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TYPE HZ OR HZM DOUBLE PLATE-KEYED
CARRIER RELAYING

INTRODUCTION

The high-speed clearing of faul

ts on trans-

mission lines 1s recognized as necessary for

good system operation. The best
tection 1is provided by the met
differential relaying in which c

overall pro-
hod known as

onditions 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 zcne.

This assures simultaneous ¢tripp

breakers, which 1s desirable from the stand

points of stability, continuity

ing of the

of service,

quick reclosing, and minimum damage to equip-

ment. For many lines, carrier rel

most practical and reliable medium fqg

ing the conditions at two ends

line.

This system of protection uses

ting on current and voltage at o
line to detect and deter 1ne he rection of
faults. Carrier is started detectors

when a fault occurs. tp r

tripred. At the sa

will be flowing intc

aying

flowing out
the fault is

tant, however, power
ther end of the line

of a line section in that
external and the "6 should not be

as though th were in

the section.
ional relays

Under this the direct
at the power 1s flowing out of the
section i erate to continue the trans-

mission
at both
ends from tripping for all exte

and prevents the re

For intergal faults, power will no
c at either end and carrier wil
eration of the directional

h ends to permit simultaneous

bo breakers.

The carrier scheme wutilizes
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% Denotes change from superseded issue.

c@rrier signal which is received

lays at both
rnal faults.
t be flowing
1 be stopped
elements at
tripping of

the time-

distance characte f the type HZ or HZM

high speed simultaneous

relay to provide
tripping with r 1in service, and step
type dista otecticn with carrier either
in or out f service. The first element of
M relay operated independent-
The seccnd eliement trips at
for faults ia the section because
tripping contacts short around the
us timer. These tripping contacts
immediately if the fault is within the
S cn, but are held open by carrier to block
ripping if the fault is beyond the section
being protected. This arrangement thus prc-
vides simultanecus tripping over the entire
line section. The synchronous timer is used
in conrrection 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 overall back™ "
up protection. The directional element,
supervised by the second impedance element,
together with the third impedance element,
control the transmission of carrier. Ad-
ditienal 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 is 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, to trip the
breaker 1if the fault falls within the zone of
protection, and to control the transmission cf

carrier for external faults. One terminal of
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(TRIPPING) CONTACTS RRG, RRP, RRB.

carrier relays consists of:

for phase faults.

3 Tyre HZ 1mpedance c¢r HZM Distance m\

1 Type HRK {current polarizedor RP

e
(Petential Polarized) Carrier & onal
Overcurrent Ground Relay. \

1 Type RS or RSN Carri ux ry Relay.

1 Type CO, CR, CRC, Cj Ground Back-
up Relay.

The type RSN 1 the Type HZ Relays

e
provides out- chr@hism blocking. The

Type HZM Relay wi Type RS Relay provides
swing or synchronism surge blocking, but not
out-of-step blocking without additional dis-

tance elements.

2. ¢ Carrier transmitter-receiver set,
the ansmMitter controlled by the fault detec-
t d directional relays, and the receiver

TRIP CIRCUIT

CO,CR, CRC, CWC, CWP
GROUND BACK-UP RELAY
—_

CARRIER (::)
ON-OFF SW. RRG
—_———i f——d

Do I
GROUND—— ——

PHASE
A

13-D--5626

arrier Relaying Scheme.

toe wperate  a receiver relay included in the
fvire RS or RSN relay. This 1s either the Type
JY cr the Type FD Carrier Set.

3. A coupling capacitor with carrier aux-
ilizry for introducing the carrier frequency
cnto the transmission line. This may be sup-
plied with a potential device for measuring
line-to-ground potential or 3 sets can be used
for mesasuring three phase line potential. The
Carrier Coupling capacitor is the Type fb, and
with the potential device, is usually the Type
PCA.

4. A Line Coupling Tuner. This unit is used
to tune out the capacitance of the coupling
capacitor and match the transmitter or re-
ceiver circults to the transmission line. The
tuner 1s a part of the carrier set when the
transmitter-receiver 1s mounted outdoors, or

is separately mounted near the coupling
capacltor when the transmitter-receiver is lo-

cated indoors some distance from the tuner.

5. A Line trap to prevent short circuiting

iy
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by the transmitter
nearby external
to which the

usually the Type P or the Type M.

carrier output during a
fault on the same phase wire

carrler 1s coupled. These are

Similar
terminal
line
should be
minimize

1s required at each line
Each
as a unit and

equipment
of the protected line section.
section 1s considered

assigned a different frequency to
the possibility of interference with

other lines.

sets are tuned to
so that
may receive a signal from the
transmitter at the
tion.

The
respond to the

transmitter-receiver
assigned frequency
either receilver
opposite end of the sec-
It is not necessary for the recelver to

receive a signal from 1ts own transmitter,
since wunder this condition, the fault 1is ex-
ternal and the directional element contact

blocks tripping. Therefore, it 1is possible on

two terminal 1lines to use two frequencies ifg
this carrier scheme and obtain two independent

carrier channels for

functions in two directions simultan .
OPERATION OF SCH
The ground relay and the typ\p dance
or type HZM distance relays fr rated by
current and voltage using e 1 connec-
r s
t

transmitting auxilffa

tions for these relays. plicity, the

current and voltage cir not shown in

the d-c simplified schefiati iagram of Figure

1. The three impe e ements of these re-
lays are set 1n the nner for step-type
distance relayin exqEep when Z3 1s offset
with the type ay. The first element

T
Zl, 1s set fo % of the line section and

operates ifgdep enffly of carrier. The second

element 2, for about 150% of the line

secti andyso vers the entire line, but 1is
y

with that portion
eyond the setting of the first
that 1s, the last 20-10% of the line
(end zoag) adjacent to the next sectionalizing
oint. In this

ermine by distance indication whether the
allt 1s just within or Just beyond the end of
For distance relaying, without

assoclated

element;

zone, it 1s not possible to

e section.
a time is used in

with the

carrier, delay contact T2,

series contact of the second zone

—
CARRIER __ CONTROL
POS. — NEG.
23
e Gs—p——— —
[ 5 s
TR cSA
L4 ASp)
! €55
GSA 3
T csa ‘
[
csa s
TR CSA
=
START-I,
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CARRIER
ALARM RECEIVER

C OSCILLATOR
RRI ART TELEMETERING, ,— CSP CSG6
ORY ETC. K2 AfiI%F*
_ CSo

TELEPHONE
-

rRECEIVER RELAY—COILS RRH(HOLDING) & RRT (TRIPPING). CONTACTS
RRG, RRP, RRB,

Fig. 2—Simplified D-C Schematic Of The Carrier Control
Circuits Using The Type HZ Relay With Two
Make—One Break Third Impedance Element
Contacts.

impedance element to allow time for the break-
er in the next section to clear. When used in
carrier relaying, this T2 contact is parallel-
contact, RRP, controlled by carrier,
The third element, Z3 of

the Type HZ Relays, is given a distance sett-

ed by a
as explained below.
provide complete back-up protection
contact T3,
transmission.

When the Z3 element of the Type HZM Relay 1is
faults, the
characteristics and

ing to

through and to start carrier

offset to operate for internal
directional

send blocking carrier for external

element has
will not
faults.

scheme,

Consequently, in the Type HZM Carrier
it is necessary to reverse the Z3 ele-
This means that the third zone back-up
protects the out of the
station instead of the lines adjacent to the

remote terminal breaker.

ment.

lines extending

The synchronous timer motor 1s started by

the directional and third element contacts in

series 1iIn both the type HZ and HZM relays
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relay and the carrier controlled contact R

The contact IoS 1s used to start carrier.

NEG. CARRIER PpS. centacts, RRP and RRG, are on the blocking re-
ECEIVER

. {EE> ‘{EZ}' (o lay controlled ®y the carrier signal operati:g

ii@ Ny RRH and RRT coils.
SRR L : The centacts 23 (A, B, & C gha n the
LIK;WTHIMEER left part of the figure ser to rt the

RECEIVER, ETC.
1 ° {1 transmission of carrier forx S aults and
contact IoS performs the sam on for the
| TELEPHONE AL ALar ground faults. The groun a ontact, IoS,
BELL

is operated by an over-gurren element sepa-

rate from that which T the tripping
ceontact. Q
13-D-562
3 5623 Carrier 1s stary osing any one of the
Z3 or IoS, the carrier
) r the auxiliary carrier

hese contacts connect the

carrier st

Fig. 3—Time Delay Circuit For The Carrier Alarm When
Using The Carrier Channel For Telemetering Or
Supervisory. start ¢

test push b

plate of ier oscillator tube to posi-

except directional control is omitted when 2Z3 tive. e ifier valves 1in the relaying
i1s reversed for Carrier when wusing the Type carri st circult are to prevent the flow
HZM relays. of t 1in the control circuit resistors

The Types HRK or HRP ground relays have a whifc d unnecessarily 1load the carrier
directional element and two instantaneous t ntacts. The cathode of the oscillator
over-current elements. The operation of thesze s connected to negative through the back
elements 1s explained below. contacts CSP and CSG as shown in Figure 1.

The schematic carrier control and trip cI!’i...c rrier stopping 1is controlled by the tripping
cults are shown simplified in Figure 1. ontacts, D and 22, for phase faults and Do

Type HZM or HZ relay shown here has a si and Io2 for ground faults. When fault power
third 1impedance element contact and e flows 1into the protected 1line section, the
chelne
T S

ional control of the timer. Thedsam h tripping contacts, D and Z2 close for phase
also can be used with the older ty x ay faults and permit the coll of the auxiliary
with two make and one break.t impS®ance contactor switch, CSP, to be energized. This
element contacts. with this%‘cype HZ causes the back CSP contact in the carrier
relay the carrier control cu i1s shown control cilrcuits to open, which stops carrier
schematically in Figure 2. e following dis- by raising the cathode voltage above the
cussinn refers direct igure 1 but operating value, and permits the RRT operating
applies equally we gWre 2. The trip coll of the receiver relay to be energized by

circuits using elt relay are basi- the station battery.

cally the same ag@/shqwn Figure 1 as far as

carrier 1s conc Similarly, for ground faults Do and Io close

to energize the coll of another auxiliary

The right part o Figure 1 comprises the contactor switch, CSG, whose back contact,
trip circuits and the left part, the carrier CSG, stops carrier and permits the operating
control ¢ cuits.’ The distance type trip coll of the recelver relay to be energized.

paths are: irst zone - D and Zl; Second zone
Third zone - D, and T3. The
olled tripping path 1is through

The arrangement of the carrier start and

stop circuits is such that opening CSP and CSG

RRP contacts. For ground protectlion contacts stop carrier regardless of how

controlled trip circuit 1s set up carrier is started. Thus relaying has prefer-

thrcugh the contacts Do and Io of the gr‘ounf O w

g
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ence at all times over all other uses of the
carrier channel.

The circuits are arranged so that the
action of the ground relay can be given
perference ove]."'5 the phase relays. This is
done by connecting the contacts CSO of the
type RS or RSN relay around CSP carrier stop
contacts as shown. This means that if IoS of
the 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 bre
contact, RRB. These contacts are operated
the action of two coils, one an operat
coil, RRT, energized by the local batte d
controlled as explained above by

contacts, and the other a car
coil, RRH, connected 1in the pla%¥
the carrier receiving tube.

colls are de-energized and th a ontacts,
RRP and RRG, are held open by tic bias.
The relay 1s prevented fro e g when the
carrier holding coll, RRE, isfenergized even
though the operatiﬁ% c RT, 1is ener-
gized. This means th \ong as carrier 1is
being received e from the local trans-
mitter or from th os¥te end, RRH is ener-

gized and carrie@o g 1s prevented.

The compl uence of events may be
briefly u 1z as follows: Assume an in-
terna & phase fault Jjust beyond the
zon ne the Z1 elements. Carrier will
immediately at both ends of the
line b closure of one of the Z3 contacts.

Meanwhile, the directional and second zcne im-
pedange contacts close and energize the auxi-
liary switch, CSP, stopping carrier and ener-
izing the operating coil, RRT, of the carrier

celver relay. Since the same action has
occurred at the far end of the 1line, no
carrier 1is received and the contact, RRP, is
closed at both ends completing the trip cir-

cults through D and Z2. Howev, trip
coll at one end has already en ergized
through Z1. If the fault has bee ernal to
the section, then tripping could not have oc-
curred since the carrier holq‘pg coil, RRH,
would have been energized by carrier from
the end nearest the fa re D would not be

closed to stop carr

If an internalirt ase-to-ground fault is
assumed, the urn rier start contact IoS,

g

and one of, th ase contacts will close to
start carrie the ground preference con-
tact 1s ffco cted, then the operation of IoS
will ene ze CSO and its contact will short
out his making it 1impossible for the
s to stop carrier. However, the
ipping contacts Do and Io2, will

cloge nergizing the CSG auxiliary relay to

arrier.

t will be noted that carrier 1is not start-
d at eilther end unless fault current operates
a starting element (fault detector). This is
significant in case a line becomés dis~<onnect-
ed from a source of power at one end in other
words, becomes a stub end feeder. If a fault
occurs on such a line, the carrier transmitter
will be started and stopped only at the end
which 1s connected to the source of power and
no carrier will be received from the other end
to interfere with tripping.

On parallel 1lines, it 1s possible to have
the fault power undergo a quick reversal as
the breakers on the faulted line open. Under
this condition, carrier transmission is main-
tained at one end until it has had time to be
started at the other.

It 1s desirable to check periodically the
condition of the carrier set to determine its
ability to send and receive a carrier signal.
For this purpose a test push button is con-
nected 1in parallel with the carrier start
elements. Pressing the test push button sends
a vcarrier signal which 1s received by the re-
celver tuees at both ends of the line section
to c¢perate an alarm relay and energice
milliammeter. If the carrier set is not func-
tioring, the alarm 1s not heard and the mil-
liammeter does not deflect indicating trouble
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which must be investigated. The alarm relay
has a minimum operating value in excess of the
minimum required to operate the receiver relay
so that an indication of impending trouble can
be obtained before actual failure occurs.

A three-pole single-throw switch operated
from a common handle 1is connected 1n the
carrier trip and out-of-step circuits, as
shown in Figure 1. The switch 1s marked
"Carrier On-off" and opening it removes
carrier supervision and permits the type HZ or
HZM relays to operate in the conventional step
-zone manner. The switch also removes the
types HRK or HRP ground relay and ground pro-
tection 1s available through back-up ground
relays.

Out-of-Step-Protection

It 1s often desirable to prevent the oper-
ation of relays during out-of-step conditions
so that the system can be separated at loca-

means of preventing tripping during out-of-

In this scheme, the distance elements a
operate simultaneously for a three phase faul
if they are to operate at all, while during
out-of-step the Z3 operates first, followed by
Z2 and then Z1. As the system returns towaﬁ
the "in-phase" position, the elem reset
the opposite order: that is, Z1 2

$

rate an addi-
tional ©blocking rela the trip cir-
cult. This blocking lay t have a slight

time-delay so tha t s not open the trip
circuit before, tr a three phase fault
n occur. t her hand, it must open

cal
the trip circu
tion befo

ed.

To prevent tripping during

tep, 1t

1s necessary to arrange for t ure of the

three contacts A, B, C, an (¢) e recelver
NLo o

relay back contact, RRB

ing an out-of-step condi-
econd element, Z2 is operat-

-of-step blocking contact 1s designa-

k contacts on the auxiliary switches A, B,
operated by the Z3 carrier starting con-

The
ted ,@nd 1s connected in the trip cir-
tions where synchronizing equipment is avail- ui%own in Figure 1. 1In parallel with
able. The carrier relaying system provides a a hree contacts, A, B, C, which are the
C
a

step conditions without impairing the abil
ty to trip for internal faults occuring du

out-of-step conditions. One

ts of the distance relays thru the auxil-

r
fundamenffa jary contactor switches, CSA, CSB, and CSC.
difference between a three phase fault o The make contacts of these switches are in

out-of-step condition is that a fauuz s@
reduces the voltage and increases t \

t
whereas during the approach of an t-o tep
condition, the voltage and curr c es are
comparatively gradual.

The type HZM relays are y set to oper-

ate on faults, but n n or synchroniz-

ing surge swings fr whi the system can re-

cover. However, ystem goes out-of-
step, the type HZ operate to separate

the system. To provie out-of-step blocking
in the Type HZM Carrier scheme, an additional
blocking relay is@required, such as the Type
TS0-3 out-o tep Dblocking relay described in

I.L. 41-4

In_ t type HZ Carrier scheme, out-of-step
bloc provided by using the type RSN re-
1 ead of the type RS relay.

series with the back contact, RRB, of the re-
ceiver blocking relay, and energize the coil,
P, of a pendulum type time-delay relay, whose
lower contacts make and energize the coil of
of the X2 blocking relay. Every time that all
three of the Z3 carrier start contacts close,
the back contacts, A, B, C, and X2, open the
trip circuit after a 3 to 4 cycle delay. Back
contact X2, opens by virtue of all three make
contacts, A, B, and C, closing through RRB to
energize the P coll and in turn, the X2 coil.

If the electrical center is inside the pro-
tected 1line section, and in other cases where
the two voltage sources appear 180° out of
phase, the directional and impedance elements
at each end of the line will be closed. This
stops carrier (previously started by the Z3
contact).

This energizes RRT to allow the contact RRB

-
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This

lay, P, whose spring arm begins now to oscill-

to open. de-energizes the pendulum re-

ate, alternately closing the bottom and top
contacts, P. This keeps the X2 coil ener-
glzed. After the amplitude of vibration of

the pendulum has decreased to a certain value,
it will not strike either of its contacts and
X2 will reset.
and the time delay introduced by the pendulum

This action occurs in cycles,

relay should be longer than the time during
which both directional elements "point in"
which depends wupon the 1length of the "slip

clear internal faults occurring during an out-
of-step conditicn, but 1t 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 2

contacts will reset, and consequently, tri

ping will not occur until after the expirafio
of the X2 time delay.
possible by the
back contacts, RRB.

It will be noted from Fig

back-up tripping through D and > shown

blocked by the out-of-step t . There-
fore back-up protection‘;s tairled on three-
phase faults during out- r If desired,
it 1is arranged so tha he ccnnecticon can

othe
which
fault du

be made on the f the cut-of-step

contacts in e k-up protecticr on

three-phase g out-of-step 1s rot

possible.

ADDITI IER CHANNEL USES

In ad@iflon the relaying described above,

the carri hannel can be wused for other

functions such as telemetering, load contrel,

conmuniigtion, supervisory control and remcte

ipping. For these functicns, a separate

d from the plate is brought out thru a back
act K2 to the auxiliary start contacts us

own in Figure 1. This arrangerent prcvides

independent keying contact for relaying and

the other functions. The K2 relay

gized by the relay start contacts

the auxiliary start contact in o
the variation in plate vecltage of
ator tube to a minimum.

L 4

In order to prevent theg carrier slarm from

ringing during the time r is belng used

for auxiliary telemef ction, the time

delay circuit of Fi © an be used at each
terminal. This cifc nsists of a combir-
ation of resisto an! capaciftor energized
thru contactsgon al auxiliary type TV relay.

When telemeg mpulses are being sent or
received, of the type TV relay in the
receiver circuit 1s energized cn each
impuls causes the ncrmally clcsed can-

alternately copen and close ener-
e circuit thru a resistor and a
Irn parallel with this capacitor,
circuit consisting of a resistcr and a
L of the carrier alarm element.. The re-
.ors and capacliftors ure chcsen so that for
his particular case a maximum delay nf
This

on the longest tele-

appreximately 2 seconds can be obtained.

will prevent c¢peration

metering impulse.
If it 1is
push button,

desired to signal by means of the
it is only recessary to hold the
push button clecsed for a reriod long enough to
cause the alarm element to drop out. Energiz-
ing carrier thru the pusrt buttcen maintains the
normally clcsed contact, TV, open and when the
charge on the capacitor is used up, the alarm

will

"

element
tact marked

drcp out, clesing its back con-

alart” and causing the bell to
sound. By prorerly prcporticning the resistor
and czpacitor, a wide range of drcp-cut times

can be o»btained fcr the alarm element.

The alarm bell

stauntanewusly

car be made to operate 1n-
whenever the relays starf car-
rier by using the tyre PG relay connecting in
the currier relay start clrculf with ifts back

cortact In the alarem coll circultn.

Emergency rpoint-tc-point  cormmurdeatnicr i
normally suprlied withh the carrier reliying
cqulpment. This carn be done by plugaing o

hardset at the carvier set, at the reluy

switolibcurd, or from o desk set permanently

wired tc¢ the equirment. The push-to-falk fype
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of communication is employed where the opera-

tor pushed a switch on the handset to start

carrier and connect the microphone to the car-
rler transmitter.
period, the

During the
operator releases the

listening
switch.

Whenever the handset 1s plugged in or lifted O ﬂ
from the desk stand, the carrier alarm circu e
is opened to prevent ringing during convers

de

tion. This
ringing.

alarm circuit 1is used for co

TINGHOUSE ELECTRIC CORPORATION

ER DIVISION

NEWARK, N.J.

Printed in U.S.A.
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OPERATION e MAINTENAN

INSTRUCTIO NG

TYPE HZ OR HZM DOUBLE PLATE-KEYED
CARRIER RELAYING ¢

5>

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 in which conditions at
the two ends of the line are compared to de-
fault i1s 1n the 1line
section or external to the protected zone.

of the

relaying
termine whether the

This assures simultaneous
breakers, which 1is

of stability,
quick reclosing, and minimum damage to equip-

tripping

points continuity of service,

ment. For many lines, carrier relaying is t
most practical and reliable medium for -
ing the
line.

[0}

conditions at two ends o

This system of protection uses rg a-
ting on current and voltage at eac T the
line to detect and determine tfe 'd ion of

faults. Carrier is started®b ault@detectors
when a fault occurs. Faul & flowing out

that¥the fault 1s
bre s ould not be

of a line section indiga
and the
At the same s

external

tripped. , however, power

will be flowing into e oflher end of the 1line
e

as though the in the section.

Under this c di@the directional relays
at the en N r is flowing out of the
section 1 pe e to continue the trans-
mission car@er signal which 1s received

at both en

ends from tripping for all external faults.

d prevents the relays at both

For internal faults, power will not be flowing
outq at either end and carrier will be stopped
b, eration of the directional elements at
b ds

reakers.

to permit simultaneous tripping of

The carrier scheme utilizes the time-

SUPERSEDES I.L. 41-600.6 C

*Denotes change from previous issue.

desirable from the stand

distance characterist a the type HZ or HZM
speed simultaneous

relay to rprovide Jobt &
tripping with rie in service, and step
type distance, o ion with carrier either
in or out epice. The first element of
the type H r relay operated independent-
ly of cangil The second element trips at
ed! r faults in the section because
tripping contacts short around the
s timer.
immediately if the fault 1s within the
y but are held open by carrier to block
ripping 1if the fault 1is beyond the section

b g protected. This
tripping

These tripping contacts

arrangement thus pro-
des simultaneous over the entire
ine section. The synchronous timer 1is wused
in connection with the second impedance ele-
ment to provide back-up protection for the
second zone section.
the third
and operates with time delay for overall back-
directional

second impedancg element,

The tripping circuit of
element 1s independent of carrier
up protection. The element,
supervised by the
with the

control the

together third impedance element,

transmission of carrier. Ad-
ditional interlocks can be included to prevent
tripping of any of the elements (carrier or
back-up protection)
Thus, besildes the

protection, this system

due to out-of-synchronism
surges. carrier pilot
inherently provides

high speed and time delay back-up protection.

COMPONENTS OF
COMPLETE EQUIPMENT

of the
terminal of a transmission line 1is as follows:

An outline equipment used at each

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

voltage
breaker
One terminal of

carrier for external faults.

EFFECTIVE MARCH 1953
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CARRIER CONTROL

START

CARRIER

TEST
PUSH BUTTON TRANSMITTER

—0 O

AUX. CARRIER START
TELEMETERING, SUPERVISORY, ETC.

K2
—

CARRIER
RECEIVER

. ALARM E
TELEPHONE AL
A} BELL

RECEIVER RELAY — COILS RRH {HOLDING) AND RRT
(TRIPPING ) CONTACTS RRG, RRP, RRB.

Fig. 1—Simplified D-C Sche

carrler relays conslsts of:

3 Type HZ 1impedance or HZM Distance s
for phase faults.

1 Type HRK (current polarizedy o pel HRP
(Potential Polarized) Carrier \ ional
Overcurrent Ground Relay. \

&iary Relay.

1 Type RS or RSN Carr

1l Type CO, CR, CRC, P Ground Back-
up Relay.

The type RS rXth the Type HZ Relays
provides out nch@onism blocking. The

Type HZM Relay w
swing or

e Type RS Relay provides
synchronism surge blocking, but not
out-of-step blssking without additional dis-

tance e ents.

-c carrier transmitter-receiver set,

thegransmitter controlled by the fault detec-

nd directional relays, and the receiver

POS. NEG.
PHASE 23
A cc Lo FE—
S
z3 [g;z—'*‘
E- .
B %—ﬂijc E —
23 f
¢ r—q osc —}
Tos
GRD CSG . —

TRIP CIRCUIT

0, CR, CRC, CWC, CWP
GROUND BACK-UP RELAY
0
L

CARRIER
Do h!-——ﬂ’l‘———E__ ONOFESW. | RRG
GROUND$—— ——{ —

arrier Relaying Scheme.

to <cperate a receiver relay included in the
Type RS or RSN relay. This 1s elther the Type

JY or the Type FD Carrler Set.

3. A coupling capacitor with carrier aux-
iliary for 1ntroducing the carrier frequency
onto the transmission llne. Thils may be sup-

plied with a potential
line-to-ground potential or 3 sets can be used
The
Carrier Coupling capacltor 1s the Type PC, and
with the potential device,
PCA.

device for measuring
for measuring three phase line potential.
1s usually the Type

This unit 1s used
the capacitance of the coupling

and match the
celver circults to the transmission line.

4. A Line Coupling Tuner.
to tune out
capacltor transmitter or re-
The
a part of the carrier set when the

transmitter-receiver 1is

tuner 1s
mounted outdoors, or

1s separately mounted near the coupling
capacltor when the transmitter-receiver 1is lo-

cated indoors some distance from the tuner.

5. A Line trap to prevent short circulting




CARRIER RELAYING LL._41-6006 D

by the carrler transmitter output during a
nearby external fault on the same phase wire POS. CARRIER _CONTROL 5.
to which the carrler 1s coupled. These are

usually the Type P or the Type M. . (:)
oA L)

L 4

Similar equipment 1s required at each line il
terminal of the protected line section. Each
line section 1s considered as a unit and .
— €SA)
Nl
z2

should be assigned a different frequency to

minimize the possibility of interference with TR
o -
other lines. ! al

The transmitter-recelver sets are tuned to

respond to the assigned frequency so that TRS __ csa
elther receiver may receive a signal from the
transmitter at the opposite end of the sec-
tion. It 1s not necessary for the receilver to

_{:_

&2)
CARRIER -\
OSCILLATOR

recelve a signal from 1ts own transmitter,
since under thils condition, the fault 1s ex-
ternal and the directional element contact
blocks tripping. Therefore, it 1s possible on

CARRIER
ALARM  RECEVER

two terminal 1lines to use two frequencies 1in
this carrier scheme and obtaln two independent
carrlier channels for transmitting auxilias
functions in two directions simultaneously.

RECEIVER RELAY~COILS RRH(HOLDING) & RRT (TRIPPING) CONTACTS
RRG, RRP, RRB.

‘ Fig. 2—Simplified D-C Schematic Of The Carrier Control
Circuits Using The Type HZ Relay With Two
OPERATION OF SCHE Make—One Break Third Impedance Element

Contacts.
The ground relay and the type HZ e ce
a Impedance element to allow time for the break-

or type HZM distance relays ar d by
current and voltage using the onnec-
tions for these relays. Fogfslim 1ty, the

er 1n the next section to clear. When used in
carrier relaying, this T2 contact 1s parallel-
current and voltage circfits e t shown in ed by a contact, RRP, controlled by carrier,
the d-c simplified schema \agr‘am of Figure as explalned bel-w. The third element, Z3 of
m

the Type HZ Relays, 1s given a distance sett-

1. The three impeda entls of these re-

lays are set in the us maler for step-type ing to provide complete back-up protection
distance relaying ept hen Z3 1s offset through contact T3, and to start carrier
with the type HZM§relal). The first element  vransmission.

* Z1, is set for 8 the line section and When the Z3 element of the Type HZM Relay is
operates indegpen of carrier. The second offset to operate for 1nternal faults, the
element, Z r about 150% of the line element has directional characteristics and
section s@ C s the entire line, but 1is will not send blockling carrier for external
particu oclated with that portion faults. Consequently, in the Type HZM Carrier
which is ond the setting of the first scheme, 1t 1s necessary to reverse the Z3 ele-

% element; thatl’ is, the last 20-10% of the line ment. Thilis means that the third zone back-up
(end zone) adjacent to the next sectionalizing protects the 1lilnes extending out of the
point. this 2zone, 1t 1s not possible to statlon instead of the llnes adjacent to the

et@rmine by distance 1indication whether the remote terminal breaker.

1s Just withln or Just beyond the end of

section. For distance relaying, without The synchronous timer motor 1s started by
carrier, a time delay contact T2, 1s used in the directional and third element contacts in

eries with the contact of the second zone seriles 1n both the +type HZ and HZM relays



CARRIER RELAYING

thrcugh the contacts Do and Io of the groun
relay and the carrier controlled contact
The ccntact IoS 1s used to start carriler he

NEG. nggsﬂa Pps. contacts, RRP and RRG, are on the blocking re-
| @ @ 0 @ ‘ lay controlled by the carrier signal operating
. . . . RRH and RRT colls. L 4

Sty A The contacts Z3 (A, B, & C p in the
LJX_EQE&:Egg left part of the figure ve tart the
° L} transmission of carrier f e faults and
contact IoS performs the m tion for the
_Tﬂjpmme A ALARY ground faults. The gro contact, IoS,
1s operated by an over-cu t element sepa-
rate from that whic Q the tripping

contact.

Carrler 1s s d closing any one of the
Fig. 3—Time Delay Circuit For The Carrier Alarm When carrier 9 ts 23 or IoS, the carrier
t

Using The Carrier Channel For Telemetering Or test push or the auxliliary carrier

Supervbory. ’ start S These contacts connect the

plate arrler osclllator tube to posi-

cxcept directional control 1s omitted when 23 tive ectifier valves 1n the relaying
is reversed for Carrler when wusing the Type carfer t circult are to prevent the flow
HZM relays. o rent 1n the control circult resistors
The Types HRK or HRP ground relays have a h would wunnecessarily 1load the carrier
directional element and two instantaneo S contacts. The cathode of the oscilllator
over-current elements. The operation of t tube 1s connected to negative through the back
elements 1s explalned below. contacts CSP and CSG as shown 1n Figure 1.
The s:chematic carrier control and trip\ Carrier stopping 1s controlled by the tripping
cults are shown simplifled in Flgure e contacts, D and Z2, for phase faults and Do

Type HZM or HZ relay shown here has a and Io2 for ground faults. When fault power

third impedance element contact a flows 1nto the protected 1line section, the

ional control of the timer. The s% tripplng contacts, D and Z2 <close for phase

also can be used with the older relays faults and permit the coll of the auxiliary
with two make and one break rd IMpedance contactor switch, CSP, to be energlzed. This
element contacts. With thi a r type HZ causes the back CSP contact 1n the carrier

schematlcally 1n Figure 2.

relay the carrier contr c 1t 1s shown control circults to open, which stops carrier
The Mollowlng dis- by ralsing the cathode voltage above the

cussinn refers dir Figure 1 but operating value, and permits the RRT operating
11

applies equally gure 2. The trip coll of the recelver relay to be energized by
circults using th HZ relay are basi- the station battery.

cally the sam s oW n Flgure 1 as far as

carrier 1s co d. Similarly, for ground faults Do and Io close

to energize the coll of another auxlliary

The right part of Figure 1 comprilses the contactor switch, CSG, whose back contact,
trip circuilts and the left part, the carrier CSG, stops carrier and permits the operating
control gcircults. The distance type trip coll of the recelver relay to be energlzed.

First zone - D and Z1; Second zone

- D, Z 2; Third zone - D, and T3. The The arrangement of the carrier start and
ca ntrolled tripping path 1s through stop clircults 1s such that opening CSP and CSG
nd RRP contacts. For ground protection contacts stop carrier regardless of  how

rrier controlled trip circult 1s set up carrler 1s started. Thus relayling Has perfer-

i ¥
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ence at all times over all other uses of the

carrier channel.

The circuits are arranged so that the
action of the ground relay can be glven
perference over the phase relays. This is

contacts CSO of the

around CSP carrier stop
This means that if IoS of
starts carrier, it is than

done by connecting the
type HRK or HRP relay
contacts as shown.
relay
the CSP contact and the phase

stop carrier.

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

load currents flow of positive and

negative sequence currents during external

ground faults.

The carrier controlled recelver relay is a
sensitive polarized d-c¢c relay provided with
two make contacts, RRP and RRG, and one break
contact, RRB.
the action of two coils,
coil, RRT, energized by the local battery

controlled as

These contacts are operated by
one an operating

explained above by CSP aund

contacts, and the other a carrier in
coil, RRH, connected 1in the plate @ t of
the carrier receiving tube. No famboth

colls are de-energized and the mak
RRP and RRG, are held open by a «;Q

The relay 1s prevented from op ) hen the

carrier holding coll, RRH, fls e glzed even

though the operating ? A is ener-

glzed. This means that& as carrier is
ite

being received eith the local trans-
mitter or nd, RRH is ener-

s prevented.

from the o
gized and carrier t i
events

The complete erice of may be

briefly s a s follows: Assume an in-

ternal p, &e se fault Jjust beyond the

zone ofy on £ Z1 elements. Carrier will
d

be in ediately at both ends of the
line by th sure of one of the Z3 contacts.
Meanwhile, the directional and second zcne im-

ontacts
ary switch, CSP,

pedance close and energize the auxi-

stopping carrier and ener-
1Zng the operating coil, RRT, of the carrier
the same actlon has
of the

recelved and the contact, RRP, 1is

ver relay. Since

urred at the far end line, no
carrier 1is

closed at both ends completing the trip cir-

cults through D and Z2.
coll at one end has already beefll enefgized
through Z1. If the fault has been e al to
the section, then tripping could not have oc-
carrier holdin%.Foil, RRH,

carrier from
D would not be

However, P

curred since the
would have Dbeen energized by

the end nearest the faultfwh

closed to stop carrie\

If an internal-tw@- -to~-ground fault is
c r start contact IoS,

assumed, the grou
and one of the p contacts will close to
start carrier. e ground preference con-

tact 1s cogfine d, then the operation of IoS

will energ CSO and its contact will short

out CSP aking 1t 1impossible for the
o

pha @ stop carrier. However, the
ing

Do and Io2, will
enegrglizing the CSG auxiliary relay to

contacts

ler.

111 be noted that carrier is not start-
ed either end unless fault current operates
This 1is
ignificant in case a line becomés disconnect-

starting element (fault detector).

ed from a source of power at one end in other
If a fault
occurs on such a line, the carrier transmitter
will be
which 1s connected to the source of power and

words, becomes a stub end feeder.

started and stopped only at the end

no carrier will be received from the other end
to interfere with tripping.

On parallel
the fault power undergo a quick reversal as
Under
this condition, carrier transmission is main-
tained at one end until it has had time to be
started at the other.

lines, 1t 1s possible to have

the ©breakers on the faulted line open.

It is
condition
abllity to send and receilve a carrier signal.

desirable to
of the carrier set to determine its

check periodically the

For thils purpose a test push button is con-
with the

Pressing the test push button sends

nected 1in parallel carrier start
elements.
a carrier signal which is receilved by the re-
celver tubes at both ends of the line section

to cperate an alarm relay and energize
milliammeter. .If the carrier set is not func-
alarm is not heard and the mil-

does not deflect indicating trouble

tioniing, the
liammeter
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which must be 1nvestigated. The alarm relay
has a minimum operating value 1in excess of the
minimum required to operate the receiver relay
so that an 1ndication of impending trouble can
be obtalned before actual fallure occurs.

A three-pole single-throw switch operated
from a common handle 1s connected 1n the
carrier trip and out-of-step clrcults, as
shown in Figure 1. The switch 1s marked
"Carrier On-off" and opening 1t removes
carrier supervision and permits the type HZ or
HZM relays to operate in the conventional step
-zone manner. The switch also removes the
types HRK or HRP ground relay and ground pro-
tectlon 1s avallable through back-up ground
relays.

Out-of-Step-Protection

It 1s often desirable to prevent the oper-
ation of relays durlng out-of-step conditilons
so that the system can be separated at loca-
tions where synchronizing equipment 1s availl-
able. The carrier relaylng system provides
means of preventing trippling during out

step conditions without 1mpairing the 1

ty to trip for internal faults occuring 1
out-of-step conditions. One fund

e
difference between a three phase fau a
out-of-step condition 1s that a faulf sud@enly
reduces the voltage and increas Qrent
whereas during the approach of SXOI‘-step
condition, the voltage and c e hanges are
comparatively gradual. \

The type HZM relays 3
ate on faults, bu o

ally set to oper-
pad or synchroniz-

1ng surge swing the system can re-

cover. Howev en tHe system goes out-of-

step, the typ rglays operate to separate
the system. To 1de out-of-step blocking
In the Type HZM Carrler scheme, an additional
blocking relay.is required, such as the Type
TSO0-3 ou

I.L.

of-step blocking relay described 1n

type HZ Carrler scheme, out-of-step
g 1s provided by using the type RSN re-
nstead of the type RS relay.

In this scheme, the distance elements
operate simultaneously for a three phase ult
1f they are to operate at all, whille du
out-of~-step the Z3 operates first, followed by
Z2 and then Zl. As the system returns tgward
the "in-phase" position, the e nts reset
the opposite order: that 1s,,Z1|

To prevent tripplng dur f-step, 1t

kosure of the

1s necessary to arrange fo 5
§0r the recelver

three contacts A, B, C, n
relay back contact, B
tional blocking r
cult. This bloc g
time-delay so that t does not open the trip
circult before fr

operate an addl-
open the trip cir-
y must have a slight

g on a three phase fault

can occu other hand, 1t must open
the ¢trip c tduring an out-of-step condil-
tion e'second element, 22 1s operat-
ed.

T out -step blocklng contact 1s designa-
t a , and 1s connected 1n the trip cilr-
u shown 1n Figure 1. 1In parallel with

1 e three contacts, A, B, C, which are the
back contacts on the auxiliary switches A, B,
C, operated by the Z3 carrler starting con-
tacts of the distance relays thru the auxil-
lary contactor switches, CSA, CSB, and CSC.
The make contacts of these switches are in
serles with the back contact, RRB, of the re-
ceiver blocking relay, and energize the coil,
P, of a pendulum type time-delay relay, whose
lower contacts make and energlze the coll of
of the X2 blocking relay. Every time that all
three of the Z3 carrier start contacts close,
the back contacts, A, B, C, and X2, open the
trip circult after a 3 to 4 cycle delay. Back
contact X2, opens by virtue of all three make
contacts, A, B, and C, closing through RRB to
energize the P coll and in turn, the X2 coll.

If the electrical center 1s inslde the pro-
tected 1line section, and in other cases where
the two voltage sources appear 180° out of
phase, the directional and impedance elements
at each end of the line will be closed. This
stops carrier (previously started by the 23
contact).

This energlizes RRT to allow the contact RRB

>,
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This
lay, P, whose spring arm begins now to oscill-

to open. de-energizes the pendulum re-

ate, alternately
contacts, P. This X2 coll ener-
After the of vibration of
the pendulum has decreased to a certain value,
it will not strike either of its contacts and
X2 will reset.

closing the bottom and top
keeps the

gized. amplitude

This action occurs in cycles,
and the time delay introduced by the pendulum

relay should be Ilonger than the time during
which Dboth directional elements '"point in"
which depends upon the 1length of the "slip

clear internal faults occurring during an out-
it 1s not so essential
able to clear them at high speed. The
circuilt is not blocked by
relay, X2,

of-step condition, but
to be
ground relay trip
the out-of-step 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 expir

of the X2 time delay. The reset of X2 e
possible by the opening of the receiv ay
back contacts, RRB.

It will ©be .
back-up tripping through D and T3 1 @ shown
blocked by the out-of-step cofitactg. There-
fore back-up protection ié‘b t e n three-
phase faults during out-of & If desired,

it is

noted from Figure

arranged so tha connecticn can

be made on the other s of ®he cut-of-step
contacts 1in which caffe b: up protecticr on
three-phase faults ingyout-of-step is not

possible.

ADDITIONAL IER CHANNEL USES

In addit

the carrier c

he relaying described above,
nnel can be used for cther
functions such as telemetering, lcad control,
com unicat‘bn, supervisory control and remote
these
om the plate i1s brought out fhru a back

ct K2 to the auxiliary start contacts as

ing. For functions, a separate

shown in Figure 1. This arrangement provides

dependent keying contact for relaying and

the other functions. The K2 relay is

gized by the relay start contacts t
the auxiliary start contact in orde
the variation in plate voltage of the oScill-
ator tube to a minimum.

L 4

In order to prevent the rier alarm from

ringing during the timgyca! r B s being used
ion, the time

be used at each

for auxiliary telemeterin
circult of Fig a
terminal. This circ ists of a combin-

ation of resistors a capacitor energized
thru contacts o iliary type TV relay.
When telemete ulses are belng sent or

received, th oll the type TV relay in the
1s energized on each

receiver (s ircuit
impulge. uses the normally clcsed con-
tact, t ternately open and close ener-

glizing t circuit thru a resistor and a
with this capacitor,
consisting of a resisteor and a

delay

In parallel

ircuit
o of the carrier alarm element. The re-
stors and capacitors are chosen so that for

h particular case a maximum delay of

This
on the longest tele-

proximately 2 seconds can be obtained.
will
metering impulse.

prevent operation

If 1t 1is
push button,

desired to signal by means of the
it 1s only necessary to hold the
push button closed for a period long enough to
cause the alarm element to drop out. Energiz-
ing carrier thru the push button maintains the
normally closed contact, TV, open and when the
charge on the capacitor is used up, the alarm

element will drop out, closing its back con-

tact marked "alarm" and causing the bell to
sound. By properly proportioning the resistor
and capacitor, a wide range of drop-out times

can be obtained for the alarm element.

The alarm bell
stantaneously whenever

can be made to operate in-
the relays start car-
rier by using the type PG relay connecting in
the carrier relay start circult with 1its bark

contact in the alarm coil circuilt.

Emergency point-to-posint communication 1is

normally suppllied with the carrier relaylng
equipment. This can be
handset at the

switchbcard,

done by plugging a

carrier set, at the relay

or from & desk set permanrently

wired tc the equipment. The push-to-talk fype
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handset 1s plugged 1n or lif‘teo
tor pushed a switch on the handset to start from the desk stand, the carrler alarm cir

of communication 1s employed where the opera- Whenever the
carrler and connect the microphone to the car- is opened to
rier transmitter. During the 1listening tion. This

perlod, the operator releases the switch. ringing.

STINGHOUSE ELECTRIC
TER DIVISION

prevent ringing during conve@sa-
alarm clrcult 1s used for co

CORPORATION
NEWARK, N.J.

Printed in U.S.A.
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. OPERATION OF SCHEME \
INTRODUCTION Addi terlocks can be included
to prevent tripp of any of the elements (car-

The high-speed clearing of faults on rier or back prftection) due to out-of-syn-
transmission lines 1s recognized - as necessary chronism s; e Thus, besides the carrier pi-
for good system operation. The best overall lot proteg@ti this system inherently provides
protection 1s provided by the method known as high spe and €ime delay back-up protecticn.
differential relaying in which conditions at the
two ends of the line are compared to determine . COMPO OF COMPLETE EQUIPMENT

whether the fault i1s in, the line section or ex-
ternal to the protected zone. This assures si-
multaneous tripping of the breakers, which is ea r
desirable from the standpoints of stability, lowsk
continuity of service, quick reclosing, and min-
l. A set of relays, operating on the
ent and voltage of the line, to detect and

imum damage to equipment. For many lines, car-
rier relaying is the most practical and reliable c
medium for comparing the conditions at the tw ermine the direction of faults, to trip the

outline of the equipment wused at
nal of a transmission line is as fol-

ends of the line. eaker 1f the fault Talls within the zone of
protection, and to control the transmission of
carrier for external faults. One terminal of

hi i u N :
This system of protection uses réla carrier relays consists of:

operating on current and voltage at es
the line to detect and determine th
of faults. Carrier is started by &
ors when a fault occurs. Fault po
out of a line section indicates e fault 1

ct 3 Type HZ Impedance or HZM Distance Relays

for phase faults,

Type HRZ (current polarized) or Type HRP

is external and the breakers should rip- ; ; ; . R
ped. ‘At the same instant, howev, P r will é{ogsggéiirgg%ag;gﬁig gzigler Direction
be flowing into the other end ine as o

though the fault were in the se Under . A

this condition, the direction 7 s at the 1 Type RS or RSN Carrier Auxiliary Relay
end where power 1is flowing o o e section

will operate to continueﬁhe@ission of a = Typg (]3_0’ CR, CRC, CWC or CWP Ground Back-
carrier signal which is r \'J at both ends up Relay.

and prevents the relays b ends from trip-

ping for all external ults’, For internal The Type RSN relay with the Type HZ Relays pro-
faults, power will not £ ing out at either vides out-of-synchronism blocking. The Type HZM
end and carrier will b d Dby operation of Relay with the Type RS Relay provides swing or
the directional elem oth ends to permit synchronism surge blocking, but not out-of-step
simultaneous tripping of th breakers. blocking without additional distance elements.

of the type
speed simﬁgtaneous trip- faulp detecting and direct%onal relayg, and tpe
receiver to operate a receiver relay included in

in service, and step type dis- .
{th carriér eitherp iﬁpor out the Type RS or RSN relay. This 1s the Type JY
Carrier Set.

ch utili the time- 2. A d-c carrier transmitter-re-
@ ene zes HZ gr 1§§M ceiver set, the transmitter controlled by the

of servi irst element of the type HZ or

HZM relay independently of carrier.
The second trips at high speed for 3. A coupling capacitor with carrier
faults in thé& section because the carrier trip- auxiliary for introducing the carrier frequency
ping contacts short around the synchronous onto the transmission line. This may be sup-
timer. These tripping contacts close 1mmedi- plied with a potential device for measuring line-
atgly if ®he fault 1is within the section, bBut to-ground potential or 3 sets can be used for
eld open Dby carrier to block tripping if measuring three phase line potential. The Car-
ult is beyond the section being protected. rier Coupling capacitor is the Type PC, and with

rangement thus provides simultaneous the potential device, 1is usually the Type PCA.

ping over the entire line section. The syn-
c ous timer 1is used 1n connection with the 4., A Line Coupling Tuner. This unit
econd impedance element to provide back-up pro- is used to tune out the capacitance of the coup-
ction for the second zone section. The trip- ling capacitor and match the transmitter or re-
ping circuit of the third element 1s independent ceiver circuits to the transmission line. The
of carrier and operates with time delay for tuner 1is a part of the carrier set when the
overall back-up protection. The directional transmitter receiver is mounted outdoors, or is
element, supervised by the second impedance ele- separately mounted near the coupling capacitor
ment, together with the third impedance element, when the transmitter-receilver is located indoors

control the transmission of carrier. some distance from the tuner.
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CARRIER CONTROL TRIP CIRCUIT

CO,CR, 3 P
AUX.CARRIER START GROUND EACn-i RECAY
i

TELEMETERING

POS. SUPERVISORY, ETC. K3 NEG. @
*~— ) ’ Do Ton &‘3&'2’3«. RRG

GROUND——— F— —e

CARRIER
OSCILLATOR ~ ©SO zi

PH
csp less e .;__4°,..E22;_‘ |

1
@#

23
e p—e-{ T
Io O L 4
3
GROUND$-— cso o
TEST PUSH B ¢——i
lilBUTTON
—— .
o
_ C ¢——
CARRIER
ALARM RECEIVER
N N S O
-6l (A
TELEPHONE AL
t—HF——F {é%}
RECEIVER RELAY-COILS RRH (HOLOIN &RRT (rrIPPING) TIMER DIRECTIONA

CONTACTS RRG, RRP,

Figure 1
Simplified D-C Schematic of the Carrier Rela

5. A Line trap to prevent short cir- a time ct, T2, 1is used in serles with

cuiting the carrier transmitter output during a the con he second zone impedance element
nearby external fault on the same phase wire to to allo or the breaker 1in the next sec-
which the carrier is coupled. These are usually tion t  _When used 1in carrier relaying,
the Type P, such as types P400, P800, PDF400, thi tact is paralleled by a contact, RRP,

PDF800. ccn y carrier, as explalned below. The
i ent, 23 of the Type HZ Relays, 1s
istance setting to provide complete

protection through contact T3, and to

Similar equipment 1s required at each
line terminal of the protected 1line sectlon.
Each line section 1s tonsidered as a unit and
should be assigned a different frequency t
minimize the possibility of interference wit
other lines.

When the Z3 element of the Type HZM
S®ay 1ls cffset to operate for internal faults,
he element has directional characteristics and
will not send blocking carrier for external
faults. Consequently, 1in the Type HZM Carrier
scheme, 1t 1s necessary to reverse the Z3 ele-
ment. This means that the third zone back-up
protects the lines extending out of the station
instead of the l1lines adjacent to the remote ter-
and minal breaker.

The transmitter-receiver sets
tuned to respond to the assigned frequenc
that either receiver may receive a signal
the transmitter at the oppcsite end of t
tion. It 1s not necessary for the r
recelve a signal from 1its own transmit
under this ccndition, the fault is e
the directiovnal element contact bl

Therefore, it 1s possible on two 1Lnes The synchronous timer motor 1is start-
to use two frequencies in this ¢ i scheme ed by the directional and third element contacts
and obtain two independent carrigf channels for in series in bcth the type HZ and HZM relays ex-
transmitting auxiliary functions \&in tho direc- cept directional control 1s omitted when Z3 is
tions simultaneously. ieversed for Cerrier when using the Type HZM re-
ays.
OPERAT ION OF SCHEME The Types HRK or HRP ground relays
have a directional element and two instantaneous
The ground la a the type HZ im- * over-current elements. The operation of these
pedance or type HZM stdlfice gelays are operated elements is explained below.
by current and voltag in the usual connec-
tions for these relays. simplicity, the cur- The schematic carrier control and trip
rent and voltage circuits €re not shown in the circults are shown simplified in Figure 1. The
d-c simplif'ied schematic diagram of Figure 1. Type HZM or HZ relay shown here has a single
The three impedance elements of these relays are third impedlance element contact and directional
set in the usu mann for step-type distance contrcl of the timer. The same scheme also can
relaying-excep hen Z3 i1s offset with the type be used with the older type HZ relays wilth two
HZM relay. i rst element Z1, is set for 90% make and one break third impedance element con-
of the line s and operates 1independently tacts. With this 1latter type HZ relay the
of carriern seccnd element, 22, 1s set for carrier control circuit is shown schematically
abcut 150 line section and so covers the in Figrure 2. The following discusslon refers
entire e but is particularly associated with directly to Figure 1 but applies equally well to
that po hich is beyond the setting of the Figure 2. The trip circuits wusing elther type
firs ; that 1s, the last 10% of the line HZ relzy are Lasically the same as shown 1in
(end djacent to the next sectionalizing Figure 1 as far as carrier is concerned.
DO In this zone, it is not possible to de- -
te )y distance indilication whether the fault The right part of Figure 1 comprilses
t within or just beyond the end of the the trip clrcuits and the left part, the carriler
sec . For distance relaying, without carrier, control circuits. The distance type trip
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paths are: First zone - D and Z1; Second zone -
D, 22 and T2; Third zone - D, and T3. The car-
rier controlled tripping path 1is through D, 22
and RRP contacts. For ground protection a car-
rier controlled trip circuit 1s set up through
the contacts Do and Io2 of the ground relay and
the carrier controlled contact, RRG. The con-
tact Io3 is used to start carrier. The contacts,
RRP and RRG, are on the blockin;; relay control-
led by the carrier signal operating RRH and RRT
coils,

The contacts 23 (4, B, & C phases) in
the left part of the figure serve to start the
transmission of carrier for phase faults and
contact Io3 perf'orms the same function for the
ground faults. The ground start contact, Io3,
1s operated by an over-current e€lement separate
from that which operates the tripping contact.

Carrier is started by closing any one
of the carrier start contacts 23 or Io3, the
carrier test push button, or the auxiliary car-
rier start contacts. These contacts connect the
plate of the carrier oscillator tube to positive
The cathode of the oscillator tube 1s connected
to négative through the back contacts CSP and
CSG as shown in Figure 1. Carrier stopping is
controlled by the tripping contacts, D and 22,
for phase faults and Do and Ic2 for ground
faults. When fault power flows into the pro-
tected line section, the tripping contacts, D
and Z2 close for phase faults and permit the
coil of the auxiliary contactor switch, CSP, .to
be energized. This causes the back CSP cont:ct
in the carrier control circults to open,
stops carrier by raising the cathode
above the operating value, and permits
operating coil of the receiver relay to be e
gized by the station battery.

Similarly, for ground faultg
Io2 close to energize the coll of
i1liary contactor switch, CSG, whos€
tact, CSG, stops carrier and permy
ting coil of the receiver relay to

The arrangement of the
and stop circuits “is such that
C3G contacts stop carrier regar
rier is started. Thus relay]
at all times over all othiF uges
channel,

how car-
preference
the carrier

arr ed so that the
an be civen prefer-
This 1s done by

of the type HRK or
cargier stup contacts as
JIo3 of the {round re-

The circuits a
action of the ground
ence over the phase r S.
connecting the conta
HRP relay around CS
shown. This means tRat 1

lay starts carrie then impessible for
the CSP contact e phase relays to stop
carrier. T pu e of this ground preference
18 to prevent incorrect 1indications of
the phase due to load currents and. the
flow of d negative sequence currents

ound faults.

rrier controlled receiver relay
is a sensitiv polarized d-c relay provided
with two make contacts, RRP and RRG, and one
break contact, RRB. These contacts are operated
byasthe action of two coils, one an operating
co RRT, energized by the local battery and
lled as explained above by CSP and C3G

s, and the other a carrier holding coil,
connected 1n the plate circuit of the car-

ri receiving tube. Normally, both coils are
e-energized and the make contacts, RRP and RRG,
re held open by a magnetic bias. The relay is
prevented from operating when the carrier hold-
ing coil, RRH, 1is energized even though the
operating coll, RRT, is energized. This means
that as long as carrier is being received either
from the local transmitter or from the opposite

_3_

POS. CARRIER CONTROL NG
05
S
oA \I LT .
< 3
CSA
—
E 450N-125VDCL. 4000N.-125VDLC.

RRT

10000-125VDL.
200001-260VDL.

CSP  CSG

CSEJ
)

ALARM, TELEMETERING OR

AL SUPERVISORY RECEIVING RELAY
BELL

RECEIVER RELAY- COILS RRH (HOLDING)&RRT(TRIPPING); CONTACTS RRG,RRP, RRB

Figure 2
Simplified D-C Schematic of the Carrier Control
Circuits Using the Type HZ Relay With Two Make-
One Break Third Impedance Element Contacts.,

end, RRH 1s energized and carrier tripping 1is

prevented.

The complete sequence of events may
be briefly swmnartzed as follows: Assume an in-
ternal phase-to-phase fault just beyond the zone
of one of the Zl1 elements. Carrier will be in-
itiated immediately at both ends of the line by
the closure of one of the Z3 contacts. Mean-
while, the directional and second zone impedance
contacts clese and energize the auxiliary switch,
C3P, stopplng carrier and energizing the oper-
ating coll, RRT, of the carrier receiver relay.
Since the same action has occurred 4at the far
end of the line, no carrier is received and the
contact, RRP, is closed at both ends completing
the trip cirecuits through D and Z2. However,
the trip coil at one end has already been ener-
gized through Z1. If the fault had been exter-
nal tc the section, then tripping could not have
occurred sincg the carrier holding coil, RRH,
would have been energized by carrier from the
end nearest the fault where D would not be clos-
ed to stop carrier.

If an internal two-phase-to-ground
ffault is assumed, the ground .carrier start con-
tact Io3, and one of the phase contacts will
close to start carrier. If the ground prefer-
ence contact is connected, then the operation of
Jo3 will energize CSO and its contact will short
out CSP thus making i1t impossible for the phase
relays to stop carrier. However, the ground
tripping contacts Do and Io2, will close ener-
gizing the C3G auxiliary relay to stop carrier.

It will be noted that carrier is not
started at elther end unless fault current op-
erates a starting element (fault detectorg
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increases the current. whereas during the ap-

NEG. ' POS.
CSQZESER prog&ch of an out-of-step condition, the voltage
N N and current changes are comparatively gradual.
-———Qﬁiig} \fﬁ/ \IZ/ RRY [ The type HZM relays are usually se e

to operate on faults, but not on load or syn-
chronizing surge swings from which the sy
— Y can recover. However, when the system goes @ut-

G
oy | o
- — of-step, the type HZM relays operate to sepaRate
TX_TOTEEMETER the system. To provide out-of-step blocking
PG RECEIVER, ETC. the Type HZM Carrier scheme, an additional
1 ° (] blocking relay 1s required, such as the Type

TS0-3 out-of-step blocking relay describedp in
I.L. 41-418.3.

| TELEPHONE AL ALAR

BELL In the type HZ Carri s e ) out-of -
step blocking 1is provided by u type RSN
r N

relay instead of the type RS

Figure 3 In this scheme, stance ele-
Time Delay Circult For the Carrier Alarm When ments all operate simult 0 for a three
Using the Carrier Channel For Telemetering or phase fault 1if they are to oPgrate at all, while
Supervisory. during out-of-step the op tes first, fol-
lowed by Z2 and then Z he system returns
toward the "in-phase" ion, the elements re-

This 1s significant in case a line Dbecomes dis- set 1In the opposite er;®hat, 1, z2, 3.

connected from a source of power at one end; in

1Pping during out-of-

other words, becomes a stub end feeder., If a
fault occurs on such a line, the carrier trans-
mitter will be started and stopped only at the
end which is connected to the source of power
and no carrier will be received from the other
end to interfere with tripping.

step, 1t is
of the three
celver relay

@ ® arrange for the closure
, B, C, and for the re-

act, RRB, to operate an
relay to open the trip cir-
ing relay must have a slight

time-dejla t 1t does not open the trip

On parallel lines, it 1s possible to circuit tripping on a tpree phase fault

have the fault power undergo a quick reversal as can occege. the other hand, it must open the

the breakers on the faulted 1line open. Under trip ring an out-of-step condition be-
this condition, carrier  transmission 1is main- fore th§gecond element, Z2 1s operated.

:i;ﬁﬁgdagtoﬁﬁeeggheﬁ?til it has had time to be The out-of-step blocking contact 1s

s¥g d as X2, and is connected 1in the trip

cu as shown in Figure 1. In parallel with

It is desirable to check periodically are three contacts, A, B, C, which are the

the condition of the carrier set to determi ack contacts on the auxiliary switches A, B, C,

its ability to send and receive a carrier signa erated by the Z3 carrier starting contacts of

For this purpose a test push button is connected theé distance relays thru the auxiliary contactor

in parallel with the carrier start elementd® witches, CSA, CSB, and CSC. The make contacts

Pressing the test push button sends a carrfer of these switches are in serles with the back

signal which is received by the receiver tu contact, RRB, of the receiver blocking relay,

and energize the coil, P, of a pendulum type
time-delay relay, whose lower contacts make and
energize the <coil of the X2 blocking relay.

at both ends of the line section to oper
alarm relay and energize a milliammete

the carrier set 1is not functioning, t 1
not heard and the milliammeter does n t Every time that all three of the 23 carrier
indicating trouble which must be iny€st ed. start contacts close, the back contacts, A, B
The alarm relay has a minimum opengtd value in C, and X2, open the trip circuit after a 3 to i
excess of the minimum required t e the cycle delay. Back contact X2, opens by virtue
recelver relay so that an indicatj mpend- of all three make contacts, A, B, and C, closing
ing trouble can be obtained befdfe agt®al fail- through RRB to energize the P coll and in turn,
ure occurs., ) the X2 coil.
If the electrical center is inside
A three-pole sing W switch op- the protected line section, and in other cases
erated from a common hangle cgnnected in the where the two voltage sources appear 180° out of
carrier trip and out-of- its, as shown phase, the directional and impedance elements at
in Figure 1. The swfitch arked "Carrier On- each end of the line will be closed. This stops
off” and opening it gemoyges rrier supervision carrier (previously started by the Z3 contact).
and permits the "ty r relays to operate
in the conventional s - zoffe manner. The switch This energizes RRT to allow the con-
also removes the types or HRP ground relay tact RRB to open. This de-energizes the pendu-
and ground protection 1s &vailable through back- lum relay, P, whose spring arm begins now to
up ground relays. oscillate, alternately closing the bottom and
top contacts, P. This keeps the X2 £oil ener-
OUT-OF-~STEP P TECTIOﬂr gized. After the amplitude of vibration of the
‘ pendulum has decreased to a certain value, it
I ten desirable to prevent the will not strike either of 1ts contacts and X2
operation of s during out-of-step condi- will reset. This action occurs 1n cycles, and
tions so e system can be separated at lo- the time delay introduced by the pendulum relay pren
cations nchronizing equipment 1is avail- should be longer than the time during which both U
able, carrier relaying system provides a directional elements "point in" which depends
means venting tripping during out-of-step upon the length of the "slip cycle" of the sys-
con without impairing the ability to trip tem, It is desirable to clear internal faults
for 1 faults occurring during out-of-step occurring during an out-of-step condition, but
c ons., One fundamental difference between it is not so essential to be able to clear them
a phase fault and an out-of-step condition at high speed. The ground relay trip circuit 1is
at a fault suddenly reduces the voltage and not blocked by the out-of-step relay, X2, and
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can trip instantly. 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 circuit without waiting for the reset of X2.

On a three-phase fault, however, none of the Z3
contacts will reset, and consequently, tripping
wlll not occur until after the expiration of the
X2 time delay. The reset of X2 1is made possibile
by the opening of the receiver relay back con-
tacts, RRB.

It will be noted from Figure 1 that
the back-up tripping through D, and T3 is shown
blocked by the out-of-step contacts, in which
case, back-up protection on three-phase faults
during out-of-step is not possible. It is ar-
ranged, however, so that T3 connection can be
made on the other side of the out-of-step con-
tacts, and in this case, tripping on out-of-step
cannot be prevented for a period of longer than
the time setting of T3.

ADDITIONAL USES FOR THE CARRIER CHANNEL

In addition to relaying described
above, the carrier channel tan be used for other
functions such as telemetering 1load control,
communication, supervisory control and remote
tripping. For these functions, a separate lead
from the plate 1s brought out thru a back con-
tact K3 to the auxiliary start contacts as shown

in Figure 1. This arrangement provides 1inde-

pendent keying contact for relaying and th

other functions. The K3 relay is energized by

the relay start contacts to open up the auxili
ary start contact 1in order to xeep the variatio
in plate voltage of the oscillator tube t
minimum.

In order to prevent the carri
from ringing during the fime carrier
used for auxiliary telemetering fu
time delay circuit of Figure 3 ca
each terminal. This circuit consi a com-
bination of resistors and a capacito 2
thru contacts on an auxiliary t
When telemetering impulses are being or re-

O
Q>®

L 4

ceived, the coil of the type TV relay i
celver plate circuit 1is energized on
pulse. This causes the normally clqgg
TV, to alternately open and close e
circuit thru a resistor and a ca
parallel with this capacitor, 1
sisting of a resistor and the oil
carrier alarm element. The re to and capa-
-citors are chosen so that for t particular
case -a maximum delay of approximately 2 seconds
can be obtained. This will prevent operation on
the longest telemetering impuls§

If it is des@re to signal by means
of the push buttonggpit olly necessary. to hold
the push button clo a period long enough
to-cause the alarm to drop out. Ener-
gizing carrier ush button maintains
the normally clodgg act, TV, open and when
the charge acitor 1s used up, the
alarm element @rop out, closing its Dback
contact mar m" and causing the bell to
sound. By pr proportioning the resistor
and capaci wide range of drop-out times-
can be oR@flain for the alarm element.

alarm bell can be made to operate
sly whenever the relays start car-
ng the type PG relay connecting in
r relay start circuit with 1ts back
in the alarm coil circuit.

Emergency point-to-point communica-
is normally supplied with the carrier re-
lay¥ng equipment. This can be done by plugging
andset 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 operator
pushes a switch on the handset to start carrier
and connect the microphone to the carrier trans-
mitter. During the listening period, the opera-
tor releases ' g switch. Whenever the handset
is plugged i:i «» lifted from the desk stand, the
carrier alarm circuit 1s opened to prevent ring-
ing during conversation. This alarm circuilt is
used for code ringing.
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INSTALLATION

INSTRUCTIO

I. L. 41-600

OPERATION

MAINTEN

TYPE HZ OR HZM DOUBLE PLATEKEY
CARRIER RELAYING

INTRODUCTION

The high-speed
mission lines

clearing of faults on trans-
1s recognized as necessary for
good system operation. The best overall pro-
tection 1s provided by the
differential relayling in which
the two ends of the line are compared to del:
termine whether the fault 1s 1n the 1in;
section or external to the protected zone.\
This tripping of thep
breakers, which is desirable from the st;hd;~
of stability, of servite
quick reclosing, and minimum damage to eq

method known
conditions

assures simultaneous

points continuity
For many lines, carrier relaying/1 t
reliable mediug
paring the conditions at the two &
line.

ment.

most practical and

ting on current and voltage at
to detect and
Carrier 1is

determin

star§ed

line
faults.

fa@lt detectors

when a fault occuve. Fa N er flowing out
of a line section 1gd es tHat the fault 1is
e rs

and the should not be
At the

will be flowing in

external
tripped. i nt, however, power
thel§other end of the line
as though the were 1n the section.
Under thi c tien, the directional relays
at the ;\ ower 1s flowing out of the
sectionfl wi rate to continue the trans-
which 1s received
and prevents the relays at both

rier signal
from tripping for all external faults.
For internal faults, power will not be flowing

t at either end and carrier will be stopped
of

operation the directional elements at

0 ends to permit simultaneous tripping of

h breakers.

The utilizes the time-
distance characteristics of the type HZ or HZM

carrier scheme

NEW INFORMATION

(Former I. L. 41-600.6 Revised)

relay to provid

) 2

: S

peszigsgmultaneous
e 2

tripping with r in , ce, and step
ith. carri either

pro tggf Qf
ce ¥r'

The first} €1

type distance

in or out _of

trips at
i section because
ongeg short around the

timer. ese tripping
glately if"the fault is within the
i{ﬁfz\held open by c4rrier to block
i¥ Ehel fault is
This
sim Jpgnecﬂs trippi r
The ‘
in connection with the ec

tripping
contacts

bey nd e sectlon

ng protefcted. -rgnaemiht | thus pro-

vides he entilre

line section. syndh onbus timdr 1s used
d impedence ele-
” the

of

of carrier

ment to provide back-up prbtectionlfor

second zone section. The tribping circuilt
the third
and operates with time delay for overall back-
The directional
supervised by the second impedance
with the third

control the transmission of carrier.

element 1s independent
up protection. element,
element,
together

impedance element,

be 1included to
of any of the elements (car-

Additional
prevent tripping

interlocks can

rier or back-up protection) due to out-of-

synchronism surges. Thus, besides the carrier
pilot protection, this system inherently pro-
vides high

tection.

speed and time delay back-up pro-

COMPONENTS OF
COMPLETE EQUIPMENT

An of the

terminal of a transmission line 1is as follows:

outline equlipment used at each

1. A set of relays, operating on the cur-
rent and voltage of the 1line, to detect and
determine the direction of faults, to trip

the breaker if the fault falls within the 2zone

of protection, and to control the transmission

EFFECTIVE 10-47
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CARRIER CONTROL

AUX.CARRIER START
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R DIRECTIONALLY CONTROLLED BY D AND Z3

Fig. 1—Simplified D-C Schemati

of carrier for external faults. One termin
of carrier relays consists of:

1 Type HRK (current polarized) @or e BRP
(Potential Polarized) Carrier \ nal
Overcurrent Ground Relay.

1 Type RS or RSN Carrier A i Relay

1 Type CO, CR, CRC, CW Ground Back-
up Relay \

The tipe RSN la, it he
provides out-o hr sm
Type HZM Relay with

swing or synchronism surge blocking, but not
out -of-step blocggng without additional dis-

Type HZ Relays
blocking. The
Type RS Relay provides

tance elem@uts.

2. A rrier transmitter-receiver set,
the ter controlled by the fault detec-
ti a directional relays, and the receiver

t e a receiver relay included in the

9 S or RSN relay. This is the Type JY

t r Relaying Scheme.

arrier Set.

A coupling capacitor with carrier aux-

3.
3 Type HZ impedance or HZM Distance R \iliary for introducing the carrier frequency
for phase faults.

onto the transmission line. This may be sup-
plied with a potentilal device for measuring
line-to-ground potential or 3 sets can be used
for measuring three phase line potential. The
Carrier Coupling capacitor is the Type PC, and
with the potential device, 1is usually the Type

PCA.

4. A Line Coupling Tuner. This unit 1is
used to tune out the capacitance of the coup-
ling capacitor and match the transmitter or
receiver circults to the transmission line.
The tuner 1s a part of the carrier set when
the transmitter-receiver 1is mounted outdoors,
or 1s 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 circuit-
ing the carrier transmitter output during a
nearby external fault on the same phase wire
to which the carrier 1s coupled. These are
usually the Type P, such as types P400, P800,
PDF400, PDF800.
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Similar
terminal of the protected line section.
line
should be assigned a different
the possibility of interference with
other lines.

equipment 1s required at each line
Eack
section 1s considered as a unit and
frequency to

minimize

The transmitter-recelver sets are tuned to

respond to the assigned frequency so that
elther recelver may recelve a signal from the
transmitter at the opposite end of the

section. It 1s not necessary for the receiver

to receive a signal from its own transmitter,

since

ternal

under
and the

directional

this condition, the fault is ex-

element contact

blocks trippkng. Therefore, 1t 1is possible on

two terminal 1lines to use two frequencies in
this carrier scheme and obtain two 1independent
channels for

carrier transmitting auxiliary

functions in two directions simultaneously.

OPERATION OF SCHEME

The ground relay and the type

or type HZM distance relays are o t

current and voltage wusing the u nn

tions for these relays. For sim y, the

current and voltage circuilts ar\ wn in
r

HZ impe

the d-c simplified schematic of Fig-
ure 1. The three of these
are set 1in the for step-
type distance relaying s;ce t wlen Z3 1s off-

set with the type HZM re . e first ele-
ment 21, 1s set for [9) he line sectilon
carrier. The

and operates indep n of
second element, Z 1 for about 150% of

the 1line sectio and@so covers the
y assoclated with that

line, but is p

portion whic eyond the setting of the

first e ex is, the last 10% of the
2,

impedance el¥em
a

relays usu

entire

n adjacent to the next section-
int In this zone, it 1s not

indication
within or just be-

pos-
ermine by distance
whether the¥ fault 1s just
yond the end of the section.
laying ,@J ithout carrier,
, 1s used in series with the

element to allow

For distance re-
a time delay contact
contact of the
time

in the next section to clear.

nd zone impedance

r the breaker
When used in carrier relaying, this T2 contact
RRP,
explained below. The

is paralleled by a contact, controlled by

carrier, as third

POS. CARRIER CONTROL NEG

soon-i2d¥ o.c.
J3000n-250V D .C.

CSA z3

450N-125VDC. 4000N.-125VDC.

{60011'250 VDL - 8000N-250VDL.

P
1000N.-125VD.LC.
-2S0VDC.|

CSP  C86G

gal

ALARM, TELEMETERING OR

AL SUPERVISORY RECEIVING RELAY
] BELL

[ RECEIVER RELAY- COILS RRH (HOLDING)&RRT(TRIPPING),6ONTACTS RRG,RRP,RRB

TELEPHONE

!

TFig. 2—Simplified D-C Schematic of the Carrier Control Cir-
cuits Using the Type HZ Relay With Two Make-One
Break Third Impedance Element Contacts.

element, Z3 of the Type HZ Relays, 1s given a

distance setting to provide complete back-up
protection through contact T3, and to start

carrier transmission.

When the 23 element of the Type HZM Relay is
offset to faults, the
element has directional characterigtics
will not send blocking carrier
faults. in the Type HZM Carrier
scheme, 1t 1s necessary to reverse the 23 ele-
This means that the
protects the

operate for 1nternal
and
for external

Consequently,

third zone back-up
of the
adjacent to the

ment.
lines extending out
of the lines

remote terminal breakesr.

station instead

The synchronous timer motor 1is
the directional
series 1n both the type HZ
cept directional control 1is omitted when Z3 is

reversed for Carrier when wusing the Type HZM

started by
and third element contacts 1n
and HZM relays ex-

relays.
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left part of the filgure serve to start the

NEG.  cARRIER POS transmission of carrier for phase faults an

RECEIVER contact Io3 performs the same functlon for t

il @ @ @ | ground faults. The ground start contact, Io3,
1s operated by an over-current element sepa-

= "} - rate from that which operates the trippi‘g

Lo rormeerer contact.

@ —

Carrier 1s started by closing\ f the
TELEPHONE AL ALAR carrier start contacts Z3 or t carrier
1 - teat push button, or the y carriler
start contacts. These co C onnect the
- plate of the carrier os 1 tube to posi-

at
e 1llator tube 1s
ough the back

Fig. 3—Time Delay Circuit For the Carrier Alarm When Using tive. The cathode
the Carrier Channel For Telemetering or Supervisory.

connected to negat

contacts CSP and s shown 1n Figure 1.
The Types HRK or HRP ground relays have a
Carrier stoppling olled by the tripping
directional element and two 1nstantaneous
contacts, D z or phase faults and Dc
over-current elements. The operation of these
and Io2 for g faults. When fault power
elements 1s explalned below.
flows 1n rotected 1line section, the

trippin o ts, D and Z2 close for phase
The schematlc carrier control and trip cir-

faults 1t the coll of the auxlliary
cults are shown simpliflied 1in Figure 1. The

contact switch, CSP, to be energized. This
Type HZM or HZ relay shown here has a single

cau h back CSP contact 1In the carriler

third I1mpedance element contact and direct-
rcults to open, which stops carriler

lonal control of the timer. The same scheme
rail g the cathode voltage above the oper-

also can be used with the older type HZ relays
ng value, and permits the RRT operating
with two make and one break third impedan
element contacts. With this latter type HZ
e statlon battery.

relay the carrler control circuit 1s sh

schematically 1n Figure 2. The following d Simllarly, for ground faults Do and Io2
cussion refers directly to Figure 1 aps close to energize the coll of another auxil-
plies equally well to Figure 2. Thé®tri cl liary contactor switch, CSG, whose back con-
cults using elther type HZ relay are cally tact, (CSG, stops carrler and permlts the
as car-

operating coll of the recelver relay to be

1 of the recelver relay to be energized by

the same as shown 1n Flgure 1 gs

rier 1s concerned. energlzed.
The right part of Figure comprises the The arrangement of the carrier start and
trip circults and the f he carriler stop circults 1s such that opening CSP and CSG

le
control cilrcults. The ange type trip contacts stop carrier regardless of how car-
paths are: First n Z1; Second rier 1s started. Thus relaying has preference
ir

zone - D, 22 and s one - D, and T3. at all times over all other uses of the car-
The carrier co ed ripping path 1s rler channel.
through D, Z2 and ontacts. For ground

protection a carriler controlled trip clrcuilt The circuits are arranged so that the actlon

1s set up through Ege contacts Do and Io2 of
the ground rélay and the carrler controlled

of the ground relay can be glven preference
over the phase relays. This 1s done by con-
necting the contacts CSO of the type HRK or
HRP relay around CSP carrier stop contacts as
shown. Thils means that 1f Io3 of the ground
relay starts carrier, 1t 1s then 1mpossible

contact, A The contact Io3 1s used to
start cagrifg. he contacts, RRP and RRG, are
on the 10 g relay controlled by the car-

rier operating RRH and RRT coils.
for the CSP contact and the, phase relays to

e tacts Zz3 (A, B, & C phases) 1n the stop carrier. The .purpose of thils ground pre-

-% o -
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ference is to prevent possibie 1incorrect in-
dications of the phase relays due tc 1load
currents and the flow of positive and nega-
tive 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 <coills, 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
coil, RRH, connected 1n the plate circuit of
the carrier receiving tube. Normally, both
colls are de-energized and the make contacts,
RRP and RRG, are held open by a magnetic bias.
The relay is prevented from operating when the
carrier holding coil, RRH, is energized even

start carrier. If the ground prefe @ on-

tact is connected, then the ope 18 Io3
will energize CSO and its conta w1 short
out CSP thus making 1t impossT for the
phase relays to stop carrier. However, the

ground tripping contacts Do de Io2, will
close energizing the C auxiliary relay to

stop carrier.

It will be noted
ed at either end Qu

t rrier 1s not start-

® fault current oper-
ent (fault detector).

ates a starti 5
This 1s sign@fican in case a line Dbecomes

disconnecte, source of power at one end

in other ds, comes a stub end feeder. If

a fault C on such a line, the carrier

transmiit 11 be started and stopped only

at e hich is connected to the source of

pow no carrier will be received from the
nd to interfere with tripping.

though the operating coll, RRT, is energized.
This means that as long as carusier 1s bein parallel 1lines, 1t 1s possible to have
received eilther trom the local transmitter o the fault power undergo a gquick reversal as

from the opposite end, RRH is energize

carrier tripping is prevented.

The complete sequence of even y Dbe
briefly summarized as follows: WLm in-
ternal phase-to-phase fault j d the
zone of one of the Z) elements er will

be 1initiated 1immediately a t ds o the
line by the closure of ose D@Z} contacts.
Meanwhile, the direction ond zone im-
pedance contacts close d eN@rgize the auxi-
liary switch, CSP, = P carrier and ener-
gizing the operatj 1, RRT, ol the car-
rier receiver relRy. Since the same action
has occurred t ar end of the line, no

and the contact, RRP, is
closed g, s ¥s completing the trip cir-

carrier 1

and Z2. However, the trip
d has already been energized
through the fault had been external *to
the section, then tripping could not have oc-
curred since the carrier holding coil, RRH,

uld haVe been energized by carrier from the
e nearest the fault where D would not be

d to stop carrier.

If an internal-two-phase-to-ground tault is
assumed, the ground carrier start contact Io3,

and one of the phase contacts will close to

he breakers on the faulted line open. Tnder

this condition, carrier transmission is main-
tained at one end until 1t has had time to be
started at the other.

It 1is desirable to check periodically the
condition of the carrier set to determine its
ability to send and recelve a carrier signal.
For this purpose a test push button 1s con-
nected in parallel with the carrier start ele-
ments. Pressing the test push button sends a
carrier signal which 1s received by the re-
ceiver tubes at both ends of the 1line section
to operate an alarm relay and energize a
milliammeter. If the carrier set 1s not func-
tioning, the alarm 1is not heard and the mil-
liammeter does not deflect 1indicating trouble
which must be investigated. The alarm relay
has a minimum operating value in excess of
the minimum required to operate the receiver
relay so that an indication of impending
trouble can be obtained before actual failure

occurs.

A three-pole single-throw switch operated
from a common handle 1s connected 1in the
carrier trip and out-of-step circuits, as
shown 1in Figure 1. The switch 1s marked

"Carrier On-off" and opening it removes

5
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carrler supervision and permits the type HZ
or HZM relays to operate in the conventional
step-zone manner. The switch also removes the
types HRK or HRP ground relay and ground pro-
tection 1s availlable through back-up ground
relays.

Out-of-Step Production

It 1s often desirable to prevent the oper-
ation of relays during out-of-step conditions
so that the system can be separated at loca-
tions where synchronizing equipment 1s avail-
able. The carrier relayling system provides a
means of preventing tripping during out-of-
step conditions without impairing the ability
to trip for internal faults occurring during
out -of -step conditions. One fundamental
difference between a three phase fault. and an
out-of-step condition 1s that a fault sudden-
1y reduces the voltage and 1ncreases the cur-
rent whereas during the approach of an out-of-
step condition, the voltage and current
changes are comparatively gradual.

The type HZM celays are wusually set t
operate on faults, but not on load or sync
ronizing surge swings from which the
can recover. However, when the system
out-of-step, the type HZM relays operage
separate the system. To provide out-
blocking 1in the Type HZM Carrier sci€me,
additional blocking relay 1is requf% y cly as
the Type TSO0-3 out-of-step block ay de-
scribed in I. L. 41-418.3.

In the type BHZ Carriler s &t—of—step
blocking is provided by usin h ype RSN re-
y

lay instead of the type

In this scheme stance elements all

operate simulta forYa three phase fault
if they are to at all, while during
out-of-step the Z3 o ates first, followed by
22 and then Z1. As the system returns toward
the "in-phase” gpsition, the elements reset

in the opp8gite order: that is, 21, Z2, Z3.

tripping during out-of-step, it
sary to arrange for the closure of the
tacts A, B, C, and for the recelver

back contact, RRB, to operate an addi-

tional blocking relay to open the trip cir-
cult. This blocking relay must have a sli

time-delay so that 1t does not open the ip
circult before tripping on a three phase fa

can occur. On the other hand, 1t must open
the trip circuilt during an out-of-step coqgi-
tion before the second element, Z is oper-

ated.

The out-of-step blocking c x designa-

ted as X2, and 1s connecte e trip cir-

cuit as shown in Figure rallel with
it are three contacts, B, which are the
back contacts on the switches A, B,

C, operated by the 3
n

tacts of the dis relays thru the auxii-
lary contactor W s, CSA, CSB, and CSC.
The make c c these switches are 1n
seriles ack contact, RRB, of the re-

celver
P, of e
lower

rier staruving con-

relay, and energize the coll,
type time-delay relay, whose
make and energize the coll of
the blocKing relay. Every time that all
thz e 23 carrier start contacts close,

¥ contacts, A, B, C, and X2, open the
rcult after a 3 to 4 cycle delay. Back
ontact X2, opens by virtue of all three make
contacts, A, B, and C, closing through RRB to
ergize the P coill and in turn, the X2 coil.

If the electrical center 1s inside the pro-
tected 1line section, and in other cases where
the two voltage sources appear 180° out of
phase, the directional and 1mpedance elements
at each end of the line will be cloused. This
stops carrier (previously started by the 23

contact).

This energizes RRT to allow the contact RRB
to open. Thils de-energizes the pendulum re-
lay, P, whose spring arm begins now to oscill-
ate, alternately closing the bottom and top
contacts, P. This keeps the X2 coil ener-
glized. After the amplitude of vibration of
the pendulum has decreased to a certain
value, it will not strike either of 1ts con-
tacts and X2 will reset. Thils action occurs
in cycles, and the time delay i1ntroduced by
the pendulum relay should be longer than the
time during which ©both directional elements
"point in" which depends upon the length of

the "slip cycle" of the system. It is de-

pe—
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sirable to clear internal faults occurring Wher telemetering impulses are being @ or
during an out-of-step condition, but it is not received, the coil of the type TV the
so essential to be able to clear them at high receiver plate circuit 1s energi@ed each
speed. The ground relay trip circuit is not impulse. This causes the normally ed con-
blocked by the out-of-step relay, X2, and can tact, TV, to alternately open and close ener-
trip instantly. On phase-to-phase faults, one gizing che circuit thru a regstor and a
or two of the Z3 contacts will reset when the capacitor. In parallel h this capacitor,
system swings in phase, thus allowing one of is a circuit consisting 2Wesistor and the
the back contacts, A, B, or C to complete the coil AL of the carrier a lement. The re-
trip circuit without waiting for the reset of sistors and capacit, a chosen so that for
Xe. On a three-phase fault, however, none of this particular @ maximum delay of
the Z3 contacts will reset, and consequently, approximately 2 n can be obtained. This

tripping will not occur until after the ex- will prevent eraf®on on the longest tele-

piration of the X2 time delay. The reset of metering im .
X2 i d ibl b th i f th
-8 made  possible ¥ ¢ opening © © The alar 11 "can be made to operate in-

cel 1 back contact RRB.
recelver relay ba entacts, stantan henever the relays start car-

the type PG relay connecting in

It will be noted from Figure 1 that the
back-up tripping through D, and T3 is shown

i relay start circuit with its back

the alarm coil circuit.

blocked by the out-of-step contacts, in which

ca ack- rotection on three-pha fault
se, b up b © noon ee-phase u-bs it 1s desired to signal by means of the

duri t-of-st i t ible. It 1
uring  out-ol-step 8 not poss e S P button, 1t 1is only necessary to hold the

arranged, however o that T3 connectio ca
. ngec, ver, s 5 conn 5 Z ush button closed for a period long enough to

b ad on the oth ide of the out-of-
¢ made n © er  siae e ou S cause the alarm element to drop out. Ener-

contacts, and in this case, tripping o o

gizing carrier thru the push button maintains

of-ste cannot be prevented for a
p p " the normally closed contact, TV, open and when

longer than the time setiing of T3.
€ Lng 3 the charge on the capacitor 1is used up, the

alarm element will drop out, closing its back

ADDITIONAL CARRIER CHA

contact marked "alarm" and causing the bell to

sound. By properly proportioning the resistor

In addition to relaying des ove, the

and capacitor, a wide range of drop-out times

. + _
carrier channel can be ‘ﬂls forWother func can be obtained for the alarm element .

tions such as telemeteri control,

communication, supervis rol and remote The alarm bell can be made to operate in-
tripping. For these jons, a separate stantaneously whenever the relays start car-
lead from the plate t out thru a back rier by using the type PG relay connecting
contact K3 to the a y start contacts as in the carrier relay start circuit with 1its
shown in Figure arrangement provides back contact in the alarm coil circuit.
independent ke ntact for relaying and

the other t The K3 relay is ener-

gized by, start contacts to open up Emergency point-to-point communication is

art contact 1in order to keep normally supplied with the carrier relaying

thé varia n plate voltage of the oscill- equipment. This can be done by plugging a

handset at the carrier set, at the relay

ator tube to minimum.

switchboard, or from a desk set permanencly

In ordé’ to prevent the carrier alarm from wired to the equipment. The push-to-talk type

rifging during the time carrier is being used of communication is employed where the opera-

xiliary telemetering function, the time tor pushes a switch on the handset to start

y cirucit of Figure 3 can be used at each carrier and connect the microphone to the car-

terminal. This circuit consists of a combi- rier transmitter. During the 1listening
nation of resistors and a capacitorr cnergized period, the operator releases the switch.
thru contacts on an auxiliary type TV relay. Whenever the handset 1is plugged in or lifted

/
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tion. This alarm circult 1s used for code
ringing.

ESTINGHOUSE ELECTRIC CORPORATION
METER DIVISION NEWARK, N.J.

Printed in U.S.A.

from tn- desk stand, the carrier alarm ..rcuit O LN
1s opened to prevent ringing during conversa- O .
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