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| I L. 41-¢508
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

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

APPLICATION

The type HKB relay 1s a high speed carrier
relay used 1n conJunction with power 1ine
carrier equlpment to provide complete phase
and ground fault protection of a transmission
line section. Simultaneous tripping of the
relays at each line terminal is obtained in
three cycles or less for all 1internal faults
within the 1limits of the relay settings. The
relay operates on 1line current only, and no
source of a-c 1line potential 1s requiredy
consequently, the relays will not trip during
a system swing or out-of-step conditions./ The
carrier equipment operates directly fzom © the
station battery.

PRINCIPLE OF OPERATION

The HKB carrier relaylng system/compares the
phase positions of the currentis at the ends of
a line-section over a_ carrier channel to
determine whether an internalyg or external
fault exlists. The three-phase 1line currents
energlize a sequenctefnetwork which gives a
single-phase output_volbtage proportional to a
combination of sequenceé, components of the line
current. During apfadlt, this single-phase
voltage. controlg an electronic circuit which
allows thefQtranSmission of carrier on alter-
nate ha@lf-cyeles of the power-frequency cur-
rent 4 Carrier,is transmitted from both 1line
terminale ing this manner, and 1s receilved at
the opposife ends where it 1s compared with
the phase position of the 1local sequence
networkpoutput. This comparison takes place
in the grid circult of a vacuum tube. The po-
larities off the voltages to be compared are
such that for an internal fault, plate current
flows on alternate power-frequency half-
cycles. A relay connected in the plate cir-
cult of the vacuum tube operates under this
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condition to complete the trip circuit. During
an external faulg, thHe change in direction of
current flow@{ycauses the plate current to be
continuouslyiybloeked, and the plate circult
relay doe§ not operate.

Since thisy relaying system operates only

during a fault, the carrier channel 1s availa-
bleVat“all other times for the transmission of

other functions.

PART I-TYPE HKB RELAY

CAUTION Before putting relays into service,
remove all blocking which may have been in-
serted for the purpose of securing the parts
during shipment, make sure that all moving
parts operate freely, inspect the contacts to
see that they are clean and close properly,
and operate the relay- to check the settings
and electrical connections.

CONSTRUCTION

The relay consists of a combination posi-
tive, negative and zero sequence network, a
saturating auxiliary transformer, two Rectox
units, two polar relay units, a telephone-type
relay, a neon lamp, contactor switch and
operation indicator all mounted in a Type M-20
Flexitest Case.

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

2, and 3). Terminals 18, 19 and 20 of the éx=
ternal box are to be connected to the corre-
sponding terminals of the relay 1n the stand-
ard case. Otherwlse, all external connec¢tions
for the relay 1n the standard projection c¢ase

or 1n the type FT case are made to [fhe ¢same

terminals.

Sequence Network

The currents from the ¢urreant transformer
secondarles are passed thru‘g network consist-
1ng of a three-windingg# 1ron-core reactor and
two resistors. The{) zekossegquence resistor,
Ry, conslsts of three mesistor tubes tapped to
obtailn fault
conditions. TheQethergresistor R} 1s a formed

mountedyon the rear of the

settings for varilous ground

single wire relay
sub-base. The output of thils network provides
a voltage acrossdthe primary of the saturating
transformer.

Thémlower tap block provides for adJustment
of the relative amounts of the posiltive, nega-
tive

Irgthe network

and zero sequence components of current

output. Thus, a single relay
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Fig. 2—InternalSchematic/ Of The Type HKB Carrier Relay
In The StandardiProjection Case.

element ‘energilzed from the network can be used
as a fauldt detector for all types of faults.

Saturating Auxiliary Transformer

The voltage from the network 1s fed 1nto the
tapped primary (upper tap plate) of
This
a neon lamp connected across 1ts secondary are
used to limit the
fault detectors (polar relay elements) and the
Control Unit, thus

voltage for

a small
saturating transformer. transformer and
voltage 1mpressed on the
carrier providing a small
range of varlation of
minimum fault currents. This pro-
vides high operating energy for light faults,
and 1limlts the

faults to a reasonable value.

a large
maximum to

operating energy for heavy

The upper tap plate changes the

the saturating transformer, and 1s marked 1n

output of

amperes requlred to pilck up the 1lower fault
detector element. For further discussion, see
sectlon entitled, "Settings".

Rectox Units
The secondary of the saturating transformer
feeds a bridge-connected Rectox Unilt, the out-
put of which energizes the polar fault detec-
tor elements. A second Rectox, energilzed from
the output of the Control Unit,

voltage

supplies a d-c

to the telephone relay element which

operates only for an 1internal fault. The use
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of sensitive polar relay keeps down the energy
requlred from the current transformers.

Polar-Type Relays

These elements consist of

shaped magnetic frame, an

a rectangular
elect®omagnet, a
permanent magnet, and an armature with a “ set

The poles of /he permanent
directly to each ¥ glde of the
Flux from thefpermanent magnet

of contacts.
magnet clamp

magnetic frame.
divides

alr gap at the

Into two paths,“one
front offthefjelement 1in which
1s located, “the other across two
Two adJustable
shunts whlch "Trequlire no locking

rear alr gaps.

path across the

the armature
gaps at the base of the“grame.
screw type
screws are located ‘across the
These reluctance of the magnetic
path so as tig force /some of the flux thru the
armature, which 1s fastened to the leaf
spring 4and attached to
tween the

change the

moving
the frame midway be-
Flux 1n the

and creates a magnetic

twodrear alr gaps.
armature polarizes 1t
blas

other of ghe poles,

causing 1t to nmove toward one or the
depending upon the adjust-
mént of the magnetic shunt screws.

A coll 1s and

wlthin the magnetic frame.

placed around the armature
The
In the coll produces a magnetlc fleld

current which
flows
which

opposes the permanent magnet field and

1L 41-650"F

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

contactor Switch

The d-c¢ contactor switch 1n the relay 1s a
small solenold type switeh. A cylindrical
plunger with a sllyer [ ddfsc’) mounted on 1ts

the solenoid.
disc
The

lower end moves 1in theWcoregor

As the plunger travels “upward, the

bridges three silver sfatidnary contacts.

coll 1s in serileg wlith" the maln contacts of
the relay andf with®» the ¢trip coll of the
breaker. wWhemgpthelWwrelay contacts close, the

coll becomes energlzed and closes the swiltch
contacts.gThls, shunts the maln relay contacts
thereby (rellewing them of the duty of carrylng
tripping These
closed untll the trip circult 1s opened by the
auxdllary swltch The
switch 1s equipped wlith a third point

1s connected to a terminal on the relay

current. contacts remaln

on the Dbreaker. con-
tactor
whiich

to operate a bell alarm.

Operatlion Indicator

The operation 1ndicator 1s a small solenold
coll connected in the trip circult. when the
coll 1s energlzed, a spring-restralned arma-

ture releases the white target which falls by
of the trip

indicator 1s reset from outside

gravlity to 1ndlcate
The
of the case by a push rod.

completion
circult.

RELAYS IN TYPE FT CASE

The type
combining relay

FT cases are dust-proof enclosures
elements and knife-blade test

swltches 1n the same case. Thls combination
provides a compact flexlible assembly easy to
maintaln, inspect, test and adjust. There are

slx case sizes, designated as S10, S20, M1O,
M20, L10, L20. to the small; M the
medium; and L, the large size chassls frame.
The numbers
test swiltch positions 10 or 20.

S refers

refer to the possible number of

To remove the chassls, first remove the
cover which exposes the relay elements and
test swltches for 1nspectlon and testing

Next open the elongated red handle swltches.

3
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These should always be opened first before any
of the black handle switches or the cam action
latches. This opens the trip circult to pre-
vent accidental trip out. Then open all the
remaining sSwiltches. With all the switches
fully opened, grasp the two cam action latch
Using the latch arms
as handles, pull the chassls out of the case.

arms and pull outward.

The chassls can be set on a test bench 1n a
normal upright position as well as on 1ts top,
back or sides for easy inspection, malntenance
and test.

After removing the chassls a duplicate chas-
sls may be 1nserted 1n the case or the blade
portion of the switches can be closed and the
cover put 1n place without the chasslis. The
chassls operated shorting switch 1located be-
hind the current test switch prevents open
circuiting the current transformers when the
current type test switches are closed.

When the chassis 1s to be put back 1n the
case, the above procedure 1s to be followed
in the reversed order. The elongated red
handle switch should not be closed until after
the chassls has been latched 1n place and a¥l
of the black handle switches closed.

The electrical clrcults are as follows:
Each terminal in the base connects thru a “teést

switch to the relay elements 1n the [chasgls
as shown on the 1nternal schematlc, dlagrams.
The relay terminal 1s 1dentifiedf” byjnumbers
marked on both the inside and eutside of the
base. The test swite¢h positionsyare” identi-
fied by 1letters marked on the tep and bottom
surface of the moulded blocks. These letters
can be seen when the ch4ssls ds removed from
the case.

The potentlal Aand ¢ontrol circults thru the
relay are disconnected/from the external cir-
cult by opening the“assoclated test switches.
Opening the current test switch short-circuilts
the current transformer secondary and dis-
connects one slide of the relay coll but leaves
the otheepn,S8ide of the coll connected to the
external “eircuilt thru the current test Jack
Jaws. \\This"” circult can be 1isolated by 1in-
sertlng, \the current test plug (without exter-
nalyconnections), by inserting the ten circult

test plug, or by inserting a plece of insulat-
ing material approximately 1/32" thick 1nte
the current test Jack Jaws. Both switcheslof
the current test switch palr must be open when
using the current test plug or insulating
material i1n this manner to short-circult ghe
current transformer secondary.

A cover operated swlitch can befjsuppidded with
1ts contacts wired 1n seriegiwlthithe trip
circult. This switch opens{the |trip circult
when the cover 1s removed.“§Thisgswitch can be
added to the exlstingd4type "BT cases at any
time.

The relays can _be tested 1n service, 1n the

case but with the egx®ernal circults 1solated
or out of the easelas{follows:

For testing Th service the ammeter test plug

connected, toWsultable instruments, can be 1in-
serted!in the’ current test jaws gfter opening
the _knife-blade switch to check the current
thru fhe, relay.

Voltages between the potential cilrcuilts can
be measured conveniently by clamping #2 clip
Teads on the projecting clip 1lead lug on the
contact Jjaw.

For testing 1in the case the ten circult test
plug can be inserted 1n the contact Jaws, with
all Dblades 1n the full open position. This
connects the relay elements to a set of bind-

1ng posts and completely 1solates the relay
circuits from the external connections by
means of an 1nsulating barrier on the plug.
The plug 1s 1nserted in the bottom test Jaws
with the binding posts up and in the top test
switch Jaws with the binding posts down.

The external test circuilts may be made to
the relay elements by #2 test clip leads in-
stead of the test plug. When connecting an
external test circult to the current elements
using clip leads, care should be taken to see
that the current test Jack Jaws are open so
that the relay 1s completely isolated from the
external cilrcults. Suggested means for
1solating this circult are outlined above.
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For testing out of the case relay elements

may be tested by using the ten circuit test

plug or by #2 test clip 1leads as described
above. The factory calibration 1s made with
the chassis 1n the case and removing the

chassis from the case will change the calibra-
tion values of some relays by a small per-
It is recommended that the relay be

a final

centage.
checked 1n position as check on

calibration.

CHARACTERISTICS

The overall operating characteristic of the
HKB relay and carrier
This

operating relay element (telephone-type relay)

equipment 1s shown 1n

Figure 4. shows the current in the
plotted against the phase angle difference be-
tween the fault opposite ends of
the line. As 1indicated, the operating element
will trip when the
proximately 60° from the in-phase, or
fault condition. As the
circults operate under
the shape of this

over a wide

currents at
phase angle departs ap-
through
electronic contzrel
a saturated condition,
will nof

range of fault cur-

curve change
materially

rents.

The sequence network in the relay isparrang-

ed for several possible combinations of se-

quence components. For most applications, the
output of the network will contain the posi-
tive, negative and zero segueneegcomponents of
the line current. 1In ,this ‘@ase, the taps on
the upper tap plate “iridicate the
threephase amperes whichijwill pick up the low-
er or carrier start faullt detector (FD1). The
polar element, (FD2),

of fhedtelephone-type relay,

balanced

which supervises
i1s ad-
percent

upper
operation
Justed toGpickK upiat a current 25
above tdp valu€p The taps available are 3, 4,
5, 6,47, 48, ,and 10.
primary G of ALhe

phase-to-phase faults AB

These taps are on the
saturating transformer. For
and CA, enough nega-
tive sequence current has Dbeen 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
the tap setting. This
current for different phase-to-phase faults is

setting.

difference 1in pick-up

fundamental; and occurs because of the angles

at which the positive and negative sequence
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Type HEKB Carrier System.

components of current add together.

With  the
positive, negative

sequence network arranged for

and zero sequence output,
there are some applications where the maximum
load current and minimum fault current are too
set the
under minimum fault current, yet not operate
under 1load.
able which cuts the three phase sensitivity in
half, while the phase-to-phase setting 1is
substantially unchanged. The relay then trips
at 90% of tap value for AB and CA faults, and
at twice tap value for three-phase faults.
The setting for BC faults 1s 65 percent of tap

cases, 1t may be desirable to

close together to relay to pick up

For these cases, a tap 1s avail-

value. In some

eliminate response to positive sequence cur-

rent entirely, and operate the relay on neg-
ative-plus-zero sequence current. A tap 1s
avallable to operate 1n this manner. The

fault detector picks up at 95% of tap value
for all phase-to-phase faults, but is
fected by balanced load current or three-phase
faults.

unaf-

For ground faults, separate taps are availa-
ble for adjustment of the ground fault sensi-

tivity to about 1/4 or 1/8 of the upper tap
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plate setting. See Table II. For example, if
the upper tap plate 1s set at tap 4, the fault
detector (FDl) pick-up current for ground
faults can be either 1 or 1/2 ampere. In
special applications, it may be desirable to
eliminate response to zero sequence current.
The relay is 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 1n the network 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 1s discussed in the followlng para-
graph.

In all cases, the similar fault detectors on
the relays at both terminals of a line section
must be set to pick wup at the same value of
line current. This is necessary for correct
blocking during faults external to the pro-
tected line section.

Sequence Combination Taps

The two halves of the 1lower tap plate are
for connecting the sequence network togprovide
any of the combinations describedypin Che pre-
vious section. The 1left half af ‘Gthe  tap
plate changes the tap on the thi®d winding of
the mutual reactor and thus changes“the rela-
tive amounts of positive and siegative sequence
sensitivity. Operation of the relay with the
various taps 1is given in they,table below.

T2BEE 1

Sequence Comporents | Taes on Bower Fgllt Betector FBL Pick Up &
Cemd. | In Network Output Top Bloek 37 Fault - Z Fault

Lert ARient
Halgl "Hall

-
1 Pos. Neg., Zero © G o I+ Tap Vaiue| 8€% Tep Value
(53% on BC Fault)
2% Tap Q0% Tap Value
value '(65¢ on BO rault)

2 Pos., Neg., Zero B G or H

|
3 | Beg., Zero A | GorH l -- Tup Value

* Taps #, G and H arve zrro=g
fault sensitdgity. Ser @

A Fault detector ED2 1s set to plck up at 125% of FD1 for
a two-teufitnal line, or 250% of FD1 for & three-ierminsl
line.

PositivesSeguence Current Tap and FD2 Tap

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

8, and 10. As mentioned before, these numbers
represent the three-phase, fault detector FDk
pickup currents, when the relay is connected
for positive, negative and zero sequence out-
put. The fault detector FD2 closes its con-
tact to allow tripping at current value 25
percent above the fault detector FDiypsetting.
This 25 percent difference is necessazny to in-
sure that the carrier start fault detfectors
(FD1) at both ends of a trahsmli§sion line
section pick up to start eaprier on an ex-
ternal fault before operating‘energy is ap-
plied through FD2.

For a three-terminal 1I%ne, the tap link on
FD1 panel 1s connectedfto the right hand tap
which allows FD2 to “Upick up at 250% of FD1
setting. ThisWhls necessary to allow proper
blocking on three<terminal lines when approxi-
mately eQualycurrents are fed 1in two termi-
nals, andstheéir sum flows out the third termi-
nal of theWline. For two-terminal lines, the
link 48, connected to the left hand tap, and
operdatiion“is as described 1n the previous
panagraph®

The taps on the upper and 1lower tap plates
should be selected to assure operation on
minimum internal line-to-line faults, and yet
not operate on normal load current, particu-
larly if the carrier channel is to be used for
auxiliary functions . The dropout current of
the fault detector is 75 percent of the pick-
up current, and this factor must also be con-
sidered 1in selecting the positive-sequence
current tap and sequence component combina-
tion. The margin between load current and
fault detector pick up should be sufficient to
allow the fault detector to drop out after
an external fault, when 1load current con-
tinues to flow.

Zero-3Sequence Current Tap

The right half of the lower tap plate 1s for
adJusting the ground fault response of the
relay. Taps G and H glve ground fault sensi-
tivities as listed in Table II. Tap F 1s used
applications where increased sensitivity to
ground faults 1s not required. When this tap
1s used, the voltage output of the network due
to zero-sequence current is eliminated.

v

J
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TABLE II1
Ground Fault Pickup
Comb.| Lower Left Percent of Upper Tap Setting
Tap Tap G Tap H
1 C 259 124
20 10
3 A 20 10
Examples of Relay Settings
CASE I
Assume a two-terminal 1line wilth current
transformers rated 400/5 at both terminals.
Also assume that full 1load current 1s 300

amperes, and that on minimum internal phase-
is fed 1in from
from the other end.

to-phase faults 2000 amperes
one end and 600 amperes

Further assume that on minimum internal ground

faults, 400 amperes 1s fed in from one endy
and 100 amperes from the other end.
Posltlve Sequence Current Tap
Secondary Values:
5
Load Current = 300 x-Eaa = 3.75 amperes (1)
Minimum Phase-To-Phase®Faulg Currents:
600 > 7.5 ere (2)
X —— = 7.5 amperes
500 L

Fault detector EDI ®etting (three phase)

must be at leastg

%i;g = 5 amperesw(0.75 1s dropout ratio of
) fault detector) (3)
so that the fa@lt detector will reset on load

current.

In ordér to complete the trip clrcult on a
TW5 ampere fault, the fault
detector FDl setting (three-phase) must be not

phase-to-phase

mere than:

1 1

—_ X ——— = 6. b
STBEE b'e T 5 6.98 amperes (4)

7.5 x

FD2 k
1.05 - 1D2 plck up
FD 1 pick up

Sequence Combination Tap

From a comparison of (3) and (4) above, it
1s evident that the fault_detector can be set
condition

In this
case, tap C on the lower left tap block would
be used (see Table(l,/Comb 1) as there 1s
sufficient differénce ‘befween maximum load and

to trip under minimum phasef fault
yet not operate under"maximum” load.

minimum fault te use“the full three-phase sen-

sitivity. Cumrenthtdp 6 would be used.

Zero SequenceTap

Secondary (Value:

5
100 — =1.2
SN500 >

amperes minimum ground

fault current.

With the upper tap 6 and sequence tap C in
the fault detector FD1 pickup
for ground faults are as follows:

use, currents

Lower right tap G-1/4 x 6 = 1.5 amp.

Minimum trip = 1.25 x 1.5 = 1.88 amp.
Lower right tap H-1/8 x 6 = 0.75 amp.
Minimum trip = 1.25 x 0.75 = 0.94 amp.

From the above, tap H would be used to

trip the minimum ground fault of 1.25 amperes.
Case II

Assume the same fault currents as in Case

I, but a maximum load current of 500 amperes.
In this examp%f, wlth the same sequence com-
bination as 1n Case I, the fault detectors
cannot be set to trip on the minimum internal
three-phase fault, yet remain 1noperative on

(compare (5) and (6) below).

by connecting the network per Combil-

load current.
However,
nation 2 on Table I,
trip on minimum phase-to-phase fault, although
i1t will have only half the sensitivity to
three-phase faults.

the relay can be set to

This willl allow operation
at maximum load without picking up the fault
detector,

and provide hligh speed relaylng of

all except light three-phase faults.
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In order to complete the trip circult on a
7.5 ampere fault, the fault
detector tap must now be not more than:

phase-to-phase

1 1
X —— = 6.6 (5)

T5x3—= % 53

To be sure the fault detector FD1 willl reset

after a fault, the minimum tap setting is
determined as follows:
5
Load Current = 500 X — = 6.25 amps (6)
oo
6.25
- 2. =8.33 (7)
0.75
Since the fault detector pickup current for

three-phase faults 1s twilce

(Eq. 7)
determining the minimum three-phase tap.

tap value, half

the above value should be used 1n

8.
_233.= 4.17 (8)

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

With the three-phase tap 5 1n use, the faulg
detector pilckup current for ground faults will
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. = 0.63 amp.
Therefore, tap H would be _used,to trip the
minimum ground fault of 1.25 ampere wilth a

margin of safety.

INSTALLATION

The relays shguldbe mounted on swltchboard

panels or thelr egulvallent 1n a locatlon free
from dirt, molsture,
heat. Mount the

the two mounting

excesslive vibration and
relay vertically by means of
FT pro-
Jectlion case or by means of the four mounting
holes on the flange for the semli-flush type. FT

studs for the type

case 4 Elther of the studs or the mounting
screws) may be utllized for grounding the
relay.® . The electrical connections may be made

direct to the terminals by means of screws for
steel panel mounting or to terminal
furnished with the relay for ebony-asbestosgor

studs

slate panel mountling. The terminal studs may
be easlly removed or inserted by locklng two
nuts on the studs and then turning the proper

nut with a wrench.

External Resistor

A resistor
fault
connected between HKB

1s required in the“egarrier start
shown 'in Filg. 12
relay [fterminal 8 and

detector circult, as

battery positive. 1Its funetion 1s to
circuliting the
the normally-closed

avold

station battery through
contact of the
start fault detectorigDl.

short

carrier

The values of [ thlsy resistor are tabulated

below.
Style No,. D.€. Supply Ohms Outline &
Drilling
1337179 125 volts 250 Flg. 5a
1337187 250 volts 625 Fig. 5b
2%-1‘
SE] w2
2l |
17t ; 6
TERM B T 7]
- 3
A 4
; Ry
: 8 =
TERM © 9
b °
2 =
5 p4
TEFM C~ Jaw %M
° . =3
e .
R TR =
TERM. A 2 DIA. - 2HOLES ERILY
NAME PLATE NamE PLATE
\ .
E‘*”] CI ] 2
T -
‘ [r.Y.
A*g Mo 4 ,i "
a1 o —& o] =1
2k ! g
—=— g z%ﬂ
FiG. (5a) FiG. (5b)
{-RESISIORY (2-RESISTORY

Fig. 5—Outline And Drilling Plan For The External Resistor
Used In The HKB Relay Contro! Circuit. For Ref-
erence Only.
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TYPE HKB RELAY AND CONTROL UNIT

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

ADJUSTMENTS AND MAINTENANCE

CAUTION

1. Make sure that the neon lamp 1is in place
whenever relay operation 1s beling checked.
This 1s necessary to 1imit the voltage peaks
in the filter output at high currents so as to
prevent damage to the Rectox Units.

2. When changing taps under load, the spare
tap screw should be inserted before removing
the other tap screw.

3. All contacts should be periodically
cleaned with a fine file. S#1002110 file is
recommended, because of the danger of embed-
ding small particles in the face of the soft
silver and thus impairing the contact.

4. The proper adjustments to insure correct
operation of this relay have been made at [the
factory and should not be disturbed gffier ne-
ceipt by the customer. If the adjusfments
have been changed, the relay taken‘apart for
repairs, or 1if 1t 1s desired tojcheek the
adjustments at regular maintendnece, periods,
the instructions below should be) followed.

Sequence Network

There are no adjustments €o make in the

network.

The followling mechanlcal adJjustments are
given as a guldegmand®ome deviation from them
may be necgssaryfo jobtain proper electrical
calibration.

FAULT €BETECTORS=GENERAL

The sensi®ivity of the polar elements 1is ad-
Justed by means of two magnetic, screw-type
shunts €at the rear of the element. These
shunt screws are held in proper adjustment by
amy flat strip spring across the back of the
element frame, so no locking screws are
required. Looking at the relay front view,
turning out the right-hand shunt decreases the

L. 41-650°F

amount of current required to close the right-
hand contact. Conversely, drawing out the
left-hand shunt increases the amount of) cur-
rent required to trip the relay. 3In general,
the farther out the shunt screws are turned,
the greater the toggle action wl1ll be, and as
a result, the dropout current will be lower.
In adjusting the polar eléments, be sure that
a definite toggle action “4s obtalned, rather
than a gradual movement “Geof the armature from
the back (left-hand, front view) to the front
(right-hand, frongt view)/ contact as the cur-
rent 1s increased.

During caldbration, connect a 10,000 ohm re-
sistor .acrogs terminals 19 and 20 or switch
Jaws B afid €. (For the special relay wired
perM 18045121, use terminals 3 and 22 or
switehJaws® Al and E.) Connect the panel link
to the)left-hand terminal. Set the relay taps
om.5, €y and H.

&Y’ Lower Polar Element (FD-1) - Adjust the
contact screws to obtain an .050" contact gap

such that the armature motion between the left
and right hand contacts is in the central part
of the air gap between the pole faces. Tight-
en the contact 1locking nuts. Approximate
adjustments of the two magnetic shunt screws
are as follows:

Screw both shunt screws all the way in.
Then back out Dboth screws six turns. Pass
4.33 amperes, 60 cycles, in phase A and out
phase B. Screw in the left hand shunt until
the armature moves to the right. If the arma-
ture moves to the right at less than 4.33 am-
peres, screw out the left-hand shunt until
proper armature action is obtained.

Reduce the current until the armature resets
to the 1left. This should happen at not 1less
than 75% of the pickup value, or 3.25 amperes.
If the armature resets at less than this
value, 1t will Dbe necessary to advance the
right hand shunt to obtain a dropout of 75% or
greater. This in turn will require a slight
readjustment of the 1left hand shunt. Recheck
the pickup and dropout points several times,
and make any minor "trimming" adjustments of
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the shunt screws that may be necessary to ob-
taln correct calibration. If the above pro-
cedure does not give a sufficiently high drop-
out, a small amount of further adjustment can
be obtalned by advanclng 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
contact screws to obtain an .050" contact gap

such that the armature motion between contacts
1s 1n the central portion of the air gap be-
tween the pole faces. Tighten the locking
nuts.

Follow the same adjustment procedure as for
FD1, except for a pickup current of 5.41 am-
peres, and a dropout current of at least 75%
of pickup, or 4.06 amperes. Just above the
pickup current, there will be a slight amount
of contact vibration. Make a final adJjustment
of the two right-hand contact screws to obtailn
equal vibration of both contacts as indicated
by a neon lamp connected 1n the contact cir=
cult.

Operating Element (Telephone Type Relay)

Adjust the contact gap to 0.045". This AS
done by bending down the armature contact=+
lever stop on the relay frame. Now[wlth{the
armature in the operated position,gadjustfthe
armature residual gap to 0.010" By méans of
the adjustable set screw. Thi® gap, should be
measured Jjust below the armature, set screw.
For those relays with a fixed residual spacer,
the gap 1s about 0,008". Wgheck to see that
there 1s a_contact follow of @ few thousandths
of an inch after théfjecontact /eloses.

Connect a d-cfmilldammeter (0-25 ma.) across
test switchjaws HIfand 41 (relay out of case).
Connect a source of wvariable a-c voltage (O to
10 volts, 60 cycles) across switchjaws Fl and
Gl. The relay should pick up at 10 to 12 ma.
direct cumrent 1n the coill cilrcult with sine
wave voltagesapplied to the a-c side of the
bridgégreetifier. The dropout current will be
4 to fyma. The contact spring tension can be
changeéd,, if necessary, to obtain these values.

10

For the relay in the standard case, apply
a-c voltage across termlnals 9 and 10 ang
Insert a test plug connected to a d-c milli-
ammeter 1n the single test switch Jack of the
relay. If clip 1leads are used, 1t will be
necessary to slip a strip of insulating matgr-~
1al such as fiber 1nto the test swltch Jack
after openling the switch blade togfobtaln a
reading.

Contactor Swiltch

AdJjust the stationary gore of the switch for
a clearance between the sfatdonary core when
the swilitch 1s picked ups This can be most
convenlently done_ byl turning the relay up-
slde-down. Screw up - the core screw until the
moving core{ starts rotating. Now, back off
the core screwquntll the moving core stops
rotatingt WaEhls) indicates the polnt where the
play in, the@ymoving contact assembly 1s taken
up, andd{ wWherevthe moving core just separates
from the statlonary core screw. Back off the
statdenary, core screw one turn beyond this
podnt an@ lock 1n place. Thils prevents the
movinggdcore from striking and sticking to the
statlonary core because of residual magnetism.
AdJust the contact clearance for 3/32 inch by
means of the two small nuts on either side of
the Micarta disc. The switch should pick up
at 2 amperes d-c. Test for stilcklng after
30 amperes d-c have been passed thru the coil.
The coll resistance 1s approximately 0.25 ohm.

Operation Indlicator

Adjust the 1ndicator to operate at 1.0
ampere d-c gradually applied by loosening the
two screws on the under side of the assembly,
and moving the bracket forward or backward.
If the two helical springs which reset the
armature are replaced by new springs, they
should be weakened slightly by stretching to
obtalin the 1 ampere callbration. The coill
resistance 1s approximately 0.16 ohms.

RENEWAL PARTS

Repalr work can be done most satisfactorily
at the factory. However, Interchangeable
parts can be furnished to the customers who

are equlpped for dolng repair work. When
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ordering parts, always glve the complete name-
plate data.

ENERGY REQUIREMENTS

Burdens measured at a abalanced three-phase
current of five amperes.

Relay Phase A Phase B Phase C

Taps” YA Angle VA  Angle VA Angile
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° 2.5 90° 0.3 €0°
C-F-3 2.32 0° 0.78 0° 2.36 50°
C-H-10 £6.35 342° 3.8% 80° 1.98 185°

Burdens measured at a single-phase to

neutral current of filve 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° €.7 267
B-F-3 2.45 0° 2.09 15° 2.07 10°
B-H-10 1€.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 33° 23.¢ 35¢

The angles above are the degrées by which
the current lags 1ts respective goltage.

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 fgult'detector). This
precaution 1s necessary, to prevent damage to
the type 2050 thyratrons.

CONSTRUCTION

The HKB), Confrol Unit consists of an elec-
tronic #rigger clrcult employlng two thrya-
tronsg a pectiffer-doubler vacuum tube for the
received( caprler and a vacuum '"relay" tube
which conpares the phase poslitions of the
local and distant line currents.

The general appearance and construction of
the Type HKB Control Unit 1s shown by the out-
11ne drawing, Figure 11. The entire equlp-
ment, with the exception of the accessoriles,
is mounted on a standard 3/16" thick aluminum

I. L. 414650F

panel 19" wide and 8-23/32" high with[standard
notching. The front of the panelggpisy, black
wrinkle finished, and the rear is (Nasath The
tubes protrude through the frontypanel for
convenlent installation and replacement.

Jacks are provided on the frontgof the panel
for current metering as fellows:

J1l(top Jack)

J2(center jack) Rel@ayy tube mission current

J3(bottom jack) Rectdfler-doubler output cur-
renty

INSTALLATION

wWhen usedfwith™ the Type JY Transmitter and
Recelver, Gthe HKB Control Unlit is mounted in

Heater,curpéent

the samg “@ablinet with these panels and immedi-
ately (beneath the Recelver panel. The in-
struetionyBook for the complete assembly of
which), thds unlt 1s a part should be referred
to for)additional mounting instructions.

Upon delivery, the unlt should be very care-
fully checked for damaged parts. Particular
attentlon should be glven to any parts which
may have become 1loose 1n shipment, or wires
which may have broken because of vibration.
Each HKB Control Unit 1s supplied with an ac-
cessory group 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 missing, and
checked agalnst the order or requisition and
the parts 1ist 1in thls Dbook. Any shortage
should be 1immediately reported to the trans-
portation company and to the nearest district
office of the manufacturer.

The necessary connections from the JYy
(cabinet) assembly terminal Dblocks to the
swltchboard, relays, etc,, should be made 1n
sultable conduit. Number 12 gauge wire 1s
recommended for these connections. The, con-
nectlion dilagrams 1n the instructlon book for
the complete assembly should be followed. Be
sure to ground terminal #1 on the HKB Unit and
also cabinet terminal #1.

CIRCUIT ADJUSTMENT- GENERAL

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

13
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with circult adjustments have been read.

The HKB Control Unit 1s designed to use the
Same tubes for either 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 obtalned 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 drain of
both units 1s caused to flow though a combi-
nation of resistors in the Control Unit. 1In
thls way, adJustable bilas for the type 2050
thyratrons and fixed blas of two different
values, for the power amplifier tubes of the
transmitter 1s obtailned. Because the adJust-
ment procedure will follow the tabulatlons

shown on Table I and II as closely as
possible, 1t 1s important to become thoroughly
famlliar with the tables. Flve columns are

included 1n these tables. The first column
indicates the quantity to be checked. £ The
second column indicates the minimum value
permissible. The third column 1ndicgtes ghe
normal value. The fourth column Iridicates /fhe
maximum value permissible. The @£ifth column
should be fl1lled in at the ptimelef I1nstal-
lation, to indicate the actual vglue Wwhich was
obtalned. The 1last columng1s _of great im-
portance and should be filled 1n as saon as
the HKB Control Unit Fs“Pinstalled. All
gquantitles must be prought” within the minimum
and maximum value gspeeifled before the equip-
ment can be consldeted to be 1n satisfactory
operating conditient” A copy of these values
should be kept with“thé equipment for checkilng
purposes. All letters of inquiry to the
manufacturer regarding the operation of this
unit should be accompanied by a 1list of actual
values of the eilght quantitles tabulated on
Table I or TI.

The"maximum and minimum limits of the values

14

In the table do not all correspond to the
same percentage. In the case of the powepr
supply or battery voltage, the limits gilven
are the maximum and minimum at which the unit
can be properly adJusted to operate; and these
limits 1lnclude the maximum variation in power
supply voltage. For 1nstance, thepHKB unit
with 125 volt accessories canbe (adgusted to
function properly on any battery whieh never
exceeds 150 volts or drops beglow 100 volts.
But once the normal voltage 1§ gstablished and
adJustments are made forgoperation on that
voltage, 1t should not beypermitted to fluctu-
ate normally more tham, plus or minus five
percent.

The Unlt has béen,designed to use elther
glass or metall “Bubes of types 25L6 and 25276,
and the @agjustment”™ data 1s the same for
elther.

CIRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT

The/numbers at the beginning of the follow-
1ng paragraphs correspond to the line number
In the AdJjustment Data Tables.

I. The first 1ine 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 is turned on.
The actual value of this voltage at the time
of 1nstallation should be entered on the lilne
1n the fifth column of the data table. If it
1s not within the limits of 100 to 150 Vvolts
d-c, do not proceed.

2. Ad justment of the HKB Control Unit tube
heater current 1s now to be carried out. Since
the bilas resistor (combination of R8, R9, R1O0,
R11l and R5) 1s common to the heater circults
of both the carrier transmlitter-receiver and
the HKB Control Unlt, adJustment of heater
current of one unit will affect that of
the other. 1In order to avoid difficulty, the
blas resistor mentioned 1s to be temporarily
shorted out during the adJjustment of heater
current for both the transmitter-receiver and

the HKB Control Unit. BEFORE PROCEEDING ,

J
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I. L. 41-650F
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Fig. 10 —Internal Schematic Of The Type HKB Control Unit For Type JY Carrier.

REFER TO THE INSTRUCTION BOCK FOR4EHE “ASSEMBLY
OF WHICH THIS UNIT IS A PART AND CARRY, OUT THE
DIRECTIONS THEREIN FOR INSERTING, MAXIMUM
RESISTANCE INTO THE TRANSMITTERSRECEIVER
HEATER CIRCUIT. Connect a Jjumper ‘wire across
terminals’ #5 and #18 of4the \HKB Control Unit.
The adjusting clip on resdstor R6 is to be set
center<of the resistor. The
adJusting on 4{the two adjustable re-
sistors R23 and R24kgfwhich¥are external heater

roughly 1in the
clips

resistors mounted on a separate panel,
be set ¢80 as“to short out the

amount Of these resistors. oOpen the
cathode return circult
by inserfings an“Popen circuit plug in trans-
mitter“Jack 8. £The to be in-
serted 1nte fhe HKB assembly of which the HKB
ammeter of 1

adjust the
of external resistors R23 and

series
are to least
possible

transmitter amplifier
tubes are now
unit is a part. Plug a d-c

ampere range 1into Jack J1 and
shorting
R2% to obtaln the correct heater current as
given 1in line #2 of the table. It 1s desir-
able to keep the shorted out of
of these

clips

amount each

two resistors about equal so as to

distribute the heat produced equally Dbetween
them. When the power 1s first applied, the
tube heater current will be above normal due

to the low resistance of the cold heater

elements. (Consequently, power should be ap-
plied for at least two minutes before readings
are taken. After the heater current of the
HKB Control Unit and the heater current of the
transmitter-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 1s in
normal operation measure agaln the heater cur-
rent of the HKB Unit as Jack J1. If not with-
in the 1limits 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.
should be

recelver.)

(A similar operation

carried out on the transmitter-
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TABLE I S
ADJUSTMENT FOR HKB CONTROL UNIT ON 125 VOLTS

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

Quantity Min. Normal Max. Actual

1. Power Supply Volts 100. 125. 150.
2. Heater amperes, Preliminary AdJjustment # .59 .62 .65
3. Heater Amperes, Final AdJustment + .54 .56 .58
4. Current at jack J2, Mllllamperes .0 .0 .10

Rectifier-doubler Qutput Milliamperes at J3* .0 .05 .10
5. Total Blas Volts 11. 14, 17.
6. Master Oscillator Plate Volts----—-—coo_____ 25. 30. 36.
7. Thyratron Grid Bilas Volts 4.0 5 40 6.0
8. Relay Tube Grid Bias Volts 20. 26 32.

HKB Relay Operating Element Current, Ma. 18. 20. 22.

# - The total tube heater current of the assoclated transmitter\showld be adjusted to this
value also.

+ = The final value of the tube heater current of the transmitier should be within these
limits for the total, and half of these values for gachypbranch.

* - Wilth no carrler belng received.

TABLE IT
ADJUSTMENT DATA FOR HKB CONTROL UNIT ON 250 VOLTS
See text of 1nstruction bBeok“fer dliscussion of the following table. Numbers
preceedling data refer to test paragraph numbers.
Quantity Min. Normal Max. Actual
1. Power Supply Volts 200. 250. 300.
2. Tube Heater Amperes - comtrol Unit .54 .56 .58
" " " -mPransmitter .81 .85 .89
3. Plate ¢ircult Supply . iolts 95, 135. 165.
4. current at ja€k J2,Willliamperes .0 .0 0.1
Rectifier-doubler Output Milliamperes at J3* .0 .05 0.1
5. Total Blas Volts 17. 22, 28.
6. Master Oscillator Plate Volts-==-=m-=-eocmeaa- 60. 65. 73.
7. Thyratron Grid Blas Volts 5.0 6.0 7.0
8. Relay\Tube Grid Bias Volts 20. 26. 32,
HKBpRelay Operating Element Current, Ma. 18. 20. 22,
* - With ‘no carrier being received.
-~
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4, After the

above adJjustments are com-
pleted, measure at the other two metering
Jacks, J2 and J3, to see that no current is
flowing. Under the conditions 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 1imit of .1 ma. Any excessive current
flow should be 1nvestigated and the fault
cleared Dbefore proceeding with the tests.

(make final
of meter.)

check wilth 1.5 milliampere range

5. Measure the d-c between

terminals #5 and #18.

blas voltage

6. This for the purpose of
obtaining the correct Master Oscillator plate
voltage for the transmitter. The transmitter
must be completely adjusted and in a state of
normal operation (ready to
the HKB Unit). 1In making this adjustment it
1s necessary to have Vi thyratron contdfwously
ignited. For control Unit S#8679544, a single
resistor RS is in place of resistorsfR26 and
R27 . the
the panel connect this ledadyto Terminal
#19 of the Control Unit. For [ Control Unit
S#1471841, remove the leadgfrom e R27 tap
and connect to terminalg#19.

adjustment 1s

be controlled by

Remove lead from the R5%&@p mearer

and

Now turn on the
equlpment and allow thethypratrons to heat up
for one minute. Block €4open the
of the HKB lower faulg detector.
V1 will fire and rem@in eenducting.

back contact
Thyratron
Connect a
d-c voltmeter of{, at least 1000 ohm-per-volt
between “®erminal #5 and terminal
AdJust Rl and)R2 to obtailn the required
in Table I or II. The

transmiftergyshould now be sending out carrier

resistance
#19.
voltage jas glven
at 1tsfull ougput power. Restore all connec-

tions to ‘mermal.

T. The obJject of the followlng adjustment
1s to &et the firing point of the thyratrons
V1 and V2 to the proper value by adjusting
their grid bias. Two resistors, R26 and R27,

are provided for separate adjustment of V1

and V2 grid bias in Control Unit S31471841

\. L. 41-650F

control Unit S#B86T954A has a single residston
with two sliders (R5) for adJustment of V1 and
v2 grid blas. The Dblas can be med@suredsbe-
tween each slider and terminal #5.

The grid Dblas
should be set to zero volts. For either con-
trol unit style 867954-A or 1471841,
the lead from the sliderf(on R5 or R27) which
to V1
to the positive end terminal of that resistor
(check with a d.c. yoltmeter).

negative on thyratron V1

remove

supplies bilas thypatron and connect 1t

Set the
to -5 for 125-volt carrier sets, or to
-6 volts foP WR50-volt sets by adjustment of
the slider®n resistor R5 or R26. The Dbias
voltage £ah, befmeasured from the slider (-) to
the,positive|end terminal (+) of R26.

negativeyp grid bilas on thyratron V2

volts

With, the above bias values,
Cransmitted for

willl be
somewhat more than one-half
fault
seen when viewing the

carrier
cycle, (at 60 cycles) at low values of
curpfent. This may Dbe
signal across the coaxial cable on an oscilllo-

scope.

8. The following adjustment covers the set-
ting of the relay tube (V4) grid bias.
d-c milliammeter (0-25 ma.) into the
test switch I1 (top of relay, second
from left end) of the HKB relay to measure the
operating

Plug a
current
jack on
coil current.

element Pass a cur-

rent in phase A and out phase B of the relay
to pick up Dboth FD1 and FD2 fault
With relay taps 4, C, and H, 5 am-
The

can be used 1if desired.

sufficient
detectors.
peres should be sufficient. current from
the test

Reduce the grid bias on the

transformer
relay tube VL by
adjusting the slider o resistor RS until the

d-c¢ milliammeter in relay Jjaclt I1 reads 2O ma.

The relay tube grid bias 1s measured between

the slider of R6 and terminal #5 of the ccn-

A voltmeter cf at least 100C chms-
per-volt resistance

trol unit.
should be used. Carrier
rmust not be
All test

be remcved,

from the distant 1line terminal
transmitted, during this adjustment.
circuits and instruments may

test

now

and the relay switches returned tc

ncrmal.
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TYPE HKB RELAY AND CONTROL UNIT

CIRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT

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 1s turned on.
The actual value of thls voltage at the time
of 1nstallation should be entered on the line
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 ynit tube
heater current will be accomplished along with
the adjustment of the transmitter heater cur-
rent, because all the heaters of the assembly
are connected 1n serles. The necessary ex~
ternal heater serles resistors are a part of
the accessorles for the assembly of which this
Unit 1s a part; and the 1nstructions for their
adJustments are to be found in the 1nstruction
book for the complete assembly. After the ad-
Justment 1s completed record the value of cur-
rent as measured at Jack J1. The heater cur-
rents of the Control Unit and the transmitter
should be within the 1limits tabulated on Table
IT.

External accessory resistor R25 1s connected
in shunt to the HKB tube heaters. By bypass-
ing .3 ampere, 1t -enables their operation in
serles wilth the tube heaters of the trafis=
mitter, which draw .9 ampere. Resistor R25 is
adjusted at the factory to 208 ohms pdus or
minus 1 percent and shuuld not be c¢hanged from
the above value.

3. The plate cilrcult supply ¥ voltage is to
be measured between terminal _#5 andg terminal
#10.

4, After the above ddjustiments are com-
pleted, measure at “the" other two metering
Jacks, J2 and J3, 4 to ,L seg, that no current is
flowing. Under &he fcondition of the blas re-
sistor R6 being seti near the center, the Relay
Tube, V4, is blased well beyond plate current
cut-off, so that the current at Jack J2 should
be well below theéV 1limit of .1 milliampere.
Under the condition of no r-f signal recelved,
the currentigat Jack J3 should be well below
the 1imit,of .1 ma. Any excessive current
flow should be investigated and the fault

18 '

cleared before proceeding with the tests.
(Make final check with 1 milliampere range of
meter.)

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

6. Oscillator Plate Voltage. Adjustments
are exactly the same as for 125 volt _equip-

ment. See paragraph 6 of previouswfsection.
Refer to values on Table II.

7. Thyratron @Grid Blas Voltsi. AdJustments
are exactly the same as foryl25-volt equip-

ment. See paragraph 7 ofyprevious section.
Refer to values on Table II.

8. Relay Tube Grid Blas Volts. AdJjustments
are exactly the @ame) as for 125-volt equip-

ment. See pakagraph 8 of previous section.
Refer to values)on)Table IT.

OVERALL“TEST OF COMPLETE
INSTALLATION

After “the complete equipment has been in-
stalled ‘and” adJusted, the following tests can
be, made which willl provide an overall check on
the relay and carrier equipment. The phase
rotation of the three-phase currents can be
checked by measuring the a-c voltage across
Telay terminals 19 and 20 or test switches B
and C with a high resistance a-c voltmeter of
at least 1000 ohms per volt. The reading
obtained should be approximately 0.9 volts per
ampere of balanced three-phase 1load current
(secondary value) with relay taps 4, ¢ and H.

This test requires that a balanced three-
phase 1load current of at least 1.0 ampere
(secondary) be flowing 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
one 1n the C and H taps. Be sure to insert
the spare tap screw before removing the con-
nected one. Now open test switches D and E on
the relay at one end of the line section
(station A) and insert a current test plug or

J



TYPE HKB RELAY AND CONTROL UNIT

iInto the test
switch E to open the circult through
that switch. The

strip of insulating material
Jack on
above operation shorts the
A to neutral ahead of the
sequence fillter and disconnects the phase A
lead from the filter.

and C currents to return to the current trans-

phase circult

This causes the phase B

formers through the zero-sequence resistor 1n
the filter, thus A-to-

ground fault line
both the fault detector
and operating element at Station A should
Completion of the trip
be checked by connecting a small

simulating a phase

fed from one end of the
only. As a result,
close thelr contacts.
circult can
lamp (not over 10 watts) across the terminals

of test switch J.

Now perform the above operatlons at the
opposite of the line-section (station B)
without resetting the switches at Staion A.
This simulates a
ternal to
fault

at B should pick up, and the operating element

end

ex-
The
detector, but not the operating element

phase-to ground fault

the protected line-section.

at A should reset. Restore test switches D
and E at station A  to normal (close@)q), The
line conditions now represent a phase-to-
ground fault fed from Station Byonlys The

fault detector at A should reset andWithe “Oper-
at B should pick ap%
test switches D and E at Station B td normal,

the rélay at¥Station B
the welay, 1n the standard

ating element Restore
and both elements of
should reset.
the
sultable external test sWiltches.

For

case, above test can be performed using

The above tests hayve, checked phase rotation,
the polarity of the seQuence filter

the interconnectlons@Wbetween the relay and the

output,
set and fthe Phase A current connec-
the
can
swit€hes, F and G for phase
H an@ I for phase C.
cedure descrdbed for Phase A 1s then followed.

carrier
Phase
checked by opening
B, and
The same

tions to
B and C
test

swiltches

relay at both stations.
be,similarly

pro-

If ald the tests have Dbeen completed with
satisfactory the test
both, 1line terminals should be closed (close
fhe trip circuilt test switch last) and the re-
The
line-section to which 1t

results, switches at

lay cover replaced. equipment 1s now

ready to protect the

1L 41-650 F

1s connected.

MAINTENANCE

Since the Control Unit has no front-of-panel
controls, 1t requires no attentlon
as describedgin the
paragraphs. The uniy

service wilthout taking the ernflre assembly out

except
malintenance following

cannot Pe taken out of
of service.
Every three

should be
rosion has deyeloped

months “am overall 1nspection
madefjto seée that no excessive cor-
due to fumes or conden-
sation of maelsturey Any accumulated dust and
dirt should,be“eleaned out, as often as once a

month 1in/ some kocalitles.

Tubes

At ““the end of
should be
andythelr contacts inspected for possible dirt

the
removed from thelr sockets,

each year of operation,
tubes
or corrosion. If there 1s any discoloration,

it may be removed by the use of very fine
sandpaper. In tube
life, 1t 1s very important that the resistance
of the

mum. If

order to assure maximum

contacts be kept to an absolute minil-

necessary, thls cleaning operation
should be performed more frequently than 1ndil-

cated above.

Reslstors

The resistors are operated well wilthin there
should not fall during the 1life
In the accessory equlpment,’ the

ratings, and
of the unit.

ferrule resistors should be removed from their
clips at the end of each year's operation, and
the ferrules and of corrosion

clips cleaned

wlth crocus cloth or very fine sandpaper. 1In
a corrisive atmosphere a fllm of vaseline will

reduce trouble.

TYPE JY HKB CONTROL UNIT COMPONENT PARTS

125/250 volts d-c
Style: 1471841p

Electrical Parts per Component Parts List
(Dws;. 7614215), except resistors R23, R24, and
R25 and tubes. Style: 1471840-p- as
but with tubes.

above,
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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
ch 1 Rectifier Doubler Output .0056 Mfd., 600 V. d-c
C5* 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
CO# 1 Thyratron Plate to Plate .25 Mfd. t 20% 600 V. d-c
C10# 1 Thyratron Grid By-Pass .0022 Mfda. T 10%4 500 V. d-c
Cl1l# 1 Thyratron Grid By-Pass .0022 Mfd. t 10% 500 V. d-g¢

METER JACKS
Jl 1 Tube Heaters Wester Electric 232A
Je 1 Relay Tube Plate & Screen or
J3 1 Rectifier Doubler Output Cook Electric JK-24

REACTORS
L1* 1 Carrier Start Circuilt 7 henries, 250ma. 'd=c¢f, 440 ohms d-c resistance
L1# 1 Delay Filter S#1336543, 10, h¥y, 7000-.d-c. resistance

RESISTORS
R1 1 Carrier Start Thyratron Plate 16,000,06hmsHh, 22 watt, tapped
R2 1 Carrier Start Thyratron Plate 2,000 ‘6hms, @1 watt, adjustable (1 band).
R3 1 Relay Thyratron Plate 2,000 ohmis#?21 watt.
R4 1 Relay Thyratron Plate 8,000 ohms, 12 watt.
R5* 1 Thyratron Bias 508ehms, 22 watt, adjustable El band;.
R6 1 Relay Tube Blas 2,000 ohms, 22 watt, adjustable (1 band).
R7 1 Heater Shunt 160pohms, 45 watt.
R8 1 Amplifier Bias 6.3 ohms, 45 watt.
R9 1 Amplifier Bias 0 ohmis, 45 watt.
R10 1 Amplifier Bilas 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 Restoring 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 Cathode 2,400 ohms, 1 watt.
R18 1 Rectifier Doubler Imput 2,000 ohms, 1 watt.
R19 1 Rectifier DoublerfOutput 51,000 ohms, 1 watt.
R20 1 Relay Tube Grid 51,000 ohms, 1 watt.
R21l 1 Tube Shell Grounding 0.27 megohms, 1 watt.
R22* 1 Reactor Shunt 5,100 ohms, 1 watt.
R23 1 Heater Series 63 ohms, wire wound, adjustable (1 bandg.
R24 1 Heater Seriés 63 ohms, wire wound, adjustable (1 band).
R25 1 Heater Shufit 250 ohms, wire wound, adjustable (2 bands).
R26# 1 Thyratron®Blas 100 ohms, 22 watt, adjustable El bandg.
R2T# 1 ThyratrenwBias 100 ohms, 22 watt, adjustable (1 band).
CR-1# 1 Rectox SHL1O4T4Y

TRANSFORMERS
T1 1 Thyratron Input 1/4% ratio tapped secondary, L426682
T2 1 Relay Tube Output 2500/500 ohms Impedance Ratilo, L426549
T3* 1 Recedweér -Audio 2500/500 ohms Impedance Ratlo, L4%26549
TUBES
Vi 1 Carrier Start Thyratron-Gas Type 2050
v2 1 Relay Thyratron-Gas Type 2050
V3 1 Rectifier Doubler-Vacuum Type 25Z6
Vi 1 Relay Tube-Vacuum Type 25L6
TUBE SOCKETS

X1-X4 4 Octal Tube Socket S#1473459 (From Dwg. T7614215-14).

20
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TYPE HKB RELAY AND CONTROL UNIT

ORDERING INFORMATION

Electric
prepared to supply any of the listed parts for
servicing thils unit. should specify
that they are for the Type JY, HKB Control
Unit, and mention the
circult symbol where 1t 1s given.

The Westinghouse Corporation is
Orders

unlt style number and
All orders
must specify the rating as well.

ACCESSORY GROUP COMPONENTS

Note: 1Item 1 or 2 will be supplied with the
HKB Control Unit for the appropriate applica-
tion. included with the Control
Unit.

Tubes are

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 serles resistor).

LL. 41-650. F

style: 867956
Electrical Parts - Resistor R25
Mounting panel for R25.

PART III - TYPE HKB TEST FACILITIES

APPLICATION

HKB test Tfaellitdes
simple manually operaté@, test procedure
will check the combimed ¥ relay and
equlipment. The teSt
the aid of 1insgruments.
assurance thatgall

The type provide a
that
carrier
can’ be performed without
The

equipment 1s

results gilven
in normal
operating comditlon, without resorting to more

elaborate test procedures.
CONSTRUCTION
TestpSwitch

The
elght palrs of

switch i1s

contacts, two

with
palrs of which

type W test provided

-3

oo oreemus peeTy
T FOBES T

;
T

l—_—J tﬁ } J T

1T
£
L
-
‘:»g—q

12 reehupas huraeeso
187027 AS SHOMW.

2065 OF FRAME S

ez
A e sooniTED
\ A l—— oz

-
@j
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17 TERMNALS MivALeED
17917 43 SwoN

Fig. 11—Outline And Mounting Plan Of The Type HKB Control Unit For Type JY Carrier. For Reference Only.
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The
and
15,

ar. closed in the "carriler on" position.
shown 1n Fig. 12,
in Fig.
complete the HKB
1s 1ndi-
and 7, 8.
HKB trip
1l and 2,
alarm circuit remalns closed.
the right of the '"carrier
When the switch

1s moved to elther of these positions, the re-

contact arrangement is
the outline and drilling plan
These contacts are used to
trip cilrcult and the
cated 1n Filg. 12 by
In the
circult 1s
but the

test positions to

alarm circuilt
contacts 1, 2,
off" position the
opened through

"carrier
contacts
Two

off" positions are provided.

lay trip and alarm cilrcults are 1nterrupted
and a red alarm light 1s turned on by switch
3 and 4. Moving the switch to the
gggg 1l position will connect the output of the

auxlliary test transformer directly to the HKB

contact

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

contacts

contacts. 13,

Auxiliary Test Transformer

The auxiliary test transformer 1s designead
to
source.
and 4

the test current.

operate from a 115 volt, 60 cycle power
2, 3,
vary the magnitude: 6f
The tap the
current 1n amperes that will be€“passed through
the If the
relay 1s connected to use groundytap G, ap-
times the  transformer tap
8 amperes) Wwill be passed

The outline and drilling

plan of the transformer 1§, shown 1n Fig. 13.

Four secondary taps numbered 1,
are provided to

numbers gequal

relay when ground tap H 1s used.
proximately two

value (2,4,6, or
through the relay.

Indicating Lamps

The
standard rectangular™ Minalites.

red and, blue i1ndicating lamps are
Outline and

drilling dimensions ‘are glven 1n Fig. 15.
ADJUSTMENT

Choose“a, transformer tap that willl provide

STATION BUS PHASE ROTATION AjB,C TRIP CIRCUITS
AL+ BACKUPRELAYS e 7
B B
c L[ \got
TRANS( PRI
HKB .
b . -
% ) Qﬁb
- LBACK UP < CARRIER CONTROL CIRCUITS
l“ RELAYS ke Ne c POS
& e TRANS SEC.
$ 97
44+ %
.1 fisack up
RELAY CARRIER SWITCH
9,10 16,,IS
LINE ‘ ia, 12, 1
o.CB.l LS 13
i TEST
v TRANSFORMER
TUNER DRAIN m
= SOIL "yi5 V. 60 CYCLE (7)
TEST SOURCE HR® FDI .0 250 125 V.
A B = ©), (05} 6250 250V.
CARRIER SWITCH T%gfm“
POSITION -6E§V_O_N_LV_
CARRIER Tesraﬁvé;-i—cﬁr}-%—‘
OFF (CONTACT e e
1 on =2 [ X |
TESTZ| 3-4 X X
® = T Y
7= T XX
9°] X Y A
SWITCH A ——4@—0—-{-
PLATE 15-16 | X T T
X DENOTES CONTACT CLOSED C @ 1

Fig. 12—Schematic Connections Of Type HKB Relay And Test Facilities.
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LL. 41-650

times the
current setting of the HKB relay as previously

approximately two phase-to-ground

determined.

OPERATION

switch 1s
terminal which serves the dual functilons

A multi-contact
line
of a carrier on-off switch and a test switch.
This switch 1s
phase

provided at each

arranged to apply a single
HKB relay to

internal and through fault conditions.

current to the simulated
Relay
operation 1s noted by observing a blue 1in-
dicating lamp connected in the HKB relay trip
circult. Durlng the test the HKB trip
cult to the line breaker 1s opened and a red

warning 1light 1s energized through

cir-

auxlllary
contacts on the test switch.

Use of the auxlliary test equlipment 1s to be
limited to provide a simplified test after th
initial installation tests have been perfor
as described in part II of this 1nstrucfl

leaflet.
is to Dbe \ as
r

The test apparatus

shown in Filg. 12 wilth the au test
transformers energized from 115 0 cycle
power sources at each 1line m that are

in phase with each otherg T following oper-

\t same polarity
tes ransformer at
each line terminal.

1. Turn the Qtest switech at both

line terminals ARRIER OFF.

ation procedure assumes
1s used 1in connecting t

2. r he rrier test

1 41.

switch to TEST 1

The local relay should

N

operate to transmit half cycle impuls f
carrier, and trip. Tripping will n ated
by the blue light.

3. Turn the HKB test switch at the remote
line terminal #2 to TEST 1. “@This  will

fed from both line

erminal #2 will
terminal #1 will
11 be indicated by

simulate an internal fau
terminals. The relga t e
trip, and the
remaln tripped. Trij

relay at ni

the Dblue lights ,a line terminal.
carrier will be ¢t mltted 1in half cycle im-
pulses simultan sly from each end of the
line.

4. R he”HKB test switch at line termi-

relay at terminal #1 will reset
off the blue 1light. The relay at
2 willl hold 1ts trip contact closed,
the blue light.

5. Turn the HKB test switch at line termi-
nal #1 to TEST 2. Thils condition will simu-
late an external fault. The trip contacts of
both relay, will be held and the blue
light willl be extinguilshed.

open

6. Reset the test switches at both line
terminals to CARRIER OFF before returning to
CARRIER ON for normal service. Push in handle
to turn in ON position.

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 switch
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i :
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Fig. 14—Internal Schematic Of
Fig. 13—Outline And Drilling Plan Of The Type HKB/Test The Type HEB Test Trans-
Transformer. For Reference Only. former.
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Figii5—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

I.L. 41-650D
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

APPLICATION

The type HKB relay 1s a high speed carrier
relay wused 1n conjunction with power 1lines
carrler equlipment to provide complete phase
and ground fault protectlion of a transmission
line sectilon. Simultaneous tripping of the
relays at each 1llne terminal 1s obtalned in
three cycles or less for all 1nternal faults
within the 1limits of the relay settings. The
relay operates on line current only, and no
source of a-c 1line potentlal 1s required.
Consequently, the relays will not trilp during
a system swing or out-of-step condition. The
carrier equlpment operates directly from the

station battery.

PRINCIPLE OF OPERATION

The HKB carrier relaylng system _eoempakes the
phase positions of the currents at thewgends of
a 1llne-section over a carrder (ehannel to
determine whether an 1nternal or external
fault exists.
energlize a sequence fllter “which glves a

The three-“phasémline currents

single-phase output voltageyproportional to a
combination of sequenee components of the line
current. During a fault, this single-pnase
voltage controls_an elkeetronic circuilt which
allows the transmifssflon of carrier on alter-
nate half-cycles “offthe power-frequency cur-
rgnp: Carrier 1g, transmitted from both line
iérminals in thds manner, and 1s recelved at
the opposite fends where 1t 1s compared with
the phase posltion of the 1local sequence
filter output. Thls comparison takes place in
the grid circult of a vacuum tube. The polar-
itfes of the voltages to be compared are such
thatifor an 1internal fault, 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 IL. 41-650C

condition to complete the Trip circuit. During
an external fault,ftheéjehange in direction of
current flow cause8 the plate current to be
continuously blocked, and the plate clrcult
relay does not“e@perate.

Since thls relaylng system operates only
during & faulty the carrier channel 1s avallsa-
bleyattall other times for the t.ransmission of
other<funetions.

PART I1-TYPE HKB RELAY

CAUTION Before putting relays into service,
remove all Dblocking which may have been in-
serted for the purpose of securing the parts
during shipment, make sure that all moving
parts operate freely, 1nspect the contacts to
see that they are clean and close properly,
and operate the relay to check the settings
and electrical connectlons.

CONSTRUCTION

The relay consists of a comblnation
positive, negative and zero sequence filter, a
saturating auxiliary transformer, two Rectox
unlts, two polar relay units, a telephone-type
relay, a neon lamp, contactor switch and
operation indicator all mou;ted in a Type M-20
Flexitest Case.

When the standard projectlon case 1s
supplied, the sequence fllter, tap plates, and
saturating auxilliary transformer are mounted
In a box which can be located on the rear of
the switchboard panel 1n any convenlent po-
sitlon. The remainder of the relay elements
are mounted 1n 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,

EFFECTIVE DECEMBER 1948
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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 corre=
sponding terminals of the relay 1n the stands
ard case. Otherwlise, all external connec-
tions for the relay 1n the standard projegtlon
case or 1n the type FT case are nade te the

same terminals.

Sequence Fllter

The currents from the curreant “Gtransformer
secondaries are passed thru af¥) fillter con-
sisting of a three-winding, lirensCore reactor
and two resistors. The zérofseguence resistor,
Ry, consists of three“nesistor tubes tapped to
obtain settingsd for various ground fault
conditions. The{othér resistor Ry 1s a formed
single wire mounted off the rear of the relay
The output © of this filter provides

a voltage across the primary of the saturating

sub-base.
transformez.

The lower tap block provides for adjustment
of thé), redative amounts of the positive, nega-
tivénand, zero sequence components of current
1n,_ the "filter output.
element energlized from the fillter can be used

2

Thus a single relay

CONTAGTOR SWITCH OPERATION 1NDICATOR

TEST SWITCH - ____

OPERATING ELEMENT
- TELEPWONE RELA

i - sutdiwa

{EON LAMP~ ﬂEC"IF‘EB

--UPPER POLAR
{ RELAY ELEMENT

LOWER POLAR . '
RELAY ELEMENT /

REAR VIEW

Fig. 2—Internal Schematic/©f The Type HKB Carrier Relay
In The(Standard Projection Case.

as a faudt,detector for all types of faults.

Saturating Auxillary Transformer

The, voltage from the fillter 1s fed into the
tdpped Mprimary (upper tap plate) of a small
saturating transformer. Thils transformer and
@ neon lamp connected across 1ts secondary are
used to 1limit the voltage impressed on the
Pault detectors (polar relay elements) and the
carrier Control Unit, thus providing a small
range of voltage for a 1large variation of
maximum to minimum fault currents.

vides high operating energy for 1light faults,

This pro-

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 in
amperes requlired to pick up the lower fault
detector element. For further discussion, see
section entitled, "Settings'.

Rectox Units

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

of sensitive polar relay keeps down the energy
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Fig. 3—Internal Schematic Of The Sequence Filter Used
With The Type HKB Relay In The Standard Projec-
tion Case.

required from the current transformers.

Polar-Type Relays

These elements consist of a rectangular
shaped magnetic frame, an electromagnet, &
permanent magnet, and an armature wlth a set
of contacts. The poles of thej permanent
magnet clamp directly to each _sldeyof the
magnetic frame. Flux from the perpmanent magnet
divides 1into two paths, one _path across the
alr gap at the front of the [elemént in which
the armature 1s located, the ‘Other across two
gaps at the base of the frame ), Two adjustable
shunts are located aeéross‘the rear alr gaps.
These change the reluctance of the magnetic
path so as to force [some @f the flux thru the
moving armature whichyls fastened to the leaf
spring and att@ched,to the frame midway be-
tween the “wo “wear alr gaps. Flux 1n the
armature polarizes 1t and creates a magnetic
blas cdusing 1t "to move toward one or the
other ofythe poles, depending upon the ad-
justment of the magnetic shunts.

A coll¥ 1s placed around the armature and
within the magnetic frame. The current which
flows) In the coll produces a magnetic fileld
which opposes the permanent magnet fleld and
acts to move the armature 1n the contact-
¢losing direction.

Contactor Switch

The d-c contactor switch in the relay 1is a
small solenold type switch. A ‘eylindrical
plunger with a silver disc mounted on 1ts
lower end moves 1n the core of the =solenoid.
As the plunger travels upward, the disc
bridges three silver statdonamy contacts. The
coll 1s 1n series WwWith“®the/ main contacts
of the relay and with“the trip coll of the
breaker. When the frelay,contacts close, the
coll becomes energized and closes the switch
contacts. This shunbs the main relay contacts
thereby relleving them of the duty of carry-

Ing tripping/fcurrent. These contacts remailn
closed until@the trip cilrcult 1s opened by the
auxlliary switch on the breaker. The

contactor fswitch 1s equipped with a third
point) “which 1s connected to a termlnal on the
relay to oOperate a bell alarm.

Operation Indicator

The operatlon 1ndicator 1s a small solenold
coll connected in the trip circult. When the
coll 1s energized, a spring-restralned arma-
ture releases the white target which falls by
gravity to 1ndlcate completlon of the trip
circult. The indicator 1s reset from outside
of the case by a push rod.

Flexltest Relay Case

The type FT cases are dust-proof enclosures
combining relay elements and knife-blade test
switches 1n the same case. This combination
provides a compact flexible assembly easy to
maintaln, inspect, test and adjust. There are
three maln units of the type FT case: the case,
cover, and chassis. The case 1s an all welded
steel housing contalning the hinge half of the
knife-blade test switches and the termilnals
for external connections. The cover 1s a drawn
steel frame wilth a clear window which fits
over the front of the case with the switches
closed. The chassis 1s a frame that supports
the relay elements and the contact jaw half of
the test switches. This slides 1in and out of
the case. The electrical connectlons be-
tween the ©base and chassls are completed
through the closed knife-blades.
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ng Chassis

remove the chassls, first remove the
by unscrewlng the captive nuts at the
s. There are two cover nuts on the S
ase and four on the L and M size cases.
exposes the relay elements and all the
switches for 1nspection and test. The
step 1s to open the test switches.
open the elongated red handle switches
before any of the black handle switches
cam action 1latches. This opens the
circuilt to prevent accidental trip out.
open all the remalning switches. The
of opening the remaining switches 1s not
ant. In opening the test switches they
i be moved al. tne way back agalnst the
With all the switches fully opened,
the two cam action 1latch arms and pull
d. This releases the chassis from the
Using the 1latch arms as handles, pull
1assls out of the case. The chassls can
3t on a test bench in a normal upright

lon as well as on 1ts top. back or sides,
38y 1nspection, malntenance and test.

sr removing the chassis a duplicate
1s may be 1inserted in the case or the
portion of the switches can be closed
the cover put 1n place without the
1s. The chassis operated shorting switch
ed behind the current test switch
nts open circuiting the current trans<
rs when the current type test switches
losed.

n the chassis i1s to be put back inf the
the above procedure is to be followed in
eversed order. The elongated red“handle
h should not be closed untiliafter the
1s has been latched in place “and“all of
lack handle switches closed.

rical Circuits

h terminal 1n the base , connects thru a

switch to the Q(relay elements 1n the
1s as shown én,the 1nternal schematic
ams. The relay terminal is identifiled by
rs marked on‘both“the inside and outside
e base. The test switch positions are
ified Dbymletters marked on the top and

bottom surface of the moulded blocks. These
letters can be seen when the chassls 1s re-
moved from the case.

The potential and control circuits thru the
relay are disconnected.from the external cir-
cult by opening the assoclated test switches.
Opening the current test switch short circuitg
the current transformer secondary and discon-
nects one s8lde of the relay coll but leaves
the other slde of the coll connected to the
external circult thru the current tgst Jack
jaws. This circuit can be isolated by Insert-
ing the current test plug (withoutWexternal
connections), by 1inserting thel temy circuilt
test plug, or by 1inserting a plece of insu-
lating material approximatelyf1/32" thick into
the current test jack jaws. Both switches of
the current test switch pairjmust be open when
using the current {test Pplug or insulating
material in this mannek,to “short-circuit the
current transformerd{secondary.

A cover operated, switch can be supplied with
1ts contacts wired) "1n series with the trip
circuit. This switch opens the trip circuit
when thejcover is removed. Thils switch can be
added “Wto0 “the existing type FT case at any
time.

Testing
The relay can be tested in service, 1n the
case but with the external circults isolated

or out of the case as follows:

Testing In Service

The ammeter test plug can be inserted 1n the
current test jaws after opening the knife-
blade switch to check the current thru the
relay. This plug consists of two conducting
strips separated by an insulating strip. The
ammeter 1s connected to these strips by termi-
nal screws and the leads are carried out thru
holes in the back of the 1nsulated handle.

Voltages between tne potentilal clircuilts
can be measured convenlently by clamping #2
clip leads on the projecting clip lead lug
on the contact jaw.

v

J
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Testing In Case

With all blades in the full open position,
the ten circult test plug can be 1nserted in
the contact jaws. This connects the relay
elements to a set of bilnding posts and com-
pletely 1solates the relay cdrcuits from the
external connectlions by means of an insu-
lating Dbarrler on the plug. The external
test clrcults are connected to these binding
posts. The plug 1s 1nserted in the bottom
test jaws with the ©binding posts up and 1in
the top test swltch jaws with the ©binding
posts down.

The external test cilrcults may be made to
the relay elements by #2 test cllp leads in-
stead of the test plug. When connecting an
external test clrcuilt to the current elements
using clip leads, care should be taken to see
that the current test jack Jjaws are open so
that the relay 1s completely 1solated from the
external circuits.
lating this circuilt are outlined above, underm
"Electrical Circuits".

Suggested means for 1so+4

Testing Out Of Case

With the chassls removed from the“base“relay
elements may be tested by usingf the teén cir-
cult test plug or by #2 test® ¢lip leads as
described above. The factory calfbration 1s
made with the chassls 1n®%thetcase, and removing
the chassls from the gease, wlill change the
calibration values by a“small percentage. It
1s recommended that ¢€¥he Telay be checked in
position as a filnalf check“on calibration.

CHARACTERISTICS

The oyerallyoperating characteristic of the
HKB rellay fand “carrier equipment 1s shown 1n
Figure ‘4 This shows the current 1in the
operating relay element (telephone-type relay)
plotted against the phase angle difference be-
tween the fault currents at opposite ends of
the line. As 1indicated, the operating element
will trip when the phase angle departs
approximately 45° from the 1in-phase, or
through fault condltlon. As the electronic
control circults operate wunder a saturated
condition, the shape of this curve will not
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change materlally over a wide range of

fault currents.

The sequence fillter 1n the relay 1s arranged
for several possible combinatlons of sequence
components. For most applications, the out-
put of the fllter will contaln the posiltive,
negatlve and zero sequence components of the
line current. In thls case, the taps on the
upper tap plate 1ndlcate the balanced three-
phase amperes which will pick up the lower or
carrier start fault detector (FD1). The upper
polar element (FD2), which supervises opera-
tion of the telephone-type relay, 1s adjusted
to pilck up at a current 25 percent above tap
value. The taps avallable are 3,4,5,6,7,8, and
10. These taps are on the primary of the
saturating transformer. For phase-to-phase
faults AB and CA, enough negatlve sequence
current has been 1ntroduced to allow the fault
detector FDl to pick up at 86% of the tap
setting. For BC faults, the fault detector
will pick up at approximately 508 of the tap
setting. This difference 1in pick up current
for different phase-to-phase faults 1s funda-
mental; and occurs because of the angles at
whilch the positive and negative sequence com-
ponents of current add together.
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With the sequence fllter arranged for
positive, negatlive and zero sequence output,
there are some applications where the maximum
load current and minimum fault current are too
close together to set the relay to pick up
under minimum fault current, yet not operate
under load. For these cases, a tap 1s avail-
able which cuts the three phase sensitivity in
half, while the phase-to-phase settling 1is
substantially unchanged. The relay then trips
at 90% of tap value for AB and CA faults, and
at twice tap value for three-phase faults.
The setting for BC faults 1s 65 percent of tap
value. In some cases, 1t may be desirable to

eliminate response to positive sequence cur-
rent entirely, and operate the relay on neg-

ative-plus-zero sequence current. A tap is
avallable to operate in this manner. The fault
detector picks up at 95% of tap value for all
phase-to-phase faults, but 1s unaffected by
balanced load current or three-phase faults.

For ground faults, separate taps are avalla-
ble for adjustment of the ground fault sensi-
tivity to about 1/4 or 1/8 of the upper tap
plate setting. See Table II. For example, 1if
the upper tap plate 1s set at tap 4, the fault
detector (FDl) pick-up current for ground
faults can be either 1 or 1/2 ampere. In
speclal applications, 1t may be desirablemto
eliminate response to 2zero sequence curnrent.
The relay 1s provided with a tap to allow such
operation.

SETTINGS

The HKB relay has separate tap plates for
adjustment of the phasemgpandsground fault
sensitivities and ,the dequence components
included in the fillterjoutput. The range of
the avallable taps 1s sufificlent to cover a
The method of de-
termining the correet Mfaps for a given instal-

wide range of applicatiom.

lation 1s discussed in the followlng paragraph.

In all cases, the similar fault detectors on
the relays at both terminals of a line section
must gbe \set” to plck up at the same value of
This '1s necessary for correct
blocking during faults
protected line section.

b

line ‘eurrent.
external to the

Sequence Combination Taps

The two halves of the lower tap plate are
for connecting the sequence fllter 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 reattor and thus changes gthe rela-
tive amounts of positive and negatlve _sSequence
Operation of the,relay with the
various taps 1s given in the tablewpbelow.

sensitivity.

TABIE I
Sequence Components | Taps on Lower | Fault Detector FD1 Pick Up &
Comb. In Filter Output Tap Block 374 Fault # - @ Fault
Left Right

Half Half

1 Pos. Neg., Zero c G, or H* Tap Value| 86% Tap Value
(53% on BC Fault)

2 Pos., Neg., Zero B |hs,oru 2x Tap | 90% Tap Value
Value {658 on BC Fault)

3 Neg., Zero A GorH 95% Tap Value

* Taps F, G and H are zerossequence taps for adjusting ground
fault semsitivity.\\See Section on zero-sequence current tap.

A Fault detector FD2pis)set to pick up at 125% of FD1 tor

a two-terminal line, or 250% of FD1 for a three-terminal
1line.

Positilve-Sequence Current Tap and FD2 Tap

Thé upper tap plate has values of 3,%,5,6,7,
8, and’10. As mentioned before, these numbers
represent the three-phase, fault detector FD1
pickup currents, when the relay 1s connected
for positive, negative and zero sequence out-
put. The fault detector FD2 closes 1ts
contact to allow tripping at current value 25
percent above the fault detector FD1 setting.
This 25 percent difference 1s necessary to in-
sure that the carrier start fault detectors
(FD1) at both ends of a transmission line
section plick up to start carrier on an ex-
ternal fault before operating energy 1s ap-
plied through FD2.

For a three-terminal line, the tap link on
FD1 panel 1s connected to the right hand tap
which allows FD2 to pick up at 250% of FD1
setting. This 1s necessary to allow proper
blocking on three-terminal lines when approxi-
mately equal currents are fed in two termi-
nals, and thelr sum flows out the third termi-
nal of the 1line. For two-terminal lines, the

link 1s connected to the left hand tap, and
operation 1s as described 1in the previous
paragraph.

v
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The taps on the upper. and lower tap plates
should be selected to assure operation on
minimum internal line-to-line faults, and yet
not operate on normal load current, particu-
larly if the carrler channel 1s to be used for
auxiliary function. The dropout current .of
the fault detector 1s 75 percent of the pick
up current, and this factor must also be con-
sidered in selecting the positive-sequence
current tap and sequence component com-
bination. The margin between load current and
fault detector pick up should be sufficient
to allow the fault detector to drop out after
an external fault, when load current con-~
tinues to flow.

Zero-Sequence Current Tap

The right half of the lower tap plate 1s for
adjusting the ground fault response of the
relay. Taps G and H gilve ground fault sensi-
tivities as listed in Table II. Tap F 1s used
applications where 1ncreased sensitivity to
ground faults 1s not required. When this ftap
1s used, the voltage output of the filter due
to zero-sequence current 1s eliminated.

Table IT
Ground Fault Pickup
Percent of Upper Tap Setting
Comb. Lower left
Tap Tap & Tap E
1 C 25% 12%
2 B 20 10
3 A 20 10

Examples ,of “RelaygySettings

GASE T

Assume a)ftwo-terminal 1line wlth current
transformers rated 400/5 at both terminals.
Also agsume that full 1load current 1s 300
amperes, and that on minimum 1nternal phase-
to-phase faults 2000 amperes 1s fed in from
one end and 600 amperes from the other end.
Further assume that on minimum 1nternal ground
faults, 400 amperes is fed 1in from one end,
and 100 amperes from the other end.

I L. 471.650D
Positive Sequence Current Tap
Secondary Values: 5
Load Current = 300 X455 = 3.75 ampéeres (1)

Minimum Phase-To-Phase Fault Current:

600 x

420 = 7.5 amperes (2)
Fault detector FDIZgetting kthree phase) must
be at least:
3.75

0.75 = 5 amperes (0.75¥1s dropout ratio of

failt detector) (3)
so that the fault detector will reset on load
current.

In order %o complete the trip circuit on a
7.5 ampere phase-to-phase fault, the fault
détector, FD1 setting (three-phase) must be not
more) than:

1 1
7.5 x‘BTéEE X-TT§§ = 6.98 amperes (4)
025 = ¥D2 pick up
¥D1 pick up

Sequence Combination Tap

From a comparison of (3) and (4) above, it
1s evident that the fault detector can be set
to trip under minimum phase fault conditilon,
yet not operate under maximum load. In this
case, tap C on the lower left tap block would
be used (see Table 1, Comb. 1) as there 1s
sufficient difference between maximum load and
minimum fault to use the full three-phase sen-
sitivity. Current tap 6 would be used.

Zero Sequence Tap

Secondary Value:

100 x =1.25 amperes minirmum ground

400
fault current

With the upper tap 6 and sequence tap C in
use, the fault detector FDl1 pickup currents
for ground faults are as follows:

Lower right tap G-1/4% x 6 = 1.5 amp.

Minimum trip = 1.25 x 1.5 = 1.88 amp.
Lower right tap H-1/8 x 6 = 0.75 amp.

Minimum trip = 1.25 x 0.75 = 0.94 amp.

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

CASE_II

Assume the same fault currents as in Case
I, but a maximum load current of 500 amperes.
In this example, with the same sequence com-
bination as 1n Case I, the fault detectors
cannot be set to trip on the minimum internal
three-phase fault, yet remain 1inoperative on
load current. (Compare (5) and (6) below).
However, by connecting the filter per Combi-
nation 2 on Table I, the relay can be set to
trip on minimum phase-to-phase fault, although
it will have only half the sensitivity to
three-phase faults. This will allow operation
at maximum 1load without picking up the fault
detector, and provide high speed relaying of
all 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 not more than:

= x5 = 6.6 (5)
1.25 0.9

To be sure the fault detector FD1 will reset

after a fault, the minimum tap setting 18

7.5 x

determined as follows:

5
Load Current = 500 x-ﬂaa = 6.25 amps (6)

6.25 @

Since the fault detector pickup@current Ffor
three-phase faults 1s twice tap yalue, half
the above value (Eq. 7) shouldi be uséd in
determining the minimum three-phase tap.

§41%-= 4.17 (8)

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

With the threeéfphagsé tap 5 in use, the fault
detector pickup current £or ground faults will
be as follows:

Tap G-1/5 x 5 =1.0 a.

Minimum trip = 10 x 1.25 a.

1.25 amp.

Tap H-/100x 5 = 0.5 a.

Minipum“trip = 1.25 x 0.5 a. = 0.63 amp.

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

8

INSTALLATION

The relays should be mounted on switchboeard

panels or their equivalent in a location frees

from dirt, moisture, excessive vibration and
heat. Mount the relay vertically by means) of
the two mounting studs for the _type FT pro-
jection case or by means of the (four mounting
holes on the flange for the semi=flush type FT
case. Either of the studd or the mounting
screws may be utilized <for’ grounding the
relay. The electrical connections may be made
direct to the terminalsfby means of screws for
steel panel mountingy or@to terminal studs
furnished with the «elay for ebony-asbestos or
slate panel mounting. W\The terminal studs may
be easily removed/orninserted by locking two
nuts on the'studsiand then turning the proper
nut with a wrenchy

External Resistor
A resistor 1s required 1in the carrier start

fault detector circuit, as shown in Fig. 12
connected between HKB relay terminal 8 and

i-.
l‘aa , -4,-— 4 44-. JE———
1| 2 z N2
rERn:Bj
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I - = L
: — /A 8 -
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Fig. 5—Outline And Drilling Plan For The External Resistor
Ueed In The HKB Relay Control Circuit. For Ref-
erence Only.
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battery positive. Its function is to avoid
short circulting the station battery through
the normally-closed contact of the carrier
start fault detector FDI1.

The values of this resistor are tabulated

below.

Style No. D.C. Supply Ohmsg Outline &
Drilling

1337179 125 volts 250 Fig. 5a

1337181 250 volts 625 Fig. 5b

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

ADJUSTMENTS AND MAINTENANCE

CAUTION

1. Make sure that the neon lamp 1is in place
whenever relay operation is being checked.
This 1s necessary to limit the voltage peaks
in the filter output at high currents so as to
prevent damage to the Rectox Units.

2. When changing taps under load, the spare
tap screw should be inserted beforg removing
the other tap screw.

3. All contacts should be “perfodically
cleaned with a fine file. S#1002110 file is
recommended, because of the fdanger of em-
bedding small particles 1in the ‘face of the
soft silver and thus Impairing fhe contact.

4, The proper adjuStments to insure correct
operation of this relay have veen made at the
factory and shoul@ not “be disturbed after re-
If the adjustments
have been chamfiged@, the relay taken apart for
repalrs,q or\ Af /it 1s desired to check the
adjustnentshat “regular maintenance periods,the

ceipt Dby the customer.

instructidéns below should be followed.

SequenceFdlter

Thepre are no adjustments to make in the
filter.

The following mechanical adjustments are
given as a guide, and some deviation from them
may be necessary to obtain proper electrical
calibration.

LE 40:650D

Fault Detector FD1

(Lower Polarfize
Relay Element

Back off contact screws so that they do not
make contact. Screw magnetic shunts into the
all out position. The armature should remain
against whichever side it 1is pushed with this
adjustment.

Contact Adjustment

Push the armature to the right. Adjust the
right-hand contact™ until 1t Dbarely makes a
light circuis,. A flickering 1light 1is per-
missibled Give the contact screw 2/% turn to
obtain €®he proper follow. Lock in position by
tight@éning“the nut on the contact screw.

Now ‘push the armature to the left. Adjust
the left hand contact until it barely makes a
Tight circuit, then glve the contact screw an
additional 2/3 turn to obtain the proper
éontact follow. Lock in position.

Calibration

During calibration, connect a 10,000 ohm
resistor across terminals 19 and 20 or switch
jaws B and C to simulate the load of the
transformer in the Control Unit. Approximate

adjustments are as follows: Screw in the right
hand magnetic shunt until the top air gap is
shunted. With the upper tap on 4, and the
lower taps on C and H, pass 3.46 amperes, 60
cycles in phase A and out phase B, and screw
in the 1left hand shunt until the armature
closes the right hand contact. Reduce the

current until the armature resets; this should
happeir au not  less than 75% of the pick up

value. Lock the shunts in position and re-
check the calibration several times. The
action of the armature should be snappy. It
may be necessary to 1increase the contact
follow to obtain the required dropout. As
finally adjusted, the contact gap must be at
least .016 inch.

Fault Detector FD2 (ngﬁr Pg%ariz%
elay Elemen

Contact Adjustment

Adjust the single contact the same as the

9



TYPE HKB RELAY AND CONTROL UNIT

right hand contact on the lower polar element.
Calibration

Connect the 10,000 ohm resistor across
relay terminals 19 and 20 or switch jaws B and
C. Set the relay taps on 4, C and H as before.
Screw 1n the right hand shunt until the top
alr gap 1s shunted. Pass 4.33 amperes 1n
phase A and out phase B, and screw in the left
hand shunt untll the armature closes 1ts
contact. Reduce the current untill the arma-
ture resets; this should happen at not 1less
than 75% of the pick up value. Lock the
shunts 1n position and recheck the calibration
several times. The action of the armature
should be snappy. It may be necessary to 1in-
crease the follow on the contact to obtaln
the required dropout. As finally adjusted,

the contact gap must be at least .016 inch.

Operating Element (Telephone Type Relay)

Check contact ad justment to see that
stationary contact 1s deflected 5 to 10 mils
after contact closes.

Calibration

Connect & d-c milliammeter (0-25 ma) acrosg
test switch jaws Hl1 and Il (relay out of
case). Connect a source of variable/ a-c
voltage (0 to 10 volts) between terminals 9
and 10 (or switch jaws F1 and Gl). The “ele-
ment 1s to be adjusted for 7.5 to )8.5 ma. d-c
pick up and 3 to 5 ma. dropout. They, contact
spring tension and the armature [set gcrew can
be adjusted to obtain these values,

For the relay in the Wstandard case, apply
the a-c voltage acrods terminals 9 and 10 and
insert a test plug {eonnected, to a d-¢c milli-
ammeter 1n the single test 4 'switch jack of the
relay. If clip 1leads are used, 1t will be
necessary to slip a strip of insulating
materlal such,as fiber 1nto the test switch
jack after opening the switch blade to obtailn
a reading.

Contacteor Switch

Adjust®™the stationary core of the switch for

10

" a clearance between the stationary eore when

the switch 1s picked up. This can be most
convenlently done by turning the relay up-~
side-down. Screw up the core screw until the
moving core starts rotating. Now, back off
the core screw until the moving core stops
rotating. This 1ndicates the point where the
play in the moving contact assembly is taken
up, and where the moving core justiseparates
from the stationary core screw. Back off the
stationary core screw one turm beyond this

point and lock 1n place. This prevents the
moving core from striking ‘@nd sticking to the

stationary core because ofyresidual magnetism.
Ad just the contact clearance for 3/32 inch by
means of the two smaldgpnuts, on elther side of
the Micarta disc. Thée switch should pick up
at 2 amperes d-en Test for sticking after
30 amperes d-c have been passed thru the coil.
The coll resistanece\ls approximately 0.25 ohnm.

Operation Indicator

Adjustqthe Indicator to operate at 1.0
amperegdsc gradually applied by loosening the
two serews|on the under side of the assembly,
and' )\ moving the bracket forward or backward.
If 4'the two helical springs which reset the
armature are replaced by new springs, they
should be weakened slightly by stretching to
obtain the 1 ampere calibration. The coil
resistance 1s approximately 0.16 ohm.

RENEWAL PARTS

Repailr work can be done most satisfactorily
at the factory. However, 1nterchangeable
parts can be furnished to the customers who
are equipped for doing repair work. When
ordering parts, always give the complete
nameplate data.

ENERGY REQUIREMENTS
Burdens measured at a balanced three-phase
current of five amperes.

Relay Phase A Phase B Phase C
Taps VA Angle VA  Angle VA 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°
C-F-3 2.32 0° 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.

9
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I. L. 4%1-650D

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° 23.6 35°

The angles above are the degrees by which
the current lags 1ts respective voltage.

PART II - TYPE HKB CONTROL UNIT

CAUTION When adjusting this equipment, allow
the tube heaters to warm up for at 1least 30
seconds before applylng 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 an elec-
tronic trigger circuit employing two thyra-
trons; a rectifler-doubler vacuum tube_for\ the
received carrier and a vacuum ‘'reldy" | tube
which compares the phase positionsg of the

local and distant line currents.

The general appearance and condtruction of
the Type HKB Control Unit 1s @&hown“by the out-
line drawing, Figure 114 The entire equip-
ment, with the exceptiongofithe” accessoriles,
is mounted on a standard®3/16™¥ thick aluminum
panel 19" wide and 8-2%/32"%high with standard
notching. The front™@ of“the panel 1is black
wrinkle finished, and the rear is Nasat. The
tubes protrude gfhgough the front panel for
convenient installation and replacement.

Jacks dare provided on the front of the panel
for current metéring as follows:

J1(top jack) Heater current
J2(center jack) Relay tube emission current

J3(bottom jack) Rectifier-doubler outputrcug—
en

INSTALLATION

When used with the Type JY Transmitter and
Receiver, the HKB Control Unit 1s mounted in

the same cabilnet with these panels and immedi-

ately beneath the Recelver panel. The Instruc-
tion Book for the complete assembly, of, which
this unit 1s a part should be referre@ to for
additional mounting instructions.

Upon delivery, the unit should be very
carefully checked for damaged pargs. Particu-
lar attention should beg given to any parts
which may have become looge“in shipment, or
wires which may have pbfoken because of
vibration. Each HKB®MpControl Unit 1s supplied
with an accessory groupr of components for
adapting it for @peratdon from 125 volts d-c
or 250 volts d-c. These components dhould be
checked for _gdamagel’and to see that none are
missing, ,&and checked agalnst the order or re-
quisition and,the parts 1list 1n this book as
well ag thedinstruction sheet furnished wilth
eaehypaccessory package. Any shortage should
be Immediately reported to the transportation
company and to the nearest district office of
the, manufacturer. The dummy resistor plug
furnlished with the HKB accessories 1s for use
in the JY Transmitter amplifier cathode cir-
ecuit. Remove the resistor regularly furnished
with the JY Transmitter and replace with this
dummy plug.

The necessary connections from the JY
(cabinet) assembly terminal blocks to the
swltchboard, relays, etc., should be made in
suitable conduit. Number 12 gauge wire 1s
recommended for these connections. The con-
nection diagrams 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.

CIRCUIT ADJUSTMENT - GENERAL

Do not 1nsert the tubes 1into the HKB
Control Unit wuntil the followlng paragraphs
dealing with circuilt 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
2516 Relay Tube 1s obtained from a connection
at the positive end of the transmitter tube

heaters.

In order to obtain blas voltage for both the

13
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Fig. 10—Internal Schematic Of The Type HKB Coritrol Unit.

HKB Control Unit and the assoclated carrier
transmitter, the entire d-c¢ current drailn of
both units 1s caused to flow through a combil-
nation of resistors 1n the Control Unit. In
this way, adjustable blas for the Type 2050
thyratrons and fixed blas of two differemnt
values, for the power amplifler tubes of the
transmitter 1s obtained. Because the adjust-
ment procedure wi1lll follow the tabulatlons
shown on Tables I and II as closely as
possible, 1t 13 important to becomepthomoughly
familiar with the tables. Five golumns are
included 1n these tables. The f4rst column
indicates the quantity to be ichecked. The
second column 1ndicates thefminimum value
permlssible. The third column 1ndicates the
normal value. The fourth @06Tumn“indlicates the
maximum value permlssiblel The fifth column
should be filled 1pp aththe™time of 1instal-
lation, to indicate thé actwal value which was
obtailned. The lastd coldmn is of great im-
portance and should ‘bed fllled in as soon as
the HKB Control Unlit 1s 1nstalled. All
quantities must be brought within the minimum
and maximum{value speclifled before the equip-
ment can pe,_ ‘eonsidered to be 1n satisfactory
operating condition. A copy of these values
shouldWbe kept with the equilpment for checking
purposes., All letters of inquiry to the

maghufaeturer regarding the operation of this

14

unlt should “6é accompanled by a 1list of actual
values offythe elght quantities tabulated on
Table /IVer II.

The maximum and minimum 1imits of ths values

In the table do not all correspond to the
same percentage. In the <case of ths power

supply or ©battery voltage, the 1limits gilven
are the maximum and minimum at whi~h the unit
can be properly adjusted to operate; and these
1limits Include the maximum variation in power
supply voltage. For 1instance, the HKB unilt
wilth 125 volt accessorles can be adjusted to
function properly on any battery which never
exceeds 150 volts or drops below 100 volts.
But once the normal voltage 1s establlished and
adjustments are made for operation on that
voltage, it should not be permitted to fluctu-
ate normally more than plus or minus filve

percent,

The Unlt has been designed to use elther
glass or metal tubes of types 25LE and 25Z€,
and the adjustment data 1s the same for
elther.

CIRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT

The numbers at the beginning of the follow-

ing paragraphs correspond to the line numbers

st



TYPE HKB RELAY AND CONTROL UNIT

in the Adjustment Data Tables.

1. The first 1line
Table 1s the power supply
which 1s to be measured at the cabinet termil-

in the Adjust.ient Data
or battery voltage,

nals before any of the equlipment 1s turned on.
The actual value of this
of 1nstallation should be entered

voltage at the time
on the line

in the fifth column of the data table. If 1t
1s not within the limits of 100 to 150 volts
d-c, 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,
R1l and R5)
of both the carrier

the HKB Control Unit,

1s common to the heater circults
transmitter-recelver and

adjustment of heater

current of the one unit will affect that of
the other. In order to avold difficulty, the
blas resistor mentioned 1s to be temporarily
shorted out during the adjustment of heater

current for both the transmitter-recelver and
the HKB Control Unit. BEFORE PROCEEDINGy
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=RECEIV.ER
HEATER CIRCUIT. Connect a jumper wire“across

terminals #5 and #18 of the HKB Cdntrodl, Unit.
The adjusting clip on resistor R6 . 1s[to/be set
of the [resigtor. The

roughly 1n the center

ad justing clips on the twe “adjdstable re-
sistors R23 and R24, which,@re external heater
serles resistors mountedy®n ‘ayseparate panel,
are to be set so as _to short out the least
possible amount of these@¢resistors. Remove
the dummy resistor plugpfrom its clips 1in the

transmitter amplifier ¢cathode return circuilt.
The tubes are 'nmew €6 _be inserted into the HKB
assembly offf which™the HKB Unit 1s a part. Plug
a d-c ammetergof 1, ampere range into jack Jl

and adjust €he sHorting clips of external re-

sistors R23% and R24 to obtain the correct
heater current as given in 1line #2 of the
table. It 1s desirable to keep the amount

each of these two resistors
distribute the heat pro-
When the power 1is

shorted out of
about, equal so as to
duced equally between them.
first applied, the tube heater current will be
of the
Consequently power

above normal due to the low resistance

cold heater elements.

I. L. 41-650D

should be applled for at least two minutes
before readings are taken. After fhe heater
current of the HKB Control Unit and the heater
current of the transmitter-recelver have each
been adjusted, remove the from
terminals #5 and #18 of the HKB UnitW

clips 1in the

jumper wire
Replace
resistor

the dummy plug i its

transmitter.

3. After the adjustm@nts“on the transmitter
have been completed amnd /the¥ transmitter 1s in
normal operation measurepggain the heater cur-
rent of the HKB Unlt athJack J1. If not within
the 1limits of dine#3 in the Data Table, make
such slight changeshto the setting of the ex-
R23 and R24 as may be re-

similar

ternal regildstors
quired tofcorreéet it. (A
should ‘be

receiver.)

operation

carried out on the transmitter-

4 “BAfter the
pleted,
jacks. J2 and J3, to
Under the condition of the bilas re-
g¥stor R6 belng set near the center, the Relay

above adjustments are com-

measure at the other two metering
see that no current 1s

flowing.

Tube, V4, 1s blased well beyond plate current

cut-off, so that the current at jack J2 should
be well below the 1imit of .1 milliampere.
Under the condition of no r-f signal received,
the current at jack J3 should be well below
the 1imit of .1 ma. Any excessive current
flow should be 1nvestigated and the fault
cleared before proceeding with the tests.

(Make
of meter.)

final check with 1.5 milllampere range

5. Measure the d-c Dbilas

terminals #5 and #18.

voltage between

6. This
obtalning the correct Master Oscilllator
The transmitter

adjustment 1s for the purpose of
plate
voltage for the transmitter.
must be completely adjusted and in a state of
normal operation (ready to be
the HKB Unit).
1s neceésary to have V; thyratron continuously
ignited. For Control Unit S#867954A, a single

resistor R5 1s 1in place of resistors R26 and

controlled by
In making this adjustment 1t

R27. Remove the lead from the R5 tap nearer

the panel and connect thils lead to terminal
#19 of the Control Unit. For Control Unit
S#1471841, remove the lead from the R27 tap

15
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ADJUSTMENT FOR HKB CONTROL UNIT ON 125 VOLTS

limits for the total, and half of these valu

¥ - With no carrier belng received.

TABLE

I

See text of Instruction book% for discussion of the following table. Numbers
preceeding data refer to test paragraph numbers.
Quantity Min. Normal Max.
1. Power Supply Volts 100 125 ‘1_5%
2. Heater Amperes, Preliminary Adjustment # .59 .62 \
3. Heater Amperes, Final Adjustment + .54 .56 @
4. Current at jack J2, Milliamperes 0 0
Rectifier-doubler Output Milliamperes at J3 * 0 .05 .10
5. Total Bias Volts 11 1 0 17
6. Master Oscillator Plate Volts----------w----- ---- See transmi r instruction book.
7. Thyratron Grid Bias Volts 4.0 10.0
8. Relay Tube Grid Bilas Volts 20 32
HKB Relay Operating Element Current, Ma. 18 0 22

each branch.

A&:ual

r should be adjusted to this

# - The total tube heater current of the associatedptr i
value also. x
+ - The final value of the tube heater current of kr smitter should be within the

se

ADJUSTMENT DATA FOR HKB CONTROL, UN ON)250 VOLTS

See text of instruction

preceeding data refer to text rag h numbers.

Quantity M

TABLE I

ok for discussilion of the following table.

I.

Numbers

in. Normal Max.

1. Power Supply Volts

2. Tl;ltbe He%ter Am}ger

th no carrier being received.

¢ 2
rol Unit .54 .56 .58

00 250 300

ransmitter .81 .85 .89

3. Plate Circ olts 95 135 165

Current J J2, " Milliamperes 0 0 0.1

Rectifie ler Output Milliamperes at J3 * 0 .05 0.1

5. Total Bias Vo 17 22 28
6. Master Oscillator Plate VoltS-------==-----coeo-- See transmitter instruction book.

7. Thykatron grid Blas Volts 4.0 7.0 12.0

8. ube Grid Bias Volts 20 26 32

ay Operating Element Current, Ma. 18 20 22

Actual

»
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and connect to terminal #19. Now turn on the
equipment and allow the thyratrons to heat up
for one minute. Block open the Dback contact
of the HKB lower fault detector. Thyratron
V1 will fire and remain conducting. Connect a
d-c voltmeter of at 1least 1000 ohm-per-volt
resistance between terminal #5 and terminal
#19. Adjust Rl and R2 to obtain the required
voltage as given 1n the Table in the Trans-
mitter Instruction Book. The transmitter
should now be sending out carrier at its full
output power. Restore all connections to
normal.

T. The object of the following adjustment
1s to set the firing point of the thyratrons
V1 and V2 to the proper value by adjusting
their grid bilas. Two resistors, R26 and R27,
are provided for separate adjustment of V1
and V2 grid bias in Control Unit  S#1471841.
Control Ynit S#B867954A has a single resistor
with two sliders (R5) for adjustment of V1 and

V2 grid blas. The blas can be measured Ue-
tween each slider and terminal #5.

In making this adjustment, 1t 1sfnecessary
to apply a simulated fault to the(HKB relay

and assoclated carrier set. If“the ‘eurrent
circults of the relay are not connected to the

line current transformers, a ginglé-phase 60
cycle current from a variable _test source can
be applied to the HKB relay termihals 24 and
25, simulating a single-phase=to-ground fault.
If the relay current cireuitsjhare connected to
the line, open test sSwitches D, E. F, G H, I
and J. Test switch J opens the trip circuit.
This switch should bed¢opened first and left
open during all adjustments. The current cir-
cults to the relay have been shorted by open-
ing switches D, Fy and H, but the relay is
still connectedy, to the current transformers
through theftest jacks on switches E, G and I.
These clreultsiare opened by inserting current
test plugs“or strips of insulation into the
test jacks on switches E, G and I.
1s now entirely disconnected from the current

The relay

transformers, and the single phase test source
can ‘be connected between switch jaws F and G.

Put the upper tap screw in tap 4 and the
lower tap screws 1n the C and H taps. This
sets the pickup current of the relay fault de-

I. L. 41-650D

tector at 0.5 ampere for a singlesphase-to-
ground fault. Adjust the sliders™ onmR5 or
R26 and R27 for maximum grid (bilas}) on the
thyratrons (sliders away from the panel).
Block open the normally closed contact on the
carrier start fault detector (lower polar ele-
ment). Insert a milliammeter in jack J1 of
the carrier transmitter 40 read osclllator
cathode current. Apply the single-phase test
current to the relay nand” increase 1t to 0.3
amperes. Now gradually reduce the bilas on
thyratron V1 by moving R5 slider #1 (the one
nearer the pafiel) oF the slider on R27 toward
the panel. A, point will be reached where V1
fires to dtart cerrier. This will be indicated
by readimg onjthe d-c milliammeter in trans-
mitter{ Jack| Jl. Tighten the slider at this
point. Gheck thls setting by reducing the
test\current to zero and momentarily removing
thelWgblocking in the FD1 back contact to
extinguish V1. Increase the test current until
Vil f1ires. This should occur at 0.3 ampere
+ 10%.

With V1 fired and the test current set at
0.3 ampere, gradually reduce the bilas on
thyratron V2 by moving RS slider #2 (the one
further from the panel) or the slider on R26
toward the panel. A point wi1ll be reached
where V2 fires and triggering will then take
place with thyratrons V1 and V2 firing on
alternate half cycles of the applied test
current. Triggering will be 1ndicated by a
reduction in the millliammeter reading at
transmitter jack J1 to 50 or 60% of its in-
itial value. Tighten the slider at this point.
Check the setting by reducing the test current
to gero and momentarily removing the blocking
in the FD1 back contact to extinguish V1 or V2
(either may remain fired). Increase the test
current until triggering begins. This should
occur at 0.3 ampere + 10%.

Note: Taps are provided on the secondary of
transformer Tl to compensate for varlation in
tubes. The lead shown connected to trans—
former T1 terminal #3 may be connected to
terminal #4, and similarly for terminal #7 and
#8.

8. The following adjustment covers the
setting of the relay tube (V4) grid bilas.

11
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With the test current circuit applied to the
relay (described in paragraph 7), increase the
a-c current until the neon lamp in the HKB re-
lay lights. Plug a d-c milliammeter into the
current jack on test switch Il on the relay to
measure the operating element coll current.
Reduce the grid bias on the relay tube by ad-
justing the slider on resistor R6 until the
operating element coll current 1s 20 milli-
amperes. The relay tube grid blas 1s measured
between the slider on R6 and terminal #5 of
the Control Unit.
1000 ohms-per-volt resistance should be used.
Carrier from the distant line terminal should
not be transmitted during this adjustment.

A voltmeter of at least

When the relay tube grid bilas 1s adjusted as
described, the overall characteristic of the
HKB relaying system 1s shown in Figure 2. All
test circuits and meters may now be removed,
and the relay test switches returned *to
normal. The switch with the red handle should
be closed last as thils connects the relay to
the breaker trip circuit.

CIRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT

1. The first 1line 1in the Adjustment Data
Table 1s the power supply or battery voltagey

which 1s to be measured at the cabinet termi-
nals before any of the equipment 1s turned on.
The actual value of this voltage at the time
of installation should be entered, on {the Iine
in the fifth column of the data table. Wkf it
1s not within «the limits of 200 to 3009, volts
d-c, do not proceed.

2. Adjustment of the HKB Lontrol”Unit tube
heater current will be accomplished along with
the adjustment of the tramdsmdtter heater cur-
rent, because all the heaters)of the assembly
are connected in geries, The necessary ex-
ternal heater serles gresistors are a part of
the accessories fordthe @ssembly of which this
Unit 1s a part; and thé instructions for thelr
adjustments are to be found in the instruction
book for the complete assembly. After the ad-
justment 18) completed record the value of cur-
rent as measured at jack Jl. The heater cur-
rents of the Control Unit and the transmitter
shouldjbe within the 1limits tabulated on Table
II.

External accessory resistor R25 1s connected

18

in shunt to the HKB tube heaters. By bypass-
ing .3 ampere, 1t enables thelr operationdn
series with the tube heaters of the trans-
mitter, which draw .9 ampere. Resistor R25 1is
adjusted at the factory to 208 ohms plus or
minus 1 percent and should not be changed firom
the above value.

3. The plate circuilt supplyiwolfage 1is to
be measured between terminalf #5p and terminal
#10.

4. After the aboveQadjustments are com-
pleted, measure at gthe "other two metering
jacks, J2 and J3, 4to seevthat no current 1is
Under the, condition of the bilas re-
sistor R6 beilng Set{ ne&r the center, the Relay

flowing.

Tube, V4, i1s blasedywell beyond plate current
cut-off, so that the current at jack J2 should
be well “Belowmythe 1imit of .1 milliampere.
Under thé con@lition of no r-f signal receilved,
the cufrenthat jack J3 should be well below
the 1imdt of .1 ma. AhYy excessive current flow
shouldybe 1nvestigated and the fault cleared
before ) proceeding with the tests. (Make final
check with 1 milliampere range of meter).

5. Measure the d-c bilas voltage between
terminals #5 and #18.
6. Osclllator Plate Voltage. Adjustments

are exactly the same as for 125 volt equip-
ment . See paragraph 6 of previous section.
Refer to values on Table II.

7. Thyratron Grid Bias Volts. Adjustments
are exactly the same as for 125-volt equip-
ment . See paragraph 7 of previous section.
Refer to values on Table II.

8. Relay Tube Grid Bias Volts. Adjustments
are exactly the same as for 125-volt equip-

ment . See paragraph 8 of previous section.
Refer to values on Table II.

OVERALL TEST OF COMPLETE
INSTALLATION

After the complete equipment has been in-
stalled and adjusted, the followlng tests can
be made which will provide an overall check on
the relay and carrier equipment. The phase

rotation of the three-phase currents can be

-_
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checked by measuring the a-c voltage across
relay terminals 19 and 20 or test switches B
and C with a high resistance a-c voltmeter of
at 1least 1000 ohms per volt. The reading
obtained should be approximately 0.9 volts per
ampere of balanced three-phase 1load current
(secondary value) with relay taps 4, C and H.

This test requlires that a balanced three-
phase 1load current of at least 1.0 ampere
(secondary) ©be flowing through the 1line-
sectlion protected by the HKB relays. At both
terminals of the protected 1line-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
one 1n the C and H taps. Be sure to insert
the spare tap screw before removing the con-
nected one. Now open test switches D and E on
the relay at one end of the line section
(Station A) and insert a current test plug or
strip of insulating material into the test
jack on switch E to open the circuilt through
that switch. The above operation shorts (the
phase A to neutral circuilt ahead of}) the
sequence fllter and disconnects the ‘phase A
lead from the filter. This causes ‘the phase B
and C currents to return to the cuzrent)trans-
formers through the zero-sequencg rgsistor 1in
the filter, thus simulating aphase A-to-
ground fault fed from one end of the 1line
only. As a result, bothd4{theffault detector
and operating element at Station A should
close thelr contacts. Completion of the trip
clrcult can be checked, by, econnecting a small
lamp (not over 10 watts)@ across the terminals
of test switch .J.

Now perféorm (the ,above operations at the
opposite #hd ofjthe 1line-section (Station B)
without{resgfting the switches at Station A.
This simulates/ a phase-to-ground fault ex-
ternal to the protected 1line-sectilon. The
fault detector, but not the operating element
at B should plick up, and the operating element
at) A should reset. Restore test switches D
and JE at Station A to normal (closed). The
Iine conditions now represent a phase-to-
ground fault fed from Station B only. The
fault detector At A should reset and the oper-

ating element at B should pick up. Restore

. L. 416650

test switches D and E at Station B to normal,
and both elements of the relay in the standard
case, the above test can be perflormed ) using
sultable external test switches.

The above tests have checked phase rotation,
the polarity of the sequence fllter output,
the interconnections betweengthe relay and the
carrier set and the, Phase A current con-
nections to the relay atijboth stations. Phase
B and C can be similakly checked by opening
test switches F 'and /G for phase B, and
switches H and Ty for phase C. The same
procedure deseribed for Phase A 1s then
followed.

If 41, the” tests have been completed with
satdsfactory results, the test switches at
both) “Vine terminals should be closed (close
the tmip circult test switch last) and the re-
lay cover replaced. The equipment 1s now
ready to protect the 1line-section to which it
1s“connected.

MAINTENANCE

Since the Control Unit has no front-of-panel
controls, 1t requires no attentlon except
maintenance as described 1in the following
paragraphs. The unit cannot be taken out of
service without taking the entire assembly out
of service.

Every three months an ovérall inspection
should be made to see that no excesslve cor-
roslion has developed due to fumes or conden-
sation of moisture. Any accumulated dust and
dirt should be cleaned out, as often as once a
month in some locallties.

Tubes

At the end of each year of operation, the
tubes should be removed from theilr sockets,
and thelr contacts inspected for possible dirt
or corrosion. If there 1s any discoloration,
it may be removed by the use of very fine
sandpaper. In order to assure maximum tube
life, 1t 1s very important that the resistance
of the contacts be kept to an absolute mini-
mum. If necessary, this cleaning operation
should be performed more frequently than indi-

cated above.
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Resistors

The resistors are operated well within thelr
ratings, and should not fall 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 operation, and
the ferrules and clips cleaned of corrosion
with crocus cloth or very fine sandpaper. In
a corrosive 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. 7615216), except resistors R23, R24, and
R25 &and tubes. Style: 1471840-A-
but with tubes.

ORDERING INFORMATION

Electric
purepared to supply any of the listed parts for

The Westinghouse Corporation 1s

as above, 2.

servicing this unit. Orders should speclfy
that they are for the Type JY, HKB Contzeild
Unit, and mention the unit style number [and
circuilt symbol where it 1s given. All orders

must specify the rating as well.

ACCESSORY GROUP COMPONENTS

Note: Item 1 or 2 wi1ll be suppli€d with the
HKB Control Unit for the appropriate applica-
tion. Tubes are 1ncluded with the Control
Unit.

1. Accessory Group fer l1254volts.
Style: 867955
Electrical Pants =)Resistors R23 & R2%4.
Mounting panel/fox R23 & R24.
Dummy resdstor for JY Transmltter.

Accegssory Group for 250 volts (less ex-
ternalyhedter series resistor).

Style: 867956

Electrieal Parts - Resistor R25

Mounting panel for R25

Dummy resistor for JY transmitter.
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Fig. }1—Outline And Mounting Plan Of The Type HKB Contirol Unit. For Reference Only.
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I. L. 41-6500

COMPONENT PARTS

%;
SYMBOL NUMBER NAME RATING
REQUIRED
CAPACITORS
Cl 1 Thyratron Plate to Plate .25 Mfd., 600 V. d-c
c2 1 Thyratron Output .05 Mfd., 600 V. d-c
C3 1 Rectifier Doubler Input .0051 Mfd., 600 V. d-c¢
c4 1 Rectifler Doubler Output .0051 Mfd. 600 d-c
coH* 1 Transformer By-Pass .003 Mf4d., 500 V. d-c
c6 1 Thyratron Grid By-Pass .UuE Mfd., 500 V., d-c
CcT 1 Thyratron Grid By-Pass .002 Mfd., 500 V. d-c
(o} 1 Delay Filter .1 Mfd., 600 V. d-c
MEBTER JACKS
Jl 1 Tube Heaters Western Electric 232A
Je 1 Relay Tube Plate & Screen or
J3 1 Rectifler Doubler Output Cock Electric JK-24
REACTORS
L1* 1 Carrier Start Circuilt T henries, 25 ma. d-c¢, 440 ohms d<-e,resistance
2 1 Deliy Filter 8#1336643, 10 hy, 7000 -~ d-@ \ resistance.
RESISTORS
Rl 1 Carrier Start Thyratron Plate 16,000 ohms, 22 walft, tapped.
R2 1 Carrier Start Thyratron Plate 2,000 ohms, 12 watt, ‘@adjustable (1 band).
R3 1 Relay Thyratron Plate 2,000 ohms, 12 watt.
RL 1 Relay Thyratron Plate 8,000 oktms., 12 watt.
R5* 1 Thyratron Blas 50 ohms, 22 Wwatt, adjustable (1 band).
R6 1 Relay Tube Bilas 2,000 ohms, 227 wett,madjustable (1 band
R7 1 Heater Shunt 160 ohms,p22 wabtt .
R8 1 Amplifier Bias 6.3 ohms, 22 wattd
RO 1 Amplifier Bias 10 ohms,g22 watt.
R10 1 Amplifier Bilas 2.5 ohms, 12 watit.
R11 1 Amplifier Bilas 4 ohms; 22 watt
R12 1 Bilas Restoring 5,600 ohms, I1dwatt.
R13 1 Blas Restoring 0.11 segohms, 1 watt.
R14 1 Bilas Restoring 91,000 (ohms, (Ipywatt.
R15 1 Thyratron Grid 0.1 ‘megohm, 1 watt.
R16 1 Thyratron Grid 0%1 megohm, 1 watt.
R17 1 Thyratron Cathode 2,400 ohms, 1 watt.
R18 1 Rectifier Doubler Input 2,000 ohms, 1 watt.
R19 1 Rectifiler Doubler Output 53000 ohms, 1 watt.
R20 1 Relay Tube Grid 51,000 ohms, 1 watt.
R21 1 Tube Shell Grounding 0.27" megohms, 1 watt.
R22* 1 Reactor Shunt 59100 ohms, 1 watt.
R23 1 Heater Series 63 ohms, wire wound, adjustable (1 band).
R24 1 Heater Series 63 ohms, wire wound, adjustable (1 band).
R25 1 Heater Shunt 250 ohms, wire wound, adjustable (2 bands).
R26# 1 Thyratron Bilas 100 ohms, 22 watt, adjustable (1 band
R2T# 1 Thyrstron Blas 100 ohms, 22 watt, adjustable (1 band
Rx 1 Rectox S#1360902
TRANSFORMERS
T1 1 Thyratron Input 1/4 ratio topped secondary.
T2 1 Relay Tube Output 2500/500 ohms Impedance Ratio.
T3 * 1 Recelver-Audio 2500/500 ohms Impedance Ratio.
TUBES
V1 1 Carrier Start“Thyratron-Gas Type 2050
v2 1 Relay Thyratron-Gas Type 2050
V3 1 Rectifier Doubler-Vacuum Type 25Z6
V4 1 Rélay Tube-Vacuum Type 2516
TUBE SOCKETS
X1-Xb 4 Ocgtal Ceramic Tube Socket Amphenol Type MIP8T (From Dwg. T7614215-1)

*In Control Unit S#867954AConly.
#In Control Unit S#1471841 only.
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PART IIl - TYPE HKB TEST FACILITIES

APPLICATION

The type HKB test facilities provide a
simple manually operated test procedure that
will <check the combined relay and carrier
equipment. The test can be performed without
the aid of 1nstruments. The results give
assurance that all equipment 1s 1n normal
operating condition without resorting to more

elaborate test procedures.

CONSTRUCTION

Test Switch

The type W test switch 1s provided with
elght palrs of contacts, two pailrs of which
are closed in the '"carrier on" position. The
contact arrangement 1s shown 1in Fig. 12, and
the outline and drilling plan 1n Fig. 15.
These contacts are used to complete the HKB
trip circuit and the alarm circuit as 1ndi-
cated in Fig. 12 by contacts 1, 2, and 7, 86
In the '"carrier off" position the HKB t¥ip
circuit 1s opened through contacts 1 andy2,
but the alarm circult remains closed. Two.
test positions to the right of the "carrier
off" positions are provided. When the_ switch
i1s moved to elther of these positiong, thé) re-
lay trip and alarm circults areginterrupted
and a red alarm 1light 1s turned( on"by switch

contact 3 and 4. Moving they Switch to the
TEST 1 position will connect theypoutput of the

auxiliary test transformer directly to the HKB
terminals number 25 and 26, through the type W
contacts number 9 and 10,, and 11 and 12.
Moving the switch t@,theyd TEST 2 position will
connect the testf{transformer with a reversed
polarity to thef HKB{ relay through switch con-
tacts 13, 14 andW5, 16.

Auxiliary Test Transformer

The auxiliary test transformer 1s designed
to operate) from a 115 volt, 60 cycle power
sourge. WFour secondar& taps numbered 1, 2, 3
and 4 are’provided to vary the magnitude of
theWtest current. The tap numbers equal the
current in amperes that will be passed through

22

the relay when ground tap H 1s used. If the
relay 1s connected to wuse ground tapgG,
approximately two times the transformern tap
value (2, 4, 6 or 8 amperes) will be passed
through the relay. The outline and drilling
plan of the transformer i1s shown in Fig. 23.

Indicating Lamps

The red and blue
standard rectangular Minaliteés.

indi€atingy lamps are
Outline and
drilling dimensions are givengin Fig. 15.

ADJUSTMENT

Choose a trangformer? tap that will provide
approximately ©wo times the phase-to-ground
current setting, of¥the HKB relay as previously
determined.

OPERATION

A multil-contact switch 1s provided at each
linenterminal which serves the dual functions
of & carrier on-off switch and a test switch.
This®™ switch 1s arranged to apply a single
phase current to the HKB relay to simulate 1in-
ternal and through fault conditions. Relay
operation 1s noted by observing a blue 1n-
dicating lamp connected in the HKB relay trip
During the test the HKB trip cir-
cult to the 1line breaker 1s opened and a red

c'rcuit.

warning 1light 1s energized through auxiliary
contacts on the test switch.

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

The test apparatus 1s to be connected as
shown 1in Fig. 12 with the auxiliary test
transformers energized from 115 volt, 60 cycle
power sources at each line terminal that are
i3 phase with each other. The following oper-
atlon procedure assumes that the same polarity
1s used 1n connecting the test transformer at
each line terminal.

1. Turn the carrler test switch at both
line terminals to CARRIER OFF.
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2. Turn the carrier test switch to TEST 1
at line terminal #1. The local
to transmit half cycle impulses of
Tripping will be indicated

relay should
operate
carrier, and trip.
by the blue light.

3. Turn the HKB test switch at the remote
line terminal #2 to TEST 1. This will simulate
an 1internal fault fed from both 1line termil-
nals. The relay at 1line terminal #2 will
trip, and the relay at line terminal #1 will

remain tripped. Tripping will be indicated by

I. L. 414650D

terminal #2 will hold its trip contact/ciosed,
lighting the blue 1light.

5. Turn the HKB test switch at linestermi-
nal #1 to TEST 2. This condition will simu-
late an external fault. The trip contacts of
both relays_ will be held blue
light will be extinguished.

open and the

at both 1line
returning to

6. Reset the test swltehéSs
terminals to CARRIER(OER),before
CARRIER ON for normal /service.

the blue lights at each 1llne terminal. This completedythe test procedure.
Carrier will be transmitted in half cycle im-
Component Style Numbers

pulses simultaneously from each end of the
line. Test Transformer S#1338284

Type W Test/ Switch S#1446447 for 1/8" panel

4. Reset the HKB test switch at line termi- mounting.
nal #1. The relay at terminal #1 will reset Type W) Tést Switch S#1446448 for 1-1/2" panel
and turn off the blue light. The relay at mounting.
STATION BUS PHASE ROTATION'AB,C A TRIP CIRCUITS
B
C

'TRANS. PRI.

| _|BACK.UP \ER
RELAVS CARR ER CONVROL CIRCUITS
NE6 TRANS SEC. pos.
%:;; o
T i eackiup
RELAY CARRIER SWITCH HK CARRIER
o 16, 45
LINE |
0CB. ITRA 13,1 ] 12, 1l
LINE X T FORMER OPERATING
ELEMENT
TUNER (o m
SOIL "5y 60 CYCLE
i TEST SOURCE 2500 125V,
ABC = 625 250V,
CARRJER SWITCH 70 CARRIER
6[_25‘/. ONLV‘
CARRIER posmon 1 | | “&O¥F——%® -~
OFF CONTACT | 5N~ TorFF Tgs_r_q‘ir:esr:’z
ON TESTI T T X
C)Tanz -4 X
= %
= X [ X -
= < 3
SWITCH e X - —ZH‘LO--'TTI LO——@'—JTTI '
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1516 | _
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Fig. 12—Schematic Connections Of Type HKB Relay And Test Facilities.
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INSTALLATION

I. L. 41-650C

e OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE HKB RELAY, CARRIER CONTROL UNIT AND TEST EQUIPMENT

APPLICAT

0

The type HKB relay iﬁba high speed carrier

th power lines

relay used 1in conju ion

to/ provi complete phase
and ground fault g§h ectio a transmission
1

i carrier equipment

tripping of the
1s obtained 1n
internal faults

line section. 1tane
relays at each 1line terﬁ&pal
three cycles r hess for all

within the lipide¢! of the) relay settings. The
e current only, anid no

a-c & potential 1s required.
uently, the \B¥geys willl not trip during
a sysitem swing or out-of-step condition. The

arrier equlpment operates directly from£he
ion battery.

N

The HKB carrier relaylng systemg@oempares the

on 1

PRINCIPLE OF OPERATION

phase positions of the currents at jgheWwends of

a line-section over a carpfér "ehannel to

whether an imnternal Jor
The three-phase®line currents
falter

voltageypproportional to a

determine
ault exlsts.
energlze a sequence which gilves a
single-phase output

combination of sequen@e components of the line

current. During a fault, thls single-pnase
voltage controlgman eléctronic circuit which
allows the transmdssion of carrier on alter-

nate half-egycles “of the
Garrier 1§ transmitted from both line

power-frequency cur-
rent.
and 1s recelved at

terminals, An th¥s manner,

ends where 1t 1s compared with
of the

Thils comparison takes place 1n

the opposite
the
filter output.
the grid circult of a vacuum tube.
ities of the voltages to be
that “for an fault,
-~ fTows on power-frequency half-
&wwf cycles. A
cult of the vacuum tube

phase position local sequence
The polar-
compared are such
internal plate current
alternate
in the plate cir-

under this

relay connected
operates

NEW INFORMATION
(FORMER L L. 41-650B REVISED)

external

condition to complete the trip circuit. During

an external fault / the@change in direction of

flow
continuously blocked, and

gauses the plate current to be

the plate circuilt

current
relay does not“operate.

this opefates only
duringfa fault,

bl¥e,atvall pther times for the transmission of

Since relaying system

the carrier channel 1s avalla-
otherifunctions.

PART I— TYPE HKB RELAY

CAUTION

remove all

Before putting relays into service,

blocking which may have been 1in-

serted for the purpose of securing the parts

during make sure that all moving

parts operate freely,

shipment,
inspect the contacts to
see that they are clean and close properly,

and operate the relay to check the settings

and electrical connectilons.

CONSTRUCTION

The relay consists of a combination
pogltive, negative and zero sequence filter, a
saturating auxillary transformer, two Rectox
units, two polar relay units, a telephone-type
switch and
operation indicator all mounted in a Type M-20

Flexitest Case.

relay, a neon lamp, contactor

When the standard case 1s

supplied, the sequence fillter, top plates, and

projection
saturating auxiliary transformer are mounted

In a box which can be located on the rear of

the switchboard panel 1in any convenlent po-
sition. The remalnder of the relay elements

are mounted proper. The

in the relay case
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,

EFFECTIVE 6-47
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TOP _TEST SWITCH TO BASE TERMINALS

EDL & 8 &y

FRONT VIEW OPERATION INDICATOR

COVER OPERATED
TEST SWITCH

SWITCH - WHEN X
usED
v
CONTACTOR swiTeh —___| @"_ '@ ®
: t cs 1T _?I A':

Fp2
&% — *®
@;1 e aal <0
6) Fi FUL'. WAVE
/RECTIF!EBS

OPERATING ELEMENT )
(TELEPHONE RELAY) 1
]

UPPER POLAR
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SATURATING
r/ TRANSFORMER

FOR PHASE
ROTATION ,A,8,C

-, A=
C| & T
3 WINDING

MUTUAL REACTOR

A
B

N
\ SHORT CIRCUIT SWITCH

/RED HANDLE

, -TO RELAY
——CURRENT TEST JACK

o (€ (gl
05 & o O ~=—-TO BASE TERMS.

FRONT VIEW \ CHASSIS OPERATED
SHORTING SWITCH

REAR VIEW

Fig. l1—Internal Schematic Of The Type HKB Carrier Relay
In The Type FT Case.

2, and 3). Terminals 18,
ternal box are to be

19 and 20 of the ex-
connected to the corre=
sponding termlnals of the relay 1n the stands
Otherwise,

tions for the relay in the standard projection

ard case. all external connee-

case or 1n the type FT case are made to the

same terminals.

Sequence Fillter

~
The currents from the curremt “transformer

secondarles are passed thnu a\\filter con-

sisting of a three-windinggglron=€ore reactor
and two reslstors. The zerofseQuence reslstor,
Ry, consists of threge Teslstes tubes tapped to
obtain

conditions.

settings £ Tor, vanrlous ground fault
The“othér re®lstor R; 1s a formed
single wire mounte@yofn the rear of the relay
of this fllter provides

a voltage across the primary of the saturating

sub-base. The output

transformens

The lowedk tap block provides for adjustment
of theWrelatlve amounts of the positive, nega-
tivelandizero sequence components of current
iny,the filter output.
element” energized from the fillter

2

Thus a single relay
can be used

CONTACTOR SWITCH OPERATION INDICATOR.

s . % o o)
é)—q._“;l} ——G
@7

—3
e ®
® S ~@

1

TEST SWITCH—__|

R OPERATING |ELEMENT
[ -TELEPHONE RELAY

I~ FULLAWAYE

NEON LAMP . RECTIEIERS
@
BA(FU:
T UPPER POLAR.

e RELAY ELEMENT
LOWER POLAR —
RELAY ELEMENT &

RERR VIEW

Fig. 2—Interngl Schematic'Of The Type HKB Carrier Relay
In The Standard Projection Case.

as a faultgdetector for all types of faults.

Saturating, Aux?®liary Transformer

Theyp voltage from the filter 1s
tapped \primary (upper tap plate)

fed into the

of a small
saturatfing transformer. This transformer and
& neon lamp connected across 1ts secondary are
1imit the

fault detectors (polar relay elements) and the

used to voltage 1mpressed on the

carrier Control Unit, thus providing a small

range of voltage for a large variation of

maximum to minimum fault currents. Thils pro-
light faults,

energy for

vides high operating energy for
and 1limits the
faults to a reasonable value.

operating heavy

The upper tap plate changes the output of

the saturating transformer, and 1s marked 1in

amperes requlred to plck up the lower fault

detector element. For further dlscussion, see
section entitled, "Settings"
Rectox Units

The secondary of the saturating transformer
the out-

polar fault detec-

feeds a bridge-connected Rectox unilt,
put of which energlzes the
tor elements.
the output of the Control Unit,
voltage

A second Rectox, energlzed from
supplles a d-c
to the telephone relay element which

operates only for an 1nternal fault. The use

of sensitive polar relay keeps down the energy
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Fig. 3—Internal Schematic Of The Sequence Filter Used
With The Type HKB Relay In The Standard Projec-
tion Case.

'required from the current transformers.

Polar-Type Relays

These of &

shaped magnetilc

elements consist reetangular

frame, an electromagnet, a
and an armature with a set
of the

each

permanent magnet,

of contacts. The polgs permanent
side of the
magnetlic frame. Flux freom the“permanent magnet
divides

alr gap at the

magnet clamp directly t@

into two p&ths,“ene path across the
frontwof “tHe
the other across two

element 1n which
the armature 1s located,
gaps at the basegof, the" frame. Two adjustable
shunts are located ‘dcross the rear
These

path sodas te foree some of the

alr gaps.
reluctance of the magnetic

flux thru the
to the leaf
midway be-
Flux. 1n the

a magnetic

changejthe

moving“armaturefwhich 1is fastened
and) @attached to the frame
gaps.
1t and creates

spring
tween the two rear alr
armature polarizes
bdas

other

causing 1t to move toward one or the

of the poles, depending wupon the ad-

justment of the magnetlc shunts.

A coll around the armature and

within the magnetic frame.

1s placed
The current which
a magnetlic fleld

flows 1n the coll produces

3 CURRENT 1
tft20 Ma =1

OPERAMNG [31 1 1HETT LIy i1 ess
f’Emmur:E#*ii? i
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Fig. 4—Typical Overall Operating Characteristics Of The
Type HKB Carrier System.

fleld and
in the contact-

which opposes the permanent magnet

acts to move the armature

closing direction.

Contactor Switch

The d-c
solenold

with a
lower end moves in the solenoid.
As the plunger travels disc
bridges three sllver statlonary contacts. The
coll 1s 1n serles wilth the
of the relay and with the trip coll of the
breaker. When the relay contacts close, the
switch

This shunts the maln relay contacts
relieving them of the
These contacts

contactor switch 1in the relay 1s a
type switch. A
silver disc

small cylindrical

plunger mounted on 1its
core of the
upward, the

maln contacts

coll ©becomes energlized and closes the
contacts.
thereby duty of carry-
ing tripplng current. remain

closed until the trip clrcult 1s opened by the

auxlliary switch on the breaker. The .
contactor switch 1s equipped with a third
point which 1s connected to a termlnal on the

relay to operate a bell alarm.

Operation Indicator

1s a small solenold

3

The operation indicator
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which the positive and negative sequence com-

ponents of current add together.

With the sequence fillter arranged for po-
sitive, negative and zero sequence ,output,
there are some applications where the maximum

load current and minimum fault current are too

close together to set the relay to pick up

under minimum fault current, yet not operate
under load. For these cases, a tap 1s availl-
able which cuts the three phase sensitivity in
half, whlle the phase-to-phase setting 1s
substantially unchanged. The relay then trips
for AB and CA faults,

three-phase faults. The

at tap value and at
twice tap value for
BC faults 1s 70 percent of tap

it may be desirable to

setting for
value. In some cases,

eliminate response to positive sequence cur-

and operate the relay on neg-
A tap. 1s

avallable to operate in thils manner. The fault

rent entirely,
ative-plus-zero sequence current.
detector picks up at tap value for all phase-
to-phase faults, but 1s unaffected by balance
load current or three-phase faults.

For ground faults, separate taps are avallas
ble for adjustment of the ground fault sendi-
tivity to 1/4 or 1/8 of the upper tap
plate setting. For example, 1f the upper.
tap plate 1is set at tap 4, the fault detectOr
(FD1) pick-up current for ground faultdl cangbe
elther 1 or 1/2 ampere. In
desirable to eldmlnate re-
The relay 1s
provided with a tap to allow sucéhieperation.

speclal applica—
tions, 1t may be
sponse to zero sequence current)

SETTINGS

The HKB relay hasfseparate/ tap plates for

adjustment of thef phase, and ground fault
sensitivities and fthe _sequence components
included in the f1Tter odtput. The range of

1sysufficient to
The method of de-
termining the corréet taps for a gilven instal-

the avallable taps cover a

wlde range of application.

lation 1s discussed in the followlng paragraph.

In all ea8es; the similar fault detectors on
the relays,at both terminals of a line section
must, be) set to plick up at the same value of
line ‘eurrent. This 1s necessary for correct
blocking faults

protected line smection.

b

during external to the

Sequence Combination Taps

The two
for connecting the sequence filter to provide
any of the comblnations described in the pre-
vious section. The 1left half of the tap
plate changes the tap on the third wiﬁding of
the rela-

halves of the lower tap plate ake

the mutual reactor and thus changes
tive amounts of positive and negatidve sequence
Operation of gfhe/ relay with the
various taps 1s given 1n the tablEe below.

sensitivity.

TABLR T
Sequence Components | Tapsfion Léwer | Feult Detector FD1 Pick Up &
Comb . In Filter Output Tap Block 38 Fault $ - P Fault
Left " Right
Half “Half
1 Pos., Neg., Zero o) G or H* Tap Value| 86% Tap Value
(50% on BC Fault)
2 Pos., Neg., Zero, B Gor H 2x Tap Tap Value
value |(70% on BC Fault)
3 Neg.,gZero A Gor H -- Tap Value

* Taps F, G'and H'ale,zero-sequence taps for ad justing ground
fault sensitiwity. See section on zero-sequence current tap.

s Fault detector FD2 1s set to plck up at 125% of FDl.

PositiverSequence Current Tap

The upper tap plate has values of 3,4,5,6,7,
8, and 10.
represent the three-phase,
when the
for positive, negative and zero sequence out-
put. The fault detector FD2
contact to allow tripping at current value 25
percent above the fault detector FD1

As mentioned before, these numbers
fault detector FD1

pickup currents, relay 1s connected

closes 1ts

setting.
This 25 percent difference 1s necessary to in-

sure that the carrier start fault detectors
(FD1) at both ends of a transmission line
section pick up to start sarrier on an ex-

ternal fault before operating
plied through FD2.

energy 1s ap-

The taps on the upper and lower tap plates
should be

minimum internal line-to-line faults, and Jyet

selected to assure operation on

not operate on normal load current, particu-
larly 1f the carrier channel 1s to be used for
auxiliary function. The dropout current of
the fault detector 1s 75 percent of the pick
up current, and thils factor must also be con-

sldered 1n selecting the positive-sequence

current tap and sequence component com-
bination. The margin between load current and
fault detector sufficient

to allow the fault detector to drop out after

pick up should be
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an external fault, when load current con-
tinues to flow.

Zero-Sequence Current Tap

The right half of the lower tap plate 1s for
adjusting the ground fault response of the
relay. Taps G and H give ground fault =sensi-
tivities equal to 1/4 and 1/8 of the upper tap
plate setting, respectively. Tap F is used 1in
applications where 1ncreased sensitivity to
ground faults 1s not required. When this tap
1s used, the voltage output of the filter due
to zero-sequence current 1s eliminated.

Examples of Relay Settings

CASE I

Assume a two-terminal 1line with current
transformers rated 400/5 at both terminals.
Also assume that full 1load current 1s 300
amperes, and that on minimum internal phasejg
to-phase faults 2000 amperes 1is fed in from

one end and 600 amperes from the other fend.

r-Z-—S--H
s “]‘—9 ~|2
g .
TERWM:B TERWG
2
2 e g
g T §r
. z e gl 7
TERM D :‘ TR D Y
rl -}
2l | TERWIB =
g H
TEFM C & TErm R R
Py N 2
A
I -r_i_j_ _4_~§§§qxéé?§:__i_!_
TERM™M. A SO, “2HoLES ALY
NAME PLATE NAmE PLaTE
<
1] J
~jn
A ]
—4§?—Lé§F-—%;‘
——ﬁl%ﬂtr fﬁ
l ‘_
FiG, 6 5b)
(1-RESISTOR) (2-RESISTORS)

Fig. 5—Outline And Drilling Plan For The External Resistor
Used In The HEB Relay Control Circuit. For Ref-
erence Only.

1. L. 41-650C

Further assume that on minimum internal ground
faults, 400 amperes 1s fed 1in fromilené end,
and 100 amperes from the other end.

Posltive Sequence Current Tap

Secondary Values:

Load Current = 300 x >

400
Minimum Phase-To-PhaséyFault Current:

=% .75 amperes (1)

600 x = 7.5 \amperies (2)

5
4oo
Fault detector FDl setting (three phase) must
be at least:
3.75
0.75

= 5 amperes (0.75 is dropout ratio of
fault detector) (3)
8o, that the Wault detector will reset on load

current.

' Iny, order to complete the trip circuilt on a
T7T.5yampere phase-to-phase fault, the fault
detector FD1 setting (three-phase) must be not
more than:

1 1
7.5 x—ajggg X-TT§§ = 6.98 amperes (%)
FD2
1.25 = pick up

" FD1 plck up

Sequence Combination Tap

From a comparison of (%) and (4) above, it
is evident that the fault detector can be set
to trip under fiinimum phase fault condition,
In this
case, tap C on the lower left tap block would
be wused (see Table 1, Comb. 1) as there 1is

yet not operate under maximum load.

sufficient difference between maximum load and
minimum fault to use the full three-phase sen-
sitivity.

'

Zero Sequence Tap

Secondary Value:

5
100 x =1.25 minimum round
%00 &

amperes
fault current

With the wupper tap 6 1in wuse, the fault
detector FD1 pickup currents for ground

faults are as follows:

t

Lower right tap G 1/4 x 6
Minimum trip = 1.25 x 1.5

1.5 amp.
1.875 amp.
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Lower right tap H 1/8 x 6 = 0.75 amp.
Minimum trip = 1.25 x 0.75 = 0.938 amp.

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

CASE II

Assume the same fault currents as 1n Case
I, but a maximum load current of 500 amperes.
In thls example, with the same/ sequence com-
blnation as 1n Case I, the fault detectors
cannot be set to trip on the minimum internal
three-phase fault, yet remaln 1noperative on
load current. (Compare (5) and (6) below).
However, by connectling the fillter per Combi-
natlon 2 on Table I, the relay can be set to
trip on minimum phase-to-phase fault, although
i1t will have only half the sensitilvity to
three-phase faults. Thils will allow operation
at maximum 1load wilthout plcklng up the fault
detector, and provide high speed relaylng of
all except light three-phase faults.

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

= 6.0 amperes (5)

75 x 1.25

To be sure the fault detector FD1 willl reSet
after a fault, the minimum tap settlag 18
determined as follows:

5
Load Current = 500 x o5 - 6.25 amps {6)
6.25
—— = 4.1 8. (7)
0.75 7 233 =4.17

Since the fault detector piekup €urrent for
three-phase faults 1s twice_ tap walue, half
the above value (Eq. 7)f showld be used 1n
determining the minimumithree-phase tap.

ELQ% = 4.17 (8)

From a comparison ofp45) and (8) above, tap
5 would be selected. .

With the three-phase tap 5 1n use, the fault

detector pdckup current for ground faults will"

be as follows:

Tap. G 2/% x 5 = 1.25 a.
Minlyuf trip = 1.25 x 1.25 a. = 1.56 amp.

Tap H1/8 x 5 = 0.625 a.

10

Minimum trip = 1.25 x 0.625 a. = 0.78 amp.

Therefore, tap H would be used to trip
the mininum ground fault of 1.25 ampere.

INSTALLATION

The relays should be mounted _on (switiehboard
panels or thelr equivalent 1n a Tecatiom” free
from dirt, molsture, excesslyenpvibration and
heat. Mount the relay vertlcaldy by means of
the two mountilng studs fofjthestype FT pro-
jectlon case or by means @f thel four mounting
holes on the flange forgthe“seml-flush type FT
case. Either of the studs or the mounting
screws may be utlllized for groundlng the
relay. The electricalleonnections may be made
direct to the terminals by means of screws for
steel .panel mounting or to terminal studs
furnished“wlth,the relay for ebony-asbestos or
slate panel mountlng. The terminal studs may
be easlly “kemoved or lnserted by locklng two
nuts on“the studs and then turning the proper
nut #1th a“wrench.

Externald Reslstor

A resistor 1s required 1n the carrler start
fault detector cilrcuilt, as shown 1n Fig. 12
connected between HKB relay terminal 8 and
Its functlon 1s to avold
short circulting the statlion battery through

battery positive.

the normally-closed contact of the carriler
start fault detector FD1.

The values of thls reslstor are tabulated

below.

Style No. D.C. Supply Ohms Outline &
Drilling

1337179 125 volts 250 Flg. 5a

1337181 250 volts _ 625 Flg. 5b

This reslstor can be mounted on the rear of

the switchboard 1n any convenlent locatilon.

ADJUSTMENTS AND MAINTENANCE

CAUTION

1. Make sure that the neon lamp 1s 1n place
whenever relay operatlon 1s belng checked.
This 1s necessary to 1limit the voltage peaks
1n the fillter output at high currents so as to
prevent damage to the Rectox Units.

“~
—

U
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Fig. 10—Internal Schematic Of The,Type HKB Control Unit.
2. When changlng taps under load, the spare all ‘out position. The armature should remain

tap screw should be inserted before removing

the other tap screw.

3. All contacts should be perlodicaliy
cleaned with a fine fille. S#1002110 file As
recommended, because of the dangér “of em-
bedding small particles 1n the face of, the
soft silver and thus impalring the, contact.

4. The proper adjustments tofingure correct
operation of this relay have been/ made at the
factory and should not be distugbed after re-
celpt by the customer. If, the adjustments
have bteen changed, the Felay,taken apart for
repalrs, or 1f 1t ds“desired to check the
ad justments at regular maintenance periods,the
instructions below/shoudd be followed.

Sequence Filter

Thered are mno, adjustments to make iIn the
filtenl

The follewing mechanlical adjustments are
given as a gulde, and some deviation from them
may befecessary to obtaln proper electrical

calivration.

Fault Detector FD1 (L%wer Polarize

elay Element

Back off contact serews so that they do not

make contact. Screw magnetic shunts 1nto the

agalnst whichever side 1t 1s pushed wilth this

adjustment .

Contact Adjustment

Push the armature to the right. Ad just the
right-hand contact until 1t ©barely makes a
light circuit. A flickering 1light 1s per-
missible. Give the contact screw 2/% turn to
obtain the proper follow. Lock in position by
tightenling the nut on the contact screw.

Now push the armature to the left. Ad just
the left hand contact untill it barely makes a
light circuit, then glve the contact screw an
additional 2/3 turn to obtaln the proper
contact follow. Lock in position.

Calibration

During callbration, connect a 10,000 ohm
resistor across terminals 19 and 20 or switch
jaws B and C to simulate the load of the
transformer in the Control Unit. Anproximate

adjustments are as follows: Screw in the right
hand magnetic shunt until the top alr gap is
shunted. With the upper tap on 4, and the
lower taps on C and H, pass 3.46 amperes, €0
cycles in phase A and out phase B, and screw
in the 1left hand shunt untill the armature
closes the right hand contact. Reduce the
current until the armature resets; this shéuld

11
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happen at not less than 75% of the pick up
value. Lock the shunts in position and re-
check the calibration severai times. The
actlion of the armature should be snappy. It

. may be necessary to 1ncrease the contact
follow to obtaln the required dropout. As
finally adjusted, the contact gap must be at
least .016 inch.

Fault Detector FD2 (ng?r Pg%arizg?
elay Elemen

Contact Adjustment

Adjust the single contact the same as the
right hand contact on the lower polar element.

Calibration

Connect the 10,000 ohm resistor across
relay terminals 19 and 20 or switch jaws B and
C. Set the relay taps on 4, C and H as before.
Screw 1n the right hand shunt until the top
alr gap 1s shunted. Pass 4.33 amperes in
phase A and out phase B, and screw 1n the left
hand shunt wuntil the armature closes 1ts
contact. Reduce the current wuntil the arma-
ture resets; this should happen at not 1less
than 75% of the pick up value. Lock the
shunts 1n position and recheck the calibratién
several times. The action of the armatureg
should be snappy. It may be necessary 40 1in=
crease the follow on the contact tle obtain
the required dropout. As finally adjusted,

the contact gap must be at least, .016, inch.

Operating Element (Telephone Type¥ Relay)

Check contact adjustment to see that
stationary contact isgdeflecgted 5 to 10 mils
after contact closesgy

Calibration

Connect a d-c milliammeter (0—25 ma) across
test switch jaws H1 and Il (relay out of
case). Confnect a source of variable a-c
voltage (@ntoWlO volts) between terminals 9
and 10 (er switch jaws Fl1 and G1). The ele-
ment 1s %o be“adjusted for 7.5 to 8.5 ma. d-c
pick up%and 3 to 5 ma. dropout. The contact
spring, tension and the armature set screw can

be adjusted to obtain these values.

12

For the relay in the standard case, apply
the a-c voltage across terminals 9 and 10 and
Insert a test plug connected to a d-c milli-
ammeter 1n the single test switch jack of the
relay. If clip 1leads are used, 1t will be
necessary to slip a strip of 1nsulating
material such as fiber 1into the test switch
jack after opening the switch blade &0 obtain
a reading.

Contactor Switch

Adjust the stationary cére ofl %the switch for
a clearance between thegmstatdonary core when
the switch 1s picked up.
convenlently done gby tdrning the relay up-

This can be most
side-down. Screw up the core screw until the
moving core starts \rotating. Now, Dback off
the core _screw) until the moving core stops
Thissy, Indicates the point where the
play i1n th€ moving contact assembly 1s taken

rotating.

up, andf{whekegthe moving core just separates
from the stgtionary core screw. Back off the
stationary"core screw one turn beyond this

polint f and lock 1in place. This prevents the
moving“eore from striking and sticking to the

sfationary core because of residual magnetism.
A@just the contact clearance for 3/32 1inch by
means of the two small nuts on elther side of
the Micarta disc. The switch should pick up
at 2 amperes d-c. Test for stickling after
30 amperes d-c have been passed thru the coil.
The coll resistance is approximately 0.25 ohm.

Operation Indicator

Adjust the 1ndicator to operate at 1.0
ampere d-c¢ gradually applied by loosening the
two screws on the under side of the assembly,
and moving the bracket forward or backward.
If the two helical springs which reset the
armature are replaced by new springs, they
should be weakened slightly by stretching to
obtain the 1 ampere calibration. The coill
reslstance 1s approximately 0.1& ohm.

RENEWAL PARTS

Repalr work can be done most satisfactorily
at the factory. However, 1nterchangeable
parts can be furnished to the customers who
are equipped for doilng repailr work. Vhen
ordering parts, always give the complete

nameplate data.

)
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ENERGY REQUIREMENTS

Burdens measured at a balanced three-phase

current of five amperes.

Relay Phase A Phase B Phase C

Taps VA Angle VA  Angle VA 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°
C-F-3 2.32 0° 0.78 0° 2.36 50°
C-H-10 6.35 342° 2.8% 80° 1.98 185°

Burdens measured at a silngle-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° 23.6 35°

The angles above are the degrees by which
the current lags 1ts respective vigltage.

PART II - TYPE HKB CONTROL UNIT

CAUTION When adjusting this equlpment, allow
the tube heaters to warm“Qup “for at least 30
seconds before applylng plate voltage (by
operating the relayy fault detector). This
precautlon 1s necegsaryité® prevent damage to
the Type 2050 thyratrons.

CONSTRUCTION

The HKB @ontrel Unlt consists of an elec-
tronic briggerd circuilt employing two thyra-
trons; a reetifier-doubler vacuum tube for the
recelved carrier and a vacuum '"relay"  tube
which compares the phase positions of the

Tocal and distant llne currents.

The general appearance and construction of
the Type HKB Control Unit 1s shown by the out-
line drawing, Figure 11. The entire equilp-
ment, with the exceptlon of the accessoriles,
is mounted on a standard 3/16" thick aluminum

panel 19" wide and 8-23%/32" high with standard
notching. The front of the pangl¥is black
wrin%kle finished, and the rear 1s, Nasat. The
tubes protrude through the front“panel for

convenlent 1nstallation and replacement.

Jacks are provided on gHe front of the panel

for current metering, asi follows:

J1l(top jack) Heater “@urrent
J2(center jack) Relay tube emission current

J3(bottom jack)4yRectifier-doubler output cur-

rent
INSTALLATION

When usé€d with the Type JY Transmitter and
Recelvegly, the HKB Control Unit 1s mounted in
the same/cabinet with these panels and immedi-
ately benedth the Recelver panel. The Instruc-
tion) Baek for the complete assembly of which
thissunit 1s a part should be referred to for
additional mounting instructions.

Upon delivery, the wunit should be very
carefully checked for damaged parts. Particu-
lar attentlon should be given to any parts
which may have become loose in shipment, or
wires which may have broken because of
vibration. ZEach HKB Control Unit 1s supplied
with an accessory group of compcnents for
adapting it for operation from 125 volts d-c
or 250 volts d-c. These components ghould be
checked for damage and to see that none are
missing, and checked against the order or re-
quisition and the parts 1list 1n thils ©book as
well as the 1nstruction sheet furnlished wilth
each accessory package. Any shortage should
be Immediately reported to the transportation
company and to the nearest district office of
the manufacturer. The dummy resistor plug
furnished with the HKB accessorles is for use
in the JY Transmitter amplifier cathode cir-
cult. Remove the reslstor regularly furnished
with the JY Transmitter and replace with this
dummy plug.

The necessary connections from the JY
(cabinet) assembly terminal blocks to the
swltchboard, relays, etc., should be made in
sultable condult. Number 12 gauge wire 1s
recommended for these connectlons. The con-
nectlon dlagrams 1n the 1nstruction book for
the complete assembly should be followed. Be
sure to ground terminal #1 on the HKB Unit and
also cabinet terminal #1.

13
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CIRCUIT ADJUSTMENT - GENERAL

Do not 1insert the tubes 1nto the HKB
Control Unit wuntll the following paragraphs
dealing with circult adjustments have been

read.

The HXB Control Unit 1s designed to use the
same tubes for elther 125 volt or 250 volt
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.

operation.

In order to obtaln blas voltage for both the
HKB Control ©Unit and the assoclated carrier
transmitter, the entlire d-c current drain of
both units 1s caused to flow through a combi-
nation of reslstors 1n the Control Unit. 1In
thils way, adjustable blas for the Type 2050
thyratrons and fixed bilas of two different
values, for the'power amplifler tubes of the
transmitter 1s obtalned. Because the adjust-
ment procedure will follow the tabulations
shown on Tables I and II as closely as|
possible, 1t 1s Important to become thoroughdy
familiar with the tables. Five columns are
Included 1n these tables. The first colamn
indicates the quantity to be checked. The
second column 1Indicates the minimumf value
permissible. The third column 1ind@icates the
normal value. The fourth column indicates the
maximum value permissible. The ,f1fth column
should be filled 1n at the timefjof "“Instal-
latlon, to 1ndlicate the actualf value which was
obtaiﬁed. The last column 1§, off great 1im-
portance and should be fdlled,in as soon as
the HKB Control Unit g 1nstalled. All
quantitles must be broughthywithin the minimum
and maximum valueSpecdfled " before the equip-
ment can be considered &£0 be 1n satisfactory
operating condition.
should be kept with the equipment for checkilng
purpases. All lettérs of 1nquiry to the

A copy of these values

manufacturer\regarding the operation of this
unit should'be accompanied by a 1list of actual
values ofigthe elght quantities tabulated on
Table I ‘or II.

The®maximum and minimum limits of the values
dn “the table do not all correspond to the
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same percentage. In the <case of the power
supply or battery voltage, the limlts glvén
are the maximum and minimum at whi~h the unit
can be properly adjusted to operate; and these
limits 1nclude the maximum varlation in power
supply voltage. For 1nstance, the HKB unit
with 125 volt accessories can begadjusted to
function properly on any battery “Which never
exceeds 150 volts or drops below, 100 volts.
But once the normal voltage 18 established and
adjustments are made for joperation on that
voltage, 1t should not be permitted to fluctu-
ate normally more than“plus or minus filve

percent.,

The Unit has gbeen designed to use eilther
glass or metal tubés | of types 25LE and 25Z€,
and the adjustment “data 1s the " same for
elther.

CIRCUIT ADJUSTMENTS - 125 VOLT EQUIPMENT

Thegnumbers at the beginning of the follow-
ing pdaragraphs correspond to the line numbers
In thegfAdjustment Data Tables.

1. The first 1line 1n the Adjustment Data
Table 1s the power supply or battery voltage,
which 1s to be measured at the cabinet termi-
nals before any of the equlipment 1s turned on.
The actual valué of thils voltage at the time
of 1installation should be entered on the line
in the fifth column of the data table. If 1t
1s not within the 1limits of 100 to 150 volts

d-c, do not proceed.

2. Adjustment of the HKB Control Unit tube
heater current 1s now to be carried out. Since
the bilas resistor (combination of R8, R9, R10,
R11 and R5) 1s common to the heater circuits
of both the carrler transmitter-recelver and
the HKB Control Unit, adjustment of heater
current of the one unit will affect that of
the other. In order to avoid difficulty, the
blas resistor mentioned 1s to be temporarily
shorted out during the adjustment of heater
current for both the transmitter-recelver and
the HKB Control Unit. BEFORE PROCEEDING,
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

ot
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HEATER CIRCUIT. Connect a jumper wire across
terminals #5 and #18 of the HXB Control Unit.
The adjusting clip on resistor RE 1s to be set
roughly 1in the center of the resistor. The
adjusting clips on the two adjustable re-
sistors R23% and R24, which are external heater
serles resistors mounted on a separate panel.
are to be set so as to short out the least
possible amount of these resistors. Remove
the dummy resistor plug from its clips in the
transmitter amplifler cathode return circuit.
The tubes are now to be 1nserted into the HKB
assembly of which the HKB Unilt 1s a part. Plug
a d-c ammeter of 1 ampere range into jack J1l
and adjust the shorting clips of external re-
sistors R2% and R24 to obtain the correct
heater -current as given in 1line #2 of the
table. It 1s desirable to keep the amount
shorted out of each of these two resistors
about equal so as to distribute the heat pro-
duced equally between them. When the power is
first applied. the tube heater current will bg
above normal due to the low resistance of the
cold heater elements. Consequernitly power
should be applied for at least twoiminutes
before readlngs are taken. Aftenfthe /heater
current of the HKB Control Unit amd thé heater
current of the transmitter-recelverphavey each
been adjusted, remove the Jjumperpwire from
terminals #5 and #18 of the HKB\Udit) Replace
the dummy resistor plug infits j“@lips in the

transmitter.

3. After the adjustments on the transmitter
have been completed andpthe” transmitter is in
normal operation measure again the heater cur-
rent of the HKB Unig at/Jack J1. If not within
the limits of #ine #3 irf the Data Table, make
such slight) changes /to the setting of the ex-

ternal 2ésistors R23 and R24 as may be re-
qulredgto cOrrect 1t. (A similar operation
should befd caprled out on the transmitter-

recelver.)

4. Afiser the above adjustments are com-
pleted, measure at the other two metering
jacks. J2 and J3. to see that no current 1s
filowing. Under the condition of the bias re-
sistor R6 belng 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 1imit of .1 milllampere.

I. L. (41-650C

Under the condition of no r-f signalirecelved,
the current at jack J? should begd well® below
the 1limit of .1 ma. Any excessive | current
flow should be investigated and“the fault
cleared before proceeding with the tests.
(Make final check with 1.5 mildlampere range
of meter.)

5. Measure the d-e¢, B¥as voltage between
terminals #5 and #18.

€. This adjustment 1s for the purpose of
obtalning the“eorrect Master Osclllator plate
voltage for “the transmitter. The transmitter
must be completely adjusted and in a state of
normal #"@peration (ready to be controlled by
the HKB Unit?".
is\neeessary to have Vy thyratron continuously
ignited» For Control Unit S#867954A, a single
res¥®tor R5 1is 1in place of resistors R26 and

In making this adjustment it

R27% Remove the lead from the RS tap nearer
theé panel and connect this lead to terminal
#19 of the Control Unilt. For Control Unit
S#1471841. remove the lead from tﬁe R27 tap
and connect to terminal #19. Now turn on the
equlpment and allow the thyratrons to heat up
for one minute. Block open the Dback contact
of the HKB lower fault detector.
V1l will fire and remain conducting. Connect a

Thyratron

d-c voltmeter of at 1least 1000 ohm-per-volt
reslistance Dbetween terminal #5 and terminal
#19. Adjust R1 and R2 to obtaln the requilred
voltage as gilven 1n the Table in the Trans-
mitter Instruction Book. The transmitter
should now be sendlng out carriler at its full
output power. Restore all connections to

normal.

7. The object of the followling adjustment
is to set the firing point of the thyratrons
Vl and V2 to the ©proper value by aéjusting
their grid bias. Two resistors, R26 and R27,
are provlided for separate adjustment of V1
and V2 grid bias in Control Unit S#1471841.
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.

In making this adjustment, it 1s necessary

to apply a simulated fault to the HKB relay
If the current

15
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circults of the relay are not connected to the
line current transformers, a single-phase 60
cycle current from a variable test source can
be applied to the HKB relay terminals 24 and
25, simulating a single-phase-to-ground fault.
If the relay current circults are connected to
the line, open test switches D, E. F, G H, I
and J. Test switch J opens the trip circuit.
This switch should be opened first and 1left
open during all adjustments. The current cir-
cults to the relay have been shorted by open-
D, F, and H, but the relay 1is
still connected to the current transformers
through the test jacks on switches E, G and I.
These circults are opened by inserting current

ing switches

test plugs or strips of insulation 1nto the
test jacks on switches E, G and I. The relay
1s now entirely disconnected from the current
transformers, and the single phase test source

can be connected between switch jaws F and G.

Put the upper tap screw in tap 4 and the
lower tap screws 1in the C and H taps. This
sets the pickup current of the relay fault de-
tector at 0.5 ampere for a single-phase-to-
ground fault. Adjust the sliders on R5 ox
R26 and R27 for maximum grid bias on the
thyratrons (sliders away from the panel).
Block open the normally closed contact on ghe
carrier start fault detector (lower polar éle-
ment ) . Insert a milliammeter in jackg J1 of
the carrier transmitter to read “ogcillator
cathode current. Apply the singlefphase test

current to the relay and increase it to 0.3
’ amperes. Now gradually reduce®the  blas on

thyratron V1 by moving R5 slider 4#1 (the one

nearer the panel) or the slider om R27 toward
the panel. A point will e weached where V1
fires to start carrierly Thids will be indicated
by reading on the d-c mijlllammeter in trans-

mitter Jack J1. Tighten ,the slider at this

point. Check thlgl setting by reducing the

test current to zero and momentarily removing
the blocking in the FDl back contact to
extinguish V1.  Incréase the test current until
V1l fires.
+ 10%.

This should occur at 0.3 ampere

With "Wl fired and the test current set at
04?3 “ampere, gradually reduce the bilas on
thyratron V2 by moving R5 slider #2 (the one

16

further from the panel) or the slider on R26
A point will be reached
where V2 fires and triggering will then take

toward the panel.

place with thyratrons V1 and V2 firing on
alternate half cycles of the applied test
current. Triggering will be 1indicated by a
reduction in the milliammeter 4P¥éading at
transmitter jack J1 to 50 orgb60%,gO0f dts in-
itial value. Tighten the slider ag, this point.
Check the setting by reducingfthe,test current
to zero and momentarily removing/the blocking
in the FD1 back contact to extinguish V1 or V2
(either may remain fired)e Increase the test
current until triggeringypbegins. This should

occur at 0.3 ampere %,10%.

" Note: Taps are provided on the secondary of

transformer T, “Be compensate for variation in
tubes. The lead¥shown connected to trans—
former TIWtefminal #3 may be connected to
terminall#4, ‘@nd similarly for terminal #7 and
#8.

8. JThe ¥ following adjustment covers the
setting) of the relay tube (V4) grid bias.
With the test current circuit applied to the
relay (described in paragraph 7), increase the
a>~c current until the neon lamp in the HKB re-
lay lights. Plug a d-c milliammeter into the
current jack on test switch Il on the relay to
measure the operating element coll current.
Reduce the grid bias on the relay tube by ad-
justing the slider on resistor R6 until the
operating element coll current 1s 20 milli-
amperes. The relay tube grid bias 1s measured
between the slider on R6 and terminal #5 of
the Control Unit.
1000 ohms-per-volt resistance should be used.

A voltmeter of at least

Carrier from the distant line terminal should
not be transmitted during this adjustment.
When the relay tube grid bias 1s adjusted as
described, the overall characteristic of the
HKB relaying system is shown in Figure 2. All
test clrcuits and meters may now be removed,
and the relay test switches returned to
normal. The switch with the red handle should
be closed last as thils connects the relay to
the breaker trip circult.

CIRCUIT ADJUSTMENTS - 250 VOLT EQUIPMENT

1. The first 1line 1n the Adjustment Data

J
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Table is the power supply or battery voltage,

which is to be measured at the cabinet termi-
nals before any of the equipment 1is 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 200 to %00 volts

d-c, do not proceed.

2. Adjustment of the HKB Control Unit tube
heater current will be accomplished along with
the adjustment of the transmitter heater cur-
rent, because all the heaters of the assembly
are connected in series. The necessary ex-

ternal heater series resistors are a part of
the accessories for the assembly of which this
Unit is a part; and the instructions for their
adjustments are to be found in the instruction
After the ad-

justment 1is completed record the value of cur-

book for the complete assembly.
rent as measured at jack J1. The heater cur-
rents of the Control Unit and the
should be within the limits tabulated on Table
II.

transmitter,

External accessory resistor R25 igfconnected

in shunt to the HKB tube heaters. By, Mdypass-
ing .3 ampere, it enables their ‘operation in
series wltn the tube heaters offgthel, trans-

Resistor R25 1is
208 {ohms plus or

mitter, which draw .9 ampere.
ad justed at the
minus 1 percent and should not be|changed from

factory to
‘the above value.

3. The plate circult “supply voltage is to
be measured betweenmberminal #5 and terminal
#10.

4. After the
pleted,

above adjustments are com-
measure gat the other
jacks, AJ2 and J3, to see that no current 1is
flowing: Unde#r the condition of the bias re-
sistor R6“belnlg set near the center, the Relay
Tube, V4, is biased well beyond plate
cut-off, so that the current at jack J2 should
be well “below the 1limit of
Und@er the condition of no r-f signal received,
the“eurrent at jack J3 should be well
the 1imit of .1 ma. Any exceseive current flow
should be investigated and tke fault
before proceeding with the tests. (Make final
check with 1 milliampere range of meter).

two metering

current

.1 milliampere.

below

cleared

1. L A@71-650C

5. Measure the d-c bias between

terminals #5 and #18.

voltage

6. Oscillator
are exactly the same

Plate Voltage. AdJustments
as for 125 volt
See paragraph 6 of previous section.
Refer to values on Table II.

equip-
ment .

7. Thyratron Grid“Bias .folts.

same as for 125-volt equip-

Ad justments

are exactly the
ment . See paragraph | of previous section.

Refer to values‘on Table II.

8. Relayg TubeWGrid Bias Volts.
are exactly the

Ad justments
as for 125-volt equip-
Seefparagraph 8 of previous section.
Refer {to /values on Table II.

OVERALL TEST OF COMPLETE
INSTALLATION

equipment

same
ment .

After the complete has been in-
stalled and adjusted,

be made which will provide an overall check on

the following tests can
the relay and carrier The phase
rotation of the
checked by measuring the a-c

equipment.
three-phase currents can be
voltage across
switches B
and C with a high resistance a-c voltmeter of
at least 1000 volt.

obtained should be approximately 0.9 volts per

relay terminals 19 and 20 or test

ohms 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 amﬁere
(secondary) be flowing through the 1line-
section protected by the HKB relays. At both

terminals of the protected 1line-section, re-
move the HKB relay cover and open the trip
circuit by pulling the test switch blade with

the long red handle. Put the tap screw on the
upper tap plate in the 4 tap, and on the lower
one in the C and H taps. Be sure to insert
the spare tap screw before removing the con-
nected one. Now open test switches D and E on

of the 1line
a current test plug or
into the test
jack on switch E to open the circuit through
that switch. The above operation shorts the
phase A to neutral ahead of the

sequence filter and disconnects the phase A

17

the relay at one end section
(Station A) and insert

strip of insulating matérial

circuit
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TABLE I

ADJUSTMENT FOR HKB CONTROL UNIT ON 125 VOLTS

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

Quantity Min. Normal Max. Actuaﬁ

1. Power Supply Volts 100 125 150 %
. Heater Amperes, Preliminary Adjustment # .59 .62 65\

2

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

4. Current at jack J2, Milliamperes 0 0 .1
Rectifler-doubler Output Milliamperes at J3 * 0 .05

5. Total Bias Volts 11 14 Q

6. Master Oscillator Plate Volts-------------. - ----See transmitte@ction book.

7. Thyratron Grid Bias Volts 4.0 . 10.0

8

. Relay Tube Grid Bias Volts 20 ) 32
HKB Relay Operating Element Current, Ma. 18 2 22
# - The total tube heater current of the associated trans e hould be adjusted to this
value also.

+ - The final value of the tube heater current of the "ans ter should be within these
limits for the total, and half of these values for h branch.

* - With no carriler being recelved.

TABLE II

4
ADJUSTMENT DATA FOR HKB CONTROL UNIT)O VOLTS -

See text of 1nstructio or discussion of the following table. Numbers

preceedling data refer to text a h numbers.
Quant ity Min. Normal ' Max. - Actual

1. Power Supply Volts 200 250 300

2. Tube Heater Amperes @rol Unit .54 .56 .58

ransmitter .81 .85 .89

3. Plate Circui uklts 95 135 165

4 Current at 2,/Milliamperes 0 0 0.1

Rectifler-doub tput Milliamperes at J3 * 0 .05 0.1

5. Total Blas Volts 17 22 28
6. Master Oscilléitor Plate VoltS-----------=-cc-co-- See transmitter instruction book.

7. Thyratron Grid Bias Volts 4.0 7.0 12.0

8. R ube Grid Bilas Volts 20 26 32

y Operating Element Current, Ma. 18 20 22

= th" no carrier belng recelved.

i)
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lead from the fllter.
and C currents to return to the current trans-

This causes the phase B

formers through the zero-sequence resistor 1n
the filter, thus simulating a phase A-to-
of the 1line
both the fault detector

at Station A should

Completion of the trip
circult can be checked by connecting a

ground fault fed from one end

only. As a result,
and operating element
close thelr contacts.

small
lamp (not over 10 watts) across the terminals

of test switch J.

operations at the
line-section (Station B)
at Station A.
a phase-to-ground fault ex-

Now perform the above
opposite end of the
without resetting the swltches
This simulates
ternal to the protected 1llne-sectilon. 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). Thé
line conditions now represent a phase-to-
ground fault fed from Station B only. The

fault detéctor At A should reset andgfhe, oper-
ating element at B Restore
test switches D and E
and both elements of the relay in the standard
the above test

sultable external test switchesy

should pick up.
at Station, B tef normal,

case, can be performed using

The above tests hduvey checked phase rotation,
the polarity of the filter output,
the Interconnectlons begween the relay and the
agmd “the (Phase A
nections to thg relay at both stations.

sequence

current con-
Phase

carrler set

B and C canp, be) simllarly checked by opening
test swiltches®)F and G for phase B, and
switchés H and I for phase C. The same
procedure déscribed for Phase A 1s then
followed.

If all the tests have been completed with
satisfactory test
Both 1line should be closed (close
the trip circult test switch last) and the re-
replaced. The

line-section to which 1t

results, the switches at

terminals
lay cover equlpment 1s now
ready to protect the

1s connected.

l. L. 41-650C

MAINTENANCE

Since the Control Unlt has no front-of-panel
requlres no attention
descrlbed 1n the

unit cannot be taken out of

controls; 1t except

malntenance as following
paragraphs. The
service without taklngfthegentlire assembly out
of service.
Every three monthsy, an overall inspection
should be made gto

rosion has developed due to fumes or

see that no excessive cor-
conden-
sation of molgture. Any accumulated dust and
dirt should bepcleaned out, as often as once a

month 1n some localltles.

Tubes

Aty the end of each year
should be
andythelr contacts 1nspected for possible dirt

of operatlon, the

tubes removed from thelr sockets,

or corrosion. If there 1s any discoloration,

1t may be removed by the use of very filne

sandpaper. In order to assure maximum tube
life, 1t 1s very 1mportant that the resistance
of the contacts be kept to an absolute mini-
this

should be performed more frequently than 1ndi-

mum. If necessary, cleanlng operation

cated above.

Resistors

The resistors are operated well within thelr
ratings, and should not fall during the 1life
of the unilt.
ferrule resistors should be removed from their

In the accessory equipment, the

clips at the end of each year's operatlon, and
the ferrules and clips cleaned of corrosion
with crocus cloth or very fine sandpaper. In
a corrosive atmosphere a film of vaseline will

reduce trouble.

TYPE JY HKB CONTROL UNIT COMPONENT PARTS

125/250 volts d-c
Style: 1471841

Electrical Parts per Component. Parts List
(Dwg. 7615216), except resistors R23%, R24, and
R25 and tubes. Style: 1471840 -
but with tubes.

as above,

19
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ACCESSORY GROUP COMPONENTS

Note: Item 1 or 2 wi1ll 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 - Resistors R23 & R2%4.
Mounting panel for R23-& R24.
Dummy reslstor for JY Transmitter.

2. Accessory Group for 250 volts (less ex-
ternal heater series resistor).
" Style: 867956
Electrical Parts - Reslstor R25
Mounting panel for R25

Dummy resistor for JY transmitter.
ORDERING INFORMATION

The Westingnouse Electric Corporation 1is
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 unit style number and
circult symbol where 1t 1s given. All orders

must epecify the rating as well.

PART Il - TYPE HKB TEST FACILITIES
APPLICATION

The type HKB test facllitles providel a
simple manually operated test pregcedure, that
wlll <check the comblned relay andy, carrier
equlipment. The test can be perfiormedy without
the aild of 1instruments. The results give
assurance that all equipment is in normal
operating condition without g résorting to more

elaborate test procedures.

OPERATION

A multil-contact switch 1s provided at each
line terminal which serves the dual functions
of a carrler on-off switch and a test switch.
This switch 1s arranged to apply a single
phase current)yto the HKB relay to simulate in-
ternal and%, through fault conditions. Relay
operation*®ds, noted by observing a blue in-
dicatidngylamp connected in the HKB relay trip
During the test the HKB trip cir-
cuit to“the line breaker 1s opened and a red

clacult.

warning 1light 1s energized through auxiliary

20

contacts on the tsst switch.

CONSTRUCTION

Test Switch

The type W test switch 1s prowvided with
elght pairs of contacts, two “palrs©f which
are closed in the '"carrier omjposdtion. The
contact arrangement 1s shown /n\Pig. 12, and
the outline and drillingy, plan in Fig. 15.
These contacts are wused to {eomplete the HKB
trip circult and thegalarmgcircuilt as indi-
cated in Fig. 12 bygcontaets. 1, 2, and 7, 8.
In the ‘'"carrier ofif"Wposition the HKB trip
circuit 1s openeéd Jfthrough contacts 1 and 2,
but the alarmycirecudt remains closed. Two
test positions, tepthe right of the "carrier
off" positléns, are provided. When the switch
1s movedyto edther of these positions, the re-
lay trip andgalarm circults are interrupted
and a red alarm 1light 1s turned on by switch
contacty 3" and 4. Moving the switch to the
TEST/]1 position will connect the output of the
auxl ITary test transformer directly to the HKB
terminals number 25 and 26, through the type W
c¢ontacts number 9 and 10, and 11 and 12.
Moving the switch to the TEST 2 position will
connect the test transformer with'a reversed
polarity to the HKB relgy through switch con-
tacts 13, 14 and 15, 16.

Auxiliary Test Transformer

The auxillary test transformer 1s designed
to operate from a 115 volt, 60 cycle power
source. Four secondary taps numbered 1, 2, 3
and 4 are provided to vary the magnitude of
the test current. The tap numbers equal the
current 1in émperes that will be passed through
the relay when ground tap H 1s used. If the
relay 1s connected to ‘use ground tap G,
approximately two times the transformer tap
value (2, 4, 6 or 8 amperes) will be passed
The outline and drilling
plan of the transformer is shown 1in Fig. 13.

through the relay.

Indicating Lamps

The red and blue
standard rectangular Milnalites.

indicating lamps are
Outline and
drilling dimensions are given in Fig. 15.

J
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ADJUSTMENT

tap that
times the
current setting of the HKB relay as previously

Choose a transformer will provide

approximately two phase-to-ground

determined.

OPERATION

Use of the auxlllary test equlipment 1s to be
limited to provide a simplified test after the
Initial installation tests have been performed

as described in part II of this instruction

leaflet.
The test apparatus 1s to be connected as
shown 1n Fig. 12 with the auxiliary test

transformers energized from 115 volt, 60 cycle

power sources at each line termlnal that are

in phase with each other. The followlng oper-
ation procedure assumes that the same polarity
ks used 1n connecting the test transformer at

each line termilnal.

I. L. 41-650C

test switch (to TEST 1
The local
half eycle (dmpulses of
Tripping will be®™Indicated

2. Turn the carrier
at line terminal #1.
operate

relayshould
to transmit
carrier, and trip.
by the blue light.

3. Turn the HKB test switch at the remote
line terminal #2 to TEST 14 This will simulate
an 1nternal fault fed fromfboth 1line termi-
nals. The T&ne terminal #2 will
trip, and the relay/atwline terminal #1 will
remain tripped. QTripping will be indicated by
the blue lightsipat each 1line termlnal.
will, beltpreansmitted in half cycle 1im-
end of the

relay gat

Carrier
pulses simultaneously from each

line.

4% Reget/the HKB test switch at line termi-
nal #13 #1 willl reset
and_ turn off the blue light. The relay at
terminal #2 will hold 1ts trip contact closed,
iighting the blue 1light.

The relay at terminal

1. Turn the carrler test switch at DbotH
line terminals to CARRIER OFF. 5. Turn the HKB test switch at line termi-
i
g 1 1f ';b
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Fig. 11—Outline And Mounting Plan Of The Type HKB Control Unit. For Befer;nce Only.
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COMPONENT PARTS

*In Control Unit
#In Control Unit S#L

SYMBOL |. NUMBER NAME RATING
REQUIRED
CAPACITORS
Cl 1 Thyratron Plate to Plate .05 Mfd., 600 V. d-c
c2 1 Thyratron Output .05 Mfd., 600 V. d-c @
C3 1 Rectifier Doubler Input .0051 Mfd., 600 V. d-c
c4 1 Rectifier Doubler Output .0051 Mfd., 600 V. d-c
CH* 1 Transformer By-Pass .003 Mfd., 500 V. d-
cé6 1 Thyratron Grid By-Pass 27 Mmfd., 500 V. d-c
Ct 1 Thyratron Grid By-Pass 27 Mmfd., 500 V. d-c
METER JACKS
Jl 1 Tube Heaters Western Electric 232A
Je 1 Relay Tube Plate & Screen or
J3 1 Rectifier Doubler Output Cock Electric JK-24
REACTORS
L1* 1 Carrier Start Circuit 7 henries, 25 ma. d-c, 4 o d-c resistance
RRSISTORS
Rl 1 Carrier Start Thyratron Plate 16,000 ohms, 22 watft, .
R2 1 Carrier Start Thyratron Plate 2,000 ohms, 1 able (1 band).
R3 1 Relay Thyratron Plate 5,000 ohms, .
R4 1 Relay Thyratron Plate 10,000 ohms,
R5* 1 Thyratron Bias t,Jadjustable (1 bandg.
R6 1 Relay Tube Bias , adjustable (1 band).
R7 1 Heater Shunt .
R8 1 Amplifier Bias
R9 1 Amplifier Bias
R10 1 Amplifier Bilas
R11 1 Amplifier Bias
R12 1 Bias Restoring
R13 1 Bias Restoring
R14 1 Bias Restoring
R15 1 Thyratron Grid
R16 1 Thyratron Grid 1 watt.
R17 1 Thyratron Cathode watt.
R18 1 Rectifier Doubler Input watt .
R19 1 Rectifier Doubler Output watt.
R20 1 Relay Tube Grid ,000 ohms, 1 watt.
R21 -1 Tube Shell Grounding .27 megohms, 1 watt.
R22* 1 Reactor Shunt 5,100 ohms, 1 watt.
R23 1 Heater-Series 63 ohms, wire wound, adjustable (1 band;.
R24 1 Heater Series 63 ohms, wire wound, adjustable (1 band).
R25 1 Heater Shunt 250 ohms, wire wound, adjustable (2 bands).
R26# 1 Thyratron Bias 100 ohms, 22 watt, adjustable (1 band;.
R2T7# 1 Thyratron Bias 100 ohms, 22 watt, adjustable (1 band).
T1 1 Thyratron 1/4 ratio topped secondary.
T2 1 Relay Tube 2500/500 ohms Impedance Ratio.
T3 * 1 Receiver-Au 2500/500 ohms Impedance Ratio.
V1 1 Type 2050
ve 1 Type 2050
V3 1 Type 2526
V4 1 Type 25L6
X1-X4 4 Amphenol Type MIPST (Prom Dwg. T7614215-1).

nal #1 to TEST 2." This condition will simu-

late an extérnal fault. The trip contacts of
both rel 111 be held open and the blue
light extinguished.

6. t the test switches at both 1line

This completes the test procedure.

Component Style Numbers -

Test Transformer S#1338284
Type W Test Switch S#1446447 rfor 1/8" panel
o mounting.

s to CARRIER OFF before
IER ON for normal service.

returning to

Type W Test Switch

S#1446448 for 1-1/2" panel
mounting.
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TYPE HKB RELAY AND CARRIER CONTROL UNIT

APPLICATION f o

The type HKB relay 1s a high /speed
carrler relay wused 1n conjunction with,/ power-
line carrier equipment to provide compléte phase
and ground fault protection of a transmission
line section. Simultaneous tripping of the re-
lays at each line terminal 1s obtained 1n three
cycles or less for all internal faults within
the limits of the relay settings. The relay op-
erates on line current only, and no source of
a-c line potential 1s required. Consequently,
the relays will not trip during a system swing
or out-of-step condition. The carrler equipment
operates directly from the station battery.

PRINCIPLE OF OPERATION

The HKB carrier relaying system com-
pares the phase positions of the currents atgpthe
ends of a line-sectlon over a carrier channelito
determine whether an internal or external fawult
exlsts. The three-phase llne currents energlze
a sequence filter which gives a single-phase
output voltage proportional to a combination“ef
sequence components of the line current®y Duxing
e«. fault, thils single-phase voltage [conftT¥els an
electronic circuit which allows the transmission
of carrier on alternate half-cyeles of the
power-frequency current. Carrier/is t@ansmitted
from both 1line terminals in this mannex, and 1is
recelved at the opposite ends, “where 1t 1s com-
pared with the phase position offjthe local se-
quence filter output. This“)comparison takes
place 1in the grid circuilt of, a vacuum tube. The
polarities of the voltages “tiogsbe compared are
such that for an intern@l fault, plate current
flows on alternate power-frequency half-cycles.

A relay connected 1n_thejplate circuilt of the
vacuum tube operate® under this condition to
complete the trip c¢ipeuit. During an external

fault,
causes
blocked,
operate.

the change, in,ddirection of current flow
the plate eurrent to be continuously
and the) plate circult relay does not

Sincefthls relaying systém operates
only during a fault, the carrier channel 1s a-
vailable at all other times for the transmission
of other functions.

PART I - TYPE HKB RELAY

CAUT.ION

Before putting relays 1into service,
remove all blocking which may have been 1nserted
for the purpose of securing the parts during
Shipment, make sure that all moving parts oper-
ate freely, 1nspect the contacts to see that
they are clean and close properly, and operate
the relay to check the settings and electrical
connections.

. in the filter output.

STRUCTION ¢

i

The relay, consists offja

inag§ion
positive, negdatidve ‘and zero se ) filter, a
saturating auxiliany transformer,t wo Rectox
units, two polar relay units, a neof} lamp, con-

tactor switieh and, operation indicato
ed in a Type/ M=20 Flexitest Case.

all mount-

Sequence Fillter

The currents from the current trans-
formex secondaries are passed thru a filter con-
gistingyof a three-winding iron-core reactor and
twolrgsistors. The zero-sequence resistor, Rog,

conslists of three resistor tubes tapped to ob-
tain settings for various ground fault condi-
tions. The other resistor Ry 1s a formed single

wire mounted on the rear of the relay sub-base.
The output of this filter provides a voltage
across the primary of the saturating transformer.

The lower tap block provides for ad-
justment of the relative amounts df the positive,
negative and zero sequence components of current
Thus a single relay ele-
ment energlized from the filter can be used as a
fault detector for all types of faults.

Saturating Auxiliary Transformer

The voltage from the filter 1s fed
into the tapped primary (upper tap plate) of a
small saturating transformer. This transformer
and a neon lamp connected across 1ts secondary
are used to 1limit the voltage impressed on the
fault detector (lower polar relay element) and
the carrier Control Unit, thus providing a small
range of voltage for a large variation of maxi-
mum to minimum fault currents. This provides
high operating energy for light faults, and 1lim-
its the operating energy for heavy faults to a
reasonable value.

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

Rectox Units

The secondary of the saturating trans-
former feeds a bridge-connected Rectox unit, the
output of which energizes the polar fault detec-
tor element. A second Rectox, energized from
the output of the Control Unit, supplies a d-c
voltage of the upper polar element which oper-
ates only for an 1internal fault. The use of
sensitive polar relays keeps down the energy re-
quired from the current transformers and vacuum
tube cilrcuits.
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not less than 75% of the pick up value. Lock
the shunts in position and recheck the calibra-
tion several times. The action of the armature
should be snappy.

Operating Element (Upper Polarized Relay)

Adjust the single contact in the same
manner as the fault detector right hand contact.

Calibration: Connect a d-c milliammeter (0-25
ma) across test switch jaws Hl and Il (relay out
of case). Connect a source of variable a-c
voltage (0O to 10 volts) between terminals 9 and
10 (or switch jaws Fl1 and Gl). The element is
to be adjusted for 10 ma d-c¢ pick up and 4 to 6
ma dropout. The action of the armature should
be snappy. Approximate adjustment for these
values are as follows: Screw 1in the right hand
shunt until the top air gap is shunted. Apply
10 ma. d-c (from the a-c source) to the coil,
and then screw in the left hand shunt wuntil the
armature closes the right hand contact. Reduce
the a-c voltage until the armature resets; this
should happen between 4 and 6 ma. Lock the
shunts 1in position and recheck the calibration
several times.

Contactor Switch

Adjust the
switch for a clearance
core and the moving cofe
picked up. This can be most
by turning the relay up-side-down.
core screw until the moving core

stationary core of the
between the stationary
when the switch is
conveniently done
Screw up the
starts rotat-

4

Q
o
¥

L 4

<
O

ing. Now, back off the core screw until
moving core stops rotating.

This indicates
point where the play in the moving contact ‘as
sembly 1s taken up, and where the movi o)

just separates from the stationary corefscre
Back off the stationary core screw o tu
beyond this point and lock in place. This -
vents the moving core from striking and sticking
to the stationary core because of residual mag-

netism. Adjust the contact clearance ﬂ.r 3/32
inch by means of the two small nuts on either
side of the Micarta disc. The tch should
pick up at 2 amperes d-c. Te sticking
after 30 amperes d-c have be S thru the
coil. The coll resistance is T mately 0.25
ohm.

Operation Indicator

r to operate at 1.0

by loosening the

e of the assembly,
rward or backward. Ir
ich reset the armature
rings, they .should be
.stretching to obtain the 1
The coll resistance 1is ap-

Adjust the indic
ampere d-c gradually 11
two screws on the
and moving the bra
the two helical s
are replaced b
weakened sligh
ampere cal

- work can be done most satisfac-
toril t factory. However, interchangeable
part furnished to the customers who are
equ ed r doing repair work. When ordering
parts;falways give the complete nameplate data.
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PART II - TYPE HKB CONTROL UNIT

CONSTRUCTION

The HKB Control Unit consists of an
electronic trigger circuit employing two thyra-
trons; a rectifier-doubler vacuum tube for the
received carrier and a vacuum "relay" tube which
compares the phase positions of the 1local and
distant line currents.

The general appearance and construc-
tion of the HKB Control Unit 1s shown by the
outline drawing, Figure 6. The entire equip-
ment, with the exception of the accessoriles, 1is
mounted on a standard 3/16" thick aluminum panel
19" wide and 8-23/32" high with standard notch-
ing. The front of the panel 1s ©black wrinkle
finished, and the rear 1s flat black. The tubes
protrude through the front panel for convenlent
Installation and replacement.

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

J1
J2
J3

INSTALLATION

top jack) Heater current
center jackg Relay tube emission current
bottom jack) Rectifler-doubler output current

When used with the Type JY Transmitter
and Recelver, the HKB Control Unit 1s mounted 1n
the same cabinet with these panels and immedi-
ately beneath the Recelver panel.

When used with the Type GO Transmitter
Recelver, the HKB Control Unit 1s housed 1n a
small cabinet mounted above the GO Cabinet.

In elther case the Instruction Book fior
the complete assembly of which this unit 15 a
part should be referred to for additional meunts
ing instructilons.

Upon delivery, the unit should befivery
carefully checked for damaged parts. Particulaxr
attentlion should be given to any parts which may
have become loose 1n shipment, or wipé® which
may have broken because of vibration/{ Each HKB
Control Unit is supplied with an decessory /group
of components for adapting it for opexatien from
125 volts d-c¢ or 250 volts d-c. Thesg, compo-
nents should be checked for |damage and to see
that none are missing, and checked “against the
order or requisition and the parts l1lst in this
book as well as the instrucgion sheet furnished
with each accessory package. Any shortage
should be immedlately reported,tofthe transpor-
tation company and to thé nearest district of-
fice of the manufacturekr. The dummy resistor
plug furnished with™“the "HKB &accessorlies 1s for
use 1n the JY Transmitter amplifier cathode cir-
cult. Remove thé registop regularly furnished
wilth the JY Tramsmitgfer ,and replace with this
dummy plug. A swuitablel dummy resistor plug for
use 1n the GO Transmitter-Receiver 1s furnished
with 1ts accessories.

The necessary connections from the GO
or JY (cabinet) adsembly terminal blocks to the
switchboard, relays, etc., should be made in
sultableg,condult . Number 12 gauge wire 1s re-
commended, forhthese connections. The connection
diagrams “in the i1nstruction book for the com-
pletefdassembly should be followed. Be sure to
groundUterminal #1 on the HKB Unit and also cab-
inet ®Werminal #1.

CIRCUIT ADJUSTMENT - GENERAL

Do not insert the tubes into the HKB
Control Unit wuntil the following paragraphs
dealling with circult adjustments have been read.

The HKB Control Unit 1s designed( to
use the same tubes for elther 125 volt on 250
volt operation. When used on 250 volts d<ey
the proper value of plate voltage for the Tgpe
25L6 Relay Tube 1s obtained from a conneGtlion)at
the positive end of the transmitter tube“heat-
ers. This 1s shown 1n the external connections
on Figure 5.

In order to obtain bilas voltage for
both the HKB Control Unit andg the assoclated
carrler transmitter, the ,entlre "d-c current
draln of both units is caused, to flow through a
combination of resistors 1n “the ““Control Unit.
In this way, adjustable bi@as, for the Type 2050
thyratrons and fixed blas/ of “two different val-
ues for the power ampliflepr tubes of the trans-
mitter 1s obtained. BeCGausejpthe adjustment pro-
cedure will follow the tabulations shown on
Tables I and II as closely, 'as possible, 1t 1is
Important to becomemthoreughly famillar with the
tables. Five columnsy, are Included 1in these
tables. The first),column 1indicates the quantity
to be checked. Thelpsecond column indicates the
minimum value fpermissible. The third column in-
dicates the normal |value. The fourth column in-
dicates the, maximum value permissible. The
fifth column “§should be filled in at the time of
Installation) t© indicate the actual value which
was obtalned: The last column 1s o1 great im-
portancegand should be filled 1n as soon as the
HKB ControlyUnit 1s installed. All quantities
mustPbefbrought within the minimum and maximum
values specifled before the equlpment can be
considered to be 1in satisfactory operating con-
dItion" A copy of these values should be kept
with|{ the equipment for checkling purposes. All
letters of inquiry to the manufacturer regarding
the " operation of this unit should be accompaniled
by a list ' of actual values of the eight quanti-
ties 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 of the power sup-
ply or battery voltage, the limits given are the
maximum. and minimum at which the unit can be
properly adjusted to operate; and these limits
include the maximum varlation 1in power supply
voltage. For instance, the HKB unit with 125
volt accessories can be adjusted to function
properly on any battery whilich never exceeds 150
volts or drops below 100 volts. But once the
normal voltage 1s established and ad justments
are made for operation on that voltage, it
should not be permitted to fluctuate normally
more than plus or minus five percent.

The Unit has been designed to use
elther glass or metal 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
following paragraphs correspond to the 1line
numbers in the Adjustment Data Tables.

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

2. Adjustment of the HKB Control Unit
tube heater current 1s now to be carried out.

-8 -
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(combination of R8, R9,
to thegheater cir-
transmitter-receliver
a@justment of heater

sistance of the cold heater elements. Conse -
guently power should be applied for at least two
minutes before readings are taken. After the
heater current of the HKB Control Unit and the

Since the bias resistor
R10, R1l and R5) 1is common
cuits of both the carrier
and the HKB Control Unit,

current of the one unit will afifect that of the heater current of the transmitter-receiver have
other. In order to ayoididifficulty, the bias each been adjusted, remove the jumper wire from
resistor mentioned 1is tofbe temporarily shorted terminals #5 and #18 of the HKB Unit. Replace
out during the adjustment®of heater current for the dummy resistor plug 1in 1its clips 1n the
both the transmitter-rleceive¥ and the HKB Con- transmitter.

trol Unit. BEFORE BROCEEDING, REFER TO THE IN-

STRUCTION BOOK FOR THE,ASSEMBLY OF WHICH THIS 3. After the adjustments on the
UNIT IS A PART 4AND)CARRY OUT THE DIRECTIONS transmitter have been completed and the trans-
THEREIN FOR INSERTING(, MAXIMUM RESISTANCE INTO mitter 1s in normal operation measure again the
THE TRANSMITTER-REGEIVER HEATER CIRCUIT. Con - heater current of the HRB Unit at Jack Jl. If

nect a jumper wike W@tcross terminals %5 and #18
of the HKB{ControlpUnit. The adjusting clip on
resistorR6 As to be set roughly in the center
of the regisfor.{The adjusting clips on the two

not within 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 required to correct it. (A similar operation

ad justable Fesigtors R23 and R24, which are should be carried out on the transmitter-receiv-
external heate¥ series resistors mounted on a er.)

separate panel, are to be set so .as to short out

the least possible amount of these resistors,

Remove thegdummy resistor plug from its clips in 4. After the above adjustments are
theftransmitter amplifier cathode return cir- completed, measure at the other two metering
cuit®, The tubes are now to be inserted into the jacks, J2 and J3, to see that no current is
HEBypControl Unit. Turn on the power switch of flowing. Under the condition of the bias re-
the, assembly of which the HKB Unit 1s a part. sistor R6 being set near the center, the Relay

Plugya d-c ammeter of 1 ampere range into jack
J1 and adjust the shorting clips of external re-
8istors R23 and R24 to obtain the correct heater
eurrent as given in line #2 of the table. It is
desirable to keep the amount shorted out of each
of these two resistors about equal so as to dis-
tribute the heat produced equally between them.
When the power 1s first applied, the tube heater
current will be above normal due to the low re-

: -9

Tube, V4, 1s biased well beyond plate current
cut-off, so that the current at jack J2 should
be well below the 1imit of .1 milliampere.

Under the condition of no r-f signal receilved,
the current at jack J3 should be well below the
1limit of .1 ma. Any excessive current flow
should be investigated and the fault cleared be-
fore proceeding with the tests. (Make final
checc with 1 milliampere range of meter.)
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5. Measure the d-c bias

voltage be-
tween terminals #5 and #18.

6. This adjustment is for the purpose
of obtaining the correct Master Oscillator plate
voltage for the transmitter. The transmitter
must be completely adjusted and 1in a state of
normal operation (‘ready to be controlled by the
HKB Unit). In making this adjustment it 1s ne-
cessary to have V1 Thyratron continuously ig-
nited. Remove the external connection wire from
terminal #26 of the HKB Unit. Remove the ex-
ternal jumper wire from terminal #25. Connect
terminal 25 to terminal #19. Thyratron V1
should fire and remain ignited. Connect a d-c
voltmeter of at least 1000 ohms-per-volt resis-
tance between, terminal #5 and terminal #19. Ad-
just Rl and R2 to obtain the required voltage as
given on the Table in the transmitter instruc-
tion book. The transmitter should now be send-
ing out carrier at 1its full output power.
Reconnect the wires that were removed from ter-
minals #3, #4 and #26.

T. The object of the following ad-
justment 1s to set the firing point of the thy-
ratrons V1 and V2 to the proper value by adjust-
ing their grid bias. The bias voltage is
measured between terminal #5 and terminal #25,
and is adjusted by means of the slider on re-
sistor R5. The tap on the secondary of trans-
former T1 should be on terminal #5 of the trans-
former.

In making this adjustment, 1t is ne-
cessary to apply a simulated fault to the HKB
relay and associated carrier set. If the cur-

rent circuits of the relay are not connected to
the 1line current transformers, a single-phase 60
cycle current from a variable test source can be
applied to the HKB relay terminals 24 and 25,
simulating a single-phase-to-ground fault. If
the relay current circuits are connected to the
line, open test switches D, E, F, G, H, I and,
J. Test switch J opens the trip circuit. This
switch should be opened first and left open dur-
ing all adjustments. The current circults te
the relay have been shorted by opening switcheés
D, F and H, but the relay 1s still connected to
the current transformers through the test gacks
on switches E, G and I. These circuits areé
opened by 1nserting current test plugs “or strips
of insulation into the test jacks on switches E,
G and I. The relay is now entirely digconneeted
from the current transformers, andythe)single-
phase test source can be connected Wbetween
switch jaws F and G.

Put the upper tap screwl in fap 4 and
the lower tap screws 1in the C and(QH taps. This
sets the pickup current of théWrpelay fault de-
tector at 0.5 ampere for a gingle -phase-to-
ground fault. Adjust théjslidér on R5 for max-
Imum grid bias on the thyratrons™™ With all con-
nections to the carrigr set mermal, apply the
single-phase test curfent £ to the relay and in-
crease it gradually. At 0.5fampere, the fault
detector should pick up-. Increase the current
to 0.625 ampere which is 125% of the fault de-
tector setting. Now gradually decrease the grid
bias on the thyratrons. A point will be reached

where thyratron V1 fire€s to start carrier. A
faint purplish glow may be noticed in thyratron
V1 between the cathode and the plate or anode.

If the relayingwearrier receiver is operating, a

plate current “of @bout 20 milliamperes will
flow. CofitInue) to reduce the grid bias until
thyratron V@ fires, and trigger action begins.

This will%be'evidenced by picking up of the op-
erating element in the relay, and a reduction of
the receilwer plate current to about half 1its
previous value. This is the correct adjustment
of ‘blas \for the thyratrons. Tighten the slider
on resistor R5. Reducing the test current below
0.625 ampere should stop triggering action, but

V1l will remain conducting, and carrier will be
on continuously. Reduce the test current to
zero. When the fault detector resets, V1 will
be extinguished, thus stopping carrier. Check

the adjustment by gradually increasing the cur-
rent again. The fault detector should pick up
at 0.5 ampere should start. At
0.625 ampere, element R should
pick up.

and carriler
the operating

8. The following adjustment covers
the setting of the relay tube (V4) grid bias.
With the test current circult applied to the re-

lay (described in paragraph 7), inerease the
a-c current until the neon lamp, in the HKB re-
lay lights. Plug a d-c milliammete® into . the

current jack on test switch I1 onjthé®relay to
measure the operating element codi}, cukrent. Re-
duce the grid bias on the relgy gube by adjust-
ing the slider on resistor R6 Vuptil the operat-
ing element coll current 1§25 milliamperes.
The relay tube grid bilas is measured between the

slider on R6 and termin&d, #5) "of the Control
Unit. A voltmeter of_at least 1000 ohms-per-
volt resistance should bedused. Carrier from
the distant 1line terminal shHould not ©be trans-

mitted during this_adjustment. When the relay
tube grid bias 1isgfadjusted as described, the
overall characterigtic | 6f the HKB relaying sys-
tem is as shown@in Figure 2. All test circuits
and meters may ‘nowy be removed, and the relay
test switches returned to normal. The switch
with the rfed ‘handle should be closed 1last as
this connects§,the“relay to the breaker trip cir-
cult.

CIRCUITQADJUSTMENTS - 250 VOLT EQUIPMENT

I The first line 1in the Adjustment
Data Tabley is the power supply or battery volt-
@ge, which is to be measured at the cabinet ter-
minals“Before any of the equlipment 1s turned on.
The actual value of this voltage at the time of
installation should be entered on the line 1in
the fifth column of the data table. If it 1s
not’"within the limits of 200 to 300 volts d-ec,
do not proceed.

2. Adjustment of the HKB Control Unit
tube heater current will be accomplished along
with the adjustment of the transmitter heater
current, because all the heaters of the assembly
are connected in series. The necessary external
heater series resistors are a part of the acces-
sories for the assembly of which this Unit is a
part; and the instructions for their adjustments
are to be found 1n the instruction book for the
complete assembly. After the adjustment is com-
pleted, record the value of current as measured
at jack J1l. The heater currents of the Control
Unit and the transmitter should be within the
limits tabulated on Table II.

External accessory resistor R25 1is
connected in shunt to the HKB tube heaters. By
bypassing .3 ampere, it enables thelr operation
in series with the tube heaters of the transmit-
ter, which draw .9 ampere. Resistor R25 is ad-
justed at the factory to 208 ohms plus or minus
1 percent and should not be changed from the
above value.

3. The plate circuit supply voltage
is to be measured between terminal #5 and termi-
nal #10.

4. After the above adjustments are
completed, measure at the other two metering
jacks, J2 and J3, to see that no current is
flowing. Under the condition of the bias re-
sistor R6 being set near the center, the Relay
Tube, V4 is biased well beyond plate current
cut-off, so that the current at jack J2 should
be well below the 1imit of .1 milliampere.

- 10 - !
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TYPE HKB RELAY AND CONTROL UNIT

TABLE I

ADJUSTMENT FOR HKB CONTROL UNIT ON 125 VOLTS

See text of Instructlon book for discussion of the followlng table. Numbé¥ s preceeding

data refer to test paragraph numbers.

Quantity Min. Normal X Actual
Power Supply Volts 100 50
.6

1. 125

2. Heater Amperes, Preliminary Adjustment # .59 .62 5

3. Heater Amperes, Final Adjustment + .54 .5 .58

4. Current at jack J2, Milliamperes 0 .10
Rectifier-doubler Output Milllamperes at J3 * 0 .10

5. Total Bias Volts 11 14 17

6. Master Oscillator Plate Volts-------------~------ See (tr tter instrgction boox.

7. Thyratron Grid Bilas Volts 10.0 14.0

8. Relay Tube Grid Bias Volts 0 30 40
HKB Relay Operating Element Current, Ma. 25 26

# - T?e total tube heater current of the assoclate nsmitter should be adjusted to this value
also.

+ - The final value of the tube heater curren he transmitter should be within these limits
for the total, and half of these v e ch branch.

* _

With no carrler belng recelved.

TABLE II

ADJUSTMENT DATA FOR HKB CONTR BN 250 VOLTS

N

data refer to text paragr

—

=

o =N o WU

See text of instru on book for discussion of the followlng table. Numbers preceeding
rs.

Quant Min. Normal Max. Actual
Power Supply Vol 200 250 300

Tube Heater Amperes Control Unit .54 .56 .58
" " " Transmitter .81 .35 .89
Plate Circu 1y Volts 95 135 165
J2, Milllamperes 0 0 0.1

er Output Milliamperes at J3 * 0 .05 0.1

olts 17 22 28

i1llator Plate Volts--------------"cc--- See transmitter instruction book.

Thyra.tron Grid Bias Volts . 6.0 11.0 16.0
Relay Tube Grid Blas Volts 20 30 40
KB Relay Operating Blement Current, Ma. 24 25 26

With no carrier belng recelved.

- 11 -



TYPE HKB RELAY AND CONTROL UNIT

Under the condition of no r-f signal receilved,
the current at jack J3 should be well below the
limit of .1 ma. Any excessive current flow
should be investigated and the fault cleared be-
fore proceeding with the tests. (Make final

check with 1 milliampere range of meter.)

5. Measure the d-c bias voltage be-
tween terminals #5 and #18.
6. The following adjustment is for

the purpose of obtalining the correct Master Os-
cillator plate voltage for the transmitter. The
transmitter must be completely adjusted and in a
state of normal gperation (ready to be control-
led by the HKB Unit). In making this adjustment
it is necessary to have V1 Thyratron continuous-
ly 1gnited. Remove the external connection wire
from terminal #26 of the HKB Unit. Remove the
external jumper wire from terminal #25. Connect
terminal #25 to terminal #19. Thyratron V1
should fire and remain ignited. Connect a d-c
voltmeter of at least 1000 ohms-per-volt resis-
tance between terminal #5 and terminal #19. Ad-
just Rl and R2 to obtain the required voltage as
given on the Table 1in the transmitter instruc-
tion book. The transmitter should now be send-
ing out carrier at its full output power. Re -
connect the wires that were removed from termi-
nals #3, #4 and #26.

7. Thyratron Grid Bias Volts. Ad-
justments are exactly the same as for 125-volt
equipment. See paragraph 7 of previous section.
Refer to values on Table II.

8. Relay Tube Grid Bias Volts. Ad-
justments are exactly the same as for 125-volt
equipment. See paragraph 8 of previous section.
Refer to values on Table II.

OVERALL TEST OF COMPLETE INSTALLATION

After the complete equipment has been
installed and adjusted, the following tests can
be made which will provide an overall check on
the relay and carrier equipment. The phase ro-
tation of the three-phase currents can be che€k/
ed by measuring the a-c voltage across relay
terminals 19 and 20 or test switches B fand <€
with a high resistance a-c voltmetér oOFf at
least 1000 ohms per volt. The reading“ebptaimed
should be approximately 1.1 volts per ampéxe of
balanced three-phase 1load current “secondary
value).

This test requires that" a ““balanced
three-phase load current of at [leasti1.0 ampere
(secondary) be flowing through the ldne-section
protected by the HKB relays 4 At both terminals
of the protected 1line-sectibn/ %emove the HKB
relay cover and open the“gripy¥circeuit by pul}ing
the test switch blade @ith “jthe“long red handle.
Put the tap screw onf{thejupper tap plate in the
4 tap, and on the lgwer ne in the C and H taps.
Be sure to insert thejsparetap screw before re-
moving the connected oné. 4Now open test switch-
es D and E on the relay “at one end of the line
section (Station A) and insert .a current test
plug or strip of insulating material 1into the
test jack on switcth E to open the circuit
through that switch. The above operation shorts
the phase A to mneutral circuit ahead of the se-
quence filter"wand disconnects the phase A lead
from the filter. This causes the phase B and C
currents (to ¥eturn to the current transformers
through the zero-sequence resistor 1n the fil-
ter, ‘thus,8imulating a phase A-to-ground fault
fed fromyone end of the line only. As a result,
both, thégpflault detector and operating element at
Station A should close - their contacts. Comple-
tiony, 0f the trip circuit can be checked by con-
necting a small lamp (not over 10 watts) across
they terminals of test switch J.

- 12

Now perform the above operations at
the opposite end of the line-section (Station B)
without resetting the switches at Station A.
This simulates a phase-to-ground fault external
to the protected 1line-section. The fault de-
tector, but not the operating element atmB
should pick up, and the operating element at A
should reset. Restore test switches D and E)at
Station A to normal (closed). The 1line condis
tions now represent a phase-to-ground fault fed

from Station B only. The fault detector at A
should reset and the operating element at B
should pick up. Restore test switches D and E

at Station B to normal, and both eleménts of -the
relay at Station B should reset.

The above tests have cheegked@ phase ro-
tation, the polarity of the segllencefjfilter out-
put, the interconnections betweeniythe relay and
the carrier set and the Phase A current connec-
tions to the relay at bothWstations. Phase B
and C can be similarly checkedy by opening test
switches F and G for Phase,B, and switches H and
I for phase C. The same,proeedure described for
Phase A 1is then followed.

If all tHe test® have been completed
with satisfactory(resultis, the test switches at
both line terfiinalsshould be closed (close the
trip circuit ‘tes§t switch 1last) and the relay
cover replaced. The equipment 1s now ready to
protect theWline=section to which it is connect-
ed.

MAINTENANCE

Since the Control Unit
of -panel controls, 1t requires no attention ex-
cept maintenance as described 1in the following
paragraphs. The unit cannot be taken out of
servicegwithout taking the entire assembly out
of service.

has no front-

Every three months an overall inspec-
tion should be made to see that no excessive
eorrosion has developed due to fumes or conden-
sation of moisture. Any accumulated dust and
dirt should be cleaned out, as often as once a
month in some localities.

Tubes

At the end of each year of operation,
the tubes should be removed from their sockets,
and their contacts 1inspected for possible dirt
or corrosion. If there is any discoloration, it
may be removed by the use of very fine sand-

paper. In order to assure maximum tube 1life, it
is very important that the resistance of the
contacts be kept to an absolute minimum. If
necessary, this cleaning operation should be

performed more frequently than indicated above.

Resistors

The resistors are operated well within
their ratings, and should not fail during the
life of the unit. In the accessory equipment,
the ferrule resistors should be removed from
their clips at the end of each year's operation,
and the ferrules and clips cleaned of corrosion
with crocus cloth or very fine sandpaper. In a
corrosive atmosphere a film of vaseline will re-
duce trouble.

TYPE JY HKB CONTROL UNIT COMPONENT PARTS

125/250 volts d-c

Style: 867954
Electrical Parts per Component Parts
List (Dwg. 7615215), V1 to V4  except

resistors R23, R24, and R25 and tubes.



TYPE HKB RELAY AND-

CONTROL UNIT

COMPONENT PARTS
SYMBOL NUMBER NAM®E RATING
REQUIRED
CAPACITORS
Cl 1 Thyratron Plate to Plate .05 Mfd., 600 V. d-c
c2 1 Thyratron Output .05 Mfd., 600 V. d-c
C3 1 Rectifier Doubler Input .0051 Mfd., 600 V. d-c .
ch 1 Rectifier Doubler Output .0051 Mfd., 600 V. d-c
Cc5 1 Transformer By-Pass .003 Mfd., 500 V. d-c
ceE 1 Thyratron Grid By-Pass 27 Mmfd., 500 V. d-c
(o4 1 Thyratron Grid By-Pass 27 Mmfd., 500 V. d-c
METER JACKS
J1 1 Tube Heaters Western Electric Cat. (23 kt. opening
J2 1 Relay Tube Plate & Screen Western Electric Cat. 23 ckt. opening
J3 1 Rectifier Doubler Output Western Electric Ca 2 ckt. opening
REACTORS
! Ll 1 Carrier Start Circuit 7 henriles, 25 5 440 ohms d-c resistance
\F RESISTORS
R1 1 Carrier Start Thyratron Plate 16,000 odms tt, tapped.
R2 1 Carrier Start Thyratron Plate 2,000 tt, adjustable (1 band).
R3 1 Relay Thyratron Plate 5 watt.
R4 1 Relay Thyratron Plate 1 watt.
RS 1 Thyratron Bias 22 watt, adjustable sl bandg.
R6 1 Relay Tube Bias 22 watt, adjustable (1 band).
R7 1 Heater Shunt 22 watt.
R8 1 Amplifier Bias 22 watt.
R9 1 Amplifier Bias 22 watt.
R10 1 Amplifier Bias 12 watt.
R11 1 Amplifier Bias 22 watt
R12 1 Bilas Restoring ohms, 1 watt.
R13 1 Bias Restoring 0.11 megohms, 1 watt.
R14 1 Bias Restoring ,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 Cathode 2,400 ohms, 1 watt.
R18 1 Rectifier Double 2,000 ohms, 1 watt.
R19 1 Rectifier Doubler 51,000 ohms, 1 watt.
R20 1 Relay Tube Gri 51,000 ohms, 1 watt.
R21 1 Tube Shell Groun 0.27 megohms, 1 watt.
R22 1 Reactor Shunt 5,100 ohms, 1 watt.
R23 1 Heater Series 63 ohms, wire wound, ad justable (1 band;.
R24 1 Heater Series €63 ohms, wire wound, adjustable (1 band).
R25 1 Heater Shunt 250 ohms, wilre wound, ad justable (2 bands).
T1 1 1/4 ratio topped secondary.
T2 1 2500/500 ohms Impedance Ratio.
T3 1 2500/500 ohms Impedance Ratlo.
Vvl 1 arrier Start Thyratron-Gas Type 2050
ve 1 Relay Thyratron-Gas Type 2050
V3 1 c ier Doubler-Vacuum Type 2526
V4 1 Tube -Vacuum Type 25L6
TUBE SOCKETS
Octal Ceramic Tube Socket .| E.F. Johnson Co. Cat. 228 (From Dwg. T7614215.1)
ACCESSORY GROUP" COMPONENTS Style: 867956

Note:
Con

Item¥1 or 2 will be supplied with the HKB
t g

ol Unit for the appropriate applica-

tion.

1.

Accessory Group for 125 volts
Style: 867955

Electrical Parts - R23, R24 & tubes
V1l to V4 of Component Parts List.

Accessory Group for 250 volts less
external heater series resistor.
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Electrical, Parts - R25 and tubes V1
to V4 of Component Parts List.

ORDERING INFORMATION

The Westinghouse Electric and Manufac-
turing Company 1is 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, Style #8€7954, and mention the

. circuilt symbol where it 1is given. All orders
must speciry the rating as well.
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Figure 6
Outline & Mounting Plafi of /the Type HKB Control Unit.
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