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TYPE HKB CARRIER RELAYING
WITH TYPE FD CARRIER EQUIPMENT .

INTRODUCTION

The high-speed
lines

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

differential

the two ends

provided by the method known as
relaylng 1n which conditlions at
of the line are compared to de-
termine whether the fault 1s 1n the 1line sec-

tion or external to the protected zone.

This
assures simultaneous tripping of the breakers, &h
which 1s desirable from the standpolints o °© €

stabllity, continulty of service, quick
closing, and minimum damage to equipment.

many lines, carrler relaylng 1s the ra
tical and reliable medlum for co the

conditions at the two ends of the

The type HKB system of carr
uses a single relay operatlo
only) at each end of the sion line

sectlion to detect and @te he location
of faults. It compare a carrier pllot
channel the phase between currents at

s

the two ends of a l lon to determine
nal fault exists.

whether an internal@
A posltive, 1 and zero sequence cur-

11t 1 e
voltage m

rent to obtain a single-phase
line

s utilized to energlze fault

ee-phase currents,
and th Vo ge
detect d

alternate

control the transmission of
blocks (at the

frequency) of carriler energy from both ends of

cycle power

the line _section.
L 2

e carrler signal from each end 1s recelved
end of the 1lilne where 1t 1s
compared wilth the phase po-
of the
Thils comparison takes place

e opposite
tified, and
sition of the

sequence filter.

output voltage local

NEW INFORMATION

In a vacuum tube olarity of the fillter

and carrier volt s such that no current
flows 1n the Ul tube plate circult for a
fault ext to the protected line section
when the 1 currents are exactly 1n phase at
the tw . For an 1nternal fault with the
c en e two ends of the line 180° out-

ate current will flow on alternate
s of the 1line
te current flows through a transformer

€ ,
C

current frequency.

y windlng, and the a-c voltage developed
side
lied to a relay whose
circult. The voltage 1n the
secondary 1s sufficlent to trip the relay for

secondary 1s rectifled and sup-
contact 1s in the trip
transformer
an 1internal fault. Thls arrangement thus pro-
over the entire
within the set-
As thls system operates
1t 1s not subJject to
swing or out-of-synchronism

vides simultaneous tripping

line section for all faults
tings of the relay.

on line current only,
tripping on power
conditions since the clrculatling currents ap-
fault. If

an out-of-synchronism

pear to the relays as an external
tripping 1s desired on
condlition, auxlliary relays must be added for
this purpose. For an internal fault on a line
fed from one end only,
the termlnal through which fault current 1s

flowing into the line section.

tripping will occur at

COMPONENTS OF COMPLETE
EQUIPMENT

of the
transmission line section 1s as

An outline equipment wused at each

terminal of a

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

control the operating element (tripping

EFFECTIVE JUNE 1954
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Fig. 1—Basic Schematic Con% the Type HKB Relaying System.
relay), and the operating ele X 3. A coupling capacitor with carrier aux-
self. & iliary for introducing the carrier fre-
\ quency on to the <“ransmission Lline.
2. A d-c operated, type F ier ans- This may be supplled wlith a potential
mitter-recelver which a udes a device for obtaining line-to-grcund po-

type HKB Control Unit.

C
i1s energized from th@ut
relay sequence fil d has three

functions, as fllo

a. To cont a

cycle

b. To rectif rec

rol unit
of the

nsmission of half

rarrier.
elved half cycile 4.

tlocks of carrier from the distant

transmitter.

the breaker.

or not the e

tential for synchronizing or 3 sets used
for measuring 3-phase 1line potential.
The carrler coupling capacitor 1s the
type PC,
is the type PCA.

not required for the type HKB relay.

and with the potentlal device,
The line potential 1s

This unit 1is

used to tune ocut the capacitive re-

A  Line Coupling Tuner.

actance of the couplin capacitor and
match the tramsmitter or receiver cir-
cults to  the

tuner may be part of the carrier as-

transmisslion 1line. The
sembly when the  transmitter-receiver 1is

mounted outdocrs. it ls usually sepa-




CARRIER RELAYING

rately mounted near the coupling capaci-
tor when the transmitter-receiver 1s lo-

cated 1indoors some distance from the
tuner.
5. A Line Trap to prevent short circulting

the carrier transmitter output during a
nearby external ground fault on the same
which the carrier Iis

phase wire to

coupled.

Similar
terminal of the protected line section.

is required at each line
Each
unit and

equipment
line section 1s considered as a
should be
minimize the

assigned a different
possibility of interference with

frequency to

other 1lines.

The transmitter-receiver sets are tuned to

respond to the assigned frequency so that

elther receiver may receive a signal from the

transmitter at the opposite end of the sec-

tion. It 1s not necessary for the receilver td

recelve a signal from 1ts own transmittghf$

since the carrier signal from each tg

serves only to block tripping at th
terminal for an external fault.
i1s possible on two terminzl 1ilne

frequencies in this carrier sche

two 1ndependent carrier chann
mitting auxiliary functions 1 ections
simultaneously.
OPERATION
Fig. 1 shows a

one terminal of
three-phase 1i1ine

quence filter.

rotap value, the control

©
e

detector FD2 1is set to trip 25 pg
tap value, and supervises the opers§

tripping element R through relay
tube. Thus, tripping of the line breaker can-
not occur until FDl and FD2 have @both picked

up . The 25 percent mar between them 1s to

relay

insure that the cargler fault detectors

(FD1) at both terminal ine will pick up

cn a remote externg before the relay

tube 1s energized, FDZ2 to Insure cor-

rect blocking. condition of temporary
overload on th the fault detectors may
pick up and he relaylng system con-

tinuously. such a time, the carrier
channel avallable for any auxiliary
functio

he occurrence cf a fault, the contact
f fault
n ive voltage from the

detector FD1 opens and removes
carrier keying cir-
cult. This causes the transmission of carrier
n alternate half-cycles of the power frequen-
cy. Another wirding on the control unit input
transformer energizes a phase-shifting network
and a 60-cycle amplifier. shifter

i1s adjustable and 1s set to compensate for de-

The phase

lay on the transmission line or in the channel

equlpment. The amplifier 1ncreases the se-

quence network output to a suitable value for
plate voltage {operating voltage) on the relay

tube Vg.

The carrier receiver output energlzes a
voltage-doubling rectifiier which provides a
bia (restrainirg voltage) on the

henever carrier igs

the relay tube

tted from the remcte  terminal (or from

terminal with zingle frequency car-

of the sing and

g auch that plafe cur-

will flow In the relsy tube Vg with posi-
hut no restraining voltage

restraining voltage is pre-

vlocked., The car-

are conventional
congtruction end

are well Known.
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grams of the Type HKB System.

Response To Faults

ternal fault exilsts. The
i1s shown at the top of Fig. 2 nilence.
The "operating voltage from
of Fig. 1. It i
t

voltage Eop

voltage, as it makes of the relay

tube positive on a e half-cycles,
causing the flow o e plate current.
The "restraining ltage m carrier" 1is the
d-c¢ output ER o vol@Bge-doubling rectl-
fier and is so na s 1t opposes the oper-
ating voltage and prevents the flow of plate
current 1n the relay tube by applying negatilve

potential o its grid.

To see e quantities shown in Fig. 2
are i ,consider first an Internal fault.
Th ities of the sequence-filter -output

31-D-5 ' q
Fig. 2—The Relay Tube Circuit and Typical Wav:\T g. 3—Typical Overall Characteristics of the Type HKB
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System.

70ltages at the two ends of the line are such
that, when the fault detectors operate, carri-
er is transmitted from both line terminals on
the same half-cycles (Fig. 2, C and D). The
received and rectified carrier restraining
voltage (Fig. 2, E) 1is applied to the grid of
the relay tube.

For an internal fault, there is no rectified
carrier voltage druing the half-cycles that
tne plate of the relay tube is made positive
by the operating voltage. As a result, plate
current will flow 1in the relay tube, as shown
at F in Fig. 2. The half-cycle plate-current
pulses flow through the primary winding of the
transformer T. The secondary voltage (Fig. 2,
&) 1s rectified to provide a steady relay
owerating force, and the direct voltage so ob-
talned causes current to flow to operate the

relay R (Fig. 2, H).

o~
El T ¢) -
+3 H-

e
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CARRIER RELAYING

During an external fault, when the fault de-
carrier 1is transmitted from
alternate half-
This
at one end

tectors pick up,
the two ends of the
cycles as shown at C' and D' in Fig. 2.

line on
change occurs because the current
of the line has reversed with respect to the
If the
entering the line 1s in phase with the current
the rectified carrier at each re-

current at the opposite end. current
leaving 1it,
ceiver will provide a substantially continuous
restraining voltage (Fig. 2, E'). As a result
(Fig. 2, F') and the

no plate current flows

relay does not operate.

The phase position of the line current theo-
retically may fall between the in-

phase position and the 180 degree out-of-phase

anywhere

Fig. 3 shows the characteristics of
As the
phase position changes from in-phase (external
(internal fault), the
carrier change in phase
blocks of loca
shown in F

position.
the relay over this entire range.
fault) to out-of-phase
blocks of the distant
position with respect to the
carrier, the two extremes being
2, C and D, Fig. 2, C' and D'.
two extremes the plate current of rel
tube will be blocked over more and @ the

cycle, and the rms value of the component

Between t

of the plate current will decrease

This will result in a the cur-
rent in relay R as shown on f
angle relay-current relgk NS
adjusting the sensitivit

set to operate when

decrea
ypical phase
Fig. 3. By

relay R can be
e between the cur-
rents at the two ends

he¥line Dbecomes any

desired value, suc S egrees, as shown.

The preceding ation is based on single

frequency er ongof the carrier equipment.

That 1is, mitters and receivers at

line are tuned to the same
y. It should be noted,
comparison of Fig. 2, B and C,

how-

that carrier is
the hal‘—cycles
voltage

transmitted 1locally
there 1is

present.

only on
when no positive
rating Consequently, it
ever necessary to receive the 1local car-
er” signal, since the
t always will be

This

relay-tube plate cur-
during these half-

means that two-frequency oper-

zero

cycles.

ation of the carrier transmitters @-

celvers 1s possible without comp t if
it 1s desired to wuse some auxiligry fihction
which requires a two-frequency cha . In

two-frequency operation, the transmitter at
line and the req.iver at the
opposite end are tuned to e carrier frequen-

cy, and the other trapgsm nd receiver are

tuned to a different ue . This permits

simultaneous trans (¢} and reception in
b

both directions as e needed for te-

lemetering in o d tion and load control
in the opposit ire@®ion.

one end of the

This re in stem will operate correctly
for faul W an uneven distribution of cur-
rent fr ite 1line terminals. Consider
an er fault which picks up both fault
detedgo FD1 and FD2) at one line terminal

t only FD1 at the terminal
ripping cannot occur at station #2 be-

FD2 i1s not picked up. However, picking

up of FD1 will transmit the half-cycle blocks
carrier of the proper phase position which
will still tripping at

station #1.

opposite

allow high-speed

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

case

ation.

Provision for Checking Operation

It is desirable to
condition of the
ability to send and
For this
nected in parallel with the auxiliary

check periodically the
carrier set to determine its
receive a carrlier signal.
purpose a test push button is con-
carrier
start elements. Pressing the test push button

sends a carrier signal which is received by

the receiver to operate an alarm relay and

energize a milliammeter. If the carrier set
1s not functioning, the alarm is not heard and
the milliammeter does not deflect, 1indicating
trouble which must be investigated. The alarm
relay has a minimum operating value in excess
of the

tube so that an

minimum required to block the relay

indication of impending trou-

ble can be obtained before actual failure
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start carrier. Phis arrangement provides in-
dependent keying contacts or circuits for r
CARRIER laying and the other functlions. In the evellt
NEG. RECEIVER POS
' * of a fault, operation of fault detector F
1 @ 555 @ TV——— interrupts the auxiliary function and allows
CAPACITOR the relay to control carrier. This pref@-
TV R . . .
) | } ential use of carrier will occur uring a
TV fault only if there is a sufficien ce of
—TO0 power at all terminals to pil up pro-
TELEMETER
1 tective relays.
RECEIVER v
;rELngONE AL @EL; | There may be times when y is unable
to take control of the cgrrie An example is
the case where no fau nt flows at one
13-D-5862 end of the line. Hefle a lemetering impulse

Fig. 4 —Time Delay Circuit for the Carrier Alarm when or telephone conveps ¢ could prevent trip-

using the Carrier Channel for Telemetering or ping, because t uld be no relay oper-
Supervisory. ation at the © ent terminal to inter-

owever, even this con-

dition c¢ aken care of by the use of
t-detector relays connected

Cperation of the HKB relaying system for all toa 11 otentlal source. The contacts

faults is dependent upon correct functioning voltage relays are connected in

of the electronic components as well as the the ry carrier start circuit so that if
HKB relay itself. To provide a simple manual < Y e relays drop out during a fault,
test of the entire installation, a test trans- © 1liary-function carrier signal will be
former and test switch are provided. Wit terrupted, thus allowing the opposite termi-
this equipment, faults are simulated by appl al to trip.

ing a single phase current to the HKB relay

1 a aux-
both ends of a line section. By reversingflt Another possibllity 1s to energlze the aux

iliary carrier-start circuit through a breaker

polarity of the test current at one s

both internal and external fault respofise n "a" switch. By doing this, the carrier signal
be checked Indicator lamps Showden e for telemetering or communication will te
trip circuit 1is completed for :.!.‘grnal stopped whenever the breaker is open. Thie

fault During the test the will allow tripping of the other terminal for

the line circuit breaker is opgne

ircuit to
he test
switch for this test is also lised€s a carrier

a fault on the 1line section when one breaker
is open. Hcwever, 1if continuous telemetering

is required whether the breaker 1is open or

on-off switch. Turning it e "off" po-

closed, then undervoltage relays must be used

sition removes carrier rg and leaves the

line protected by th as described in the previcus paragrapn.

ADDITION

In order to prevent the carrier alarm frcm
ringing during the time carvrier 1s being used
for auxiliary teiemetering function, the time
In addition to gi;aying dezcribed above, the delay circuit of Fig. % can be wused at each

sinel can be used for other func- terminal. This circuit consists ¢of a combl-

telemetering, load control, com- nation ¢f registors and a c¢abacitor energized

Mperviscry control and remcte through contacts on an  auxiliary Typa 1TV

-

¥or these functions, a separate relav. Wneri telemetering impulses are being

led rousnt out  from  the transmitter to sent or received, the coil of the Type TV re-
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lay in the receiver plate circuilt 1s energized

This
TV, to alternately
circuit thru a resistor
parallel with this ca-
circuit consisting of a resistor

on each impulse. causes the normally

closed contact, open and
close energizing the
and a capacitor. In
pacitor is a
and the coil AL of the

The resistors and capacitor are chosen so that

carrier alarm element.

for this particular case a maximum relay of
approximately 2 seconds are obtained. This
will prevent operation on the 1longest te-

lemetering impulse.

L
: Q(b
N
Q)C)
N
&

4

If it is desired to

push button, it is only necessary t

signal by meantd

ough

push button closed for a period ng

to cause the alarm element to drop ou Ener-
gizing carrier thru the push button maintains
the normally closed contact (TV) opn and when
the charge on the capacit is wused up the
[¢) osing its back
c ing the bell to

ning the resistor

alarm element will dr

contact marked "alarm"

sound. By properly pfopg

and capacitor, a wi@e @
i¥e h'ewé

can be obtained

e of drop-out times

arm element.
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