INSTALLATION

Westinghouse  LL. 41-9071
OPERATION e 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 known 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 fo the protected zone, This
assures simultaneous tripping of the breakers, which
ig desirable from the standpoints of stability, con-

tinuity of service, quicék 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
asingle relay operation (on current only) at each end
of the transmission line section to detect and detet-
mine the location of faults. It compares over a
carrier pilot channel the phase angle between cur-
rents at the two ends of a line section to.determine
whether an internal or extemal fault exists.

A positive, negative and zer sequence current
filter is uged fo obtain a sirgle-phase voltage from
the three-phase lire currents, -and this voltage is
utilized to energize fault detectors and to. control
the fransmission of alternate half cycle blocks (at

‘the power frequency) of carrier enegry from both ends

of the line section.

The carrier signal from each end is received at
the opposite endof 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
filter and cairrier 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 fwo ends. For an
internal fault with the currents at the two ends ofthe
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line 180° out-of-phase, plate current will flow on al-
ternate half-cycles of the line current frequency.
This plate current flows 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 in the trip ecircuif. The voltage in the
fransformer secondary is suffidient to trip the relay
for an internal fanlt, 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 i not sub-
jectto tripping on power swing or out-0f-synchronism
conditions sirice the circulating currents appear fo
the relays as an extemal fault. If tripping is de-
sired on an out-cf-synchronism conditicn, auxiliary
relays must be added for this pumose. For an in-
ternal fault on a line fed from one end onl y, tripping
will ocecur at the terminal through which fault current
is flowing into the lirie section.

COMPONENTS OF COMPLETE
EQUIPMENT

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

1. One type HKB relay which includes the
gsequence filter, faulf 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 operaited, type FD carrer transmitter-
receiver which also includes a type HEKB
Control Unit, The control unit is energized
from the output of the relay sequence filter,
and has three functions,as follows:

a. To control fhe fransmission of half cycle

blocks of carrier.
b. To rectify the received half cycle blocks
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_Fig. 1'= Basic Schematic Connections of the Type HKB Relaying System,

of carrier from the distant transmitter.

¢, -'To compare the phase position of the
received carrer and the local sequence
“filter output to determine whether or not
the relay should trip the breaker.

3. A ‘coupling capacitor with carrier auxiliary
for introducing the carrier frequency on to
- the transmission line. This may be supplied

-.with a potential device for obtaining line-to~
ground potentidl 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 potentidl is not required
for the type HKB relay.

4. A Line Coupling Tuner, This unit i$ used

to tune out the capacifive reactance of the
coupling capacitof 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. Tt 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 outpui during a nearby
extemal ground fault on the same phase wire
to which the‘carrler is coupled.

Similar equipment is required at each line termi-
nal of the pmtected 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 iransmitter-receiver sets are tuned fo 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 termi-
nal serves only to block tripping at the opposite
terminal for an external fault. Therefore, it is possi-
ble on two termiral lines to use two frequencies it
this carrier scheme and obtaln two independent
carrier channels for transmitting anxiliary functions
in two directions simultaneously.

‘OPERATION OF SCHEME

Fig. 1 shows a complete basic diagram of one
terminal of the relaying system. ‘The three-phase line
currents energize the sequence filter, The single-
phase oulput of the sequence filter is cohnected to
two fault detectors (FDI and FD2) and to the irput
circuit of the coatrol unit. The fanlt detectors are
used fo obtain an intermittent carrder scheme, and
are usually set above load current so that the carnier
channel is available for any anxiliary function such
as communicaiion or telemetering except during the
time of a fault. ‘

Fault detector FDI is set to operate at the relay
tap valug, and allows the control unit circnits to send
piat half-cycle blocks of carrier and provide operating
voltage. jFault detector FD2 is set to trip 25 percent
above tap value, and supervises the operation of the
trippirigrelay element R throtigh the relay tube VR.
Thus, tripping of the line breaker cannot occur until
FD1 and FD2 have both picked up. The 25 percent
margin between them is fo. insure that the carrier
start fanlt detectors (FD1) at both terminals of'a
line will pick up on'a remote extemal fault befofe
the relay tube is energized, through FD2 to irsure
coitect blockirig. Under a cofdition of fempotary

"overload on the lite, the fault detectors may pick

up and operate the, relaying system continuously.
Duririg such a time, the carrier channel.is not avail-
able for any auxiliary function,

Upon the occurrence of a faulf, the contact of

the fault detector FD1 opens fo remove a blocking
bias voltage from the carrier keying circuit and from
the carrier transmitter itself. This causes the trans-
mission of carrier on' aliemate half-cycles of the
power frequency. Another winding on the contmwol
unit input transformer energizes a phase-shifting
network and a 80-cycle amplifier. The phase shiffer
is adjustable and is set {o compensate, for delay on
the transmission line or in the channel equipment.
The amplifier increases the sequence nefwork oufput
to a suitable value for plate voltage (operating vol-
tage Eop) on the relay tube VR‘

The carrier receiver outpuf energizZes a voltage-
doublinig rectifier which provides a negafive bias
(restrainitg voltage.ER) on the grid of the relaytube
Vg whenever carrier is transmitted from the remote
teminal (or from the local temmidal with single-fre-
quency carrier), ‘The magnitudes of the operating and
restrairiing voltages are such that plate current will
flow in the relay tube VR,with pos&itive plate woltage
but no restraining voltage on its grid. When restrain-
ing wvoltage is present, VR plate current is blocked.
The carriér transmitter and receiver are conventional
carrier relaying units whose coastruction and prin-
ciple of operation are well known;

Response to Faults

Fig. 2 shows in detail how the circuits just
described determirie whether an irtemal of exiemal
fault exists, The relay tube circuit is showm at the
top of Fig. 2 for conveniénce. The *‘operating vol-
tage from amplifier” is the voltage Eyp 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. camrier’ is rectified to
give the d-c output ER of the voltage-doubling recti-
fier, and is so named as it opposes the operaling
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-
tieés of the sequence-filter-output voltages at the two
ends of the lirie are such that, when the fault detec-
tors operate, camieér is transmitted from both line
terminals on the same half-cycles (Fig. 2, C and D).
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Fig. 2 = The Relay Tube Circuit and Typical Wave Dia-
grams of the Type HKB System.

The receifred and rectified carrier restraining voltage
(Fig. 2, B) is applied to.the grid of the relay tube.

For an intemal fauli,  there is no rectified
carrier voltage duritig the half-c-.ycles 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 FF in Fig. 2. The half-cycle
plate-current pulses flow through the primary winding
of the transformer T. The _seconda.ry voltage (Fig. 2
@) 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) .

Durinig an extemal fault, -when the fault detec-
tors pick up, carrier is transmitted from the two ends
of the line on alternate half-cycles as shown at C*

Fig. 3 ~ Typical Overall Characteristics of the Type HKB
System,

and D’ in PFig. 2. This change occurs because the
current at one end of the line has reversed with
respect to the cumrrent at the opposife end. If the
current enteririg the-line is in phase with the current
leaving it, the rectified carrier at each receiver will
provide a substantially continuous restraining wvol-
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 faulf) to out-of-phase (in-
ternal 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 fo 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 preseént. Conseduently, 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
atxiliary 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 a different

" frequency. This permits simultaneous transmission

and reception in hoth directions as would be needed
for telemetering in one direction and load control in
the opposite directicn. Double-frequency line traps
should be used with two-frequency carrier for HKB
relaying.

This relaying system will operate correctly for
faults with an uneven distribution of current from
opposite line terminals. Consider an internal fault
which picks up both fault detectors (FD1 and FD2)
at oneline terminal (#1) but only FD1 at the opposite
terminal (#2). Tripping cannoi 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 has tripped,
redistribution of the fault current may pick up FD2
at station #2 in which case it will trip in a high-
speed sequential tripping operation.

Provision for Checking Operation

It is degirable to check periodically the condi-

- tionof the carrder set to detemine its ability to send

and receive a carrier signal, For this pumpose a test
push buitonr is connected in parallel with the auxili-
ary carrier starl elements. Pressing the test push
button sends a camier signal which is received by
the receiver to operate an alarmm relay and energize
a millidmmeter. If the carrier set is not functioning,
the alamm is not heard and the milliammeter does not
deflect, indicating trouble which must be investi-
gated. The alarmm relay has a minimum operating
value i excess of the minimum required to blogk
the relay tube so.that an indication of impending
trouble can be obtained befoie actual failure occurs.

Operation of the HKB relaying system for all
faulis is dependent upon correct functioning of the
electroni¢ 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
polarify of the test current at one station, both in-
ternal and extemal fault response can be checked.
Indicatotr lamps show when the trip circuit is com-
pleted for an intemal fault. During the test, the trip
circuit to the line circenit breaker is opened. The
test switch for this test is also used as a carmrier
on-off switch. Tumirng it to the *“off** position re-
moves camier relaying and leaves the line protected
by the backup relay.
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