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INSTRUCTIONHYS

TYPE HZ,HZ-4 OR HZM PLATE-KEYED
CARRIER RELAYING

INTRODUCTION

The high-speed clearing of faults on trans-
mission lines 1s recognized as necessary for
good system operation. The best overall pro-
tection 1s provided by the method known as
differential relaying in which conditions at
the two ends of the line are ccmpared to de-
termine whether the fault is in the line
section or external to the protected zone.
This assures simultaneous tripping of theé
breakers, which 1is desirable from the stand
points of stability, continuity of serviceé,
guick reclosing, and minimum damage to eg@ip-
ment. For many lines, carrier relaying is ghe
most practiczl and reliable medium £0r ‘compans
ing the conditions at two endsi,of tho

line.

This system of protection usgs rebays opera-
ting on current and voltage at “each/end «f the
line to detect and determime the direction of
faults. Carrier is started%by fault detectors
when a fault occurs. Faulfpower flowing out
of a line section lindicates that the fault 1is
external and the %reakers should not be
tripred. At the game ginstant, however, power
will be flowing intc the other end of the line
as though th€& fault were in the section.
Under thigy comndition, the directional relays
at thed’endWmwhere power is flowing cut cof the
sectign wdll “Operate to continue the trans-
missiomy©Ot afcarrier signal which is received
at both “efids and prevents the relays at both
ends from tripping for all external faults.
For internal faults, power will not be flowing
cut at either end and carrier will be stopped
by, operation of the directional elements at
both ends to permit simultaneous tripping of
both breakers.

The carrier scheme wutilizes the time-
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distance charactepigtigs of the type HZ, HZ-4
or HZM relay toQero¥ide hizh speed simultane-
ous tripping@ith g¢arrier 1in service, and step
type distauee, protection with carrilier eilther
in or a@ut of¥service. The first element of
tne typepHZ WHZ-4 or HZM relay operated inde-
pendently 9 carrier. The second element trips
at high(speed for faults in the section because
theWcarpier tripping contacts short around the
Symchronous timer. These tripping contacts
close immediately if the fault is within the
secticn, but are held open by carrier to block
tripping 1f the fault is beycnd the section
being protected. This arrangement thus prc-
vides similtanecus tripping over the entire
%ine section. The synchroricus timer is used
in connection with the second impedance ele-
ment to provide back-up protection for the
second =zone section. The tripping circuit of
the third element 1s independent of carrier
and operates with time delay for cverall back-
up protection. The directional element,
supervised by the second impedance element,
together with +the third impedance element,
control the transmission of carrier. Ad-
ditional Interlocks can be included to prevent
tripping of any of the elements (carrier or
back-up protection) due to out-of-synchronism
surges. Thus, Dbesides the carrier pilet
protection, +this system inherently provides
high speed and time delay back-up protection.

COMPONENTS OF
COMPLETE EQUIPMENT

An outline of the equipment used at each
terminal of a transmission line 1is as follows:

1. A set of relays, operating on the cur-
rent and voltage of the line, to detect and
determine the direction of faults, tu trip the
breaker 1f the fault falls within the zone of
pretection, and to control the transmission cf

carrier for external faults. One terminal of

EFFECTIVE AUGUST 1955



CARRIER RELAYING

carrier relays consists of:

3 Type HZ impedance, HZ-4 Distance or HZM
Distance Relays for phase faults.

1 Type HRK (current polarized) or Type HRP
(Potential Polarized) Carrier Directional

Overcurrent Ground Relay.

1 Type RS or RSN Carrier Auxiliary Relay.

1 Type CO, CR, CRC, CWC or CWP Ground Back-
up Relay.

The type RSN relay with the Type HZ Relays
provides out-of-synchronism blocking. The Type
HZM Relays are usually set so that they do not
operate on load or synchronizing surge swings
from which the system can recover. Thus the
Type HZM Relay with the Type RS Relay provides
swing or synchronism surge blocking, but not
out-of-step blocking without additional dis-

tance elements.

2. A d-c carrier transmitter-receiver set,
the transmitter controlled by the fault detec-
ting and directional relays, and the receiver

to which the carrier is coupl=2d. These ab=
usually the Type P or the Type M.

Similar equipment 1s required at each 1i
terminal of the protected 1ine section. Each
line section 1s considered as a unit gnd
should be assigned a different frequency to

e

minimize the possibility of inte e with

AN

The transmitter-receiver e tuned to

S
respond to the assigne fr ncy so that
either recelver may receive ignal from the
transmitter at the D end of the sec-

tion. It is not nec

other lines.

for the receiver to
receive a its own transmitter,
since under dition, the fault is ex-

ternal and ional element contact

two te nes to use two frequencies in
this c¢ me and obtain two independent
carrie ann€ls for transmitting auxiliary

funct s in"two directions simultaneously.

PERATION OF SCHEME

ype HZ-U4 distance or type HZM dictance relays

to operate a receiver relay included in the

Type RS or RSN relay. This 1s either the Ty

JY or the Type FD Carrier Set. The sround relay and the type HZ impedance,
a

A

3. A coupling capacitor with carrier -
iliary for introducing the carrier freque
onto the transmission line. This may,

plied with a potential device for asuring
line-to-ground potential or 3 sets sed
for measuring three phase line p & The
Carrier Coupling capacitor is PC, and
u the Type

with the potential device, i
PCA.

4. A Line Coupling Tu is unit is used
to tune out the (N of the coupling

c
capacitor and c transmitter or re-
ceiver circuit e tpansmission line. The
tuner 1s a par e carrier set when the
transmitter-receiver ¥is mounted outdoors, or

is separately mounted near the coupling
capacitor when tHe transmitter-receiver is lo-

cated indo@rs some distance from the tuner.

5. e trap to prevent short circuiting

by t carrier transmitter output during a
ne xternal fault on the same phase wire

e operated by current and voltage using the
usual connections for these relays. For sim-
plicity, the current and voltaze circults are
not shown 1In the d-c simplified schematic dia-
srams of Fizs. 1 and 2. Tne tnree 1impedarnce
elements of these relays are szet in the usual
manner Ior step-type distance relaying except
wnen 23 1is olfset witn the type HZ-4% or HZM
relay. The first element Z1, is set for 80-90%
o1 the line section and operates independently
of carrier. Tne second element, Z2. is set for
about 150% of the line section and so covers
the entire line, but is particularly associated
with that portion which is Dbeyond the setting
of the first element; that is. the last 20-10%
of the line (end zone) adjacent to the next
sectionalizing point. In this 2one, it is not
possible to determine by distance indication
whether the fault 1is just within or just be-
yond the end of the section. For distance re-
laying, without carrier, a time delay contact
T2, 1is used in series witn the contact of the

second zone 1impedance element to allow time

e
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* Fig. 1—Simplified D-C Schematic of the Carrier Control Circuits.
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series in the type HZ., HZ-4 and HZM relays ex-

P
©

AN

N

for the breaker 1in the next section to

e

When used in carrier relaying, this T2 nt cept directional control is omittea when Z3 is

is paralleled by a contact., RRP. ont@by reversed for Carrier when using tne Type HZ-4
e-

carrier, as explaianed below. The or HZM relays.

ment, Z3 of the Type HZ Relays,,| is ven a
distance setting to provide 0 e back-up The Types HRK or HRP ground relays have a
protection through contact T to start directional element and two instantaneous
carrier transmission. over-current elements. The operation of these
elements is explained below.
When the Z3 element o Type HZ-4 or HZM
Relay 1s offset to a for internal faults, The schematic carrier control and trip cir-

the element has na characteristics cuits are shown simplified in Figs. 1 and 2.
and will not blocking carrier for ex- The Type HZM, HZ-4 or HZ relay shown here has

ternal faults. tly, in the Type HZ-4 a single third impeedance element contact and

>r HZM Carrier schem it is necessary to re- directional control of the timer. The same
verse the Z3 element. This means that the scheme also can be used with the older tyse HZ
third =zone back-wp protects the lines extend- relays with two make and one break third im-
ing out o he station instead of the lines pedance element contacts. With this 1latter
adjacen e remote terminal breaker. type HZ relay the carrier control circuit is

slightly different from that shown in Fig. 1.
The \synchronous timer motor 1is started by The trip circuilts wusing either type HZ relay

the ctional and third element contacts in are basically the same as shown in Fig.2 as

-~ — g,
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far as carrier ic concerned.

The upper diagram of Fig. 1 comprises the
carrier control circuits when the type JY
carrier set 1is used, and the lower diagram
comprises the carrier control circuit when the
tyoe FD carrier set is used. The contacts Z3
(A. B, & C phases) in Fig.l serve to start the
transmission of carrier for phase faults and
contact IoS performs the same function for the
ground faults. The ground start contact, IoS,
is operated by an over-current element sepa-
rate from that which operates the tripping

contact.

Fig. 2 shows the trip circuits. The dis-
tance type trip paths are: First zone - D and
Zl; Second zone - C, Z2 and T2, Third zone - D
and T3. The carrier controlled tripping path
is through D, Z2 and RRP contacts. For ground
protection a carrier controlled trip circuit
is set up through the contacts Do and Io of
the ground relay and the carrier controlle
contact RRG. The contact IoS is used to start
carrier. The contacts, RRP and RRG, are
the blocking relay controlled by the
signal operating RRH and RRT coils.

[e)
Carrier is started by closing an n the

carrier start contacts Z3 or Io h arrier
test push button, or the auxil carrier
start contacts. These co t nect the

plate of the carrier oagil tor Bube to posi-
tive. The rectifier va the relaying
carrler start circuit e t revent the flow

cf current in th nt circuit resistors

which would unnec a lcad the carrier
start contacts. The ca%hcde of the oscillator
tube 1s connect ative through the back

contacts CSP
Carrier

t
SG as shown in Fig. 1.
contrclled by the tripping

contact an 2, for prhase faults and Do
greund faults. When fault power
e prctected 1ire section, the
trirping contacts, D and Z2 close for phase
faults and permit the ccil of the auxiliary
contactdr switch, CSP, to be energized. This
ises the back CSF ceontact in the carrier

S rol circults t¢ cpen, which stops carrier
raising the cathode vcltage above the
orerating value, and permits the RRT operating

coll of the receiver relay to be ene
the station battery.

Similarly, for ground faults Do close
to energize the coil of another auxiliary
contactor switch, CSG, whose back contact,
CSG, stops carrier and permits the operating
coil of the receiver rel@y be energized.

carrier start and
at opening CSP and CSG
regardless of how

The arrangement
stop circuits is s

e

us relaying has prefer-

contacts stop ,car
carrier 1s starte
ence at all es/over all other uses of the

carrier ch

The u are arranged so that the
e ground relay can be given
over the phase relays. This is
connecting the contacts CSO of the
or RSN relay around CSP carrier stop
co cts as shown. This means that if IoS of
ground relay starts carrier, it is than
impossible for the CSP contact and the phase
relays to stop carrier. The purpose of this
ground perference 1s to prevent possible in-
correct indieations of the phase relays due to
load currents and the flow of positive and
negative sequence currents during external
ground faults.

The carrier controlled receiver relay is a
sensitive polarized d-c¢ relay provided with
two make contacts, RRP and RRG, and one break
contact, RRB. These contacts are operated by
the action of two <coils, one an operating
coil, RRT, energized by the local battery and
controlled as explained above by CSP and CSG
contacts, and the other a carrier holding
ccil, RRH, connected 1in the plate circuit of
the carrier receiving tube. Normally, both
coils are de-energized and the make contacts,
RRP and RRG, are held open by a magnetic bias.
The relay 1s prevented from operating when the
carrier hclding coil, RRH, is energized even
though the operating coil, RRT, 1s ener-
gized. This means that as long as carrier is

being recelved eitner from the local trans-
mitter or from the opposite end, RRH is ener-

gized and carrier ftripping is rrevented.
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The complete sequence of events may be
briefly summarized as follows: Assume an in-
ternal phase-to-phase fault Jjust beyond the
zone of one of the Z1 elements. Carrier will
be dnitiated immediately at both ends of the
line by the closure of one of the Z3 contacts.
Meanwhile, the directional and second zone im-
pedance contacts close and energize the auxi-
liary switch, CSP, stopping carrier and ener-
gizing the operating coil, RRT, of the carrier
receiver relay. Since the same action has
occurred at the far end of the 1line, no
carrier 1s received and the contact, RRP, is
closed at both ends completing the trip cir-
cuits through D and 2Z2. However, the trip
coil at one end has already been energized
through Z1. If the fault has been external to
the section, then tripping could not have oc-
curred since the carrier holding coil, RRH,
would have ©been energized by carrier from
the end nearest the fault where D would not be
closed to stop carrier.

started at the other.

It is desirable to check periodically the
condition of the carrier set to determine 1
ability to send and receive a carrier signal.
For this purpose a test push button is con-
nected 1n parallel with the carrier start
elements. Pressing the test push t sends
a carrier signal which is rec e re-
ceiver tubes at both ends of e e section
to operate an alarm rel energize
milliammeter. If the carrier s not func-
d and the mil-

icating trouble

tioning, the alarm is not
liammeter does not defle
which must be investig d. The alarm relay
has a minimum operati value in excess of the
minimum required rate the receilver relay

impending trouble can
ual failure occurs.

ngle-throw switch operated
handle 1is connected 1in the

carri con and carrier trip circuits, as

If an internal-two-phase-to-ground fault is sho inBigs. 1 and 2. The switch is marked
assumed, the ground carrier start contact IoS, "cdrr n-off" and opening it removes carri-
and one of the phase contacts will close to S ision and permits the type HZ or HZM
start carrier. If the ground preference co lays to operate in the conventional step-
tact 1s connected, then the operation of Q& manner. The switch also removes the
will energize CSO and its contact will shor es HRK or HRP ground relay and ground pro-

out CSP thus making 1t 1impossible for
rhase relays to stop carrier. However
ground tripping contacts Do and Io2 w
close energizing the CSG auxiliéry lay)to

step carrier.

It will be noted that carri 1 ot start-

cd at either end unless fault operates
a starting element (fault d . This is
significant in case a line b disconnect-

ed from a source of pow ne end in other
words, becomes a st e feeder. If a fault
occurs on such carrier transmitter
will be start

which 1is connect

stopped only at the end

g

el lines, 1t is possible to have

the fa wer undergo a quick reversal as
the s on the faulted line open. Under
this ion, carrier transmission is main-
tai t one end until it has had time <c be

ection 1s available through back-up ground
relays.

Out-ef-Step-Protection

It 1s often desirable to prevent the cper-
ation of relays during out-of-step ccnditions
so that the system can be separated at lcca-
tions where synchronizing equirment is avail-
able. The carrier relaying systerm provides a
means c¢f preventing tripping during out-cf-

step ccnditions without irpairing the abili-

ty to trip for internal faults occuring during
cut-of-step conditions. One fundamental
difference between a three phase fault and ar
cut-of-step condition is that a fault suddenly
reduces the voltage and increases the current
whereas during thne approach of an out-of-ster
cer.diticn, the veltage and current charges are

comparatively gradual.

The type HZM relays are usually set to oper-

iR,
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cuit. This blocking relay must have ht
POS ) time-delay so that it does not op ip
) T circuit before tripping on a three pha fault
\ can occur. On the other hand, t open

RRrt TO TELEMETER s s . . .
RECEIVER, ETC. the trip circuit during an out-of-step condi-
tion before the second element, %E is operat-
- ALARM ed.
BELL

' The out-of-step bl i cogtact is designa-
;ﬁTv ted as X2, and 1s coenn in the trip cir-
J AL cuit as shown in/Fi . In parallel with
it are three contac A, B, C, which are the
L back contacts,k on auxiliary switches A, B,
! C operated b t Z3 carrier starting con-

CAR. ‘ | TELEPHONE » P &
RCVR, i tacts of eWdistance relays thru the auxil-
iary conta r switches, C3A, CSB, and CSC.
o The m ntacts of these switches are in
NEG se S he back contact, RRB, of the re-

31-D-5268

*Fig. 3—Time Delay Circuit for the Carrier Alarm when
using the Carrier Channel for Telemetering or
Supervisory.

ate on faults, but not on load or synchroni

ing surge swings from which the syst

cover. However, when the system t-of-
step, the type HZM relays opera to arate
the system. To provide out-of-ste l1ocking
in the Type HZM Carrier scheme tional

blocking relay S
TSO-4 out-of-step Dblocking gelaygdescribed in
T.L. 41-484. 0\

In the type HZ C cheme, out-of-step
blocking is provided by the type RSN re-

lay instead of the@ relay.

the distance elements all

operates first, fcllcwed by

z2 As the syster returns toward
the pesiticn, the elements reset
the cpposite order: that is, Z1, Z2, Z3.
L 4
prevent tripping during cut-cof-step, it

ecessary to arrange {cr the cleosure of the
contacts A, B, C,

relay  back

qree and for the recelver

cerrtact, RRB, to cperate an addi-

tional Dblceking relay to cpen the trip cir-

¥cyein" of  the

1 ing relay, and energize the coil,
a

endulum type time-delay relay, whose
ontacts make and energize the coil of

X2 blocking relay.
of the Z3 carrier start contacts close,

Every time that all

three

he back
trip circuit after a 3 tc 4 cycle delay.
contact X2,
contacts,

contacts, A, B, C, and X2, open the
Back
opens by virtue of all three make
A, B, and C, closing through RRB to
energize the P coil and in turn, the X2 coil.
If the electrical center is inside the pro-
tected
the two
phase,

line section, and in other cases where

voltage sources appear 180° out of

the directional and impeeance elements

at each end of the line will be clcsed. This

stops carrier (previously started by the Z3
centact) .

This c¢nergizes RRT tc allow the ¢ mtact RRB
to cpen. This de-energizes the pendulum re-

lay, P, whose spring arm bejins now tco cscill-

ate, alternately closing the bottcm and top
contacts, P. This keeps the X& ccil erer-
gized. After the amplitude of vibraticn of

the pendulum has Jdecreasea tc a certain vilue,
it will not strike either of its contacts and
X2 will reset. This acticn c¢ccurs in cycles,
and the time delay intr:ducea by the penduiunm
relay shculd be
which Dboth

vwinich depends

longer than the time durirg

1" TS

directional elements [OXS I R

upcn  the length ~f the "slip

system. It 1is desirevlz to
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clear internal faults occurring during an out-
of-step condition, but it is not so essential
to be able to clear them at high speed. The
ground relay trip circuit is not blocked by
the out-of-step relay, X2, and can trip in-
stantly. On phase-to-phase faults, one or two
of the Z3 contacts will reset when the system
swings in phase, thus allowing one of the back
contacts, A, B, or C to complete the trip cir-
cult without waiting for the reset of X2. On
a three phase fault, however, none of the Z3
contacts will reset, and consequently, trip-
ping will not occur until after the expiration

of the X2 time delay. The reset of X2 1s made
possible by the opening of the receilver relay
back contacts, RRB.

It will be noted from Fig. 2 that the
back-up tripping through D and T3 is not shown
blocked by the out-of-step contacts. There-
fore back-up protection is obtained on three-
phase faults during out-of-step. If desired,
it 1s arranged so that the T3 connection can
be made on the other side of the out-of-step
contacts 1n which case back-up protection on
three-phase faults during out-of-step 1is not
possible.

ADDITIONAL CARRIER CHANNEL USES

In addition to the relaying described_abaove,
the carrier channel can be wused [for ogher
functions such as telemetering, load“eent¥ol,
communication and supervisory ¢éontmel. For
these functlons, sultable @armsangements are
made for keylng the carrier tramsmifter by an
auxiliary start contacts. As degcribed previ-
ously, relaying has preferenee af all times.

In order to prevent thel carrier alarm from
ringing during the time caPrier is being used
for auxiliary tedemefering function, the time
delay circult of 4#lg. & can be used at each
terminal. This cTredlt consists of a combin-
ation of resistors and a capacitor energized
thru contacts on an auxiliary type TV relay.
When telémetering 1impulses are being sent or
receive@d, the coill of the type TV relay 1in the

receiver plate circuit 1s energized on each
impulse. This causes the normally closed cons
tact, TV, to alternately open and close ener-
gizing the circuit thru a resistor and Wa
capacitor. In parallel with this capacitor,
is a circuit consisting of a resistor and a
coll AL of the carrier alarm element. The re-
sistors and capacitors are chosen soghat for
this particular case a maxImum deday of
approximately 2 seconds can begobtained. This
will prevent operation onfthe“lengest tele-
metering impulse.

If it 1is desired to signad by means of the
push button, it is only“hecessary to hold the
push button closed fompa period long enough to
cause the alarm ¢lement To drop out. Energiz-
ing carrier @dhru“the push button maintains the
normally closed“eontact, TV, open and when the
charge (Orfgthe “eapacitor 1s used up, the alarm

element, ,wikl drop out, closing its back con-
tact marked "alarm" and causing the Dbell to

sounds| By P®operly proportioning the resistor
and_capaeitor, a wide range of drop-out times
can beWebtained for the alarm element.

The alarm bell can be made to operate in-
stantaneously whenever the relays start car-
pgier by using the type PG relay ccnnected in
the carrier relay start circuit with its back
contact in the alarm coil circuit.

Emergency point-to-point communication 1s
normally supplied with the carrier relaying
equipment. This can be done by plugging a
handset at the carrier set, at the relay
switchboard, or from a desk set permanently
wired to the equipment. The push-to-talk type
of communication is employed where the opera-
tor pushed a switch on the handset to start
carrier and connect the microphone to the car-
rier transmitter. During the listening
period, the operator releases the switch.
Whenever the handset 1s plugged in or lifted
from the desk stand, the carrier alarm circuit
is opened to prevent ringing during conversa-
tion. This alarm circuit 1s used for code
ringing.
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