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OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HKB CARRIER RELAYING
WITH TYPE FD CARRIER EQUIPMENT

INTRODUCTION

The high-speed
lines

clearing of faults on trans-
mission 1s recognized as necessary for
good system operation. The best overall pro-
tection 1is
differential

the two ends

provided by the method known as

relaylng 1n which conditions at

of the line are compared to de-
the fault 1s 1n the line sec-
This
assures simultaneous tripping of the breakers,
which 1s desirable
stabllity, continulty of
closing, and minimum damage to equipment. For

termine whether
tion or external to the protected zone.

from the standpolnts of
service, quilck re#
many lines, carrier relaylng 1s the most prac-
tical and reliable medium for
condltions at the two ends of the 1l4me.

comparing 4 the

The type HKB system of carrier pretection
uses a single relay operation " (on current
only) at each end of the tfansmission line

section to detect and detfermine the locatlon
of faults. It
channel the
the two

whether an Internal or external fault exlsts.

compares @gverga carriler pllot

phase angle “between currents at

ends of a lin€section to determine

A positive, negatlve and zero sequence cur-
rent fllterq,lisusged fo obtaln a single-phase
voltage frgm they three-phase 1line currents,
and thisgvoltage 18" utilized to energize fault
detectorsiand tod control the transmission of
halkf blocks (at the

frequency) of carrier energy from both ends of

alternate cycle power

the 1line section.

The) carrier signal from each end 1s receilved
atythe end of the 1line where 1t 1s
rectifled, and compared with the phase po-
sition of the of the
sequence fllter. This comparison takes place

opposlte

output voltage local

SUPERSEDES I.L. 41-600.8

No changes. New Il.L. number.

flows 1n the

in a vacuum tube. The polarity of the filter
and carrier voltages,1s such that no current

vaeuum ,/tube plate circult for a

fault external o the
when the linejcurrents are exactly in phase at
the two gndsy For an Internal fault with the

curpentsVat the two ends of the line 180° out-

protected line section

of-phase, plate current will flow on alternate
half-cycles of the 1line
This plate current flows through a transformer
primary winding, and the a-c voltage developed
side 1s rectified and sup-
plied to a relay whose
circult. The
secondary 1s sufficlient to trip the relay for
This arrangement thus pro-
over the entilre
within the set-
As thls system operates
1t 1s not subJject to
swing or out-of-synchronism

current frequency.

on ‘the secondary
contact 1s in the trip
voltage 1n the transformer
an Internal fault.
tripping

faults

vides simultaneous

line sectlion for all
tings of the relay.

on line current only,
tripping on power
circulating currents ap-
fault. If

an out-of-synchronism

conditions since the
pear to the relays as an external
tripping 1s deslired on
condition, auxiliary relays must be added for
thls purpose. For an internal fault on a line
fed from one end only, tripping will occur at
the terminal through which fault current 1s

flowing iInto the line sectilon.

COMPONENTS OF COMPLETE
EQUIPMENT

of the
transmission line sectlion 1s as

An outline equlpment wused at each

terminal of a

follows:
1. One type HKB relay which includes the
sequence fillter, fault detectors to
start the transmission of carrlier and

control the operating element (tripping
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Fig. 2—The Relay Tube Circuit and Typical Wave Dia2
grams of the Type HKB System.

Response To Faults

Flg. 2 shows 1n detall how thegelrceuits |just
described determine whether an intewnal“er ex-
ternal fault exlsts. The relay\tube“eircult
1s shown at the top of Fig. 2 for cémvenlence.
The "operating voltage fromamplifd®er" 1s the
voltage EOp of Fig. 1. It ds called operating
voltage, as 1t makes _the plafe of the relay
tube positive on alternate half-cycles,
causling the flow of “melaygztube plate current.
The "restralninglvoltageffrom carrier" 1s the

d-c output E_, ©f the vodtage-doubling recti-

R
fler and 1s so namedd as 1t opposes the oper-
ating voltage and prevents the flow of plate
current 1n the relay tube by applylng negative

potential, to 1ts grid.

To seg héw)the quantitles shown 1n Flg. 2
are utilized,consider first an internal fault.

The polarities of the sequence-fllter -output

Fig. 3—Typical Overall Characteristics of the Type HKB
System.

voltages at the two ends of the line are such
that, when the fault detectors operate, carri-
er 1s transmitted from both line terminals on
the same half-cycles (Fig. 2, C and D). The
recelved and rectified carrier restraining
voltage (Flg. 2, E) 1s applied to the grid of
the relay tube.

For an internal fault, there 1s no rectified
carrier voltage drulng the half-cycles that
the plate of the relay tube 1s made positive
by the operating voltage. As a result, plate
current will flow 1n the relay tube, as shown
at F 1n Fig. 2.

pulses flow through the primary winding of the

The half-cycle plate-current
transformer T. The secondary voltage (Fig. 2,
G) 1s rectified to provide a steady relay
operating force, and the direct voltage so ob-
talned causes current to flow to operate the
relay R (Fig. 2, H).

9
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CARRIER RELAYING

During an external fault, when the fault de-
tectors pilck up,
the two ends of the
cycles as shown at C' and D' 1n Fig. 2.

carrier 1s transmitted from
alternate half-
This
current at one end

line on

change occurs because the
of the 1line has reversed with respect to the
If the
entering the line 1s 1in phase with the current

current at the opposite end. current

the rectifled carrier at each re-
celver will provide a substantlally continuous

leaving 1t,

restraining voltage (Fig. 2, E'). As a result

no plate current flows (Fig. 2, F') and the

relay does not operate.

The phase position of the line current theo-

retically may fall anywhere between the in-
phase position and the 180 degree out-of-phase
position. Fig. 3 shows the characteristics of
this As the
phase position changes from in-phase (external

(internal fault), the
carrier change 1n phase
blocks of local

shown in Fig.

the relay over entire range.
fault) to out-of-phase
blocks of the distant
position with
carrier, the two extremes belng
2, C and D, Fig. 2, C!' and D'.

current

respect to the

Between thege
two extremes the plate of thefrelay
tube willl be blocked over more and moxe of jthe
cycle, and the rms value of the A-CgcompOnent
of the plate current will decrease.

This will result in a oft ' the cur-
rent 1n relay R as shown on thefd Typleal phase
relationshlp Filg. 3. By

the, relay R can be

decrease

angle relay-current
adjusting the sensitivity,
set to operate when the, angle between the cur-
rents at the two ends ofi'the Ilne
desired value, such agf55 degrees, as shown.

becomes any

The preceding explanation 1s based on single
frequency opgratlon’ off the carrier equipment.
That 1s, the “transmitters
both ends f the
carrier freguency/

and recelvers at
I¥ne are tuned to the same
It should be noted,

¢gomparison of Filg. 2, B and C,

how-
ever, from a

that carrier 1s
the half-cycles

voltage

transmitted 1locally
there 1s
present.

only on
when no positive
operating Consequently, it
1s never necessary to recelve the 1local car-

rlerdsignal, since the relay-tube plate cur-
during these half-

means that two-frequency oper-

rénthalways will be
This

zero

cycles.

ation of the carrler transmitters and re-
celvers 1s possible without
1t 1s desired to
which requires a two-frequency
two-frequency operatlion, the

line
opposite end are tuned to onggcarrier frequen-

complicatdronydd
use some auxlllary functlon

channely In
transmitter at
one end of the and the recelyer at the
cy, and the other transmittler_@and recelver are
This permits
and reception 1n

tuned to a different frequency.
simultaneous transmilssdion
both directions as
lemetering 1In one

would be needed for te-
direetdon and load control

1n the opposlte directien.

This
for faults wilith@Wan uneven distribution of cur-
rent from/opposite 1line Consilder
an 1fiternall flault which picks up both fault
detectorsW(FDl and FD2) at
(#9mpbuty only FD1 at the
(#2)%,. Tripping cannot occur at station #2 be-
cdause FD2 1s not picked up. However, pilcking
up of “FD1l will transmit the half-cycle blocks
offycarrier of the proper phase position which
whil still tripping at
Statlon #1.

relaylng system wilill operate correctly

terminals.

one line terminal

opposlite terminal

allow high-speed

After the breaker at station #1 has trippeqd,
redistribution of the fault current may pick
up FD2 at station #2 in which will
trip in a high-speed sequentlal tripping oper-

case 1t

ation.

Provisilon for Checking Operation

It 1s desirable to
condition of the
abllity to send and
For this
nected 1n parallel with the auxlliary

check periodically the
carrier set to determine 1ts
recelve a carrier signal.
purpose a test push button 1s con-
carrier
start elements. Pressing the test push button

signal which 1s

alarm relay and

sends a carrier recelved by

the recelver to operate an

energlze a milliammeter. If the carriler set
1s not functlioning, the alarm 1s not heard and
the milliammeter does not deflect, 1ndilcating
trouble which must be 1nvestligated. The alarm
relay has a minimum operating value 1In excess
of the
tube so that an 1ndication of 1mpending trou-

obtalned before

minimum required to block the relay

ble can be actual failure
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Fig. 4—Time Delay Circuit for the Carrier Alarm when
using the Carrier Channel for Telemetering or
Supervisory.

occurs.

Operation of the HKB relaying system for all
faults 1is
of the electronic components as
HKB relay 1tself.
test of the entire installatlon, a test trads-
With
thls equipment, faults are simulated by apply=

dependent upon correct functioning
well

To provide a simple manual

as the

former and test swiltch are provided.
ing a single phase current to the HKB relay“at
both ends of a line sectilon.
test
both Internal and external fault responsge can
be checked. Indicator
trip circult 1is
fault.
the line circult breaker 1s ©Opened.

By reverslng the
polarity of the current at one stdtion,

lamps ““showy, when the
completed fgor
the €trip clrcult to
The test
switch for this test 1s aliso used as a carriler
on-off switch. Turning 1%, to the "off" po-

sition removes carriepfrelaylng and leaves the

an Internal

During the test,

line protected by4qthe ‘backup relay.

ADDITIONALYUSES FOR CARRIER
CHANNEL

In addition to relaylng described above, the

carrler, channél can be wused for other func-

tions sueh as telemetering, load control, com-

municat¥en, supervisory control and remote

tripping). For these functlons, a separate

lead 1s brought out from the transmitter to

start carrier. Fhis arrangement provides in-

dependent keylng contacts or clrcults for_ze=
In the [event
detectorEDL

and allows

laylng and the other functilons.
of a fault,
Interrupts the

operation of fault
auxlillary function
carrier.
ential use of carrier will
fault only 1f there 1s a sufflcdent
terminals to

the relay to control This prefer-

occur during a
source of
power at all

pPlck™ upl the pro-

tectlve relays.

There may be times when the Jrelay 1s unable
to take control of the careler.
fault
Here, a telemetering impulse

An example 1s
the case where no current flows at one
end of the line.
or telephone
ping, becauseftheére would be
ation at fhe
rupt the carrier:
ditiommean Be

under-voktageifault-detector

conversation could prevent trip-
no relay oper-
zero-current terminal to inter-

However, even thils con-

taken care of by the use of
relays connected
to adine-sdde potentlal source. The contacts
of ,he

the auxlliary carrier start circuilt so that 1f

under-voltage relays are connected 1n

ong ‘or, more relays drop out during a fault,
the Jauxiliary-function carriler signal will be
Interrupted, thus allowlng the opposite termi-

nal to trip.

Another possibllity 1s to
1liary carrier-start circult through a breaker
"a" switch.

for telemetering or

energlze the aux-

By doing this, the carrier signal
will be
This

other terminal for

communication
stopped whenever the
willl allow tripping of the
a fault on the 1line
However,

breaker 1s open.

sectlion when one breaker
i1s open. 1f continuous telemetering

1s required whether the breaker 1s open or

closed, then undervoltage relays must be used

as described in the previous paragraph.

In order to prevent the carrier alarm from

ringing during the time carrier 1s being used
for auxlliary telemetering functlion, the time
delay circult of Fig. 4 can be
This circult

nation of resistors and a

used at each
terminal. conslsts of a combi-
capacltor energlzed
contacts on an
wWhen

sent or recelved,

through auxiliary Type TV

relay. telemetering impulses are being

the coll of the Type TV re-
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lay in the recelver plate clrcult 1s energlzed
on each 1mpulse. Thils causes the normally
closed contact, TV, to alternately open and
close energlzing the clrcult thru a resistor
In parallel with thils ca-
pacltor 1s a circult conslsting of a resistor

and a capacltor.

and the coll AL of the carrier alarm element.
The reslistors and capacltor are chosen so that
for thls particular case a maximum relay of
approximately 2 seconds are obtalned. This
wlll prevent operation on the 1longest te-
lemetering impulse.

If 1t 1s desired to signal by means

push button, 1t 1s only necessary to 1
push button closed for a perlod 1long enough
to cause the alarm element to drop ou er-

glzing carrier thru the push button maintains
the normally closed contact (TV) ope%and when
used up the

ing 1ts back

g the bell to

ng the resistor
of drop-out times

the charge on the capacltor
alarm element will drop ou
contact marked "alarm" an@, ca
sound. By properly pr t
and capacltor, a wide r

can be obtained for e m element.
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INSTALLATION

Westinghouse  I.L. 41-90%1
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HKB CARRIER RELAYING
WITH TYPE FD CARRIER EQUIPMENT

INTRODUCTION

The high-speed clearing of faults on trans-
mission lines is recognized as necessary for good
system operation. The best overall protection is pro-
vided by the method knowri as differential relaying
in which conditions at the two ends of the line are
compared to determine whether the fault is in the
line section or external to the protected zone. This
assures simultaneous tripping of the breakers, which
is desirable from the standpoints of stability, con-
tinuity of service, quick reclosing, and minimum
damage to equipment. For many lines, .carrier relay-
ing is the most practical and reliable medium for
comparing the conditions at the two ends of the line,

The type HKB system of carrier protection uses
a single relay operation (on current only) at,each end
of the transmission line section to detect andydeter-
mine the location of faults. It compareshover a
carrier pilot channel the phase angle between cur-
rents at the two ends of a line sectibn to,“"détermine
whether an intemal or external fault'exists.

A positive, negative and 2ero sequence current
filter is used to obtain a single-phase voltage from
the three-phase line currents, “agd this voltage is
utilized to energize fault detectors and to control
the transmission of altermateshalf cycle blocks (at
the power frequency)/of £artier enegry from both ends
of the line sectiony

The carriergsignal from each end is received at
the oppositeend of the line where it is rectified, and
compared with the phase position of the output vol-
tage of the local sequence filter. This comparison
takes place in a vacuum tube. The polarity of the
filterjand carrier voltages is such that no current
flows, in the vacuum tube plate circuit for a fault
extemal to the protected line section when the line
currents are exactly in phase at the two ends. For an
interr-al fault with the currents at the two ends ofthe

NEW INFORMATION

line 180° out-of-phase, plate current will flow on al-
ternate half-cycles of, the line current frequency.
This plate currentflews through a transformer primary
winding, and the%a-c voltage developed on the secon-
dary side is‘rectified and supplied to a relay whose
contact is®min the trip circuit. The voltage in the
transformer/secondary is sufficient to trip the relay
for andintemal’ fault. This arrangement thus provides
simultaneous tripping over the entire line section for
all“faults within the settings of the relay. As this
system operates on line current only, it is not sub-
jeet to tripping on power swing or out-of-synchronism
conditions since the circulating currents appear to
the relays as an extemal fault. If tripping is de-
sired on an out-of-synchronism condition, auxiliary
relays must be added for this pumose. For an in-
termal fault on a line fed from one end only, tripping
will occur at the terminal through which fault current
is flowing into the line section.

COMPONENTS OF COMPLETE
EQUIPMENT

An outline of the equipment used at each termi-
nal of a transmission line section is as follows:

1. One type HKB relay which includes the
sequence filter, fault detectors to start the
transmission of carrier and control the opera-
ting element (tripping relay), and the opera-
ting element itself.

2. A d-c operated, type FD carrier transmitter-
receiver which also includes a type HKB
Control Unit. The control unit is energized
from the output of the relay sequence filter,
and has three functions,as follows:

a. To control the transmission of half cycle

blocks of carrier.
b. To rectify the received half cycle blocks

EFFECTIVE FEBRUARY 1961
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Fig. 1 = Basic SchematicgConnections of the Type HKB Relaying System.

of carrier from the distantftransmitter.

c. To compare the phase, position of the
received carrier and the lecal “sequence
filter output to determine whether or not
the relay should trip the breaker.

A coupling capaeitor/ with carrier auxiliary
for introducing the“earrier frequency on to
the transmission line, This may be supplied
with a potential device for obtaining line-to-
ground potential “‘for synchronizing or 3 sets
used for measuring 3-phase line potential.
The, carrier “coupling capacitor is the type
PC, and with the potential device, is the
type PCA. The line potential is not required
fomthe type HKB relay.

A"Line Coupling Tuner. This unit is used

to tune out the capacitive reactance of the
coupling capacitor and match the transmitter
or receiver circuits to the transmission line.
Thetuner may be part of the carrier assembly
when the transmitter-receiver is mounted out-
doors. It is usually separately mounted near
the coupling capacitor when the transmitter-
receiver is located indoors some distance
from the tuner.

5. A Line Trap to prevent short circuiting the
carrier transmitter output during a nearby
extemal ground fault on the same phase wire
to which the carrieris coupled.

Similar equipment is required at each line temi-
nal of the protected line section. Each line section
is considered as a unit and should be assigned a
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different frequency to minimize the possibility of
interference with other lines.

The transmitter-receiver sets are tuned to re-
spond to the assigned frequency so that either re-
ceiver may receive a signal from the transmitter at
the opposite end of the section. It is not necessary
for the receiver to receive a signal from its own
transmitter, since the carrier signal from each temi-
nal serves only to block tripping at the opposite
terminal for an extemal fault. Therefore, it is possi-
ble on two terminal lines to use two frequencies in
this carrier scheme and obtain two independent
carrier channels for transmitting auxiliary functions
in two directions simultaneously.

OPERATION OF SCHEME

Fig. 1 shows a complete basic diagram of one
teminal of the relaying system. The three-phase line
currents energize the sequence filter. The single-
phase output of the sequence filter is connected to
two fault detectors (FDI and F'D2) and to the inpuf
circuit of the control unit. The fault detectors, are
used to obtain an intemittent carrier scheme, and
are usually set above load current so that th'eycafrier
channel is available for any auxiliary function ‘such
as communication or telemetering exceptgduring,the
time of a fault.

Fault detector FDI is set to operate at the relay
tap value, and allows the control unit circuits to send
out half-cycle blocks of carmrierand provide operating
voltage. Fault detector FD2:iis,setto trip 25 percent
above tap value, and supefvises the operation of the
tripping relay element R ‘through the relay tube VR.
Thus, tripping of thedin®e breaker cannot occur until
FD1 and FD2 have both picked up. The 25 percent
margin betweén them is to insure that the carrier
start fault sdetectors (FFD1) at both tenmninals of a
line will piek@ip on a remote extemal fault before
the relay tube isfenergized, through FD2 to insure
correct blocking. Under a condition of temporary
overload on ghe line, 'the fault detectors may pick
up and operate the, relaying system continuously.
Daring such a time, the carrier channel is not avail-
ablefor any auxiliary function.

Upon the occurrence of a fault, the contact of

the fault detector FD1 opens to remove a‘blocking
bias voltage from the carrier keying circuit and from
the carrier transmitteritself. This causes the trans-
mission of carrier on altemate half-cycles of the
power frequency. Another winding on the control
unit input transformer energizes a phase-shifting
network and a 60-cycle amplifiers The phase shifter
is adjustable and is setito compensate for delay on
the transmission line og,in“the channel equipment.
The amplifier increases thesequence network output
to a suitable valueqfor plate voltage (operating vol-
tage Eop) on the relaytube VR'

The carrier reeeiver output energizes a voltage-
doubling rectifier which provides a negative bias
(restraining/voltage Eg) on the grid of the relaytube
VR whenever/carrier is transmitted from the remote
teminal ‘(or from the local temninal with single-fre-
queney carrier). The magnitudes of the operating and
restraining voltages are such that plate current will
flowsin the relay tube VR with positive plate voltage
but no restraining voltage on its grid. When restrain-
ing voltage is present, VR plate current is blocked.
The carrier transmitter and receiver are conventional
carrier relaying units whose construction and prin-
ciple of operation are well known.

Response to Faults

Fig. 2 shows in detail how the circuits just
described determine whether an intemal or extemal
fault exists. The relay tube circuit is shown at the
top of Fig. 2 for convenience. The *‘‘operating vol-
tage from amplifier’” is the voltage Eop of Fig. 1.
It is called operating voltage, as it makes the plate
of the relay tube positive on altemate half-cycles,
causing the flow of relay-tube plate current. The
‘‘restraining voltage from carrier” is rectified to
give the d-c output ER of the voltage-doubling recti-
fier, and is so named as it opposes the operating
voltage and prevents the flow of plate current in the
relay tube by applying negative potential to its grid.

To see how the quantities shown in Fig. 2 are
utilized, consider first an intemal fault. The polari-
ties of the sequence-filter-output voltages at the two
ends of the line are such that, when the fault detec-
tors operate, carrier is transmitted from both line
teminals on the same half-cycles (Fig. 2, C and D).
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Fig. 2 = The Relay Tube Circuit and Typical Wavé Dia-
grams of the Type HKB System.

The received and rectified carrier restrainingyvoltage
(Fig. 2, E) is applied to . the gridlefptheyrelay tube.

For an intemal fault, there is, no rectified
carrier voltage during the half-cyeles/that the plate
of the relay tube is made positive by the operating
voltage. As a result, plate ‘current will flow in the
relay tube, as shown 'at F imyFig. 2. The half-cycle
plate-current pulses flow through the primary winding
of the transformer T."The secondary voltage (Fig. 2,
Q) is rectified to provide a steady relay operating
force, and the direct voltage so obtained causes
current to flow to operate the relay R (Fig. 2,H) .

Duringjan ‘extemal fault, ‘when the fault detec-
tors pick up,“carrier is transmitted from the two ends
of thiepline on altemate half-cycles as shown at C’

Fig. 3 = Typical Overall Characteristics of the Type HKB
System.

and D’ in Fig. 2. This change occurs because the
current at one end of the line has reversed with
respect to the current at the opposite end. If the
current entering the-line is in phase with the current
leaving it, the rectified carrier at each receiver will
provide a substantially continuous restraining vol-
tage (Fig. 2, E"). As a result no plate current flows
(Fig. 2, F*) and the relay does not operate.

The phase position of the line current theo-
retically may fall anywhere between the in-phase
position and the 180 degree out-of-phase position.
Fig. 3 shows the characteristics of the relay over
this entire range. As the phase position changes
from in-phase (extemal fault) to out-of-phase (in-
temal fault), the blocks of the distant carrier change
in phase position with respect to the blocks of local
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carrier, the two extremes being shown in Fig. 2, C
and D, Fig. 2, C’ and D’. Between these two ex-
tremes the plate current of the relay tube will be
blocked over more and more of the cycle, and the
rms value of the a-c component of the plate current
will decrease. This will result in a decrease of the
current in relay R as shown on the typical phase
angle relay-current relationship Fig. 3.

The preceding explanation is based on single-
frequency operation of the carrier equipment. That
is, the transmitters and receivers at both ends of the
line are tuned to the same carrier frequency. It
should be noted, however, from a comparison of Fig.
2, B and C, that carrieris transmitted locally only on
the half-cycles when there is no positive operating
voltage present. Consequently, it is never necessary
to receive the local carrier signal, since the relay-
tube plate current always will be zero during these
half-cycles. This means that two-frequency operation
of the carrier transmitters and receivers is possible
without complication, if it is desired to use some
alixiliary function which requires a two-frequency
channel. In two-frequency operation, the transmitter
at one end of the line and the receiver at the oppo®
site end are tuned to one carrier frequency, and the
other transmitter and receiver are tuned to addifferent
frequency. This permits simultaneous transmission
and reception in both directions as would beineeded
for telemetering in one direction and load “éentrol in
the opposite direction. Double-frequency line“traps
should be used with two-frequency carrier for HKB
relaying.

This relaying system will,"operaté correctly for
faults with an uneven distribution®of current from
opposite line terminals. ‘Consider an internal fault
which picks up both faultadeteéectors (FD1 and FD2)
at oneline terminal (#1) but only FD1 at the opposite
terminal (#2). Tripping ‘€anfiot occur at station #2
because FD2 is not picked up. However, picking up
of FD1 will transmit the half-cycle blocks of carrier
of the proper phase, position which will still allow

high-speed tripping at station #1.

After the breaker at station #1 hasitripped,
redistribution of the fault current may“piek up FD2
at station #2 in which case it will trip in a high-
speed sequential tripping operation.

Provision for Checking Op €ration

It is desirable to check periodically the condi-
tionof the carrier setd4o%detemine its ability to send
and receive a carrier signal.. For this puipose a test
push button is connected’in parallel with the auxili-
ary carrier staft, elements. Pressing the test push
button sends#aycarrier signal which is received by
the receivér.to operate an alam relay and energize
a milliammeteryIf the carrier set is not functioning,
the alarm As not heard and the milliammeter does not
defleet, indicating trouble which must be investi-
gatedy, The alam relay has a minimum operating
valuenin excess of the minimum required to block
theQrelay tube so that an indication of impending
trotible can be obtained before actual failure occurs.

Operation of the HKB relaying system for all
faults is dependent upon correct functioning of the
electronic components as well as the HKB relay
itself. To provide a simple manual test of the entire
installation, a test transformer and test switch are
provided. With this equipment, faults are simulated
by applying a single phase current to the HKB relay
at both ends of a line section. By reversing the
polarity of the test current at one station, both in-
ternal and extemal fault response can be checked.
Indicator lamps show when the trip circuit is com-
pleted for an intemal fault. During the test, the trip
circuit to the line circuit breaker is opened. The
test switch for this test is also used as a carrier
on-off switch. Tuming it to the ‘off** position re-
moves carrier relaying and leaves the line protected
by the backup relay.
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