lay t o  
measure the operat ing e l ement coi l current . 
Reduce the grid bias on the re lay tube by ad ­
justing the s lider on re si s t or R6 unt i l  the 
operating e lement 
ampe re s . The re lay 
between the slider 
the Cont rol Unit . 
1000  ohms -per -volt 

coi l current i s  20 mi lli ­
tube grid bias i s  measured 

on R6 and terminal #5 of 
A voltmeter of at least 

resistance should be used . 
Carrier from the distant line terminal should 
not be t ransmitted during thi s adjustment . 
When the re lay tube grid bias i s  ad justed as 
described , the overall characteristic of the 
HKB re laying system is shown in Figure 2 .  A l l  
t e s t  circuits  and meters may now b e  removed , 
and the re lay t e st swit che s returned t o  
normal . The swit ch with the red handle should 
be closed last as thi s c onne ct s the relay t o  
the breaker t rip circuit . 

C IRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT 

1 .  The first line in the Ad justment Data 
Tab le is the power supply or bat tery voltage , 
whi ch i s  t o  b e  measured at the cabinet termi ­
nal s before any of the equipment i s  turned on . 
The actual value of this voltage at the t ime 
of instal lation should be entered on the line 
in the fifth co lumn of the data t able . If it 
i s  not within •the limits  of 200 to 300 volt s 
d - e ,  do not proceed . 

2 .  Adjustment of the HKB C ontrol Unit tube 
heate r  current wi ll  be accompli shed along with 
the adjustment of the t ransmitter  heate r  cur ­
rent , because a l l  the heat·ers of the assembly 
are conne cted in serie s .  The ne ce s sary ex­
ternal heate r  series re sist ors are a part of 
the acces sories for the assembly of which thi s 
Unit is a part ; and the instruct ions for their 
adjustment s are to be found in the in struct i on 
book for the complete assembly . Afte r  the ad ­
justment i s  completed re cord the value of cur ­
rent as measured at jack Jl . The heat e r  cur ­
rent s of the Cont rol Unit and the transmitter 
should be within the limits  tabulat ed on Tab le 
II . 

Ext erna l acces sory re si stor R25 i s  conne cted 

1 8  

in shunt t o  the HKB tube heaters . By bypas s ­
ing . 3  ampere . i t  enab le s  the ir operat i on in 
series with the tube heat ers of the t ran s -
mit t e r ,  which draw . 9  ampe re . 
adjusted at the fact ory t o  

Re sistor R25 i s  
2 0 8  ohms plus o r  

minus l percent and should n o t  be changed from 
the above value . 

3 ·  The plate circuit supply voltage i s  t o  
be measured between terminal # 5  and terminal 
# 1 0 . 

4 .  After the above adjustment s are com­
p le t e d ,  measure at  the other two met ering 
j acks , J2 and J3 , to see that no current i s  
f l owing . Unde r  the condit i on of the bias re ­
sistor R6 being set near the cent e r ,  the Re lay 
Tube , V4 , is biased wel l  beyond plate current 
cut -off , so  that the current at jack J2 should 
be we l l  be low the l imit of . l n1i l l iampere . 
Unde r  the condition of no r -f signal re ce ived , 
the current at j ack J3 should be we l l  b e l ow 
the l imit of . l  rna . Afty exce s sive current flow 
should be inve st igated and the fault c leared 
b efore proceeding with the t e st s .  (Make final 
che ck with l mi lliampere range of mete r ) .  

5 .  Measure the d - e  bias 
t erminal s  #5 and #18 . 

voltage between 

6 .  Oscillat or Plat e  Voltage . Adjustment s 
are exact ly the same as for 1 25 volt e quip­
ment . See paragraph 6 of previous sect ion . 
Refer t o  value s  on Tab l e  II . 

7 .  Thyratron Grid Bias Volt s . Adjustment s 
are exact ly the same as for 1 25 -volt equip ­
ment . See paragraph 7 of previous se ction . 
Refer t o  value s on Tab le II . 

8 .  Re lay Tube Grid Bias Vo lt s .  Adjustment s 
are exac t ly the same as for 125 -volt e quip ­
ment . See paragraph 8 of previous section . 
Refer t o  values on Tabl e  I I .  

OVERALL TEST OF COMPLETE 
INSTALLATION 

Afte r  the complete e quipment has been in ­
stalled and ad justed , the following t e st s can 
be made which will  provide an overa l l  che ck on 
the relay and carrier equipment . The phase 
rotation of the three -phase current s can be 
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TYPE HKB RELAY AND CONTROL UNIT _____ � _______ I • ....:...L._4_1 -6=-=-soo=-

checked by measuring the a-c voltage across 
relay terminals 19  and 20 or test switche s B 
and C with a high resistance a-c voltmeter of 
at least 1000 ohms per volt . The reading 
obtained should be approximately 0 . 9 volt s pe·r 
ampere of balanced three -phase load current 
( secondary value ) with relay taps 4 ,  C and H. 

Thi s  t e st require s that a balanced three ­
phase load current o f  at least 1 . 0  ampere 
( secondary ) be flowing through the line ­
sect ion protected by the HKB re lays . At both 
terminals of the protected line -sect ion , re ­
move the HKB re lay cover and open the trip 
c ircuit by pulling the test swit ch b lade with 
the long red handle . Put the tap screw on the 
upper tap plate in the 4 tap ,  and on the lower 
one in the C and H taps . Be sure t o  insert 
the spare tap screw before removing the con­
nected one . Now open test switche s D and E on 
the re lay at one end of the line section 
( Station A )  and insert a current test plug or 
strip of insulating material int o the test 
jack on swit ch E t o  open the c ircuit through 
that switch . The above operat ion short s the 
phase A t o  neutral c ircuit ahead of the 
sequence filter and disconne ct s the phase A 
lead from the filter . This causes the phase B 
and C current s to return t o  the current t rans ­
formers through the zero -sequence resistor in 
the filter , thus simulating a phase A-to ­
ground fault fed from one end of the line 
only . As a result , both the fault detector 
and operat ing element at Stat ion A should 
c lose the ir contact s .  Complet ion of the trip 
c ircuit can be checked by conne ct ing a small 
lamp ( not over 1 0  watt s )  across the terminals 
of test  swit ch .J . 

Now perform the above operations at the 
opp osite end of the line - se ct ion ( Stat ion B )  
without resett ing the swit che s at Stat ion A .  
Thi s  simula�es a pha se-to -ground fault ex­
ternal t o  the protected line -sect ion . The 
fault detector , but not the operat ing e lement 
at B should pick up , and the operating e lement 
at A should re set . Re store test swit che s D 
ana E at Stat ion A t o  normal ( c losed ) . The 
l ine c ondit ions now repre sent a phase -to -

ground fault fed from Stat ion B only . The 
fault detector At A should re set and the oper -
ating e lement at B should pick up . Re store 

t e st switche s D and E at Stat ion B to normal , 
and both e lement s of the re lay in the standard 
�ase , the above test can be performed using 
suitable external test switche s .  

The above test s have checked phase rotation ,  
the p olarity o f  the sequence filter output , 
the interconnect ions between the relay and the 
ca�rier set and the Phase A current con­
nections to the re lay at both stat ions . Phase 
B and C can be similarly checked by opening 
test switche s F and G for phase B ,  and 
swit che s H and I for phase C .  The same 
procedure des cribed for Phase A i s  then 
followed . 

If all the tests have been comp leted with 
satisfact ory re sult s ,  the test swit ches at 
both line terminals should be closed ( close 
the trip circuit test switch last ) and the re -
lay cover replaced . 
ready t o  protect the 
i s  conne cted . 

The equipment is now 
line -sect ion to which it 

MAINTENANCE 

Since the Control Unit has no front -of -pane l 
c ont rol s ,  it require s no att ention except 
maintenance as described in the following 
paragraphs . The unit cannot be taken out of 
service without taking the ent ire assembly out 
of service . 

Every three months an overall inspe ction 
should be made t o  see that no exce s s ive cor­
ros ion has deve loped due to fume s or conden­
sat ion of moisture . Any accumulated dust and 
dirt should be cleaned out , as often as once a 
month in some localitie s .  

At the end of each year of operat ion , the 
tubes should be removed from their socket s ,  
and their contacts inspe cted for pos s ible dirt 
or corrosion . If there is any discolorat ion , 
it may be removed by the use of very fine 

sandpaper .  In orde r t o  assure maximum tube 
l ife , it is very important that the resistance 
of the contact s be kept to an ab solute mini­
mum . If  nece ssary, this clean ing operat ion 
should be performed more frequently than indi­
cated above . 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

Re s i stors  

The r e s istors are  operated we l l  within the ir 
ratings , and should not fai l during the life 
of the unit . In the acces sory e quipment , the 
ferrule resistors should be removed from their  
clips at  the end  of  each year ' s  ope rat ion , and 
the ferrules  and c lips cleaned of corrosion 
with crocus c l oth o� very fine sandpaper . In 
a corrosive atmosphere a film of vase line wi l l  
reduce t rouble . 

TYPE JY HKB C ONTROL UNIT C OMPONENT PARTS 

1 25/250 volt s d -e 
Style : 147184 1 A  

Elect rical Part s per Component Par t s  List 
( Dwg . 76 1 52 16 ) ,  except r e si st ors R2) , R24 , and 
R25 and tube s . Styl e : 1471840 -A- as above , 
but with tube s .  

ORDERING INFORMATION 

The We stinghou se Electric Corporat i on i s  
Pl'epared t o  supp ly any o f  the l i st ed part s for 

servicing this unit . Orders should specify 
that they are for the Type JY, HKB Control  
Unit , and ment ion the unit style number and 
circuit symb ol  where it is given . All  order s  
mu st specify the rat ing as we l l . 

ACCESSORY GROUP C OMPONENTS 

Note : Item 1 or 2 will  b e  supplied with the 
HKB Control Unit 
t ion . 
Unit . 

Tube s are 
for the appropriate applica­

included with the Cont rol  

1 .  Acces sory Group for 125 volt s .  
Style : 867955 
Elect rical Part s - Re sistors  R23 & R24 . 
Mounting pane l for R23 & R24 . 
Dummy re sistor for JY Transmitter . 

2 .  Acce s sory Group for 250 volt s ( l e s s  ex­
t e rnal heat er serie s re sist o r ) . 
Style : 867956 
Elect rical Part s - Re sistor R25 
Mount ing pane l for R25 
Dummy re s i st or for JY t ransmitter . 

Fiq. 1 1-0utline And Mountinq Plan Of The Type HXB Control Unit. For Reference Only. 
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TYPE HKB RELAY AND CONTROL UNIT 1. L. 41-6500 

' 

C 0 M P 0 N E N T P A R T S 

SYMBOL NUMBER NAME 
REQUIRED 

CAPACITORS 

Cl l Thyratron Plate to Plate 
C2 l Thyratron Output 
C3 l Re c t i f i e r  Doub l e r  Input 
C 4  l Re ct ifie r Double r Output 
C5 * l Transforme r  By -Pass 
C6 l Thyratron Grid By -Pass 
C7 l Thyratron Grid By-Pass 
C0 l Delay Fi lter 

METER JACKS 

Jl l Tube Heat e r s  
J2 l Relay Tube Plate & Scre en 
J3 l Re ctifier Double r Output 

REACTORS 

Ll * l Car r i e r  Start C ircuit 
L;' l De by Filter 

RE SISTORS 

Rl l Car r i e r  Start Thyratron Plate 
R2 l Carrier Start Thyratron Plate 
R3 l Relay Thyratron Plate 
R4 l Relay Thyratron Plate 
R5 * l Thyratron Bias 
R6 l Relay Tube Bias 
R7 l Heat e r  Shunt 
R8 l Amp l ifier Bias 
R9 l Amp l i f i e r  Bias 
Rl O l Amplifier Bias 
Rll l Amplifier Bias 
Rl2 l Bias Re st oring 
Rl3 l Bias Re storing 
Rl4 l Bias Re st oring 
Rl5 l Thyratron Grid 
Rl6 1 Thyratron Grid 
Rl7 1 Thyratron Cathode 
Rl8 l Re ctifier Double r Input 
Rl9 l Re c t i f ie r  Double r Output 
R20 l Re lay Tube Grid 
R2l l Tube She l l  Grounding 
R22 * 1 Reactor Shunt 
R23 1 Heater Se rie s 
R24 1 Heat e r  Serie s 
R25 1 Heater Shunt 
R26# 1 Thyratron Bias 
R27# l Thyratron Bia s 
Rx 1 Rectox 

TRANSFORMERS 

T l  1 Thyratron Input 
T2 1 Relay Tube Output 
T3 * 1 Re ce ive r -Aud io 

TUBES ---
Vl l Carrie r Start Thyratron -Gas 
V2 1 Relay Thyratron -Gas 
V3 1 Re c t ifie r Doubler -Vacuum 
V4 1 Relay Tube -Vacuum 

TUBE SOCKETS 

Xl -X4 4 Octal Ce ramic Tube Socket 

*ln C ontrol Unit S#867954A on ly . 
#In Control Unit S#l471841 only .  

RATING 

, 2 5  Mfd . ,  600 V .  d - e  
. 05 Mfd . ,  6 oo v .  d - e  
. oos1 Mfd . ,  6oo v .  d-e 
. 0051 Mfd . ,  6 00 v .  d - e  
. 003 Mfd . ,  500 v .  cl-c 
. 0\;2 Mfd . ,  500 V .  d - e  
, 002 Mfd . ,  500 V ,  d-e 
. 1  !li'd . ,. 6cio v .  d- e 

} Western Electric 232A 
or 

Cook Electric JK-24 

7 henrie s ,  25 ma . d - e ,  4 4 0  ohms d - e  r e s i stance 
S#l336643, 10 hy , 7000 -"'- d- e ,.es lstance , 

1 6 , 000 ohms , 22 wat t ,  tapped . 
2 , 000 ohms , 12 watt , adjustable 
2 , 000 ohms , 
8, 000 otms . 

50 ohms , 
2 , 000 ohms , 

160 ohms , 
6 . 3 ohms , 

10 ohms , 
2 . 5 ohms , 

4 ohms , 
5 , 600 ohms , 

12 wat t . 
12 wat t .  

22 wat t ,  ad justable 
22 watt , adjustable 
22 wa tt . 
22 wa�; t . 
22 wat t . 
12 wat t .  
2 2  watt 
l watt . 

0 . 11 megohms , l wat t . 
9 1 , 000 ohms , l watt . 

0 . 1  megohm, 1 watt . 
0 . 1  megohm, 1 watt . 

2 , 400 ohms , 1 wat t . 
2 , 000 ohms , 1 wat t . 

5 1 , 000 ohms , 1 watt . 
5 1 , 000 ohms , 1 watt . 

0 . 27 me gohms , 1 wat t .  
5 , 100 ohms , 1 watt . 

( l  band ) .  

p band l . 
l band . 

63 ohms , w i re w ound , adjustable � 1 band l . 
63 ohms , wire wound , ad�ustable 1 band . 

250 ohms , wire wound , adJustable 2 bands ) .  
100 ohms , 22 wat t ,  ad justable g band l . 
100 ohms , 22 watt , ad justable band . 

S#l360902 

1/4 rat io t opped s e condary . 
2500/500 ohms Impedance Rat i o . 
2500/500 ohms Impedance Rat io . 

Type 2050 
Type 2050 
Type 25Z6 
Type 25L6 

Amphenol Type MIP8T ( From Dwg . T76142 1 5 -1 ) 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

PART m - TYPE HKB TEST FACILinES 

APPLICATION 

The type HKB t e st faci litie s provide a 
s imple  
wi l l  

manually operated 
check the c ombined 

t e st procedure that 
re lay and carrier 

e quipment . The t e st can be performed without 
the aid of instrument s .  The resu l t s  give 
as surance that a l l  e quipment i s  in normal 
operating condition without re sort ing t o  more 
e laborat e t e st procedure s .  

CONSTRUCnON 

Te st Swit ch 

The type W t e st swit ch i s  provided with 
e ight pairs of contact s ,  two pairs of which 
are c l o sed in the " carrier on" position . The 
contact arrangement is shown in Fig . 12 , and 
the out l ine and dri l l ing p lan in Fig . 15 . 
The s e  c ontacts are used t o  comp lete  the HKB 

t rip c ircuit and the alarm circuit as ind i ­
cated in Fig . 12 b y  contac t s  1 ,  2 ,  and 7 ,  8 .  
In the " carrier off " position the HKB t rip 
circuit i s  opened through contact s l and 2 ,  
but the alarm circuit remains closed . Two 
t e s t  posit ions t o  the right of the " carrier 
off" posit ions are provided . When the swit ch 
i s  moved t o  e ither of the se positions , the re ­
lay t ri p  and alarm circuits  are interrupted 
and a red a larm light i s  turned on by swit ch 
contact 3 and 4 .  Moving the switch t o  the 
TEST 1 position wi l l  connect  the output of the 
auxiliary t e st t ransformer direct ly to the HKB 

t e rmina l s  number 25 and 26 , through the type W 

contact s number 9 and 1 0 , and 1 1  and 12 . 
Moving the swit ch t o  the TEST 2 position wil l  
connect the t e st t ransformer with a reversed 
polarity to the HKB re lay through swit ch con­
t act s 13 , 14 and 15 , 16 . 

Auxiliary Test Transformer 

The auxi liary t e st t ransformer i s  designed 
to operate from a 1 15 volt , 60 cyc le  power 
s ource . Four secondary 
and 4 are provided t o  
the t e s t  current . The 

taps numbered 1 ,  2 ,  3 
vary the magnitude of 

t ap numbers e qual the 
current in ampere s that will  be pas sed through 

2 2  

the re lay when ground t ap H i s  used . If the 
relay is conne cted to use ground tap G ,  
approximate ly two t ime s the t ransformer t ap 
value ( 2 ,  4 ,  6 or 8 amperes ) w i l l  be passed 
through the re lay . The out line and dri l l ing 
p lan of the t ransformer i s  shown in Fig . 13 . 

Indi cating Lamps 

The red and blue indicat ing lamps are 
standard rectangular Minalit e s . Out line and 
dri l l ing dimens ions are given in Fig .  1 5 .  

ADJUSTMENT 

Choo s e  a t ransformer tap that w i l l  provide 
approximate ly two t ime s the phase -t o -ground 
current setting of the HKB re lay as previously 
dete rmined . 

OPEBAnON 

A mult i -contact switch i s  provided at each 
line terminal which s erve s the dual function s  
o f  a carrier on -off swit ch and a t e s t  swit ch . 
Thi s  switch i s  arranged t o  app ly a single 
phase current to the HKB re lay to s imulate in -
t e rnal and through fault conditions . Re lay 
operat ion is noted by observing a b lue in­
dicat ing lamp conn e ct ed in the HKB re lay t rip 
c• rcuit . During the t e st the HKB t rip cir­
cuit t o  the line breaker i s  opened and a red 
warnin!l light is energized through auxiliary 
contact s on the t e s t  swit ch . 

Use of the auxi l iary t e st e quipment i s  t o  be 
l imited to provide a s implified t e s t  afte r  the 
init ial instal lation t e s t s  have been performed 
as described in part II  of this ins t ruction 
leafle t . 

The t e s t  apparatus i s  t o  be c onnected as 
shown in Fig . 12 with the auxiliary t e st 
t ransformers  energized from 1 15 volt , 6 0  cyc l e  

p ower source s a t  each l ine terminal that are 
t:1 phase with e ach othe r .  The fol l owing oper ­
at ion procedure a s sume s that the same polarity 
is u se d  in connect ing the t e st t ransformer at 
each line terminal . 

1 .  Turn the carrier t e st switch 
line t e rmina l s  t o  CARRIER OFF . 

at both 
-
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TYPE HKB RELAY AND CONTROL UNIT __ __________ __:;_I·-...:L·-...:4_1 -650=o 

2 .  Turn the carrier test  switch t o  TEST 1 
at line terminal #1 . The local 
operate t o  t ransmit half cycle 
carrier , and trip . Tripping will 
by the b lue light . 

re lay should 
impulses of 
be indicated 

3·. Turn the HKB test swit ch at the remote 
line terminal #2 t o. TEST 1 .  This will s imulate 
an internal fault 
nal s . The re lay 

fed from both line termi ­
at l ine terminal #2 will  

t rip , and the relay at  line terminal #1 will 
remain tripped . Tripping will be indicated by 
the b lue lights at each line terminal . 
Carrier will be t ransmitted in half cyc le im­
pulses  s imultaneously from each end of the 
line . 

4 .  �e set the HKB test swit ch at line termi ­
nal #1 . The re lay at terminal #1 will re set 
and turn off the b lue light . The re lay at 

STATION BUS PHASE ROTATION A,B,C 

A B C 
CARRJER SWITCH 

CARRIER OFF ON TESTI E£)TEST2 

SWITCH PLATE 

1-. POSITION 1'-"NTACT 0 N 0 F ffES1'1 EST2. 
1-2 X 

9·10 '>( 
11·12 X 

X DENOTES CONTACT CLOSED 

terminal #2 will ho ld it s t r ip contact c losed , 
l ight ing the blue light . 

5 - Turn the HKB 
nal #1 t o  TEST 2 .  

test swit ch at line termi ­
Thi s  condit ion will  simu -

late an external fault . The t rip contacts of 
both re lays . will be held open and the b lue 
l ight will be ext inguished . 

6 .  Re set the test swi tche s 
terminals t o  CARRIER OFF before 
CARRIER ON for normal service . 

at both l ine 
returning t o  

This completes the test procedure . 

Component Style Numbers 

Te st Transformer 
Type W Test Switch 

3#1338284 
3#1446447 
mounting . 

for 1/811 panel 

Type W Test Switch 3#1446448 for 1 - 1/2 11 panel 
mounting . 

TRIP CIRCUITS 
± BACKUP RELAYS 

Fig. l�chematJ.c Connections Of Type HKB Relay And Test FacUities. 
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TYPE HKB RELAY AND CONTROL UNIT_�------------

-1��-------Si----� 
��------�----���---.-

Fig. 13-0utline And Drilling Plan Of The Type HKB Test 
Transformer. For Reference Only. 

TYPE 'W" TEST SWITCH 

I NDICATI NG LAMP 

FROIVT VIEW 

'EI?MI!VIILS 
- - -, 

' 
I 

I 
' 

- _j 

Fig. 14-Intemal Schematic Of 

The Type HKB Test Trans­
former. 

DRILLING 
PLAN 

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. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N 
M E T E R  D I V I S I O N  N E WA R K , N . J .  
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I .  L. 41 -650C 
INSTALLAT ION • OPERATION • MAINTENANCE 

I N S T R U C T I O N S  
TYPE HKB RELAY, CARRIER CONTROL UNIT AND TEST EQUIPMENT 

APPLICAT� 
, �  . 

The type HKB relay � a high
.

speed carrier 
relay used in c onju\.S-i on �th power l ines  
carrier equipment '{�' provi� complete phase 
and ground fault P\�e c t i oP\� a t ransmi s s ion 
l ine sect ion . �ultane� t r ipping of the 
relays at each l ine term'ral is obt ained in 
three cyc le s � ;e s s  f o r  a l l  internal fault s 

he l�i¥ of�e re lay s e t t ing s . The 
relay perate� on 1 current only , a�d no  
s ou c a - c  � ) potent ial is required . 
Cons uent ly,  the �s w i l l  not t r ip dur ing 
a sys em swing or out -of -step condit ion . The 
�r�ier equipment operat e s  d i re c t ly from the 
s� ion batt e ry . 

� PRINCIPLE OF OPERATION 

The HKB carrier re laying system c ompare s the 
p o s it ions of the current s at the ends of 

l ine - se c t i on over a carrier channe l t o  
whether a n  inte rnal or ext e rnal 

The three -phase l ine curre nt s 
energize a sequence filter whi ch gives a 
s ingle -Phase output voltage proport ional t o  a 
comb inat i on of sequence c omp onent s of the l ine 
current . During a fault , thi s single -pnase 
voltage controls  an ele ctronic circuit which 
allows the transmis s ion of carrier on alt e r ­
nate hal f - cycles  of the power -frequency cur ­
rent . Carrier i s  t ransmitted from both l ine 
terminals  in thi s manner ,  and i s  rece ived at 
the opposite ends where it i s  compared with 
the phase posit ion of the local sequence 
filter output . Thi s compari s on take s place in 
the grid c ircuit of a vacuum tube . The polar­
ities of the voltage s to be compared are such 
that for an int e rnal fault , p late current 
flow s  on alternate power -frequency half­
cyc le s . A relay conne cted in  the p late cir­
cuit of the vacuum tube ope rate s  under this 

N EW I N FORMATION 
(FORMER L L. 41·650B REVISED! 

condit ion t o  complete the t r i p  circuit . During 
an external fault , the change in d irect ion of 
current flow cause s the p late current to be 
cont inuous ly blocked , and the plate circuit 
re lay doe s not operate . 

Since this relaying system ope rat e s  only 
dur ing a fault , the carrier channe l i s  avai la­
b le at all  other t ime s for the t ran sm i s s ion of 
other func t ions . 

PART I - TYPE HKB RELAY 

CAUTION Before putt ing re lays int o  service , 
remove all  blocking which may have been in ­
serted for the purpose of s e curing the par� s 
during shipment ,  make sure that a l l  moving 

inspect the contact s t o  part s operate freely , 
see that they are c lean and close  properly ,  

re lay t o  che ck the settings and ope rate the 
and e le c t rical connect ion s . 

CONSTRUCTION 

The relay c on s is t s  o f  a combinat ion 
p o� it ive , negat ive and zero sequence f i lt er ,  a 
saturat ing auxiliary t rans forme r ,  two Re ctox 
unit s , two polar re lay unit s ,  a t e lephone -type 
relay ,  a 
operat ion 
Flexit e st 

When 

neon lamp , contactor switch and 
indicat or all  mount ed in a Type M-20 
Case . 

the standard project i on case i s  
supp l ied , the sequence f i l t e r ,  t op plat e s ,  and 
saturat ing auxiliary t ransformer are mounted 
in a box which can be located on the rear of 
the swi t chboard panel in any convenient p o -
sit  ion . The remainder of the relay e lements 
are mounted in the re lay case proper . The 
tap s  and terminal numbers of the relay in the 
standard case and the external box corresp ond 
to those  in the type FT case . ( See Figure s 1 ,  
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

COVER OPERATED 
SWITCH - WHEN 

USED 

CONTACTOR SWITCH 

OPERATING ELEMENT 
(TELEPHONE RE�Y) 

FOR PH ... SE 
ROTATION ,A, B,  C 

3 WINDING 
MUTUAL REACTOR 

FUL1• WAVE 
/RECTIFIERS 

UPPER POLAR 
RELAY ELEMENT 

LOWER POLAR 
RELAY ELEMENT 

SATURATING 
TRANSFORMER 

TO RELAY 
CURRENT TEST JACK 
TO BASE TERMS. 

CHASSIS OPERATED 
------sHORTING 6WrTCH 

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

2 ,  and 3 ) . Terminal s  18 , 19 and 20 of the ex­
ternal b ox are  t o  b e  c onne cted t o  the corre ­
sponding t e rminals  of the re lay in the stand ­
ard case . Othe rwi se , a l l  ext ernal conne c ­
tions f o r  the re lay i n  the standard proje ction 
case or in the type FT case are made t o  the 
same t e rminal s .  

Sequence Fi lter 

.. 
The current s from the current transformer 

secondaries are passed thru a filter con ­
s isting of a three -winding iron-core reactor 
and two resistors . The zero -sequence resistor , 
R0 , c on s i s t s  of three resistor  tube s tapped t o  
obtain settings for various ground fault  

c onditi on s . The other re s i s t or R1 i s  a formed 
s ingle wire mount ed on the rear of the re lay 
sub -ba s e . The output of this filter provides  
a voltage across the p rimary of the saturat ing 

t ransforme r .  

The lower tap b lock provid e s  for ad justment 
of the re lat ive amount s of the posit ive , nega­
t ive and zero sequence components of current 
in the filter output . Thus a s ingle re lay 
e lement energized from the filter  can be used 

2 

TEST SWITCH 

LOWER POLitri."­

"RELA.'Y EL'ii"\EN 

OPERJII."T\NG; E.\..�t'\ENT 
TELEPHONE R.ELA'I 

FULL.. WA.'fE R£CT\F\£� 

=-----LuPPEA. 'POLPI1\ f:t.ELAV ELEMENT 

'------------_/ 
REJII.� "lEW 

Fig. 2-Intem9l Schematic Of The Type HKB Carrier Relay 
In The Standard Projection Case. 

as a fault detector for a l l  type s of fau l t s . 

Saturat ing Auxiliary Transforme r 

The voltage from the filter i s  fed int o the 
tapped primary (upper tap p lat e )  of a sma l l  
saturat ing t ransforme r . Thi s  t ran sformer and 
a neon lamp c onne cted acrosse it s secondary are 
used t o  l imit the voltage impre ssed on the 
fau lt detectors (po lar re lay e lement s ) and the 
carrier Control  Unit , thus providing a sma l l  
range of voltage for a large variat i on of 
maximum to minimum fault current s .  Thi s  pro­
vides high operat ing energy for  light fault s ,  
and l imits the operat ing energy for heavy 
fault s t o  a reasonab le  value . 

The uppe r  tap plate change s the output of 
the saturat ing t ransforme r ,  and is marked in 
ampere s required t o  pick up the l ower fault 
detector e l ement . For further d i s cussion,  see  
section ent it le d ,  " Se t t ing s " . 

Re ctox Unit s 

The se condary of the saturat ing t ransformer 
feeds a bridge -connected Re ct ox unit , the out ­
put of which energize s the po lar fault det e c ­
t o r  e l ement s .  A se cond Re ctox , energized from 
the output of the Contr o l  Unit , supplies  a d - e  
voltage t o  the t e lephone re lay e l ement which 
operat e s  on ly for an inte rnal fault . The use  
of sens it ive po lar re lay · keeps d own the ene rgy www . 
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3 W//VQ//Vti 
MUrVAL REACTOR 

FOH P/VASE 
NOTAriO/V A,8,C 

.3 RESISTOR TVBES 

TOP J/IEW 

Fig. 3--lntemal Schematic Of The Sequence Filter Used 
With The Type HKB Relay In The Standard Projec­
tion Case. 

• required from the current t ransformers . 

Polar -Type Relay s  

The se element s consist o f  a rectangular 
shaped magnetic  frame , an elect romagnet , a 
permanent magnet , and an armature with a set 
of c ontact s .  The poles of the permanent 
magnet clamp directly to each s ide of the 
magnetic  frame . Flux from the permanent magnet 
divide s into two paths , one path across the 
air gap at the front of the e lement in which 
the armature is locat e d ,  the other a c r o s s  two 
gaps at the base of the frame . Two adjustable 
shunt s are located acros s the rear air gaps . 
The se change the re luctance of the magnetic  
path so as t o  force s ome of the flux thru the 
moving armature which i s  fastened to the leaf 
spring and attached t o  the frame midway be ­
tween the two rear air gaps . Flux . in the 
armature polariz� s  it and creat e s  a magnet i c  
bias causing i t  t o  move t oward one o r  the 
other of the pole s ,  depending upon the ad ­
justment of the magnet i c  shunts . 

A coil  i s  p laced around the armature and 
within the magne t i c  frame . The current which 
flows in the coil  produce s a magnet i c  field 

60 JO 0 30 60 ,0 120 ISO 180 
ANQLE 8ETWEE'N CURRENTS AT OPPOSITE 

ENDS OF LINE SECTION 

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

which opposes the permanent magnet field and 
act s t o  move the armature in the contact ­
clos ing direct ion . 

Contactor Swit ch 

The d-e  c ontactor swit ch in the re lay i s  a 
small s olenoid type swit ch . A cylindrical 
plunger with a silver disc mounted on it s 
lower end move s in the core of the so lenoid . 
As the plunger t rave l s  upward , the disc  
bridge s three s i lver stat ionary contact s .  The 
coil  is in serie s w ith the main c ontact s· 
of the relay and with the trip coil of the 
breake r . When the relay contact s close , the 
co�l be c ome s ene rgized and closes  the switch 
c ontact s .  Thi s shunt s the main re lay contac t s  
thereby re lieving them of  the duty o f  carry-
ing tripping current . The se contact s remain 
c lo sed unt i l  the trip c ircuit i s  opened by the 
auxi liary swit ch on the breake r . The 
c ontact or swit ch i s  equipped w ith a third 
point which is connected to a terminal on the 
re lay to operate a be ll  alarm . 

Ope rat ion Indicat or 

The ope rat ion indi cator i s  a small solenoid 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

which t he posit ive and negat ive sequence c om ­
ponent s of current add together .  

With the sequence filter arranged for p o ­
s it ive , negat ive and z e r o  sequenc e  . output , 

there are s ome applicat i ons  where the maximum 
load current and minimum fau lt current are too 
c lo se t ogether t o  set the re lay t o  pick up 
under minimum fault current , yet not operate 
under load . For the s e  case s ,  a tap i s  avai l ­
abl e  which cut s the three phas e  sensitivity in 
half ,  whi le the phase -to -phase sett ing i s  
substant ially unchanged . The relay then trips 
at tap value for AB and CA fault s ,  and at 
twice tap value for three -phas e  fault s .  The 
sett ing for BC fault s i s  7 0  percent of tap 
value . In some case s ,  it may be de sirable t o  

e liminate re spons e  t o  positive sequence cur ­
rent ent irely, and operate the re lay o n  neg­
at ive -plus -zero sequence current . A tap . is  
avai lab l e  t o  operate in this manner . The fault 
dete ctor picks up at tap value for all pha s e ­
t o-phas e  fault s ,  but i s  unaffe cted bY balance  
load current or three -phas e  fault s .  

For ground fau lt s ,  s eparate t ap s  are availa­
b le for adjustment of the ground fault sensi ­
t ivity t o  l/4 or l/8 of the upper tap 
p late setting . For example , if the upper 
tap p late i s  set at t� 4, the fault detector 
(FDl ) pick-up current for ground fault s can be 
e ither l or l/2 ampere . In special applica-­
t ions , it may be de sirable to e l iminate re ­
sponse t o  zero sequence current . The re lay i s  
provided with a t ap t o  a l l ow such operat i on . 

SETTINGS 

The HKB re lay has s eparate tap p late s  for 
adjustment of  the phas e  and ground fault 

sensitivities  and the sequence c omponents 
inc luded in the f i lter output . The range of  
t he avai lable  t ap s  i s  sufficient t o  cover a 
w ide range of app l i cation . The method of de ­
termining the c orrect tap s  for a given instal ­
l at ion i s  discussed  in t he f o l l owing paragraph . 

In all  cas e s ,  the s imilar fault detectors on 
the re lays at both termina l s  of  a l ine section 
must be set to pick up at the same value of 
l ine current . Thi s  is neces sary for c orre ct 
b locking during fault s external to the 
prot e ct ed l ine section . 

6 

Sequence Combinat ion Taps 

The 'two halve s  of the lower tap p late are 
for c onne ct ing the sequence filter to provide 
any of the combinat ions des cribed in the pre ­
vious section . The left hal f  of the tap 
p late change s the tap on the third winding of  
the mutual reactor and thus change s the rela­
t ive amount s of positive and negat i ve sequence 
sensitivit y .  Operat ion of the re lay with the 
various taps is given in the table  be low . 

Sequence Components Taps on Lower Fault Detector FDl Pick Up t:. 
Comb . In Filter Output Tap Block 3% Fault J1 - � Fault 

LE-ft Right 

.2l!.. !!!1£. 
1 Pas . ,  Neg . ,  Zero c G or H* Tap Value 86;t; Tap Value 

( 5 0% on BC Fault ) 

2 Pas . ,  Neg . ,  Zero B G or H 2x Tap Tap Value 
Value (70% on BC Fault ) 

3 Neg . ,  Zero A G or H - - Tap Value 

Taps F, G and H are zero-se quence taps for ad justing e-round 
fault sensitivity. See SPCtion on zero-sequence current tap . 

n Fault detector FD2 is set to pick up at 125% of FDl .  

Positive -Sequence Current Tap 

The upper tap p lat e has value s of 3 , 4 , 5 , 6 , 7 ,  
8 ,  and 1 0 .  A s  ment i oned before , these numbers 
repre sent the three -phase , fault detector FDl 
pickup current s ,  when the re lay i s  connected 
for posit ive , negative and zero sequence out ­
put . The fault detect or FD2 c l o s e s  it s 
c ontact t o  allow tripping at current value 25 
percent above the fault dete ct or FDl sett ing . 
This 25 percent difference i s  ne ces sary t o  in ­
sure that the carrie r  start fault dete ct ors 
( FDl ) at both ends of a t ransmi s sion line 
section pick up to start earrier on an ex­

t e rnal f ault before operating energy is  ap ­
plied  through FD2 . 

The taps on t he upper and lower tap plat e s  
should be s e l e cted t o  as sure operat i on on 
minimum internal l ine -t o - l ine fault s ,  and yet 

not operate on normal load current , part i cu ­
larly i f  the carrier channe l i s  t o  b e  used for 
auxiliary funct ion . The dropout current of 
t he fault det e ct or i s  75 percent of the pick 
up current , and this factor must al s o  be con­
sidered in s e l e ct i ng the p o s it i ve -sequenc e  

current tap and sequence component com­
bination . The margin betwee n  l oad current and 
fault detector pick up should b e  suff icient 

t o  a l l ow the fau lt detector t o  drop out afte r  

0 
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TYPE HKB RELAY AND CONTROL UNIT _____________ I._L_4_1 -6_50_c 

an external fault , when l oad current 
t inue s t o  flow . 

Zero-Se quence Current Tap 

c on -

The right half o f  the lower t ap p late i s  for 
adjusting the ground fault re sponse of the 
re lay . Taps G and H give ground fault sens i ­
t iv it ie s e qual t o  1/4 and l/8 of the upper tap 
p late setting , re spective ly . Tap F is used in 
app li cat ions where increased sensit ivity t o  
ground faults i s  not requ i red . When this tap 
i s  used , the voltage output of the filter due 
t o  zero - se quence current i s  e liminated . 

Example s of Relay Settings 

CASE I 

A s sume a two -terminal l ine with current 
t ransformer s  rated 400/5 at b oth t e rminal s .  
A l s o  as sume that ful l  load current i s  300 
ampere s ,  and that on minimum inte rnal phase ­
t o -phase fau lt s  2000 amperes i s  fed in from 
one end and 600 ampere s from the other end . 

NRI'C\E:. Pt..lfTE. 

ij 
\ ..!... 8 

fiC. { 5a )  
l 1 -R� ����()�) 

::: 

r u me. Pt..I!Tj; 

Fig. 5--0utline And Drilling Plan For The External Resistor 
Used In The HKB Relay Control Circuit. For Ref­
erence Only. 

Further as sume that on minimum internal ground 
fault s ,  400 amperes is fed in from one end , 
and 100 amperes from the other end . 

Posit ive Sequence Current Tap 

Secondary Value s :  
5 

Load Current = 300 x -- = 3 .  75 amperes ( 1 )  
400 

Minimum Phase -To -Phase Fault Current : 
5 

6 00 x -- = 7 .  5 amper·e s 
400 

( 2 ) 

Fault detector FDl sett ing ( three phase ) must 
be at least : 

3 . 7 5  
----� = 5 ampere s ( 0 . 75 i s  dropout rat io o f  
0 . 75 

fault detector)  ( 3 ) 
so that the fault detector will  reset on l oad 
current . 

In order t o  complete the t rip c ircuit on a 
7 . 5  ampere phase -to -phase fault , the fault 
detector FDl sett ing ( three -phase ) mu st be not 
more than : 

1 1 
6 . 98  amperes ( 4 ) 7

"
5 X 

0 . 866 
X ---- = 

1 . 25 
FD2 pick up 

1 . 25  
FDl pick up 

Sequence Combinat ion Tap 

From a compari son of ( � )  and ( 4 )  above , it 
is e vident that the fault dete ctor can be set 
to trip under �inimum pha se fault condit ion , 
yet not operate under maximum load . In this 
case , t ap C on the lower left tap block would 
be used ( see  Table 1 ,  Comb . 1 )  as the re i s  

suffi cient d ifference between maximum load and 
minimum fault t o  use the full three -phase sen­
s it ivity . 

Zero Sequence Tap 

Secondary Value : 
5 

1 00 X -- = 1 . 2 5  
400 

ampere s minimum ground 
fault current 

With the upper tap 6 in use , the fault 
detector FDl pi ckup current s for ground 

faults  are as follows : 

Lower r ight tap G 1/4 x 6 
Minimum t rip = 1 . 25 x 1 . 5  

1 . 5  amp . 
1 . 875 amp . 
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TYPE HKB RELAY AND CONTROL UNIT _____________ I._L._4_1 -_6so_c 

= 

i DIA.DRILL 
FOR THICK 
PANELS 

� DIA.DRILL (Z.-HOLES) OPE>IINGoS fOR 
THIN PANEL MOUNTING.. 

_ "D-3Z TERM SCREW 8c. STUDS ,t·ZOMOUNTIN<O SCREW 
8c. STUDS 

USE STU D S  

FOR THICK PANELS. 

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

, / 90 ·-32 SCREWS \ .FOA' TERM//VA�S 
7 � L>//1. MTfi. #Ot..!"S 

(4 -}IOL. ES) 

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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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

Lower r i ght t ap H l/8 x 6 = 0 . 75 amp . 

Minimum t rip = 1 . 25 x 0 . 75 = 0 . 938 amp . 

From the above , tap H would be used t o  

t rip the minimum ground fault o f  1 . 25 ampe re s . 

CASE I I  

A s sume the same fault current s as i n  C a s e  

I ,  but a maximum l oad current o f  500  ampere s .  

In t h i s  examp l e , with the same s e quence c om­

b inat i on a s  i n  Case I ,  the fault det e ct o r s  

cannot b e  s e t  t o  t rip o n  the minimum interna l 

three -pha s e  fau l t , yet remain inoperat ive on 

l oad current . ( C ompare ( 5 )  and (6 ) b e l ow ) . 

Howe ve r ,  b y  connect ing the f i l t e r  per C omb i ­

nat i on 2 o n  Tab le I ,  the re lay can b e  s e t  t o  

trip o n  minimum pha s e -t o -pha s e  fau l t , alt hough 

it w i l l  have only half the s e n s i t ivity t o  

three -phase fau lt s . Thi s  wi l l  al low operat i on 

at maximum l o ad without pi cking up t he fault 

det e c t o r ,  and provide high speed r e l aying of 

a l l  exc€pt l i ght three -pha s e  fau l t s .  

In order t o  comp le t e  the t rip c ircuit on a 

7 . 5  ampere phase - t o -pha s e  fau l t , the fault 

d e t e c t or t ap mu s t  now be not more than : 

1 
7 . 5  x -- = 6 . 0  ampe r e s  

1 . 25 
( 5 ) 

To be sure the fault det e c t o r  FDl w i l l  r e s e t  

aft er a fault , the min imum tap s e t t ing i s  

det e rmined a s  f o l l ow s : 
5 

Load Current = 500 x ---- = 6 . 25 amp s 4 0 0  
6 . 25 

-- "" 4 . 17 
0 . 75 

8 . 33 
2 

= 4 . 17 

(6 )  
( 7 )  

Since the fau lt d e t e c t o r  pickup current for 

three -phas e  fau l t s  is twice tap value , ha lf 

the ab �ve value (Eq . 7) shou ld be used in 

determining the min imum three -pha s e  tap . 

9 = 4 . 17 ( 8 )  

From a compari s on o f  ( 5 )  and ( 8 )  above , t ap 

5 wou l d  be s e l e ct ed . 

With the three �phase t ap 5 in u s e , the fau l t  

det e ct or pickup current for ground fau l t s w i l l  

be as f o l l ow s : 

Tap G 1/4 x 5 = 1 . 25 a .  

Minimum t rip = 1 . 25 x 1 . 25 a .  

Tap H 1/8 x 5 = 0 . 625 a . 

1 0  

1 . 56 amp . 

Minimum t rip = 1 . 25 x 0 . 625 a .  = 0 . 78 amp . 

The refore , tap H wou ld be u s e d  t o  t rip 

the minimum ground fau l t  o f  1 . 25 ampe re . 

INSTALLAnON 

The r e l ays shou ld be mounted on swit chboard 

pane l s  or the i r  equivalent in a l o c at ion free 

from dirt , moi sture , exc e s s i ve vibrat i on and 

heat . Mount the re lay vert i ca l ly by mean s of 

the two mount ing studs for the t ype FT pro ­

j e c t i on case or by means of the four mount ing 

h o l e s  on the f l ange for the semi -flush type FT 

case . Either of the s tuds or the mount ing 

s crews may be u t i l i zed for grounding the 

� e l ay . The e le ct rical c onne c t i on s  may be made 

direct to the t e rmina l s  by means of s crews f o r  

s t e e l  . pane l mount ing or t o  t e rmina l s t u d s  

furni shed w i t h  t h e  re lay for ebony -asb e s t o s  o r  

s late pan e l  mount ing . The t e rmina l studs may 

be ea s i ly removed or i n s e rt e d  by l o cking two 

nut s on the stud s  and then turning the proper 

nut with a wrench . 

Ext ernal Re s i s t or 

A re s i st o r  i s  required in the carri e r  s tart 

fau l t  det e c t or c i r cuit , as shown i n  Fig .  12  
c onne cted between HKB re lay t e rminal 8 and 

bat t e ry p o s i t i ve . It s fun c t i on i s  t o  avoid 

short c ircuit ing the s tat i on bat t e ry through 

the norma l l y - c l o s e d  c ontact of the carr i e r  

start fau lt d e t e c t o r  FDl .  

The value s of this re s i s t or are t abulated 

be l ow . 

Style No . 

1 337 179 
1337181 

D . C .  Supply 

125 vo l t s  

250 volt s 

250 
625 

Out line & 
Dri l l ing 

Fi g .  Sa 

Fig . Sb 

Thi s re s i s t or can be mounted on the rear of 

the swit chboard i n  any convenient l o cat ion . 

ADJUSTMENTS AND MAINTENANCE 

CAUTION 

l .  Make sure that the neon lamp i s  in place 

whenever re lay operat ion i s  be ing checked . 

Thi s  i s  ne c e s sary t o  l imit the vo ltage peaks 

in the f i l t e r  output at high currents s o  as t o  

prevent damage t o  the Re c t ox Unit s .  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HKB RELAY AND CONTROL UNIT _____________ 
I_. _L _-"1....:.-6.:...:...::soc 

. - -- - -- - -- - - - - - � 
I 
' 

! 
t-=�4n ! 

I 
I 

I i i 
I 

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

2 .  When changing tap s  under l oad , the spare 
tap s c rew should be inserted before removing 
the othe r tap s c rew . 

3 .  A l l  contact s should be periodically 
c leaned with a f ine file . S#l002 1 1 0  f i le i s  
rec ommended , be cause of the danger o f  em­
bedding sma l l  part i c l e s  in the face of the 
s oft s i lver and thus impairing the contact . 

4 .  The proper adjustment s t o  insure correct 
operat ion of this re lay have been made at the 
fact ory and should not be disturbed after re ­
ceipt by t he customer . If the adjustment s 
have been changed , the re lay taken apart for 
repair s , or if it is des i red to check the 
ad justment s at regular maintenance period s , the 
inst ruct ion s  be low should be followed . 

Sequence Filter 

There are no adjustment s t o  make in the 
filter . 

The follow ing mechanical ad justment s are 
given as a guide , and s ome deviation from them 
may be ne c e s sary t o  obtain proper e le ct rical 
cal ibrat ion . 

Fault Detector FDl ( Lower P olarized 
Re lay Element ) 

Back off c ontact screw s s o  that they do not 
make contact . Screw magnetic  shunt s  int o the 

all out posit ion . The armature should remain 
against whichever s ide it is pushed with thi s 
adjustment . 

Contact Adjustment 

Push the armature to the right . Ad just the 
right -hand contact unt i l  it barely make s a 
light circuit . A flicke ring light i s  p8r ­
mi s s ible . Give the contact s crew 2/� turn t o  
obta in the prope r follow . Lock in posit ion by 
t ight ening the nut on the contact s c rew . 

Now push the armature t o  the left . Ad just 
the left hand contact unt i l  it bare ly make s a 
light circuit , 
addit i onal 2/3 
contact follow . 

Calibrat ion 

then give the contact s crew an 
turn to obtain the proper 
Lock in posit ion . 

During calibrat iop , conne ct a 1 0 , 000 ohm 
re s i stor  acros s  te rminal s  19 and 20 or swit ch 
jaw s  B and C t o  s imulate the l oad of the 
t ransformer in the Cont rol Unit . AIJproximate 

adjustment s are as follow s :  S :)rew in the right 

hand magnet ic  shunt unt i l  the t op air gap i s  
shunted . Wit h the upper t ap on 4 ,  and the 
lower taps on C and H ,  pas s � . 46 ampe re s , 6 0  
cyc le s i n  phase A and out phase B ,  and s c rew 
in the left hand shunt unt i l  the armature 
c l o s e s  the right hand contact . Reduce the 
current unti l  the armature reset s ;  this should 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

happen at not le s s  than 75% of the pick up 
value . Lock the shunts  in posit ion and re ­
che ck the cal ibrat ion s e veral t ime s . The 
act ion of the armature shou ld be snappy . It 
may be nece s sary t o  increase the contact 
fol low t o  obtain t he required dropout . A s  
finally adjusted , the contact gap must b e  at 
least . 0 16 inch . 

Fau lt  De tector FD2 (Ugper Polarizeo 
Relay Element ) 

Contact Adjustment 

Ad just the s ingle contact the same as  the 
right hand contact on the l ower polar e l ement . 

Calibrat ion 

C onnect the 1 0 , 000 ohm re s i s t or acro s s  
re lay t e rminals  19  and 20 o r  swit ch jaw s  B and 
C .  Set the relay taps on 4 ,  C and H as before . 
Screw in the right hand shunt unt i l  the t op 
air gap i s  shunted . Pas s 4 . 33 ampe res in 
phase A and out phas e  B, and s crew in the left 
hand shunt unt i l  the armature closes  i t s  

contact . Reduce t he current unt i l  the arma -
ture reset s ; this should happen at not l e s s  
than 75% o f  the pick up value . Lock t he 
shunt s in p o s it i on and recheck the cal ibrat ion 
several t ime s . The act i on of the armature 
shou ld be snappy . It may be nece s sary to in ­
crease the fol l ow on the contact t o  obtain 
the required dropout . As final l y  ad justed , 
the contact gap must be at least . 016 inch . 

Operat ing Element ( Te lephone Type Re lay )  

Che ck contact adjustment t o  see that 
stat i onary contact i s  def lected 5 to 10 mi l s  
after contact c lo se s . 

Calibrat i on 

Connect  a d - e  mi l l iammeter 
test  swit ch j aw s  Hl  and 
case ) .  C onnect a s ource 

( 0 - 25 rna ) across  
Il  ( re lay out of 

of variab le a - c  
vo ltage ( 0  t o  10 volt s )  between t erminal s  9 
and 1 0  ( or swit ch j aws Fl and Gl ) .  The e l e ­
ment i s  t o  b e  ad justed for 7 . 5  t o  8 . 5  rna . d - e  
pick u p  and 3 t o  5 rna . dropout . The c ontact 
spring tension and the armature set s c rew can 
be ad justed t o  obtain the s e  value s .  

12  

For the re lay in the standard case , apply 
the a - c  voltage acro s s  termina l s  9 and 1 0  and 
insert a t e st p lug conne cted t o  a d - e  mi l l i ­
ammeter i n  the s ingle t e s t  swit ch j ack o f  the 
relay . If clip leads are used , it w i l l  be 
neces sary to s lip a strip of insulating 
mat erial such as fiber into the test swit ch 
j ack after opening the swit ch blade t o  obtain 
a reading . 

C ontactor Swi t ch 

Adjust the stat i onary c ore of the swit ch for 
a c learance ·between the stationary c ore when 
the swi t ch i s  picked up . Thi s  can be mos t  
convenient ly done b y  turning the relay up ­
side -down . Screw up the core s crew unt i l  the 
moving core start s rotat ing . Now , back off 
the core s crew unt i l  the moving core s t op s  
rotat ing . Thi s indi cate s  the point where the 
p lay in the moving contact a s s emb ly is taken 
up , and where the moving core just separate s  
from the stat ionary core s crew . Back off the 
stationary 

/
core screw one turn beyond thi s 

point and lock in p lace . Thi s  prevent s the 
moving core from st riking and sticking to t he 
stat i onary core be cause of res idual magnet i sm . 
Adjust the contact c learance for 3/32 inch by 
mean s of t he two small  nut s on e ither s ide of 
the Micarta disc . 
at 2 ampere s d - e . 

The swi t ch should pick up 
Test for s t icking after 

3 0  ampere s d - e  have been passed thru the coi l . 
The coil  r e s i stance i s  approximate ly 0 . 25 ohm . 

Operat ion Indicat or 

Adjust the indicator to operate at 1 . 0  
ampere d - e  gradually app lied by loos ening the 
two s crews on the under s ide of the as semb l y ,  
and moving the bracket forward or backward . 
If the two he lical s prings whi ch reset the 

armature are replaced by new spring s ,  t hey 
should be weakened s light ly by st ret ching t o  
obt ain the 1 ampere calibrat ion . The coi l 
re s i stance i s  approximate ly 0 . 16 ohm . 

RENEWAL PARTS 

Repair work can be done mo st sat i sfact ori ly 
at the fact ory . Howe ver ,  interchangeab le 
part s can be furni shed to the cust omers who 
are equipped for doing repair work . \-Then 
ordering part s ,  a lways give the c omplete 
nameplat e dat a .  www . 
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TYPE HKB RELAY AND CONTROL UNIT _____________ , _ _  L_4_1 -6_so_c 

ENERG:Y REQUIREMENTS 

Burdens measured at a balanced three -phase 
current of five ampere s . 

Relay 
� 
A -F -3 
A -H - 1 0  
B -F -3 
B -H - 1 0  
C -F -3 
C -H - 1 0  

Burdens 

Phase A Phase B Phase C 
VA Angle VA Angle VA Angle 

2 . 4  
3'. 25 
2 . 3 
4 . 95 
2 . 3 2  
6 . 35 

5 °  0 . 6 
0 °  0 . 8 
0 ° 0 . 6-, 
0 °  2 .  35 
0° 0 .  78 

0 ° 2 - 5  
1 0 0 °  1 . 28 

0 ° 2 .  45  
9 0 ° 0 .  3 

0 °  2 .  36 
8 0 °  1 . 98  

measured at a s ingle -phase  

5 0 °  
5 5 ° 
5 5 °  
6 0 °  
5 0 °  

185 ° 

t o  
neut ral current o f  f ive ampe re s .  

Re lay 
Tap s 
A -F -3 
A -H - 1 0  
B-F-3 

Phase A 
VA Angle 
2 . 47 0 °  
7 . 3  6 0 °  
2 . 45 0 °  

Phase  B 
VA Angle 
2 . 1  1 0 °  

1 2 . 5  53 ° 
2 . 09 15 ° 

Phase  C 
VA Angle 

1 . 97 2 0 °  
6 . 7  26 ° 
2 . 07 1 0 °  

B -H - 1 0  16 . 8  
C -F-3 2 . 49 
C -H - 1 0  3 1 . 2  

55 ° 22 . 0  
0 ° 1 .  99 

4 1 °  36 . 0  

5 0 °  12 . 3  
15  ° 2 . 11 
3 8 °  23 . 6  

The angle s above are the degre e s  by whi ch 
the current lags it s re spec t i ve voltage . 

PART II - TYPE HKB CONTROL UNIT 

CAUTION When ad just ing thi s equipme nt , allow 
the tube heaters  t o  warm up for at least 3 0  
s e c onds before applying plate voltage ( by 
operat ing the re lay fault dete ctor ) .  Thi s  
pre caut ion i s  nec e s sary t o  prevent damage t o  
the Type 2050 thyrat ron s .  

CONSTRUCTION 

The HKB Cont rol Unit con s i s t s of an e l e c -
t ronic t rigge r circuit employing two thyra -
tran s ; a rectifier -doub ler vacuum tube for the 
rece ived carrier and a vacuum " re lay " tube 
which c ompare s the phase  po s it ions of the 
l ocal and d i stant l ine current s .  

The general appearance  and con struct ion of 
the Type HKB Cont rol Unit is shown by the out ­
l ine drawing , Figure 1 1 . The entire equip ­
ment , with t he except ion of the acces sorie s ,  
i s  mounted on a standard 3/16 " thick aluminum 

panel  19 " wide and 8 -23/32 " high with standard 
notching . The front of the panel is black 
wrinkle fin i shed , and the rear i s  Nasat . The 
tub e s  protrude through the front panel for 
convenient installat i on and replacement . 

Jacks are provided on the front of the panel  
for current metering as  follow s :  

Jl ( t op jack ) Heat er current 
J2 ( cent e r  j ack ) Re lay tube emi s s ion current 
J3 ( b ottom jack ) Re c t i f i e r -doubler  output cur -

rent 

INSTALLATION 

When used with the Type JY Transmitter and 
Re c e ive r ,  the HKB Cont rol Unit is mounted in 
the same cab inet with the s e  pan e l s  and immedi­
ate ly beneath the Re ceiver pane l .  The In stru c ­
t ion Book for the complete as sembly o f  which 
this unit is a part should be referred to for 
add it ional mount ing instruction s . 

Upon del ivery , the unit should be very 
carefu l ly che cked for damaged part s .  Part i cu ­
lar att ent ion should be given t o  any part s 
whi ch may have become loose  in shipment , or 
wire s which may have b roken b e cause of 
vib rat ion . Each HKB Control  Unit i s  supplied 
with an acces sory group of component s for 
adapt ing it for operat ion from 125 volt s d - e  
o r  2 5 0  volt s d - e . The se  c omponent s Should b e  
che cked for damage and t o  s e e  that none are 
mis s in g ,  and checked against the order or re ­
qui s it ion and the part s l i st in this book as  
we l l  as  the instruct ion sheet furni shed with 
each acce s s ory package . Any shortage should 
be immediat e ly reported to the t ran spo rtat ion 
c ompany and t o  the nearest di strict office of 
the manufacture r .  The dummy r e s i stor  plug 
furni shed w ith the HKB accessories  i s  for use 
in the JY Tran smitter  amplifier  cathode c i r ­
cuit . Remo·Je the re s i st or regularly furni. shed 
with the JY Transmitter and replace w i th this 
dummy p lug . 

The neces sary c onne ct ions from the JY 
( cabinet ) assemb ly terminal blocks t o  the 
swit chboard , relay s ,  etc . ,  should be made in 

suitable  c onduit . Number  1 2  gauge wire i s  
rec ommended f o r  the se  c onne ction s . The con-
nect ion diagrams in the instruct ion book for 
the c omplete assembly should be followed . Be 
sure to ground terminal #1 on the HKB Unit and 
also  cabinet terminal # 1 . 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

CIRCUIT ADJUSTMENT - GENERAL 

Do not in sert the tub e s  int o the HKB 
Cont rol  Unit unt i l  the following paragraphs 
dea l ing 
r<oad . 

with circuit adjustment s have been 

The HKB Control Unit i s  de s j gned to use the 
same tub e s  for e ither 125 volt or 250 volt 
operat i on . When used on 250 volt s d - e ,  the 
prope r value of plate voltage for the Type 
2516 Re lay Tube i s  obtained from a conne ct ion 
at the posit ive end of the t ran smitter tube 
heate rs . 

In order t o  obtain bias vo ltage for both the 
HKB Cont rol  Unit and the a s s ociated carrier 
t ransmitte r ,  the ent ire d - e  current drain of 
both uni t s  is caused to f l ow through a c omb i ­
nat ion o f  r e s i st or s  in the Control Unit . In 
this way , adjustab le bias for the Type 2050 
thyratrons and fixed bias of two d ifferent 
value s ,  for the ' power amp lifier tub e s  of the 
t ransmitter  is obtained . Be cause the ad just ­
ment procedure w i l l  fol l ow the tabulations 
shown on Tab l e s  I and II a s  clo sely a s  
pos s ib l e , it i s  important t o  become thoroughly 
fami liar with the t ab l e s .  Five columns are 
inc luded in the s e  t ab le s .  The first co lumn 
indicate s  the quant ity t o  be che cked . The 
second c olumn indicate s  the minimum value 
permi s s ib le . The third column indi cate s  the 
normal value . The fourth column indicat e s  the 
maximum value permi s sible . The fifth co lumn 
should be fil led in at the t ime of inst a l ­
lat ion , t o  indicate the actual value which was 
obtained . The last column i s  of great im­
portance and should be f i l led in as soon a s  
the HKB Cont rol  Unit i s  instal led . A l l  
quant it ie s must b e  brought within the minimum 
and maximum value specified before the e quip ­
ment can be cons idered t o  be in sat i s fact ory 
operat ing condit ion . A copy of the se  value s 
should be kept with the e quipment for che cking 
purpas e s .  A l l  letters  of inquiry to the 
manufacturer regarding the operat ion or this 
unit should be accompanied by a l i st of actua l  
value s o f  the eight quant ities  tabulated on 
Tab l e  I or II . 

The maximum and minimum limit s of the value s 
in the tab le  d o  not a l l  correspond t o  the 

1 4  

same percentage . In the case of the power 
supp ly or battery vo ltage , the limi t s  given 
are the maximum and minimum at whi �h the unit 
can be proper ly adjusted to operate ; and the se  
l imit s inc  1 ude 
supply voltage . 
with 125 volt 

the maximum variat i on jn power 
For instance , the HKB unit 

acce s s orie s can be ad just ed t o  
funct ion prope r ly on any battery whi ch never 
exceeds 150  vo lt s or drops below 1 0 0  volt s . 
But once the normal voltage i s  e stab l i shed and 
adjustments are made for operation on that 
voltage , it should not be permitted to f luctu ­
ate norma l ly more than p lu s  or minus five 
percent . 

The Unit has been designed t o  use either 
glass or metal tub e s  of type s 25L6 and 2526 , 
and the ad justment data i s  the same for 
e ither . 

C IRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT 

The numbers at the beginning of the f o l l ow ­

ing paragraphs corre spond t o  the line numbers 
in the Adjustment Data Tab le s . 

1 .  The first l ine in the Adjustment Data 
Tab le i s  the powe r supp ly or battery voltage , 
which i s  t o  be measured at the cabinet termi ­
nals before any of the equipment i s  turned on . 
The actual value of this voltage at the t ime 
of instal lat ion should be entered on the line 
in the fifth co lumn of the data t able . If it 
is not within the l imit s of 100  to 150 vol t s  
d - e ,  do not proceed . 

2 .  Adjustment of the HKB Cont rol  Unit tube 
heate r  current is now to be carried out . Since 
the bias resi stor ( combinat i on of R8 , R9 ,  RlO , 
Rll  and R5 ) i s  common t o  the heater  circuit s 
of both the carrier t ransmitter-receiver and 
the HKB Control  Unit , 
current of the one unit 

ad j ustment of 
wi 11 affect 

heater 
that of 

the othe r . In order t o  avoid d iffi culty , the 
bias re s i st or ment ioned i s  to be temporari ly 
shorted out during the ad justment of heater 
current for both the t ransmitt e r -receiver and 
the HKB Control  Unit . BEFORE PROCEEDING , 
REFER TO THE INSTRUCT ION BOOK FOR THE ASSEMBLY 
OF WHICH THIS UNIT IS A PART AND CARRY OUT THE 
DIRECTIONS 
RESISTANCE 

THEREIN FOR INSERTING MAXIMUM 
INTO THE TRANSMITTER-RECEIVER www . 
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TYPE HKB RELAY AND CONTROL UNIT ______________ 
1. _L _41_-6_so_c 

HEATER C IRCUIT . C onnect a jumper wire acro s s  
terminal s #� and # 1 8  o f  the HKB Cont rol  Unit . 
The ad just ing c l ip on r e s i st or Rc i s  t o  be set 
roughly in the cente r  of the re s i s t or . The 
adjust ing clip s  on the two ad justable re ­
s istors  R23 and R24 , which are external heate r  
s e r i e s  re s i st or s  mounted o n  a separate pane l .  
are t o  be  set s o  a s  t o  s hort out the � 
p o s s ible  amount of the se re s i st or s . Remove 
the dummy re s i stor  plug from i t s  c lips in the 
t ransmitter amplifier cathode return circuit . 
The tub e s  are n ow t o  be in serted int o the HKB 
as semb ly of which the HKB Unit i s  a part . Plug 
a d - e  ammeter of l ampere range int o j ack Jl 
and ad just the short ing c lips of external re ­
s i stors  R23 and R24 t o  obtain the correct 
heater ·current as given in line #2 of the 
tab le . It i s  de s irab le t o  keep the amount 
shorted out of each of the se two re s i stors 
about equal so as t o  dist ribut e the heat pro ­
duced equally between them . When the power i s  
first applied , the tube heater current will  be 
above normal due t o  t he low re s i stan ce of the 
c old heat er e lement s .  Consequent ly power 
should be app l ied for at least two minute s  
before read ings are taken . After the heate r  
current of the HKB Cont rol Unit and the heater 
current of the t ran smitter -receiver have each 
been ad justed , remove the .iumper wire from 
t e rminals #5 and #18 of the HKB Unit . Rep lace 
the dummy re s i stor plug in i t s  c l ip s  in the 
t ransmitter . 

3 - After the ad justment s on t he t ransmitter 
have been completed and the t ransmitter is i n  
normal operat ion measure again the heat er cur ­
rent of the HKB Unit at Jack Jl . If not within 
the l imit s  of line #3 i� the Data Table , make 
such s l ight change s t o  the sett ing of the ex­
ternal re s i stors  R23 and R24 as may be re -
quired t o  correct it . 
should be carried out 
rece iver . )  

(A s imilar operat j on 
on the t ransmitter-

4 .  Afte r  the 
pleted , mea sure 
jacks . J2 and J3 . 

above ad justment s are com­
at the other two meter i ng 

t o  see that no current i s  
flowing . Under the condit ion of the b i a s  re -
s i ster R6 being set near the cent e r , the Re lay 
Tube , V4 , i s  b iased well  beyond plate current 
cut -off , so that the current at jack J2 should 
be well  below the limit of . l  mi ll iampere . 

Under the condit ion of no r -f s ignal re ce i ved , 
the current at j ack J3 should be we l l  be low 
the l imit of . 1  rna . Any exce s sive current 
flow should be inve st igat ed and the fault 
c leared before proceeding with the t e st s . 
( Make final check with 1 . 5  mi l liampere range 
of meter . )  

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

6 .  Thi s ad justment i s  for the purpose of 
obtain ing the correct Master  O s c illat or plate 
voltage for the t ran smit ter . The tran smitter 
mus t  be completely ad justed and in  a state  of  
normal ope ration ( ready t o  be cont rol led by 
the HKB Unit ) .  In making this ad justment i t  
i s  nece � sary t o  have V1 thyratron cont inuou s ly 
ignited . For Control Unit S#867954A , a s i ngle 
res i st o r  R5 is in place of re s i stors  R26 and 
R27 . Remove the lead from the R5 tap nearer 
the panel and connect this lead to t e rminal 
#19 of the Control Unit . For Control Unit 
3#147 1841 . remove the lead from the R27 tap 
and connect t o  terminal #19 . Now turn on the 
equ ipment and allow the thyrat rons to heat up 
for one minut e . Block open the back contact 
of the HKB lower fault detector . Thyrat ron 
Vl will  fire and remain conducting . Connect a 
d - e  voltmeter of at least 1000 ohm-per -volt 
re s i stance between terminal #5 and terminal 
#19 . Adjust Rl and R2 to obtain the required 
voltage as given in the Table in the Tran s ­
mitt e r  Instruct ion Book . The t ransmitter 
should now be  s ending out carrier at it s ful l  
output power . 
normal . 

Re st ore all connect i on s  t o  

7 - The object o f  the following adjustment 
i s  to set the firing point of the thyratron s 
Vl and V2 to the proper value by adjusting 
the i r  grid b ias . Two re s i stors , R26 and R27 , 
are provided for separate ad justment of Vl 
and V2 grid bias in Cont rol Uni t  3#147 1841 .  
Control Unit S#867954A has a s ingle re si stor 
with two s l iders ( R5 )  for ad justment of Vl and 
V2 grid bia s . The b ias  can be measured b e ­
tween each s l ider and terminal #5 -

In making thi s adjustment , 
t o  apply a simulated fault 
and a s so c iated carrier set . 

it i s  neces sary 
to the HKB re lay 

If the current 

15  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

ci rcuits  of the re lay are not connected t o  the 
line current tran sformers , a s ingle -phas e  6 0  
cyc le current from a variab le t e st s ource can 
be appl ied t o  the HKB re lay t erminals 24 and 
25 , s imulat ing a s ingle -phase -to -ground fau lt . 
If the relay current circuit s are conne cted t o  
the l ine , open t e st swit che s D ,  E . F ,  G H .  I 
and J .  Test switch J opens the trip circuit . 
Thi s switch shou ld be opened first and left 
open during all adjustment s .  The current c i r ­
cuit s t o  the re lay have been shorted b y  open ­
ing swit che s D ,  F, and H ,  but the relay i s  
s t i l l  c onne cted t o  the current tran sformers 
through the test  jacks on swit che s E ,  G and I .  
The se c ircuits  are opened by insert ing current 
test  p lugs or st r i ps of insulat i on into the 
t e st jacks on swit che s E .  G and I .  The re lay 
i s  now entirely d i s c onnect ed from the current 
t ran sformers , and the single phase t e st s ource 
can be c onne cted between swit ch jaws F and G .  

Put the upper t ap screw i n  tap 4 and the 
l ower tap s crews in the C and H taps . Thi s  
s e t s  the pickup current o f  the re lay fault de ­
t ector at 0 . 5  ampere for a s ingle -phase -t o ­
ground fault . Adjust the s liders on R5 or 
R26 and R27 for maximum grid bias on the 
tryrat rons ( s l iders away from the pane l ) . 
Block open the norma l ly c lo sed contact on the 
carrier start fault det�ct or ( l ower polar e l e ­
ment ) .  Insert a mi l l iammeter in jack Jl of 
the carrier transmitter to read o s c i l lator 
cathode current . App ly the s ingle -phase t e st 
current t o  the re lay and increase it t o  0 . 3  
ampere s . Now gradual ly reduce the bias on 
thyrat ron Vl by moving R5 s l ider #1 ( the one 
nearer the pane l )  or the s l ider on R27 t oward 
the pane l .  A point w i l l  be reached where Vl 
fire s  t o  start carrier . Thi s  w i l l  be indi cated 

by reading on the 
mit ter Jack Jl . 
point . Che ck 

d -e mi l liammeter in tran s ­

Tight en the 
this sett ing 

s lider at thi s 
by reduc ing the 

test current to zero and momentari ly removing 
the blocking i n  the FDl back contact t o  
ext ingui sh Vl . · Increase the t e st current unt i 1 
Vl fire s . Thi s  should occur at 0 . 3  ampere 
+ 1 0% .  

With Vl f ired and the t e st current set at 
0 . 3  ampere , gradual ly reduce the bias on 
thyrat ron V2 by moving R5 s lider #2 ( the one 

16 

further from the pane l )  o r  the s l ider on R26 
t oward the pane l .  A point w i l l  be reached 
where V2 fire s and triggering w i l l  then take 
place with thyratrons Vl and V2 firing on 
alt ernate half cyc l e s  of the app lied t e st 
current . Triggering wi l l  be ind i cated by a 
reduct ion in the mi l l iammeter reading at 
t ran smitter jack Jl t o  50 or 6 0% of i t s  in­
itial  value . Tighten the  s l ider at  thi s point . 
Che ck the setting by reducing the t e st current 
to zero and momentari ly removing the b l ocking 
in the FDl back contact t o  ext inguish Vl or V2 
( e ither may remain fired ) . Increase the test 
current unt i l  triggering begins . 
occur at 0 . 3 ampere + 1 0% .  

Thi s  should 

Not e : Taps are provided on the secondary of 
transformer Tl t o  c ompensate for variat i on in 
tube s .  The lead shown c onne cted t o  t ran s -­
former T l  terminal #3 may b e  connected t o  
t e rminal #4 , and s imi larly for terminal # 7  and 
#8 . 

8 .  The f o l l owing ad justment covers the 
sett ing of the relay tube ( V4 )  grid bias . 
With the t e st current circuit applied t o  the 
relay ( d e s cribed in paragraph 7 ) ,  increase the 
a-c  current unt i l  the neon lamp in the HKB re ­
lay light s . Plug a d - e  mi l l iammeter into the 
current j ack on t e s t  swit ch Il on the re lay t o  
measure the operat ing e lement c o i l  current . 
Reduce the grid bias on the re lay tube by ad ­
just ing the s lider on re s i s t or R6 unt i l  the 
operating e lement coil  current is 20 mi l l i ­
ampe re s . The re lay tube grid bias i s  measured 
between the s l ider on R6 and terminal #5 of 
the Control Unit . A voltmeter of at least 
1 000 ohms -per -volt resi stance should be used . 
Carrier from the di stant line terminal should 
not be transmitted during this adju stment . 
When the re lay tube grid bias i s  ad justed as  
de s cribed , the overa l l  characteri s t i c  of the 
HKB relaying system i s  shown in Figure 2 .  A l l  
t e st circuit s  and meters  may now be removed , 
and the re lay t e st swit che s returned t o  
normal . The swit ch with the red handle should 
be c losed last as  thi s conne c t s  the relay t o  
the breaker trip circuit . 

CIRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT 

1 .  The first l ine in the Ad justment Data www . 
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TYPE HKB RELAY AND CONTROL UNIT _____________ I._L_4_1 -6_so_c 

Tab le i s  the power supp ly or battery voltage , 
whi ch i s  t o  be measured at the cabinet te rmi ­
nals before any of the equipment is turned on . 
The actual value of this voltage at the t ime 
of in stallat ion should be entered on the line 
in the fifth column of the data t ab le . If it 
i s  not w ithin the l imit s of 200 t o  ?00 volt s 
d - e , do not proceed . 

2 .  Ad justment of the HKB C ontrol Unit tube 
heater current will  be accomplished along w ith 
the ad justment of the transm�tter heater cur ­
rent , be cause all the heaters  of the assembly 
are conne cted in serie s .  The 
ternal heater series re s i stors  
the acces sorie s  for the assembly 

ne ce s sary ex ­
are a part of 
of which thi s 

Unit is a part ; and the. in struct ions for the ir 
adjustment s are to be found in the instruction 
book for the c omplete as semb ly .  After the ad ­
justment is c ompleted record the value of cur ­
rent as measured at j ack Jl . The heater cur ­
rent s of the Control Unit and the transmitter 
should be within the l imit s  tabulated on Table 
II . 

Exte rnal acce s sory re s i st or R25 i s  connected 
in shunt t o  the HKB tube heaters . By bypas s ­
ing . 3  ampere , it enable s their operati on in 
serie s  witn one tube heaters  of the t ran s ­
mitter ,  which draw . 9  ampe re . Re sistor R25 i s  
ad justed a t  the factory t o  208 ohms plus or 
minus 1 percent and should not be changed from 
'the above value . 

3 ·  The 
be measured 
#10 .  

plate circuit supply voltage i s  t o  
between terminal # 5  and terminal 

4 .  After the above adjustment s are com­
pleted ,  measure at  the other two metering 
j acks , J2 and J3 , t o  see that no current i s  
flowing . Under the condition of the bias re ­
sistor R6 b e ing set near the center , the Re lay 
Tube , V4 , i s  biased well beyond plate current 
cut -off , so that the current at j ack J2 should 
be well  below the l imit of . 1  mill iampere . 

Under the condition of no r -f signal received , 
the current at j ack J3 should be we ll  below 
the l imit of . 1  ma . Any exce s s ive current f low 
should be inve stigated and ttle fault c leared 
before proceeding with the t e st s . ( Make final 
check with 1 milliampere range of meter ) .  

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

voltage between 

6 .  Os c illat or Plate Voltage . Ad justment s 
are exact ly the same as for 125 volt equip ­
ment . See paragraph 6 of previous sect ion . 
Refer to value s on Table I I .  

7 .  Thyratron Grid Bias Volt s .  Ad justments 
are exact ly the same as for 125 -volt equip ­
ment . See paragraph 7 of previous sect ion . 
Refer to value s on Table II . 

8 .  Re lay Tube Grid Bias Volt s . Ad justment s 
are exact ly the same as for 125 -vo'lt equ ip ­
ment . See paragraph 8 of previous section . 
Refer t o  value s on Table II . 

OVERALL TEST OF COMPLETE 
INSTALLATION 

After the complete equipment has been in ­
stalled and adjuste d ,  the following t e s t s  can 
be made which will  provide an overall check on 
the re lay and carrier equipment . The phase 
rotat ion of the three -phase current s can be 
checked by measuring the 
relay terminals 19 and 20 

a-c  voltage acro s s  
or  t e st swit che s B 

and C with a high res istance a-c  voltmeter of 
at least 1000 ohms per volt . The reading 
obtained should be approximately 0 . 9  volts pe r 
ampere of balanced three -phase load current 
( se c ondary value ) with re lay taps 4 ,  C and H .  

This t e st requ ire s that a balanced 
phase load current of at least 1 . 0  
( secondary ) be flowing through the 
sect ion prot e cted by the HKB relays . 

thre e -
ampere 

line ­
At both 

terminal s  of the prote cted line -sect ion , re ­
move the HKB re lay cover and open the t rip 
c ircuit by pul l ing the t e st swit ch blade with 
the long red handle . Put the tap screw on the 
upper tap plate in the 4 tap , and on the lower 
one in the c. and H t aps . Be sure t o  insert 
the spare tap s crew before removing the con­
ne cted one . Now open t e st sw it che s D and E on 
the relay at one end of the line s e ct ion 
( Stat ion A )  and insert a current test  plug or  
strip of insulating material into the test  
jack on switch E t o  open the circuit through 
that swit ch . The above operat ion short s the 
phase A to neutral c ircuit ahead of the 
sequence filter and disconnects  the phase A 
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TYPE HICB RELAY AND CONTROL UNIT _____________ _ 

TABLE I 

ADJUSTMENT FOR HKB CONTROL UNIT ON 125  VOLTS 

See text of In struction boo'� for discu s s i on of the following table . Numbers 
preceeding data refer to t e st paragraph numbers . 

Quantity Min . Normal Max . 

1 .  Powe>r Supply Vo l t s  1 0 0  1 2 5  150  

2 .  Heate r  Ampe res , Pre liminary Adjust ment # . 59 . 6 2  . 65 

3 - Heater Ampere s ,  Final Adjustment + . 54 . 56 . 58 

4 .  Current at jack J2 , Mi l liampe re s 0 0 . 10 
Re ct ifier -doubler Output Mi l liampe re s at J3 * 0 . 05 . 1 0 

5 .  Total Biafi Vol t s  ll  1 4  1 7  

6 0 Mastel" Oscillator Plate Volt s - - - - - - - - - - - - - - - - - -SeP t ran smitter instruct ion b ook . 

7 - Thyrat ron Grid Bias Vol t s  4 . 0 6 . 0 1 0 . 0  

8 .  Re lay Tube Grid Bias Vo l t s  20 26 3 2  
H KB  Re lay Ope rat ing E lement Current , Ma . 18 20 22 

Actual 

# - The t otal tube heate>r  current of the as s ociated t ransmitter  should be ad justed to thi s 
value also . 

+ - The final value of the tube heater current of the t ran smitter should be within the se>  
l imi t s  for t he t otal , and half of the se values for each branch . 

* - With no carrier be ing rece ived . 

TABLE I I  

ADJUSTMENT DATA FOR H KB  CONTROL UNIT ON 2 5 0  VOLTS 

See text of instruc t i on book for discu s s i on of the following table . Numbers 
preceeding data refer to t ext paragraph numbers . 

Quant ity Min . 

1 .  Power Supply Vol t s  200 

2 .  Tube Heat e r  Ampe res  - C ont ro l Unit . 54 II I I  II - Transmitter . 81 

3 ° Plate Circuit Supply Vol t s  9 5  

4 .  Current at jack J2 , Mi l l iampere s 0 
Re ctifier -doubler Output Mi l l iampere s at J3 * 0 

5 .  Total Bias Vol t s  1 7  

6 0 Mast e r  Os c i l lat or Plate Volt s - - - - - - - - - - - - - - - - - - - -See 

7 .  Thyratron Grid Bias Vol t s  

8 .  Re lay Tube Grid Bias Vol t s  
H KB  Re lay Ope rating E lement Current , Ma . 

* - With no carrier being re ceived . 

1 8  

4 . 0  

20 
18 

Normal 

250 

. 56 

. 85 

135 

0 
. 05 

22 

t ransmitter 

7 . 0  

26 
2 0  

Max . 

300  

. 58 

. 89 

165 

0 . 1  
0 . 1  

28 

instruction 

12 . 0  

32 
22 

b ook . 

Actua l  
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TYPE HKB RELAY AND CONTROL UNIT _____________ 
I. _L_4_1 -6_so_c 

lead from the filter . Thi s causes  the phase B 
and C current s t o  return t o  the current t ran s ­
formers through the zero - sequence resi stor in 
the filter , thu s  simu lat ing a phase A-to­
ground f'au lt fed from one end of  the line 
only . As a re sult , b oth the fault detector 
and operat ing e lement at Stat ion A should 
close  the ir contact s .  Complet ion of the trip 
c ircuit can be checked by conne ct ing a small 
lamp ( not over 1 0  watt s )  across  the terminal s 
of t e st swit ch J .  

Now perform the above operat ions at the 
opposit e  end of the line - sect ion ( Stat ion B )  
without resetting the swit che s at Stat ion A .  
This s imu late s  a phase -t o -ground fault ex-
t ernal t o  the protected line -sect ion . The 
fault detector ,  but not the operat ing e lement 
at B should pick up , and the operating e lement 
at A should reset . Re store t e st switche s D 
and E at Stat ion A t o  normal ( closed ) . The 
l ine conditions now repre sent a phase -to -

ground fault fed from Stat ion B only . The 
fault dete ctor At A should re set and the oper ­
at ing element a t  B should pick up . Re st ore 
t e st switche s  D and E at Stat ion B to normal , 
and both element s of the relay in the standard 
case , the above t e st can be performed u s ing 
suitable external t e st swit che s . 

The above t e s t s  have che cked phase rotation ,  
the polarity o f  the sequence filter output , 
the interconnect ions between the re lay and the 
carrier set ruud the Phase A current con ­
ne ction s  t o  the re lay a t  b oth station s . Phase 
B and C can be s imilarly checked by opening 
t e st swit che s F and G for phase B ,  and 
switche s H and I for phase C .  The same 
procedure 
followed . 

If all 

des cribed for Phase A i s  then 

the t e s t s  have been completed with 
re sult s ,  the t e st switche s at 

terminals  should be closed ( c lose 
sat isfactory 
both line 
the t rip c ircuit t e st switch last ) and the re ­
lay cover replaced . The equipment i s  now 
ready to prote ct the line -section to which it 
is c onne cted . 

MAINTENANCE 

Since the Control Unit has no front -of -pane l 
control s �  it require s no attention except 
maintenance as de scribed in the following 
paragraphs . The unit cannot be t aken out of 
service without taking the ent ire assembly out 
of service . 

Every three months an ove rall inspe ct ion 
should be made to see that no exce s s ive cor ­
ros ion has deve loped due to fume s or conden ­
sat ion of moisture . Any accumulated dust and 
dirt should be cleaned out , as often as once a 
month in s ome localitie s .  

At the end of each year of operat ion ,  the 
tubes  should be removed from their socke t s ,  
and their contact s inspe cted for pos s ib le dirt 
or corrosion . If there i s  any d i s colorat ion , 
it may be removed by the u s e  of very fine 

sandpaper . In order to as sure maximum tube 
l ife , it is very important that the re s i stance 
of the c ontact s be kept to an ab solute mini­
mum . If nec e s sary , this c le aning ope rat ion 
should be performed more frequent ly than indi­
cated  above . 

Re s i stors 

The res istors are ope rated well within the ir 
rat ings , and should not fail during the life 
of the unit . In the acces sory equ ipment , the 
ferrule re s i stors should be removed from the ir 
c l ips  at the end of each year ' s  operat ion ,  and 
the ferrule s and c lip s cleaned of corrosion 
with crocus c loth or very fine s andpaper . In 
a corro s ive atmosphere a film of vase line will  
reduce trouble . 

TYPE JY HKB C ONTROL UNIT C OMPONENT PARTS 

125/250 volts d - e  
Style : 1471841 

Electrical Part s per Component . Part s List 
(Dwg . 761 5216 ) ,  except re s i st ors  R2? , R24 , and 
R25 and tube s .  Sty le : 1471840 - a s  above , 
but with tube s .  
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

A CCESSORY GROUP C OMPONENTS 

Note : Item 1 or 2 w i l l  be supp lied with the 
HKB Control  Unit for the appropriat e app lica-

t ion . 
Unit . 

Tub e s  are in c luded with the Cont r o l  

l .  Ac ce s sory Group f o r  l 2 S  volt s . 

Style : 8b7955 
E le ctrical Part s - Re s i st or s  R23 & R24 . 
Mounting panel for R23 · &  R24 . 
Dummy re sist or for JY Tran smitt e r .  

2 .  Acce s s ory Group for 250 volt s ( le s s  e x ­
t e rnal heater  serie s re s i stor ) .  
Style : 867956 
Elect rical Part s - Re s i stor R25 
Mount ing pane l for R25 
Dummy re sistor for JY t ransmitte r .  

ORDERING INFORMATION 

The We st ingnouse E lectric Corporat i on i s  
prepared t o  supply any of the l i sted part s for 
s ervicing thi s unit . Orders shou ld spec ify 
that they are for the Type JY, HKB Cont r o l  
Unit , and ment i on the unit style number and 
circuit symb o l  where it i s  given . 
must �pecify the rat ing a s  we l l .  

A l l  orders 

PART m - TYPE HKB TEST FACILITIES 

APPLICATION 

The t ype HKB t e st fac i lities  provide a 
s imple  manual ly operated t e s t  procedure that 
wi l l  check the c ombined re lay and carrier 
e quipment . The test can b e  performed without 
the aid of instrument s .  The result s give 

-

as surance that a l l  e quipment i s  in n ormal 
operating condition without re sort ing to more 
e labo rate t e s t  procedure s .  

OPEBATION 

A multi -contact switch i s  p rovided at each 
line t e rminal which serve s  the dual funct ions 
of a carrier on -off swit ch and a t est swit ch . 
Thi s switch i s  arranged t o  apply a single 
phase  current to the HKB re lay to s imulate in -
ternal and through fault condition s . Re lay 

operat ion is noted by observing a b lue in ­

dicat ing lamp conn e ct ed in the HKB re lay t rip 
circuit . During the t e s t  the HKB t rip cir ­
cuit t o  the line b reaker i s  opened and a red 

warning light i s  energized through auxi liary 

20  

contact s on the tsst  switch . 

CONSTRUCTION 

Test Switch 

The type W test swi t ch i s  provided with 
e ight pairs  of contact s ,  two pairs of whi ch 
are c l o sed in the " carrier on"  posit i on . The 
contact arrangement i s  shown in Fig .  1 2 ,  and 
the out line and dri l ling p lan in Fig . 15 . 
The s e  contacts  are u s ed t o  complete  the HKB 
trip circuit and the alarm circuit a s  indi ­
cat ed in Fig .  12 by contacts . 1 ,  2 ,  and 7 ,  8 .  
In the " carrie r  off " posit ion the HKB t rip 
circuit is opened through contacts  l and 2 ,  
but the alarm circuit remains c losed . Two 
t e s t  posit ions to the r ight of the " carrier 
off " posit ions are provided . When the swit ch 
i s  moved t o  e ither of these positions , the re ­
lay t rip and alarm circuits are int errupted 
and a red a larm light i s  turned on by swit ch 
contact 3 and 4 .  Moving the switch to the 
TEST 1 posit i on wi l l  conne ct the output of the 
auxi liary t e st t ran sformer dire c t ly to the HKB 

t e rmina l s  number 25 and 26 , through the type W 
contact s numbe r  9 and 1 0 ,  and 1 1  and 12 . 
Moving the swit ch t o  the TEST 2 posit ion w i l l  
connect the t e st t ran sformer with · a reversed 
po larity t o  the HKB rel�y through switch con­
tacts 13 , 14 and 15 , 16 . 

Aux i liary Test Transformer 

The auxi l iary t e st t ransformer is de signed 
to operate from a 1 1 5  volt , 60 cycle power 
source . Four secondary taps  numbered l ,  2 ,  3 
and 4 are provided t o  vary the magnitude of 
the t e st current . The tap numbers  e qual the 
current in ampere s that w i l l  be pas sed through 
the re lay when ground t ap H is used . If the 
ralay i s  conn e cted t o  use ground tap G ,  
approximat ely  two t ime s th� t ransformer tap 
value ( 2 ,  4 ,  6 or 8 ampere s )  wi l l  be passed 
through the re lay . The out line and dril ling 
p lan of the t ransformer is shown in Fig . 13 . 

Indicat in g  Lamps 

The red and b lue indi cat ing lamps are 
standard rectangular Minalit e s .  Out line and 
dri l l ing dimens ion s are given in Fig .  1 5 . www . 
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TYPE HKB RELAY AND CONTROL UNIT _____________ I. _L. _4 1_-6_soc 

ADJUSTMENT 

Choose a transformer t ap that will provide 
approximate ly two t ime s the phase -to -ground 
current sett ing of the HKB re lay as previously 
determined . 

OPERATION 
Use of the auxi liary t e st equipment i s  t o  be 

l imited to provide a s implified t e st after the 
init ial insta llat i on tests  have been performed 
as described in part II of this instruct ion 
leaflet . 

The 
shown 

t e st 
in 

apparatus is 
Fig . 12 w ith 

to be conne cted as 
the auxiliary test 

transformers energized from 1 1 5  volt , 6 0  cycle 

power sourc e s  at each l ine terminal that are 
;_n phase with each othe r .  The follow ing oper­
at ion procedure as sume s that the same polarity 
�s u sed in c onnecting the te st transformer at 
each l ine terminal . 

l .  Turn the carrie r t e st swit ch 
line terminals  t o  CARRIER OFF . 

at both 

2 .  Turn the carrier te�t switch to TEST 1 
at line terminal #1 . The local relay should 
operate to transmit half cycle impulses  of 
carrier , and trip . Tripping will  be indicated 
by the blue light . 

3 .  Turn the HKB t e st switch at the remote 
line terminal #2 to TEST l .  This will  s imulate 
an internal fault fed from both line termi ­
nal s . The relay at l ine terminal #2 w i l l  
trip, and the relay a t  l ine terminal #1 w i l l  
remain tripped . Tripping w i l l  be indicated by 
the b lue light s at each l ine terminal . 
Carrier will  be transmitted in half cycle im­
pul ses  s imultaneously from each end of the 
line . 

4 .  Re set the HKB t e st swit ch at line termi ­
nal #1 . The relay at terminal #1 will  reset 
and turn off the b lue light . The re lay at 
terminal #2 w i l l  hold its trip contact c losed , 
lighting the blue light . 

5 .  Turn the HKB t e st swit ch at l ine termi -

Fig. 1 1-0utline And Mounting Plan Of The Type HKB Control Unit. For Reference Only. 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

C 0 M P 0 N E N T P A R T S 

SYMBOL NUMBER NAME 
REQUIRED 

CAPACIT ORS 

C l  l Thyratron Plate to P late 
C2 l Thyratron Output 
C3 l Re c t ifier Doub ler Input 
C4 l Re c t ifier Doub le .r Output 
C5 * l Transformer By -Pa s s  
c6 l Thyrat ron Grid By-Pass 
C7 l Thyratron Grid By -Pa s s  

METER JACKS 

Jl l Tube Heaters 
J2 l Re lay Tube P late & Screen 
J3 l Re ct ifier Doub ler Output 

REACTORS 

Ll * l Carrier Start Circuit 

RESIST ORS 

Rl l Carr i e r  Start Thyratron P l at 9  
R2 l Carrier Start Thyrat ron Plate 
R3 l Re lay Thyrat ron P late 
R4 l Re lay Thyratron Piate 
R5 * l Thyrat ron Bie.s 
R6 l Re lay Tube Bias 
R7 l Heater Shunt 
RB l Amp lifier Bias 
R9 l Amp l ifi e r  Bias 
RlO l Amp l ifier Bias 
R l l  l Amp lifier Bias 
Rl2 l Bias Re s t o r ing 
Rl3 l Bias Re st oring 
Rl4 l Bias Re st oring 
Rl5 l Thyratron Grid 
Rl6 l Thyratron Grid 
Rl7 l Thyrat ron Cathode 
Rl8 l Re ctifier Doub l e r  Input 
Rl9 l Re ctifier Doub l e r  Ou-tput 
R20 l Re lay Tube Grid 
R2l l Tube She l l  Grounding 
R22 * l Reactor Shunt 
R23 l Heate r • SA r i e s  
R24 l Heater Serie s 
R25 l Heater Shunt 
R26# l Thyratron Bias 
R27# l Thyra tron Bia s  

TRANSFORMERS 

T l  l Thyrat ron Input 
T2 l Re lay Tube Output 
T3 * l Re c e i ve r -Audi o  

TUBES 
---

Vl l Carrie r Start Thyratron -Gas 
V2 l Relay Thyrat ron -Ga s 
V3 l Re ctifier Doubl e r -Vacuum 
V4 l Re lay Tube -Vacuum 

TUBE SOCKETS 

Xl -X4 4 Octal Ce ramic Tube Socket 

*In C ontrol Unit S#867954A on ly . 
#In Control Uni t  8#147184 1 only . 

nal #1 t o  TEST 2 .  Thi s condition wi l l  simu -
late an exte rna l rau lt . The trip c ontact s or 
b oth re lays . wi l l  be he ld open and the b lue 
light w i l l  be ext ingui shed . 

6 .  Reset the test swi t che s at both l ine 
termina l s  to CARRIER OFF berore returning t o  
CARRIER ON ror normal servi ce . 

2 2  

RATING 

. 05 Mfd . ,  6 0 0  v .  d - e  

. 05 Mfd . ,  6 00 v . d - e  

. 0 0 5 1  Mfd . ,  6 o o  v . d - e  

. 00 5 1  Mfd . ,  6 0 0  v .  d - e  

. 003 Mfd . ,  500 V .  d -e 
27 Mmfd . '  500 v .  d - e  
27 Mmfd . '  500 v .  d -e 

} West ern Elec tric 232A 
or 

Cook Elec tric JK- 24 

7 henrie s ,  25 ma . d -e ,  4 4 0  ohms d - e  r e s i s tance 

16 , 000 ohms , 22 wat t ,  tappe d . 
2 , 000 ohms , 12 wat t , ad justab l e  ( l band ) . 
5 , 000 ohms , 12 wat t . 

12 watt . 1 0 , 000 ohms , 
50 ohms , 22 wat t ,  adjustable � l band l ·  

2 , 000 ohms , 22 wat t ,  adjustable l band . 
1 6 0  ohms , 
6 . 3 ohms , 

10 ohms , 
2 . 5  ohms , 

4 ohms , 
5 , 6 0 0  ohms , 

22 wat t . 
22 watt . 
22 watt . 
1 2  wat t . 
22 watt 
l watt . 

0 . l l  megohms , l wat t . 
9 1 , 000 ohms , l watt . 

0 . 1  megohm, l watt . 
0 . 1  me gohm, l watt . 

2 , 4 0 0  ohms , l wat t .  
2 , 000 ohms , l watt . 

5 1 , 000 ohms , l wat t . 
5 1 , 000 ohms , l wat t . 

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

63 ohms , wire woun d ,  ad justab le 
63 ohms , wire wound , adjustable 

250 ohms , wire wound , adjustab l e  
100 ohm s ,  22 wat t , ad j u s t a b l e  ( l 
100 ohms , 22 wat t ,  ad j u s t a b l e  l l  

l/4 rat io t oppe d se condary . 
2500/500 ohms Impedance Rat i o . 
2500/500 ohms Impedance Rat i o .  

Type 2050 
Type 2050 
Type 2526 
Type 251..6 

l l band l ·  
l band . 
2 bands ) .  

band ) . 
band ) .  

Amphenol Type MIP8T ( From Dwg . T76 1 4 2 15 - l ) .  

This completes the test procedure . 

C omponent Style Numbers 

Te st Transrormer 3#1338284 
Type W Test Switch 3#1446447 ror 1/8 " pane l 

mount ing . 
Type W Test Swit ch 3#1446448 ror 1 -l/2 " pane l 

mounting . www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE HKB RELAY AND CONTROL UNIT 1. t. 41 -6soc 

-1ii 

-$-

29 32. 

STATION BUS PHASE ROTATION A,B,C 
A TRIP C I RCUITS 

± BACKUP RELAYS 

A B C 
C A Rl\! ER SWITCH 

CARRIER OFF ON ffi TEST! .f; TEST2. 

SWITCH 
PLATE 

lr"NTACT ON 
POSITION I�' I'F ESTI ST2. 

1-2 X 
3-4 X X 
5-6 )( )( 7-8 X X 
9-10 X 
11-12 X 
13·14 X 
15-16 X 
X DENOTES CONT,O.CT CLOSED 

Fig. 12-Schematic Connections Of Type HKB Relay And Test Facilities. 

5 2  
8 

• -$-so:c . 
• ... ... , 

.._� E 3 
G -t  � OIA. MTC,. HOLE 

�4t! 4 HOLE:S 

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

TERMINALS 

FRONT V!£W 

Fig. l4-lntemal Schematic Of 

The Type HKB Test Trans­
former. 
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TYPE HKB RELAY AND CONTROL UNIT _____________ _ 

TYPE 'W" TEST SWITCH 

�---------- 9� ------------� t*------1'-=8£ REQ'D TO PULL OUT SIDES 

IN DICATING LAMP 

DRILLING 
PLAN 

Fiq. IS-Outline And Drillinq Plan Of The Type W Test Switch And lndicatinq Lamps Which Are Part Of The Type HKB '""" 
Test Facilities. For Reference Only • 

. ·' 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N 
M E T E R  D I V I S I O N  N E W A R K , N . J . 

Printed in U.S.A. www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



-

-

I . L .  4 1 -6 5 0A 

Westinghouse 
TYPE HKB RELAY AND 

APPLICATION . L � 

The type HKB re lay is a high�pe�:·· · 

carrie r re lay used in c on junction with; powe r ­
l ine carrier e quipment t o  provide comp�ete  phase 
and ground fault prote ction of a t ransmis sion 
l ine sect ion . Simu ltane ous tripping of the re ­
lays at e ach line te rminal i s  obtained in three 
cyc l e s  or l e s s  for all inte rnal faults  within 
t he l imit s  of the re lay settings . The re lay op­
e rate s  on l ine current only , and no source or 
a-c  l ine potent ial is  require d . Consequently,  
the relays will  not trip during a system swing 
or out -of-step condition . The carrie r e quipment 
ope rate s  dire c t ly from the statior. bat t e ry . 

PRINCIPLE OF OPERATION 

The HKB carrie r re l aying system c om­
pare s the phase posit ions  of the curre nt s at the 
ends of a l ine -section ove r a carrie r channe l t o  
d€ te rmine whether an inte rnal o r  external fault 
exist s .  The three -phase l ine current s ene rgize 
a s e quence filter which gives a s ingle -phase 
output voltage proport ional to a comb inat ion of 
s e quence component s of the line current . During 
b fault , this single -phase voltage controls  an 
e le ctronic circuit which allows the t ransmis s i on 
of carrier on alte rnate half-cyc l e s  of the 
power -frequency current . Carrie r i s  t ransmitted 
from both l ine t e rminals  in this  manne r ,  and is  
rece ived at  the opposite e nds whe re it i s  com­
pared with the phase posit i on of the l ocal s e ­
quence filter  output . This comparison t ake s 
place in the grid circuit of a vacuum tube . The 
po laritie s of the voltage s t o  be compared are 
such that for an inte rnal fault , plate  current 
f l ows on alte rnate powe r -fre quency half-cyc le s . 
A re lay conne cted in the p late c ircuit of the 
vacuum tube ope rat e s  unde r this condit ion t o  
c omplete  the t rip c ircuit . During an exte rnal 
fault , the change in dire ction of current flow 
cause s  the plate current t o  be cont inuously 
b locke d ,  and the plate c ircuit re lay doe s not 
operate . 

Since this 
only during a fault , 
vailable  at all  othe r 
of othe r functions . 

re laying system ope rat e s  
the carrie r channe l is  a­
t ime s for t he t ransmi s si on 

PART I - TYPE HKB RELAY 

CAUTION 

Be fore putt ing re lays into se rvice , 
remove a l l  b locking which may have been inserted 
for the purpose of se curing the parts during 
shipme nt ,  make sure that all moving part s ope r ­
a t e  fre e ly ,  inspe ct the contact s t o  see that 
they are clean and c l ose prope rly,  and operate 
the re lay to che ck the settings and e l e ct rical 
conne ctions . 

CARRIER C ONTROL ,UNIT 0 
Vi£t� 

' t '� '0 J,, 
., .. � �  , I -� 

\. 
STRUCTION � The re lay cons ists  o a 

positive , ne gat ive and zero se 
saturat ing auxiliary t ransforme r ,  
uni t s ,  two polar re lay unit s ,  a ne o 
tactor switch and ope rat ion indicat o 
e d  in a Type M-20 Fle xit e s t  Case. 

Sequence Filter 

J�ion 
filter ,  a 

wo Re ctox 
lamp , con ­
all  mount -

The current s  from the curre nt tran s ­
forme r secondarie s are passed  thru a f i l t e r  c on ­
s i s t ing o f  a three -winding iron -core reactor and 
two re s i s t ors . The zero-sequence re sistor , R0, 
cons ists  of three re s istor tube s tappe d t o  ob ­
tain settings for various ground fault cond i ­
t ions . The othe r re s i stor Rl is  a formed single 
wire mounted on the rear of the re lay sub -base . 
The output of this filter provide s a voltage 
across the primary of the saturat ing t ransforme r . 

The l owe r tap b lock provide s for ad ­
justment of the re lat ive amount s bf the posit ive , 
negative and zero sequence component s of current 
in t he filter output . Thus a single re lay e le ­
ment energized from the filter  can be used as a 
fault  detector for all type s of fault s .  

Saturat ing Auxi liary Transforme r 

The voltage from the filter  i s  fed 
into the tapped primary (upper tap plate ) of a 
small  saturat ing t ransforme r . This t ransforme r 
and a neon lamp conne cted across its  secondary 
are used to limit the voltage impre s se d  on t he 
fault  dete ctor ( lowe r polar re lay e l ement ) and 
the carrie r Control Unit , thus providing a sma l l  
range of voltage for a large variat ion of maxi ­
mum t o  minimum fault currents . This provide s 
high ope rating ene rgy for light fault s ,  and lim­
its  the ope rat ing ene rgy for heavy faults  t o  a 
reas onab le value . 

The upper t ap plate change s the output 
of the saturat ing t ransforme r ,  and is marked in 
ampere s required t o  pick up the fault dete ctor 
e lement . For furthe r discus s i on ,  see sect ion 
ent i t le d  "Se t t ings " .  

Re ctox Uni t s  

The se condary o f  the saturat ing tran s ­
forme r feeds a bridge -conne cted Re ctox unit , the 
output of which energiz e s  the polar fault det e c ­
t or e lement . A second Re ctox , ene rgized from 
the output of the Cont rol Unit , supplies  a d -e 
voltage of the uppe r polar e lement whi ch ope r ­
ate s  only for an inte rnal fault . The use of 
sensit ive polar relays keeps down the ene rgy re ­
quired from the current t ransforme rs and vacuum 
tube circuit s .  
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TYPE HKB RELAY AND CONTROL UNIT 

not le s s  than 75% of the pick up value . Lock 
the shunt s in pos it ion and re che ck the calibra ­
t ion seve ral t ime s . The action of the armature 
should be snappy . 

Ope rat ing Element ( Upper Polarized Re lay ) 

Adjust the s ingle contact in the same 
manne r as the fault dete ctor right hand contact . 

Calibrat i on :  Conne ct a d - e  mi lliammeter ( 0 -25 
rna ) acro s s  test swit ch jaws Hl and Il ( re lay out 
of case ) .  C onne ct a source of variable a-c  
voltage ( 0  to 10 volt s )  between termina l s  9 and 
10 ( or swit ch j aws Fl and Gl ) .  The element i s  
t o  be adjusted for 10 rna d -ri pick up and 4 to 6 
rna dropout . The act ion of the armature should 
be snappy . Approximate ad justment for the se 
value s are a s  follows : Screw in the right hand 
shunt unt il  the t op air gap i s  shunted . Apply 
1,0 rna . d - e  ( from the a-c  s ource ) to the coil , 
and then screw in the le ft hand shunt unt il the 
armature closes  the right hand contact . Reduce 
the a -c voltage unt i l  the armature re sets ; this 
should happen between 4 and 6 rna . Lock the 
shunts in posit ion and re che ck the calibrat i on 
several time s .  

C ontactor Swit ch 

Adjust the stationary core of the 
swit ch for a c learance between the stat ionary 
core and the moving core when the swit ch i s  
picked up . This can be most c onveniently done 
by turning the re lay up -side -down . Screw up the 
c ore s crew unt i l  the moving c ore start s rotat -

ing . Now , back off the core s c rew unt i l  the 
moving core stops rotat ing . Thi s  indi cates  the 
point whe re the play in the moving c ont,act as ­
sembly i s  taken up , and whe re the moving core 
just separates  from the stationary core s c rew . 
Back off the stationary core screw one turn 
beyond thi s point and lock in place . This pre ­
vent s the moving core from st riking and st icking 
to the stat ionary core be cause of re s idual mag ­
net i sm . Adjust the c ontact c learance for 3/32 
inch by means of the two small nut s on e ithe r 
s ide of the Micarta di s c . The swit ch should 
pick up at 2 ampe re s d - e . Test for sticking 
after 30 ampere s d -e have been pas sed thru the 
coi l . The coil re s i stance i s  approximate ly 0 . 25 
ohm . 

Ope ration Indicator 

Adjust the indi cat or to ope rate at 1 . 0 
ampe re d - e  gradually applied by loo sening the 
two screws on the under s ide of the assembly, 
and moving the bracket forward or backward . If 
the two he lical springs which re set the armature 
are replaced by new springs , they . should be 
weakened s l ight ly by , stret ching to obtain the l 
ampe re calibrat ion . The coil re s i stance i s  ap­
proximate ly 0 . 16 ohm . 

RENEWAL PARTS 

Repair work can be done most s at i s fac ­
torily at the factory . Howe ve r ,  interchangeable 
part s can be furnished to the custome r s  who are 
equipped for doing repair work . When- orde r ing 
part s ,  always give the complete nameplate data . 
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TYPE HKB RELAY AND CONTROL UNIT 
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TYPE HKB RELAY AND C ONTROL UNIT 

PART II - TYPE HKB C ONTROL UNIT 

C ONSTRUCTION 

Unit  con s i s t s  of an 
employing two thyra ­

vacuum tube for the 
"re lay " tube whi ch 
of the l ocal and 

The HKB Cont rol 
e le ct ronic t rigge r circuit 
t rons ; a re ctifier -doub l e r  
re ce ived carrier and a vacuum 
compare s the phase positions 
di stant l ine current s .  

The gene ral appearance and con s t ruc ­
t ion of the HKB Control Unit i s  shown by the 
out l ine drawing , Figure 6 .  The ent i re e quip­
ment , with the except ion of the acce s s orie s ,  is 
mounted on a standard 3/16 " thick aluminum pane l 
1 9 "  wide and 8 -23/3 2 "  high with standard notch­
ing . The front of the pane l is black wrinkle 
finished , and the rear i s  flat b lack . The tub e s  
protrude through the front pane l f o r  c onvenient 
instal lat ion and replacement . 

Jacks are provided on the front of the 
pane l for current me tering as follows : 

Jl �t op jack ) Heater  current 
J2 cent e r  jack ) Re lay tube emi s s ion current 
J3 bot t om jack ) Re ctifier -doub le r output current 

INSTALLATION 

When used with the Type JY Transmitte r 
and Re ceive r ,  the HKB Cont rol Unit i s  mounted in 
the same cabinet with the se pane l s  and immedi ­
ate ly bene ath the Re ceiver pane l .  

When used with the Type GO Transmi t t e r  
Re c e i ve r ,  the HKB Control  Unit i s  housed i n  a 
sma l l  cabinet mounted above the GO Cabinet .  

In e ithe r  case the Inst ruct ion Book for 
the complete assembly of which thi & unit i s  a 
part should be refe rred t o  for additional mount ­
ing instruct ion s . 

Upon de l ivery,  the unit should be ve ry 
carefully che cked for damaged part s . Part i cular 
attent ion should be given to any part s which may 
have become loose  in shipment , or wire s whi ch 
may have broken be cause of vibration . Each HKB 
C on t r o l  Un i t  i s  supp l i e d  with an a c c e s s ory group 

of' component s for adapt ing it for ope rat i on from 
125 vo l t s  d -e or 250 volt s d - e . The se comp o ­
n e n t s  should b e  che cked f o r  damage and to  s e e  
that none a r e  mi s s ing , and che cked against the 
orde r or requi sition and the part s list  in this 
book as we l l  as the instruction sheet  furni shed 
with each acce s s ory package . Any shortage 
should be immediate ly reported to the t ranspor ­
tat ion c ompany and t o  the neare st district  of­
fice of the manufacture r . The dummy r e s i s t or 
plug furni shed with the HKB acce s sorie s i s  for 
use in the JY Transmitter  amplifier cathode c i r ­
cuit . Remove the r e s i stor regularly furni shed 
with the JY Transmit ter  and replace with thi s 
dummy plug . A suitable dummy r e s i s t or plug for 
use in the GO Transmitt e r -Re ce iver is furni shed 
with its  acce s s orie s . 

The neces sary connections from the GO 
or JY ( cab inet )  as sembly te rminal b l ocks to  the 
swit chboard , re lays , et c . ,  should be made in 
suitable  conduit . Number 12 gauge wire is re ­
commended for the se conne ction s . The conne ction 
diagrams in the inst ruct ion book for the com ­
plete assemb ly should b e  followed . B e  sure to  
ground terminal #1  on the HKB Unit and a l s o  cab ­
inet te rminal #1 . 

CIRCUIT ADJUSTMENT - GENERAL 

Do not insert the tubes  int o the HKB 
Cont rol Unit unt i l  the fol lowing paragraphs 
dealing with circuit adjustme n t s  have been read . 

The HKB Control Unit i s  de s igned to  
use  the same tube s for  e ithe r 125 volt or 250 
volt ope rat i on .  When used on 250 volt s d -e ,  
the prope r va lue of plate voltage for the Type 
25L6 Re lay Tube is obtained from a conne ction at 
the posit ive end of the transmitter  tube heat ­
e r s . This i s  shown in the external conne ction s  
o n  Figure 5 .  

In order t o  obtain bias voltage for 
b oth the HKB Control  Unit and the a s s o c iated 
carrier t ransmitte r ,  the entire d-e current 
drain of both uni t s  is caused to f l ow through a 
c ombination of re s i st ors in the Control  Unit . 
In this way , adjustable  bias for the Type 2050 
thyrat rons and fixed b ias of two different val ­
ue s for the power ampl i fier tube s of the t ran s ­
mitter  i s  obtained .  Be cause  the ad justment pro ­
cedure will  fo l l ow the tabu:ations shown on 
Tab le s  I and II as c lose ly as pos s ible , it i s  
important to  be come thoroughly fami liar with the 
table s .  Five column s ate inc luded in the s e  
t ab le s . The f i r s t  column indicate s  the quant ity 
to be che cke d . The s e c ond c olumn indicat e s  the 
minimum value permi s s ible . The third column in­
dicat e s  the normal value . The fourth column in ­
dicat e s  the maximum value pe rmi s s ible . The 
fifth co lumn should be f i l led in at the t ime of 
installat i on , t o  indicate the actual value which 
was obtaine d . The last column is or· great im­
portance and should be filled  in as s oon as the 
HKB Control Unit  is installed . A l l  quan t i t i e s  
must be brought within the minimum and maximum 
value s spe cified before the e quipment can be 
cons idered t o  be in sati sfact ory ope rat ing con ­
dition . A copy of the se value s should be kept 
with the equipment for che cking purpo se s .  A l l  
letters  o f  inquiry t o  the manufacture r regarding 
the ope rat ion of this unit should be acc ompanied 
by a list  of actual value s of the e ight quant i ­
t ie s  tabulated on Table  I or II . 

The maximum and minimum l imit s  of the 
value s in the table  do not a l l  corre spond t o  the 
same percentage . In the case of the powe r sup ­
ply or batt ery voltage , the limits  given are the 
maximum. and minimum at which the unit can be 
prope rly ad justed to ope rate ; and t he s e  l imi t s 
inc lude the maximum variation in powe r supply 
voltage . For instance , the HKB unit with 1 25 
volt  a c c e s s or i e s can be ad ju s t e d  to function 
prope r ly on any bat t e ry which never exceeds 150  
volts  or  drops be l ow 100  volt s .  But once the 
normal voltage is e s t ab l i shed and adjustments  
are  made for  operat ion on  that voltage , it  
should not  be  permitted t o  fluctuate norma l ly 
more than plus or minus five percent . 

The Unit has been de s igned t o  use 
e ithe r glas s or metal tub e s  of types  25L6 and 
2526 , and the ad justment data i s  the s ame for 
e ithe r . 

CIRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT 

The numbers  at the beginning of the 
following paragraphs corre spond t o  the line 
numbers in the Adjustment Dat a  Table s .  

1 .  The first  line in the Adjustment 
Data Table is the power supply or  battery volt ­
age , which i s  to be measured at the cabinet 
t e rminal s  be fore any of the e quipment is turned 
on . The actual value of this voltage at the 
t ime of in stallation should be ente red on the 
line in the fifth column of the data table . If 
it i s  not within the limi t s  of 1 00 t o  150 volt s 
d - e ,  do not proceed . 

2 .  Adjustment of the HKB Control  Unit  
tube heater current i s  now t o  be  carried out . 
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TYPE HKB RELAY AND C ONTROL UNIT 
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Since the b ias re s i stor ( comb inat ion of R8 , R9 , 
RlO ,  Rll and R5 ) is common t o  the heate r  cir ­
cuit s of both the carrier transmitter -re ce ive r 
and the HKB Cont rol Unit , adjustment of heater 
current of the one unit will  affe ct that of  the 
othe r .  In orde r t o  avoid difficulty , the bias 
r e s i s t o r  mentioned is  to be temporarily shorted 
out during the ad justment of heater current f o r  
both the transmitte r -receiver and the HKB Con ­
trol Unit . BEFORE PROCEEDING , REFER T O  THE IN ­
STRUCTI ON BOOK FOR THE ASSEMBLY OF WHICH THIS 
UNIT IS A PART AND CARRY OUT THE DIRECTIONS 
THEREIN FOR INSERTING MAXIMUM RESISTANCE INTO 
THE TRANSMITTER-RECE IVER HEATER CIRCUIT . Con ­
ne ct a jumper wire across terminals  J5 and #18 
of the HKB Control Unit . The ad'just ing c l ip on 
r e s i stor R6 is to be set roughly in the center 
of the r e s i stor . The ad justing c l ips  on the two 
ad justable r e s i stors R23 and R24 ,  which are 
e xte rnal heater serie s re s i stors mounted on a 
separate pane l ,  are to be set  so as to sbort out 
the least poss ible amount of the se re sistors , 
Remove the dummy re sistor p lug from its c l ips  in 
the transmitter amplifier cathode return cir­
cuit . The tube s are now to be inserted int o the 
HKB Cont rol Unit . Turn on the powe r switch of 
the as semb ly of which the HKB Unit is  a part . 
P lug a d - e  ammeter of 1 ampere range into jack 
Jl and adjust the short ing c l ips  of external re ­
s i stors R23 and R24 to obtain the corre ct heater 
current as given in l �ne #2 of  the table . It i s  
de s irable t o  keep the amount shorted out o f  each 
of the se two re s i stors about equa l so as to di s ­
t r ibute the heat produced e qually between them.  
When the powe r is  first appl ied , the tube heater 
current will  be above normal due to the low re -

the 

zao v 1111 C.ONN I!.C.TION6 

2 50 V  
AS REG�-

5 
Type HKB Control Unit . 

s i stance ot· the cold heater e lements . Conse ­
quently p ower should be applied for at least two 
minute s  be fore readings are taken . Afte r  the 
heater current of the HKB Control Unit and the 
heat e r  current of the � ransmitter -re ceiver have 
each been adjuste d ,  remove the jumper wire from 
t e rminals #5 and #18 of the HKB Unit . Replace 
the dummy r e s i s t o r  p lug in its c lips in the 
transmitte r . 

3·. After  the adjustments on the 
transmitt e r  have been c omp leted and the tran s ­
mitter i s  in normal ope ration measure again the 
heat e r  current of the HKB Unit at Jack Jl . If 
not within the l imit s  of line #3 in the Data 
Table , make such s light change s to the setting 
of the e xternal re s istor s  R23 and R24 as may 
be required to corre ct  it . (A  s imilar ope rat i on 
should be carried out on the transmitter -receiv­
e r . ) 

4 .  After  the above adjustme nt s  are 
comp lete d ,  measure at the other two mete ring 
jacks , J2 and J3 , t o  see that no current i s  
flowing . Under the condit ion of the bias re ­
s i stor R6 be ing set near the cente r ,  the Relay 
Tube , V4 , is biased we l l  beyond plate current 
cut -off , so that the current at jack J2 should 
be we l l  be low the l imit of . 1  mill iampe re . 
Unde r the condition of no r -f signal r e ce ived , 
the current at jack J3 should be we ll below the 
l imit of . 1  rna . Any e xc e s s ive current flow 
should be investigated and the fault c leared be ­
fore proceeding with the t e st s .  ( Make final 
che ck with 1 milliampere range of mete r . )  
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TYPE HKB RELAY AND CONTROL UNIT 

5 .  Measure the d - e  bias voltage be ­
tween terminals  #5 and #18 . 

6 .  This ad justment i s  for the purpose 
of obtaining the c orrect Master Oscil lat or plate 
voltage for the t ransmitter . The t ransmitter 
must  be  comp le t e ly adjusted and in a state  of 
normal O:(Jeration (•ready t o  be cont rolled by the 
HKB Unit ) .  In making this adjustment it  i s  ne ­
cessary t o  have Vl Thyratron cont inuously ig­
nited . Remove the external conne ction wire from 
terminal #26 of the HKB Unit . Remove the e x ­
ternal jumper wire f rom terminal #25 . Conne ct 
te rminal #25 t o  t e rminal #19 . Thyratron Vl 
should fire and remain ignited . Conne ct a d -e 
voltmeter of at least 1000  ohms -pe r -volt re s i s ­
tance between terminal # 5  and te rminal #19 . Ad ­
just Rl and R2 t o  obtain the required voltage as 
given on the Tab le in the t ran smitt e r  instruc ­
t ion book . The transmitter should now be send ­
ing out carrier at i t s  ful l  output powe r .  
Re conne ct the wire s that were removed from t e r ­
minals #3 , #4 and #26 . 

7 .  The ob ject of the following ad ­
justment i s  t o  Eet  the firing point of the thy­
rat rons Vl and V2 to the proper value by adjust ­
ing the ir grid bias . The bias voltage is 
me asured between te rminal #5 and terminal #25 , 
and i s  ad justed by means of the s lide r on re ­
si stor R5 . The tap on the secondary of tran s ­
forme r T l  should be on t e rminal # 5  o f  the t ran s ­
f ormer . 

In making this adjustment , it i s  ne ­
ces sary t o  apply a simulated fault t o  the HKB 
re lay and associat ed carrier set . If the cur ­
rent circuits of the re lay are not conne cted t o  
the line current t ransformers , a s ingle -phase 60  
cycle  current from a variab le t e st s ource can be  
app lied t o  the HKB relay terminals  24  and 2 5 ,  
simulat ing a single -phase -to -ground fault . I f  
the re lay current circuit s are c onne cted t o  the 
line , open t e st swit che s D ,  E ,  F ,  G ,  H, I and 
J .  Test swit ch J opens the trip circuit . Thi s 
swit ch should be opened first and left open dur ­
ing all adjustment s .  The current circui t s  t o  
the re lay have been shorted b y  opening swi t che s 
D ,  F and H ,  but the re lay i s  s t i l l  conne cted t o  
t he current t ransforme rs through the t e st jacks 
on switche s E ,  G and I .  The se circuit s are 
opened by insert ing current t e s t  p lugs or strips 
of insulat ion int o  the t e st jacks on switche s E ,  
G and I .  The re lay i s  now ent ire ly dis conne cted 
from the current t ran sforme r s ,  and the s ingle ­
phase t e st s ource can be conne cted between 
switch jaws F and G .  

Put the upper tap s crew in tap 4 and 
the lowe r tap screws in the C and H t aps . This 
s e t s  the pi ckup current of the relay' fault de ­
tector at 0 . 5  ampere for a s ingle -phase -to­
ground fault . Adjust the s lide r on R5 for max­
imum grid bias on the thyratrons . With all con­
ne ctions to the carrier set normal , apply the 
s ingle -phase test  current t o  the re lay and in­
crease it gradually . At 0 . 5  ampe re , the fault 
dete ctor should pick up . Increase the current 
to 0 . 625 ampere whi ch is 125% of the fault de ­
te ctor sett ing . Now gradual ly decrease the grid 
bias on the thyratrons . A point will  be reached 
whe re thyrat ron Vl fires to start carrie r . A 
faint purplish glow may be noticed in thyratr on 
Vl be tween the cathode and the plate or anode . 
If the re laying carrier receiver i s  ope rat ing , a 
plate current of about 20 mi l l iampere s w i l l  
f l ow .  Cont inue t o  reduce the grid bias unt il  
thyrat ron V2 fire s ,  and trigge r act ion begins . 
This will  be evidenced by picking up of the op­
erating e lement in the re lay, and a reduction of 
the re ceiver plate current to about half its  
previous value . This i s  the corre ct ad justment 
of b ias for the thyrat rons . Tighten the s l ider 
on re s i s t or R5 . Reducing the t e s t  current be low 
0 . 625 ampere should stop t riggering action , but 

Vl will  remain c onduct ing , and carrier will  be 
on c ont inuously . Reduce the t e s t  current t o  
zero . When the fault  detector reset s ,  Vl will  
be  ext inguishe d ,  thus st opping carrier . Che ck 
the adjus tment b y  gradual ly increas ing the cur ­
rent again . The fault det e c t or should p i ck up 
at 0 . 5  ampere and carrier should start . At 
0 . 625 ampe re , the ope rat ing e l ement R should 
pick up . 

8 .  The following ad justment c overs 
the sett ing of the re lay tube ( V4 )  grid bias . 
With the test  current circuit applied t o  t he re ­
lay (de s cribed in paragraph 7 ) ,  increase the 
a -c current unt i l  the neon lamp in the HKB re ­
lay light s . Plug a d -e mi l liammet e r  int o . the 
current jack on test  swi t ch Il on the re lay t o  
measure the ope rating e lement coil  current . Re ­
duce the grid bias on the relay tube by adjus t ­
ing the s lider on re s i s t or R6 unt i l  the ope rat ­
ing e lement coil  current i s  25 mi l liamperes . 
The re lay tube grid bias i s  measured between the 
s l ider on R6 and t e rminal #5 of the Control 
Unit . A vo ltmeter  of at least 1 000 ohms -per ­
volt re s i stance should b e  used . Carrier from 
the distant line terminal should not be t ran s ­
mitted during this adjustment . When the re lay 
tube grid b ias is adjusted as de s cribed ,  the 
overal l  characteristic  of the HKB relaying sys ­
tem i s  as shown in Figure 2 .  A l l  t e s t  c ircuits  
and me ters may now be removed ,  and the re lay 
te st swit che s returned t o  normal . The swi t ch 
with the red handle should be c lo sed last as 
this conne c t s  the re lay to the breaker trip c i r ­
cuit . 

CIRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT 

1 . The first l ine in the Adjustment 
Data Table  is  the powe r supply or battery vol t ­
age , which i s  t o  b e  measured at the cabinet t e r ­
minals before any of the e quipment i s  turned on . 
The actual value of this voltage at the t ime of 
instal lat ion should be ente red on the l ine in 
the fifth co lumn of the data table . If it i a  
not within the limi t s  of 2 0 0  t o  300  vol t s  d - e ,  
d o  not proceed . 

2 .  Adjustment of the HKB Control  Unit 
tube heate r  current wi l l  be accompl i shed along 
with the adjustment of the t ransmitter  heate r  
current , be cause all  the heaters  of the as semb ly 
are conne cted in serie s .  The ne ce s sary exte rnal 
heater series  resistors  are a part of the acce s ­
sories  for  the assemb ly o f  whi ch thi s Unit  i s  a 
part ; and the instructions  for the ir adjustments 
are t o  be f ound in the instruc t i on book for the 
comp lete assembly .  Afte r  the adjustment is com­
pleted , re cord �he value of current as measured 
at jack Jl . The heat e r  current s of the C ontrol  
Unit and the t ran smi t t e r  should be within the 
limi t s  tabulated on Table  I I . 

External acce s s ory r e s i s t or R25 i s  
copnected i n  shunt t o  the H KB  tube heaters . By 
bypassing . 3  ampere , it enab l e s  the i r  ope rat ion 
ln series with the tube heat ers  of the t ransmi t ­
t e r ,  whi ch draw . 9  ampe re . Re s i s t or R25 i s  ad ­
justed at the factory t o  208 ohms p lus  or minus 
1 percent and should not be changed from the 
above va lue . 

3 .  The p late circuit supply voltage 
is to be measured be tween t e rminal #5 and t e rmi ­
nal #1 0 .  

4 .  After the above adjustme nt s are 
completed , measure at the other two met e ring 
jacks , J2 and J3 , to see that no current i s  
f l owing . Under the condition of the bias re ­
s i s t or R6 be ing set near the cente r ,  the Re lay 
Tube , V4 i s  biased we ll  beyond p late current 
cut -off , s o  that the current at jack J2 should 
be we l l  be low the limit of . 1 mi lliampere . 
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TYPE HKB RELAY AND C ONTROL UNIT 

TABLE I 

ADJUSTMENT FOR HKB C ONTROL UNIT ON 125 VOLTS 

· See t e xt of Instruction boo1-c for d i s cu s s i on of the following table . Numbe r s  pre ceeding 
data refer t o  t e s t  paragraph numbe rs . 

Quant ity Min . Normal Max . Actual 

1 .  Power Supply Vol t s  1 0 0  125 150 

2 .  Heat e r  Ampe re s ,  Pre l iminary Adjustment # . 59 . 6 2  . 6 5 

3 · Heat e r  Ampe re s ,  Final Adjustment + . 54 . 56 . 58 

4 .  Current at jack J2 , Mi l l iampere s 0 0 . 10 
Re c t ifier -doubler  Output Mi l l iampere s at J3 * 0 . 05 . 10 

5 .  T otal  Bias Vol t s  l l  1 4  17 

6 .  Mas ter  O s c i l lat or Plate Volt s - - - - - - - - - - - - ---- - - - -See transmitter instruction b ook . 

7 ·  Thyrat ron Grid Bias Volt s 6 . 0  1 0 . 0  1 4 . 0  

8 .  Re lay Tube Grid Bias Vol t s  2 0  30 4 0  
H KB  Re lay Ope rat ing E lement Current , Ma . 24 25 26 

# - The t ot a l  tube heate r  current of the associated t ransm1 tter  should be ad justed to thi s value 
a l s o . 

+ - The final value of the tube heater  current of the t ran smitter should be within the s e  l imit s 
for the t otal , and half of the se value s for each branch . 

* - With no carrie r be ing received . 

TABLE II  

ADJUSTMENT DATA FOR HKB C ONTROL UNIT ON 250 VOLTS 

See text of inst ruction book for discus s i on of the following table . Numbers pre ceeding 
dat a  refe r  t o  text paragraph number s . 

1 .  

2 .  

3 .  

4 .  

5 .  

Quant ity 

Powe r Supply Vol t s  

Tube Heate r  Amperes 
It II II 

- Contro l Unit 
- Transmitter 

P late Circuit Supply Vol t s  

Current at jack J2 , Mi l liampe re s 
Re ctifier -doubler  Output Mil liampere s 

Total Bias Vol t s  

Min . 

200 

. 54 

. 81 

95 

0 
at J3 * 0 

17 

6 .  Master  Oscillat or Plate Volt s - - - - - - - - - - - - - - - - - - - -See 

7. Thyratron Grid Bias Vol t s 6 . 0  

8 .  Re lay Tube Grid Bias Vol t s  20  
HKB Re l ay Ope rat ing Element Current , Ma . 24 

* - With no carrie r be ing received . 

- 1 1  -

Normal Max . Actua l  

250 300 

. 56 . 58 

. 85 . 89 

135 165 

0 0 . 1  
. 05 0 . 1  

22 28 

t ransmitter inst ruct ion book . 

1 1 . 0  16 . 0  

30 40 
25 26 
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TYPE HKB RELAY AND CONTROL UNIT 

Under the condition of no r -f s igna l  re ce i ved , 
the current at j ack J3 should be we l l  be l ow the 
l imit of . 1  rna . Any exce s s ive current flow 
shou ld be inve st igated and the fault c leared be ­
fore proceeding with the t e st s . (Make final 
che ck with l mil l iampere range of mete r . )  

5 .  Measure the d -e b ias voltage b e ­
tween termina l s  # 5  and #18 . 

6 .  The f o l l owing ad justment i s  for 
the purpose of obtaining the corre ct Master  Os ­
c i l lator p late voltage for the tran smit ter . The 
tran smitte r must be complete ly ad justed and in a 
state of normal qpe rat ion ( ready t o  be cont r o l ­
led by the HKB Unit ) .  In making thi s ad justment 
it is ne ces s ary to have Vl Thyrat ron cont inuous ­
ly ignited . Remove the external conne ct ion wire 
from te rminal #26 of the HKB Unit . Remove the 
e xternal jumper wire from te rminal #25 . Conne ct 
terminal #25 t o  terminal #19 . Thyrat ron Vl 
should f ire and remain ignited . Conne ct a d - e  
voltmeter of at least 1 0 0 0  ohms -pe r -volt re s i s ­
tance between te rminal # 5  and terminal #19 . Ad ­
just Rl and R2 to obtain the required voltage as 
given on the Table in the transmitter ins t ruc ­
t i on book . The t ransmitter  should now be send ­
ing out carrier  at i t s  ful l  output powe r .  Re ­
conne ct the wlre s that we re removed from t e rmi ­
nals #3 , #4 and #26 . 

7 .  Thyratron Grid Bias Volt s . Ad­
justme nts are e xactly the same as for 125 -volt  
equipment . See  paragraph 7 of  pre vious sect ion . 
Refer to value s on Table II . 

8 .  Re lay Tube Grid Bias Volt s .  A d ­
justment s are exactly the same a s  for 125 -volt 
equipment . See paragraph 8 of previous sect ion . 
Refe r t o  value s on Tab le II . 

OVERALL TEST OF C OMPLETE INSTALLATION 

Aft e r  the complete e quipment has been 
instal led and adjuste d ,  the f o l l owing t e s t s  can 
be made whi ch wi l l  provide an ove ral l che ck on 
the re lay and carrier equipment . The phase r o ­
tat ion o f  the three -phase current s can be check­
ed by measuring the a -c voltage acros s r e l ay 
t e rminal s  19 and 20 or t e st swit che s B and C 
w i th a h igh re s i s t an c e  a - c vo l tmet e r  of at 
least 1000 ohms per volt . Tlle reading obtained 
should be approximate ly 1 . 1  volts  pe r ampere of 
balanced three -phase l oad current ( se c ondary 
value ) .  

Thi s t e st require s that a balanced 
thre e -phase l oad current of at least 1 . 0  ampere 
( se condary ) be f l owing through the l ine -section 
protected by the HKB re lays . At both terminal s  
o f  the prote cted l ine - s e ct i on ,  remove the HKB 
re lay cover and open the t rip circuit by pul l ing 
the te st switch blade with the long red hand le . 
Put the t ap s crew on the upper tap plate in the 
4 t ap ,  and on the l owe r one in the C and H tap s . 
Be sure t o  insert the spare tap s crew before re ­
moving the conne cted one . N ow open test  switch­
e s  D and E on the re lay at one end of the l ine 
sect i on ( Station A )  and insert . a  current test  
p lug or strip of  insulating material int o the 
t e st jack on switch E t o  open the circuit 
through that swit ch . The ab ove ope rat ion short s 
the phase A t o  neutral c ircuit ahead of the s e ­
quence filter  and disconne cts  the phase A lead 
from the filter . Thi s causes  the phase B and C 
current s to return t o  the current t ransforme rs 
through the zero-sequence re s i stor in the fi l ­
ter , thus :�iimul.at ing a phase A -t o - ground fault 
fed from one end of the l ine only . A s  a result , 
b oth the fault detector and ope rat ing e lement at 
Stat i on A should c l ose their  contact s .  Comple ­
t ion of the t rip circuit can be che cked by con ­
necting a small  lamp (not over 1 0  watt s )  acro s s  
the terminals of test  switch J .  

Now perform the above operat ions at 
the opposite end of  the l ine -section ( Stat i on B )  
without re setting the swit che s at Stat i on A .  
Thi s s imulat e s  a phase -t o -ground fault external 
t o  the prote cted l ine -sect i on .  The fault de ­
t e c t or , but not the ope rat ing e l ement at B 
should pick up , and the ope rat ing e lement at A 
should re set . Re st ore test  swit che s D and E at 
Stat i on A t o  normal ( c losed ) .  The l ine c ond i ­
t i on s  now repre sent a phase -t o -grounct fault  fed 
from Stat i on B only . The fault dete c t or at A 
should re set and the operat ing e l ement at B 
should pick up . Re st ore test  swit che i D and E 
at Stat ion B t o  normal , and both e lements  of - the 
re lay at Stat i on B should reset . 

The above t e s t s  have che cked phase  r o ­
tat i on , the po larity o f  the sequence filter out ­
put , the int e rconne ctions between the re lay and 
the carrier set and the Phase A current conne c ­
t i on s  t o  the re lay a t  both stat i ons . Phase  B 
and C can be s imi larly che cked by opening t e s t  
swit che s F and G f o r  Phase B ,  and swit che s H and 
I for phase C .  The same procedure de s cribed for 
Phase A i s  then fol l owed . 

If a l l  the t e s t s  have been c ompleted 
with sati sfactory re sult s ,  the t e st switche s at 
both l ine t e rminals should be c losed ( c l ose the 
t rip circuit test  swit ch las t ) and the re lay 
c ove r replaced . The equipment is now ready t o  
prote ct the l ine -sect ion t o  whi ch i t  i s  conne ct ­
ed . 

MA INTENANCE 

Since tbe Control Unit has no front ­
of -pane l control s ,  i t  requires n o  attent i on e x ­
cept maint enance as des cribed in the f o l l owing 
paragraphs . The unit cannot be taken out of 
service without taking the ent ire as sembly out 
of service . 

Every thre e months an ove ral l  in spe c ­
t i on shou ld b e  made t o  s e e  that n o  e xce s s ive 
corrosion has deve loped due to fume s or conden ­
s at i on o f  moi sture . Any accumulat ed dust and 
dirt should be cleaned out , as often as once a 
month in s ome localit ies . 

Tube s 

At the end of each year of ope rat ion , 
the tubes  shou ld be removed from the ir s ocke t s ,  
and the ir contact s inspected for pos s ib l e  d irt 
or corrosion . If there i s  any d i s c olorat i on ,  it 
may be removed by the use of very fine sand ­
paper . In order t o  as sure maximum tube l ife , it 
i s  ve ry important that the re s i stance of  the 
contacts be kept to an abs olute minimum . If 
neces sary , thi s c leaning operat ion should be 
pe rformed more frequently than indicated above . 

Re s i stors  

The re s istors  are operated we l l  within 
the ir ratings , and should not fai l  during the 
l ife of the unit . In the acce s s ory equipment , 
the fe rrule re s i st ors  should be removed from 
the ir c lips at the end of each year ' s  ope rat ion , 
and the ferrules  and c lips c leaned of c orros i on 
with crocus c l oth or very fine sandpaper . In a 
corros i ve atmosphe re a f i lm of vase l ine w i l l  re ­
duce trouble . 

TYPE JY HKB C ONTROL UNIT C OMPONENT PARTS 

125/250 volts  d - e  

Style : 867954 

Electrical Part s per Component Part s 
List (Dwg . 7615215 ) ,  Vl t o  V4 except 
r e s i stors  R23 ,  R24 ,  and R25 and tube s . 
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TYPE HKB RELAY AND• C ONTROL UNIT 

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

SYMBOL NUMBER NAME 
REQUIRED 

CAPA C IT ORS 

C l  l Thyrat r on P late t o  P l a t e  
C2 l Thyrat ron Output 
C3 l Re c t i f i e r  Doub l e r  Input 
C4 l Re c t i f i e r  Doub l e r  Output 
C 5  l Trans forme r By -Pas s 
c6 l Thyratron Grid By -Pa s s  
C7 l Thy rat ron Grid By -Pa s s  

METER JACKS 

J l  l Tube He at e r s  
J2 l Re lay Tube P l a t e  & Screen 
J3 l Re c t i f i e r  Doub l e r  Output 

I 
REACTORS 

Ll l Car r i e r  Start C i rcuit 

RES IST ORS 

Rl l Ca r· r i e r  Start ThyJCat r on P l a t e  
R 2  l CaJCr i e !'  Start Thyrat ron P late 
R3 l Re l a y  Thy r at ron P late 
R4 l Re lay Thyrat ron P l a·te 
R5 l Thyrat r on Bias 
R6 l Re lay Tube Bias 
R7 l He at e r  Shunt 
R8 l Amp l ifie r Bias 
R9 l Amp l i f c e r  B i a s  
R l O  l Amp l i f i e r  Bias 
R l l  l Amp l i f i re r  Bias 
Rl2 l Bias Re s t or ing 
Rl3 l Bias Re s t or ing 
R l 4  l Bias Re s t oring 
R l 5  l Thyratron Grid 
Rl6 l Thyratron Grid 
Rl7 l Thyratron Cathode 
Rl8 l Re c t i f i e r  Doub l e r  Input 
Rl9 l Re c t i f i e r  Doub le r Output 
R20 l Re lay Tube Grid 
R2l 1 Tube She l l  Grounding 
R22 l Re a c t o r  Shunt 
R23 l He at e r· S e r ie s 
R24 l Heat e r  S e r i P s  
R25 l He at e r  Shunt 

T RANSFORMERS 

T l  l Thyratron Input 
T 2  l Rf' l ay Tube Output 
T 3  l Re c e i v e r -Aud i o  

TUBE S 
---

Vl l Carrie r Start .Thyrat r on -Gas 
V2 l Re l ay Thyr a t ron -Ga s 
V3 l Re c t i f i e r Doub l e r -Vacuum 
V4 l Re l ay Tube -Vacuum 

TUBE SOCKETS 

X l -X4 4 O c t a l  Ce ramic Tube Socke t  

ACCESSORY GROUP COMPONENTS 

Note : Item 1 or 2 w i l l  be supplied with the HKB 
Cont rol  Unit for the appropriate applica­
t i on .  

1 .  Acce s s ory Group for 125 volt s 

Style : 867955 

E l e ctrical Part s - R23 , R24 & tube s 
Vl t o  V4 of Component Part s Li st . 

2 .  Acce s s ory Group for 250 vol t s  le s s  
external heater serie s r e s istor . 

. 

- 13 

RATING 

. 0 5  Mfd . ,  6 0 0  v . d - e  

. 0 5  Mfd . ,  6 0 0  v . d - e  

. 0 0 5 1  Mfd . ,  6 00 v . d - e  

. 0 0 5 1  Mfd . ,  6 0 0  v .  d - e  

. 0 03 Mfd . ,  5 0 0  v . d - e  
2 7  Mmfd . '  5 0 0  v .  d - e  
27 Mmfd . '  5 0 0  v .  d - e  

We s t e rn E l e ct r i c  Cat . 232C l ckt . opening 
We s t e rn Ele c t r i c  Cat . 232C 1 ckt . ope n ing 
We s t e rn E l e c t r i c  C a t . 232C l ckt . opening 

7 he n r ie s ,  2 5  rna . d - e ,  4 4 0  ohms d - e  re s i s tance 

1 6 , 0 0 0  ohms , 22 wat t ,  t appe d .  
2 , 0 0 0  ohms , 12 wat t , ad justab l e  
5 , 0 0 0  ohms , 12 wat t . 
1 0 , 0 0 0  ohms , 12 watt . 

5 0  ohms , 22 wat t , adjustable 
2 , 0 00 ohms , 22 wat t ,  adjustab l e  

1 6 0  ohms , 22 watt . 
6 . 3  ohms , 22 wat t . 

1 0  ohms , 22 watt . 
2 . 5  ohms , 1 2  wat t . 

4 ohms , 22 watt 
5 , 6 0 0  ohms , l wat t . 

0 . 1 1  meg ohms , 1 watt . 
9 1 , 000 ohms , 1 watt . 

0 . 1  megohm, 1 wat t . 
0 . 1  mefohm, 1 watt . 

2 , 4 0 0  ohms , 1 wa t t .  
2 , 000 ohms , l wat t . 

5 1 , 000 ohms , l watt . 
5 1 , 0 0 0  ohms , l wat t . 

0 . 27 me gohms , l wat t .  
5 , 1 0 0  ohms , l wat t . 

( l  band ) .  

p band l . 
l band . 

6 3  ohms , w i re wound , ad j u s t able g band l . 
6 3  ohms , wire wound , ad jus table band . 

2 5 0  ohms , w i re wound , a� jus table ( 2  bands ) .  

l/4 r at i o  t opped se condary . 
2 5 0 0/500 ohms 
2500/500 ohms 

Type 2 0 5 0  
Type 2 0 5 0  
Type 2 5Z6 
Type 25L6 

E . F .  John s on 

Impe dance Rat i o . 
Impedance Rat i o . 

Co . Cat . 228 ( From Dwg .  T76 1 4 2 1 5 - 1 )  

Style : 867956 

Ele ctrical Par t s  - R25 and tube s Vl 
t o  V4 of Component Part s List . 

ORDERING INFORMATION 

The We st inghouse E l e ct r i c  and Manufa c ­
turing Company is prepared t o  supply any o f  the 
l i sted part s for servicing thi s  unit . Orde rs  
should spe c ify that they are for  the Type JY ,  
HKB Cont rol  Unit , Style #8E7954 , and mention the 

, c ircuit symbol  whe re it i s  given . A l l  order s  
mus t  spe c ify the rat ing as we l l . www . 
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P RINTED IN U . S .A .  

to 7'£-INALS NIIMALJI�� 
16 ro 21 ..., $NDNN. 

TYPE HKB RELAY AND C ONTROL UNIT 

Figure 6 

�----- i� --------� 

Out l ine & Mount ing Plan of the Type HKB Control Unit . 

Westinghouse Electric & Manufacturing Company 
Meter Division, Newark, N. ]. 4 -4 5  www . 
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