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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 1in 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
This

breakers,

the protected zcne.

assures simultaneous tripping of the

which 1is desirable from the stand

points c¢f stability, continuity of service}

quick reciosing, and minimum damage to eyudp-
ment. For many lines, carrier relaying 1§ the
most practical and reliable medium £Er<eompar 4

two endsd of th

ing the concitions at

line.

This system of protection useg relay® opera-

ting on current and voltage at {eagh jend «f the

line to detect and determip@ thel@directicn of
faults. Carrier is stagtediby fault detectcrs
when a fault occurs. Eault power flowing out

of a line section indiigates That the fault 1is

external and the Preakeks should not be
tripred. Atu the safie Tastant, however, power
will be flowing idto the other end of the line
as though theggfavlt™ were 1in the section.

Under this
at the

section

cenddtien, the directional relays
end@ywhemefower 1is flowing cut ¢f the
will

sperate to continue the trans-

mission of a arrier signal which is received
at Dboth

ends

ends and prevents the relays at both

from ¥ tripping for all external faults.
For internal faults, power will not be flowing
cut atVeither end and carrier will be stopped
By operation of the directional elements at
both

Roth breakers.

ends to permit simultaneous tripping of

The carrier scheme utilizes the time-
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% Denotes change from superseded issue.

HZ, HZ-4

relay tOyprovide nigh speed simultane-

distance characterisfies® of the type
or HZM
ous tripping lth earrier in service, and step

type distanee pmefection with carrier either

in or out offyservice. The first element of
tne type,HZWHZ-4% or HZM

The second element trips

relay operated inde-
pendernitly 9f carrier.
a® hignh(spged for faults in the section because
theQYca®rier tripping contacts short around the
synchronous timer. These tripping contacts
@lose” immediately if the fault is within the
se2f¥icn, but are held cpen by carrier tc block
Tripping 1if the fault is beycnd the section
This

tripping

being protected. arrangement thus prc-

vides sim.ltanecus over the entire

lire section. The synchroricus timer is wused

in conr.ectior. with the secornd impedance ele-

ment to provide back-up protection for the

second zone section.
the third

and operates with time delay for cverall back-

The tripping circuit of

element 1s independent of carrier

up protection. The directional element,

supervised by the second impedance element,

together with the third impedance element,

control the transmission of carrier. Ad-
ditional interlecks can be included to wrevent
tripping of any of the elements (carrier or
back-up protecticn) due to out-of-synchronism

surges. Tnus, besides the carrier
this

speed and time delay back-up protection.

COMPONENTS OF
COMPLETE EQUIPMENT

An outline of the

pilet
protection,
high

system inherently provides

equipment used at each
terminal of a transmission line is as fcllows:
1. A set of

rent and

relays, operating on the cur-
of the line, to detect and
determine the direction of faults, to
if the fault falls within the zone of

prectection, and to control the transmission cf

voltage
trip the
breaker
One terminal of

carrier for external faults.
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CARRIER RELAYING

carrier relays consists of:

HZ-4 Distance or HZM
Distance Relays for phase faults.

3 Type HZ impedance,

1 Type HRK (current polarized) or Type HRP
(Potential Polarized) Directional
Overcurrent Ground Relay.

Carrier

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 Thus the
Type HZM Relay with the Type RS Relay provides

swing or

system can recover.
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 operate a receiver relay included in the
Type RS or RSN relay. This is either the Typ
JY or the Type FD Carrier Set.
with carrier aux

3. A coupling capacitor

iliary for 1introducing the carrier freq
onto the transmission line.
plied with

line-to-ground potential or 3 setg'

This may be"'s

a potential device for

for measuring three phase line po . The
Carrier Coupling capacitor is e PC, and
with the potential device, is ly¥the Type
PCA.

4. A Line Coupling Tun

to tune out the ac c

his unit is used
of the coupling
ch e ransmitter or re-

tr

capacltor and m

ceiver circuilts smission line. The
tuner 1s a pa carrier set when the
transmitter-receive mounted outdoors, or
is separately mounted near the coupling
capacitor when the transmitter-receiver is lo-

cated indeors some distance from the tuner.

trap to prevent short circuiting

rier transmitter output during a

external fault on the same phase wire

to which the carrier is couplad.
usually the Type P or the Type M.

These ar=

Similar equipment 1s required at each 11

Each
as a unit and

4

frequency to

terminal of the protected line section.

line section 1s considered
should be

minimize

assigned a different
the possibility of intenfer e with

AX

e re tuned to
r c

other lines.

The transmitter-receiver

respond to the assigned y so that

either receiver may receiv signal from the

transmitter at the op te end of the sec-
S

tion. It is not nec or the receiver to

receive a signal Its own transmitter,

m
since wunder th condition, the fault is ex-

S

to use two frequencies in

ternal and onal element contact

blocks tripp efore, it 1s possible on
two termi
this carr

carrier ha

e and obtain two independent
s for transmitting auxiliary

funct s I wo directions simultaneously.

ERATION OF SCHEME

The sround relay and the type HZ impedance,
type HZ-4 distance or type HZM dictance relays
e operated by current and voltage using the
sual connections for these relays. For sim-
plicity, the current and voltaze circuits are
not shown in the d-c simplified schematic dia-
zrams of Fizs. 1 and 2.

Tne three 1impedance

elements of these relays are set in the usual
manner for step-type distance relaying except

is offset with the type HZ-4 or HZM
The first element Z1, is set for 80-90%

of the line section and operates independently

wnen 23
relay.

of carrier. The second element, 22, is set for
about 150% of the line
the entire line, but is particularly associated
with that portion which is beyond the setting
of the first element; that is. the last 20-10%
of the line to the next
sectionalizing point. In this zone, it 1is not

section and so covers

(end zone) adjacent
possible to determine by distance indication
whether the fault
yond the end of the section.

is Jjust within or just be-
For distance re-
laying, without carrier, a time delay contact
with the contact of the

element

T2, is used in series

second zone 1impedance to allow time
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* Fig. 1—Simplified D-C Schematic of the Carrier Control Circuits.
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31-D-5257 2
*Fig. 2—Simplified matic of the Trip Circuits.

r'or the breaker in the next section to ¢

a series in the type HZ, HZ-4 and HZM relays ex-
When used in carrier relaying, this T2
is paralleled by a contact, RRP, cont reversed for Carrier when using the Type HZ-4
carrier, as explained below. Tﬁg h or HZM relays.

ment, Z3 of the Tyoe HZ Relays, \"iven a 1

distance setting to provide »

cept directional control is omitted whern Z3 ig

e back-up The Types HRK or HRP ground relays have a
prctection tarough contact T3 d,_“to start directional element and two  instantaneous 1

carrier transmission. cver-current elements. The operation of these

i
|
elements 1s explained below.
i
|

When the Z3 element o e HZ-4 or HZM
Relay 1is offset to o ra%internal faults, The schematic carrier control and trip cir-
the element has N characteristics cults are shown simplified in Figs. 1 and 2.
1
qu

and will not nd

o

io

[¢) nz carrier for ex- The Type HZM, HZ-4 or HZ relay shown here has
ly

ternal faults. in the Type HZ-4 a single third impedance element contact and
>r HZM Carrier sche 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 type HZ
third 2zone back-up protects the lines extend- relays with two make and one break third im-
ing ocut of@the stetion instead of the lines pedance element contacts. With this 1latter

adjacen e remote terminal breaker. type HZ relay tne carrier control circuit is
slightly different from that shown in Fig. 1.

The \sy onous timer mctor 1is started by The trip circults wusing either type HZ relay ‘>w
ti. irectional and third element 2ontacts in are basically tne same as shown in Fig.2 as
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far as carrier is concerned.

The upper diagram of Fig. 1 comprises the
carrier control circuits when the type JY
carrier set 1s wused, and the lower diagram

comprises the carrier control circuit when the
The contacts Z3
(A. B, & C phases) in Fig.l serve to start the

tyoe FD carrier set 1is used.

transmission of carrier for phase faults and
contact ToS performs the same function for the
ground faults. The ground start contact, IoS,
is operated by an over-current element

from that which

sepa-
rate operates the tripping

contact.

dis-

First zone - D and

Fig. 2 shows the trip circuits. The
tance type trip paths are:
Z1l; Second zone - C, Z2 and T2, Third zone - D
and T3.
is through D, Z2 and RRP contacts.

controlled trip circuit

The carrier controlled tripping path
For ground
protection a carrier
is set up through the contacts Do and Io o
the ground
contact RRG.

carrier. The

relay and the carrier controlle
The contact IoS 1s used to sta

contacts, RRP and RRG,
the blocking relay controlled by the

signal operating RRH and RRT coils

Carrier is started by closing of the
carrier start contacts Z3 or Io carrier
test push button, or the a carrier
start contacts. These co nnect the
rlate of the carrier osci tube to posi-
tive. The rectifier \Y the relaying

carrier start circuit e prevent the flow

of current in £ ol circuit resistors
which

start contacts. e cathcde of the oscillator

would unnec load the carrier
tube is connected
contacts CSP CsG

Carrier s

ative through the back
as shown in Fig. 1.

i centrclled by the tripping

contack 2 for prhiase faults and Do
faults.
e prctected
ntacts, D and Z2

the ccil of the

round When fault power
lire section, the
tripping clcse for phase
faults and permit
contac@r

:o1ses  the

auxiliary
This

contact in the carrier

switch, CSP, to be energized.
back CSP

cirvrculits toe oren, which stops carrier

trol
Lro

raising the cathode vcltage above the

operating valusz, and permits the RRT operating

coil of the recelver relay to be eng d by
the station battery.

Similarly, for ground faults Do dsIo close
to energize the coll
switch, CSG,

CSG, stops carrier and permité‘%he operating

of another auxiliary

contactor whose back contact,

coil of the receiver r be energized.

The arrangement o carrier start and
opening CSP and CSG

stop circuits is c a
contacts stop regardless of how
carrier 1s start us relaying has prefer-

ence at all m over all other uses of the

e

carrier c .
The ircubts are arranged so that the
agtio he ground relay can be given
e over the phase relays. This 1is

connecting the contacts CSO of the
S or RSN relay around CSP carrier stop
acts This means that if IoS of
starts carrier, it is than

as shown.
ground relay
the CSP contact and the phase

stop carrier.

impossible for
relays to The purpose of this
ground perference 1s to prevent possible in-
correct indiecations of the phase relays due to
load and the

currents flow of positive and

negative sequence currents during external

ground faults.

The carrier controlled receiver relay is a
with
two make contacts, RRP and RRG, and one break
contact, RRB.

the action

sensitive polarized d-c¢ relay provided
These contacts are operated by

of two coils, one an operating
coil, RRT, energized by the local battery and
explained above by CSP and CSG
and the
connected 1in the plate circuit of
tube. Normally, both

and the make contacts,

controlled as

contacts, other a carrier
ccil, RRH,

the carrier

holding

receiving
coils are de-energized
RRP and RRG, are held open by a magnetic bias.
The relay 1s prevented from operating when the
carrier hclding
though the
This

received

coil, RRH, is energized even
coil, RRT, 1is

means that as long as carrier is

operating ener-
gized.
2ither from the local trans-

frem the opposite end, RRH 1is ener-

being
mitter or

gized and carrier fripping is prevented.
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The complete sequence of events may be
briefly summarized as follows: Assume an in-
ternal phase-to-phass fault Jjust beyond the
zone of one of the Z1 elements. Carrier will
be i1nitiated 1immediately 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 actlon has
occurred at the far end of the 1line, no
carrier 1s recelved and the contact, RRP, 1is
closed at Dboth ends completing the trip cir-
cults through D and Z2.
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

However, the trip

energized by carrier from
the end nearest the fault where D would not be
closed to stop carrier.

If an internal-two-phase-to-ground fault is
assumed, the ground carrier start contact IoS,
and one of the phase contacts will close to
start carrier. If the ground preference con-
tact 1s connected, then the operation of I@S
will energlize CSO and 1ts contact will shor

out CSP thus making it impossible for ction 1s available through back-up
rhase relays to stop carrier. However, (ti elays.
i

ground tripping contacts Do and IoZ2,
close energizing the CSG auxili%‘y lay

stop carrier. \
It will be noted that carrie ot start-

ed at either end unless fault c t
a starting element (fault de o

erates
This 1is
significant in case a line be es Jdisconnect-

ed from a source of power end in other

words, becomes a st en eder. If a fault
occurs on such a lige, ier transmitter
will be started n to d only at the end

which 1s connect

t source of power and
no carrier will be r ed from the other end

to 1nterfere with tripping.

On paraldel lig%s, it 1s possible to have

the faul wer undergo a quick reversal as
the brea the faulted line open. Under
this carrier transmission is main-
tai t one end until it has had time tc be

started at the other.

It is desirable to check periodically th
condition of the carrier set to determine it

signal.

ability to send and receive a carrier
For this purpose a test push button
nected 1n parallel with the carri

1s con-

r staﬂ

elements. Pressing the test push b sends
a carrier signal which is rece ol re-
celver tubes at both ends of the ection
to operate an alarm relay, energize
milliammeter. If the carrier not func-
tioning, the alarm is not nd the mil-

liammeter does not defle in ating ftrouble

which must be invest The alarmn relay

in excess| of the
the receivep relay

gle-throw switch o$erated
from a mm handle 1s connected \in the

carrier (econ and carrier trip circuits, as

shown 1in gs. 1 and 2. The switch is

"Ca n-off" and opening it removes

marked
carri-
sion and permits the type HZ|or HZM

a step-
ne manner. The switch also remoyes the

s HRK or HRP ground relay and groqu pro-

ys to operate in the conventional

ground

|

|
I
i
|

1
It 1s often desirable to prevent thﬁ cper-

Out-of-Step-Protection

ation of relays during out-of-step conditilons
so that the system can be separated at| lcca-
tions where synchronizing equirment is javail-
able. The carrier relaying system provldes a
means o¢f preventing tripping during out-c<f-
step ccnditions wilthout 1irmpairing the|abili—

ty to trip for internal faults occuring furing
cut-of-step conditions. One fundarental
difference between a three phase fault and ar
cut-of-step condition is that a fault suddenly
reduces the voltage and increases the clurrent
whereas durlng the approach of an out-of-ster
cerdition, the vceltame and current charges are

comparatively gradual.

The type HZM relays are usually set to| oper-
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culit. This blocking relay must have t
time-delay so that it does not op ip

POS.
circuit before tripping on a three{phas®) fault

can occur. On the other hand, t open
the trip circuit during an out-of-step condi-
tion before the second element, Z2 is operat-

L 4

ALARM ed.
BELL
The out-of-step bl&fo act is designa-

ted as X2, and 1s c e d 1n the trip cir-
cult as shown 1in .
o

aan i In parallel with
T it are three c ac , B, C, which are the
back contacts on auxiliary switches A, B,
C operated b t Z3 carrier starting con-
CAR. ﬁ‘f TELEPHONE » P 3 &
RCVR. tacts of istance relays thru the auxil-

iary conta switches, CSA, CSB, and CSC.
cts of these switches are in
he back contact, RRB, of the re-

ing relay, and energize the coil,

The ma

NEG.

31-D-5268

endulum type time-delay relay, whose

ontacts make and energize the coil of
*Fig. 3—Time Delay Circuit for the Carrier Alarm when

using the Carrier Channel for Telemetering or
Supervisory. three of the Z3 carrier start contacts close,

X2 blocking relay. Every time that all

e back contacts, A, B, C, and X2, open the

ate on faults, but not on load or synchroni trip circuit after a 3 to 4 cycle delay. Back
ing surge swings from which the syst r contact X2, opens by virtue of all three make
cover. However, when the system -of- contacts, A, B, and C, closing through RRB to

step, the type HZM relays operat energize the P coil and in turn, the X2 coil.

the system. To provide out-of-ste
in the Type HZM Carrier scheme, If the electrical center is irside the pro-
blocking relay 1is required, su
TSO-4 out-of-step blocking lay od the two voltage sources appear 180° out of

% ILI.L. L41-484. * phase, the directional and impedance elements

at each end of the line will be clcsed. This
In the type HZ C cheme, out-of-step stops carrier (previously started by the Z3
blocking is provided B} ing the type RSN re- centact).
pe

lay instead of the

tected 1line section, and in other cases where

elay.
This energizes RRT to allow the ¢ .ntiact RRB

In this sc he distance elements all to open. This de-energizes the pendulum re-
operate similta sly for a three phase fault lay, P, whose spring arm begins now to oscill-
if they (¢) erate at all, while during ate, alternately closing the bottcm and top
out-of- operates first, fcllowed by contacts, P. This keeps the X& coll erner-
72 ari As the syster. returns toward gized. After the amplitude of vibration of
the "in-pha positicn, the elements resect the pendulum has Jecreased tc a certain value,
the orposite order: tkat is, 21, Z2, Z3. it will not strike either of its contacts and

r's X2 will reset. This acticn cccurs in cycles,
prevent tripping during cut-of-step, it and the time delay introducew by tre pendulum
rcessary to arrange for the clesure of the relay shculd be longer than the time durirs
contacts A, B, C, and for the recelver which both directional elements "go.at ia”

1y back contact, RRB, to crerate an addi- which depends upcn the 1length ~f the "slip
tional Dblocking relay *“o cpen the trip cir- 3 cyciz" of the system. It 1is desirablz to
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clear internal faults occurring during an out- recelver plate circuit 1s energized on each
of-step condition, but it 1s not so essential impulse. This causes the normally clojged con-
to be able to clear them at high speed. The tact, TV, to alternately open and clogse engr-
ground vrelay trip circuit is not blocked by gizing the circuit thru a resistor] and a
the out-of-step relay, X2, and can trip in- capacitor. In parallel with this capacitor, :
stantly. On phase-to-phase faults, one or two is a circult consisting of a resistior and a
of the Z3 contacts will reset when the system coll AL of the carrier alarm element. | The re-
swings in phase, thus allowing one of the back sistors and capacitors are chosenf'sogthat for
contacts, A, B, or C to complete the trip cir- this particular case a maximum delay of
cult without waiting for the reset of X2. On approximately 2 seconds can be obtalned. This
a three phase fault, however, none of the Z3 will prevent operation onfthedlongest tele-
contacts will reset, and consequently, trip- metering impulse.

ping will not occur until after the expiration

of the X2 time delay. The reset of X2 is made If it 1s desired to signal by means of the
possible by the opening of the receiver relay push button, 1t is omlyqmecessary to nold the
back contacts, RRB. push button closed fom, a period long enough to

cause the alarm element €o drop out. [Energiz-

It will be noted from Fig. 2 that the ing carrier ghrultde push button maintains the

back-up tripping through D and T3 is not shown normally closedjeon®act, TV, open and jwhen the

blocked Dby the out-of-step contacts. There- charge on,the\eapdcitor is used up, the alarm

fore back-up protection is obtained on three- element whll ™avop out, closing its back con-

phase faults during out-of-step. If desired, tact mabked Yalarm" and causing the pell to

it 1s arranged so that the T3 connection can sound.( By“preperly proportioning the [resistor

be made on the other side of the out-of-step and capacitor, a wide range of drop-dut times

contacts 1n which case back-up protection on cafl behobtained for the alarm element.

three-phase faults during out-of-step is not AT@
possible. The" alarm bell can be made to operate in- v

stantaneously whenever the relays sfiart car-
ADDITIONAL CARRIER CHANNEL USES erier by using the type PG relay conngcted in
the carrier relay start circult with |its back

contact in the alarm coil circuit.
In addition to the relaying described abogve, m 4
the carrier channel can be used for other

functions such as telemetering, Poadieontrol, Emergency point-to-polnt communicgtion 1s

communication and supervisory gentiol. For normally suppli=d with the carrier|relaying
these functions, suitable arrangements are equipment.  This can be done by p}ugging a
made for keying the carrier tramsmifiter by an handset  at the carrier set, at the relay
auxiliary start contacts. A§ desc¥ibed previ- switchboard, or from a desk set pefmanently
ously, relaying has preferenge at/all times. wired to the equipment. The push-to-talk type
of communication is employed where the opera- |
In order to prevent thed darrier alarm from tor pushed a switch on the handset}to start
ringing during the time“eamPler is being used carrier and connect the microphone to! the car-
for auxiliary tedermeterinlg function, the time rier transmitter. During the Listening
delay circult<4ef Fig. 3 can be used at each period, the operator releases .thel switch.
terminal. This c3rcudt consists of a combin- Whenever the handset is plugged in pr lifted !
ation of resistors and a capacitor energized from the desk stand, the carrier alarm circuit

When telemetering impulses are being sent or tion. This alarm circuit 1is used for code

|
thru contacts on an auxiliary type TV relay. is opened to prevent ringing during gonversa-
received, the coil of the type TV relay in the ringing.
I
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