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I. L. 41-600.6 E 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HZ OR HZM DOUBLE PLATE-KEYED 

CARRIER RELAYING 

INTRODUCTION 
The high-speed clearing of faults on trans­

mission lines is recognized as necessary for 

good system operation. The best overall pro­

tection is provided by the method known as 

differential relaying in which conditions at 

the two ends of the line are compared to de­

termine whether the fault is in the line 

section or external to the protected zone. 

This assures simultaneous trirping of the 

breakers, which is desirable from the stand 

points of stability, continuity of service, 

quick reclosing, and mini�um damage to equip­

ment. For many lines, carrier relaying is the 

m�st practical and reliable medium for compar­

ing the conditions at two ends of th� 
line. 

This system of protection uses relays opera­

ting on current and voltage at each end c,f the 

line to detect and determine the direction of 

faults. Carrier is started by fault detectors 

when a fault occurs. Fault power flowing out 

of a line section indicates that the fault is 

external 

tripped. 

and the breakers should not be 

At the same instant, however, power 

will be flowing into the other end of the line 

as though the fault were in the section. 

Under this cor,dition, the directional relays 

at the end where power is flowing out of the 

section will operate to continue the trans­

mission of a carrier signal which is received 

at both ends and prevents the relays at both 

ends from tripping for all external faults. 

For internal faults, power will not be flowing 

cut at either end and carrier will be stopped 

by operation of the directional elements at 

both ends to permit simultaneous tripping of 

both breakers. 

The carrier scheme utilizes the time-

SUPERSEDES I.L. 41-600.6 0 
*Denotes change from superseded issue. 

distance characteristics of the type HZ or HZM 

relay to provide hish speed simultaneous 

tripping with carrier in service, and step 

type distance protection with earrier either 

in or out of service. The first element of 

the type HZ or HZM relay operated independent­

ly of carrier. The second element trips at 

high speed for faults in the section because 

the carrier tripping contctcts short around the 

synchronous timer. These tripping contacts 

close immediately if the fault is within the; 

section, but are held open by carrier to block 

tripping if the fault is beyond the section 

being protected. This arrangement thus pre-

vi des sim'�l tanecus tripping over the entire 

line section. The synchronous timer is used 

in conr:ection with the second impedance ele­

ment to provide back-up protection for the 

second zone section. The tripping circuit of 

the third element is independent of carrier 

and operates with time delay for overall back-=---.­

up protection. The directional element, 

supervised 

together 

by the second impedance element, 

with the third impedance element, 

control the transmission of carrier. Ad­

ditional interlocks c an be included to prevent 

tripping of any of the elements ( carrier or 

back-up protection ) due to out-of-synchronism 

surges. Thus, besides the carrier pilot 

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: 

l. 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 if 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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CARRIER RELAYING ______________ ____________________ _ 

POS. 

TEST 
PUSH BUTTON 

.:::s 

TELEPHONE AL 

CARRIE R CONTROL 

CARRIER 
TRANSMITTER 

RECEIVER RELAY - COILS RRH {HOL DING) AND RRT 

(TRIPPING) CONTACTS RRG, RRP, RRB. 

NEG. 
+ 

GROUN 

B 

c 

TRIP CIRCUIT 

CO,CR,CRC, ewe, CWP 
GROUND BACK·UP RELAY 

+ 

RRB C B A r:: 0-------�1+---i f;;:;--li--\1--\P /'r---t 
L_ _______ _.P_�� 

TIMER DIRECTIONALLY CONTROLLED BY D AND Z3 

Fig. I- Simplified D-C Schematic Of The Carrier Relaying Scheme. 

c�rrier relays consists of: 

3 Tyr;e HZ il:'lpedance G£' HZM Distance Relays 

for phase faults. 

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

Overcurrent Ground Relay. 

l Type RS or RSN Carrier Auxiliary Relay. 

l Type CO, CR, CRC, CWC or CWP Ground Back­

up Relay. 

The type RSN relay with the Type HZ Relays 

provides out-of-synchronism blocking. The 

Type HZM Relay with the Type RS Relay provides 

swing or synchronism surge blocking, but not 

out-of-slep blocking without additional dis­

tance elements. 

2. A d-e carrier transmitter-receiver set, 

the transmitter controlled by the fault detec­

ting and directional relays, and the receiver 

2 

to �p�r�te a receiver relay included in the 

Type RS or RSN relay. This is either the Type 

JY cr tho Type FD Carrier Set. 

3. A coupling capacitor with carrier aux­

iliary for introducing the carrier frequency 
onto the transmission line. This may be sup­

plied with a potential device for measuri�g 

line-to-ground potential or 3 sets can be used 

for measuring three phase line potentia�. The 

Carrier Coupling capacitor is the Type PC, 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 circuits to the transmission line. The 

tuner is a part of the carrier set when the 

transmitter-receiver is mounted outdoors, or 

is separately mounted near the coupling 

capacitor when the transmitter-receiver is lo­

cated indoors some distance from the tuner. 

5. A Line trap to prevent short circuiting 
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CARRIER RELAYING------------------'-l_. 4_1-_6o_o._6 E 

by the carrier transmitter output during a 

nearby external fault on the same phase wire 

to which the carrler is coupled. These ar8 

usually the Type P or the Type M.  

Similar equipment is required at each line 

terminal of the protected line section. Each 

line section is considered as a unit and 

should be assigned a different frequency to 

minimize the possibility of interference with 

other lines. 

The transmitter-receiver sets are tuned to 

respond to the assigned frequency so that 

either receiver may receive a signal from the 

transmitter at the opposite end of the sec­

tion. It is not necessary for the receiver to 

receive a signal from its own transmitter, 

since under this condition, the fault is ex­

ternal and the directional element contact 

blocks tripping. Therefore, it is possible on 

two terminal lines to use two frequencies in 

this carrier scheme and obtain two independent 

carrier channels for transmitting auxiliary 

functions in two directions simultaneously. 

OPERATION OF SCHEME 
The ground relay and the type HZ impedance 

or type HZM distance relays are operated by 

current and voltage using the usual connec­

tions for these relays. For simplicity, the 

current and voltage circuits are not shown in 

the d-e simplified schematic diagram of Figure 

1. The three impedance elements of these re­

lays are set in the usual manner for step-type 

distance relaying except when Z3 is offset 

with the type HZM relay. The first element 

Zl, is set for 80-90% of the line section and 

operates independently of carrier. The second 

element, Z2, is set for about 150% of the line 

section and so covers the entire line, but is 

particularly associated with that portion 

which is beyond the setting of the first 

element; that is, the last 20-10% of the line 

( end zone ) adjacent to the next sectionalizing 

point. In this zone, it is not possible to 

determine by distance indication whether the 

fault is just within or just beyond the end of 

the section. For distance relaying, without 

carrier, a time delay contact T2, is used in 

series with the contact of the second zone 

POS. 
CARRIER CONTROL 

RECEIVER RELAY-COILS RRH(HOLDING) 6 RRT (TRIPPING). CONTACTS 
RRG, RRP., RRB. 

NEG. 

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

ed by a contact, RRP, controlled by carrier, 

as explained bel0w. The third element, Z3 of 

the Type HZ Relays, is given a distance sett­

ing to provide complete back-up protection 

through contact T3, and to start carrier 

transmission. 

When the Z3 element of the Type HZM Relay is 

offset to operate for internal faults, the 

element has directional characteristics and 

will not send blocking carrier for external 

faults. Consequently, in the Type HZM Carrier 

scheme, it is 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 lines adjacent to the 

remote terminal breaker. 

The synchronous timer motor is started by 

the directional and third element contacts in 

series in both the type HZ and HZM relays 
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CARRIER RELAYING 

NEG. CARRIER RECEIVER 

TV 
T� TO TELEMETER 

RECEIVER, ETC. 

POS. 

13-D-5623 

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

except directional control is omitted when Z3 

is reversed for Carrier when using the Type 

HZM relays. 

The Types 

directional 

HR¥ or HR? 
element 

ground relays have a 

and two instantaneous 

over-current elements. The operation of these 

elements is explained below. 

The s.chematic carrier control and trip cir­

cuits are shown simplified in Figure 1. The 

Type HZM or HZ relay shown here has a single 

third impedance element contact and direct­

ional control of the timer. The same scheme 

also can be used with the older type HZ relays 

with two make and one break third impedance 

element contacts. With this latter type HZ 

relay the carrier control circuit is shown 

schematically in Figure 2. The following dis­

cussi0n refers directly to Figure l but 

applie& equally well to Figure 2. The trip 

circuits using either· type HZ relay are basi­

cally the same as shown in Figure 1 as far as 

carrier is concerned. 

The right part of Figure l comprises the 

trip circuits and the left part, the carrier 

control circuits. The distance type trip 

paths are: First zone - D and Zl; Second zone 

- D, Z2 and T2; Third zone - D, and T3. The 

carrier controlled tripping path is through 

D, Z2 and RRP contacts. For ground protection 

a carrier controlled trip circuit is set up 

4 

through the contacts Do and Io of the ground 

relay and �he carrier controlled contact RRG. 

The contact IoS is used to start carrier. The 

contacts, RRP and RRG, are on the blocking re­

lay controlled by the carrier signal operating 

RRH and RRT coils. 

The contacts Z3 (A, B, & C phases ) in the 

left part of the figure serve to start the 

transmission of carrier for phase faults and 

contact IoS performs the same function for the 

ground faults. The ground start contact, IoS, 

is operated by an over-current element sepa-
rate from that which operates 

contact. 

the tripping 

Carrier is started by closing any one of the 

carrier start contacts Z3 or IoS, the carrier 

test push button, or the auxiliary carrier 

start contacts. These contacts connect the 

plate of the carrier oscillator tube to posi-

tive. The rectifier 

carrier start circuit 

valves in the relaying 

are to prevent the flow 

of current in the control circuit resistors 

which would unnecessarily load the carrier 

start contacts. The cathode of the oscillator 

tube is connected to negative through the back 

contacts CSP and CSG as shown in Figure l. 

Carrier stopping is controlled by the tripping 

contacts, D and Z2, for phase faults and Do 

and Io2 for ground faults. When fault power 

flows into the protected line section, the 

tripping contacts, D and Z2 close 

faults and permit the coil of the 

for phase 

auxiliary 

contactor switch, CSP, to be energized. This 

causes the back CSP contact in the carrier 

control circuits to open, which stops carrier 

by raising the cathode voltage above the 

operating value, and permits the RRT operating 

coil of the receiver relay to be energized by 

the station battery. 

Similarly, for ground faults Do and Io close 

to energize the coil of another auxiliary 

contactor switch, CSG, whose back contact, 

CSG, stops carrier and permits the operating 

coil of the receiver relay to be energized. 

The arrangement of the carrier start and 

stop circuits is such that opening CSP and CSG 

contacts stop carrier regardless of how 

carrier is started. Thus relaying has prefer-

\. 
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CARRIER RELAYING __________________ L_L _41_·6_oo_.6 E 

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 over 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 loS 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 is to prevent possible in­

correct indications 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-e relay provided with 

two make contacts, RRP and RRG, and one break 

contact, RRB. These contacts are operated by 

the action of two coils, one an operating 

coil, RRT, energized by the local battery and 

controlled as explained above by CSP and CSG 

contacts, and the other a carrier holding 

coil, RRH, connected in the plate circuit of 

the carrier receiving tube. Normally, both 

coils are de-energized and the make contacts, 

RRP and RRG, are held open by a magnetic bias. 

The relay is prevented from operating when the 

carrier holding coil, RRH, is energized even 

though the operating coil, RRT, is ener­

gized. This means that as long as carrier is 

being received either from the local trans­

mitter or from the opposite end, RRH is ener­

gized and carrier tripping is prevented. 

The complete sequence of events may be 

briefly summarized as follows: Assume an in­

ternal phase-to-phase fault just beyond the 

zone of one of the Zl elements. Carrier will 

be initiated immediately at both ends of the 

line by the closure of one of the Z3 contacts. 

Meanwhile, the directional and second zone im­

pedance contacts close and energize the auxi­

liary switch, CSP, stopping carrier and ener­

gizing the operating coil, RRT, of the carrier 

receiver relay. Since the same action has 

occurred at the far end of the line, no 

carrier is received and the contact, RRP, is 

closed at both ends completing the trip cir-

cuits through D and Z2. However, the trip 

coil at one end has already been energized 

through Zl. If the fault has been external to 

the section, then tripping could not have oc­

curred since the carrier holding col.l, RRH, 

would have been energized by carrier from 

the end nearest the fault where D would not be 

closed to stop carrier. 

If an internal-two-phase-to-ground fault is 

assumed, the ground carrier start contact loS, 

and one of the phase contacts will close to 

start carrier. If the ground preference con­

tact is connected, then the operation of loS 

will energize CSO and its contact will short 

out CSP thus making it impossible for the 

phase relays to stop carrier. However, the 

ground tripplng contacts Do and Io2, will 

close energizing the CSG auxiliary relay to 

stop carrier. 

It will be noted that carrier is not start­

ed at either end unless fault current operates 

a starting element ( fault detector ) . This is 

significant in case a line becomes dif'J'mnect­

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 is connected to the source of power and 

no carrier will be received from the other end 

to interfere with tripping. 

On parallel lines, it is 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 is 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 in parallel with the carrier start 

elements. Pressing the test push button sends 

a �arrier signal which is received by the re­

ceiver tubes at both ends of the line section 

to cperate an alarm relay and energize 

milliammeter. If the carrier set is not func­

tior,ing, the alarm is not heard and the mil­

liammeter does not deflect indicating trouble 
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CARRIER RELAYING __________________________________ _ 

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 is connected in the 

carrier trip and out-of-step circuits, as 

shown in Figure 1. The switch is 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 is available through back-up ground 

relays. 

Out-of-Step-Protection 

It is 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 is avail­

able. The carrier relaying system provides a 

means of preventing tripping during out-of­

step conditions without impairing the abili­

ty to trip for internal faults occuring during 

out-of-step conditions. One fundamental 

difference between a three phase fault and an 

out-of-step condition is that a fault suddenly 

reduces the voltage and increases the current 

whereas during the approach of an out-of-step 

condition, the voltage and current changes are 

comparatively gradual. 

The type HZM relays are usually set to oper­

ate on faults, but not on load or synchroniz­

ing surge swings from which the system can re­

cover. However, when the system goes out-of­

step, the type HZM relays operate to separate 

the system. To provide out-of-step blocking 

in the Type HZM Carrier scheme, an additional 

blocking relay is required, such as the Type 

TS0-3 out-of-step blocking relay described in 

I. L. 41-418.4. 

In the type HZ Carrier scheme, out-of-step 

blocking is provided by using the type RSN re­

lay instead of the type RS relay. 

6 

In this scheme, the distance elements all 

operate simultaneously for a three phase fault 

if they are to operate at all, while during 

out-of-step the Z3 operates first, followed by 

Z2 and then Zl. As the system returns toward 

the "i·n-phase" position, the elements reset 

the opposite order: that is, Zl, Z2, Z3. 

To prevent tripping during out-of-step, it 

is necessary to arrange for the closure of the 

three contacts A, B, C, and for the receiver 

relay back contact, RRB, to operate an addi­

tional blocking relay to open the trip cir­

cuit. This blocking relay must have a slight 

time-delay so that it does not open the trip 

circuit before tripping on a three phase fault 

can occur. On the other hand, it must open 

the trip circuit during an out-of-step condi­

tion before the second element, Z2 is operat­

ed. 

The out-of-step blocking contact is designa­

ted as X2, and is connected in the trip cir­

cuit as shown in Figure l. In parallel with 

it are three contacts, A, B, C, which are the 

back contacts on the auxiliary switches A, B, 

C, operated by the Z3 carrier starting con­

tacts of the distance relays thru the auxil­

iary contactor switches, CSA, CSB, and esc. 
The make contacts of these switches are in 

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 coil and in turn, the X2 coil. 

If the electrical center is inside the pro­

tected line 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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CARRIER RELAYING 

to open. This 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

gized. 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. This action occurs in cycles, 

and the time delay introduced 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 

clear internal faults occurring during an out­

of-step condition, but it is not so essential 

to be able to clear them at high speed. The 

ground relay trip circuit is not blocked by 

the out-of-step relay, X2, and can trip in­

stantly. On phase-to-phase faults, one or two 

of the Z3 contacts will reset when the system 

swings in phase, thus allowing one of the back 

contacts, A, B, or C to complete the trip cir­

cuit without waiting for the reset of X2. On 

a three phase fault, however, none of the Z3 

contacts will reset, and consequently, trip­

ping will not occur until after the expiration 

of the X2 time delay. The reset of X2 is made 

possible by the opening of the receiver relay 

back contacts, RRB. 

It will be noted from Figure l that the 

back-up tripping through D and T3 is not shown 

blocked by the out-of-step contacts. There­

fore back-up protection is obtained on three­

phase faults during out-of-step. If desired 

it ts arranged so that the T3 connection can 

be made on the other side of the cut-of-step 
contacts in which case buck-up protect icr� ,n 

three-phase faults during out-of-step is �or 
possible. 

ADDITIONAL CARRIER CHANNEL USES 

In addition to the relaying described above, 

the carrier channel can be used f�r other 

functions such as telemetering, load central, 

corrmunication, supervisory control and remote 

tripping. For these functions, a separate 

lead from the plate is brought out �hru a back 

contact K2 to the auxiliary start contacts us 

shown in Figure 1. This arranger,ent provides 

independent keying contact for relaying and 

I. L. 41-600.6 E 

the other functions. The K2 relay ls encr-

gi�zed by the relay start c cmtacfs t) q'en ur 
the auxiliary start contact it� order to keep 
the variation in plate voltage of the oscill­

ator tube to a minimum. 

In order to prevent the carrier �larm from 
ringing during the time carrier is being used 

for auxiliary telerretering function, the ti�e 

delay circuit of Figure 3 can be used at each 

terminal. This circuit consists of a co�bir­

ation of resistors and :1 c'l.pacitor energized 

thru contacts on an auxili'l.ry type TV relay 

When tele;netering impulses are being sent c)r 

received, the coil of the t.ype TV relay in the 

receiver plate circuit is energized en each 

impulse. This causes the ncrrr.ally closed con­

tact, TV, to alternately open and close ener-

gizing the circuit thru a resistor and a 

capacitor. In parallel with this capacitor, 

is a circuit consisting of a resister and a 

coil AL of the carrier alarm element.. The re­

sistors and capacitors ure chosen so that for 

this particular case a maximum delay 

approximately 2 seconds can be obtained. This 

will prevent operation on the longest �ele­

rr.etering i�pulse. 

If it is desired to signal by means of the 

push button, it is only necessary to hold the 

push button closed fer a reriod long enough to 

cause the alarm elemen� to drop out. Energiz­

ing carrier thru the pus� button maintains the 

normally closed contact, TV, open and when the 

charge on tho capacitor is used up, the alarm 

element will ct�0p out, 
tact marked "a.lar;rn and 

closing its back con­
causing the bell to 

sound. By p rorerly prcpr.rtic·ning the resistor 

and C'ipacit;·r, <:1 wide ranee of drop-cut times 

can be Jbtalned fer the alarm element. 

The ul:J.rm bell c:J.r. be made to >PCP'" te in­

stun�aneously whenever the relays sLart �a.r­

rier by ·using the t.yr;e PG relay connectir•g in 

Lhe carrier relay st:J.rt circuit with its bank 

Emergency �oint -tc-, -r; -;in t c .�n:_rr.ur.i :·a +,1( r 

norr:ally suprlied :;Jtth the ":J.rrier re 1 

�quipcPn7__,. 
h:J.rdset 

Ttis 
�f'.P 

done by plug�ing a 

se+., at t he rol·,y 
SWitC"t.bc:.lrd7 -,r £'r_-,r;: ::t desk SC?t t-:-eJ'J..:JJ,_Pv1t.ly 
wired to tho eqJtr�ont. The push-+; -·�lk 'ypP 
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CARRIER RELAYING 

of communication is employed where the opera­

tor pushed a switch on the handset to start 

carrier and connect the microphone to the car­

rier transmitter. During the listening 

period, the operator releases the switch. 

l.l. 4i-600.6 E 

Whenever the handset is plugged in or lifted 

from the desk stand, the carrier alarm circuit 

is opened to prevent ringing during conversa­

tion. This alarm circuit is used for code 

ringing. 

WESTINGHOUSE 
METER DIVISION 

ELECTRIC CORPORATION 
NEWARK, N.J. 

Printed in U.S.A. 
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I. L. 41-60Q.6 D 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HZ OR HZM DOUBLE PLATE-KEYED 

CARRIER RELAYING 

INTRODUCTION 
The high-speed clearing of faults on trans­

mission lines is recognized as necessary for 

good system operation. The best overall pro­

tection is provided by the method known as 

differential relaying in which conditions at 

the two ends of the line are compared to de­

termine whether the fault is in the line 

section or external to the protected zone. 

This assures simultaneous tripping of the 

breakers, which is desirable from the stand 

points of stability, continuity of service, 

quick reclosing, and minimum damage to equip­

ment. For many lines, carrier relaying is the 

m-:>st practical and reliable medium for compar-

ing the conditions at two ends of 

line. 

the 

This system of protection uses relays opera­

ting on current and voltage at each end of the 

line to detect and determine the direc�ion of 

faults. Carrier is started by fault detectors 

when a fault occurs. Fault power flowing out 

of a line section indicates that the fault is 

external 

tripped. 

and the breakers should not be 
At the same instant, however, power 

will be flowing into the other end of the line 

as though the fault were in the section. 

Under this condition, the directional relays 

at the end where power is flowing out of the 

section will operate to continue the trans­

mlssion of a carrier signal which is received 

at both ends and prevents the relays at both 

ends from tripping for all external faults. 

For internal faults, power will not be flowing 

out at either end and carrier will be stopped 

by operation of the directional elements at 

both ends to permit simultaneous tripping of 

both breakers. 

The carrier scheme utilizes the time-

SUPERSEDES l.l. 41-600.6 C 

>lf<Denotes change from previous issue. 

distance characteristics of the type HZ or HZM 

relay to provide hit;h speed :simultaneous 

tripping with carrier in ser-iJce, and step 

type distance protection with carrier either 

in or out of service. The first element of 

the type HZ or HZM relay operated independent­

ly of carrier. The second element trips at 

high speed for faults in the section because 

the carrier tripping contacts short around the 

synchronous timer. These tripping contacts 

close immediately if the fault is within the 

sectiGn, but are held open by carrier to block 

tripping if the fault is beyond the section 

being protected. This arrangement thus pro-

vides sim:Iltaneous tripping over the entire 

line section. The synchronous timer is used 

in connection with the second impedance ele­

ment to provide back-up protection for the 

second zone section. The tripping circuit of 

the third element is independent of carrier 

and operates with time delay for overall back­

up protection. The directional element, 

supervised by the second impedanc e element, 

together with the third impedance element, 

control the transmission of carrier. Ad­

ditional interlocks can be included to prevent 

tripping of any of the elements ( carrier or 

back-up protection ) due to out-of-synchronism 

surges. Thus, besides the carrier pilot 

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 if 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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CARRIER RELAYING __________________________________ __ 

CARRIER CONTROL 

POS. 

TEST 
PUSH BUTTON 

� 
CARRIER 

TRANSMITTER 

.---� o---�-c��� 
AUX. CARRIER START 
TELEMETERING, SUPERVISORY, ETC. 

" KZ 

TELEPHONE AL 

RECEIVER RELAY - COILS RRH {HOLDING) AND RRT 

(TRIPPING) CONTACTS RRG, RRP, RRB. 

NEG. + 
TRIP CIRCUIT 

CO,CR,CRC, CWC, CWP 
GROUND BACK-liP RELAY 

TIMER DIRECT IONALLY CONTROLLED BY D AND Z3 

+ 

Fig. !-Simplified D-C Schematic Of The Carrier Relaying Scheme. 

carrier relays consists of: 

3 Type HZ impedance or HZM Distance Relays 

for phase faults. 

l Type HRK (current polarized) or Type HRP 

( Potential Polarized) Carrier Directional 

Overcurrent Ground Relay. 

l Type RS or RSN Carrier Auxiliary Relay. 

l Type CO, CR, CRC, CWC or CWP Ground Back­

up Relay. 

The type RSN relay with the Type HZ Relays 

provides out-of-synchronism blocking. The 

Type HZM Relay with the Type RS Relay provides 

swing or synchronism surge blocking, but not 

out-of-s"tep blocking without additional dis­

tance elements. 

2. A d-e carrier transmitter-receiver set, 

the transmitter controlled by the fault detec­

ting and directional relays, and the receiver 

2 

to c,perc;.te a receiver relay included in the 

•Type RS or RSN relay. This is either the Type 

JY or the Type FD Carrier Set. 

3 .  A coupling capacitor with carrier aux­

iliary for introducing the carrier frequency 

onto the transmission line. This may be sup­

plied with a potential device for measuri�g 

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, 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 circuits to the transmission line. The 

tuner is a part of the carrier set when the 

transmitter-receiver is mounted outdoors, or 

is separately mounted near the coupling 

capacitor when the transmitter-receiver is lo­

cated indoors some distance from the tuner. 

5. A Line trap to prevent short circuiting 
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CARRIER RELAYING------------------�.;.;; .L.,__4;.;...1-=6o=o .�6 o 

by the carrier transmitter output during a 

nearby external fault on the same phase wire 

to which the carrler is coupled. These are 

usually the Type P or the Type M. 

Similar equipment is required at each line 

terminal of the protected line section. Each 

line section is considered as a unit and 

should be assigned a different frequency to 

minimize the possibility of interference with 

other lines. 

The transmitter-receiver sets are tuned to 

respond to the assigned frequency so that 

either receiver may receive a signal from the 

transmitter at the opposite end of the sec­

tion. It is not necessary for the receiver to 

receive a signal from its own transmitter, 

since under this condition, the fault is ex­

ternal and the directional element contact 

blocks tripping. Therefore, it is possible on 

two terminal lines to use two frequencies in 

this carrier scheme and obtain two independent 

carrier channels for transmitting auxiliary 

functions in two directions simultaneously. 

OPERATION OF SCHEME 

The ground relay and the type HZ impedance 

or type HZM distance relays are operated by 

current and voltage using the usual connec­

tions for these relays. For simplicity, the 

current and voltage circuits are not shown in 

the d-e simplified schematic diagram of Figure 

1. The three impedance elements of these re­

lays are set in the usual manner for step-type 

distance relaying except when Z3 is offset 

with the type HZM relay. The first element 

• Zl, is set for 80-90% of the line section and 
operates independently of carrier. The second 

element, Z2, is set for about 150% of the line 

section and so covers the entire line, but is 

particularly associated with that portion 

which is beyond the setting of the first 

* element; that is, the last 20-10% of the line 

(end zone) adjacent to the next sectionalizing 

point. In this zone, it is not possible to 

determine by distance indication whether the 

fault is just within or just beyond the end of 

the section. For distance relaying, without 

carrier, a time delay contact T2, is used in 

series with the contact of the second zone 

POS. 
CARRIER CONTROL 

RECEIVER RELAY-COILS RRH(HOLOING) 6 RRT (TRIPPING) CONTACTS 
RRGt RRP., RRB. 

NEG. 

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

ed by a contact, RRP, controlled by carrier, 

as explained bel<:·W. The third element, Z3 of 

the Type HZ Relays, is given a distance sett­

ing to provide complete back-up protection 

through contact T3, and to start carrier 

transmission. 

When the Z3 element of the Type HZM Relay is 

offset to operate for internal faults, the 

element has directional characteristics and 

will not send blocking carrier for external 

faults. Consequently, in the Type HZM carrier 

scheme, it is 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 lines adjacent to the 

remote terminal breaker. 

The synchronous timer motor is started by 

the directional and third element contacts in 

series in both the type HZ and HZM relays 
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CARRIER RELAYING-----------------

NEG. CARRIER RECEIVER 

TV 
T� TO TELEMETER 

RECEIVER, ETC. 

POS. 

TELEPHONE AL �-;�--��----����:··�------------------� 

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

Gxcept directional control is omitted when Z3 

is reversed for Carrier when using the Type 

HZM relays. 

The Types HRK or HRP ground relays have a 

directional el ement and two instantaneous 

over-current elements. The operation of these 

elements is explained below. 

The s.�hematic carrier control and trip cir­

cuits are shown simplified in Figure 1. The 

Type HZM or HZ relay shown here has a single 

third impedance element contact and direct­

ional control of the timer. The same scheme 

also can be used with the older.type HZ relays 

with two make and one 

el ement contacts. With 

break third impedance 

this latter type HZ 

relay the carrier control 

schematical l y  in Figure 2. 

circuit is shown 

The following dis-

cussi0n refers directly to Figure l but 

applies equally well to Figure 2. The trip 

circuits using either type HZ relay are basi­

cally the same as shown in Figure l as far as 

carrier is concerned. 

The right part of Figure l comprises the 

trip circuits and the left part, the carrier 

control circuits. The distance type trip 

paths are: First zone - D and Zl; Second zone 

- D, Z2 and T2; Third zone - D, and T3. The 

carrier controlled tripping path is through 

D, Z2 and RRP contacts. For ground protection 

a carrier controlled trip circuit is set up 

4 

through the contacts Do and Io of the ground 

relay and the carrier controll ed contact RRG. 

The contact IoS is used to start carrier. The 

contacts, RRP and RRG, are on the blocking re­

lay control l ed by the carrier signal operating 

RRH and RRT coils. 

The contacts Z3 (A, B, & C phases ) in the 

left part of the figure serve to start the 

transmission of carrier for phase faults and 

contact IoS performs the same function for the 

ground faults. 

is operated by 

rate from that 

contact. 

The ground start contact, IoS, 

an over-current element sepa-

which operates the tripping 

carrier is started by cl osing any one of the 

carrier start contacts Z3 or IoS, the carrier 

test push button, or the auxiliary carrier 

start contacts. These contacts connect the 

plate of the carrier oscillator tube to posi-

tive. The rectifier 

carrier start circuit 

valves in the relaying 

are to prevent the flow 

of current in the control circuit resistors 

which would unnecessarily load the carrier 

start contacts. The cathode of the oscillator 

tube is connected to negative through the back 

contacts CSP and CSG as shown in Figure l. 

Carrier stopping is controlled by the tripping 

contacts, D and Z2, for phase faults and Do 

and Io2 for ground faults. When fault power 

fl ows into the protected 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 contact in the carrier 

control circuits to open, which stops carrier 

by raising the cathode voltage above the 

operating value, and permits the RRT operating 

coil of the receiver relay to be energized by 

the station battery. 

Similarly, for ground faults Do and Io cl ose 

to energize the coil of another auxiliary 

contactor switch, CSG, whose back contact, 

CSG, stops carrier and permits the operating 

coil of the receiver relay to be energized. 

The arrangement of the carrier start and 

stop circuits is such that opening CSP and CSG 

contacts stop carrier regardless of how 

carrier is started. Thus relaying nas perfer-
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CARRIER RELAYING _________________ __::_:I.l ::...:· 4:..:..1-.=,:60�0:.::...:::::.6 D 

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 over the phase relays. This is 

done by connecting the contacts CSO of the 

type HRK or HRP relay around CSP carrier stop 

contacts as shown. This means that if IoS of 

the ground 

impossible 

relays to 

relay starts carrier, it is than 

for the CSP contact and the phase 

stop carrier. The purpose of this 

ground perference is 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-e relay provided with 

two make contacts, RRP and RRG, and one break 

contact, RRB. These contacts are operated by 

the action of two coils, one an operating 

coil, RRT, energized by the local battery and 

controlled as explained above by CSP and CSG 

contacts, and the other a carrier holding 

coil, RRH, connected in the plate circuit of 

the carrier receiving tube. Normally, both 

coils are de-energized and the make contacts, 

RRP and RRG, are held open by a magnetic bias. 

The relay is prevented from operating when the 

carrier holding coil, RRH, is energized even 

though the operating coil, RRT, is ener­

gized. This means that as long as carrier is 

being received either from the local trans­

mitter or from the opposite end, RRH is ener­

gized and carrier tripping is prevented. 

The complete sequence of events may be 

briefly summarized as follows: Assume an in­

ternal phase-to-phase fault just beyond the 

zone of one of the Zl elements. Carrier will 

be initiated immediately at both ends of the 

line by the closure of one of the Z3 contacts. 

Meanwhile, the directional and second zone im­

pedance contacts close and energize the auxi­

liary switch, CSP, stopping carrier and ener­

gizing the operating coil, RRT, of the carrier 

receiver relay. Since the same action has 

occurred at the far end of the line, no 

carrier is received and the contact, RRP, is 

closed at both ends completing the trip cir-

cuits 

coil 

through 

at one 

D and Z2. However, the trip 

end has already been energized 

through Zl. If the fault has been external to 

the section, then tripping could not have oc­

curred since the carrier holding coil, RRH, 

would have been energized by carrier from 

the end nearest the fault where D would not be 

closed to stop carrier. 

If an internal-two-phase-to-ground fault is 

assumed, the ground carrier start contact IoS, 

and one of the phase contacts will close to 

start carrier. If the ground preference con­

tact is connected, then the operation of IoS 

will energize CSO and its contact will short 

out CSP thus making it impossible for the 

phase relays to stop carrier. However, the 

ground tripping contacts Do and Io2, will 

close energizing the CSG auxiliary relay to 

stop carrier. 

It will be noted that carrier is not start­

ed at either end unless fault current operates 

a starting element ( fault detector ) . This is 

significant in case a line becomes diSC')nnect­

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 is connected to the source of power and 

no carrier will be received from the other end 

to interTere with tripping. 

On parallel lines, it is 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 is 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 in parallel with the carrier start 

elements. Pressing the test push button sends 

a carrier signal which is received by the re­

ceiver tubes at both ends of the line section 

to cperate an alarm relay and energize 

milliammeter. .If the carrier set is not func­

tioLing, the alarm is not heard and the mil­

liammeter does not deflect indicating trouble 
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CARRIER RELAYING------------------------------------

which must be investigated. The alarm relay 

has a minimu� 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 is connected in the 

carrier trip and out-of-step circuits, as 

shown in Figure 1. The switch is 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 is available through back-up ground 

relays. 

Out-of-Step-Protection 

It is 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 is avail­

able. The carrier relaying system provides a 

means of preventing tripping during out-of­

step conditions without impairing the abili­

ty to trip for internal faults occuring during 

out-of-step conditions. One fundamental 

difference between a three phase fault and an 

out-of-step condition is that a fault suddenly 

reduces the voltage and increases the current 

whereas during the approach of an out-of-step 

condition, the voltage and current changes are 

comparatively gradual. 

The type HZM relays are usually set to oper­

ate on faults, but not on load or synchroniz­

ing surge swings from which the system can re­

cover. However, when the system goes out-of­

step, the type HZM relays operate to separate 

the system. To provide out-of-step blocking 

in the Type HZM Carrier scheme, an additional 

blocking relay is required, such as the Type 

TS0-3 out-of-step blocking relay described in 

I.L. 41-418.4. 

In the type HZ carrier scheme, out-of-step 

blocking is provided by using the type RSN re­

lay instead of the type RS relay. 

6 

In this scheme, the distance elements all 

operate simultaneously for a three phase fault 

if they are to operate at all, while during 

out-of-step the Z3 operates first, followed by 

Z2 and then Zl. As the system returns toward 

the "i·n-phase" position, the elements reset 

the opposite order: that is, Zl, Z2, Z3. 

To prevent tripping during out-of-step, it 

is necessary to arrange for the closure of the 

three contacts A, B, C, and for the receiver 

relay back contact, RRB, to operate an addi­

tional blocking relay to open the trip cir­

cuit. This blocking relay must have a slight 

time-delay so that it does not open the trip 

circuit before tripping on a three phase fault 
can occur. On the other hand, it must open 

the trip circuit during an out-of-step condi­

tion before the second element, Z2 is operat­

ed. 

The out-of-step blocking contact is designa­

ted as X2, and is connected in the trip cir­

cuit as shown in Figure 1 .  In parallel with 

it are three contacts, A, B, C, which are the 

back contacts on the auxiliary switches A, B, 

C, operated by the Z3 carrier starting con­

tacts of the distance relays thru the auxil­

iary contactor switches, GSA, CSB, and esc. 

The make contacts of these switches are in 

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 coil and in turn, the X2 coil. 

If the electrical center is inside the pro­

tected line 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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CARRIER RELAYING 

to open. This de-energizes the pendulum re­

lay, P, whose spring arm begins now to oscill­

�te, alternately closing the bottom and top 

contacts, P. This keeps the X2 coil ener­

gized. After the amplitude of vibration of 

the pendulum has dec reased to a certain value, 

it will not strike either of its contacts and 

X2 

and 

will reset. This action occurs in cycles, 

the time delay introduced by the pendulum 

should be longer than the time during relay 

which both directional elements "point in " 

length of the "slip which depends upon the 

clear internal faults occurring during �n out­

of-step condition, but it is not so essential 

to be able to clear them at high speed. The 

ground relay trip circuit is not blocked by 

the out-of-step relay, X2, and can trip in­

stantly. On phase-to-phase faults, one or two 

of the Z3 contacts will reset when the system 

swings in phase, thus allowing one of the back 

contacts, A, B, or C to complete the trip cir­

cuit without waiting for the reset of X2. On 

a three phase fault, however, none of the Z3 

contacts will reset, and consequently, trip­

ping will not occur until after the expiration 

of the X2 time delay. The reset of X2 is made 

possible by the opening of the receiver relay 

back contacts, RRB . 

* It will be noted from Figure l that the 

back-up tripping through D and T3 is not shown 

blocked by the out-of -step contacts. There­

fore back-up protection is obtained on three­

phase faults during out-of -step. If desired _, 

it ls arranged so that the T3 connec t l cn can 

be made on the other side of the out-of-step 

contacts in which case back-up p rotecticr. on 

three-phase faults during out-of -step is not 

possible. 

.ADDITIONAL CARRIER CHANNEL USES 

In addition to the relaying described above, 

the carrier channel can be used for ether 

functions such as telemetering, load control, 

communication, supervisory control and remote 

tripping. For these functions, a separate 

lead from the plate is brought out �hru a back 

contact K2 to the auxiliary start contacts as 

shown in Figure l. 

independent keying 

This arrangement provides 

contact for relaying and 

I . L. 4 1 -600.6 D 

the other functions. The K2 relay ls ener-

gized by the relay start contacts to upen up 

the auxiliary start contact in order to keep 

the variation in plate voltage of the oscill­

ator tube to a minimum. 

In order to prevent the carrier alarm from 

ringing during the time carrier is being used 

for auxiliary telemetering function, the time 

delay circuit of Figure 3 can be used at each 

terminal. This circuit consists of a combir. ­

ation of resistors and a capacitor energized 

thru contacts on an auxil iary type TV relay . 

When telemetering impulses are being sent or 

received, the coil of the type TV relay in the 

receiver plate circuit is energized on each 

impulse. This causes the normally closed con­

tact, TV, to alternately open and cl ose ener­

gizing the circuit t hru a resistor and a 

capacitor . In parallel with this capacitor, 

is a circuit consisting of a resister and a 

coil AL of the carrier alarm element. The re­

sistors and capacitors are chosen so that for 

this particular case a maximum delay of 

approximately 2 seconds can be obtained. This 

will p revent operation on the longest tele­

metering impulse. 

If it is desired to signal by means of the 

push button, it is only necessary to hold the 

push button closed for a p eriod 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 d�op out, closing its back con­
tact marked "alarm " and causing the bell to 

sound . By properly proportioning the resistor 

and capacit or, a wide range of drop -out times 

can be obtained for the alarm element. 

The alarm bell can be made to operate in­

stantaneously whenever the relays start car­

rier by using the type PG relay connecting in 

the carrier relay start circuit with its ba0k 

c ontact in the alarm coil circuit. 

Emergency point-to-point comrnunicatior. is 

normally supplied with the carrier relaying 

equipment . This c :m be done by plugging a 

handset at the c arrier set, at the relay 

switchbcard, or from a desk set permanent l y  

wired t o  the eq:J ipraent. The push-to -t:-llk +:ype 
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CARRIER RELAYING 

of communication is employed where the opera­

tor pushed a switch on the handset to start 

carrier and connect the microphone to the car­

rier transmitter. During tne listening 

period, the operator releases the switch. 

I.L. 4 1 -600.6 0 

Whenever the handset i s  plugged in or lifted 

from the desk stand, the carrier alarm circuit 

is opened to prevent ringing during conversa­

tion . Thi s alarm circuit is  used for code 

ringing. 
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OPERAT ION OF SCHEME 

INTRODUCT ION 

The high- speed c learing of faul t s  on 
transmi s s ion line s is rec ognized · as nec e s s ary 
for good sys tem operat i o n .  The b e s t  overall 
pro tec tion is pl'ovided by the method known as 
differential relaying in which c ondit ions at the 
two ends of the line are c ompared to determine 
whether the fault i s  in, the line s e c t ion or ex­
ternal to the pro tec ted z one . This as sur e s  si­
multaneous tripping of the breakers ,  which i s  
de s irable from the s tandpoint s o f  s tabi lity , 
c ontinuity of s ervic e ,  quick rec l o s ing , and min­
imum damage to equipment . For many line s ,  c ar­
rier re laying i s  the mo s t  prac t i c al and reliable 
medium f or c omparing the c ondit ions at the two 
ends of the line . 

Thi s s y s tem of protect ion u s e s  re lays 
operating on current and vo ltage at each end of 
the line to detect and determine the direc tion 
of fault s .  Carrier i s  s t arted by fault detec­
ors when a fault o c c urs . Fault power f lowing 
out of a line s e c t ion indicates that the fault 
is external and the breakers should not be trip­
ped . ·At the s rune ins t ant , however , power wi ll 
be f lowing int o the o ther end of the line as 
though the fault were in the s e c t i o n .  Under 
this c ondi t ion, the direc t i onal relays at the 
end where power is f lowing out of the sec tion 
will operate to c ontinue the transmi s s ion of a 
c arrier s ignal which is received at both ends 
and prevents the re lays at both ends from trip­
ping f or all external fault s .  For internal 
fault s ,  power will not be f lowing out at e ither 
end and c arrier will be s topped by operat ion of 
the directional e l ement s at b oth ends to permit 
s imultaneous tr ipping of both breaker s .  

The c arrier scheme ut i l i z e s  the t ime­
d i s tance charac ter i s t ic of the type HZ or HZM 
re lay t o  provide high speed s imultaneous trip­
ping with c arrier in s ervi c e ,  and step type dis­
tance protec tion with c arrier e ither in or out 
of servic e .  The f ir s t  element of the type HZ or 
HZM relay operates independently of c arrier . 
The s e c ond e lement trips at high speed for 
f ault s in the s e c t ion because the c arrier tr ip­
ping c ontac t s  short around the synchronous 
timer . The s e  tripping c ontac t s  c lo s e  immedi­
ately if the f ault is within the sec tion, but 
are held open by · c arrier to b lock tripping if 
the fault i s  beyond the s e c t ion being pr otec ted . 
This arrangement thus provide s s imultaneous 
tripping over the ent ire line s ec t ion .  The syn­
chronous t imer is used in c onnec tion with the 
sec ond impedanc e element to provide back- up pro­
t e c t ion for the se c ond z one s e c t ion . The trip­
ping c ircuit of the third element is independent 
of c arrier and operat e s  with time delay for 
overall back- up �ro t e c t ion . The directional 
e lement , supervi s ed by the s ec ond impedance ele­
ment , t o gether with the third impedanc e e lement ,  
c ontr o l  the transmi s s ion of c arrier . 

Additional interlocks can be inc luded 
to prevent tr ipping of any of the e lement s ( c ar­
rier or back- up pro t e c t ion ) due to out- of- syn­
chronism surge s . Thu s ,  b e s ides the c arrier pi­
lot pro t e c t ion, this s y s tem inherently provides 
high speed and t ime d e l ay back- up protec t ic n .  

C OMPONENTS OF C OMPLETE EQUIPMENT 

An outline of the equipment used at 
each terminal of a transmi s s ion line is as fol­
lows : 

l .  A set of r e lay s ,  operating on the 
current and voltag e  of the line , to dete c t  and 
det ermine the direc tion of fault s ,  to trip the 
breaker if the f ault falls within the zone of 
pr o t e c t ion, and to c ontro l  the transmi s sion of 
c arrier for ext ernal f ault s .  One t erminal of 
c arrier r e lays c on s i s t s  of : 

3 Type HZ Impedanc e or HZM Di stanc e Relay s  
f or phase fault s ,  

l Type HHX ( current polari zed ) or Type HRP 
( Potent ial Po lar ized ) Carrier Dire c t ion­
al Overcurrent Ground Relay , 

1 Type RS or RSN C arrier Auxi liary Relay 

l Type C O ,  CR , CRC , CWC or CWP Ground Back­
up Relay . 

The Type RSN relay with the Type HZ Relays pro­
vides out- of- synchronism blocking . The Type HZM 
Relay with the Type RS Relay provides swing or 
synchronism surge b locking, but not out- of- s tep 
b locking without add i tional d i s t anc e element s .  

2 .  A d- e c arrier transmit t er- re-
c e iver s e t ,  the transmitter c ontrolled by the 
fault detec ting and dire c t i onal relay s ,  and the 
rece iver to operate a rec e iver r elay included in 

• the Type R S  or RSN relay . This is the Type JY 
Carrier Set . 

3 .  A c oupling c apac itor with c arrier 
auxiliary for introduc ing the c arrier frequency 
onto the transmi s s ion line . Thi s may be sup­
plied with a potent ial devic e for me a suring line ­
to- ground potential or 3 s e t s  c an be u s ed for 
measuring three phase line potential . The C ar­
r i er C oupling c apac i t or is the Type PC , and with 
the potential devic e ,  is usually the Type PCA. 

4. A Line C oupling Tuner . Thi s  unit 
is u s ed to tune out the c apac i t anc e of the c oup­
ling c apac itor and matc h  the transmitter or re­
c eiver c ircuit s t o  the transmi s s ion line . The 
tuner is a part of the c arrier s e t  when the 
transmit t er receiver is mounted outdoor s ,  or i s  
s eparate ly mounted near the c oupling c apac itor 
when the transmitter- r e c e iver i s  loc ated indoors 
s ome di s t anc e from the tuner . 
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CARR IER RELAYING 

CARRIER CONTROL 

AUX. CARRIER START 

POS .  JJitR����:�c. K3 

PHASE 
A 

B 

c 

TELEPHONE AL 

CARRIER 
RECEIVER 

+ 

NEG. 

B 

c 

TRIP CIRCUIT 

CO,CR, CRC, CWC, CWP 
GROUND BACI<-UP RELAY 

+ 

�-----4BELL.r----------------------f 

RECEIVER RELAY-COILS RRH (HOLOING\ & RRT (i"RI PPING) 
CONTACTS RRG, RRP, �RB. TIMER DIRECTIONALLY CONTROLLED SV D AND Z3 

Figure l 
Simplified D- C Schema t i c  of the Carrier R e lay ing Scheme . 

5. A Line t r ap t o  p re ve n t  short c i r ­
cuit ing t he c a r r ie r  t ran smi t t e r  output dur i n g  a 
n e a rby e x t e rn a l  fau l t  on the same pha se w i re t o  
whi ch the c a r r ie r i s  c oup l e d . The se a r e  u sua l l y  
t h e  Type P ,  s u c h  a s  type s P4 0 0 ,  P8 0 0 ,  PDF4 J O , 
PDF8 0 0 . 

S im i l ar equipment is r e quired at eacq 
l in e  t erminal of the pro t e c ted l ine s e c t i on . 
Each l ine s e c t i on i s  c ons idered as a unit and 
should b e  a s s i gned a different frequency t o  
minimi z e  the p o s s ib i l i ty o f  int erferenc e yith 
o ther l ine s . 

The transmi t t er- r e c e iver s e t s  a:ee 
tuned t o  r e spond to the a s s igned frequency s o  
t h a t  e i ther r e c e iver may rec e i v e  a s i gnal from 
the transmi t t e r  at t he oppo s i t e  end of the s e c ­
t ion . It is no t  nec e s s ary f o r  the rec e i ver t o  
r e c e i ve a s i rn a l  from i t s  own t r ansmi t t e r ,  s i nc e 
under t h i s  c ond i t ion, t he fau l t  is external and 
the direc t i onal e l ement c on t ac t b lo c k s  tripp ing . 
Therefore , it i s  po s s ib l e  on two t erminal l in e s  
t o  u s e  t w o  fre quenc i e s  in t h i s  c arrier s cheme 
and o b t ai n  two independent c arr i er c hanne l s  f or 
tran smitt ing aux i l i ary func t i ons in two direc­
t i ons s imul t aneous ly . 

OPERAT ION OF SCHEME 

The gr ound r e lay and the type HZ im­
p edanc e or type HZM d i s tanc e r e lay s are o pe r at e d  
by c urrent and vo l t ag e  u s ing t he usual c oime c ­
t i ons f o r  t h e s e  r e l ay s . For s imp l i c i t y ,  t h e  c ur ­
rent and vo l t ag e  c ir c u i t s  a r e  n o t  s h own i n  the 
d- e s imp l i-fi e d  sc hema t i c  d i agram of Fic;ure 1 .  
The three impedanc e e lemen t s  of t he s e  r e l ay s  ar e 
s e t  in t h e  usual manner f o r  s t ep- type d i s tanc e 
r e laying · except when Z3 i s  off s e t  with the type 
HZM r e lay . The f i r s t  e lement Z l ,  j_ s s e t for 90% 
of t he l ine s e c t i o n  and operat e s  independen t ly 
of c arri e r . The s e c ond e l ement , Z2 , i s  s e t  f or 
about 150% of the l ine s ec t i on and so c o vers t he 
ent i r e  l in e ,  but i s  par t i c u l ar ly as s o c iated wj_ t h  
t h a t  p or t i on whi c h  i s  beyond t h e  s e t t ing o f  the 
f i r s t  e l ement ; that i s ,  the l a s t  10% of the l ine 
( end z one ) ad j ac ent to the next s e c t ionaliz ing 

po int . In thi s zone , it i s  not p o s s ib le to de- . 
termine by d i s t anc e Ind i c at i on whether the f au l t  
i s  j us t  wi t h in or j u s t  beyond t h e  end o f  the 
s e c t i o n . For d i s t anc e r e laying , wi thout c arri e r ,  

a time d e lay c ont ac t ,  T2 , i s  u s e d  i n  s e r i e s  with 
the c ontac t of the s e c ond zone impedance e lement 
to a l low t ime for the breaker in the next s e c ­
t i on t o  c l e ar .  When u s ed in c arrier r e l aying, 
thi s T2 c ontac t -i s- paral l e l e d  by a c ont ac t ,  RHP , 
c ontr o l l e d  by c arri er ,  as explained b e l o w .  The 
third e lement , Z3 of the Type HZ R e l ay s ,  is 
given a d i s t anc e s e t t ing t o  provide c ompl e t e  
back- up pr o t e c t i on through c o nt ac t  T 3 ,  and t o  
s t ar t  c arlo i er transmi s s i on .  

When the Z3 e l ement o f  the Type HZM 
R e l ay i s  c f f s e t  to operate for interna l fault s ,  
the e l ement has dir e c t i onal c harac t er i s t i c s and 
w i l l  not s end b l ock ing c arrier for external 
fault s .  C on s e quent ly , i n  the Type HZM Carri e r  
s cheme , it is nec e s s ary to r e v er s e  t he Z3 e l e ­
ment . This means t h a t  the t h i r d  z one back- up 
pr o t e c t s  the lines extending out of t he s t a t i on 
ins t ead of the l in e s  ad j ac ent to the r emote t er­
minal breaker , 

The s ynchronous t imer motor i s  s t ar t ­
ed by t he d i r e c t ional and t hird e l ement c ont ac t s  
in s e r i e s  i n  beth the type H Z  and HZM r e l ay s  ex­
c ep t  dir e c t ional c ontro l i s  omi t t ed when Z3 i s  
reversed f or C arrier when us ing the Type HZM r e ­
l ay s . 

The Typ e s  HRK or HRP ground relays 
have a direc t i onal e l ement and two ins t antaneous 
over- c ur'rent e l ement s .  The operat i on of the se 
e l emen t s  i s  explained b e low . 

The s c hema t i c  c arrier c ontro l and t r ip 
c ir c ui t s  are shown s imp lified in Figure 1 .  The 
Type Hal or HZ r e l ay s l1own here has a s ing l e  
t'l:i.rd lrnpeJanc e e l ement c ont a c t  and direc t i onal 
c ontr o l  of the t imer . The s ame s c heme a l s o  c an 
be used w i t h  the o lder type HZ r e l ay s  with two 
make anu one break third imnedanc e e l ement c on­
t ac t s . Wi t h  t h i s  l a t t e r

" type HZ r e lay the 
c arrier cont r o l  c ircuit is shown s c hemat i c ally 
in F i cure 2 .  The f o llowing d i s c u s s ion r ef e r s  
d irec t ly t o  F j gure 1 b u t  app l i e s  equal ly we l l  t o  
Figure 2 .  The trip c ir c ui t s  us ing e ither type 
HZ r e l ay are b a s i c a lly the s ame a s  s hown in 
Figure l a s  far as c arrier is c onc erned , 

The r i ght part of Figure l c omp r i se s 
t he t r i p  c i r c ui t s  and t he left part , the c a r r i e r  
c on t r o l  c i rcui t s .  The d i s t an c e  t ype t r ip 
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paths are : First zone - D and Z l ;  Sec oYJd z one -
D ,  Z2 and T2 ; Third z one - D, and TJ . The c ar­
rier c ontro l led tr ipping path i s  through D, Z2 
and RRP c ontac t s . For ground prot e c t i on a c ar­
rier c ontr o l led trip c ircuit i,s set up throu;�h 
the c ontac t s  Do and Io2 of the ground relay and 
the c arrier c ontrolled c ontac t ,  RRG . The c on­
tac t I o 3  i s  used to s t ar t  c arrier . The c ontac t s ,  
RRP and RRG , are o n  the b lockinL re lay c ontro l­
led by t he c arrier s ignal operat ing RRH and RRT 
c o i l s . 

The c ontac t s  Z3 ( A, B ,  & C phas e s )  in 
the l e ft part of the f i gure s erve to s tar t the 
transmi s s i on of c arrier for pha s e  faul t s  and 
c ontact Io3 perf'orms the s BJne func t i on for the 
ground f au lt s . The ground s t art c ontac t ,  Io3 , 
i s  operated by an over- c urrent e l ement s eparate 
from that whi c h  operat e s  the tripping c ont ac t .  

C arr i er i s  s t arted by c lo s ing any one 
of the c arrier s t ar t  c ontac t s  Z3 or Io3 , the 
c arrier t e s t  push button, or the auxi liary c ar­
rier s t ar t  c ont ac ts . The s e  c ontac t s  c onne c t  the 
p late of the c arrier o s c i llator tube t o  p o s i t ive . 
The ·c athode of the o s c illat or tube i s  c onne c t ed 
to negat ive through th� b ack c ont ac t s  C SP and 
C SG as shown in F igure 1 .  C arrier stopp ing i s  
c ontro l led by the tripping c ontac t s ,  D and Z2 , 
for pha s e  fau l t s  and Do and Ic2 for ground 
fault s .  When f ault power f lows into the pro ­
t e c ted line s e c t i on ,  t h e  tripping c ontac t s ,  D 
and Z2 c lo s e  for phas e  fault s and permit the 
c o i l  of the auxil iary c ontac tor switch, C SP , , t o  
b e  energ i z ed . This c aus e s  the back C SP c ont :_- c t  
i n  t he c arr i er c ontrol c ircui t s  t o  open, whi c h  
s t o p s  c arr i er b y  rai s ing t h e  c athode v o ltage 
above the operat ing value , and perm i t s  the RRT 
operat inz c o i l  of the rec eiver r e l ay to be ener­
gized by the s t at ion batt ery . 

Similarly , f or cround fault s  Do and 
Io2 olo se t o  energiz e  the c o i l  of another aux­
i l i ary c ontac tor swi t c h ,  C SG ,  who se back c on­
t ac t ,  C SG ,  s t op s  c arrier and permits the opera­
t ing c o i l  of , the r e c e iver r e l ay to be energized . 

The arran::;ement of the c arrier s t art 
and stop c ircui t s  ' i s such that opening ' C SP and 
C SG c ontac t s  s t op c arr i er regardle s s  of how c ar­
r i er is s t arted . Thus relaying has preferenc e 
at all t imes over all o ther u s e s  of the c arrier 
c hannel .  

The c ircuits are arranged so that the 
ac t ion of the ground re lay c an be � iven prefer­
enc e over the phas e r e lay s .  Thi s i s  done by 
c onnec t ing the c ontac t s  C SO of the type HRK or 
HRP relay around CSP c arrier s t c·p c c,ntac t s  as 
shown . Thi s means that if Io3 of the £:r o und re­
lay star t s  c arrier , it i s  then impo s s ible for 
the C SP c 0ntac t and the phas e  relay s  t o  stop 
c arrier . The purp o s e  of thi s ground preferenc e 
i s  to prevent p o s s ib l e  inc orre c t  ind i c at ions of 
the pha s e  relay s  due to l o ad current s and. the 
f low of p o s it ive and negat i ve s e quenc e current s 
during external ground faul t s . 

The c arrier c ontro lled r e c e iver rel�y 
i s  a sensit ive po larized d- e re lay provided 
with two make c ontac t s ,  RRP and RRG, and one 
breal( c ontac t ,  RRB . The se c ontac t s  ar e operated 
by the ac t i on of two c o i l s , one an operat ing 
c o i l ,  RRT , energized by the l o c al b at tery and 
c ontr o lled as explained above by C SP and C SG 
c ontac t s ,  and the o ther a c arr ier h o ld ing c o i l ,  
RRH, c onnec ted i n  the plate c ir c uit of the c ar­
r i er receiving t ube . Normally ,  b o t h  c o ils ar e 
de- energ i z ed and the make c ont ac t s ,  RRP and RRG, 
are hell! open by a magne tic b ias . The re lay i s  
prevented from operat ing when the c arrier ho ld­
ing c oi l ,  RRH, is energi zed even though the 
operat ing c o i l ,  RRT , is energized . This means 
that as long as c arrier is b eing rec e ived either 
from the loc al transmit t er or from the oppo s it e  
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CAR R I ER CONTROL 

ALARM, TELEMETERING OR 
SUPERIIISORY RECEIVING RELAY 

N EG, 

BELL�--------------------------� 
RECEIVER RELAY- COILS RRH �OlDING)&RRTCffiiPPIN<i};CONTACTS RRG,RRP,RRB 

F igure 2 
Simplified D- C Schemat i c  of the C arrier C ontrol 
C ir c u i t s  Us ing the Type HZ Relay With Two Make­
One -Break Third Impedanc e E lement C ont ac t s , 

e n d , RRH i s  e ne rgi z e d and c a r r ie r  t r ipping i s  
pre vent e d . 

The c omplete sequenc e of event s may 
be brief ly surnrnar � z ed as f o i lows : As sume an ln­
ternal phase- t o - phase f ault just beyond the zone 
of one of the Zl element s .  C arr ier wi l l  b e  in­
i t iated irrunediat e ly at both end s  of the line by 
the c lo sure of one of the Z3 c ontac t s . M ean­
whi l e , the d ire c t i onal and sec ond zone impedanc e 
c ontac t s  c lo s e  and energize the auxiliary swi t c h ,  
C S P ,  s t o pping c arrier and energi z ing t h e  oper­
at inG c o i l ,  RRT , of the c arrier' r e c eiver r e l ay . 
Sinc e t he S BJne ac t ion has oc curred at the f ar 
end of the line , no c arrier is re�e ived anq the 
c ontac t ,  RRP , i s  c lo s ed at both ends c omplet ing 
the trip c irc u:i_ t s  through D and Z2 , However, 
the trip c o i l  at one end has already b e en ener­
gi::;ed throuch Z l .  If the f ault had b een e xt er­
nal tc the sec t i on ,  then tripping c ould not have 
o c c urred s ine � the c arrier holding c o i l ,  RRH, 
would have b e en ener g i z ed by c arrier from the 
end near e s t  the f ault where D would no t b e  c lo s­
ed to s t op c arrier . 

If an internal two- phase- to- ground 
f ault is as sumed, the ground , c arri er s t art c on­
tact I o 3 , and one of t he phas e  c ontac t s  will 
c l o s e  t o  s t art c arrier . If the ground prefer­
enc e c ontac t is c onne c t ed ,  then the operation of 
Io3 .will energi ze C SO and its c ont ac t will short 
out C SP thus makinc it impo s s ib l e  for the phase 
relay s  to s top c arrier . However, the ground 
t ripping c ontac t s  Do and Io2 , will c lo s e  ener­
g i z ing the C SG auxiliary relay to s top c arrier . 

s t ar t e d  
erat e s  

I t  will b e  noted that c arrier i s  not 
at either end unle s s  fault current o� ­

a s t art ing element ( f ault detec tor ) . www . 
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CARRIER RELAYING 

NEG. CARRIER 
RECEIVER 

T� TO TELEMETER 
RECEIVER, ETC. 

POS. 

TELEPHONE AL .-��----��----��:�L:··r-----------------------t 

Figure 3 
Time De l ay Circuit For the C arrier Alarm When 
Us ing the Carrier Channel For Telemetering or 
Supervisory . 

This is s ignificant in case a line bec omes dis­
c onnected from a s ourc e  of power at one end ; in 
other word s ,  become s a s tub end feeder . If a 
fault occurs on such a line, the c arrier trans­
mitter wi ll be s tarted and stopped only at the 
end whi ch is c onnec ted to the s ource of power 
and no c arrier will be rec eived from the other 
end to interfere with tripping . 

On parallel line s ,  i t  i s  p o s s ib le t o  
have the f ault power undergo a quick rever sal as 
the breakers on the faulted line open . Under 
this c ondition, c arrier transmi s s ion i s  main­
tained at one end unt i l  it has had time to be 
s tarted at the other . 

It is des irable to 9heck periodic ally 
the c ondition of the carrier set to determine 
its abi lity to s end and rec eive a c arrier s ignal . 
For this purpo s e  a t e s t  push button is c onnec ted 
in paral l e l  with the c arrier start element s .  
Pre s s ing the test push button sends a c arrier 
signal which is received by the receiver tubes 
at both ends of the line sect ion to operate an 
alarm relay and energize a milliammeter . If 
the c arrier set is not func t ioning, the alarm i s  
n o t  heard and the milliammeter does n o t  deflect 
indicat ing trouble which must be inve st igated . 
The alarm relay has a minimum operat ing value in 
exc e s s  or the minimum required to operate the 
receiver r elay so that an indication of impend­
ing trouble c an be obtained before actual fail­
ure occurs . 

A three-pole single-throw switch op­
erated from a c ommon handle i s  c onnec ted in the 
c arrier trip and out- of- step c ircui t s ,  as shown 
in Figure l .  The switch is marked " Carrier On­
off " and opening it removes c arrier supervis ion 
and permits t he · type HZ or HZM relays to operate 
in the c onventional s t ep- zone manner . The switch 
also removes the types HRK or HRP ground r elay 
and ground protection i s  availab l e  through back­
up ground relays . 

OUT- OF- STEP PROTECTION 

It i s  often desirable to prevent the 
operation or relays during out- of- s tep condi­
tions so that the system c an be separated at lo­
c ations where synchronizing equipment is avail­
able . The c arrier relaying system provides a 
rneans of prevent ing tripping during out- of- s tep 
c onditions without impairing the abi lity to trip 
for internal faults o c c urr ing during out- of- s tep 
c ondit ions . One fundamental difference between 
a three phase fault and an out- of- step c ondition 
i s  that a fault suddenly reduc e s  the vo ltage and 

increas e s  the current . whereas during the ap­
proach of an out- or- s t ep c ondition, the voltage 
and current change s are c omparatively gradual . 

The typ e HZM r elays are usually s e t  
t o  operate o n  f ault s ,  but not on load or syn­
chroni zing surge swings from which the system 
c an rec over . However, when the system goe s  out­
of- step, the type HZM r elays operate to separate 
the system . To provide out -of - step b l ocking in 
the Type HZM Carrier s cheme , an additional 
b l ocking re lay i s  re quire d ,  such as the Type 
T S0 - 3  out -of- step b l o c king re lay de scribed in 
I . L .  4 1 -4 1 8 . 3 .  

I n  the type HZ Carrier s cheme , out -of ­
step b l o c king i s  provided by u sing the type RSN 
re l ay instead of the type RS re lay . 

In this s cheme , the di stance e le ­
me nt s a l l  operate simultane ous ly for a three 
phase fault if they are to operate at al l ,  while 
during out -of -step the Z3 operate s  first , f o l ­
l owed by Z 2  and then Z l . A s  the system returns 
t oward the " in -phase " p o s it i on ,  the e lement s re ­
set in the oppo site orde r ;  that , Z l ,  Z 2 ,  23 . 

•r o prevent tripping during out - o f ­
st e p ,  it i s  ne ce s sary t o  arrange f o r  the c l o sure 
of the three c ontac t s  A ,  B ,  C ,  and f or the re ­
ce iver re lay bac� c ontact , RRB , t o  operate an 
addit i onal blocking re lay to open the trip c i r ­
cuit . Thi s  b l ocking re l ay mu st have a s l i ght 
t ime -de l ay so that it doe s not open the trip 
c ircuit before tripping on a three phase fault 
can o c cur ; On the other hand , it mu st open the 
trip circuit during an out -of - step condition be ­
fore the second e lement , Z2 i s  operated. 

The out- of- s tep b locking c ontac t i s  
designated a s  X2 ,  and i s  c onnec ted i n  the trip 
c ir c uit as shown in Figure l. In parallel with 
it ar e  three c ontac t s ,  A, B ,  C, whic h  are the 
back c ont ac t s  on the auxi liary switches A, B, C ,  
operated by the Z3 c arrier star t ing c ontac t s  of 
the di stance r e lays thru the auxiliary c ontac tor 
switche s ,  C SA, CSB ,  and C SC .  The make c ontac t s  
of these switches are i n  s er 1 e s  with the back 
c ontac t ,  RRB, of the receiver b locking r elay, 
and energize the c o i l ,  P ,  of a pendulum type 
time- de lay relay , who s e  lower c ontact s  make and 
energize the c o i l  of the X2 b locking r elay . 
Every t ime that all three of the Z3 c arrier 
s t art c ontac t s  c lo s e ,  the back c ontac t s ,  A, B4 
C ,  and 'X2, open the trip c ircuit after a 3 t o  
cycle delay .  Back c ontac t X2 ,  opens b y  virtue 
of all three rnake c ontac t s ,  A, B, and C, c lo s ing 
through RRB t o  energize the P c o i l  and in turn, 
the X2 co i l . 

If the electrical c enter is inside 
the protected line s e c t ion, and in other c a s e s  
where the two voltage s ourc e s  appear 1 8 0 °  out of 
pha s e ,  the direc t i onal and impedanc e e lement s at 
each " end of the line wi ll be c losed . This stops 
c arrier ( previously star t ed by the Z3 c ont ac t ) . 

Thi s energi ze s RRT to allow the c on­
tact RRB to open , This de- energizes the pendu­
lum relay, P ,  who s e  spring arm begins now to 
osc i l late , alternately c l o s ing the bottom and 
top c ontac t s ,  P .  This keeps the X2 coil ener­
gized . After the amplitude of vibration of the 
pendulum has decreas ed to a c er t ain value, i t  
wi ll not s trike either of i t s  c ontac t s  and X2 
wi ll reset . This action oc curs in cyc le s ,  and 
the time de lay introduced by the pendulum r e lay 
should be longer than the t ime during whic h  both 
direct ional elements " :p,o int in" which depends 
upon the length of the ' s lip cyc l e "  of the sys­
t em .  It is des irable to c lear internal faults 
occurring during an out- of- s tep c o ndition ,  but 
it is not so e s s ential to be able t o  c lear them 
at high s peed . The ground r e lay trip c ir cuit i s  
not blocked b y  the out- of- step r elay, X2 ,  and 
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CARRIER RELAYING 

c an trip ins t an t ly . On phas e- to- phase fault s , 
one or two of the Z3 c ontac t s  wi l l  r e s e t  when 
the sy s t em swings in pha s e , thus a llowing one of 
the back c ont ac t s ,  A, B ,  or C to c ompl e t e  the 
trip c ircuit without wai t ing for the r e s e t  of X2. 
On a three- pha s e  faul t ,  however , none of the Z3 
c ontac t s  wi l l  r e s e t ,  and c on s e quent ly , t r ipping 
wlll not o c cur unt i l  af t e r  the expiration of the 
X2 t ime d e lay . The r e s e t  of X2 is made p o s s ible 
py the opening of the r e c e iver r e l ay back c on­
t ac t s ,  RRB . 

It wi l l  be noted f r om Figure l that 
the back-up tripping through D, and T3 is shown 
b lo cked by the out - of - s t e p  c ontac t s ,  in which 
c as e ,  back- up pro t e c t ion on thr ee- phas e fault s 
during out - of- s t e p  is not p o s s ible . It is ar­
ranged, how,ever , so tfiat T3 c onne c t ion c an b e  
made o n  the o ther s id e  o f  the out- of- s t ep c on­
t ac t s ,  and in this c as e ,  tr ipping on out- of- s t e p  
c annot b e  prevent ed f or a period o f  longer than 
the t ime s e t t ing of T3 . 

ADD ITIONAL USES FOR THE C ARRIER CHANNEL 

In add i t i on t o  r e laying d e s c r ibed 
above , the c arrier channel can b e  used for o ther 
func t ions such as t e l emet er ing load c ontro l ,  
c ommuni c at i on, supervis ory c ontr o l  and remote 
tripping . For the s e  func t i ons , a s eparate l e ad 
from the p late i s  br ought out thru a back c on ­
tact K3 t o  the aux i l iary st art c onta ct s as shown 
in Figure 1 .  Thi s arrangement p r ovide s inde ­
pendent ke ying c ontact for re l aying and the 
other fun ct i on s . The K3 re l ay i s  energized by 
the re l ay start c ontact s to open up the auxi l i ­
ary st art c ont act in orde r t o  ke e p  the variat i on 
in plate v o l t age of the o s c i l l at o r  tube to a 
minimum . 

In order to prevent the c arrier alarm 
from r inging during the 4ime c arrier i s  being 
used for aux i liary t e l emeter ing func t i on, the 
t ime de lay c ircuit of Figure 3 c an be u s ed at 
each t e rminal . Thi s  c ircuit cons i s t s  of a c om­
bination of r e si s t o r s  and a C?pac i t o r  energized 
thru c o nt ac t s  on an auxiliary type TV r e lay . 
When t e lemet e r ing impuls e s  are b e ing s ent or re-

c e ived, the c o i l  of the type TV re lay in the �e­
c e iver plate c ircuit i s  energized on each im­
pul s e . Thi s caus e s  the normally c lo s e d  c ontac t ,  
TV, t o  alt ernat e ly open and c lo s e  energiz ing the 
c ircuit thru a r e s i s t or and a c apac itor . In 
par a l l e l  with thi s  c apac i t or , i s  a c ir c uit c on­
s i s t ing of a r e s i s t o r  and the c o i l  AL of the 
c arrier a larm e lement . The r e s i s t ors and c apa-

. c it o r s  are cho s e n  so that f or thi s par t i c ul ar 
c a s e  .a maximum d e lay of approximat e ly 2 s e c onds 
c an b e  obtained . Thi s wi l l  prevent o p.eration on 
the longe 3t t e lemeter ing impul s e .  

I f  i t  i s  d e s ired t o  s ignal by means 
of the push but ton, i t  is only nec e s s ary to hold 
the push button c lo s e d  for a period long enough 
t o · c aus e the alarm e lement to drop out . Ener­
g i z ing c arrier thru the push button maintains 
the normally c lo s e d  c o ntac t ,  TV, open and when 
the c harge on the c apac itor is used up , the 
alarm e lement will drop out , c l o s ing i t s  b ack 
c ontac t marked " alarm" and c aus ing the bell to 
s ound . By properly proport ioning the r e s i st o r  
and c apac i t o r ,  a wide range of drop- out t ime s · 
c an be obtained f o r  the alarm e lement . 

The alarm b e l l  c an be made to operate 
instantane ou s ly whenever the re l ay s  start car ­
r i e r  by u s ing the type PG re lay c onne c t ing in 
the c a r r i e r  re lay start c i r cuit w ith it s back 
c ontact in the a l arm c o i l  c i r cuit . 

Emergency po int- t o - p o int c omm1mic a­
t i on is normally s upplied with the c arrier r e­
laying equipment . This c an be done by plugging 
a hand s e t  at the c arrier s e t ,  at the relay 
s w it chboar d ,  or from a d e sk s e t  permanently 
wir e d  to the equipment . The push- t o - t a lk type 
of c ommunic ation is employed where the operator 
pushe s a switch on the hand s e t  to s tart c arrier 
and c onne c t  the microphone t o  the carrier trans­
mitter . During the l i s tening period , the opera­
tor r e leas e s  e svit ch , Whenever the hands e t  
i s  p lugged .�.;; , ·  :' lifted from t h e  d e sk s t and, the 
c arrier alarm c ir cuit is opened t o  prev ent r ing­
ing during c onver sation . Thi s alarm c ircuit i s  
u s e d  f o r  c o d e  r inging . 
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I. l. 41 -600.6A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT IONS 
TYPE HZ OR HZM DOUBLE PLATE-KEYED 

CARRIER BELAYING 

INTRODUCTION 

The high - speed c learing of fault s on t ran s ­
mi s sion l ine s i s  recognized a s  ne ce s sary for 
good system operat ion . The be st overall prr· 

.

· 1 

tect ion i s  provided by the method known s ;' 
different ial relaying in which condition s  t ! 

I 

the two end s of the l ine are compared t o  de - .: 
t e rmine whethe r  the fault i s  in the l in � 
sect ion or external to the I zone . \  
Thi s a s sure s s imultaneou s  

prote cted 
t r ipping of the 

breaker s ,  which i s  de s irable from the sta.nd 7. , 
' ,� ,/ 

point s 
quick 

of stab ility, c ont inuity of servite, .. ./ 

re clo sing , and minimum damage t o  rquip ­
ment . For many l ine s ,  carrier re laying /i s  the 
most pract ical and re liab le mediumior c om­
paring the c ondit ions at the two end of the 
line . 

Thi s system of protect ion uses  re lays opera­
t ing on current and voltage at each end of the 
line to detect and determine the dire ct ion of 
fault s .  Carrier is started by fault detectors 
when a fault occu� � . Fa�lt power flowing out 
of a line sect ion indicat e s  that the fault i s  
external and the breaker s  should not be 
tripped . At the same instant , however ,  powe r 
w i l l  be f l owing int o the other end of the l ine 
e.s though the fault were in the sect ion . 
Under  this condit ion ,  the directional re lays 
e.t the end where power is flowing out of the 
sect ion w i l l  operate t o  cont inue the t ran s ­
mi s s ion o f  a carrier signal which i s  rece ived 
at both end � and prevent s the relays at both 
end s from t r ipping for all  external fault � .  
For internal fault s ,  power will  not be f l owing 
out at e ithe r end and carrier will  be st opped 
by operat ion of the directional e lement s at 
b oth end s t o  permit simultaneous t r ipping of 
both breake r s . 

The carrier scheme ut ilizes  the t ime -
distance characterist i c s  of the type HZ or HZM 

N EW I N FORMAT I ON 
(Fotmer I. L. 41-600.6 Revised) 

relay t o  provide high taneous 
t r ipping with carrier in and step 
type d'i stance protect('qn carr.! e ither 
in or out of ser/"t ceJ./ The firs;:\ e l ent of 
the t HZ or HZM �ay operated pendent -
ly carrte�X\t-The seco�

· 
e me t rips at 

high s ee�r��aul�in • t  sect ion because 
i�r tripping on� short around the 

�y��o ous t ime r . e se tripping contact s 
4?.Jose ··�· �ia

. 

t

. 

e ly :l.Mhe fault i s  w i thin the 
se ctionj b t.c/\ 

.

he ld open by�rr 
t ripping i

,
,J:-he \ fault i s  bey d 

vide s sim�il-t;a,n&mls trip i ,r 
be ing protejcted . 

, 
This� n m 

. 

t 

l ine section . The syn h on t im u sed 
in conne ct ion with the c d imped nee e le ­
ment t o  provide back-up protection for the 
second z one section . The t ripping circuit of 
the third e lement is independent of carrier 
and ope rate s  w ith t ime de lay for overa l l  back­
up protect ion . The direct ional e lement , 
supervised by the 
together with the 

second impedance 
third impedance 

cont rol the t ransmi s s ion of carrie r . 

e lement , 
e lement , 

Addit ional interlocks can be in c luded t o  
prevent t r ipping o f  any o f  the e lement s ( car ­
rier or back-up protect ion ) due t o  out -of­
synchroni sm surge s .  Thu s ,  be side s the carrier 
p i l ot protect ion , thi s system inherent ly pro ­
vide s high speed and time delay back-up pro ­
tect ion . 

COMPONENTS OF 
COMPLETE EQUIPMENT 

An out l ine of the equipment u sed at each 
terminal of a t ransmi s sion line is as fol lows : 

1 .  A set of relay s ,  
rent and voltage o f  the 

operating on the cur ­
l ine , t o  detect and 

determine the dire ction of fault s ,  t o  trip 
the breaker if the fault fal l s  within the zone 
of prote ct ion , and to control the t ransmi s s ion 
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CARRIER RELAYING 

CARRIER CONTROL 

AUX.CARRIER START 
�. JJ#i����.1�c K3 

PHASE 
A 

B 

c 

f-----

CAR RIER 
RECEIVER 

NEG 

TELEPHONE ALf-----{BELL)------------f 

RECEIVER RELAY-COILS RRH (HOLDINGl 8t RRT(rRIPPING) 
CONTACTS RRG, RRP, �RB. 

PHASE A 

B 

c 

+ 
TRI P CIRCUIT 

CO,CR, CRC, ewe, CWP 
GROUND BACK·UP RELAY 

TIMER DIRECTIONALLY CONTROLLED BY D AND Z3 

+ 

Fig. 1-Simplified D-C Schematic of the Carrier ftelayinq Scheme. 

of carrier f o r  ext e rnal fault s .  One t e rminal 

of carrier re lays c on s i st s of : 

3 Type HZ impe dance or HZM Di stance Re lays 

for phase fault s .  

1 Type HRK ( current p o larized ) or Type HRP 

{ Potent ial P o larized ) Carrier Direct i onal 

Overcurrent Ground Re lay . 

1 Type RS or RSN Carr ier Auxi l iary Re lay 

l Type C O ,  C R ,  CRC , CWC or CWP Ground Back­

up Re lay 

The t��e RSN re lay with the Type HZ Re lays 

pr ovide s out - o f - synchron i sm b l ocking . The 

Type HZM Re lay with the Type RS Re lay provide s 

swing or synchr oni sm surge b l ocking , but not 

out - o f - step b l o cking without addi t i onal d i s ­

t ance e l ement s .  

2 .  A d -e carrier t ransmit t e r -rece iver set , 

the t ransmi t t e r  c ont r o l l e d  by the fau l t  dete c ­

t ing and d i r e c t i ona l relay s ,  and the re ce iver 

to ope rate a re ce iver relay included in the 

Type RS or RSN relay .  Thi s is the Type JY 

2 

Carrier Set . 

3 .  A coup l ing capa c i t o r  w ith carrie r aux ­

i l iary for int roduc ing the carrie r frequency 

ont o the t ran smi s s ion l ine . Thi s may ba sup -

p l ied with a p otential device f o r  me asuring 

line - t o -ground p ot ent ial or 3 set s can be u se d  

f o r  measuring three phase l ine p otent ial . The 

Carrier C oup l ing capa c i t o r  i s  the Type PC , and 

with the potent ia l  device , i s  u sually the Type 

P CA .  

4 .  A Line C oup l ing Tune r .  Thi s unit i s  

u sed t o  tune out the capac itance o f  the c oup ­

l ing capac i t o r  and mat ch the t ransmi t t e r  o r  

receiver c ircuit s t o  the t ransmi s s i on l ine . 

The tuner i s  a part of the carrier set when 

the t ransmitter - r e ce iver i s  mount ed outdoor s ,  

o r  i s  separat e ly mount e d  near the coup l ing 

capac itor when the t ransmit t e r -rece iver i s  

l o cat e d  ind o o r s  s ome di stance from the tune r . 

5. A Line t rap t o  pre vent short c i rcuit ­

ing the carrier t ransmit t e r  output during a 

nearby external fault on the same pha se w ir•e 

t o  which the carrier i s  c oupled . The se are 

u sual ly the Type P ,  such a s  type s P400 , P800 , 

PDF40 0 ,  PDF800 . 
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CARRIER RELAY1NG __________________________________________ I._L_41_-6_oo __ .6A 

Simil ar equipment i s  required at each l inA 
terminal of thB protected l ine section . Eact 
l ine sect ion i s  c on sidered as a unit and 
should be a s signed a d iffe rent frequency t o  
minimize the p o s s ib i l ity o f  interference with 
bthe r  l ine s . 

The transmitter -receiver set s are tuned t o  
re spond t o  the a s signed frequency so that 
e ither re ce iver may rece ive a s ignal from the 
tran smitter at the opposite end of the 
sect ion . It i s  not nece s sary for the rece iver 
t o  rece ive a signal from it s own tran smitt e r ,  
8 ince under this condition ,  the fault i s  ex-
ternal and the direct ional e lement contact 
b locks trippkng . Therefore , it is pos sible on 
two terminal l ine s t o  use two frequencie s in 
this carrier s cheme and obtain two independent 
carrier channe l s  for tran smitting auxi liary 
funct ion s  in two direction s  s imultaneou s ly . 

OPERATION OF SCHEME 

The ground re lay and the type HZ impedance 
or type HZM d i stance re lays  are operated by 
current and voltage u s ing the u sual c onnec -
t ions for .the se re lays . For s imp licity,  the 
current and voltage circuit s are not shown in 
the d-e s imp l ified schemati c  d iagram of Fig­
ure 1. The three impedance e l ement s of the se 
re lays are set in the u sual manner for step ­
type d i stance relaying except when Z3 i s  off ­
set with the type HZM relay .  The first e l e ­
ment Z l ,  i s  set f o r  90% o f  the l ine sect ion 
and operat e s  independent ly of carrie r . The 
second e lement , Z2 , i s  set for about 150% of 
the l ine se ct ion and so covers the ent ire 
l ine , but is part icularly a s sociated with that 
port ion which i s  beyond the sett ing of the 
first e l ement ; that i s ,  the last 10% of the 
l ine ( end z one ) adjacent t o  the next section� 
a l i z ing point . In thi s zone , it is not po s ­
sible t o  determine by d i stance indicat ion 
whethe r  the fault is just within or just be ­
yond the end of the section . For di stance re ­
laying , without carri e r ,  a t ime de lay contact 
T2 , is used in serie s with the contact of the 
second z one impedance e lement to al low t ime 
for the breaker in the next section t o  c lear . 
When u sed in carrier re laying ,  thi s T2 contact 
is paral le le d  by a contact , RRP , cont r o l led by 
carrie r ,  as  e_xplained be l ow . The third 

POS. CARRI ER CONTROL N EG 

0.5 

A.l.ARM, TELEMETERJNG OR TELEPHONE A��ING RELAY 
...._ ....... ----< � -------+ 

RECEIVER RELAY· COILS RRH ()iOLDING)&RRT(miPPIN�;CONTACTS RRG,RRP,RRB 

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

e lement , Z3 of the Type HZ Re lay s ,  i s  given a 
d i stance sett ing t o  provide complete back-up 
protection through c ontact T3 , and t o  start 
carrier transmi s sion .  

When the Z3 e lement of the Type HZM Re lay i s  
offset t o  operate for internal fault s ,  the 
e lement has directional characteristics  and 
w i l l  not send b locking carrier for external 
fault s .  Consequent ly,  in the Type HZM Carrier 
s cheme , it is ne ce s sary to reve r se the Z3 ele ­
ment . Thi s  means that the third zone back-up 
prote c t s  "the 
stat i on in stead 

l ine s extending out of the 
of the l ine s adjacent t o  the 

remote terminal breake r . 

The synchronous t imer motor i s  started by 
the direct ional and third e l ement cont act s in 
se rie s in b oth the type HZ and HZM re lays ex­
cept direct ional cont rol is omitted when Z3 i s  
reversed for Carrier when u s ing the Type HZM 
relays . 
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CARiliER RELAYING ___________________ _ 

NEG. CARRIER 
RECEIVER 

T� TO TELEMETER 
.--- RECEIVER, ETC. 

POS 

�T-E�LE�P_H_O_N_E�A+l----��AR,,,�---------------------. ..- BELL 

Fig. 3-Time Delay Circuit For the Carrier Alarm When Using 
the Carrier Channel For Telemetering or Supervisory. 

The Type s HRK or HRP ground re lays have a 
directional e lement and two instantane ous 
ove r -current e lement s .  The operat ion of the se 
e lement s i s  explained be l ow . 

The s chemat ic carrie r control  and t rip cir ­
cuit s are shown simp l ified in Fi��re 1. The 
Type HZM or HZ relay shown here has a single 
third impedance element contact and dire ct ­
i onal control of the t ime r . The same scheme 
a l s o  can be u sed with the older type HZ re lays 
with two make and one break third impedance 
e lement contact s .  With thi s latter type HZ 

relay the carrier control  
s chemat ically in Figure 2 .  

circuit is shown 
The f o l l owing d i s -

cus sion refers direct ly t o  Figure 1 but ap ­
plies  equally we l l  t o  Figure 2 .  The trip c i r ­
cuit s using e ither type HZ re lay are basically 
the same as  shown in Figure 1 as  far a s  car ­
rier i s  concerned . 

The right part of Figure 1 comprise s the 
t rip circuit s and the left part , the carrier 
c ontrol  circuit s .  The di stance type t rip 
paths are : First z one - D and Z l ;  Se cond 
z one - D, Z2 and T2 ; Third zone - D, and T3 . 
The carrier c ont r o l led tripping path i s  
through D ,  Z 2  and RRP contact s .  For ground 
protection a carrier cont ro l led t rip circuit 
is set up through the contact s Do and Io2 of 
the ground re lay and the carrier cont ro l le d  
contact , RRG . The contact Io3 i s  used t o  
start carrier .  The contact s ,  RRP and RRG, are 
on the b locking relay cont ro l led by the car ­
rier signal operating RRH and RRT coi l s .  

The contact s Z 3  ( A, B ,  & C phase s )  in the 

4 

left part of the f igure serve t o  start the 
t ransmi s s ion of carrier for phase fault s and 
c ontact Io3 performs the same functi on for the 
ground fault s .  The ground st art contact , Io3 , 
i s  ope rated by an ove r -current e lement sepa­
rate from that which operate s  the t r ipping 
c ontact . 

Carrier i s  started by c l o sing any one of the 
carrie r start contact s Z3 or Io3 , the carrier 
t e st push but t on,  or the auxi liary carrier· 
start contact s .  The se contact s �onne ct the 
p late of the carrier osci llat or tube t o  p o s i ­
t ive . The cathode of the o s c i l lat or tube i s  
conne cted t o  negat ive through the back 
contact s CSP and CSG as shown in Figure 1. 
Carrier st opping i s  contro l led by the tripping 
cont act s ,  D and Z 2 ,  f o r  phase fault s and De 
and Io2 for ground fault s .  When fault power 
flow s  int o the prote cted line se ction,  the 
t r ipping contact s ,  D and Z2 cl o se for pha se 
fault s and permit the coil of the auxiliary 
c ontactor swit ch , CSP, to be energized . Thi s 
causes  the back CSP contact in the carrier 
control  circuit s to open, which stops Jarrier 
by rai sing the cathode voltage above the oper ­
at ing value , and permit s the RRT operat ing 
coil  of the re ceiver re lay to be energized by 
the stat i on batt ery . 

Similarly , for ground fault s Do and Io2 
c l o se t o  ene rgize the coil of another auxi ­
liary contactor switch, CSG, who se back c on­
tact , .CSG, stop s  carrier and permi t s  the 
ope rating coil  of the receiver re lay to be 
energized . 

The arrangement of the carrie r  start and 
stop circui t s  i s  such that opening CSP and CSG 
contac t s  stop carrier regardle s s  of how car ­
rier i s  started . Thus re laying has preference 
at all t ime s over all othe r use s of the car ­
rier channe l .  

The circui t s  are arranged so that the act ion 
of the ground relay can be given preference 
over the phase relays . Thi s is done by c on ­
necting the contac t s  CSO of the type HRK or 
HRP relay around CSP carrier stop c ontact s as 
shown . Thi s means that if Io3 of the ground 
relay start s carrier ,  it i s  then impos sible 
for the CSP contact and the , phase re lays t o  
stop carrie r .  The .purpose o f  thi s ground pre -
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CARRIER RELAYlNG ____________________________________________ I_. L_. 4_1 -_6o_o._6A 

f e rence i s  t o  p re ve nt p o s s i b ie inc o r r e ct i n ­

d icat ions of the phase re lays due t c  l oad 

current s and the f l ow of p o s i t ive and nega ­

t ive sequen ce current s during ext P rnal ground 

fault s .  

The car r i e r  c ont r o l led r e ce iv e r  re lay i s  a 

sen s it ive p o larized d - e  �e l ay provided w ith 

two make c ontact s ,  RRP and RRG , and one break 

c ontact , RRB . The se c ontact s are operated bJ 

the act i on o f  t w o  c o i l s ,  one an operat ing 

c o i l , RRT , ene rgized by the l o cal b at t e ry and 

c ont r o l led as exp l ained above by CSP and CSG 

c ontact s ,  and the other a carrier h o lding 

c o i l , RRH, c onne cted i n  the plate c ir cuit of 

the carrier r e c e i v ing tube . Norma l l y ,  b oth 

c o i l s  are de -energized and the make c ontact s ,  

RRP and RRG , are he ld open by a magnet i c  b ia s . 

The re lay i s  p re vented f rom operat ing when the 

car r i e r  h o lding c o i l , RRH, is energized even 

though the operat inf c o i l , RRT , is energized . 

Thi s  mean s that as l on g  as car.L'ier i s  b e ing 

re ce ived e ither rrom the l ocal t ransmi t t e r  o r  

from t h e  opp o s it e  end , RRH i. s energized and 

carrier t r ipping I s  pre vente d .  

The c omp l e t e  se quence o �  event s may be 

b r i e f ly summarized a s  l" o l l ow s : A s Aume an in­

t e rnal phase -t o -phase fault juAt beyond the 

z one of one of the ZJ e lement s .  Car r i e r  w i l l  

b e  init iat ed immediat e ly a t  b oth end R o.� the 

l ine by the c l o sure of one of the Z3 c ontact R .  

Meanwhile , the direct ional and s e c ond z one im­

pedance c ontact s c l o se and ene rgize the auxi ­

l iary swit ch, CSP , st opp ing carrier and ene�e ­

e:i- z ing the ope rat ing c o i l ,  RRT , o .::' the car ­

r i e r  rece iver relay . Since the same ac t i on 

has o c curred at the far end of the l ine , n o  

carrier i s  re ce ived and the c ontact , RRP , i s  

c l o s e d  a t  b ot h  ends c omp le t ing the t rip c i r ­

cuit s thr ough D and Z2 . Howeve r ,  the t r ip 

c o i l  at one e nd ha s a l ready been ene rgized 

thr ough Z l . If the fault had been exte rnal t o  

the se c t ion , then t r ipping c ould not have o c ­

curred s ince the carrj_ e r  ho lding c oi l ,  RRH , 

would have been energized by car r i e r  f r om the 

end near e f t  the fault whe re D w ould not be 

c l o sed t o  s t op carrie r . 

If an int e rnal -two -phase -t o -ground rault i s  

a s sumed , the ground carrier start c ontact Io3 , 

and one of the pha se c ontact s w i l l  c l o se t o  

start carrie r .  If the ground prefe rence c o n ­

tact i s  c onne ct e d ,  then t h e  ope rat i on of Io3 

w i l l  energize CSO and it s c ontact w i l l  short 

out CSP thu s making it imp o s s ible for the 

phase re lays t o  s t op carrie r .  Howeve r , the 

ground t ripping c ontact s Do and Io2 , w i l l  

c l o se energiz ing the CSG aux i l iary r e l ay t o  

s t op carrie r . 

It wi 1 1  be noted 

e d  at e ither e�d 

at e s  a s t art ing 

that carrier i s  n ot start ­

unle s s  fau l t  current ope r ­

e l ement ( fault det e c t o r ) . 

Thi s i s  s ignif i c ant in case a l ine b e c ome s 

d i s c onne c t e d  f r om a s ource of p ow e r  at one e nd 

in other w o rd s ,  be c ome s a stub end feede r .  If 

a fault o c cu r s  on such a l ine , the carrier 

t ransmi t t e r  w i l l  be started and st opped only 

at the end which is c onnected to the s our ce o f  

p owe r and n o  carrier w i l l  be received f r om t he 

other end t o  int e rfere with t r ipping . 

On para l l e l  l ine s ,  i t  i s  p o s sible t o  have 

the fau l t  p ow e r  undergo a quick r e ve F s a l  as 

the breake r s  on the faulted l ine open . Unde r 

thi s condit i on , carrier t ran smi s s i on i s  ma in ­

tained at one end unt i l  it ha s had t ime t o  b e  

started a t  t h e  othe r . 

It i s  de s i rab le t o  che ck peri odi c a l ly the 

c ondi t ion of the carrier 9et t o  dete rmine it s 

ab i l ity t o  send and r e c e i ve a car r ie r  s igna l . 

F o r  this purp o se a t e s t push but t on i s  c on ­

nected i n  paral l e l  with the carrier start e l e ­

ment s .  Pre s s ing the te st push but t on sends a 

carr ie r  signal which i s  rece ived by the re ­

ce iver tube s at both ends of the l ine se c t i on 

t o  operate an a larm re lay and energize a 

mi l l i amme t e r . If the carri e r  set i s  not fun c ­

t i on ing , the alarm i s  n o t  heard and the mi l ­

l iamme t e r  doe s not d e f l e ct indi cat ing t r oub le 

whi ch mus t  be inve st igat e d . The a l arm re lay 

has a minimum operat ing value in exce s s  o f  

t h e  minimum required t o  operate t h e  rece iver 

r e l ay s o  that an indi cat ion of impending 

t r ouble can b e  obtained before actual fai lure 

o c cu r s  . 

A t hre e -p o l e  s ingle -throw switch ope rated 

f r om a c ommon handle is conne c t e d  in the 

carrier t rip and out -of - step c i r cuit s ,  as 

shown in Figure 1 .  The switch i s  marked 

" Carrier On - of f "  and opening it remove s 
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CARRIER RELAYING ____________________ _ 

carrier supervision and permit s the type HZ 
or HZM re lays t o  operate :n the c onventional 
step-zone manner .  The swit ch a l s o  remove s the 
typ e s  HRK or HRP ground re lay and ground pro ­
tect ion i s  available  through back-up ground 
relays . 

Out -of -Step Product i on 

It i s  often de sirab le t o  prevent the ope r ­
at ion of relays during out -of - step conditiono 
so that the system can be separated at loca­
t ions where synchronizing equipment i s  avai l ­
ab le . The carrier re laying system provide s a 
means of preventing tripping during out -of­
step condit i ons  without impairing the abi lity 
to t rip for int ernal fau l t s  occurring during 
out -of -step condit i ons . One fundamental 
difference between a three phase fault . and an 
out -of- step condition is that a fault sudden ­
l y  reduces the voltage and increase s the cur ­
rent whereas during the approach of an out -of­
step condit ion ,  the voltage and current 
change s are c omparat ively gradual .  

The type HZM re lays  are usua l ly set t o  
operate on fault s ,  but not on l oad o r  synch­
ronizing surge swings from which the syet em 
can rec over . However , when the system goe s 
out -of - step , the type HZM re lays operat e t o  
separate 
blocking 

the system . To provide out -of-step 
in the Type HZM Carrier scheme , an 

addit ional b l o cking re lay is require d ,  such as  
the Type TS0-3 out -of-step blocking re lay de ­
s cribed in I .  L .  4 1 -4 18 . 3 . 

In the type HZ Carrier scheme , out -of - step 
blocking is provided by us ing the type RSN re ­
lay inst ead of the type RS re lay . 

In this  s cheme , the di stance e l ement s a l l  
operate simultane ou s ly f o r  a three phase fault 
if they are to operate at a l l ,  whi le during 
out -of- step the Z3 operat e s  first , f o l l owed by 
Z2 and then Z l . As the system returns t oward 
the " in -phase " p o s it ion , the e l ement s re set 
in the opp o s ite  order :  that i s ,  Z l ,  Z2 , Z3 . 

To prevent t r ipping during out -of-step , it 
is ne ce s sary to arrange for the c lo sure of the 
three c ontact s A, B, C, and for the re ceiver 
relay back c ontact , RRB , t o  operat e an addi -

6 

t i onal b l o cking re lay t o  open the t r ip c i r ­
cuit . Thi s blocking re lay must have a s light 
t ime -de lay so that it doe s not open the trip 
circuit before t ripping on a three phase fault 
can oc cur . On the other hand , it  must open 
the trip circuit during an out -of - step cond i ­
t i on before the second e lement , Z2 i s  oper ­
ated . 

The out -of- step blocking contact i s  de signa­
ted as  X2 , and is c onne cted in the t rip cir­
cuit as  shown in Figure 1 .  In  para l l e l  with 
it are three c ontact s ,  A ,  B, C, which are thE 
back c ontact s on the aux i liary swit che s A, B ,  
C ,  operated by the Z 3  carrier star c �ng con ­
tact s of the distance re lays thru the auxi l ­
iary c ontactor switche s ,  CSA, CSB ,  and CSC . 
The make contact s of the se swit che s are in 
serie s with the back contact , RRB , of the re ­
ceiver b locking relay, and energize the c oi l ,  
P ,  o f  a pendulum t ype t ime -de lay re lay ,  who se 
l ower c ontact s make and energize the c o i l  of 
the X2 blocking re lay . Every t ime that al l 
three of the Z3 carrier start contact s c l ose , 
the back contact s ,  A ,  B ,  C ,  and X2 , open the 
t rip circuit after a 3 t o  4 cyc le de lay . Back 
c ontact X2 , opens by virtue of all three make 
contact s ,  A ,  B ,  and C ,  c lo s ing through RRB t o  
energize the P coil  and i n  turn, the X2 coi l . 

If the e le ct rical center i s  inside the pro ­
te cted l ine sect ion ,  and in other case s where 
the two voltage source s appear 180 °  out of 
phase , the d irectional and impedance element s 
at each end of the l ine w i l l  be c l o sed . Thi s 
stop s  carrier ( pre viou s ly started by the Z3 
c ontact ) .  

This energize s RRT t o  a l l ow the �ontact RRB 
t o  open . Thi s  de -energize s the pendulum re ­
lay, P ,  whose spring arm begins now t o  o s c i l l ­
ate ,  alternat e ly c lo s ing the b ot t om and t op 
c ontact s ,  P .  Thi s  keeps the X2 coil  ene r ­
gized . After the amp litude o f  vibrati on of 

has de c reased to a certain the pendulum 
value , it w i l l  not strike e ithe r  of i t s  con-
tact s and X2 will  re set . Thi s act ion oc cur s 
in cyc le s ,  and the t ime de lay introduced by 
the pendulum re lay should be l onger than the 
t ime during which both dire ct ional e lement s 
"point in" which depend s upon the length of 
the " s l ip cyc le " of the system . It i s  de -
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CARRIER RELAYING ___________________________________________ ,_. L_
. 4_1 - 6_oo_

.6_A 

s irab l e  t o  c lear inte rnal fau l t s o c cu r r ing 

during an out - of - step c ondit i on ,  but it is not 

s o  e s sent ial t o  be ab le t o  c le a r  them at high 

spee d .  The g r ound re lay t r ip c i r cuit i s  not 

b l o c ke d  by the out -of - step re lay , X2 , and can 

t r ip in s t ant ly . On pha se - t o -pha se fau l t s ;  one 

or two o f  the Z3 c ontact s w i l l  re Aet when the 

system swing s in pha se , thu s a l l ow ing one of 

the back c ontact s ,  A, B ,  or C t o  c omp l e t e  the 

t r ip c i r cuit w i thout wait ing for the r e s e t  of 

X2 . On a three -pha se fault , howe ve r ,  n one o f  

the Z3 contact s w i l l  re set , a n d  c on s e quent l y ,  

t r ipping w i l l  n ot oc cur unt i l  aft e r  the e x ­

p i rat i on of t h e  X 2  t ime de lay . The re set o f  

X2 i s  made p o s s i b l e  by t h e  opening o f  the 

re ce iver re lay back c ontact s ,  RRB . 

It w i l l  be n o t e d  f r om Figure l that the 

back-up t r ipp ing thr ough D, and T3 i s  shown 

b l o cked by the out -of - step c ontact s ,  in which 

case , back-up p r ot e c t i on on three -pha se fau l t s 

during out -of - step i s  not p o s s ib l e . It i s  

�r range d , howe ve r ,  s o  that T3 c onne ct i on can 

be made on the other s ide o f  the out -of - step 

c ont act s ,  and in thi s case , t ri�ping on out -

o f - step c annot be pre vented f o r  a p e r i o d  of 

l onge r than the t ime s e i . [. ing o f  T3 . 

ADDITIONAL CARRIER CHANNEL USES 

In add it ion t o  re laying de s c r ibed ab ove , the 

carrier channe l can be u s e d  for other fun c -

t i ons such a s  t e l eme t e ring l oad c ont r o l ,  

c ommuni c at i o n ,  supe rvi s o ry c ont r o l  and remote 

t r ipping . For the se fun c t i on s ,  a separate 

lead f rom the p late is b rought out thru a back 

contact K3 to the aux i l iary s t art c ontact s as 

shown in Figure l .  Thi s arrangement p r ovide s 

independent keying c ontact f o r  re laying and 

the othe r func t i o n s . The K3 re lay i s  ene r ­

g i z e d  b y  the re lay s t ar t  c ont a ct s t o  open up 

the aux i l iary s t art c ontact in order t o  keep 

thB var iat i on in plate voltage o f  the o s c i l l ­

at or tube t o  a minimum . 

In order t o  prevent the c a r r i e r  a larm f r om 

r inging during the t ime carr i e r  i s  be ing u s e d  

f o r  aux i l iary t e l eme t e ring func t i o n ,  t h e  t ime 

de lay c irucit o f  Figure 3 can be u se d  at each 

t e rmina l . Thi s  c i r cuit c on s i st s of a c omb i ­

nat i on o f  re s j_ s t o r s  and 1< capa cj_t o r· energized 

thru c ontact s on an aux i l iary type TV r e l ay .  

\-Jher t e leme t e r ing impu l s e s  are be ing sent or 

r e c e ived , the c o i l  o f  the type TV re lay i n  the 

r e c e iver p l at e  c ir cuit i s  energized on each 

impu l se . Thi s  cau s e s  the n o rmal ly c l o sed c on ­

t a ct , TV, t o  a l t e rnat e ly open and c l o s e  ene r -

g i z ing che 

capacit o r . 

c i r cuit thru a re s i st or and a 

In par a l l e l  with thi s capa c i t o r ,  

i s  a c i r cuit c on s i st ing o f  d re s i st or and the 

c o i l  AL of the c ar r i e r  alarm e lement . The re -

s i st o r s  and capac i t.ors  

thi s part i cu lar case 

are cho sen so that for 

a maximum d e lay of 

approximat e ly 2 s e c on d s  can be obt a ine d . Thi s  

w i l l  prevent ope rat ion on the l onge st t e le ­

met e r ing impu l se . 

The a larm be l l  can be made t o  operate in ­

s t antan e ou s ly whe ne ve r the re lays start car ­

r i e r  by u s ing the type PG re lay c onnect ing in 

the c a r r i e r  re lay s t art c i r cu it with it s back 

c ont act in the a larm c o i l  c i r cuit . 

If it i s  de s ired t o  s igna l  by me an s of the 

�u sh but t on ,  i t  i s  only ne c e s sary t o  ho ld the 

push but t on c l o se d  for a p e r i od l ong en ough t o  

cau s e  the a l arm e lement t o  d r op out . Ene r ­

g i z ing carrier thru the pm;h but t on maint ain A 

t he n o rmal ly c l o s e d  c ontact , TV, open and when 

t he charge on the capac i t o r  i s  u s e d  up , the 

a larm e lement w i l l  d r op out , c l o s ing it s back 

c ontact marked " alarm" and cau s in g  the be l l  t o  

s ound . By p rope r ly p r oport i on ing the r e s i st or 

and capac i t o r ,  a wide range of d r op - out t ime s 

can be obtained f o r  the a larm e lement . 

The a l arm b e l l  can be made t o  ope rate in ­

s t ant ane ou s ly wheneve r the re l ay s  s t art car ­

r i e r  by using the type PG re l ay c onne ct ing 

i n  the c ar r ie r re lay s t art c i r cuit w ith i t s  

back c ontact i n  the a larm c o i l  c i rcuit . 

Eme rgency p o int -t o -p o int c ommuni cat i on i s  

n o rmal ly supp l ie d  with the carrier re laying 

e qu ipment . Thi s  can be done by p lugging a 

han d s e t  at the carr i e r  set , at the re lay 

swit chb oard , or f r om a de sk set pe rmanen c ly 

w i re d  t o  the e qu ipment . The push - t o -talk type 

o f  c ommuni cat ion i s  emp l oyed whe re the ope r a ­

t o r  pushe s a switch o n  t h e  han d s e t  t o  start 

carrier and c onnect the mi c r ophone to the car-

rier t ran smitt e r . 

pe r i od , the ope rat o r  

Wheneve r the hand set 

During the l i s t e n ing 

re l e a se s the swit ch . 

i s  p lugged in o r  l if t e d  
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CAR� �AnNG ______________ �------------------------

from tn .... de sk stand , the carrier alarm -. _rcuit 

is opened to prevent ringing during conversa­

t ion . This alarm circuit i s  used for code 

ringing . 
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