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INSTRUCTIONS
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OPERATION e MAINTENANCE

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

APPLICATION

The type HKB relay 1s a high speed carrier
relay used in conJjunction with power 1line
carrier equipment to provide complete phase
and ground fault protection of a transmilssion
line section. Simultaneous tripping of the
relays at each line terminal 1s obtailned in
three cycles or less for all 1nternal faults
within the limits of the relay settings. The
relay operates on 1lilne current only, and no
source of a-c 1line potential 1s required.
Consequently, the relays will not trip during
a system swing or out-of-step conditions. JThe
carrlier equipment operates directly from, the
station battery.

PRINCIPLE OF OPERATION

The HKB carriler relaylng system compares the
phase positions of the currentsgat(thé ends of
a 1llne-sectlon over a carrler channel to
determine whether an inteknalijyyoer external
fault exlsts. The three=phase, line currents
energlze a sequencegetwork which glves a
single-phase output voltage, proportional to a
comblination of sequénce €éomponents of the line
current. During _a faulf, this single-phase
voltage controls angelectronic circult which
allows the tmansmission of carrier on alter-
nate half-cycleés of the power-frequency cur-
rent. Carrder 1s transmitted from both 1line
terminalsidin fhils manner, and 1s received at
the opposite ends where 1t 1s compared with
the phase position of the 1local sequence
network @utput. Thls comparison takes placa
in), the grid circuit of a vacuum tube. The po-
Darities of the voltages to be ccmpared are
such that for an internal rault, plate current
flows on alternate power-frequency half-
cycles., A relay connected 1n the plate cir-
cult of the vacuum tube operates under this

SUPERSEDES I.L. 41-650F

¥ Denotes change from superseded issue.

condition to complete fthe trip cilrcult. During
an external fault,jthe“change in direction of
current flow ‘causes the plate current to be
continuously/# dlocked, and the plate circuilt

relay does Mot operate.

Sincelthds | relaying system operates only
durfngla flaudt, the carrier channel 1s avalla-
ble at)ally other times for the transmission of
otherpfunctions.

PART I -TYPE HKB RELAY

CAUTION Before putting relays into service,
remove all blockling 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 settlngs
and electrical connectlons.

CONSTRUCTION

3

The relay consists of a corecination posi-
tive, negative and zerc sequence network, &
saturating auxlliary transformer, two Rectox
units, two polar relay units, a telephone-type
relay, a neon lamp, contactor swltch and
operation indicator all mounted 1n a Type M-20

Flexitest Case.

W1en the standard projecticn case is sup-
plicc, the sequence network, tap vlates, ani
saturating auxlllary transformer are mounted
in a box which can be 1located on the rear of
the swltchboard panel 1n any convenient po-
sition. The remalnder of the relay elements
are mounted in the relay case proper. The
taps and terminal numbers of the relay 1n the
standard case and the external box correspond
to those in the type FT case. (See Figures 1,
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Fig. 1—Internal Schematic Of The Type HKB Carrier Relay
In The Type FT Case.

2, and 3). Terminals 18, 19 and 20 of the ex®~
ternal box are to be connected to the coure-
spondling terminals of the relay in the stand=
ard case. Otherwlse, all external connectdons
for the relay 1n the standard projectlon case
or 1n the type FT case are made to the" samé

terminals.

Sequence Network

The currents from the cufPentQfransformer
secondaries are passed thrula network consist-
ing of a three-windlng _dmen=eePfe reactor and
two resistors. The zero-sedquence reslstor,
Ry, consists of threelresistor tubes tapped to
obtaln settlngsd for, various ground fault
conditlons. THeyother pésistor R] 1s a formed
single wire mounted ofi the rear of the relay
sub-base. The output of this network provides
a voltage across the primary of the saturating
transformer.

The lower®tap block provides for adjustment
of the rekative amounts of the positive, nega-
ti@e, and zero sequence components of current
in the netwerk output. Thus, a single relay
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Fig. 2—Internal Schematic Of The Type HKB Carrier Relay
In The Standard Projection Case.

element enlemgized from the network can be used

as a fault ‘detector for all types of faults.

Saturating Auxlliary Transformer

The/volbtage from the network 1s fed into the
tapped 4primary (upper tap plate) of a small
saturating transformer. Thils transformer and
a neon lamp connected across 1ts secondary are
used to limit the voltage impressed on the
fault detectors (polar relay elements) and the
carrier Control Unit, thus providing a small
range of voltage for a 1large varlation of
maximum to minimum fault currents. This pro-
vides high operating energy for light faults,
and 1limits the operating energy for heavy
faults to a reasonable value.

The upper tap plate changes the output of
fhe saturating transformer, and 1s marked 1in
amperes reguired to pilck up the 1lower fault
detector element. For further discussion, see
section entitled, "Settings".

Rectox Unilts

The secondary of the saturating transformer
feeds a brldge-connected Rectox Unit, the out-
put of which energlzes the polar fault detec-
tor elements. A second Rectox, energilzed from
the output of the Control Unit, supplies a d-c
voltage to the telephone relay element which
operates only for an 1nternal fault. The use

)
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Fig. 3 —Internal Schematic Of The Sequence Network
Used With The Type HKB Relay In The Standard

Projection Case.

of sensitive polar relay keeps down the energy
requlired from the current transformers.

Polar-Type Relays

These elements conslst of a grectangular
shaped magnetlic frame, an elegtromggnet, a
permanent magnet, and an armature With“a@ set
of contacts. The poles ofg the permanent
magnet clamp directly to each fside of the
magnetic frame. Flux from th@ permanent magnet
divides 1nto two path®, one path across the
alr gap at the front of the element in which
the armature 1s logatéd; the“other across two
gaps at the base of fthe frame. Two adJustable
screw type shuntgfwhich® require no locking
screws are located acr@ss the rear alr gaps.
These change theW reluctance of the magnetic
path so asy, to ([fofce] some of the flux thru the
moving armature®which 1s fastened to the leaf
springd andpattaehed to the frame midway be-
tween“(thé twd rear alr gaps. Flux 1n the
armature “podarizes 1t and creates a magnetilc
blas causing 1t to move toward one or the
other of the poles, depending upon the adjust-
ment of the magnetic shunt screws.

A coll 1s placed around the armature and
withln the magnetlic frame. The current which
flows 1n the coll produces a magnetic fileld
which opposes the permanent magnet field and

I L. 4§-952

acts to move the armature in the contact-clos-
ing direction.

Contactor Switch

The d-c contactor switch 1n the relay 1s a
small solenold type swiltch. A cylindrical
plunger with a silver _diSc mounted on 1ts
lower end moves 1n the core or' the solenoid.
As the plunger tmavels, upward, the disc
bridges three silver/statlionary contacts. The
coll 1s in series wlth the maln contacts of
the relay and with the trip coll of the
breaker. When thed relay contacts close, the
coll becomes energized and closes the swiltch
contacts., "Thls shunts the maln relay contacts
thereby relieving them of the duty of carrylng
telppling current. These contacts remaln
clogsedjpuntil the trip circult 1s opened by the
auxlliary switch on the breaker. The con-
factor swltch 1s equipped with a third point
which 1s connected to a terminal on the relay
to operate a bell alarm.

Operation Indicator

The operation indicator 1s a small solenoild
coll connected in the ¢trip circult. When the
coll 1s energlzed, a spring-restralned arma-
ture releases the white target which falls by
gravity to 1ndicate completion of the trip
circuit. The 1indicator 1s reset from outside
of the case by a push rod.

CHARACTERISTICS

The overall operating characteristic of the
HEKB relay and carrier equipment is shown 1in
Meoure L. This shows the current in the
onerating relay element (telephone-type relay)
nlotted azainst the phase angle difference be-
tween the Tault currents at opposite ends of
the line. As indicated, the operating element
will trio when the phase angle departs ap-
proximately (¢~ {frcm the in-phase, or through
Tault condition. As the electronic control
circuifts orerate under a saturated conditilon,
the shape of this curve will not change
materially over a wide range of ~fault cur-

rents.

3
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The sequence network in the relay 1s arrang-

ed for several possible combinations of se-

quence components. For most applications, the
outrut of the network will contain the posi-
tive, negative and zero sequence components of
the line this case,

tlie upper tap plate 1indicate the
threephase amperes which will pick up the low-
The
which supervises
is ad-

percent

current. In the taps on

balanced

er or carrier start fault detector (FDl).
upper polar element (FD2),
operation of‘the telephone-type relay,
justed to
above tap value. The taps available are 3, 4,
5, 6, 7, 8, and 1l0.
primary of the
phase-tc-rphase faults AB and CA,

pick up at a current 25
These taps are on the
saturating transformer. Fcr
enough nega-
tive sequence current has been introduced to
allow the fault detector FD1 to pick up at 86%
of the tap For BC faults, the fault
detector will pick up at approximately 50% of
This

current for different phase-to-phase faults is

setting.

tie tap setting. difference 1in pick-up

fundamental; and occurs because of the angles
at which the positive and negative sequence

ecrpenents of current add together.

wWith the
positive,

sequence netwcrk arranged

negative and zero sequence output,

there are some applications where the maxim

load current and minimum fault current a

cluse together to set the relay to p

under minimum fault current, yet no

under lcad. Fer these cases, a &2

able which cuts the three phase s vity in
half, while the

phase-to-pha setting 1s
substantially unchanged. The y en trips
at 90% of tap value for AB aults, and

at twice tap value for three-phase faults.
The setting for BC fault ercent of tap

value. In some casges, be desirable to

eliminate responseyto ve sequence cur-

rent entirely, d er. the relay on neg-
en

A tap 1is

manner. The

ative-plus-zer current.
in this

up at 95% of tap walue

avallable to ope
fault
for all

detector picks
phase-to-phase faults, but is unaf-
fected bygbalanced load current or three-phase
faults.

For g faults,

bl adjustment of the ground fault sensi-

separate taps are avalla-
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tivi
at etting.

o about 1/4 or 1/8 of the
See Table II.
he upper tap plate 1s set at tap 4, the fault

(FD1)
can be

upper tap

For example, 1if

current for

1/2

it may be

etector pick-up ground

aults either 1 or ampere. In
desirable to

to zero sequence

special applications,

eliminate response current.
The relay 1s provided with a tap to allow such

operation.

SETTINGS

The HKB relay has
adjustment of the
sensitivities

separate tap plates for
phase

and the

and ground fault
sequence comporients
included 1in the r.etwcrk output.
the avallable taps 1is sufficient to cover a
wide The method of de-
termining the correct taps for a given instal-
lation 1is

graph.

The range of

range of application.

discussed in the following para-

In all cases, the similar fault detectors cn
the relays at both terminals of a line section
be set

current.

must
line

to pick up at the same value of
This is

necessary for correct i
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blocking during faults external to the pro-
tected line section.

Sequence Combination Taps

The two halves of the 1lower tap plate are
for ccnnecting the sequence network to provide
any of the combinations described in the pre-
vious section. The 1left half of the tap
plate changes the tap on the third winding of
the mutual reactor and thus changes the rela-
tive amounts of positive and negative sequence
sensitivity. Operation of the relay with the
various taps is given in the table below.

TABLE 1

Sequence Components | Taps on Lower Fralt Detector FD1 Plck Up &
Coms. | In Network Output Tap Block 37 Fault 7 - # Fault
Laft Right
Half Half
1 Pos. Neg., Zero c G or H* Tap Value| 864 Tap Value
(534 on BC Fault)
2 Pos., Neg.. Zero B G or H 2x_Tap 90% Tap Value:
value 1(65% on BC Fault)
3 Neg., Zgro A G or H - Tap Value
* Taps F. G and H arr zero-gecuence tans for ad’usting pround
fzult sensitivity. BSee s-ct.on on zero-geguence current Lap.

A Fault detector FD2 is set to plck up at 125% of FD1 for
a two-termlnal line, or 250% of FD1 for & three-terminal
line.

Positive-Sequence Current Tap and FD2 Tap

The unper tap plate has valuves of} 50,7,
8, and 10. A5 mentioned befcre, e
represent the three-phase, fault d ct FD1
oickup currerts, when the

for gcsitlve, negative and

put. The fault detector D
tuct to allow trinping Gzt

percerit abcve  the I'sult ¢r FD1 setting.

Tils &9 percont o niecegcary to in-
sure that the cuarrie ault  detectors
(FD1) &t both end trunsmissicn line

section gick uu Srrier on an ex-

tornal  fault b
~liea thro

thie tap link on
rizht hand tap
at 250% of FDl
setting. This 1s necessary to allow zroser
blcocking on three-terminal lines wnen approxi-
tely eqgual currents are fed 1in twe termi-
s, and their sum flows cut the third termi-
© the line. For twc-terminal lines, the
is cunnected te  the lel’t hand tap, and
operation is as descrived 1n the previous

paragraph.

The taps on the upper and 1loweR tapiplates
should be selected to assure o ion on
minimum internal line-to-line faults, and yet
not operate on normal 1load currqst, particu-
larly if the carrier chan i1s to be used for

auxiliary funz<iorns. out current of
nt of the pick-

Th
the fault detector i P
up current, and this c must also be con-
sidered 1n selectdn positive-sequence
current tap and eq e component combina-
tion. The mapgin tween load current and
fault detect 9 p should be sufficient to

allow the au detector to drop out after
an externa ault, when 1load current con-

tinues

Taps G and H give grcund fault sensi-

zZero ence Current Tap
ght half of the lower tav plate is for
&ing the g2around fault respcnse of the
r

tivities as listed in Table II. Tap F is used
applications where increased sensitivity to
ground [faults 1s not required. When this tap
1s used, the voltage ocutput ol the i=turri due

to zerc-sequence current is eliminated.

TABLE II
Groure #:ult Pickup
Percent of Uucer Tap Setting

Comb .| Lower Left

Tap Tap G Tag H
1 C 25% 129
2 B 2C 10
3 A 20 1C

Examples of Relay Settings

CASE I

Assume a two-termiral lire with current
transformers rated 400G/% =t Sotn  terminals.
Also assume that full lcad current is 230C
amperes, and that on minimum internal chuse-~
to-phase faults 200C amreres 1s fed 1ir from

one end and 600 amperes Iram the other end.
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Further assume that on minimum internal ground
faﬁlté, 400 amperes 1is fed in from one end,
and 100 amperes from the other end.

Positive Sequence Current Tap

Secondary Values:
5
Load Current = 300 X—EGG = 3.75 amperes (1)

Minimum Phase-To-Phase Fault Currents:

5
600 x To0 © 7.5 amperes (2)

Fault detector FDI setting (three phase)

must be at least:

—— = 5 amperes (0.75 is dropout ratio of
fault detector) (3)

so that the fault detector will reset on load
current.

In order to complete the trip circuit on a

more than:

7.5 X —— X —— = 6.98 amperes
2 pick
1.05 - IP2 pick up
FD 1 pick up S

Sequence Combination Tap Q
From a comparison of (3) a&

is evident that the fault detect can be set
to trip under minimum phase a

ove, 1t

conditicn
yet not operate under m lcad. In this
case, tap C on the 1 r ap block wculd
be used (see Tab
sufficient diff
minimum fault to

sitivity. Current t

b 1) as there is

etwéen maxinmum load and
thg full three-phase sen-
would be used.

Zero Sequence Tapdy

Seconda jalue ;

100 — = 1.25 amperes minimum groeund

fault current.

With the upper tap 6 and sequence tap C in

use, the fault detector FDl pickup current
for ground faults are as follows:

Lower right tap G-1/% x 6 = 1.5 amp.

Minimum trip = 1.25 x 1.5 = 1.88 amp. 2
Lower right tap H-1/8 x 6 = 0.75 .
Minimum trip = 1.25 x 0.75 :K‘ )

From the above, tap H wo b sed to

trip the minimum ground faul

5 amperes.

Case TI

Assume the same f t rrents as 1n Case

I, but a maximum d rent of 500 amperes.
In this example, [w € same sequence com-
bination as cal , the fault detectors

cannot be set

on the minimum internal
three-ph , yet remain 1noperative on
(compare (5) and (6) below).

necting the netwuork per Combi-

load cu n
However,
nation on Table I, the relay can be set to
tri m mum phase-to-phase fault, although
t

maximum load without picking up the fault
tector, and provide high speed relaylng of

7.5 ampere phase-to-phase fault, the fault ave only half the sensitivity to
detector FDl setting (three-phase) must be no e ase faults. This will allow operation

\?ia 1 except light three-phase faults.

In order to complete the trip circuit on a
7.5 ampere phase-to-phase fault, the fault

detector tap must now be net more than:

1 1
X

- = 5.0 (5)
1.25 0.9

7.5 x

To be sure the fault detector FDI will reset
arter a fault, the minimum tap setting is

determined as follows:

. 5 o )
Load Jurrer® = 500 X = 0.25 ames (0)

= 3.33 (7)

i, the fault detector pickup current for

ze-chase  faults is twice tap value, half

value (Eq. 7) should be used in
wiiain, the minimum three-phase tap.

J

.
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From a comparison of (5) and (8) above, tap Style No. D.C. Supply Ohms
5 or © could be used.

1337179 125 volts 250

With the three-phase tap 5 in use, the fault . i
1337101 250 volts 52H

detector pickup current for ground faults will

be as follows: This resistor can be mounted on‘%he rear of

the switchboard in any cadnv nt location.
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 =

Minirur trop = 1.

ADJUSTMENTS %RINTENHNCH

’ _ CAUTION
5 x 0.5 a. = 0.03 amp. ——

1. Make sure atdthe neon lamp 1s in place

Trerefoure, fap H would be wused to frip the . .
¥ t - b whenever re eration 1is ©being checked.
1imit the voltage peaks

output at high currents so as

minimum sround fault of 1.25 ampere with a

mar;;in of safety.

> to the Rectox Units.

INSTALLATION

Vehangine terg under load, the

shculd be inserted belore romoy
The relays snould be mnounted on switchboard e er tap screw.

varels cr their equivalent in a locaticn fre

from dirt, mcisture, excessive vibratlion ang 2. All contacts  siomlad he TR BN

heat. Mount the relay vertically by meang o

the two mounting studs fcor the type

Jezticr. case or by means of the fo

Loles on the flange for the semni-filul e | ) Y j
case. Elther of the studs or thre 1
screws ray be utilized for ~

P o )
relay. The electrical connecti o HERE

. . . 7 ] -
direct to tne terminals by me H ]

2 w P
steel ganel mounting oMy €4 3 al |
furnished with the relay & fl 5

panel mount Z b
N ey 4N
be enslily removed or o [~ ;
o :
aute on tne studs ag { _7jmi ;
; . U
~ut withh a wrencn.
DN,

Fig. 5—Outline And Drilling Plan For The External Resistor
this resistor zre febunizted Used In The HKB Relay Contro! Circuit. For Ref
, . erence Only.

[
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cleaned wilth a filne file.
recommended, because of the danger of
ding small particles 1n the face of the

S#1002110 file is
embed-

soft
silver and thus impalring the contact.

4, The proper adjustments to insure correct
operation of thils relay have been made at the
factory and should not be disturbed after re-

by the If the adjustments
been changed, the relay taken apart for
1f 1t 1s desired to check the
adJustments at regular malntenance perilods,
the 1nstructions below should be followed.

celipt customer.
have

repalrs, or

Sequence Network

There are no adjustments to make in the

network.

The following mechanlical adJjustments are
glven as a gulde, and some deviation from them
may be necessary to obtaln proper electrical

calibration.

FAULT DETECTORS-GENERAL

The sensitivity of the polar elements 1s a
Justed by means of two
shunts at the

shunt

magnetic, screw- e

rear of the element. Thes

screws are held 1n proper adjustme

a flat strip spring across the back of

element frame, so no lockling scre

required. Looklng at the relay 4ron s
turning out the right-hand shunt d o the
amount of current required to gl % 1ght-
hand contact. Conversely, d% ut the
left-hand shunt 1ncreases t m of cur-

rent required to trip
the farther out the shu are
wlll be, and as

the greater the togg a n
a result, the dropbut r
In adjusting the 1 el nts, be sure that

willl be lower.
a definite toggl 1o 1s obtained,
than of the armature from
the back (left-hand, front view) to the front
(right-hand, front, view)
rent 1s 1n

the relay. ) In general,

turned,

rather
a gradual mov
contact as the cur-

eased.

ibration, connect a 10,000 ohm re-
terminals 19 and 20 or switch
(For the special

si across

relay wired

per 18-D-5121, wuse terminals 3 and 22 or
switchjaws Al and E.) Connect the pan€?l 11
to the left-hand terminal. Set the relay ta
on 5, C, and H.
A. Lower Polar Element (FD-1) - Adjust the
contact screws to obtaln an .050"
left

such that the armature motion bet
and right hand contacts 1s in th e 1 part
of the alr gap between the p ces.

o Tight-
t pproxlimate
e shunt screws
Screw both shunt crews all the way 1in.

Then back out b screws six turns. Pass
4 .33 ampere o s, In phase A and out
phase B. n he left kand shunt until

s o the right. If the arma-
right at less than 4.33 am-
the 1left-hand shunt until
e action is obtained.

tact gap

en the contact 1locking
of the two m

are as follows:

adjustments

the arma
ture ove
peres,

propergarma

e the current until the armature resets
the 1left. This should happen at not less
han 75% of the pickup value, or 3.25amperes.
the armature resets at less than this
alue, 1t will be necessary toc advance the
rizht hand shunt to obtain a drcpout of 75% or
greater. This in turn will require a slight

readjustment of the left hand shunt. Recheck

the pickup and dropcut pcints seversl times,

and mrake any minor "trimming" adjustments of
the shunt screws that may be necessary to cb-
tain correct calibraticn. If the above pro-
cedure does not give a sufficiently hizh drcp-
out, a small

be obtailned by

tact

amcunt cf further adjustment can

advancir,y the right-hand con-
As firnally
ad justed, the least
.030", chould
be snappy at the pickup and drcrcut rpoints.

screw a fracticn -f a turn.
contact zap shculd ve at

and the action ¢f the armaturs

Polar Element (FD-2) - Adjust the
screws to obtailn an .050" contact gap

B. Upper

contact
such that the armature moticn between contacts
is in the

tween the

central portion of the air gap be-

pole faces. Tighten the lockilng

nuts.
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Follow the
FD1,
peres, and a dropout current of at least 75%
4.06 Just above the
pickup current, there will be
Make a final adjustment
of the two right-hand contact screws to obtaln

same adjustment procedure as for
except for a pickup current of 5.41 am-
of pickup, or amperes.
a slight amount
of contact vibration.
equal vibration of both contacts as indicated
by a neon lamp connected 1n the contact cilr-
cult.

Operating Element (Telephone Type Relay)

AdJjust
done

the contact gap to 0.045".
by bending down the armature

Thils 1s
contact-
Now with the
in the operated position, adjust the

lever stcp on the relay frame.
armature
residual gap to 0.010" by means of
the adjustable This gap should be

measured just below the armature set

armature
set screw.
screw.
For those relays with a fixed residual spdcer,
0.008". Check to see that
there is a contact follow of a few thousandth

the gap 1s about

of an inch after the ccntact clcses.
Connect a d-c milliammeter (0-25 m

test switchjaws Hl and Il
Ccennect a source cf varilable a-c ,vc

{relay ¢ .
10t

10 volts, 6O cycles) acrcss switce and
Gl. The vrelay shculd yick ugr 1?2 ra.
direct current irn the cclil cilge 1th sinc
wave - ltace apclled to e c¢f the
prid e rectifier. Tho rent will be

L to 7 ma. The

charged,

ension can oe

in thece values.

if necessary,

For the relay 1 t
a-c voltage

andard case, apply
9 and 10 and
connected to a d-c milli-
switch Jack of the

1t willl be

acro rminals

insert a test

ammeter 1 helgingle test

relay. fec eads are used,

neces v sl a strip of insulating mater-
1al s as ber 1nto the test switch Jack
after op g the switch blade to obtaln a
reading.

L 4

ontactor Switch

djust the stationary core of the switch for

clearance between the stationary core when

the switch 1s pilcked up. This can be most

convenlently done by turning the @ p-
slde-down. Screw up the core scr the

moving core starts rotating. Now, back off
screw until the stops
Thils 1ndicates the point where the
moving contact asse'bly 1s taken
core just separates
Back off the
rn beyond this
This prevents the
and sticking to the
of residual magnetism.
arance for 3/32 1inch by
11 nuts

the core moving
rotating.

play 1n the
up, and where the movin
from the statlonary cor .
statlonary core scre on
point and lock 1n e.

moving core from 8t
statlonary core a
AdJjust the co ct

means of th on elther side of

the Micar . The switch should pick up
at 2 a d-c. Test for sticking after
30 ampgére, have been passed thru the coil.

1stance 1s approximately 0.25 ohm.

on Indlcator

ust the 1ndicator to
ampere d-c¢ gradually applled by loosening the

operate at 1.0

wo screws on the under side of the assembly,

and moving the bracket forward or backward.

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

obtaln the calibration. The
resistance 1s approximately 0.16 ohms.

1 ampere coil

RENEWAL PARTS

Repalr
at the
varts can be Turnished to the customers who
When
orderlng parts, always glve the comolete name-

work can be done most satlsfuctorily

factory. However, Interchangeabla

are equlpped for dolng repalr worl.

plate data.

ENERGY REQUIREMENTS

Burdens measured at a abalanced three-phase

current of five amperes.

Rolay Phase 4 _Frasc P ?hass

Taps Vi Apgle Va o zngle Va Angle
A-f-3 2.4 5% 0.6 0“ 2.5 5C°
A-H-10 3.25 0° 0.8 100° 1.28 55°
B-F-3 2.3 0° 0.€3 3¢ 2.45 55 °
BR-H-10 4.95 e 2.35 g0° 0.3 €0°
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C-F-3 2.32 0° 0.78 0° 2.3€ 50°
C-H-10 6.35 342° 3,85 80° 1.98 185°

Burdens measured at a slngle-phase to

neutral current of five amperes.

Relay Phase A Phase B Phase C

Taps VA Angle VA  Angle VA Angls
A-F-3 2.47 0° 2.1 10° 1.97 20°
A-H-10 7.3 60° 12.5 53° €.7 26°
B-F-3 2.45 0° 2.09 15° 2.07 10°
B-H-10 16.8 55° 22.0 50° 12.3 28°
C-F-3% 2.49 0° 1.99 15° 2.11 15°
C-H-10 =1.2 41° 36.0 38° 23.€ 35°

The angles above are the degrees by which
the current lags i1ts respective voltage.

PART II-TYPE HKB CONTROL
UNIT (JY)

CAUTION when adjusting this equipment, allow
the tube heaters to warm up for at least 30
seconds before applying plate voltage (by
operating the relay fault detector). This
precaution 1s necessary to prevent damage to
the type 2050 thyratrons.

CONSTRUCTION

The HKB Control Unit consists of ang elec=
tronic trigger circult employlngd§two thrya-
trens; a rectifier-doubler vacuum tubepfor-the
received carrier and a vacuum "®elay" ¥ tube
which compares the phase positlonsy of the
lcecal and distant line currents@

The general appearance and, construction of
the Type HKB Control Unit{lisishown by the out-
line drawing, Figure, 119, Thes entire equlp-
ment, with the eXcepgtionief the accessoriles,
is mounted on a‘“starddardd3/16" thick aluminum
panel 19" wide and 8%23/32" high with standard
nctching. The front of the panel 1s black
wrinkle finished, and the rear 1s Nasat. The
tubes protgude through the front panel for
convenlent installation and replacement.

Jacks)are provided on the front of the panel
for ‘eukrent metering as follows:

10

J1(top Jack)
J2(center Jack) Relay tube mlssion current
J3(bottom Jack) Rectifier-doubler output cup-

rent.

Heater current

INSTALLATION

When used with the Type JY Transmitfer and
Recelver, the HKB Control Undt is mounted 1n
the same cabinet with these panéls/and immedil-
ately beneath the Receilveripanel. The in-
struction Book for the “eomplete assembly of
which this unit 1s a part), should be referred
to for additional mounting Thstructions.

ypon delivery, “the“unit should be very care-
fully chgeked for “damaged parts. Particular
attentlon , should™ be given to any parts which
may haved‘become& loose in shipment, or wires
which may have broken because of vibration.
Each HKB ‘Gentrol Unit 1s supplied wilth an ac-
cesiSory ‘geoup of components for adapting 1t
for Operation from 125 volts d-c or 250 volts
d=c. These components should be checked for
damage and to see that none are mlissing, and
checked agalnst the order or requisition and
the parts 1list 1in this bock. Any shortage
should be 1mmediately reported to the trans-
portation company and to the nearest district
office of the manufacturer.

The necessary connections from the JY
(cabinet) assembly terminal blocks to  the
switchboard, relays, etc,, should be made in
sultable conduit. Number 12 gauge wire 1s
recommended for these connectlions. The con-
nectlon diagrams 1n the instruction book for
the complete assembly should be followed. Be
sure to ground terminal #l1 on the HKB Unit and
also cablnet terminal #1.

CIRCUIT ADJUSTMENT- GENERAL

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

by,

A,
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with clrcult adjustments have been read.

The HKB Control Unit 1s designed to use the
same tubes for elther 125 volt or 250 volt
operation. When used on 250 volts d-c, the
proper value of plate voltage for the Type
25L6 Relay Tube 1s obtained from a connection
at the positive end of the transmitter tube
heaters.,

short out the JY transmitter amplifier
cathode resistor with the Jjumpere supplied on
the resistor. This connection 1s for the
normal transmitter operating condition.

In order to obtaln blas voltage for both the
HKB Control Unit and the assoslated carrier
transmitter, the entire d-c current drailn of
both units 1s caused to flow though a combil-
nation of resistors 1n the Control Unit. 1In
this way, adJjustable bias for the type 2050
thyratrons and fixed bias of two different
values, for the power amplifier tubes of the
transmitter 1s obtained. Because the adjust=
ment procedure will follow the tabulations
shown on Table I and IT as closgly as
possible, it 1s important to become thoroughly
familiar with the tables. Fivegcolunins are
included 1in these tables. TheWfirstycolumn
Indicates the quantity to bgf“iehecked. The
second column indicates the, mdnimam value
permissible. The third c¢6lTumnifidicates the
normal value. The fougth €olumn indicates the
maximum value permissible. “The fifth column
should be filled in4at the time of 1instal-
lation, to indicate;, the aetual value which was
obtalned. The 1last ‘eodumn 1s of great im-
portance and should{ be filled in as soon as
the HKB Controd Tndet 1s 1nstalled. All
quantities mustd Be brought within the minimum
and maximum, valued speclfied before the equip-
ment gan _be“Qeonsidered to be in satisfactory
operating condition. A copy of these values
should®be kept with the equipment for checking
purposes. @ All letters of inqulry to the
manufacturer regarding the operation of this
unit should be accompanlied by a 1list of actual
values of the elght quantities tabulated on
Table I or II.

The maximum and minimum limits of the values

In the table do not all correspond to} the
same percentage. In the case ofatheygPower
supply or battery voltage, the (1imifs given
are the maximum and minimum at whieh®the unit
can be properly adjusted to operate; and these
limlts 1lnclude the maximum variation in power
supply voltage. For 1nstance, the HKB unit
wlth 125 volt accessdriesfean be adjusted to
function properly "on any battery which never
exceeds 150 volts gor dreps below 100 volts.
But once the normal g4oltage 1s established and
ad Justments arg, madel for operation on that
voltage, it shoulddnot be permitted to fluctu-
ate normally merel than plus or minus five
percent.

The ' Unit has been designed to use either
glass, orfmetal tubes of types 25L6 and 2526,
and ‘the? adjustment data 1s the same for
elther.

CIRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT

The numbers at the beginning of the follow-
i1ng paragraphs correspond to the line number
in the Adjustment Data Tables.

1. The first 1line 1n the AdJjustment Data
Table 1s the power supply or battery voltage,
which 1s to be measured at the cabinet termi-
nals before any of the equipment is turned on.
The actual value of this voltage at the time
of installation should be entered on the 1line
in the fifth column of the data table. If it
is not within the limits of 100 to 150 Vclts
d-c, do not proceed.

2. AdJjustment of the HKB Control Unit tube
heater current is now to be carried out. Since
the bilas resistor (combination of R8, R9, R1O,
R11l and RS) is common to the heater circuits
of both the carrier transmitter-receiver and
the HKB3 Control Unit, adjustment of heater
current of ore unit will affect that of
the other. 1In order to avold difficulty, the
bias resistor mentiored 1s to be temvorarily
sheorted ouf during the adjustment oI heater
current for both the transmitter-receiver and

the HK3 Control Unit. BE'CRE PROCEEDING,

13
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R-14

R-13

R-12

R-26,
oy
R-27
Rl R40 R-9 R8
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T T O |1 | | L |

6-c-4415

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

REFER TO THE INSTRUCTION BOOK FOR THE ASSEMBLY
OF WHICH THIS UNIT IS A PART AND CARRY OUT THE
DIRECTIONS THEREIN FOR INSERTING MAXTIMUM
RESISTANCE INTO THE TRANSMITTER-RECEEVER
HEATER CIRCUIT. Connect a Jjumper wire [across
terminals'#5 and #18 of the HKB Contrel Unit.
The adjusting clip on resistor R6 igl to be, set
roughly 1n the center of the ‘pesister. The
adjusting clips on the two adjustable re-
sistors R23 and R24, which arefextegnal heater
serles resistors mounted on a“separate panel,
are to be set so as to ghortout the least
possible amount of tHese resisfors. Open the
transmitter amplifier cathode return circuilt
by 1nserting an ©Opengeircult plug in trans-
mitter jack 8. TheQtubes are now to be in-
serted 1nto the HKB asseémbly of which the HKB
unit 1s a part. Plug a d-c ammeter of 1
adjust the
shorting clips of external resistors R23 and

ampere range 1nto jack J1 and

R24 to obtaln, the correct heater current as
given im,11ne #2 of the table. It 1s desir-
able to'keep the amount shorted out of each
of thesey two resistors about equal so as to

14

distribute the heat produced equally between
them. When the power 1s first applied, the
tube heater current willl 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-recelver have each been adjusted,
remove the Jumper wire from terminals #5 and
#18 of the HKB Unit. (Close the transmitter
amplifier cathode circuit.)

3. After the adjustments on the transmitter
have been completed and the transmitter i1s in
normal operation measure agaln the heater cur-
rent of the HKB Unilt as Jack J1. If not with-
in the limits of 1line #3 1in the Data Table,
make 8uch slight changes to the setting of the

external resistors R23 and R24 as may be re-
quired to correct i1t. (A similar operation
should be carrled out on the transmitter-
recelver.)

o
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TABLE I

ADJUSTMENT FOR HKB CONTROL UNIT ON 125 VOLTS

preceedling data refer to test paragraph numbers.
Quantity

1. Power Supply Volts

2. Heater Amperes, Preliminary Adjustment #

3. Heater Amperes, Final Adjustment +

Current at Jack J2, Milliamperes
Rectifierodoubler Output Milliamperes at J3*

5. Total Bilas Volts

6. Master Oscillator Plate Volts-----————_______
T. Thyratron Grid Bilas Volts
8

. Relay Tube Grid Blas Volts
HKB Relay Operating Element Current, Ma.

# - The total tube heater current of the assoc
value also.

+ - The final value of the tube heater curre
limits for the total, and half of these

* - With no carrier belng recelved.

See text of Instruction book for discussion of the

Min.

100.
.59
.54

.0
.0

11.

25.

following table. Numbers

Normal

5.0

26.
20.

i1tter should be adjusted

N
S

Max.®
0.
.65
.58
.10
.10
17.
36.
6.0

32.
22.

Actual

to this

transmitter should be within these
r each branch.

TABLE II

Qua!

1. Power Supply &
2. Tube Heater er - Control Unit
" " ~ Transmitter

3. Plateg,Ci

preceeding data referﬁ paragraph numbers.

t [Supply Volts

ack J2, Milliamperes
ubler Output Milliamperes at J3*

Master Oscillator Plate Volts-==wo-————o_____

5
6
7. quratron Grid Blas Volts
8

. Relay Tube Grid Blas Volts
HKB Relay Operating Element current, Ma.

* - With no carrier belng received.

Min.
200.

.81

95.
.0
.0
17.
60.
5.0

20.
18.

Normal
250.

.56
.85

135.

22.
65.
6.0

26.
20.

ADJUSTMENT DATA FOR HKB C RO T ON 250 VOLTS
L 4
See text of 1 n book for discussion of the following table. Numbers

Max.
300.

.58
.89

165.

7.0

32.
22.

Actual

15
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4, After the above adjustments are com-
pleted, measure at the other two metering
Jjacks, J2 and J3, to see that no current 1s
flowlng. Under the conditions of the blas re-
sistor R6 belng set near the center, the Relay
tube, V4, 1s bilased well beyond plate current
cut-off, so that the current at Jjack J2 should
be well below the 1limit of .1 milliampere.
Under the condition of no r-f signal recelved,
the current at jack J3 should Dbe well below
the 1imit of .1 ma. Any excesslve current
flow should be 1nvestigated and the fault
cleared before proceeding wilth the tests.
‘(make final check with 1.5 milliampere range
of meter.)

5. Measure the d-c Dblas voltage between
terminals #5 and #18.

6. This adjustment 1s for the purpose of
obtalning the correct Master Osclllator plate
voltage for the transmitter. The transmitter
must be completely adjusted and in a state of
normal operatlion (ready to be controlled by
the HKB Unit). In making thls adjustment it
1s necessary to have V; thyratron continuously
ignited. For Control Unit S#867954a, a single
resistor R5 1s in place of resistors R26 and
R27. Remove the 1lead from the R5 tap neafér
the panel and connect this lead to terminal
#19 of the Control Unit. For Controk Unlt
S#1471841, remove the 1lead from ghe R27 tPap
and connect to terminal #19. Now turn ‘émfthe
equlpment and allow the thyratroms to heat up
for one minute. Block open thé bacek contact
of the HKB lower fault detector. Thyratron
V1l will fire and remaln conducting. Connect a
d-c voltmeter of at leasgt, 1000 ohm-per-volt
resistance between termingl #5 and terminal
#19. Adjust R, and RQ tojebfaln the required
voltage as given 1in Table I or II. The
transmitter shodld now bep sending out carrier
at 1ts full output“pewer. Restore all connec-
tions to normal.

T. The obJjectgof the followlng adjustment
1s to setW the firing point of the thyratrons
V1l and W2, to the proper value by adJjusting
their q4grid bias. Two resistors, R26 and R27,
are previded for separate adjustment of V1
and(V2ygrid bias in Control Unit S31471841

16

control Unit S#867954A has a single resistor
with two sliders (R5) for adJustment of V1 and
V2 grid blas. The blas can be measured be=
tween each slider and terminal #5.

The negative grid blas on thyratron V1
should be set to zero volts. For elther con-
trol unit style 867954-A or 1471841, _remove
the lead from the slider (on R§0raR27),which
supplies blas to V1 thyratron andypconnect it
to the positive end termilnal fof /fhat” resistor
(check with a d.c. voltmeter).

Set the negative gridiblas/on thyratron Vv2
to -5 volts for 125-g0l1t, carrier sets, or to
-6 volts for 250-vOlt sets by adjustment of
the slider on resi@tor RS or R26. The bilas
voltage can be measured®rom the slider (-) to
the positive end@yterminal (+) of R26.

With theWabovegyblas values, carrier willl be
transmitt®e€d for somewhat more than one-half
cycle (@t oOpeycles) at low values of fault
current ), This may be seen when viewing the
signal across the coaxlal cable on an oscillo-
scopel.

8. The followlng adjustment covers the set-
thng of the relay tube (V4) grid bias. Plug a
d-c milliammeter (0-25 ma.) into the current
jack on test switch I1 (top of relay, second
from left end) of the HKB relay to measure the
operating element coil current. Pass a cur-
rent in phase A and out phase B of the relay
sufficient to pick up both FD1 and FD2 fault
detectors. With relay taps 4, C, and H, 5 am-
peres should be surficlent. The current from
the test transformer can be used if desired.
Reduce the grid Dbilas on the relay tube VL by
adjusting the slider . resistor R> until the
d-c milliammeter in relay jack I1 reads 20 na.

The relay tube grid blas 1s measured between
the slider of R6 and terminal #5 of the ccr.-

trol unit. A voltmeter cf at least 10GC chrs-
per-volt resistance should be uged. Carrler
from the distant 1line terminal nrust n:*% be
transmitted, during thils adjustment. All test
circults and instruments may ncw be rercved,
and the relay test swltches returned te

ncrmal .

L™
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CIRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT

1. The first 1line 1n the Adjustment Data
Table 1s the power supply or battery voltage,
which 1s to be measured at the cablnet termi-
nals before any of the equipment 1s turned on.
The actual value of this at the time
of installation should be entered on the line
in the fifth column of the data table. If it
i1s not within the 1limits of 200 to 300 volts
d-c, do not proceed.

voltage

2. Adjustment of the HKB Control Unilt tube
heater current wlll be accomplished along with
the adjustment of the transmitter heater cur-
rent, because all the heaters of the assembly
are connected 1n series. The necessary ex-
ternal heater serles resistors are a part of
the accessories for the assembly of which this
Unit 1s a part; and the instructions for their
adjustments are to be found in the 1nstruction
After the ad-
Jjustment 1s completed record the value of cur-
The heater
rents of the Control Unlt and the transmitter
should be within the 1imits tabulated on Table

IT.

book for the complete assembly.

rent as measured at Jack Jl. cur=

External accessory resistor R25, 1sWeOnnected
In shunt to the HKB tube heaters.
ing .3 ampere, 1t
with the
mitter, which draw .9 ampere#
adjusted at the
minus 1 percent and shouldjnot“be changed from

By bypass-

enables thel@“operation 1n
tube heaters of the
ResdStor R25 1is
factory t@, 208 ohms plus or

series trans-

the above value.

3. The plate cipeuit
be measured betweén tefminal #5 and terminal
#10.

supply voltage 1s to

4, Aftery the

above adjustments are com-
pletedy measure at the other two metering
Jacksf, J24and g3, to see that no current is
flowing. , Under the condition of the bilas re-

sistor R6 belng set near the center, the Relay
Tube, V4, 1s blased well beyond plate
cut-offly so that the current at jack J2 should
be well below the 1limit of .1
gnder the condition of no r-f signal receilved,
the current at Jjack J3 should be well below
the 1limit of .1 ma. Any
flow should be

current

milliampere.

current
fault

excesslve

Investigated and the

. L. 41-952

cleared before proceedling with the tests.
(Make final check with 1 milliampere rangé of

meter. )

5. Measure the d-c blas voltage between
terminals #5 and #18.

6. Oscillator Plate Valtage. Adjustments
are exactly the same, asWfor;125 volt equip-
ment. See paragraph 63of previous sectien.
Refer to values on /fable IT.

7. Thyratron Grid Blas Volts. Adjustments

are exactly the,same’ as for 125-volt equip-

ment. See gpakagraph 7 of prevlous sectilon.

Refer to values on Table II.

8. RelayaTube Grid Blas Volts.
arépexactly/ the
See

Adjustments
as for 125-volt equip-

same
paragraph 8
Refer\to ‘values on Table II.

ment). of previous section.

OVERALL TEST OF COMPLETE
INSTALLATION

After the complete equlipment has been in-
stalled and adjusted, the followlng tests can
be made which will provide an overall check on
the relay and carrier
rotation of the

checked by measuring the a-c

equipment. The phase

three-phase currents can be
voltage across
19 and 20 or test swltches B

a high resistance a-c voltmeter of

relay termlnals
and C with
at least 1000 ohms per volt. The reading
obtained should be approximately 0.9 volts per
load current

ampere of balanced three-phase

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

This test requlres that a balanced three-
phase 1load current of at least 1.0 ampere
(secondary) be flowlng through the line-
section protected by the HKB relays. At both

terminals of the protected line-section, re-

move the HKB relay cover and open the trip
circult by pulling the test switch blade with
the long red handle. Put the tap screw on the
upper tap plate in the 4 tap, and on the lower
Insert

one 1n the C and H taps. Be sure to

the spare tap screw before removing the con-
nected one. Now open test switches D and E on
the line

(station A) and 1insert a current test plug or

the relay at one end of section

17



TYPE HKB RELAY AND CONTROL UNIT

strip of 1insulating material 1nto the test
Jack on swltch E to open the circult through
that switch. The above operation shorts the
phase A to neutral circult ahead of the
sequence fillter and disconnects the phase A
lead from the filter. Thls causes the phase B
and C currents to return to the current trans-
formers through the zero-sequence resistor 1n
the fllter, thus simulating a phase A-to-
ground fault fed from one end of the line
only. As a result, both the fault detector
and operating element at Station A should
close thelr contacts. Completion of the trip
cilrcult can Dbe checked by connecting a small
lamp (not over 10 watts) across the terminals
of test swiltch J.

Now perform the above operations at the
opposite end of the line-section (station B)
without resetting the switches at Stalon A.
This simulates a phase-to ground fault ex-
‘ternal to the protected line-sectlion. The
fault detector, but not the operating element
at B should pick up, and the operating element
at A should reset. Restore tect oSwitclhes D
and E at Station A  to normal (closed). The

line conditions now represent a phase-to

1s connected.

MAINTENANCE

Since the Control Unit has no front-of-panel

controls, 1t requires no attention except)

malntenance as described 1n the lowlng
paragraphs. The unlt cannot bg tal of
service without taklng the entire
of service.

e out

Every three months an o T Inspection
n

should be made to see t o cessive cor-
e

roslon has developed t s or conden-
satlon of moilsture, ac ulated dust and
dirt should be clea [¢) as often as once a

month 1n some locallt

Tubes

At the ch year of operation, the
tubes s d removed from thelr sockets,
and thelg c ts 1nspected for possible dirt
or corr on. If there 1s any discoloration,

emoved by the wuse of very filne

In order to assure maximum tube
1s very 1important that the resilstance

, 1
ground fault fed from Station B only. The the contacts be kept to an absolute mini-
fault detector at A should reset and the oper-{gm If necessary, thls cleaning operation

ating element at B should pilck up. Rest
test switches D and E at Station B to nor

and both elements of the relay at St n
should reset. For the relay in e ndapd
case, the above test can be perfor g

sultable external test switches.

The above tests have checked tation,
the polarity of the sequencg filger output,
the 1interconnectlons between ay and the

carrier set and the Ph current connec-
tions to the
B and C can be s
test switches
switches H and I
cedure described for

ations. Phase

checked by openlng
or phase B, and
e C. The same pro-
se A is then followed.

If all the tes‘s have been completed with
satisfacto
both 11
the
lay

results, the test switches at
minals should be closed (close
cult test switch last) and the re-
placed. The equipment 1is now

rea rotect the 1line-section to which it

uld be performed more frequently than indil-
ated above.

Reslstors

The reslstors are operated well wilthin there
ratings, and should not fall during the 1life
of the unit. In the accessory equilpment,’ the
ferrule resistors should be removed from thelr
clips at the end of each year's operation, and
the ferrules and clips cleaned of corrosion
wlth crocus cloth or very fine sandpaper. In
s corrisive atmosphere a fillm of vasellne wiill
reduce trouble.

TYPE JY HKB CONTROL UNIT COMPONENT PARTS

125/250 volts d-c
Style: 1L718L1A

Electrical Parts per Component Parts List
(Dw». 7vl&21%), except resistors R23, R24, and
R?5 and tubes. Style: 1471840-aA- as above,
but with tubes.

Py
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TYPE HKB RELAY AND CONTROL UNIT

COMPONENT PARTS

NUMBER
SYMBOL REQUIRED NAME RATING
CAPACITORS
Cl* 1 Thyratron Plate to Plate .05 Mfd., 600 V. d-c
ce 1 Thyratron Output .05 Mfd., 600 V. d-c
Cc3 1 Rectifier Doubler Input .0056 Mfd., 600 V. d-c @
Ch4 1 Rectifier Doubler Output .0056 Mfd., 600 V. d-c
CoH5* 1 Transformer By-Pass .0039 Mfd., 500 V. d-c
co* 1 Thyratron Grid By-Pass 22 MMF., 500 V. d-c
CT* 1 Thyratron Grid By-Pass 22 MMF., 500 V. d-c
CB# 1 Delay Filter .1 Mfd., 600 V. d-c
CO# 1 Thyratron Plate to Plate .25 Mfd. t+ 20% 60
C1O# 1 Thyratron Grld By-Pass .0022 Mrd. t
Cl1# 1 Thyratron Grid By-Pass .0022 Mfd. t 10%
METER JACKS
Jl 1 Tube Heaters Wester Elect
J2 1 Relay Tube Plate & Screen or,
J3 1 Rectifier Doubler Output Cook Elecfri JK-24
REACTORS
L1* 1 Carrier Start Circuit 5 ma. d-c, 440 ohms d-c resistance
L1# 1 Delay Filter 10 hy, 7000-~_d-c. resistance
RESISTORS
R1 1 Carrier Start Thyratron Plat ehms, 22 watt, tapped
R2 1 Carrier Start Thyratren P1 ohms, 21 watt, adjustable (1 band).
R3 1 Relay Thyratron Plate ehms, 21 watt.
R& 1 Relay Thyratron Plate ohms, 12 watt.
Ro* 1 Thyratron Bias ehms, 22 watt, adjustable (1 band).
RS 1 Relay Tube Bias ohms, 22 watt, adjustable (1 band).
RT 1 Heater Shunt 160 ohms, 45 watt.
RS 1 smplifier Bias 6.3 ohms, 45 watt.
R9 1 Amplifier Blas 10 ohms, 45 watt.
R10 1 Amplifler Bias 2.5 ehms, 21 watt.
R11 1 Amplifier Bia L ohms, 45 watt.
R12 1 Bias Restori 5,600 ohms, 1 watt.
R13 1 Bias Restoring 0.11 megchms, 1 watt.
R14 1 Bias Restor 91,000 ohms, 1 watt.
R15 1 Thyratron Gri 0.1 megohm, 1 watt.
R16G 1 Thyratron i 0.1 megcohm. 1 watt.
R17 1 Thyratren 2,400 ohms, 1 watt.
R18 1 Rectifier(l Input 2,000 ehms, 1 watt.
R19 1 Rectifie r Output 51,000 ehms, 1 watt.
R20 1 Relay A 51,000 ehms, 1 watt.
R21 1 Tube rounding 0.27 megochms, 1 watt.
R22* 1 acto 5,100 ohms, 1 watt.
R23 1 He 63 ohms, wire wound, adjustable (1 band).
R2k 1 Héate eries 63 ehms, wire wound, adjustable El band).
R25 1 ter unt 250 chms, wire wound, adjustable (2 bands).
R2OO# 1 T tren Bias 100 chms, 22 watt, adjustable El bandg.
R2T# 1 hy ron Bias 100 ohms, 22 watt, adjustable (1 bard).
CR-1# 1 X SHLL9LTLA
TRANSFORMERS
Tl hyratron Input 1/4 ratie tapped secondary, L426682
T2 Relay Tube Output 2500/500 ehms Impedance Ratio, L&20549
T3* Recelver -Audio 2500/500 ohms Impedance Ratio, L4265k9
TUBES
Carrier Start Thyratron-Gas Type 20950
Relay Thyratron-Gas Type 2050
V3 Rectifier Doubler-Vacuum Type 25Z0
L 1 Relay Tube-Vacuum Type 25L6
. TUBE SOCKETS
X1-Xh 4 Octal Tube Socket SHLET3E59 (From Dwg. T7G0l4215-14).

*In Centrol Unit S#BETIS%A only.
#In Control Unlt S#1471841 only.
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TYPE HKB RELAY AND CONTROL UNIT

ORDERING INFORMATION

The Westinghouse Electric Corporation is
prepared to supply any of the listed parts for
servicing this unit. Orders should specify
that they are for the Type JY, HKB Control
Unit, and mention the wunit style number and
circult symbol where 1t 1s given. All orders
must specify the rating as well.

ACCESSORY GROUP COMPONENTS

Note: Item 1 or 2 will be supplled with the
HKB Control Unilt for the appropriate applica-
tion. Tubes are included wilth the control
Unit.
1. Accessory Group for 125 volts.
Style: 867955
Electrical Parts - Resistors R23 & R24
Mounting panel for R23 and R24.

2., Accessory Group for 250 volts (less ex-
ternal heater series resistor).

Style: 867956
Electrical Parts - Reslstor R25
Mounting panel for R25.

PART III - TYPE HKB TEST FACILITIES

APPLICATION

The type HKB test facllitlesy provide a
simple manually operated test procedure that
will check the comblined relay/and carrier
equipment. The test can beg,performed without
the ald of 1nstruments. Thefresults given
assurance that all equipment /1s 1n normal
operating condition without, resorting to more
elaborate test procedures.

CONSTRUCTION
Test Switch

The type Witest swilitch 1s provided with
elght palirsfefsy contacts, two palrs of which

6-C-4159
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q
r»/’ = + r-——/ji
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Figyll— Outline And Mounting Plan Of The Type HKB Control Unit For Type JY Carrier. For Reference Only.
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TYPE HKB RELAY AND CONTROL UNIT

. L. 4]-952

The
and
15,
HKB

"carrier on" position.
shown in Fig. 12,
in Fig.
complete the

are closed in the
contact arrangement 1s
the outline
These contacts
circult and the alarm circuit i1s 1indi-
Fig. 12 by 2, and 7, 8.
off" position the HKB trip
contacts 1 and 2,
Two

and drilling plan
are used to
trip
cated in contacts 1,
In the
circuilt 1is
but the

test positions to

"carrier
opened through
alarm clrcult remalns closed.
the right of the

of f" positions are provided. When the
1s moved to either of these positions,

"carrier

swiltch
the re-
lay trip and alarm clrcults are interrupted
and a red alarm light is turned on by switch
contact 3 and 4. the switch to the
TEST 1 position will connect the output of the

auxlliary test transformer directly to the HKB

Moving

terminals number 25 and 26, through the type W
contacts number 9 and 10, 11 and 12.
the switch to the TEST 2 position willl connect
the test transformer with a reversed polarity
to the HKB relay through switch
14 and 15, 16.

Moving

contacts. 13,

Auxlliary Test Transformer

The auxillary test transformer 1Is designed
to operate from a 115 volt, 60 cycke

Four secondary taps numbered 1,

power
2, 3,
of
the
current 1n amperes that wllld'be passed through
the If the
relay ap-
tap

source.
and 4
the test current.

are provlided to vary the magnitude-

The tap_numbers equal
relay when ground“tap  H#1s used.
1s connected fopusely, ground tap G,
times/ ther transformer
value (2,4,6, or 48 amperes) will be passed
through the relay. The outline and drilling
plan of the transfermer 1s shown in Fig. 13.

proximately two

Indicating giamps

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

drilldngiddimensions are given in Flg. 15.

rectangular

ADJUSTMENT

Choose a transformer tap that wlll provide

STATION BUS PHASE)ROTATION AB,C TRIP CIRCUITS
A 4 BACKUPRELAYS a7
it o
TRANS. PRI. € |wme; rroe
§ ] HKBy CS| CS
¥ 3 6 @
| LBACK UP < CARRIER CONTROL CIRCUITS
I— RELASS W[HKB  NEG c POS.
. XS TRANS.SEC.
$1¢ 0
h | BACK UP
RELAY CARRIER SWITCH HEB™ CARRIER
9,10 16,45 |
LINE ! |4 12,11
[oca sy 3 T
-?SEISFORMER ey
TUNER ELEMENT
goﬁ'l_ +m HKB DI Fo1 £ HKB
— 15 V. 60 CYCLE AL T®)
TEST SOURCE HKB FD! .0 2500 125 V.
AB C = ©), N 62501 250V.
CARRIER SWITCH TOSC'“*R'ER
POSITION HKB (o] Fb2 Bl HKB |asv0NLv
CARRIER lconTacT|TES2JTEST (| OFF | ON @9(_‘“_*@)" -g=-----
st OF on el s e e
TESTZ, —4 X X
® 4 X%
= X 1 X
3-10 X
-12
SWITCH e
PLATE 15-16 1 X
4
X DENOTES CONTACT CLOSED —3 L} @
6-c-4428

Fig. 12—Schematic Connections Oi Type HKB Relay And Test Facilities.
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TYPE HKB RELAY AND CONTROL UNIT

times the
current setting of the HKB relay as previously
determined.

approximately two phase-to-ground

OPERATION

switch 1s
terminal which serves the dual functlons

A multi-contact
line
of a carrler on-off switch and a test switch.
This switch 1is apply a single
phase HKB relay to
internal and through fault conditions.
operation 1s

provided at each

arranged to
current to the simulated
Relay
a blue 1n-

noted by observing

dicating lamp connected 1n the HKB relay trip
During the test the HKB trip
cult to the line breaker 1s
light 1s energized through

contacts on the test switch.

circult. clir-
opened and a red

warning auxiliary

Use of the auxiliary test equipment 1s to be
limited to provide a simplified test after the
Initial installatlion tests have been performed
as described 1n part II of thls 1nstruction
leaflet.

The test apparatus
shown 1n Flg. 12 with the auxilliary test
transformers energized from 115 volt, 60 gy
power sources at each 1line terminal t

The followl (¢}

ation procedure assumes that the sa v
is used in connecting the test tr "Nr at
each line terminal. \

1. Turn the carriler tes W
line terminals to CARRIE .

in phase with each other.

ch at both

2. Turn the c
at line termilnal

switch to TEST 1

ri tes
T should

local relay

h
1ght will be extinguilshed.
1s to be connected

operate to transmit half cycle impulses of
carrier, and trip. Tripping will be indicat

by the blue light.

3. Turn the HKB test switch at the remote
line terminal #2 to TEST 1. This  widl
simulate an internal fault fed fro oth line
terminals. The relay at lide rm will
trip, and the relay at line te a will

remaln tripped. Tripping wil ndicated by
the blue lights at each I@terminal.
Carrier will be transmitte f cycle im-

ea end of the

pulses simultaneously fr
line.

4. Reset the H s witch at line termi-
nal #1. The el rminal #1 willl reset
and turn e 1light. The relay at

terminal h 1ts trlp contact closed,
lighting

5. T
nalf#1

the HKB test switch at line termi-
EST 2. This condition will simu-
xternal fault. The

elay, will be held

trip contacts of
open and the blue

t

6. Reset the test both line
terminals to CARRIER OFF before returning to
CARRIER ON for normal service. Push 1n handle
to turn 1n ON posiltilon.

swltches at

This completes the test procedure.

Component Style Numbers

Test Transformer
Type W Test Switch

S#1338284
S#158L284
mounting.
S#1584285 for 1-1/2" panel
mounting.

for 1/8" panel

Type W Test Swiltch
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Fig. 13—Outline And Drilling Plan Of The Type HKB Test

Transformer. For Reference,Only.

Fig. 14—Internal Schematic Of
The Type HKB Test Trans-

former.
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Fig. 15—Outline And Drilling Flun Of The Type W Test Switch And Indicating Lamps Which Are Part Of The Type HKB

Test Facilities. For Reference Only.
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INSTALLATION o

LL. 41-952 A

OPERATION e MAINTENANCE

INSTRUCTIONG

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

APPLICATION

The type HKB relay 1s a high speed carriler
relay wused 1n conjunction with power 1line
carrier equipment to provide complete phase

and ground fault protection of a transmission
tripping of the
obtalned in
faults
The
and no

line section. Simultaneous

relays at each line termlnal is

three cycles or less for all 1nternal
within the 1imits of the

relay

relay settings.
operates on 1line current only,
line

relays will not trip during
The
thie

source of a-c potential 1s required.
Consequently, the
a system swing or out-of-step conditions.
carriler equipment operates directly from

station battery.

PRINCIPLE OF OPERATION

The HKB carrler relaylng system cOmparesy the
phase positions of the currents at the ends of

a llne-sectlon over a carriegf chafinel to
determine whether an internal, or external
fault exists. The three-phase 1%ne currents

energlze a sequence network which gilves a

single-phase output voltage "“proportional to a
combination of sequeng@Wcompenents of the 1lilne
During a flault,| this

controls angpeléetronic

current. slngle-phase
circult which

of carrier on

voltage
allows the transmission alter-
half-gycles ‘ofgthe power-frequency cur-
transmitted from both 1line

terminals,ind thil® manner, and 1s received at

nate

rent. Carrier, is

the opposite £nds where 1t 1s compared with
the phase position of the 1local sequence
network output. This comparison takes place

in,the grid circuit of a vacuum tube.
larities of the
suchgthat for an internal fault, plate current

The po-

voltages to be compared are

fiows on alternate power-frequency half-
cycles. A relay connected in the plate cir-
cult of the wvacuum tube operates under this

SUPERSEDES I.L. 41-952

*Denotes change from superseded issue.

condition to completefthe“trip circuit. During

an external fault,, thel change 1n direction of

current flow causesWthe plate current to be

continuously blocked,/and the plate cilrcult
relay does not operate.
Since thils prelaylng system operates only

during, a fault, the carriler channel 1s avalla-
ble at)all other times for the transmission of
ogher functions.

PART I - TYPE HKB RELAY

CAUTION Before
remove

putting relays into service,
all blocking which may have been in-
serted for the

purpose of securlng the parts

during shipment, make sure that all moving
parts operate freely,
that they are

and operate the relay to check the

Inspect the contacts to

see clean and close properly,
settings

and electrical connections.

CONSTRUCTION

The relay consists of a comblination posi-

tive, negative and zero sequence network, a
saturating auxiliary transformer, two Rectox
units, two polar relay units, a telephone-type
switch and
operation indicator all mounted in a Type M-20

Flexlitest Case.

relay, a neon lamp, contactor

the
the

Waen
plied,

saturating auxiliary transformer

standard projection case 1s sup-
sequence network, tap plates, and
are mounted
in a box which can be
the swltehboard panel in any
sition. The

are mounted in

located on the rear of
convenlent po-
remalnder of the relay elements
The

and terminal numbers of the relay in the

the relay case proper.
taps
standard case and the external box correspond

to those in the type FT case. (See Figures 1,

EFFECTIVE AUGUST 1957



TYPE HKB RELAY AND CONTROL UNIT

: TOP TEST SWITCH TO BASE TERMINALS

o [ERLLE4TTE

OPERATION NDICATOR
COVER OPERATED FRONT VIEW
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|- TRANSFORMER

b SHORT CIRCUIT SWITCH
>/ RED HANDLE
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BHORTING SWITCH

FORPHASE @ |
ROTATION A,B,C 8l &

5

3 WINDING REAR VIEW
MUTUAL REACTOR

13-D-5784

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

2, and 3). Terminals 18, 19 and 20 of the exX-
ternal box are to be connected to the corre-
sponding termlnals of the relay 1n the sfand=
ard case. Otherwlse, all external connections
for the relay 1n the standard projection case
or 1n the type FT case are made to the [same
terminals.

Sequence Network

The currents from the curw¥ent fransformer
secondaries are passed thrd a network consist-
Ing of a three-wlinding 1ron-core reactor and
two reslstors. The zgPro-sequence resistor,
Rgs conslists of thmee mes§lstor tubes tapped to
obtaln settingsd fory varlous ground fault
conditions. The ofher resistor R; 1s a formed
single wire mounfed on the rear of the relay
sub-base. The output of thls network provides
a voltage across the primary of the saturating
transformer.

The{dewer tap block provides for adjustment
of the melatlve amounts of the positive, nega-
tive, and zero sequence components of current
In%the network output. Thus, a single relay

UPPER CONTACT-

/ONTACTI}R SWITCH

_~DPERATION INDICATOR
g \\? o2 °/)
cs cs ,_“T_@

LOWER CONTACT——=—_____ s p0p
©O— ik ®

FO}

® e @
- L3 ®
FULLWAVE __L—"

« R DPERATING ELEMENT
RECTIFIERS \ “TELEPHONE RELAY

TesT aWITCH

13-D-5903

NEON LAMP—1

ADT. LINK

LowER PoLAR |
RELAY ELEMENT

| __UPPER POLAR
RELAY ELEMENT

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 fdult@detector for all types of faults.

Saturating Auxiliary Transformer

The, voltage from the network 1s fed into the
tapped Yprimary (upper tap plate) of a small
saturating transformer. This transformer and
a neon lamp connected across 1lts secondary are
used to 1imit the voltage lmpressed on the
fault detectors (polar relay elements) and the
carrier Control Unit, thus providing a small
range of voltage for a 1large varlatlon of
maximum to minimum fault currents. Thils pro-
vides high operating energy for light faults,
and 1limits the operating energy for heavy
faults to a reasonable value.

The upper tap plate changes the output of
the saturating transformer, and 1s marked 1n
amperes requlred to plck up the 1lower fault
detector element. For further discussion, see
section entitled, "Settings".

Rectox Unilts

The secondary of the saturating transformer
feeds a brildge-connected Rectox Unit, the out-
put of which energizes the polar fault detec-
tor elements. A second Rectox, energlzed from
the output of the Control Unit, suppllies a d-c
voltage to the telephone relay element which
operates only for an 1internal fault. The use

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

13-D-5952

of sensitive polar relay keeps down the energy
required from the current transformers.

Polar-Type Relays

These elements consist of

shaped magnetic frame, an

a rgctangular
electromagnet, a
permanent magnet, and an armature wlth a“)set
of contacts. The
clamp directly to each

poles of thepermanent
side] of the
magnetic frame. Flux from the gpermanent magnet
divides paths,€one \\path across the
alr gap at the front of ghejelement in which
the armature 1s located,“the other across two
gaps at the base of the framels Two adJustable

shunts which “Pequire

magnet

into two

screw type no locking

screws are located 'acrosg the rear alr gaps.
These Peluectance of the magnetic
path so as to forcé 8some of the flux thru the

armature whieh 1s fastened to the leaf

change the

moving
spring 4and attached to the frame midway be-
Flux 1in the

and creates a magnetic

tween Tthe f/two g/ear alr gaps.
armature polarizes 1t
blas

other of the poles, depending upon the adJust-

causing 1t to move toward one or the

ment of the magnetic shunt screws.

A “ceoll 1s placed around the armature and
within the magnetic frame. The current which
flows 1n the coll produces a magnetic fileld

which opposes the permanent magnet fileld and

LL., 41-952A

acts to move the armature in the contact-clos-
Ing direction.

Contactor Switch

The d-c
small

contactor switch 1n the relay 1s a
switch. A
dige
lower end moves in thejcore ot the solenold.
As the plunger disc
bridges three silver statlenary contacts. The
coll 1s in serles withdthe mailn
the relay and, withy the
When_the
become8 enepglzed and closes the switch

solenold type cylindrical

plunger with a silver mounted on 1ts

travels “wpward, the
contacts of
coll of the
close, the

trip
breaker.
coll
contacts.
thereby feldieving them of the duty of carryling
tripping These
closed until the trip clrcult 1s opened by the
auxiliary switch
switch 1s equipped with a third point
which “'1s connected to a terminal on the relay

relay contacts
This, shunts the maln relay contacts
current.

contacts remaln

on the breaker. The con-

tactor

to Operate a bell alarm.

Operation Indicator

The
coll connected in the
coll 1s
releases the white target which falls by
of the trip
indicator 1s reset from outside

operation indicator 1s a small solenoid
When the
spring-restrained arma-

trip circult.
energlzed, a
ture
gravity to 1ndicate
circult. The
of the case by a push rod.

completion

CHARACTERISTICS

The overall operating characteristic of the

HKB relay and carrier shown 1n
Figure 4. This

operating relay element (telephone-type relay)

equipment 1s
shows the current 1n the
plotted agalnst the phase angle difference be-
tween the fault opposite ends of
the 1llne. As 1ndicated, the operating element
will trip when the
proximately 6° from the in-phase, or through
fault condition. As the

circuits operate under

currents at

phase angle departs ap-

electronic control

a saturated conditilon,

the shape of thls curve will not change
materially over a wide range of fault cur-
rents.



TYPE HKB RELAY AND CONTROL UNIT

The sequence network in the relay is arrang-
combinations of se-
the
posi-

ed for several possible

quence components. For most applications,
output of the network will contain the
tive, negative and zero sequence components of
the line

the upper tap plate

current. In this case, the taps on
the
threephase amperes which will pick up the low-
The
which supervises
1s ad-

percent

indicate balanced

er or carrier start fault detector (FD1).
element (FD2),
of the telephone-type relay,

upper polar
operation
Justed to
above tap value. The taps available are 3, 4,
5, 6, 7, 8, and 10. the
of the For
phase-to-phase faults AB and CA,

pick up at a current 25
These taps are on
primary saturating transformer,
enough nega-
been introduced to
allow the fault detector FD1 to pick up at 86%
of the tap For BC faults, the fault
detector will pick up at approximately 50% of
This difference
current for different phase-to-phase faults 1s

tive sequence current has

setting.
the tap setting. in pick-up
fundamental;

at which the

ecmponents of current add together.

and occurs because of the angles

positive and negative sequence

With
positive,

the
negative

sequence network arrangedd{ for

and zero sequence output,
there are some applications where the maxImum
load current and minimum fault current fare jtoo
set the
under minimum fault current, yet
load.
able which cuts the three phasegsensitivity in
half, while the
substantially unchanged.
at 90%Z of tap value for AB and €A faults, and

at twice tap value for\three~-phase faults.
The setting for BC faudst@yis™5 percent of tap

value.

close together to relay to “pick/up

hot operate

under For these cases, ‘4@ tap)lis avail-

phase-to-phase setting 1is

TheQrelay then trips

In some gases, /it Imay be desirable to

eliminate respomse th, poSitive sequence cur-

rent entirely, and operate the relay on neg-
ative-plus-zerp, 4dsequence current. A tap 1is
avallable to operate in this manner. The

fault
for

detector picks
all
fected by balanced load current or three-phase
faults.

up at 95% of tap walue

phase-to-phase faults, but is unaf-

For ground faults,
ble

separate taps are availa-
for adjustment of the ground fault sensi-
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Fig. 4—Typical Overall Operating Characteristics Of The
Type'HKB Carrier System.

tivity
plate setting.

to about 1/4 or 1/8 of the
See Table II. For example, 1if
the upper tap plate is set at tap 4, the fault

upper tap

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 relay 1s provided with a tap to allow such

operation.
SETTINGS

The HKB relay has separate tap plates for
adjustment of the phase and ground fault
sensitivities and the sequence components
included 1in the netwcrk output. The range of
the available taps 1s sufficient to cover a
wide range of application. The method of de-

termining the correct taps for a given instal-
lation is
graph.

discussed in the following para-

In all cases, the similar fault detectors on
the relays at both terminals of a line section
must be set

line

to pick up at the same value of

current. This 1s necessary for correct
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blocking external to the

tected line sectilon.

during faults pro-

Sequence Comblnation Taps

The two halves of the
for connecting the sequence network to provide

lower tap plate are

any of the combinations described in the pre-
The 1left half of the tap
changes the tap on the third winding of

vious sectilon.
plate
the mutual reactor and thus changes the rela-
tive amounts of positive and negative sequence
sensitivity. Operation of the relay with the
various taps 1is given in the table below.

TABLE 1

LL. 41.952

Sequence Components | Taps on Lower Fault Detector FD1 Pick Up &
Comb. In Network Output Tap Block 38 Fault £ - 7 Fault
Left Right
Half Half
1 Pos. Neg., Zero c G or H* Tap Value| 8€% Tap Value
———— (53% on BC Fault)
2 Pos., Neg., Zero B G or H 2x T?p 90% Tap Value
value ,(65% on BC Fault)
3 Neg., Zero A G or H -- 95% Tap Value

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

A Fault detector FD2 1s set to pick up at 125% of FD1 for
a two-terminal line, or 250% of FD1 for a three-terminal
line.

Positlive-Sequence Current Tap and FD2 Tap

The upper tap plate has values of 3 R
8, and 10. As mentioned before, thes ers
represent the three-phase, fault de to D1

o) t

pickup currents, when the relay ed
for positive, negative and zero out-
put. The fault detector FD2 s s con-
tact to allow tripping a‘ curren value 25

percent above 1 setting.

the fault de
This 25 percent differenc s n ssary to in-
sure that the carrier r ault detectors
(FD1) at both ends ransmission line

section pick up ¢t
fault bef

r::.!!.~gnal

stapt carrier on an ex-

ternal ting energy 1is ap-

For line, the tap 1link on
FD1 pan cted to the right hand tap
which all 2 to pick up at 250% of FD1
setting. Thi i1s necessary to allow proper

blocking on three-terminal lines when approxi-
ed&al currents are fed 1n two termi-
and their sum flows out the third termi-
the line. two-terminal lines, the
is connected to the left hand tap, and
described 1in the

mately
nal
For

operation 1is as previous

paragraph.

The
should be
minimum internal line-to-line faults, and yet

taps on the upper and 1lower PP es

selected to assure op ti on
not operate on normal 1load current, particu-
larly 1f the carrier channel 1s to bg used for
The t
e of the plck-

st also be con-

auxlliary functions. current of
the fault detector is
up current, and this

sidered 1n
current tap and .
tion. The

fault detector p

selecting osltive-sequence
component combina-
current and

up ould be sufficilent to

margin

allow the ¢ detector to drop out after
an external ult, when 1load current con-
tinues to .

Zero- n urrent Tap

t half of the lower tap plate 1s for

ng the
Taps G and H give ground fault sensi-

ivities as listed in Table II. Tap F 1s used
ications where increased sensltivity to
ound faults 1s not required. when this tap

s used, the voltage output of the network due

ground fault response of the

to zero-sequence current 1s eliminated.

TABLE IT
Ground Fault Pickup
ercent of
comb.| Lower Left P 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
Assume a two-terminal 1line with current

transformers rated 400/5 at both terminals.
Also that full 1load
amperes, and that on minimum internal phase-
1s fed 1n from
from the other

assume current 1s 300

to-phase faults 2000 amperes

one end and 600 amperes end.
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Further assume that on minimum internal ground With the upper tap 6 and sequence tap C in
féulfé, 400 amperes 1s fed in from one end, use, the fault detector FD1 pickup currents
and 100 amperes from the other end. for ground faults are as follows:

Posltive Sequence Current Tap

Lower right tap G-1/4 x 6 = 1.5 amp.
s 4 val Minimum trip = 1.25 x 1.5 = 1.88 amp. S
econdar alues:
J Lower right tap H-1/8 x 6 = 0.75_amp.
5 Minimum trip = 1.25 x 0.75 = 0494 .
Load Current = 300 x 755 = 3.75 amperes (1)
From the above, tap H w d e used to
Minimum Phase-To-Phase Fault Currents: trip the minimum ground fault .25 amperes.
600 >
X 156 = 7.5 amperes (2) Case I
Fault detector FDI setting (three phase) Assume the same fau currents as in Case
I, but a maximum 1 current of 500 amperes.
must be at least:
In thls example h “the same sequence com-
3.75 bination 1 @ , the fault detectors
—— = 5 amperes (0.75 is dropout ratio of
0.75 cannot be s p on the minimum internal
fault detector) (3)
three- ult, yet remain 1noperative on
so that the fault detector will reset on load load cu compare (5) and (6) below).
current. Howev onnecting the network per Combi-

able I, the relay can be set to

In order to complete the trip cilrcult on a t inimum phase-to-phase fault, although

7.5 ampere phase-to-phase fault, the fault have only half the sensitivity to
detector FD1 setting (three-phase) must be n th hase faults. Thils will allow operation
more than: at maximum 1load without picking wup the fault

detector, and provide high speed relaying of

1 1
= 6.98 amperes 11 except light three-phase faults.

*5.866 *T1.25 %

D2 pilck
1.05 - D2 plck up
FD 1 pick up

7.5

In order to complete the trip cilrcult on a
7.5 ampere phase-to-phase fault, the fault

S detector tap must now be not more than:

Sequence Combination Tap 1 1

7.5 x X = 6.6 (5)

1.25 0.9
From a comparison of (3) above, 1t

1s evident that the fault co can be set To be sure the fault detector FD1 will reset
to trip under minimum pha@alt condition after a fault, the minimum tap setting 1s
yet not operate under load. 1In this determined as follows:

minimum fault full three-phase sen- U'Qf = 8.33 (7)
0.75

case, tap C on theglow e tap block would 5 ~ _
be used (see T \W 1) as there 1s Load Current = 500 xm = 0.25 amps (6)
sufficient differe b een maximum load and .

e

sitivity. Curren 6 would be used.

Since the fault detector pickup current for

Zero Sequence Tig three-phase faults 1s twice tap value, half
the above value (Eq. 7) should be used in
Secon alue; determining the minimum three-phase tap.
= 1.25 amperes minimum ground 3.33

(0] _—
fault current. D .17 (8)
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From a comparison of (5) and (8) above, tap

5 or © could be used.

the fault

detector pickup current for ground faults will

With the three-phase tap 5 in use,

be as follows:

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 = 0.5 a.
Minimum trip = 1.25 x 0.5 a. = 0.03 amp.

Therefore, tap H would be

minimum ground fault of

used to trip the
1.25 ampere with a

margin of safety.

INSTALLATION

The relays should be mounted on switchboard

panels or their equivalent 1in a location free

from dirt, excesslve vibration and
heat.
the

Jection

moisture,
Mount the
two mounting

relay vertically by means of

studs for the type FI _pro-
case or by means of the four pidunting
holes on the flange for the semi-flushijtypée FT

case. Either of the studs or the mounting
screws may be utilized for grounding, the
relay. The electrical connections/may be made

direct to the terminals by meansgef [Screws for

steel panel mounting or to [termimal studs

furnished with the relay forqebonysé@sbestos or
slate

panel mounting. Thg terminal studs may

be easily removed or Inserted by locking two
nuts on the studs and _them, turning the proper

nut with a wrench.

External Resistor

A resigffor £1s required in the carrier start

fault deteetor gcircuit, as shown in Fig. 12
connected betWeen HKB relay terminal 8 and
battery positive. Its function is to avold

short circwiting the station battery throuzh

the"), normally-closed contact of the carrier

staptafault detector FD1.

The values of this
below.

resistor are tabulated

LL.. 41-952A

Style No. D.C. Supply Ohms Outline &
Do g/

1337179 125 volts 250 Fig. '5a

1337181 250 volts 625 Fig. Sb

Thils resistor can be mounted on the rear of
the switchboard in any convenmi¥ent location.

ADJUSTMENTS AND MAINTENANCE

CAUTION

1. Make sure that theneon lamp 1s in place
checked.
limit the voltage peaks

whenever relay
This
in the filter output at high currents so as to

operation 1s belng

1s necegsary %o
prevent damage te the Rectox Units.

2. When‘ehanging taps under load, the spare
tap, sérew) should be 1lnserted before removing
the other tap screw.
should be

3. All contacts periodically

—h2 ~2 82
TERM B 7
@
TE mjo § <0
gl = - -
I ST
TERM D 9 | TERWD 3
4 -4
2 | TERM:B v
g £
TERM C 2 TERM A _S;
= =
Y
_ E%Erﬂi_l“ — _AQ%?E:—_i_!_
TERM™M. A 5 DIA. - 2HOLES EAILY
NAME PLATE Name PLare
<
p
| ¥ } w0 ? AEj -L
} o~
| A ""E‘E‘J:l? ‘@_4@_ :—#—l
S ¥ ?
1)
‘% B 'E“tf
Vg ty
F\G (ha) F\G (5Db)
(-RESISTORY ~(2-RESISTORY

Fig. 5—Outline And Drilling Plan For The External Resistor
Used In The HEB Relay Contro! Circuit. For Ref-
erence Only.
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cleaned. A contact burnisher S#182A836H01
1s recommended, because of the danger of em-
bedding In the face of the

soft silver and thus impalring the contact.

small particles

4, The proper adjustments to insure correct
operation of thils relay have been made at the
factory and should not be disturbed after re-
celpt by the If the adJustments
have been changed, the relay taken apart for
1f 1t 1s desired to check the

regular malntenance perlods,
the 1nstructions below should be followed.

customer.

repalrs, or
adjJustments at

Sequence Network

There are no adjustments to make 1n the
network.
The followlng mechanical adJustments are

given as a gulde, and some devlation from them
may be necessary to obtain proper electrical

callbration.

FAULT DETECTORS-GENERAL

The sensitlvity of the polar elements 1sfad-
justed by means of two

the

magnetic, screw-typé

shunts at rear of the element. “These

shunt screws are held 1n proper adjustment By
a flat strip spring across the back of “the
element frame, so no 1locklng serews are
required. Looking at the relay front} view,

turning out the right-hand shunt@Wdecredases the
amount of current required togqclose“phe right-
hand contact. the
left-hand cur-
rent required to trip the relay.
the farther
the greater the toggle dactlion willl be and as

Conversely, ¥ drawing out
shunt increasesghe“amount of
In general,
out the shunt“iserews are turned,
a result, the dropeutieurrent will be lower.
In adjusting ghe polarjelements, be sure that
a definite tiogglé actdon 1s obtalned,
than of the armature from
the back (left-hand, front view) to the front
(right-hand, front view)

rent 1s, 1ncreased.

rather
a gradual“movément

contact as the cur-

Set ghe“relay taps on 5, C, and H. Correct
the panel 1ink to the 1left-hand terminal.

Note: When different relay taps are used 1n

service than for calibration, the actual pick-
up current will vary slightly from the calcus
This

cannot be used

lated value per Table I. occurs bgcause
on the“satu-~

rating transformer primary winding.

fractional turns

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

screws to obtaln an .Q50"_contact gap

contact
such that the armature motiomn between the left
and right hand contacts 1is in the central part
Tight-
Approximate

of the air gap between thg pole faces.

en the contact 1locking nufs.

adjustments of the two'magnetic shunt screws

are as follows:

Screw both shunt
Then back outggboth
4.33 amperes, 60

serews all the way 1in.

screws six turns. Pass
eycles, in phase A and out
the left hand shunt until

the armature moves to the right.

phase B. \Serew  in
If the arma-
moves, to the right at less than 4.33 am-
the left-hand shunt until

proper“armature actlon is obtained.

ture

peresy serew out

Reduce the current until the armature resets

to¥the 1left. This should happen at not less
than 75% of the pickup value, or 3.25amperes.
If the armature resets at less than this

value, 1it will be necessary to advance the
right hand shunt to obtain a dropout of T75% or
This in

readjustment of the

greater. turn will require a slight

left hand shunt. Recheck
the pickup and dropout points several times,
and make any minor "trimming" adjustments of
the shunt screws that may be necessary to ob-
If the above
cedure does not give a sufficiently high drop-

out,

tain correct calibration. pro-

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 1least
.030", and the action of the armature should

be snappy at the pickup and dropout points.

B. Upper Polar Element (FD-2) - Adjust the

screws to obtain an .050" contact gap

contact
such that the armature motion between contacts
1s in the
the

central portion of the air gap be-

tween pole faces. Tighten the locking

nuts.
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Follow the
FD1,
peres, and a dropout current of at least
4.06
plckup current, there will be

same adjustment procedure as for
except for a pickup current of 5.41 am-

5%

of pickup, or. amperes. Just above the
a slight amount
Make a final adjustment
of the two right-hand contact screws to obtailn
of both contacts as indicated

connected 1n the contact cir-

of contact vibration.

equal vibration
by a neon lamp
cult.

Operating Element (Telephone Type Relay)

Adjust
done

the contact gap to 0.045".
by bendlng down the armature

This 1s
contact-
Now with the
i1n the operated positilon, adjust the
armature residual gap to 0.010" by means of
the adjustable This gap should be
measured just below the armature set

lever stop on the relay frame.

armature

set screw.
screw.
For those relays with a fixed residual spdcer,
the gap 1s 0.008". Check to see that
there 1s a contact follow of a few thousandths
of an 1nch after the contact closes.

about

Connect a d-c milliammeter (0-25 ma.) across
test switchjaws Hl and Il (relay out of case).
Connect a source of variable a-c voltage 0 to
10 volts,
Gl. The
direct
wave voltage applled to the a-g

60 cycles) across swiltchjaws Flpand
relay should pick up at 19, toc“ 12 ma.
in the coill circult/with sine
of the
The dropout!current will be

current
side
bridge rectifier.
4 to 7 ma. The

changed, 1f necessary,

contact spring temsion can be
to, obtaln, these values.

the standard
terminals

For the relay in case, apply
9 and 10 and
a test pdugHconnected to a d-c milli-
ammeter in the single /test swilitch jack of the
Iffelip used, 1t willl be
necessary to &l1ip ‘@ strip of 1insulating mater-
into the test switch Jack

swltch blade to

a-c voltage across

insert
relay. leads are

1al suchpas fibér

after openlngdthe obtaln a

reading.

Contactor Switch

AdJust the statlonary core of the switch for

a ‘elearance between the stationary core when

the swiltch 1s picked up. This can be most

LL. 41-952A

convenlently done by turning the relay up=
screw untld, the
Now, [back{) off

moving core

side~down. Screw up the core

moving core starts rotating.
screw until the
Thls 1ndicates the poilnt where the

movling contact

the core stops
rotating.

play in the assembly 1s taken
up, and where the moving core Jjust separates
Back off the
one turn beyond this
This prevents the
from styikingyand sticking to the
statlonary core because off residual magnetism.
Adjust the contact clearance for 3/32 inch by
means of the two smalll nuts
the Micarta @lsce, The switch should pick up
at 2 amperes jd-c. Test for sticking after
30 ampere§ d-eg, have been passed thru the coil.

The ¢oll resistance 1s approximately 0.25 ohm.

from the statlonary core s¢rews
statlonary core screw
point and lock 1n place.

movling core

on elther side of

Operation Indicator

Adjugt the 1ndicator to at 1.0
ampere d-c gradually applled by loosening the
two screws on

operate

the under side of the assembly,
and moving the bracket forward or backward.
I1f the two which reset the
armature are they
should be weakened slightly by stretching to
obtaln the calibration. The coll
resistance 1s approximately 0.16 ohms.

helical springs
replaced by new springs,

1 ampere

RENEWAL PARTS

Repair
at the interchangeable
parts can be furnished to the customers who
When
ordering parts, always give the complete name-
plate data.

work can be done most satisfactorilly
factory. However,

are equlpped for dolng repair work.

ENERGY REQUIREMENTS

Burdens measured at a abalanced three-phase

current of filve amperes.

Relay Phase A Phase B Phase C

Taps” VA  Angle VA  fAngle 1A Angle
A-F-3 2.4 5° 0.6 0° 2.5 50°
A-H-10 3.25 0° 0.8 100° 1.28 55°
B-F-3 2.3 0° 0.63 0° 2.45 55°
B-H-10 4.95 0° 2.35 90° 0.3 60°



TYPE HKB RELAY AND CONTROL UNIT

C-F-3 2.32 6° 0.78 0° 2.36 50°
C-H-10 6.35 342° 3.83 80° 1.98 185°
Burdens measured at a single-phase to

neutral current of five amperes.

Relay Phase A Phase B Phase C

Taps VA Angle VA  Angle VA Angle
A-F-3 2.47 0° 2.1 10° 1.97 20°
A-H-10 7.3 60° 12.5 53° €.7 26°
B-F-3 2.45 0° 2.09 15° 2.07 10°
B-H-10 16.8 55° 22.0 50° 12.3 =8°
C-F-3 2.49 0° 1.99 15° 2.11 15°
C-H-10 31.2 41° 36.0 38° 23.€ 35°

The angles above are the degrees by which

the current lags 1ts respective voltage.

PART II-TYPE HKB CONTROL
UNIT (JY)

CAUTION when adjusting this equipment, allow
the tube heaters to warm up for at least 30

seconds before applying plate voltage (by
This
necessary to prevent damage t0

the type 2050 thyratrons.

operating the relay fault detector).
precaution 1s

CONSTRUCTION

The HKB Control Unilt conslsts of an, elec~

tronic trigger circuit employing two tHrya-
trons; a rectifier-doubler vacuum tubejfor the
tube

of the

recelved
which
local and distant line currents.

carrier and a vacuum (Yrelagy"

compares the phase positions

The general appearance ang, construction of
the Type HKB Control Undt isgshown by the out-
line drawilng, Flgureplliy The
ment, with the

1s mounted on

entire equip-

exception of the accessories,
a standard 3/16" thick aluminum
panel 19" wide and 8-23/32" high with standard
notching. The black
wrinkle finished, and the rear 1s Nasat. The

tubes

front of the panel 1is

protrude {through the front panel for

convenient) installation and replacement.

JacksWare provided on the front of the panel
for, current metering as follows:

10

J1l(top Jack)
J2(center Jjack)
J3(bottom Jjack)

Heater current

Relay tube mission current
Rectifier-doubler output gur-
rent.

INSTALLATION

When used with the Type JY¥W'ransmitter and
Recelver, the HKB Control Ualt s mounted in
the same cablnet with these[panels, and 1mmedi-
ately beneath the Recel#er pan€l. The in-
struction Book for the complete assembly of
which this unit 1s a party, should be

to for additional mounting instructions.

referred

Upon dellvery, thefunit should be very care-
fully checked for
attention

damaged parts. Particular
sheuld be glven to any parts which
may hawé beeome 1loose in shipment, or wires
because of vibration.
Each HKB Control Unit 1s supplied with an ac-

cgssory group of

which@maydhave broken
components for adapting 1t
operation from 125 volts d-c or 250 volts
These

and to see that none are missing, and

for,
d-c.
damage
checked
the parts
should be
portation

components should be checked for

agalnst the order or requisition and
list 1n this book.
Immediately reported to the trans-

Any shortage

company and to the nearest district

office of the manufacturer.

The necessary connectlons from
(cabinet)
switcnooard, relays,
sultable conduit.

recommended for

the JY

blocks to the
should be made 1n
12 gauge

assembly terminal
ete,,

Number wire 1s
The con-
in the instruction book for
the complete assembly should be followed. Be
sure to ground terminal #1 on the HKB Unit and

also cabinet terminal #1.

these connections.

nection dlagrams

CIRCUIT ADJUSTMENT- GENERAL

Do not insert the tubes into the HKB Control

Unit until the followlng paragraphs deallng
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L. 41:952A

with circult adjustments have been read.

The HKB Control Unlt 1s designed to use the
Same tubes for elther 125 volt or 250 volt
operation. When wused on 250 volts d-c, the
proper value of plate voltage for the Type

25L6 Relay Tube 1s obtailned from a connection

at the positive end of the transmitter tube
heaters.

Short out the JY transmitter amplifier
cathode resistor with the jumpere supplied on

This
normal transmitter operating conditilon.

the resistor. connection 1s for the

In order to obtain bilas voltage for both the
HKB Control Unit and the
transmitter,
both units
nation

assoslated carrier

the entire d-c current drain of
1s caused to flow though a combil-
of resistors in the Control Unit. 1In
adJustable blas for the type 2050
and fixed blas of two different

the power amplifiler tubes of the

1s obtalned. Because the adjust=
will follow the tabulagfions

on Table I and ITI as closely as

this way,

thyratrons
values, for
transmitter

ment procedure
shown
posslble, 1t 1s important to becomé thoroughly
familiar with the tables.

Five cQlumns are

included 1in these tables. The, fIrst column
indlicates the quantity to be, cheecked. The
second column 1ndicates the/ minimum value

permissible. The third column indicates the
The fourth (colunik: 1ndicates the
maximum value permissible.®,The fifth column
should be filled in (at “the time of instal-
lation, to indicategthefactual value which was
obtalned. The 1last of great im-
portance and shouldg be filled 1n as soon as
the HKB Control “Wnit 1s 1nstalled. all
quantities mast/ be brought within the minimum
specified before the equip-

normal value.

column is

and maximum value
ment ¢an Dbe), considered to be 1n satilisfactory
operating condlition. A copy of these values
shouldébe kept with the equipment for checking
All the

manufacturer regarding the operation of this

purposesy letters of inquiry to
unit should be accompanied by a list of actual
values of the eight tabulated on

Table I or II.

quantities

The maximum and minimum limits of the values

In the
same
supply or

table do not all correspond to
percentage. In the case of the

battery voltage, the/limigs

the maximum and minimum at which/the unit
can be properly adjusted to operate; and these
limits
supply voltage.
with 125 volt

function properly‘on“any battery which never
below 100 volts.
But once the normal woltage is established and
adjustments

the
power
glven
are

1nclude the maximum variation in power
the HKB unit
accessorles,can be adjusted to

For 1nstance,

exceeds 150 volts or “d@rops

are “made! for operation on that

voltage., 1t should not be permitted to fluctu-
ate normally “imore " than plus or minus five
percent.

Thel Unltyhas been designed to use eilther
glass rgmetal tubes of types 25L6 and 2526,
and) the, adjustment data 1s the same for
edther.

CIRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT
The numbers at the beginning of the follow-

ing paragraphs the line number

in the Adjustment Data Tables.

correspond to

1. The first 1line
Table 1s the power

in the Adjustment Data
supply or battery voltage,
at the cabinet termi-
nals before any of the equipment 1s turned on.
The actual value of thls voltage at the time
of installation should be entered on the 1line
in the fifth column of the data table. If it
is not within the 1limits of 100 to 150 Vvolts
d-c,

which 1s to be measured

do not proceed.

2. Adjustment of the HKB Control Unit tube
heater current 1s now to be carried out. Since
the blas resistor (combination of R8, R9, R10,
R11 and R5) 1s common to
of both the
the HKB

the heater circults
carrler transmitter-receilver and
Control Unit, adjustment of heater
current of unit will affect that of
the other. In order to avoid difficulty, the
blas resistor mentioned

one

1s to be temporarily
shorted out during the adjustment of heater
for both the transmitter-receiver and

BEFORE PROCEEDING,

current

the HKB Control Unit.

13
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R-14

R-13

R-12
R-2

R-27
Rl R10 R-9 R8

2724262322212018 8 7 6
[ .| i

6-C-4415

Fig. 10 —Internal Schematic Of The Type HKB Cormtrol Unit For Type JY Carrier.

REFER TO THE INSTRUCTION BOOK FOR THE ASSEMBLY:
OF WHICH THIS UNIT IS A PART AND CARRY OUT THE
DIRECTIONS THEREIN FOR INSERTING MAXIMUM
RESISTANCE INTO THE TRANSMITTER-RECEIVER
HEATER CIRCUIT. Connect a Jumper wilre @cross
terminals’ #5 and #18 of the HKB Control\unit.
The adjusting clip on resistor R6 1s@tobe set
roughly 1n the center of the gpeslstor. " The
adJusting clips on the two adJusgable re-
sistors R23 and R24, which arefexternal heater
serles reslistors mounted on a\separate panel,
are to be set so as to short out the least
possible amount of these reglstors. Open the
transmitter amplifiex®y cathode” return circuilt
by 1nserting an gpen @ircuit plug in trans-
mitter Jack 8. Theltubesfare now to be in-
serted 1nto the HKB assémbly of which the HKB
unit 1s a part. Plug a d-c ammeter of 1
ampere range 1nto Jack J1 and adJust the
shorting cl&ps of external reslstors R23 and
R24 to obtalh the correct heater current as
given 1n 1ine #2 of the table. It 1s desir-
able tolkeep®Phe amount shorted out of each
of these Wtwo resistors about equal so as to

14

distribute the heat produced equally between
them. When the power 1s first appllied, the
tube heater current wlll be above normal due
to the low resistance of the cold heater
elements. cCconsequently, power should be ap-
plied for at least two mlnutes before readings
are taken. After the heater current of the
HKB control Unit and the heater current of the
transmitter-receiver have each been adJusted,
remove the Jumper wire from terminals #5 and
#18 of the HKB Unit. (Close the transmitter
amplifier cathode circult.)

3. After the adjustments on the transmitter
have been completed and the transmitter 1s in
normal operation measure agaln 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 and R24 as may be re-

quired to correct 1t. (A similar operation
should be carrled out on the transmitter-
recelver.)

Ay

e



TYPE HKB RELAY AND CONTROL UNIT LL. 41

TABLE I
ADJUSTMENT FOR HKB CONTROL UNIT ON 125 VOLTS

See text of Instruction book for discussion of the following table. Num
preceedlng data refer to test paragraph numbers.

Quantity Min. Normal Max.
1. Power Supply Volts 100. 125. 150.
2. Heater Amperes, Preliminary Adjustment # .59 . .65
3. Heater Amperes, Final Adjustment + .54 .58
4. current at jack J2, Milliamperes .0 .10
Rectifier-doubler Qutput Milliamperes at J3* .0 .10
5. Total Blas Volts 11. 1T7.
6. Master Oscillator Plate Volts-----———o______ 25. 36.
7. Thyratron Grid Bilas Volts 4.0 .0 6.0
8. Relay Tube Grid Blas Volts 2 26. 32.
HKB Relay Operating Element Current, Ma. 20. 22,

# - The total tube heater current of the assoclate
value also.

+ - The final value of the tube heater current th
1limits for the total, and half of these %

* - With no carriler belng recelved.

r each branch.

tter should be adjusted to thils

ransmitter should be within these

Actual

g TABLE II

ADJUSTMENT DATA FOR HKB CO L ON 250 VOLTS
See text of @dns ctipn book for discussion of the followlng table. Numbers

preceeding data refer ragraph numbers.

Qu nti& Min. Normal Max .
1. Power Supply V 200. 250. 300.

2. Tube Heater Amper - Control Unit .54 .56 .58
" " " - Transmitter .81 .85 .89
3. Plate Ci upply Volts 95. 135. 165.
4. cugrent, a J2, Milliamperes .0 .0 0.1
tifi doubler Output Milliamperes at J3* .0 .05 0.1
5. Bi Volts 17. 22, 28.
6. scillator Plate vVolts--=-eceeeo__ 60. 65. 73.
7. Thyratron Grid Bilas Volts 5.0 6.0 7.0
8. R®lay Tube Grid Bias Volts 20. 26. 32.
HKB Relay Operating Element current, Ma. 18. 20. 22.

- With no carrier belng recelved.

Actual

15
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4, After the above adjustments are com-
pleted, measure at the other two metering
jacks, J2 and J3, to see that no current is
flowing. Under the conditlions of the blas re-
sistor R6 being set near the center, the Relay
tube, V4, 1s blased well beyond plate current
cut-off, so that the current at jack J2 should
be well below the 1limit of .1 milliampere.
Under the condition of no r-f signal received,
the current at jack J3 should be well below
the 1limit of .1 ma. Any excesslve current
flow should be 1nvestigated and the fault
cleared before proceeding with the tests.
(make final check with 1.5 milliampere range
of meter.)

5. Measure the d-c bilas voltage between
terminals #5 and #18.

6. This adjustment 1s for the purpose of
obtaining the correct Master Oscillator plate
voltage for the transmitter. The transmitter
must be completely adjusted and 1n a state of
normal operation (ready to be controlled by
the HKB Unit). In making thils adjustment 1t
1s necessary to have V3 thyratron continuously
ignited. For Control Unit S#867954A, a singlé
resistor R5 1s 1n place of resistors R26 4nd
R27. Remove the 1lead from the R5 tap nearer
the panel and connect this lead to terminal
#19 of the Control Unit. For Control Unit
S#1471841, remove the 1lead from the R27 t%ap
and connect to terminal #19. Now turn‘en the
equlipment and allow the thyratronsf*to“heat up
for one minute. Block open the 4, baek contact
of the HKB lower fault detector. Thyratron
V1l will fire and remain conduéting. “Connect a
d-c voltmeter of at least 1000 ohm-per-volt
resistance between terminal’#5 and terminal
#19. AdJjust R; and R2 to obtaln the required
voltage as glven din "Pable I or II. The
transmitter should now be “Sending out carrier
at 1ts full outputipOwers Restore all connec-
tions to normal.

T. The obJject of the following adjustment
1s to set g4 the firing point of the thyratrons
Vl and V2 %o the proper value by adJjusting
their grid ®blas. Two resistors, R26 and R27,
are provided, for separate adjustment of V1
andgV2 Wgrid bias in Control Unit 831471841

16

control Unit S#B867954A has a single resistor
with two sliders (R5) for adjustment of V1 and
V2 grid blas. The blas can be measured bef
tween each slider and terminal #5.

The negative grid bilas on thyratron V1
should be set to zero volts. For eilther cons
trol unit style 867954-A or 1471841, remove
the lead from the slider (on R5 or(R27)4which
suppllies blas to V1 thyratron and connéct 1t
to the posiltive end terminal ofgthathresistor
(check with a d.c. voltmeter).

Set the negative gridgblas éen thyratron v2
to -5 wvolts for 125-volt earrler sets, or to
-6 volts for 250-volt sets, by adjustment of
the slider on resistordR5 or R26. The Dblas
voltage can be meaSure@, from the slider (-) to
the positive €nd temminal (+) of R26.

With the abeveblas values, carrier willl be
transmitged “for “somewhat more than one-half
cycle (at'6@, cycles) at low values of fault
current®, This"may be seen when viewlng the
signalpacross the coaxlal cable on an oscillo-
scope.

8. The following adjustment covers the set-
ting of the relay tube (V4) grid blas. Plug a
d-¢ milliammeter (0-25 ma.) into the current
Jack on test switch I1 (top of relay, second
from left end) of the HKB relay to measure the
operating element coll current. Pass a cur-
rent 1n phase A and out phase B of the relay
sufficient to pick up both FDl and FD2 fault
detectors. With relay taps 4, C, and H, 5 am-
peres should be sufficient. The current from
the test transformer can be used if desired.
Reduce the grid bilas on the relay tube V& by
adjusting the slider oun resistor RG until the
d-c milliammeter 1n relay Jjack Il reads 20 ma.

The relay tube grid blas 1s measured between
the slider of R6 and terminal #5 of the con-

trol unit. A voltmeter of at least 1000 ohms-
per-volt resistance should be used. Carrier
from the distant 1llne terminal must not be
transmitted, during this adjustment. All test
clrcults and instruments may now be remcved,
and the relay test swltches returned to
normal.

A



TYPE HKB RELAY AND CONTROL UNIT

CIRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT

1. The first 1line 1n the AdJustment Data
Table 1s the power supply or battery voltage,
which 1s to be measured at the cablnet terml-
nals before any of the equlipment 1s turned on.
The actual value of thls voltage at the time
of installation should be entered on the 1line
in the fifth column of the data table. If 1t
1s not within the 1limits of 200 to 300 volts
d-c, do not proceed.

2. AdJustment of the HKB Control yUnit tube
heater current will be accomplished along with
the adJustment of the transmitter heater cur-
rent, because all the heaters of the assembly
The

serles resistors are a part of

are connected 1n seriles. necessary ex-
ternal heater
the accessories for the assembly of which this
Unit 1s a part; and the instructions for thelr
adJustments are to be found in the 1nstruction
After the ad-
Justment 1s completed record the value of cur-
rent as measured at Jack J1. The heater
rents of the Control Unit and the transmitter
should be within the 1imits tabulated on Table

II.

book for the complete assembly.

cur-

External accessory resistor R254s connected
in shunt te the HKB tube heaters, By bypass-
ing .3 ampere, 1t enables thelr ‘gperation in
with the tube heatergiofy the
mitter, which draw .9 ampere. (Resigtor R25 1s
adjJusted at the factory t6 208%Wehms plus or
minus 1 percent and sh@uldinot be changed from

series trans-

the above value.

3. The plate cireult “Wsupply
be measured betweempterminal #5 and termilnal
#10.

voltage 1s to

4, After [theé f{@bove adjustments are
pleted, measurefat the
Jacksyg 'J2 ,.and®J3, to see that no current 1s
flowlng .4/ Under the condition of the blas re-
sistor‘R6 béing set near the center, the Relay
Tube, V4, 4s biased well beyond plate
cut-off, so that the current at Jack J2 should
be well below the 1imit
Under the condltlon of no r-f signal recelved,
the current at Jack J3 should be well below
the 1imit of .1 ma. Any
flow should be 1nvestigated and the

com-

other two metering

current

of .1 milliampere.

current
fault

excesslve

L. 41-952A

tests.
(Make final check with 1 milliampere range of

cleared before proceeding with the

meter.)

5. Measure the d-c blas voltaged between
terminals #5 and #18.

6. Oscillator Plate voltage. AdJustments
are exactly the same as for 125 volt equilp-
ment. See paragraphy, 6%of previous section.
Refer to values on TablepII.

7. Thyratron, Grid Blas Volts. Adjustments

are exactly the same as for 125-volt equip-

ment. See paragraph 7 of previous section.

Refer to values on Table IT.

8. RelayWTube Grid Blas Volts.
are exactlyy, the

AdJustments
as for 125-volt equip-

same

meént. = See/ paragraph 8 of previous section.

Refer<to values on Table II.

OVERALL TEST OF COMPLETE
INSTALLATION

After the complete equlpment has been 1n-
stalled and adjusted, the followlng tests can
be made which willl provide an overall check on
The phase

currents can be

the relay and carrier
rotatlion of the
checked by measurling the a-c

equipment.
three-phase
voltage across
relay termlinals 19 and 20 or test switches B
and C with a hilgh resistance a-c voltmeter of
at least 1000 ohms per volt.
obtalned should be approximately 0.9 volts per

The reading

ampere of balanced three-phase 1load current

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

This test requires that a balanced three-
phase 1load current of at least 1.0 ampere
(secondary) be flowlng through the line-
section protected by the HKB relays. At both

terminals of the protected line-section, re-

move the HKB relay cover and open the trip
circult by pulling the test switch blade wilth
the long red handle. Put the tap screw on the
upper tap plate in the 4 tap, and on the lower
one 1n the C and H taps. Be

the spare

sure to 1nsert
tap screw before removing the con-
nected one. Now open test switches D and E on
end of the lilne

(station A) and insert a current test plug or

the relay at one section

17



TYPE HKB RELAY AND CONTROL UNIT

strip of insulating material 1nto the test
Jack on switch E to open the circult through
that switch. The above operation shorts the
phase A to neutral circult ahead of the
sequence filter and disconnects the phase A
lead from the filter. Thils causes the phase B
and C currents to return to the current trans-
formers through the zero-sequence resistor 1n
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 operating element at Station A should
close thelr contacts. Completion of the trip
clrcult can be checked by connecting a small
lamp (not over 10 watts) across the terminals
of test swiltch J.

Now perform the above operations at the
opposite end of the line-section (station B)
without resetting the switches at Stalon A.
This simulates a phase-to ground fault ex-
%ernal 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. Thel
fault detector at A should reset and the ope®=
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 1n the sfandard
case, the above test can be performedy, using
sultable external test switches.

The above tests have checked phase“rotation,
the polarity of the sequencegfililteérd output,
the 1nterconnections between (the relay and the
carrier set and the PhasepA“@urrent connec-
tions to the relay at both Stations. Phase
B and C can be similarly yehlecked by opening
test switches B and G#for phase B, and
switches H and 4 ,for phage C. The same pro-
cedure described forjpPhase A 1s then followed.

If all the tests have been completed with
satisfactory results, the test swiltches at
both 1line “germinals should be closed (close
the trip ‘elreult test switch last) and the re-
lay coVery, replaced. The equipment 1is now
ready to protect the 1line-section to which it

18

1s connected.

MAINTENANCE

Since the Control Unit has no front-of-panel
controls, 1t requlres no attention except
maintenance as described 1n the following
paragraphs. The unit cannot be taken_out of
service without taking the entirejassembly out
of service.

Every three months an oyerall /inspection
should be made to see that ngpexcessive cor-
rosion has developed duego fumes or conden-
satlon of moilsture., An§y aecumulated dust and
dirt should be cleanedfout, as often as once a
month 1n some localiftles.

Tubes

At the @nd, of \\each year of operation, the
tubes should, be“’removed from thelr sockets,
and thelr{eentaets lnspected for possible dirt
or corgosion.® If there 1s any discoloration,
1t mayy, bel,removed by the wuse of very fine
sandpaperyy In order to assure maximum tube
ITfe, 1t As very important that the resistance
off’ the contacts be kept to an absolute mini-
mum. If necessary, thils cleaning operation
should be performed more frequently than indil-
cated above.

Reslstors

The resistors are operated well within there
ratings, and should not faill during the 1life
of the unit. In the accessory equipment,’the
ferrule resistors should be removed from thelr
clips at the end of each year's operatlion, and
the ferrules and clips cleaned of corrosion
wilth crocus cloth or very fine sandpaper. In
a corrisive atmosphere a film of vaseline will
reduce trouble.

TYPE JY HKB CONTROL UNIT COMPONENT PARTS

125/250 volts d-c
Style: 1471841A

Electrical Parts per Component Parts List
(Dwg. 7614215), except resistors R23, R24, and
R25 and tubes. Style: 1471840-pA- as above,
but with tubes.
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I.L. 41-952A

COMPONENT PARTS

NUMBER
SYMBOL REQUIRED NAME RATING
CAPACITORS
Cl* 1 Thyratron Plate to Plate .05 Mfd., 600 V. d-c
ce 1 Thyratron Output .05 Mfd., 600 V. d-c
C3 1 Rectifier Doubler Input .0056 Mfd., 600 V. d-c
ch 1 Rectifier Doubler Output .0056 Mfd., 600 V. d-c
Co5%* 1 Transformer By-Pass .0039 Mfd,, 500 V. d-c
Co* 1 Thyratron Grid By-Pass 22 MMF., 500 V. d-c
CT* 1 Thyratron Grid By-Pass 22 MMF., 500 V. d-c
c8# 1 Delay Filter .1 Mfd., 600 V. d-c
CoO# 1 Thyratron Plate to Plate .25 Mfd t 20% 600 V. d&c
C10# 1 Thyratron Grid By-Pass .0022 Mfd. T 10% 5000W. d=e
Cll# 1 Thyratron Grid By-Pass .0022 Mfd. T 10% 500 /V.hd-c
METER JACKS
Jl 1 Tube Heaters Wester Electaic 232A
J2 1 Relay Tube Plate & Screen or
J3 1 Rectifier Doubler Output Cook Electfille, JK=24
REACTORS
L1* 1 Carrier Start Circuit 7 henriés; W5 ma. d-c, 440 ohms d-c resistance
L1# 1 Delay Filter S#1336443,/ 10 hy, 7000_~d-c. resistance
RESISTORS
R1 1 Carrier Start Thyratron Plate 6,000 ohms, 22 watt, tapped
R2 1 Carrier Start Thyratron Plate 2,000 ohms, 21 watt, adjustable (1 band).
R3 1 Relay Thyratron Plate 2,000 ohms, 21 watt.
R4 1 Relay Thyratron Plate 8,000 ohms, 12 watt.
R5* 1 Thyratron Bias 50 ohms, 22 watt, adjustable El band%.
R6 1 Relay Tube Bias 2,000 ohms, 22 watt, adjustable (1 band
RT 1 Heater Shunt 160 ohms, 45 watt.
R8 1 Amplifier Bias 6.3 ohms, 45 watt.
RO 1 Amplifier Bias 10 ohms, 45 watt.
R10 1 Amplifier Bias 2.5 ohms, 21 watt.
R11 1 Amplifier Bias 4 ohms, 45 watt.
R12 1 Bias Restoring 5,600 ohms, 1 watt.
R13 1 Bias Restoring 0.11 megohms, 1 watt.
R14 1 Bias Restordng 91,000 ohms, 1 watt.
R15 1 Thyratron Grid 0.1 megohm, 1 watt.
R16 1 Thyratron Grid 0.1 megohm. 1 watt.
R17 1 Thyratron @athode 2,400 ohms, 1 watt.
R18 1 Rectifier/Doubleér Input 2,000 ohms, 1 watt.
R19 1 Rectifier{boubler Output 51,000 ohms, 1 watt.
R20 1 Relay Tube Grid 51,000 ohms, 1 watt.
R21 1 Tube $hell grounding 0.27 megohms, 1 watt.
R22* 1 Reactor Shunt 5,100 ohms, 1 watt.
R23 1 Heager Series 63 ohms, wire wound, adjustable (1 band%.
R24 1 Heatep, Series 63 ohms, wire wound, adjustable El band
R25 1 Heater<«Shunt 250 ohms, wire wound, adjustable (2 bands).
R26# 1 Thyratron Bias 100 ohms, 22 watt, adjustable El bandg.
ROT# 1 Thyratron Bias 100 ms, 22 watt, adjustable (1 band
CR-1# 1 Rectox s#llglmm
TRANSFORMERS
T1 1 Thyratron Input 1/4 ratio tapped secondary, L426682
T2 1 Relay Tube Output 2500/500 ohms Impedance Ratio, L426549
T3% 1 Receiver -Audio 2500/500 ohms Impedance Ratio, L426549
TUBES
vl D Carrier Start Thyratron-Gas Type 2050
Ve 1 Relay Thyratron-Gas Type 2050
V3 1 Rectifier Doubler-Vacuum Type 2526
vi 1 Relay Tube-Vacuum Type 25L6
TUBE SOCKETS
X1-X4 4 Octal Tube Socket S#1473459 (From Dwg. T7614215-14).

*In Control Unit
#In Control Unit

8679 4A only.
1471 41 only.
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ORDERING INFORMATION

The Westlnghouse Electric Corporation 1s
prepared to supply any of the listed parts for
servicing thils unit. Orders should specify
that they are for the Type JY, HKB Control
Unit, and mentilon the unilt style number and
clrcult symbol where it 1s given., All orders
must specify the rating as well.

ACCESSORY GROUP COMPONENTS

Note: Item 1 or 2 will be supplied with the
HKB Control Unit for the appropriate applica-
tion. Tubes are 1ncluded with the Control
Unit.
1. Accessory Group for 125 volts.
Style: 867955
Electrical Parts - Reslstors R23 & R24
Mounting panel for R23 and R24.

2. Accessory Group for 250 volts (less ex-
ternal heater series resistor).

Style: 867956
Electrical Parts - Reslstor R25
Mounting panel for R25.

PART III - TYPE HKB TEST FACILITIES

APPLICATION

The type HKB test facllitiesy provide a
simple manually operated test procedure that
willl check the combined relay/and carrier
equlipment. The test can be,pérformed without
the ald of 1nstruments. Thegresults gilven
assurance that all equipment /1Is 1n normal
operating condition without, resorting to more
elaborate test procedures.

CONSTRUCTION

The typé Witest swiltch 1s provided with
elght p@alrsWefy contacts, two palrs of which

= 6-C-4159
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Fignll: Outline 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

position. The
12, and
15.
HKB

"carrier on"
contact arrangement 1s shown 1n Fig.
the outline and drilling plan 1n Fig.
These contacts complete the
circult and the alarm circuit 1s 1ndi-
Fig. 12 by contacts 1, 2, and 7, 8.
"carrier off" position the HKB trip
contacts 1 and 2,

are closed in the

are used to
trip
cated in
In the

circult is
but the

opened through

alarm circuilt remalns closed. Two

test positions to the right of the "carrier
off" positions are provided. When the switch
1s moved to eilther of these positions, the re-
lay trip and alarm cilrcults are Iinterrupted
and a red alarm light 1s turned on by switch
3 and 4. Moving the switch to the
TEST 1 position will connect the output of the

auxlliary test transformer directly to the HKB

contact

terminals number 25 and 26, through the type W
contacts number 9 and 10, 11 and 12. Moving
the switch to the TEST 2 position will connect
the test transformer with a reversed polarity
to the HKB relay through switch
14 and 15, 16.

contacts 13,

Auxiliary Test Transformer

The auxiliary test transformer s designed

to operate from a 115 volt, 60 eycle power

source. Four secondary taps numbered 1, 2, 3,
and 4

the test current.

vary the magnitude: of
the

are provided to
The tap numbers equal
current in amperes that wlllgbe passed through

the relay when ground,tap  H/1s used. If the

relay 1s connected to use ground tap G, ap-
proximately two times ®he transformer tap
value (2,4,6, or, 8 dmperes) will be passed

through the relay. §The outline and drilling
plan of the transformer 1s shown in Fig. 13.

Indicating Lamps

The indicating lamps
standard [ reetangular Milinalites. Outline and
drillIng, dimensions are given in Fig. 15.

ADJUSTMENT

red Jand blue are

Ghoose a transformer tap that wi1ll provide

STATION BUS PHASE ROTATION AB,C TRIP CIRCUITS
A 4 BACKUPRELAYS e ¥
a ( EIE) ‘
C F CAR.T \COll
TRANS. PRI. HKB, R FD2
e D HKBj, CS g:
J1
|+ v
| {BACK UP < CARRIER CONTROL CIRGUITS
1— RELAYS W HKB  NEG. c POS.
) TRANS.SEC.
b :» :»
P & 4 To
h BACK UP
RELAY{ CARRIER SWITCH HK CARRIER
i0 16, |5
LINE
0CB. . N 13,14, ‘__g 1!
LINE pa iy 'T'EmSFomER OPERATING
ELEMENT
TUNER oo ﬁgxgﬁl
“ QIL "5V, 60 CYCLE OB 1-®
TEST SOURCE HKB FDI .02, 2500 125 V.
ABC = ©), (15} 625.n1 250V.
CARRIER SWITCH Tosgnmsa
POSITION _6E§V_O_N_LV_
CARRIER TEST2lTESTL| OFF | ON
OFF i e
TEST ) ON -2 X
TEST2, = X X
® 4 1T X
7— X X
3-10 X
= X Y
s et HO—&—
PLATE 1516 | X
4
X DENOTES CONTACT CLOSED “—3'“_—_{—_—’_@9—"

6-C-4428

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

times the
current setting of the HKB relay as previously
determined.

approximately two phase-to-ground

OPERATION

A multi-contact switch 1s provided at each
line terminal which serves the dual functilons
of a carrier on-off switch
This switch 1s
phase

and a test swiltch.
arranged to apply a single
HKB relay to
Internal and through fault conditions.

operation 1s noted by

current to the simulated

Relay
observing a blue 1n-

dicating lamp connected in the HKB relay trip

circult. Durling the test the HKB ¢trip cir-
cult to the 1line breaker 1s opened and a red
warnlng 1light 1s energlized through auxiliary

contacts on the test switch.

Use of the auxiliary test equipment 1s to be
limited to provide a simplified test after the
initial installation tests have been performed
as described in part II of this
leaflet.

instruction

The test apparatus 1s to be

shown in Fig.

1
t
h ay, willl be held
ht will be extingulshed.
connected
12 with the auxiliary te\

operate to transmit half cycle impulses of O S,
carrier, and trip. Tripping will be indicate
by the blue light. b

3. Turn the HKB test switch at the remote
line terminal #2 to TEST 1. This wi%
simulate an internal fault fed from th 1line
terminals. The relay at lirde termi will
trip, and the relay at line te na will
remaln tripped. Tripping will 1 cated by

the blue lights at each 1line erminal.
Carrier will be transmitte cycle im-
pulses simultaneously fro ea end of the

line.

4. Reset the HKBgtes witch at line termi-
nal #1. The rel rminal #1 will reset
and turn of e light. The relay at

terminal #2 wil
lighting

1ts trip contact closed,
ight.

5. I&Ze HKB test switch at line termi-
na

ST 2. This condition will simu-

ernal fault. The ¢trip contacts of

open and the blue

g
6. Reset the test switches at both line

transformers energized from 115 volt, 60 cyecl
power sources at each 1line termlnal that terminals to CARRIER OFF before returning to

in phase with each other.

The followi op
ation procedure assumes that the séﬁ p rity
g..‘r at

1s used 1in connhecting the test tra

each line terminal. \
1. Turn the swifch at both
line terminals to CARRIER®
2. Turn the carri % switch to TEST 1
should

carrier test

e
at line terminal Th ocal relay

CARRIER ON for normal service.
to turn 1n ON position.

Push 1n handle

Thils completes the test procedure.

Component Style Numbers

S#1338284
S#1584284
mounting.
S#1584285 for 1-1/2" panel
mounting.

Test Transformer

Type W Test Switch for 1/8" panel

Type W Test Swiltch



TYPE HKB RELAY AND CONTROL UNIT

l.L. 41-952A
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Fig. 14—Internal Schematic Of
Fig. 13—Outline And Drilling Plan Of ThenTypetHKB Test The Type HEB Test Trans-
Transformer. For Reference Only. former.
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Fig. 15—Outline And Drilling Flan Of The Type W Test Switch And Indicating Lamps Which Are Part Of The Type HKB
Test Facilities. For Reference Only.
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