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Type RR Receiver Relay I. L. 2477 

for 
Carrier-Current and Pilot Wire Systems 

CAUTION 
INSTRUCTIONS 

Remove all blocking from the relay. Op­
erate all elements by hand to insure that no 
damage has been done to the relay during ship­
ment. 

APPLICATION 

The Type RR receiver relay is used in the 
carrier current and pilot wire schemes of re­
laying as a blocking relay to prevent instan­
taneous tripping for faults external to the 
line section to which it is applied and to 
permit instantaneous simultaneous tripplng for 
internal faults. Instantaneous tripping on 
internal faults is accomplished by virtue of 
the receiver relays, one at each end of the 
line section, unblocking the trip circuit. 
This is the result of the directional element 
contacts at each end of the line controlling 
a carrier current signal, which in turn allows 
the receiver relays to unblock. 

CONSTRUCTION AND OPERATION 

The relay consists of a receiver element, 
an alarm element, two contactor switches and 
two operation indicators. The receiver ele­
ment is a polarized unit arranged with two 
coils, one of which receives its energy from 
the local battery, the other receiving its en­
ergy from the carrier current transmitted over 
the line section. These two coils are arranged 
so that they are opposed with the battery cir­
cuit operating to unblock and the carrier cur­
rent circuit operating to block tripping. The 
receiver element contacts are normally in the 
open or blocking position when de-energized. 
The local battery circuit is controlled by 
means of contacts on fault detector relays and 
is energized when any one of these contacts 
closes. The carrier current is controlled by 
operation of the directional elements at ei­
ther end of the line section. The arrangement 
is so that for an internal fault, carrier cur­
rent is not transmitted, and for an external 
fault it is. 

On the occurrence of an internal fault 
the receiver relay functions as follows. One 
or more of the fault detector elements operate 
and energize the local battery circuit to the 
receiver element. At the same time the direc­
tional elements indicate an internal fault and 
no carrier current signal is transmitted, per­
mitting the receiver element to operate from 
the local battery circuit to unblock the trip 
circuit. 

On an external fault within the range of 
the phase relays or the ground relays, as the 
case may be, the local battery circuit is ener­
gized as before. The directional element con­
tacts in this case allow carrier current to be 
transmitted, energizing the carrier current 
circuit of the receiver element. The restrain­
ing torque produced in the receiver element 
from this source is sufficient to overcome the 
operating torque produced by the local battery 
circuit, and the receiver element remains in 
the blocking position. 

The alarm element is similar in construc­
tion to the receiver element, except it is 
actuated by carrier current alone. The sensi­
tivity of this element is slightly lower than 
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that of the receiver element, in order to ob­
tain a direct check on the sensitivity of the 
tubes in the carrier current transmitter-re­
ceiver during periodic tests taken to deter­
mine the magnitude of the carrier current 
signal received at one end of the line when 
transmitted from the other. Pick-up of the 
alarm relay indicates sufficient output from 
the transmitter receivers, to operate the re­
ceiver element. Operation of the alarm ele­
ment energizes a bell circuit and gives an 
audible signal as to the condition of the 
tubes. 

The alarm relay picks up at any time car­
rier current which is transmitted in the line 
section and for this reason will give an alarm 
during faults external to the. section, when 
carrier current is being transmitted to block 
tripping. 

The coils of the two contactor switches 
are in series and are energized on the com­
pletion of the trip circuit. When these 
switches pick up, the contacts on the rear 
switch close a hold in circuit which holds 
both switches in the operated position until 
the auxiliary switch on the breaker opens the 
trip circuit. The front contactor switch 
contacts provide a means of energizing the 
trip circuits of two breakers simultaneously. 

The two operation indicators show wheth­
er the fault was a phase fault or a ground 
fault, by indicating which relay did the ac­
tual tripping, the phase relay or the ground 
relay. 
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FIG. 1-TYPE R R RECEIVER RELAY 
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Type NCO Out-Of-Step Blocking Relay 
Out-or-step is an oscillating condition 

which will cause the impedance elements to al­
ternately operate and reset. While in the op­
erated position and the apparent disturbance 
is within the section, blocking is accomplished 
by means or the X2 contacts. In the reset po­
sition, indicating the disturbance is remote 
rrom the section, blocking is accomplished di­
rectly by the receiver relays which are con­
trolled from the operation of the directional 
element contacts at each end of the section. 

If a phase fault occurs during the out­
of-step condition, one or more of the voltage 
elements will be allowed to drop out by oper­
ation or a contact on the third element of its 
associated impedance relay. Since the third 
impedance elements would be alternately oper­
ating and resetting due to the out-or-step 
condition, tripping would also be alternately 
blocked and unblocked by closing of the back 
contacts on the voltage elements of the out­
of-step relay. The occurrence of a phase 
fault during this condition would cause at 
least one of the impedance elements to re­
main in the operated position, while the oth­
ers would be alternately operating and reset­
ting, the directional elements would unblock 
through the receiver relays, and tripping 
would be accomplished through the back con­
tacts of one of the voltage elements, during 
the time it was reset on the next system os­
cillation succeeding the fault. This applies 
to all phase faults other than three phase 
faults. If a three phase fault occurs during 
out-of-step, tripping will not be accomplished 
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until the out-of-step relay has gone through 
its time cycle, and unblocked the trip cir­
cuit. 

ADJUSTMENTS 

Operation of the X2 relay may be checked 
by applying voltage between the "+" and "-" 
terminals, and holding the armature of the 
pendulum relay down against the core. The re­
lay will operate positively at 90 volts D-C. 

In checking the operation of the pendulum 
relay contact terminals "+" and "R" together, 
and connect jumpers across the upper or make 
contacts of the voltage elements. Apply 125 
volts D-C. between terminals "+" and "-". The 
pendulum relay and the X2 relay will both op­
erate. Remove the jumper from the upper or 
make contacts. The pendulum relay armature 
will oscillate and hold the X2 relay closed 
for approximately 3 seconds. This time may 
be varied slightly by adjusting the spacing 
of the two outer contacts. The double contact 
arrangement for energizing the X2 coil pro­
vides a sharp drop-out point for this relay. 

The D-C. voltage elements should be ad­
justed so there is a clearance of 1/64" be­
tween the plunger and the core with the plung­
er picked up. This element will pick up at 25 
volts D-C. 

All contacts of the relay should be 
cleaned periodically with a very fine file. 
Do not under any circumstances use abrasive 
paper or cloth for contact cleaning purposes. 
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CARR E� CURR E N T  RELAY I N G �- • \rY 
GEN E R AL CONS I D ERAT �NS AND Plt1� �/:: OPE��� '{) 

iP�GO 

.

��iP�N T  I 1 
I \ i ' 'l 

INTRODUCTI ON / l / such as the effect of the line charging current - I �- -
on the generator field , the effect of short -cir -

The high-speed clearing of/ fault .con cui t conditions on the generators , and other 
transmission lines is recognized r: nece sary synchronous machines enter into the situation 
for good system operation . The st yOerall which is termed "stability". For this particu-
protection is provided by the met od �nown as lar line , the line characteristics and the pro -
differential relaying in which condi ions at the blems of stability and power limits would re -
two ends of the line are compared to determine strict transmission to not mor.e than a quarter 
whether the fault is on the line section or ex- wave length or a maximum distance of 750 miles . 
ternal to the protected zone. This assures si - For carrier current frequen cies on the other 
multaneous tripping of the breakers , which is hand , no such limitation exists. Considering 
desirable from the standpoints of stability , the above -mentioned transmission line at a car -
continuity of service , quick reclosing , and min - rier current frequency o f  6 0 , 000 cycles , a wave 
imum damage to equipment . For many lines the length becomes approximately 3 miles . This 
system known as carrier current is the most would indicate a maximum transmission distance 
practical and reliable medium for comparing the of 0.75 miles while actually distances of sever -
conditions at the two ends of the line . al hundred miles are possible. 

Carrier current is a term applied to 
50 to 150 kilocycle frequency currents super­
imposed on a transmission line . Here the energy 
is confined almost entirely to the wire lines 
and not radiated into space as is common in rad­
io broadcasting ( 550-to 1500 kc. ) This results 
in greater efficiency and makes it possible to 
transmit greater distances with less high fre­
quency energy. 

POWER VS . CARRIER FREQUENCIES 

A very important difference between 
electric power transmission and carrier current 
transmission is the frequency . Although the 
rundamental principle s or both are the same , 

many of the factors of primary importance at 
carrier frequencies are negligible at commercial 
power frequencies and vice versa . For examp l e , 
the power circuits are electrically short , and 
therefore , susceptible to approximate empirical 
solution , while the carrier current circuits are 
in most cases concerned with ele ctrically long 
circuits . The relatively greater ele ctrical 
length of carrier current circuits is due , not 
to their mechanical length , but to the higher 
frequencies involved . As an example of the wide 
differences in electrical lengths between the 
two types of circuits , let us consider a typical 
220 kilovolt line of 750 , 000 circular mil con ­
ductors and 1 9  foot spacing . The wave length of 
such a line at a 60 cycle operating frequency is 
about 3000 miles. This means that the voltage 
at the receiving end of a full wave length line 
is 360 °  out of pLase with that at the generating 
end . But the maximum power that can be trans ­
mitted over any given line occurs when the volt ­
age at the receiving end lags the generator 
voltage by about 90 degrees . Beyond the 90 de ­
gree point the maximum power decreases , or , in 
other words , the longer the line , the less pow­
er can be transmitted .  This and other factors , 

RELATIVE EFFICIENCIES 

Another interesting comparison between 
power transmission and carrier current trans ­
mission is afforded by discussion of efficiency. 
The losses in any transmission circuit may be 
considered to be made up of resistance and leak ­
age losses , or as they are sometimes defined ,  
series and shunt losse s ,  respectively. The 
former are equal to I2R and the latter to v2G 
where R is the resistance of the line , V is the 
voltage and G is the leakage conductance. In 
most power transmission lines , the leakage loss ­
es in the absence of corona are small , hence , 
the s olution of the problem of efficient trans ­
mission is to raise the voltage , thus decreasing 
the current. In power transmission , this is 
readily accomplished because most lines are e ­
lectrically s o  short that the impedance is gov­
erned entirely by the step -up and step -down 
transformers and the associated load at the re ­
ceiving end. Where the lines are long,  the line 
characteristi cs play an important part in the 
process . In the case of carrier current trans ­
mission , the receiving equipment has little ef­
fect on the transmitting end impedance because 
the lines are electrically so long that most of 
the power is absorbed in the line. While the 
transmission efficiency at carrier frequencies 
may be quite easily calculated for uniformly 
constructed two -wire lines, the complexity of 
most transmission circuits is such that it is 
usually more practical to determine this effic ­
iency by test. At first thought , it would seem 
that the very low efficiencies (in the order of 
10% )  which are quite common , would be entirely 
unsatisfactory. However , it should be remember ­
ed that the energy losses of carrier current 
transmission do not involve large amounts of 
power , and , therefore , do not represent an ap -
preciable economic loss. 
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CARR I ER CURRENT R ELAY I N G c 
M.IV\ D 

A/1/V\ 
ATTENUATION VS FREQUENCY 

In carrier current transmission, as in 
telephone lines, it is convenient to consider 
the transmission characteristic of a system in 
terms of attenuation or the diminution of power 
along the transmission line. The ratio between 
the voltages, currents, or power at any two 
points is a measure of the attenuation of the 
circuit between these two points. However, it 
is not convenient in practice to express trans­
mission losses or gains in terms of these ratios 
directly. The losses so expressed cannot be 
added to obtain the total loss, but must be 
multiplied. Consequently, this attenuation is 
expressed in decibels, which are ten times the 
logarithm to the base 10 of the power ratio, or 
20 times the logarithm to the base 10 of the 
current or voltage ratios. An attenuation of 10 
decibels is equivalent to a power efficiency of 
10%; 20 decibels is equivalent to 1%; 30 deci­
bels is equivalent to l/10%, etc. 

In very general terms, the attenua­
tion of a two-wire uniform line in decibels in­
creases linearly with frequency. However, this 
linear relation is never exact and in some cases 
the departure from linearity is very large. If, 
instead of the simple two-wire line, there are 
one or more branch circuits, the increase in at­
tenuation is no longer directly proportional to 
the frequency in kilocycles. In fact, a change 
of 5% in the frequency may easily cause an in­
crease or decrease in attenuation of as much as 
25 decibels in a normal circuit. If the circuit 
is changed by switching so that more or less 
branches are in use, there may be equally great 
changes in the attenuation. It is, therefore, 
desirable that the line be studied carefully in 
order to determine the most suitable frequency 
for transmission. 

EFFECT OF BRANCH CIRCUITS 

As an example, consider the network of 
Figure 1 and its attenuation characteristic un­
der various operating conditions. Curve l gives 
the characteristic of the line AB which is trap­
ped by choke: coils, as shown. Curve 2 shows the 
characteristic of the same line with the tap 
cir•cuit, C, and its associated equipment con­
nected. The introduction of this circuit not 
only Ltcreases average attenuation of the line 
AB, but also introduces irregulariti e s  cau s ed by 
reflection and absorption effects. Thus, be­
tween 5000 cycles apart, there is as much as 10 
db attenuation difference. Curve 3 shows the 
characteristic of the same line section, AB, 
�:1 th both tap lines, C and D, connected. This 
cmrve not only shows an increase in the average 
attenuation but also reflection effects that are 
so r·ronounced as to give a 20 db variation in 
att�nuation over a 5000 cycle interval. Fur­
thermore, there may be no similarity between the 
last two conditions. That is, the peaks and 
troughs in attenuation may not occur at the same 
fr,lquoncies. 

Before continuing, it is desirable to 
discuss characteristic or surge impedance. 
Characteristic impedance* is defined as the in­
put impedance of an infinite length line. It 
will have a finite value due to shunt capaci­
tance and conductance. For finite length lines, 
surge impedance is the value of terminating im­
p·,•dance which will make the input impedance 
e·1ual to it. :oe,;ardless of the line length. 
'l'ht:!'e is no reflection from the terminating end 
when the line is terminated in its characteris-

*For a more complete definition 
of characteristic impedance see 
Infinite Line" in Communication 
Everitt (See Bibliography.) 

and discussion 
chapter on "The 
Engineering by 
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Fig. l 
Carrier Current Frequency-Attenuation Curve for 

a Typical Transmission Line 

tic impedance, and hence, practically constant 
attenuation is possible over a large range of 
frequencies. The characteristic impedance is 
determined by configuration, insulation, and 
other line constants, and is independent of line 
length. 

Returning to the discussion of reflec­
tion and absorption, consider a line having an 
electrical length of 90° or l/4 wave length for 
a particular frequency. If the remote end of 
this line is open, the input impedance is verJ 
low. If the line were 270° (3/4 wave length) 
long, the input impedance would also be low, but 
not quite so low as for l/4 wave length, How 
ever, at 190° (2/4 wave length), the impedance 
is very high, and at 360° (4/4 wave length), it 
is not quite so high.** 

**The large difference in input impedance at 
the odd and even quarter wave lengths, is due to 
reflection. A complete discussion of this phen­
omenon is beyond the scope of this leaflet, and 
reference is made to a very excellent discussion 
in the chapter on "Reflection" in Communication 
Engineering, by Everitt. (See Bibliography). 
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C ARRIER CURRENT R ELAY I NG 

As the length is increased , it i s  usu­
ally pos sible to distinguish between the odd and 
even quarter wave lengths , up to about 50 quart ­
ers or 4500 ° . Howeve r ,  the maxima and minima 
peaks approach the surge impedance and are not 
easily recogni zable on long line s . The units of 
length , ( electrical degrees or  quarter wave 
lengths) are dependent as much on frequency as 
upon mechanical length . Based on previous as­
sumptions , a 15 -rni le line would be about 2 0 -
quarter wave length at 60 kc . Its input imped­
ance would be s lightly higher than the surge im­
pedance of the line , since , as was pointed out 
above , even quarter wave -length line s have rela­
tive high input impedance . If the frequency 
were changed to 63 lee, the 1 5 -rni le line would­
be about 21-quarter wave length, and the input 
impedance would be below the surge impedance 
corresponding to an odd quarter wa,re -length , 
line . In other words , the maxima and minima 
would be separated by 3 kc or one -fourth the 
frequency which corre sponds to the wave length 
of the line . Al s.o , for a 1 5 -mile , 20-quarter ,  
wave -length line , there will  be approximate ly 16 
maxima and 16 minima ( impedance peaks) in the 
carrier freque ncy ba�d of 50 to 150  kc . The se 
variations in impedance may have considerable 
effect on the proper adjustment of the carrier 
transmitter .  In the case of branch circuits , 
the impedance minima usually repre sent absorp­
tion which causes  high attenuation . Therefore , 
they should be carefully considered for short 
lines and branch circuits . 

The above di scus sion has considered 
carrier transmis sion over an open wire trans­
mis sion line . Carrier transmis sion over a power 
cable is  much more difficult because of the 
characteristic of the cable . The inductance of  
cables is  small , whi le in comparison the resist­
ance and capacitance are large . Thi s means high 
losses  and attenuation , and gives a value of  
surge impedance which may be as low as 1/10 of  
that for open line s . Hence , cables offer con­
s iderably greater attenuation to the carrier 
frequencie s  and often make carrier transmis sion 
quite difficult . Carrier transmi s sion over 
cables should be  given very special attention . 

THE CARRIER C IRCUIT 

The use of transmis sion line s as a 
communicating medium for a carrier channel can 
be accomplished in two different ways . Carrier 
frequency may be  impre ssed on circuits between 
one conductor and ground or between any two con­
ductors such a s  between pha s e s  A and B or pha s e s  

A and C or  phases C and B .  The former is  termed 
phase -to -ground circuit , while the latter , is  
termed phase -to -phase or interphase circuit . 

The inherent advantage and limita­
tions of each method of coupling are as follows: 

1 .  Phase -to -ground transmis sion i s  
usually l e s s  expensive since only one s e t  o f  
coupling units are neces sary at each end of the 
transmi ssion channel .  

2 .  The attenuation to carrier fre­
quency of phase -to -ground circuits is  usually 
two or more times that of phase -to -phase . 

3 .  The interference level ( ratio of  
extraneous voltage s to  carrier signal voltage) 
is much greater with phase -to -phase carrier cir ­
cuits . 

4 .  With single line to ground coupl­
ing , the other two phase conductors together 
with the earth act as the return path for the 
carrier signal . Very approximate ly, half of the 
s ignal returns in the ground path and the other 
half is divided between the two phase wire s . 

The resistance of the phase wires to the carrier 
frequencie s  is roughly 1 ohm per mile as corn­
pared to average earth resistance of 20 ohms per 
mile . Thus the attenuation in phase to ground 
coupling is reduced by the presence of the other 
two phase s .  When two or three line to ground 
coupling is used,  it is e vident that the attenu­
ation i s  increased since more of the return 
current i s  forced to flow in the earth . 

The type of transmission employed 
with any particular application is determined by 
the individual requirements of  that application . 
In some case s ,  coupling units are already 
available on all phase conductors so that interp 
phase transmission will be employed even though 
the distance may be very short . In general , 
relaying and supervisory control will  usually 
e� loy a phase -to -ground carrier channe l because 
( a J the distances involved are s eldom greater 
than 100 mile s , (b) the interference level or 
interference with signals is  usually not seriou s  
f o r  the se applications . For other type s  of  
transmis sion, especially communication , the 
interphase circuit is preferable . 

CARRIER FREQUENCIES 

The frequency band available for 
carrier current use  is  from 50  to 150 kilocycle s .  
Thi s frequency band i s  used becaus e  at lower 
frequencie s  than 50  kc interference might result 
with carrier frequencie s  used for telephone com­
munication over telephone lines , and above 150 
kc , the attenuation and radiation i s  high . From 
thi s ,  it is apparent that for a given installa ­
tion, the lower part of the frequency band 
should be utilized for the longer distances .  

RESULTANT CONSIDERATI ONS 

It is apparent from the above dis ­
cus sion that insofar as the transmis sion medium 
is concerned there are important differences b e ­
tween carrier current transmission and power 
transmi s sion . Some of these irregularities in 
transmi ssion characteristics could be smoothed 
out by transposing and properly terminating the 
circuits .  This is not usually feasible as the 
circuits must be used as previously installed . 

The transmission line offers an exce l ­
lent circuit medium except for two limitations : 

( 1) The presence of branch line s , 
tap s ,  spurs o f  such a length a s  to offer inter­
ference from reflection , or absorption of  
certain carrier frequencies ,  as discus sed above . 
Power factor correction capacitor banks may also  
offer a serious shunt . 

( 2) The presence of power trans­
formers in the transmi ssion circuit which may 
completely or partially block the pas sage of  
carrier currents . 

The first limitation can usually be 
overcome by choo sing a frequency in which the 
transmi ssion characteristics are good over the 
circuit used . An alternate method is to use 
resonant choke coils ( wave traps) at the tap or 
connecting point of the offending circuit . Thes e  
coils are adjusted t o  offer a high impedance to 
the carrier currents . 

Resonant choke coils are used exten­
sively to isolate a particular section of the 
transmis sion line from the rest of the power 
system . This is the most satisfactory means of 
insuring at all time s a through carrier current 
channel . If the resonant choke coils are con­
nected at the ends of the transmis sion line and 
inside the grounding switche s ,  the line may be 
taken out of s ervice and grounded without inter­
rupting or interfering with the carrier channel .  
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CARR I ER C U R R ENT R ELAY I NG 

ess the choice of' frequencies ,is very limi ­
j and the number of' taps or spurs large , 

· ,·.oke coils will be only required at the ends 
.,. the transmi s s ion system to prevent interf'er­

··nce from the connected circuits or from ground -

The second limitation i s  seldom en ­
,1tered on most transmi s s ion systems . However 

,,:�,e it is desired to operate a carrier channel 

· ,,_,0ugh a transformer bank in the transmi s s ion 
_,0, by-pass equipment can be used . Thi s  by-

,,.1_88 equipment consists of' capacitors and in ­

,_,tances which form a tuned circuit of low im­
::ance path around the transformer bank for the 

·rti cular carrier frequency , and a high im­
•.1.ance for the power frequency current s . 

Where doubt exists as to the presence 

- �  suitable carrier channel it is  desirable to  
sufficient test  data so that a curve of 

.. ;muati on in terms of frequency may be plotted 
·
;;hown in figure 1 .  This may usually be done 

. 1i ther of two way s . The carrier current 

·.cnsmi tter and receiver may be set up for 

·,nlar operation and adjusted for several fre ­
,,_(;ucies over the range o r ,  if more convenient , 

apecial test o s cillator and special tube volt ­

ter may be used instead of the regular carrier 

, dr;ent equipment. Owing to the fact that line 

,.· .. itching conditions affect this curve very 

,c;preciably , it is desirable to make several 

cest runs covering as many normal and abnormal 

conditi on s  as can be set up without undue inter ­

ference to the transmi s sion of electric power. 

The se curves should be filed with the instruc ­

tion book as an aid to maintenance. If it i s  

sub sequently found that the frequency chosen i s  

unsatisfactory , the operator can consult these  

curve s and decide upon a more suitable fre ­

quency for operation . 

LINE COUPLING SYSTEM 

So far this discussion has not brought 
out the method of  introducing the carrier fre ­
quency on the transmi s sion line s . If the par ­
ticular transmis s ion circuit i s  a high voltage 
system, such as 110 kv for example ,  it is e s ­
�ential that s ome means must be used to connect 
the carrier equipment to the line without re ­
sorting to a dire ct electrical connection of the 
carrier equipment to the phase conductors . For 
thi s purpose  a series of' capacitor units and a 
drain coil connected from the phase conductor to 
ground is  used. This capacitor stock ( . 0006 to 
. 004 mfd . ) offer s  and impedance of several 
million ohms to power frequency current . Thus 
the power current thru the capacitor i s  in the 
oPder of 50 milliampere s . A small radio fre ­
quency choke coil ( approx . 100 millihenries ) 
offering many thousand ohms impedance to the 
carrier frequenci e s  i s  mounted in the base of' 
the coupling capacitors and connected between 
the capacitor and ground so that the 50 rna of 
60 cycle charging current flows through the coil 
to ground . The power frequency impedance of thi s 
coil is very small compared to its carrier fre­
quency impeddnce so that its ungrounded terminal 
i s  at a potential of le s s  than 100 volts above 
ground with the 60 cycle charging current flow­
ing through it. 

The carrier frequency i� impres sed 
Jirectly acros s  thi s choke ( drain) coil. The 
carrier voltage is applied to the transmi s s ion 
line conductor through ( or in series ) with the 
capacitor . The capacitor has a low impedance to 
carrier frequencies so that in effect that 
carrier voltage is  impres sed directly on the 
transmis sion conductors without resorting to a 
high voltage connection. To further improve 
thi s coupling , the reactance of the capacitor i s  
series tuned b y  the reactance of a tuning cir -

cuit in the carrier current transmitter . In 
this way , the carrier equipment is connected 
directly to the transmi s s ion line in a fashion 
which permits a low voltage connection but im­
pre s s e s  the carrier voltage dire ctly between 
phase conductor and ground . For phase -to-phase 
transmi ss ion , this same connection i s  used on 
each phase conductor so that the carrier voltage 
appears l/2 between each phase and ground . 

TRANSMITTER -RECEIVER EQUIPMENT 

The transmitter-receiver equipment is  
quite similar in construction to space radio 
communication equipment , using many of the com­
ponents originally designed for space radio 
equipment . The arrangement of the circuits is  
very similar to those used in space radio equip ­
ment except that usually the circuits used for 
space radio are complicated by special require­
ments which have no significance in the case 
carrier current equipment . 

CARRIER CURRENT SCHEME - - PRINCIPLE OF OPERATION 

As explained above , an outdoor -mounted 
radio transmitter -receiver i s  used at each of 
the line for generating the high frequency and 
operating an auxiliary or receiver relay in 
response to the received signal. Figure 3 and 4 
shows s chematically the connections of these  
transmitter-receivers to  the transmi ss ion line 
and to the auxiliary relays. Each line section 
is considered as a unit and should be assigned a 
s eparate frequency to minimize the possibility 
of interference. 

All circuits as sociated with the 
section are tuned to respond to the a s signed 
frequency so that either receiver may receive a 
signal from its own transmitter or from the 
transmitter at the opposite end of the section. 
The correct functioning of the carrier current 
is not affected by internal transmis sion line 
faults because it is used to block tripping in 
unfaulted line sections and therefore is not re ­
quired to transmit a signal over a faulted sec� 
tion . 

This system of protection uses relays 
operating on current and voltage at each end of 
the line to detect and determine the direction 
of faults . Carrier current i s  started by fault 
detectoPs when a fault occurs . Fault power 
flowing out of a line section indicates that thP 
fault is  external and the breakers should not be 
tripped . At the same instant , howeve r ,  power 
will be flowing into the other end of the line 
as though the fault were in the section . Under 
thi s condition , the directional relays at the 
end where power i s  flowing out of the section 
will operate to continue the transmis si on of a 
carrier current signal whi ch 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 current will be stopped by 
operation of the directional elements at both 
ends to permit simultaneous tripping of both 
breakers . 

The carrier current s cheme utilizes 
the time -distance characteristic of the type HZ 
impedance relay to provide high speed s imul ­
taneous tripping with carrier in service , and 
step type distance protection with carrier 
either in or out of service . The first element 
of the HZ relay operates independently of the 
carrier current . The second element trips at 
high speed for faults in the section because 
carrier tripping contacts short around the syn ­
chronous timer . These  tripping contacts close  
immediately if the fault is  within the section , 
but are held open by the carrier current signals 
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CARR I ER CURRENT RELAY I N G 

to block trippine; i f  the fault i s  beyond the 
section be in[; prate :::ted . This ar.eacc:ement thus 
provides s imultaneous tripping over the entire 
l ine section . The synchronous t imer is used in 
connect ion with the second impedance element to 
provide back-up protect ion for the second zor1e 
section . The tripping circuit of the third 
element is independent of carrier current and 
operates vrith t ime delay for overall back-up 
protect ion . The direct ional element , supervised 
by the second impedance element , together with 
the third impedance element , control the trans­
mis sion of carrier current . Additional inter­
locks can be included to prevent tripping of any 
of the element s ( carrier or back-up protection ) 
due to out -of -synchroni sm surges . Thus , bes ides 
the usual carrier current pilot protection , thi s  
system inherent ly provides high speed and t ime 
delay back-up protect ion . 

COMPONENTS OF COMPLETE EQUIPMENT 

An out line of the equipment used at 
each terminal of a transmi s sion line i s  given in 
the following li st  of component part s .  

1. A set of relays , operat ing on the 
current and voltage of the line , to detect and 
determine the direction of fault s ,  to trip the 
breaker if the fault fal l s  within the zone of 
protection ,  to control the transmis sion of 
carrier current for external fault s ,  and to pre­
vent tripping due to out -of -synchronism condi ­
t iond . 

2 .  A d-e . carrier current t ransmitter­
receiver set , the transmitter controlled by the 
fault detecting and directional relays , and the 
receiver to operate a receiver relay included 
with the relay equipment under 1. 

3 ·  A high voltage coupling capacitor 
for introducing the high frequency current onto 
the t ransmiss ion line . This may be supplied 
with a potential device for measuring l ine-to­
ground potential or 3 set s can be used for 
measuring 3 phase line potent ial . 

4 .  Surge protective equipment to pro­
tect the carrier current set s and personnel from 
l ine surges . Thi s  is included as part of the 
t ransmit ter -receiver and coupling capacitor . 

5 .  A wave trap ( resonant choke coil )  
to confine the carrier current energy to the 
line section for more efficient transmis sion of 
carrier and minimiz e  interf"erence betveen s e c ­
t ions . 

OPERATION OF SCHEME 

In the d-e . s implified s chematic dia­
gram ( figure 2) the ground relay and the type HZ 
impedance relays are operated by current and 
voltage using the usual connections for these 
relays . Fur s implicity, the current and voltage 
circuit s are not shovrn . The three impedance 
element s of the type HZ relays are set in the 
usual manner for s t;ep -type distance relaying . 
The first element Z l ,  i s  set for 90% of the l ine 
section and operates independently of carrier . 
The second element , Z2, i s  set for about 150% of 
the line sect ion and so covers the entire line ,  
but i s  particularly as sociated >lith that portion 
which is beyond the set ting of the first element 
that i s , the last 10% of the line ( end zone ) ad­
jacent to the next sectionalizing point . In 
thi s zone it i s  not pos sible to determine by 
distlomce indication 1-rhether the fault is ju:ot 
within or just beyond the end of the section . 
For distance relaying , vithout carrier , a t ime 
delay contact , T2 , is used in series with the 
contact of the second zone impedanceJ element to 
alluer t ime for the breaker in the ne:ct sect ion 

CARRtE.R CON"!ROL 

Fig .  2 
Simplified d-e  Schemat ic of the Carrier Currecct 

Relaying Scheme 

to clear . When used in carrier relaying , thi 
T2 contact is paralleled by a contact , RRP ,  con­
t rolled by carrier , as explained below . The 
third element , Z3 , i s  given a distance set t ing 
to provide complete back-up protection through 
contact T3 , and to start carrier transmi s s ion . 
The synchronous t imer motor i s  started by Z3 
operates T2 and T3 in sequence . 

The HRK or HRP ground relay has a 
directional element and two instantaneous over­
current element s .  The operat ion of these ele­
ments i s  explained below . 

The upper part of figure 2 comprises 
the t rip circuit s and the lower part , the 
carrier cont rol circuits. The distance type 
t rip paths are: First zone - D and Zl; Second 

zone - D, Z2 and T2; Third zone - D, Z3 and T3 . 
The carrier cont rolled t ripping path i s  through 
D, Z2 and RRP contact s .  For ground protection a 
carrier controlled trip circuit is set up 
through the contact s Do and Io2 of the ground 
relay and the carrier controlled contact , RRG . 
The contact Io3 i s  used to start carrier. The 
contact s ,  RRP and RRG, are on the b locking re ­
lay controlled by the carrier signal operating 
RRH and RRT coils . 

The contact s Z3 ( A ,  B, & C phases) in 
the lower part of the figure serve to start the 
transmiss ion of the carrier s ignal for phase 
fault s and contact Io3 performs the same func­
t ion for the ground fault s .  These carrier start 
contact s ,  Z3, are on the same fault detector 
alements as the tripping contact s ,  Z3 , in the 
upper part of the diagram . The ground start 
contact, Io3 , i s  operated by an over -current 
e lement separate from that which operates the 
tripp ing contact . 

Normal ly ,  with the phase and ground 
carrier start contact s  open, the cathode of the 
oscillator tube is connected through a resistor 
to the pos it ive s ide of the battery . Under this 
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CARR I ER CURRENT RELAY I NG 

"TRIP CIRCUITS 

--------------- -----; 
I 

Fig . 3 
Complete d -e Schematic of the Carrier Current Transmitter Receiver Sets and Relays for complete Phase 

and Ground Fault and Out of Step Pr•ote ction. 
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CARRIER CURR EWT RELAY I NG 

c:or1di tion the tube cannot oscillate . However, 
upon closure of any of the Z3 contacts or the 
ground start contact Io3 , the cathode is con­
nected :,o the negative bus through the normally 
,_:lased contact s ,  CSP and CSG, and the tube be ­
gins to oscillate and t ransmit a carrier signal . 

The stopping of the carrier signal i s  
controlled b y  the tripping contacts ,  D and Z2 , 
for phase faults and Do and Io2 for ground 
fault s .  When fault power flows into the pro­
tected line section , the t ripping contact s ,  D 
and Z2 Glose for phA.se fault s and permit the 
coil of the auxiliary contactor switch, CSP , to 
be energized .  This causes the back CSP contact 
in the '�arrier cont rol circuits to open , which 
stops carrie r ,  and permit s the RRT operating 
coil of the blocking relay t'-' be energized thru 
Z? � tart contact s . Similarl;y, for f2:round fault s 
D� and Ic2 close to energize the coil of another 
auxiliary contactor switch, CSG , vrhose back con­
tact , CSG , stops carrier and permit s the opera­
ting coil of the blocking relay to be energized . 

The arrangement of starting and stop­
ping carrie r ,  as explained above , is so de signed 
that the action of the ground relay is given 
ppcference over the phase relays . This means 
that if Io3 of the ground relay start s carrier , 
it ie then impos sible for the CSP contact and 
the phase relays to stop carrie r .  The purpose 
of this ground preference is to prevent pos sible 
incorre ct indications of the phase relays due 
to load current s and the flow of positive and 
negative sequence current s during external 
ground fault s .  

The carrier controlled blocking ele­
ment is a sensitive polarized d -e. relay pro­
vided with two make contact s ,  RRP and RRG , and 
one break contact , RRB. These contact s 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 contact s ,  and the other a carrier hold­
ing coil , RRH, connected in the plate circuit of 
the carrier current receiving tube . Normally , 
both coil s are de -energized and the make con­
tact s ,  RRP and RRG , are held open by a magneti c 
bias . The relay is prevented from operating 
when the carrier holding coil , RRG , is ener­
gj_::e•j even though the operating coil, RRT , is 
energlzed .  This means that as  long as carrier 
is being recieved either from the local oscil ­
lator or from the opposite end , RRH is energized 
"'-t10 tripping is prevented . 

The complete sequence of event s may be 
briefly summarized as follows :  Assume an in­
trcPnal phase-to -phase fault just beyond the zone 
of one of the Zl elements . Carrier will be 
ic·citiated inJJnediately at both ends of the line 
bv t�e closure of one of the Z3 contact s .  Mean­
'o"hile , the directional and second zone impedance 
contact s close and energize tr.e auxilta�y switch, 
CSP, stopping carrier and energizing the opera­
ting coil .. RRT , of the carrier blocking relay . 
Since the same action has occurred at the far 
end of the line , no carrier is received and the 
blocking contact , RRP , is  closed at both ends 
completing the t rip circuit s  through D and Z2 . 
Ho;.rever, the trip coil at one end has already 
been energized through Zl . If the fault had 
been external to the se ction, then t ripping 
could not have occurred since the carrier hold­
ing coil , RRH, vrould have been energized by 
carrier from the far end . 

If an iuternal tvro -phase -to -ground 
fault is as suJ:Jed , the ground carrier start con ­
ta�t Io3 , �ill sta�t carrier by making point G 
n,o�ative and it is  then impos sible for the phase 
h. i ay s to remove carrier through the CSP con­
t��tf . However ,  the ground t ripping contactP . 

Fig . 2 ( Repeated ) 
Simplified d -e Schem11tic of the Carrier Current 

Relaying Scheme 

Do and Io2 ,  will close energizing the CSG aux­
iliary relay to stop carrier. 

It will be noted that carrier current 
is not started at either end unles s  fault cur­
rent o�erates a starting element ( fault de ­
tector ).  This is significant in case a line be ­
comes dis connected from a source of povrer at one 
end; in other words , becomes a stub end feeder . 
If a fault occurs on such a line , the carrier 
t ransmitter 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 po ssible to 
have the fault power undergo a quick reversal as 
the breakers on the faulted line open . Under 
this condition carrier t ransmis sion is main­
tained at one end until it has had time to be 
started at the othe r .  

I t  i s  de sirable to periodically check 
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 connected 
in parallel with the carrier start elements . 
Pre s sing the test push button sends a carrier 
signal which is received by the receiver tube s 
at both ends of the line section to ope ra�e an 
alarm relay and energize a milliammeter . If the 
carrier set is not functioning ,  the alarm is not 
heard and the milliammeter does not deflect in ­
dicating trouble which must be investigated . The 
alarm relay has a minimum operating value in ex ­
ces s  of the minimum required to operate the 
blocking relay so that an indication of im­
pending trouble can be obtained before actual 
failure occurs . 

A three pole single throw switch oper ­
ated from a common handle is conne cted in the 
carrier t rip and out-of-step circuit , as shown 
in figure 2 ,  The swit ch i s  marked " Carrier On­
Off" and opening it removes c:arrier supervision 
and permits the HZ relays to operate in the con -
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CARRIER C U R R ENT R ELAY I NG 

ventional step - z one mannsr . The s witch also re­
moves the HRK or HRP cround relay and ground 
protection is available throuch back-up ground 
relays . ( Shown in figure 3 and 4 ) .  

OUT -OF-STEP PROTECTI ON 

It is often desirab le to prevent the 
operation of  re lays during out -of -step condi ­
tions so that tne system can be separated at 
locations where synch.ronizing equipment i s  
available . The carrier relaying system provide s 
a means of preventing tripping during out-of­
step conditions without impairing the abi lity to 
trip for internal faults occurring during out­
of- step conditions . One fundamental difference 
between a three phase fault and an out -of-step 
condition is that a fault suddenly reduces the 
voltage and increases the current, whereas 
during the approach of an out-of-step condition 
the vo lta::;e and current change s  are comparative ­
ly gradual .  

For a three phase fault the distance 
e lements all operate simultaneous ly, if they are 
to operate at all, while during out -of-step the 
Z 3  operates first , followed by 2'2 and then Z l . 
As the system returns toward the " in -phase " 
pos ition, the elements re set in the opposite 
orde r ;  that i s, Z l, Z2, Z3 . 

To prevent tripping during out-of-step 
it is only neces sary to arrange for the closure 
of  the three contacts and for the receiver re lay 
back contact, RRB, to operate and additional 
blocking relay to open the trip circuit . This 
blocking relay must have a s light 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 01-1t-of - step condition before the 
second e lement, Z2 i s  operated . 

Referring to figure 2 again, the out­
of-step -blocking contact i s  designated as X2, 
and i s  connected in the trip circuit as shown, 
In parallel with it are three contacts A, B, C, 
which are the back contacts on the auxiliary 
switche s A, B, C, operated by the Z3 carrier 
starting contacts of the distance relays . The 
make contacts of the se S\litche s are in series 
with the back contact, RRB, of the rece iver 
b lo cking re lay, and energize the coil, PR, of  a 
pendulum type time -de lay re lay, who se lower con­
tacts · make and energize the coil of the X2 
b lo:!king 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 cycl e  delay . Back contact X2, 
opens by virtue of all three make contacts, A,B, 
and C, c lo sing through RRB to energi ze the PR 
coil and in turn, the X2 coil . 

If the electri cal center is inside the 
protected l ine section, and in other cases  where 
the two voltage sources appear 180 ° out of phase 
the dire ctional and impedance elements at each 
end of the line will be clo sed . This stops 
carrier ( previously started by the Z3 contact 
RRB to open . This energizes RRT to allow the 
contact RRB to open . Thi s de -energiz e s  the 
pendulum re lay, PR, who se spri�g arm begins now 
to oscillate, alternately closing the bottom a�d 
top contacts, PR . Thi s keeps the X2 coll 
energized . After the amplitude of vibration of 
the pendulum has decreased to a '�ertain value, 
it will not strike either of its contacts and X2 
will  re set . This action occurs in cycles, and 
the time delay introduced by the pendulum relay, 
should be longer than the time during which both 
directional e lements "point in," which depends 
upon the length of the " s lip cyc le " of the 
system . It i s  desirable to clear internal faults 

occuring dul'ing an out-of-step condition, but it 
is not so  e s sential to be ab le to clear them at 
h igh speed . The ground relay trip circuit is 
not b locked by the out -of- step re lay, X2, and 
can trip instantly . On phase -to -phase faults, 
one or two of  the Z3 contacts wi ll  reset when 
the system swings in phase, thus allo>,,lng one of 
the back contacts, A, B, or  C to complete the 
trip c ircuit without \raiting for the reset of X2, 
On a three -phase fault, however, none of che Z3 
contacts will re set, and consequently, tripping 
will not occur until after the expiration of the 
X2 time delay . The reset of X2 i s  made pos sible 
by the opening of the receiver re lay back con­
tacts, RRB . 

It will be noted from Fig . 2 that the 
back-up tripping through D, Z3 and T3 i s  shown 
blocked by the out -of- step contacts, in which 
case, back-up protection on three -phase faults 
during out-of-step is not pos sible . It i s  
arranged, however, so  that T3 connection can b e  
made o n  the other s ide of the out-of-step con­
tacts, and in this case, tripping on out-of -step 
cannot be prevented for a period of longer than 
the time setting of T3. 

ADDITIONAL USES FOR THE CARRIER CHANNEL 

A complete schematic diagram of the 
relays and carrier set i s  shown in figure 3· In 
addition to circuits already discussed, conne c ­
tions are shown whi ch provide for the addition 
of impulse type telemetering using the relay 
carrier channel as the communicating means to 
transmit te lemetering impulses . Connections are 
also shown for the addition of a handset or desk 
stand telephone to obtain point-to -point com­
munication over the carrie r  channel .  

The telemetering c ircuits are shown 
dotted in the lower right portion of figure 3· 
The connections are s imilar at each end of the 
l ine section, except at the teleme�ering trans ­
mitter end the contact marked Telemetering 
ti'ansmitte; , TV-1 Re lay" is used . The circuits 
are arranged so that when te lemetering impul ses 
are being either transmitted or received, the 
alarm bell  both at the local and distant station 
is prevented from ringing by a delay circuit . 
Thi s circuit cons ists of a comb ination of re ­
s i stors and a condenser energized thru contacts 
on an auxiliary Type TV relay . When telemeter ­
lug impulses  are being sent or received, the 
coil  of the TV relay in the receiver p late cir­
cuit i s  energized on each impuls e . This causes 
the normally closed contact, TV, to alternately 
open and close energizing the circuit thru a re ­
s istor marked "10,000 ohms, 125 volts ; 20,000 
ohms, 250 volts " ,  and a condenser marked "30 mfd., 
125 volts, 16 mfd., 250 Volts . "  In paralle l with 
this condense r  i s  a circuit consisting of a 
10 000 ohm re sistor and the coil AL of the alarm 
e l�ment of the receiver relay . The resistors 
and capacitors are chosen so  that for this par ­
ticular case a maximum delay of approximately 2 
seconds can be obtained . This wil l  prevent 
operation on the longest te lemetering impul se . 
If it i s  desired to signal by means of the push 
button, it is only neces sary to hold the push 
button closed for' a period long enough to cause 
the alarm element to drop out . Ene rgizing 
carrier thru the push button maintains the nor­
mal ly c losed contact, TV, open and when the 
charge on the condense r  is used up, the alarm 
element wi ll drop out, c losing its back contact 
marked "alarm" and caus ing the bell to sound . By 
properly proportioning the resi stor and capa ­
citor a wide range of drop -out times can be ob ­
tained for the alarm element . 

In figure 3 the circuits for point-to ­
point communication are shown both for communi ­
cation from the carrier set location and from 
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CARR I ER CURRENT RELAY I N G  

the swit chboard panel b y  use o f  a monophone . 
C onnections are also indicated for a desk stand 
telephone station, where it is  desired t o  locate 
the telephone on the operat or ' s  desk.  When the 
telephone is p lugged in at either locat ion , the 
local carrier alarm circuit is opened by a con­
tact on the t elephone jack. This  opens the cir­
cuit from negative to  the bell alarm and the 
connect ion is made thru the terminal marked ,  BC , 
on the carrier t ransmitt er -receiver terminal 
board . The functioning of the carrier equipment 
for point-to -point communicat ions is fully ex­
p lained in I .L .  2818-A 
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Westinghouse 
CARR I ER C U R R E N T  RELAY I N G 

GEN ERAL CONS I DERAT I ONS AND PR I N C I PL E  OF OPERAT I ON 

TYP E  GO EQU I PMENT 

INTRODUCTION 

The high-speed clearing of faults on 
transmi s s ion line s is recognized as neces sary 
for good system operation . The best overall 
protection is provided by the method known as 
differential relaying in which conditions  at the 
two ends of the line are compared to det ermine 
whether the fault is on the l ine section or ex­
ternal to  the protected zone . This as sure s s i ­
multaneous tripping of the breakers , which i s  
desi rable from the standpoints o f  stability,  
continuity of service , quick re c lo sing , and min ­
imum damage to  equipment . For many line s the 
system known as carrier current is the most  
practical and re liable medium for comparing the 
conditions at the two ends of the l ine . 

Carrier current i s  a t erm applied t o  
50  to  1 5 0  kilocycle frequency current s super ­
imposed o n  a transmi ssion line . Here the energy 
i s  confined almost entirely to the wire lines 
and not radiated int o space as is common in rad­
i o  broadcast ing ( 550  t o  1500 kc . )  This results  
in greater e fficiency and make s it possible t o  
transmit greate r  distances  with l e s s  high fre­
quency energy . 

POWER VS . CARRIER FREQUENCIES 

A very important difference between 
e lectric power transmis si on and carrier current 
t ransmis sion is the frequency . Although the 
fundamental principles or b o t h  are the s ame , 

many of the fact ors of primary importance at 
carrier frequencies  are negligible at commercial 
power frequencies  and vice versa . For example , 
the power circui t s  are electrically short , and 
therefore , sus ceptible t o  approximate empirical 
solution , while the carrier current circuits  are 
in mo st cases  concerned with e le ctrically long 
circuit s .  The relat ively great er electrical 
length of  carrier current circui t s  is due ,  not 
to their mechanical length ,  but to  the higher 
frequenc ies  invo lved . As an example of the wide 
differences  in electrical lengths between the 
two type s of circuit s ,  let us consider a typical 
220 kilovolt line of 750 , 000 c ircular mil con ­
ductors and 19 foot spacing . The wave length of 
such a line at a 60 cyc le operating frequency i s  
about 3000 mile s . Thi s  mean s that the voltage 
at the receiving end of a full wave length l ine 
is 360 ° out of phase with that at the gene rating 
end . But the maximum power that can be t ran s ­
mitted over any given line occurs when the volt ­
age at the re ceiving end lags the generator 
voltage by about 9 0  degree s .  Beyond the 9 0  de ­
gree point the maximum power decreases , o r ,  in 
other words , the longer the line , the l e s s  pow­
e r  can be  transmit ted . Thi s and other factors , 

. such as the effect of the l ine charging current 
on the generator field , the effect of short -cir­
cuit conditions on the generators , and other 
synchronous machine s  en�e r  into the situation 
which is sermed " st ab ility" . For this part icu­
lar line , the line characteristics  and the pro­
b lems of stability and power limi t s  would re ­
s t rict t ransmis sion t o  not more than a quarte r  
wave length or a maximum distance of 7 5 0  mile s . 
For carrier current frequen cies on the other 
hand , no such l imitation exist s .  Considering 
the abo ve -menti oned t ransmi s sion line at a car ­
rier current frequency of 6 0 , 000 cycles ,  a wave 
length become s approximately 3 mile s . Thi s  
would indicate a maximum transmi s s ion distance 
of  0 . 75 miles  while actually distances  of  s e ver­
al hundred mil e s  are pos sible . 

RELATIVE EFFICIENCIES 

Another int eresting comparison between 
power t ransmi ssion and carrier current t ran s ­
mis si on i s  afforded b y  discussion of  efficiency . 
The losses  in any t ransmis si on c ircuit may be 
considered t o  be made up of resistance and leak­
age l o s se s ,  or  as they are s ometimes defined , 
s erie s and shunt losse� ,  respe ctively .  The 
former are e qual to I2R and the latter  t o  v2G 
where R i s  the resistance of the line , V i s  the 
voltage and G is the leakage conductance . In 
most power t ransmission l ine s ,  the leakage l o s s ­
e s  i n  the absence of corona are sma l l ,  hence , 
the s o lut i on or the problem or erricient tran s ­
mission i s  t o  rai se the voltage , thus decreasing 
the current . In power t ransmi s sion ,  this i s  
readily accompl ished because most line s are e ­
lectrically so  short that the impedance i s  gov­
e rned entire ly by the step -up and step -down 
t ransformers  and the associated l oad at the re ­
ceiving end . Where the lines are long , the l ine 
characteristics  play an important part in the 
proce s s . In the case of carrier current trans ­
mi ssion , the receiving equipment has little ef­
fect on the t ransmitting end impedance be cause 
the lines are e lectrically so  long that most  of  
the power i s  absorbed in the line . While the 
t ransmi s s ion e fficiency at carrier frequencies  
may be quite  easily calculated for uniformly 
constructed two -wire line s ,  the complexity o f  
most  transmission circuits  i s  such that i t  i s  
usually more pract ical t o  determine this effi c ­
iency b y  test . At first thought , i t  would seem 
that the very low efficiencies ( in the order of  
10% ) which are quit e common , would be entirely 
unsat i s factory . However , it should be remember ­
ed that the energy losses  of carrier current 
t ransmi ssion do not involve large amount s of 
p owe r ,  and ,  therefore , do not repres ent an ap ­
pre ciable economic loss . 
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CARR I ER CURRENT RELAY I NG c N\1\1\ D M/\1\ 
ATTENUATI ON VS FREQUENCY 

In carrier current transmission , as in 
telephone line s ,  it is convenient to consider 
the t ransmi ss ion characteristic of a system in 
terms of att enuation or the diminution of power 
along the t ransmi s s ion line . The ratio between 
the voltages ,  current s ,  or power at any two 
point s i s  a measure o f  the attenuation of the 
circuit betwe en thes e  two point s .  However , it 
i s  not convenient in practice to  expres s  trans ­
mission los s e s  or gains in terms of the se ratios 
dire ct ly . The los s e s  s o  expressed cannot be 
added to  obtain the t otal los s ,  but must be 
multiplied . Consequent ly , thi s  attenuation i s  
expres s ed i n  decibe ls , which are t en times the 
logarithm to the base 10 of the power ratio ,  or 
20 times the logarithm to  the base 10 of the 
current or voltage ratio s . An attenuation of 10 
decibels  i s  equivalent t o  a power e fficiency of 
10%; 20 decibe l s  i s  e quivalent to 1%; 30 deci ­
bels  i s  equivalent to 1/10%,  et c .  

In very general terms , the attenua­
t ion o f  a two -wire uniform line in decibels  in­
crease s  linearly with frequency . However, this 
linear relation i s  never exact and in s ome case s  
the departure from linearity i s  very large . If , 
instead of the simple two -wire line , there are 
one or more branch circuit s ,  the increase in at ­
t enuation i s  no longer directly proportional to  
the frequency in kilocycles .  In fact , a change 
of 5% in the frequency may easily cause  an in­
crease or decrease in attenuat ion of as much as 
25 decibels in a normal circuit . I f  the circuit 
is changed by switching so that more or l e s s  
branches are i n  use , there may b e  equally great 
change s  in the attenuat ion . It i s , therefore , 
desirable that the line be s tudied carefully in 
order to determine the most suitable frequency 
for transmi s sion . 

EFFECT OF BRANCH CIRCUI'l'S 

As an examp le , consider the network of 
Figure 1 and i t s  attenuation characteristic un­
der various operating conditions . Curve 1 give s 
the characteristic of the line AB which i s  trap ­
p ed by choke coil s ,  as shown . Curve 2 shows the 
characteristic of the same line with the tap 
circuit , C ,  and it s associated equipment con­
nected . The introduction of thi s  circuit not 
only increases average attenuation or the line 
AB , but also introduce s  irregularities caused by 
reflection and abs orpt ion effect s . Thus , be ­
tween points 5000 cycles apart , there i s  as much 
as 10 db attenuation difference . Curve 3 shows 
the characteristic of the same line s e ction, AB, 
with both tap lines ,  C and D, connected . This 
curve not only shows an increase in the average 
attenuation but also reflection effects  that are 
so pronounced as to give a 20 db variation in 
attenuation over a 5000 cycle interval . Fur ­
thermore , there may be no s imilarity between the 
last two conditions . That i s ,  the peaks and 
troughs in attenuation may not occur at the same 
frequenci e s . 

Before continuing , it i s  desirable to  
discu s s  characteristic or surge impedance . 
Characteristic impedance * is defined as the in­
put impedance of an infinite length line . It 
will have a finit e  value due t o  shunt capaci ­
t ance and conductance . For finite length line s ,  
surge impedance i s  the value o f  terminating im­
p edance which will make the input impedance 
e qual to it , regardle s s  of the l ine length.  
There i s  no reflect ion from the t erminating end 
when the line is terminated in its characteri s -

*For a more complete definition 
o f  characteristic impedance see 
Infinite Line " in Communication 
Everitt ( See Bibliography . ) 
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Fig . 1 
Carrier Current Frequency-Attenuation Curve for 

� Typi cal Transmis sion Line 

tic  impedance , and hence , practically constant 
attenuation is possible over a large range of 
frequencie s .  The characteristic impedance is 
determined by configuration , insulat ion, and 
other line constant s ,  and i s  independent of line 
length.  

Returning to  the discussion of refle c ­
t ion and ab sorpt ion , consider a line having an 
e le ctrical length of 9 0 °  or l/4 wave l ength for 
a particular frequency . I f  the remote end of 
this line is open , the input impedance is ver¥ 
l ow . If the line were 270 ° ( 3/4 wave length) 
long, the input impedance would also be low , but 
not quite so low as for 1/4 wave length , How 
eve r ,  at 180° ( 2/4 wave length ) , the impedance 
is very high, and at 360 ° ( 4/4 wave length ) , it 
is not quite so high . ** 

**The large difference in input impedance at 
the odd and even quarter wave lengths , is due to 
refle ction . A comp lete discussion of this phen­
omenon is beyond the s cope of this leaflet , and 
reference is made to  a very excellent discus sion 
in the chapter on " Refle ction" in Communicat ion 
Engineering , by Everitt . ( See Bibliography ) . 
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CARR I ER CUR R ENT RELAY I NG 

As the length is increased, it i s  usu­
ally possible to distinguish between the odd and 
even quarter wave lengths, up to about 50 quart ­
ers or 4500 ° .  However, the ma,<ima and minima 
peaks approach the surge impedance and are not 
easily recogni zable on long line s . The units of 
length, ( electrical degrees  or  quarter wave 
lengths ) are dependent as much on frequency as 
upon mechanical length . Based on previous a s ­
sumptions, a 15-mi le line 1wuld b e  about 20 -
quarter wave le ngth at 60 l;:c . Its input imped­
ance would be s lightly higher than the surge im­
pedance of the line, s ince, as was pointed out 
above, even quarter wave-1 >gth lines have rela­
tive high input impedance .  If  the frequency 
were changed to 63 kc, the 15-mile l ine would­
be about 21 -quarter wave length, and the input 
impeiance would be be low the surge impedance 
corresponding to an odd qua rter wa ifs-length, 
line . In other words, the maxima and minima 
woulc' •e separated by 3 l<:c or one -fourth the 
freql. cdCy whi ch corre sponds to the <lave length 
of the line . Also, for a 15 -mile, 20-quarter, 
wave -length line, there \ril l  be ap proximate ly 16 
me xima and 16 minima ( impedance peaks ) in the 
• �rrier freque ncy ba�d of 50 to 150 kc . The se 
".'�riations in impedance may have considerable 
effect on the proper adjustment of the carrier 
transmitter .  In the case of bran�h circuits, 
the impedance minima usually repre sent ab sorp ­
tion which causes  high att enuation . Therefore, 
they should be carefully cons idered for short 
line s and branch circuits . 

The above discus sion has considered 
carrier transmi s sion over an open wire trans ­
mis sion l ine . Carrier transmi ssion over a power 
cable is much more difficult be cause of the 
characteri stic of the cable . The inductance of 
cables is  small , 'Jhile in comparison the resist­
ance and capacitance al'e large . Thi s means hign 
losses  and attenuation, and gives a value of 
surge impedance whi ch may be as low as  l/10 o f  
that f o r  open l ines . Hence, cables  offer con­
s iderably greater attenuation to the carrier 
frequencies  and often make carrier transmi s s ion 
quite difficult . Carrier transmis sion over 
cables  should be given very special attention . 

THE CARRIER C IRCUIT 

The use of transmis sion lines as a 
communicat ing medium fol' a car rier channel can 
be accomplished in two different ways . Carrier 
frequency may be i�pre ss ed on circuits between 
one conductor and ground or between any two con­
ductors such as betveen phas es A and B or  phases 
A and C or phases C and B .  The former i s  termed 
phase -to-ground circuit, whi le the latter, i s  
termed phase -to-phase o r  interphas e  circuit . 

The inherent advantase and limita­
tions of each method of coupling are as  follows : 

1 .  Phase-to -ground transmis sion i s  
u sually less  expensive s ince only one s e t  of 
coupling units are neces sary at each end o f  the 
transmi s sion channe l .  

2 .  The attenuation to carrier fre ­
quency of phase -to -ground circuits i s  usually 
t1w or more times that of phase -to -phase . 

3 .  The interference level ( ratio of 
extraneous vo ltage s t o  carrier s ignal voltage ) 
i s  much greate r  with phase -to -ground carrier 
c i r cuits . 

4 .  With single line to ground coupl ­
ing ,  the other two phase conductors together 
with the earth act as the return path for the 
carrier s ignal . Very approximately, half of the 
s ignal returns in the ground path and the other 
half is divided between the two phase wire s . 

The resistance of the phase wires to the carrier 
frequenci e s  i s  roughly l ohm per mile as  com­
pared to average earth resi stance o f  20 ohms per 
mile . Thus the attenuation in phas e  to ground 
c oupling is reduced by the presence of the other 
two phase s .  When two or three line to ground 
c oupling is used, it is e vident that the attenu ­
ation i s  increased since more o f  the return 
current i s  forced to flow in the earth . 

The type of transmi s si on employed 
with any particular appli cation is determined by 
the individual requirements of that appli cat ion . 
In some case s, coupling units are already 
available on all phase conductors so that interp 
phase transmi ssion will be employed e ven though 
the distance may be very short . In general, 
relaying and supervisory control will usually 
e� loy a phase -to -ground carrier channel because 
( a )  the distances involved are s e ldom greater 
than 100 mi les, (b ) the interference level or  
interference with s ignals i s  usually not serious 
for the se applications . For other types  of 
transmi ssion, e specially communication, the 
interphase c ircuit is pre ferable . 

CARRIER FREQUENCIES 

The frequency band available for 
carrier current use i s  from 50  to 150 kilocyc les .  
Thi s frequency band i s  used because at lower 
frequencies than 50 kc interference might result 
with carrier frequencies  used for telephone com ­
muni cation over telephone lines, and above 150 
kc, the attenu�tion and radiation is high . From 
thi s, it is apparent that for a given installa­
tion, the lower part of the frequency band 
should be utilized for the longer distances . 

RESULTANT C ONSIDERATI ONS 

It is apparent from the above dis ­
cussion that insofar as the transmis sion medium 
is concerned there are important differences  be­
tween carrier current transmi ssion and power 
transmis s i on .  Some of these irregularitie s  in 
transmi s s ion characteristics could be smoothed 
out by transposing and properly te rminating the 
circuits . This i s  not usually feas ible as the 
circuits must be used as previously installed . 

The transmi ssion line Jff2rs an exce l ­
lent circuit medium except f o r  two l '.mi tat ions : 

( l )  The presence of branch lines, 
taps, spurs of such a length as to offer lnte r ­
ference from reflection, or absorption of 
certain carrier frequencies, as discussed above . 
Power factor corre ction capacitor banks may also 
offer a s erious shunt . 

( 2 )  The presence of power t rans ­
formers in the transmi ssion circuit whi ch may 
completely or partially block the pas sage o f  
carrier currents . 

The first limitation can usually be 
overcome by choosing a frequency in whi ch the 
transmi s s ion characteri sti cs  are good over the 
circuit used . An alternate method is to use  
res onant choke coils ( wave traps ) at the tap or 
connecting point o f  the o ffending circuit . The se 
coils are adjusted to offer a high impedance to 
the carrier currents . 

Resonant choke coils are used exten­
sively to isolate a particular section of the 
transmission line from the rest of the power 
system . This i s  the most sati sfactory means of 
insuring at all time s a through carrier current 
channe l .  If the resonant choke coi ls are con­
nected at the ends of the transmission line and 
inside the grounding switche s, the line may be 
taken out of service and grounded without inter­
rupting or interfering with the carrier channe l .  
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CARR I ER CURR ENT RELAY I NG 

Unless  the choice of frequencie s Js very limi ­
ted and the number of t ap s  or spurs large, 
choke coils will be only required at the ends 
of the t ransmis sion system to prevent interfer­
ence from the connected circui t s  or from ground­
ing . 

The s econd limitat ion i s  s eldom en­

c ountered on most  t ransmis s ion systems . However 

where it is desired to operate a carrier channel 

through a t ransformer bank in the t ransmi ss ion 

line, by-pass  equipment can be used . This by­

pas s equipment cons i s t s  of capacitors and in­

ductance s  which form a tuned circuit of low im­
p edance path around the t ransformer bank for the 

particular carrier frequency, and a high im­

pedance for the p ower frequency current s .  

Where doubt exi s t s  as to the pre s ence 

of a suitable carrier channel it is  desirable to 

t ake sufficient t e s t  data so that a curve of 

attenuation in terms of frequency may be plotted 

as shown in figure 1 .  Thi s may usually be  done 

in either of two ways . The carrier current 

t ransmitter and receiver may be set  up for 

regular operation and adjusted for several fre ­

quencies over the range or ,  if more convenient, 

a special t e s t  oscillator and spe cial tube volt ­

meter may be used instead of the regular carrier 

current equipment . Owing to the fact that line 

switching condit ions affect this curve very 

appreciably, it is desirab le t o  make several 

t e s t  runs covering as many normal and abnormal 

conditions as can be set up without undue int e r ­

ference t o  the t ransmis sion of electric power . 

The se curve s should be filed with the in�truc ­

t ion book as an aid t o  maintenance .  If lt  � s 

sub sequently found that the frequency chosen l S  

unsati s factory, the operator can consult the s e  

curve s and decide upon a more suitable fre ­

quency for operat ion . 

LINE COUPLING SYSTEM 

So far thi s discussion has not brought 

out the method of introducing the carrier fre ­

quency on the t ransmi s s ion line s . If the par ­

t i cular t ransmi s sion circuit is a high voltage 

system, such as 110 kv for example, it is e s ­

s ential that some means must  be �sed �o conne ct 

the carrier e quipment t o  the llne wlthout re ­

sorting t o  a dire ct e lectrical connect ion of the 

carrier e quipment to the phase conducto:s ·  For 

t hi s  purpose  a series of capacitor unltS  and a 

drain coil conne cted from the phase conductor t o  

ground is  used . Thi s capacitor stack ( . 0006 t o  

. 004 mfd . ) offers and impedance of several 
mil lion ohms t o  power frequency current . Thus 
the power current thru the capacitor i s  in the 
order of 50 mil liampere s . A small radio fre ­
quency choke coil ( approx . 100 millihenries ) 
offering many thousand ohms impedance to the 
carrier frequencies is mount ed in the base of 
the coupling capacitors and c onne cted between 
the capacitor and ground so that the 50 rna ?f 
60 cycle charging current flows through the coll 
t o  ground . The power frequency impedance of thi s  
coil i s  very small compared to its  carrier fre­
quency impeddnce so that it s ungrounded terminal 
is at a potential of less  than 100 volt s above 
ground with the 60 cycle charging current flow­
ing through it . 

The carrier frequency is impre s sed 
directly acro s s  thi s choke ( drain ) coil . The 
carrier voltage is  applied t o  the t ransmi s s ion 
line conductor through ( or in series ) with the 
capacitor . The capacitor has a low imp edance t o  
carrier frequencies so that i n  effect that 
carrier voltage is impre ssed directly on the 
t ransmis s ion conductors without resorting to a 
high vo ltage connection . To further improve 
thi s  coupling , the reactance of the capacitor is 
serie s tuned by the react ance of a tuning cir-

cuit in the carrier current t ransmitter . In 
thi s  way, the carrier equipment is conne cted 
directly t o  the t ransmis s ion line in a fashion 
which p ermits  a low voltage conne ction but im­
pre s s e s  the carrier voltage directly between 
phase conductor and ground . For phase-to -phas e  
t ransmi s s ion, this same connection i s  used on 
each phase conductor so that the carrier vo ltage 
appears 1/2 between each phase and ground . 

TRANSMITTER-RECEIVER EQUIPMENT 

The t ransmitter-receiver equipment i s  
quit e  similar i n  construction t o  space radio 
communication equipment, using many of the com­
ponent s originally designed for space radio 
e quipment . The arrangement of the circui t s  i s  
very similar to those used in space radio equip ­
ment except that usually the circui t s  used for 
space radio are complicated by spe cial require ­
ment s whi ch have no significance in the case 
carrier current e quipment . 

CARRIER CURRENT SCHEME - - PRINCIPLE OF OPERATION 

As explained above, an outdoor-mounted 
radio t ransmitter-receiver is  used at each of 
the line for generating the high frequency and 
operating an auxiliary or receiver relay in 
response to the received signal . Figure 3 and 4 
shows s chematically the conne ctions of the s e  
t ransmitter -re ceivers t o  the transmi s sion line 
and to the auxiliary re lays . Each line section 
is considered as a unit and should be assigned a 
s eparate frequency t o  minimize the possibility 
of interference . 

All circuit s as sociated with the 
se ction are tuned to respond to the assigned 
frequency so that either receiver may receive a 
signal from its  own t ransmitter or from the 
t ransmitter at the opposite end of the s ection . 
The correct functioning of the carrier current 
is not affected by internal transmis sion line 
faults because it is used to block t ripping in 
unfaulted line s ections and therefore is not re ­
quired t o  transmit a signal over a faulted s e c �  
tion . 

Thi s system of protection uses relays 
operat ing on current and voltage at each end of 
the line to detect and determine the direction 
of fau l t s .  Carrier current is  s tarted by fau l t  
det ectors when a fault occurs . Fault power , 
flowing out of a line section indicat e s  that thP 
fault is external and the breakers should not be 
t ripped . At the same instant, however, power 
will  be flowing into the other end of the line 
as though the fault were in the s ection . Under 
this condit ion, the directional re lays at the 
end where power is flowing out of the sect ion 
will operate to continue the transmi s si on of a 
carrier current signal which is received at both 
ends and prevent s the relays at both ends from 
t ripping for all external faults . For internal 
faults power wil l  not be flowing out at e ither 
end and carrier current will be stopped by 
operation of the direct ional e lement s at both 
ends to permit simultaneous tripping of both 
breakers . 

The carrier current s cheme utilize s 
the time -di stance characteristic  of the type HZ 
impedance re lay t o  provide high speed simul ­
taneous tripping with carrier in s ervi ce, and 
step type distance protection with carrier 
e ither in or out of s ervice . The first element 
of the HZ relay operat e s  independently of the 
carrier current . The second e lement t rips at 
high speed for faults in the sect ion be cause 
carrier tripping contacts short around the syn­
chronous timer . The s e  tripping contacts close 
immediate ly if the fault is  within the section, 
but are he ld open by the carrier current signal s  
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CARR I ER CURRENT RELAY I NG 

t o  block tripping ir the rault i s  beyond the 
s ection being prote ct ed . This arrangement thus 
provides s imultaneous t ripping over the entire 
line s e c t ion . The synchronous t imer is used in 
c onne ct ion with the s e c ond impedance e l ement t o  
provide back-up prote·ction ror the s e cond zone 
s ection .  The t ripping circuit or the third 
e lement is independent or carrier current and 
operates with t ime delay ror o verall back-up 
prote c t ion . The dire ctional e l ement , supervi s ed 
by the s e cond impedance e lement , together with 
the third impedance e l ement , control the t rans ­
mis sion or carrier current . Addit ional inter­
lo cks can be included t o  prevent tripping or an1 
or the element s ( carrier or back-up prot ection) 
due t o  out -or - s ynchroni sm surge s . Thus , beside s 
the usual carrier current pilot prote ction, this 
sys tem inherently provides high speed and t ime 
de lay back-up pro t e ct ion . 

C OMPONENTS OF C OMPLETE .EQUIPMENT 

An outline or the e quipment used at 
each t erminal or a transmi s sion line is given in 
the fol lowing li s t  or component part s . 

1 .  A set or re lays , operating on the 
current and voltage or the line , to det e ct and 
det ermine the direct ion or rault s ,  t o  trip the 
breaker ir the rault ral l s  within the zone or 
pro t e ct ion ,  to cont rol the transmi s sion or 
carrier current ror ext ernal fault s ,  and to pre ­
vent t ripping due to out -or-synchroni sm condi ­
t ions . 

2 .  A d - e . carrier current transmitter­
receiver set , the transmitter controlled by the 
fault det e cting and dire ctional re lays , and the 
rece iver to operate a receiver relay included 
with the relay equipment under 1 .  

3 .  A high voltage coupling capacitor 
for introducing the high frequency current ont o 
the t ransmi s s ion line . Thi s may be supplied 
with a pot ential device for measuring line -to ­
ground pot ential or 3 s e t s  can be used for 
measuring 3 phase line pot ential . 

4 .  Surge protective equipment to pro ­
t e ct the carrier current set s and personnel from 
l ine surge s .  This is included as part of the 
t ransmitter-receiver and coupling capacitor . 

5 .  A wave trap ( re s onant choke coi l )  
t o  confine the carrier current energy t o  the 
line s e c t ion for more e fficient transmi s sion of 
carrier and minimize interference between s e c ­
t ions . 

OPERATION OF SCHEME 

In the d - e . s implified s chemat i c  dia ­
gram ( rigure 2 )  the ground re lay and the t ype HZ 
impedance relays are operated by current and 
voltage us ing the usual conne ctions for the s e  
re lays . For s implicity, the current and voltage 
circuit s are not shown . The three impedance 
e lement s o f  the type HZ re lays are s e t  in the 
u sual manner for step-type di stance relaying . 
The first e lement Z l ,  is set for 90% of the line 
s e ction and operat e s  independent ly of carri er .  
The second element , Z 2 ,  i s  set for about 150% o f  
the line s e c t ion and s o  covers the ent ire line , 
but i s  particularly a s s ociated with that portion 
which i s  beyond the sett ing o f  the first e lement 
that i s , the last 10% of the line ( end zone ) ad ­
jacent to the next sect ionalizing point . In 
this zone it is not pos sible to determine by 
distance indication whether the fault i s  just 
within or just beyond the end o f  the s e c tion . 
For di s t ance re laying , without carrie r ,  a time 
de lay contact , T2 , is u s ed in series with the 
contact of the s e cond zone impedance e lement t o  
a llow time f o r  the breaker i n  the next s e ct ion 

CARRJE.R. CON�ROL 

�E.C£1\JE.R Rt:LAY 

Fig . 2 
Simplified d -e Schemat ic of the Carrier Current 

Relaying Scheme 

to clear . When used in carrier re laying , this 
T2 contact i s  paralleled by a contact , RRP, con ­
t rolled by carrier, a s  explained below . The 
third e lement , Z3 , is given a distance s e t t ing 
to provide complete back-up protection through 
contact T3 , · and to s t art carrier transmi s s ion . 
The synchronous timer motor is start ed by Z3 
operat e s  T2 and T3 in s equence . 

The HRK or HRP ground relay has a 
dire ctional e lement and two instantaneous over­
current e lement s .  The operation o f  the s e  e l e ­
ment s i s  explained bel ow . 

The upper part of figure 2 compri s e s  
the t rip circuit s  and the lower part , the 
carrier cont rol circuit s .  The dis tance type 
t rip paths are : First zone - D and Z l ;  Se cond 
zone - D ,  Z 2  and T 2 ;  Third z one - D ,  Z3 and T� . 
The carrier controlled t ripping path is through 
D, Z2 and RRP contact s .  For ground pro t e ct ion a 
carrier cont ro l led trip circuit i s  s e t  up 
through the contacts Do and Io2 of the ground 
re lay and the carrier controlled contact , RRG . 
The contact Io3 i s  used to start carrie r .  The 
contact s ,  RRP and RRG , are on the blocking re ­
lay cont rolled by the carrier s ignal operating 
RRH and RRT coils . 

The cont a c t s  Z3 (A,  B , & C pha se s )  in 
the lower part of the figure s erve to s tart the 
t ransmis s ion of the carrier s ignal for phase 
faults and cont act Io3 pe rforms the same func ­
t ion for the ground fault s .  The s e  carrier st art 
contact s ,  Z3 , are on the same fault det ector 
e lement s a s  the tripping contact s ,  Z3 , in the 
upper part of the diagram . The ground start 
contact , Io3 , is operated by an over-current 
e lement s eparate from that whi ch operate s  the 
tripping contact . 

Normally , with the phase and ground 
carrier s tart contacts open , the cathode of the 
o s c i l lator tube is connected through a r e s istor 
t o  the posit ive s ide of the battery . Under t hi s  
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CARR I E R CURRENT RELAY I NG 

\RIP CIRCUITS 
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Complete d - e  S chemat i c  of the Carrier Current Transmi t t e r  Re c e i v e r  Se t s  a!1d Re lays for c omp l e t e  Pha s e  
and Ground Fau l t  and Out o f  S t e p  Pl'o t s c t i on . 

- 6 -

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



CARR I E R CURR ENT R ELAY I NG 
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CARR I ER CURRENT R E L AY I NG 

condition the tube cannot osci llate . H011ever , 
upon closure of any of the Z3 contacts or the 
ground s tart contact Io3 , the cathode is con­
nected to  the negat ive bus through the normally 
clo sed contact s ,  CSP and CSG, and the tube be ­
gins to o s ci l late and t ransmit a carrier signal . 

The st opping of the carrier signal i s  
controlled b y  the t ripping contact s ,  D and Z2 , 
for phase faults  and Do and Io2 for ground 
fault s .  When fault power f lows into the pro ­
t e cted l ine section,  the t ripping contaat s ,  D 
and Z2 close  for phRse faults and permit the 
coil  of the auxiliary contactor swit ch , CSP ,  t o  
be  energized . Thi s causes  the back CSP cont�ct 
in the carrier cont rol c ircui t s  t o  open , whlch 
stops carrier,  and permi t s  the RRT operating 
coil  of the b lo cking re lay to be energized thru 
Z3 start contact s .  Simi larly, for ground faults  
Do and Io2 close to  energize the coil of another 
auxiliary contactor swi t ch ,  CSG , whos e  back con­
t act , CSG , stops carrier and permits  the opera ­
t ing coil o f  the blo cking relay t o  be ene rgized . 

The arrangement o f  start ing and stop ­
p ing carrier ,  as explained above , i s  so designed 
that the action of the ground relay is given 
pre fe rence over the phase re lays . Thi s means 
t hat if Io3 of the ground re lay start s carrie r ,  
it i s  then impossible f o r  the CSP contact and 
the phase re lays t o  stop carrier .  The purpose 
o f  this ground preference i s  t o  prevent pos sible 
incorre ct indicat i ons o f  the phase relays due 
t o  load current s and the f low of positive and 
negative s equence current s during ext ernal 
ground fault s .  

The carrier controlled blocking ele ­
ment i s  a s ensitive polari zed d-e . re lay pro ­
vided with two make contact s ,  RRP and RRG , and 
one break contact , RRB . The se contacts are 
operated by the action of two coi l s , one an 
operat ing coi l ,  RRT , energized by the local 
battery and controlled as explained above by CSP 
and CSG contact s ,  and the other a carrier ho ld ­
ing coi l ,  RRH , connected in the plate circuit o f  
the carrier current receiving tube . Normally, 
both coils are de -energi zed and the make con­
tact s , RRP and RRG , are he ld open by a magnetic  
bias . The relay is prevent ed from operat ing 
when the carrier holding coi l , RRG , is ener­
gized e ven though the operat ing coi l ,  RRT , is 
energiz ed . Thi s means that a s  l ong a s  carrier 

i s  being recieved either from the local o s c i l ­
lator or  from the opposite  end , RRH i s  energized 
and tripping i s  pre vented . 

The complete sequence of e vent s may be 
briefly summarized as follows : As sume an in­
ternal phase-to -phase fault just beyond the z one 
of one of the Z l  e lement s .  Carrier will be 
initiated irunediate ly at both ends of the line 
by the closure of one of the Z3 contact s .  Mean­
while , the dire ct ional and second zone impedance 
c ontac t s  close and energi ze the auxilia�y switch, 
CSP, stopping carrier and energizing the opera ­
t ing coil , RRT , o f  the carrier blo cking relay . 
Since the same action has oc curred at the far 
end of the line , no carrie r  is received and the 
blocking contact , RRP , i s  c losed at both ends 
c ompleting the trip circuit s through D and Z2 . 
Hm-rever , the trip coil at one end has already 
been energized through Z l . If the fault had 
been ext e rnal t o  the section ,  then tripping 
c ould not have o c curred s ince the carrier hold ­
ing coi l ,  RRH, would have been energized by 
carrier from the far end . 

If an internal two -phase-to -ground 
fault i s  as sume d ,  the ground carrier start con ­
tact Io3 , will start carrier b y  making point G 
negat i ve and it i s  then impos sible for the phase 
re lays to  remove carrier through the CSP con­
tact s . However , the  ground tripping conta ct f .  

CARRIE.R CONTROL 

Do I0z R.RCO. � 1----\l!!t--?--i f-----., 

Fig . 2 ( Repeate d )  
Simplified d - e  Schem<ltic o f  the Carrier Current 

Re laying Scheme 

Do and Io2 , will close energizing the CSG aux ­
iliary re lay to stop carrier . 

It wil l  be noted that carrier current 
is not started at e ither end unless  fault cur ­
rent o�erat es  a start ing e lement ( fault de ­
tector ) . Thi s i s  s ignifi cant in case a l ine be ­
come s disconne cted from a source of power at one 
end ;  in other word s ,  become s a stub end feeder . 
If a fault occurs on such a line , the carrier 
transmitter will be started and st opped only at 
the end vrhich i s  connected to the source o f  
power and n o  carrier w i l l  be received from the 
other end to interfere with t ripping . 

On para l l e l  lines it i s  pos s ib l e  t o  
have the fault power undergo a quick reversal as 
the breakers  on the fa,llted line open . Under 
thi s condition carrier transmis sion is main­
tained at one end unt i l  it  has had t ime to  be 
started at the othe r . 

It i s  desirable to periodically che ck 
the condit ion of the carrier set to det ermine 
i t s  ability to send and receive a carrier s ignal 
For thi s purpose  a t e st push butt on is connected 
in parallel with the carrier start element s . 
Pre s s ing the t e st push button s ends a carrier 
s ignal which i s  received by the receiver tubes 
at both ends o f  the line se ction t o  opera ce an 
alarm re lay and energize  a mi lliamme t er . If the 
carrier set i s  not funct i oning , the alarm i s  not 
heard and the mi lliammeter does not deflect in­
dicat ing trouble which must  be inve stigat ed . The 
alarm relay has a minimum operating value in ex­
cess of the minimum required t o  operate the 
blocking re lay so that an indi cat ion of im­
p ending trouble can be obtained before actual 
failure occurs . 

A three pole single throw switch oper­
ated from a common handle i s  conne cted in the 
carrier t rip and out -of-step circuit , as shown 
in figure 2 ,  The s1-1it ch i s  marked "Carrie r  On­
Off" and opening it remove s carrier supervision 
and pe rmi t s  the HZ re lays to operate in the con-
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CARR I ER CURRENT R E L AY I NG 

ventional s t "'p - z one mann·-c P . The s ·crit cll a l s o  i0e ­
moves thee HRK or HRP :=;round re lay and ground 
p r o t e c t i on is available thrO J[;h ba ck-up :=;round 
re lays . ( Shown in figure 3 and 4 ) . 
OUT -OF -STEP PRO'l'ECTI ON 

It i s  often d e s irab le to pre vent the 
operation of re lays during o u l - o f - s � ep c ond i ­
t ions s o  that the s y s t em can be s eparat ed at 
l o cat ions where synch.roni ;c ing e quipment i s  
available . The carrier relaying syst em p rovide s 
a mean.s o f' pre 1er1': ing t ripping during out - o f ­
s t e p  c ondit ions without impai ring the abi li t y  t o  
t rip f o r  int e rnal fault s o c curring during out ­
o f - s tep condit ions . One fundament al difference 
b e t ween a three pha s e  fault and an out - o f - s t e p  
c ondition i s  that a fault suddenly redu c e s  the 
vo ltage and incre a s e s  the current , whe reas 
during the approach of an out -of - s t ep condit ion 
the v o l t ac;e and '�urrent chang e s  are c ompara t i ve ­
ly gradua l .  

For a thre;c pha s '" fault the d i s t ance 
e lement s all opGrate simultaneous ly , i f  they are 
to op erat e at all , w�i le during out - o f - s t e p  the 
Z 3  operat c: s  fir s t , fo llowed by :Z2 and then Z l . 
As the s y s t em re turns t ovlaPd t he " i n -pha s e "  
p o s it i o n ,  the el emPnt s r e s e t  in the opp o s i t e  
orde r ;  that i s ,  Z l , Z 2 ,  Z3 . 

To pre vent t ripping during out -of - s t ep 
it is only ne c e s sary to arrange for the c l o sure 
o f  the three cont a c t s  and for the r e c e i ve r  re lay 
back c ontact , RRB , to operate and addit ional 
b l o c king re lay to open the t rip c ircuit . This 
b locking re lay mus t  have a s l i.gh t time -de lay so 
that it does not open the t rip c ircuit b e fore 
t ripp ing on a three pha s e  fault can o c cur . On 
the other hand , it mus t  open t he t rip c i r cui t 
d uPing an out - o f - s t ep condi t ion before the 
s e c ond e l ement , Z2 is ope rat e d . 

Refe 2Ping to figure 2 again , the out ­
o f - s t ep -b l o c king c ontact is de s i gnat ed as X2 , 
and i s  c onne c t ed in the t rip c ircuit as shown , 
In paral l e l  with it are three c o n� act s A ,  B ,  C ,  
which are the back cont a c t s  on the auxi l iary 
swit che s A, B, C ,  ope Pat e d  by the Z3 carrier 
s tart ing contact s of the d i st ance P e l ay s . The 
make cont a c t s  of the s e  swit che s are in s e rie s 
with the back contact , RRB , of the r e c e lveP 
b lo c king re lay , and energize t he c o i l , PR , of a 
p e ndulum type t ime -de lay re lay , who s e  lower con­
tacts make and enePgize the coil of the X2 
b lo cking relay . Every t ime that a l l  three of 
t he Z3 carri e r  s tart cont a c t s  c l o s e , t he ba.:K 
c o ntact s ,  A ,  B,  C ,  and X2 , open the t rip ci rcuit 
aft e P  a 3 t o  4 cycle de lay . Back c ontact X2 , 
opens by virtue of a l l  three make c ontact s ,  A , B ,  
and C, c l o s i ng through RRB t o  energi z e  the PR 
c o i l  and in turn, t he X2 coil . 

If the e l e c t r i cal center is inside the 
p r o t e c t e d  l ine s e c t ion,  and in other c a s e s  where 
the two v o l t age s ou r c e s  appear 180 ° out of pha s e  
t he direct ional and imp e dance e lement s at e a c h  
e nd of t h e  line vd l l  b e  c lo s ed . This s t o p s  
c arrier ( p re vi ou s ly s t a r t e d  by t h e  Z3 c ontact 
RRB t o  open . This energ i z e s  RRT to allow the 
c ontact RRB to open . Thi s de -ene rgiz e s  the 
pendulum re lay , PR , who s e  spri�g arm begins now 
to o s c i llat e ,  alt e rnat e ly c l o s inr the b o t t om and 
t op contact s ,  PR . Thi s  keep s the X2 c o i l  
e �e rgi z e d . Aft e r  t h e  ampl itude of v�b :a t i on of 
t he pendulum has de creased t o  a '�e r c aJ. n value , 
i t  will not s t rike e ither of i t s  cont a c t s  and X2 
w i l l  r e s e t . Thi s  a c t i on o c curs in cycle s ,  and 
t he t ime de lay int roduced by the pendulum re lay , 
s hould be l onge r than the t ime during whi ch both 
d i r e c t ional e lement s " po int in , "  whi ch depends 
upon the length of the " s lip c yc l e "  of the 
s ys t em . It i s  de s irab l e  t o  clear int e rnal fault s 

o c curing during an o ut -of - s t ep condit ion , but i t  
i s  n o t  s o  e s s ential t o  b e  ab le t o  c lear them a t  
h igh spee d .  The ground re lay t rip c ircuit i s  
n o t  b l o cked by t h e  out - o f - s tep relay , X2 , and 
c an t rip instant ly . On pha s e - t o -pha s e  fault s ,  
one or two o f  the Z3 cont a c t s  will r e s e t  when 
the s y s t em swings in phas e , t hu s  allo<,.,lng one o f  
t h e  b a c k  cont act s ,  A ,  B ,  or C t o  comp le t e  the 
t rip ci rcuit without wait ing for the r e s e t  of X2 , 
On a three -phas e  fault , howe ve r , none of the Z3 
c ontact s wi l l  re s e t , and consequent ly,  t ripping 
w i l l  not o c cur unt i l  aft e r  the expiration of the 
X2 t ime de lay . The reset of X2 is made p o s s ib l e  
by t h e  opening of t h e  r e c eiver re lay b a c k  con­
t ac t s ,  RRB . 

It ·wi l l  be noted from Fig . 2 that the 
back-up t ripp ing through D, Z3 and T3 is shown 
b l o cked by the out - o f - s tep c onta ct s ,  in whi ch 
c a s e , back -up prot e c t ion on three -pha s e  fault s 
during out - o f - s t ep is not p o s s ib l e . It i s  
arranged , howe ve r ,  s o  that T3 conne c t ion can b e  
made o n  t he o ther s ide of the out - o f - s t e p  con­
tac t s , and in thi s cas e , t ripping on out -of - s t ep 
c annot be pre vented for a period of longer than 
the t ime s e tt in<s of T3 . 

ADDITIONAL USES FOR THE CARRIER CHANNEL 

A c omp l e t e  s chemat i c  diagram of the 
r e l ay s  and carrier set is shown in figure 3 ·  In 
addi t i o n  to c ircui t s  already d i s cu s s e d , conne c ­
t ions are shown whi ch provide for the addit ion 
of impu l s e  type t e leme t e ring u s ing t he re lay 
carrier channe l as the communicat ing means t o  
t ransmit t e leme t e ring impul s e s . Conn e c t i on s  are 
a l s o  shown for the addit i on of a hands e t  or d e s k  
s t and t e lephone t o  obtain point - t o -po int c om ­
munication o v e r  t h e  carrier channe l .  

The t e leme t e ring c ir cuit s are shown 
dotted in the lower right portion of figure 3 ·  
The conne c t i on s  are s imilar at each end of the 
l ine s e c t ion , except at the t e leme�e ring t rans ­
mit t e r  end the contact marked T e l emet ering 
t ransmi t t e� , TV - 1  Re lay" is used . The c ir cui t s  
are arranged s o  that when t e leme t ering impu l s e s  
a r e  being e ither t ransmi t t ed or received , the 
a larm b e l l  both at the l o c a l  and d i s t ant s t at ion 
is prevented from ringing by a de lay c ir cuit . 
Thi s c ircuit cons i s t s  of a comb inat ion of re ­
s i s t o r s  and a condenser energi zed thru c ontac t s  
on a n  auxiliary Type T V  re lay . When t e leme t e r ­
ing impul s e s  are b e ing s e nt or r e c e i ved , the 
c o i l  of the TV re lay i n  the re ceiver plate c i r ­
c u i t  i s  ene rgi zed on e a c h  impu l s e . Thi s c au s e s  
the normally c l o s e d  contac t , TV , t o  alt e rnat e ly 
open and c l o s e  energi z ing the c ir cuit t hru a re ­
s i s t o r  marked " 1 0 , 000 ohms , 125 v o lt s ;  2 0 , 000 
ohms 250 vo lt s " , and a condenser marked " 3 0  mfd., 
125 �o lt s , 16 mf�, 250 Volt s . "  In para l l e l  with 
this condens e r  is a c ircuit c o n s i s t ing o f  a 
1 0  000 ohm re s i s t or and the c o i l  AL of the alarm 
e l�ment o f  the r e c e i v e r  re lay . The re s i st o r s  
and capac i t o r s  a r e  cho sen s o  that f o r  t h i s  par ­
t i cular case a maximum d e l ay of approximat e ly 2 
s e c onds c an b e  obtaine d . This wi l l  prevent 

operation on the long e s t  t e leme t e ring impu l s e . 

If it i s  d e s ired t o  s i gnal by means of the push 
but t o n ,  i t  i s  only ne c e s sary t o  hold t h e  push 
but t o n  c l o s ed for a period long enough to cau s e  
t h e  a larm e l ement t o  drop out . Energi zing 
carrier thru the push but ton maintains the nor ­
mally c lo s ed contac t , TV , open and when the 
charge on the c ondenser is u s e d  up , the alarm 
e l ement wi l l  drop out ,  c lo s ing i t s  back contact 
marked "alarm" and caus ing the b e l l  t o  sound . By 
p roperly proporti oning the r e s i s t o r  and capa ­
c i t o r  a wide range of drop -out t ime s can be ob ­
t aine d for the alarm e l ement . 

In figure 3 the c ircuit s for point - t o ­
p o int c ommunication are shown b o t h  f o r  c ommuni ­
cat ion from the carrier s e t  locat ion and from 
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CARR I ER CURRENT R ELAY l �G 

the swit chboard panel by use  of a monophone . 
Conne ctions are also indicated for a desk stand 
telephone station, where it  i s  de sired t o  lo cate 
the telephone on the operat or ' s  desk .  When the 
t elephone is plugged in at e ither lo cat ion ,  the 
local carrier alarm circuit is opened by a con­
tact on the t e lephone jack . This opens the cir­
cuit from negat ive t o  the bell  alarm and the 
conne ction i s  made thru the t erminal marked , BC , 
on the carrier t ransmitter-receiver terminal 
board . The functioning of the carrier equipment 
for point -to -point communicati ons is fully ex­
p lained in I .L .  2818 -A 
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CAR R I ER C U R R E N T  R ELAY I N G 

G E N E R AL CONS I D E R AT I ON S  AND PR I N C I PLE OF O P ER AT I ON 

TYP E  G O  EQU I PMENT 

INTRODUCTION 

The high-speed clearing of fault s on 
t ransmis sion lines i s  recognized as neces sary 
for good system operat ion . The best overall 
protection is provided by the method known as 
differential relaying in which conditions at the 
two ends of the line are compared to determine 
whether the fault i s  on the line sect ion or ex ­
ternal to the prote cted zone . This assure s s i ­
multaneous tripping o f  the breakers , which is  
desirable from the standpoint s of stability, 
continuity of service , quick reclo sing , and min ­
imum damage to equipment . For many lines the 
system known as carrier current i s  the most 
practical and reliable medium for comparing the 
conditions at the two ends of the line . 

Carrier current is a t erm applied to  
50 to  150  kilocycle frequency current s super ­
imposed on a t ransmi s sion line . Here the energy 
is confined almost entirely to the wire lines 
and not radiated into space as is  common in rad­
io broadcasting ( 550 to 1500 kc . )  This re sult s 
in greater efficiency and make s it pos sible to  
t ransmit greater distances with le s s  high fre ­
quency energy . 

POWER VS . CARRIER FREQUENCIES 

A very important difference between 
electric power t ransmis s ion and carrier current 
t ransmis s ion is the frequency . Although the 
rundamental principles of both are the same , 
many of the factors of primary importance at 
carrier frequencies are negligible at commercial 
power frequencies and vice versa . For example , 
the powe r circuit s are electrically short , and 
therefore , susceptible to approximate empirical 
solution , <1hile the carrier current circuits  are 
in mo s t  cas e s  concerned with electrically long 
circuit s .  The relat ively greater electrical 
length of carrier current circuits is due ,  not 
to  the ir mechanical length, but to  the higher 
frequencie s involved . As an example of the wide 
differences in electrical lengths between the 
two types of circu it s ,  let us consider a typical 
220 kilovolt lirte of 750 , 000 circular mil con ­
duct ors and 19 foot spacing . The wave length of 
such a line at a 60 cycle operat ing frequency i s  
about 3000 miles . Thi s  means that the voltage 
at the receiving end of a full wave length line 
is 360 ° out of phase with that at the generating 
end . But the maximum power that can be tran s ­
mitted over any given line occurs when the volt ­
age at the receiving end lags the generator 
voltage by about 90 degree s .  Beyond the 90  de ­
gree point the maximum power decrease s ,  or ,  in 
other words , the longer the line , the les s  pow ­
er can be t ransmitted . Thi s and other factors , 

such as the effect of the line charging current 
on the generator field , the effect of short -cir­
cuit conditions on the generators , and other 
synchronous machines  en�e r  into the situation 
which is termed " stability" . For this part icu­
lar line , the line characteristics  and the pro ­
blems of stability and power limit s would re­
strict t ransmis s ion to not more than a quarter 
wave length or a maximum distance of  750 mile s . 
For carrier current frequen cie s on �he other 
hand , no such limitat ion exist s . Considering 
the above-mentioned t ransmis sion line at a car­
rier current frequency of 60 , 000 cycle s ,  a ""'ve  
length becomes approximately 3 mile s . This 
would indi cate a maximum transmi s s ion distance 
of 0 . 75 mile s while actually distances of seve r ­
al hundred miles are possible . 

RELATIVE EFFICIENCIES 

Another interesting comparison between 
power t ransmis si on and carrier current t rans­
mission is afforded by discussion of efficiency . 
The los s e s  in any t ransmis sion circuit may be 
considered to be made up of resistance and leak­
age losses , or as they are sometimes defined , 
series and shunt los s e s ,  respectively . The 
former are equal to  I2R and the latter t o  v2G 
where R i s  the resistance of the line , V i s  the 
voltage and G is the leakage conductance . In 
most power t ransmis sion lines , the leakage los s ­
e s  in the absence o f  corona are small, hence , 
the solution of the problem of efficient t rans­
mi s si on is to rai se the voltage , thus decreasing 
the current . In power t ransmission , this i s  
readily accomplished because most line s are e ­
lectrically so short that the impedance i s  gov­
erned entirely by the step -up and step-down 
t ransformers and the associated load a� the re­
ceiving end . Where the lines are long , the line 
characteristics play an important part in the 
proce s s . In the case of carrier current t rans­
mission ,  the receiving equipment has little ef­
fect on the t ransmitting end impedance because 
the lines are electrically so long that mos t  of 
the power i s  ab sorbed in the line . While the 
t ransmi s sion efficiency at carrier frequencies 
may be qu ite eas ily calculated for uniformly 
constructed two-wire lines ,  the complexity of 
most t ransmis sion circuit s is  such that it is 
usually more pract ical to  determine this effi c ­
iency b y  test . A t  first thought , i t  would seem 
that the very low efficiencies ( in the order of 
10% )  which are quite common , would be ent irely 
unsat isfactory . However,  it should be remember ­
ed that the energy los s e s  of carrier current 
t ransmi s sion do not involve large amount s of 
powe r ,  and , therefore , do not represent an ap ­
preciable economic lo ss . 
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CARR I ER CURRENT R ELAY I NG c 
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ATTENUATION VS FREQUENCY 

In carrier current transmis sion , as in 
t elephone line s ,  it is convenient to consider 
the transmi s sion characteri stic  of a system in 
terms of attenuati on or the diminuti on of power 
along the t ransmi s s ion line . The ratio between 
the voltage s ,  current s ,  or power at any two 
point s  is a measure of the att enuation of the 
circuit between thes e  two point s .  Howe ver ,  it 
is not convenient in pract ice to expres s  trans ­
mis sion losses  or gains in terms of these  rat ios 
directly .  The los s e s  so expres sed cannot be 
added to  obtain the t otal loss , but must be 
multiplied . Cons equent ly, thi s  attenuat ion i s  
expre s sed i n  decibe ls , which are ten t ime s the 
logarithm to the base 10 of the power ratio , or 
20 time s the logarithm to the base 10 of the 
current or voltage ratios . An attenuation of 10  
decibe l s  i s  equivalent t o  a power efficiency of 
lO%;  20 decibels  is equivalent to  l%; 30 deci ­
bels  i s  equivalent to l/10%, et c .  

In very general terms , the attenua­
t ion of a two -wire uniform line in decibe l s  in­
creases linearly with frequenc y .  However, this 
linear relation is never exact and in s ome case s  
the departure from linearity i s  very large . If , 
instead of the simple two -wire line , there are 
one or more branch circuit s ,  the increase in at ­
tenuation i s  no longer directly proportional to  
the frequency in ki locycles . In fact , a change 
of 5% in the frequency may easily cause an in­
crease or decrease in attenuation of as much as 
25 de cibe ls  in a normal circuit . If the circuit 
is changed by switching so that more or less  
branche s are in  use , there may be equally great 
changes in the attenuat ion . It i s ,  therefore , 
desirable that the line be s tudied carefully in 
order to determine the most suitable frequency 
for transmi s sion .  

EFFECT OF BRANCH CIRCUITS 

As an example , consider the network of 
Figure 1 and i t s  att enuat ion characteri stic  un­
der various operating conditions . Curve 1 give s 
the characteristic  of the line AB which i s  trap ­
ped by choke coi l s ,  a s  shown . Curve 2 shows the 
characteristic  of the same line with the tap 
circuit , C ,  and its  associated equipment con ­
nect e d . The introduct ion or this circuit not 

only increases average attenuat ion of the line 
AB , but also introduces irregularitie s caused by 
reflection and abs orpt ion effect s .  Thus , be­
tween points 5000 cycl e s  apart , there i s  as much 
as 10 db att enuation difference . Curve 3 shows 
the characteristic  of the same l ine s e ct ion, AB, 
wfth both tap line s ,  C and D, connected . Thi s 
curve not only shows an increase in the average 
attenuation but also reflect ion effe c t s  that are 
so pronounced as to give a 20 db variati on in 
attenuation over a 5000 cycle interval . Fur ­
thermore , there may be no s imilarity between the 
last two condit ions . That i s ,  the peaks and 
troughs in attenuat ion may not occur at the same 
frequenci e s . 

Before cont inuing , it i s  de sirab le to  
dis cuss  characteristic  or surge impedance . 
Characteristic  impedance * i s  defined as the in­
put impedance of an infinite length line . It 
wil l  have a finite value due to  shunt capaci ­
tance and conductance .  For finite length line s ,  
surge impedance i s  the value o f  t erminating im­
pedance which will  make the input impedance 
equal to it , regardle s s  of the l ine length .  
There i s  no  reflect ion from the terminating end 
when the l ine is terminated in its  characteri s -

*For a more c omplete definition 
of characteristic  impedance see  
Infinite Line " in C ommunication 
Everitt ( See Bibliography . )  

and di s cus sion 
chapter on " The 
Engineering by 
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t i c  impedance , and hence , pract ical ly constant 
attenuation is po s s ible over a large range of 
frequencie s . The characteristic  impedance is 
determined by c onfiguration , insulat ion, and 
other line constant s ,  and i s  independent of line 
length . 

Returning to the discussion of reflec ­
t ion and ab sorption, consider a line having an 
e lectri cal length of 9 0 °  or 1/4 wave length for 
a particular frequency . If the remote end of 
thi s  line is open , the input impedance is  ver¥ 
low . If the line were 270 °  ( 3/4 wave length ) 
long , the input imp edance would also be low , but 
not quite so low as for l/4 wave length, How 
e ve r ,  at 180°  ( 2/4 wave length ) ,  the impedance 
is very high, and at 360°  ( 4/4 wave length ) ,  it 
is not quite so high . ** 

*,*The large difference in input imp edance at 
the odd and even quarter wave lengths , is due to  
refle ction . A complete dis cus sion of t hi s  phen­
omenon is  beyond the s cope of this leaflet , and 
reference is made t o  a very exc e l lent d i s cu s s ion 
in the chapt e r  on "Reflect ion" in Communicat ion 
Engineering , by Everitt . ( See Bibliography ) .  www . 
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CARR I ER CURR ENT R ELAY I NG 

As the length is increased, it is usu­
ally pos sible to  distinguish between the odd and 
even quart er wave lengths, up t o  about 50 quart ­
ers or 4500 ° .  However , the ma ,ima and minima 
peaks approach the surge impedance and are not 
easily re cognizable on long line s .  The units of 
length, ( ele ctrical degree s  or  quart er wave 
lengt hs ) are dependent as much on frequency as 
upon me chani cal lengt h .  Based on previous a s ­
sumptions, a 15 -mile line would be about 20-
quarte r  ;mve length at  60 kc . Its  input imped ­
ance would be s light ly higher than the surge im­
pedance of the line, s ince, as was p ointed out 
above, e ven quart er wave -length line s have rela­
tive high input impedance . If  the frequency 
were changed to 63 lee , the 15-mile line would­
be about 21 -quarter wave length, and the input 
impedance would be below the surge impedance 
corresponding to an odd qua Pter waiTe-length, 
line . In other words, the maxima and minima 
would be s eparated by 3 kc or one -fourth the 
frequency which corre sponds to the wave length 
of the l ine . Al s.o, for a 15 -mile, 20-quarter, 
wave-length line, there will be approximat ely 16 
maxima and 16 minima ( impedance peaks ) in the 
carrier frequency baJd of 50 to 150 kc . The se 
variations in impedance may have considerable 
effe ct on the proper adjustment of the carrier 
transmitte r .  In the case of branch circuits, 
the impedance minima usually repre sent absorp­
t ion whi ch causes high attenuation . Therefore, 
they should be carefully cons idered for short 
line s and branch circuit s .  

The above di scussion has considered 
carrier t ransmission over an open wire t rans ­
mis sion l ine . Carrie r  t ransmission over a power 
cable is much more difficult be cause of the 
charact er ' stic  of the cable . The inductance of 
cables  is small, whi le in comparison the re sist ­
ance and capacitance are large . Tni s  means hign 
l o s s e s  and attenuat ion, and gives a value o f  
surge impedance which may be  as l o w  as 1/10 of 
that for open line s . Hence, cables offer con­
s iderably great er attenuation t o  the carrie r  
frequencies and often make carrier t ransmis sion 
quite difficult . Carrier t ransmi s sion over 
cables  should be  given very spe cial attent ion . 

THE CARRIER C IRCUIT 

The use of transmis sion lines as a 
communicat ing medium for a carpiet' channel can 
be accomplished in two different ways . Carrier 
frequency may be impre s sed on circui t s  between 
one condu c t o r  and ground or b e t'•een any two con­
ductors such as between phases  A and B or  phase s  
A and C o r  phases  C and B .  The former is  termed 
phase-to -ground circuit, while the lat t e r ,  i s  
termed phase -to -phase o r  i nt e rpha s e  circuit . 

The inherent advantage and limita­
t ions o f  each method of coupling are as follows : 

1 .  Phase -to -ground t ransmis sion is  
usually less  expensive s ince only one set of 
coupling units  are neces sary at each end o f  the 
t ransmi s sion channe l .  

2 .  The attenuat ion t o  carrier fre ­
quency of phas e -to -ground circuits is usually 
t wo or  more t imes that of phase -to -phase .  

3 .  The interference level ( ratio of 
e xt raneous voltages t o  carrier s ignal voltage ) 
is much great�r with phase-to -ground carrier 
circuit s .  

4 .  With s ingle line t o  ground coup l ­
ing, the other t wo phase conductors together 
with the earth act as the return path for the 
carrier s ignal . Very approximately, half of the 
s ignal returns in the ground path and the other 
nalf is  divided between the two phase wires .  

The re sistance of the phase wire s t o  the carrier 
frequencies i s  roughly 1 ohm per mile  as com­
pared to  average earth resistance of 20 ohms per 
mile . Thus the attenuation in phase t o  ground 
coupling is  reduced by the presence of the other 
t wo phase s .  When two or three line to ground 
c oupling is  used, it  is  e vident that the attenu­
ation i s  increased since more o f  the return 
current is forced to flow in the earth . 

The type of t ransmi s sion employed 
with any part icular application is determined by 
the individual requirement s of that application . 
In some cases, coupling unit s are already 
available on all  phase conductors so that interp 
phase t ransmis s ion will  be employed even though 
the distance may be very short . In general, 
relaying and supervisory control will  usually 
e�loy a phase -to -ground carrie r  channel because 
( a )  the distances involved are seldom greater 
than 100 miles, ( b ) the interference level or 
interference with s ignals is  usually not serious 
for the se applicat ions . For other types  o f  
transmis s ion, especially communication, the 
inte rphas e  circuit is preferable . 

CARRIER FREQUENCIES 

The frequency band available for 
carrier current use is from 50 to 150 kilocycles .  
This frequency band i s  used because at  lower 
frequencies than 50  kc interference might result 
with carrier frequencie s used for t elephone com­
munication over t e lephone lines, and above 150 
kc, the att enuation and radiation is high . From 
this, it is apparent that for a given installa­
tion, the lower part of the frequency band 
should be ut ilized for the longer distances . 

RESULTANT CONSIDERATI ONS 

It is apparent from the above dis ­
cus sion that insofar a s  the t ransmi s s ion medium 
i s  concerned there are important differences  b e ­
tween carrier current t ransmi ssion and power 
t ransmi s sion . Some of the s e  irregularities in 
t ransmission chaPacteristics could be smoothed 
out by t ransposing and properly t e rminat ing the 
circuit s .  This is not usually feas ible as the 
circui t s  must be used as previously installed . 

The t ransmission line Jffers an excel­
lent circuit medium except for  two  l '.mitations : 

( 1 )  The pres ence of branch lines, 
t ap s, spurs of such a length as to offer inter­
ference from r e f l e c t i on ,  or abs orpt ion of 
certain carrier frequencies, as discussed above . 
Power factor correction capacitor banks may also 
offer a serious shunt . 

( 2 )  The presence of power t rans ­
former s  in the t ransmis sion circuit which may 
completely or  partially block the passage o f  
carrie r  currents .  

The first limitat ion can usually be 
overcome by choosing a frequency in which the 
t ransmis s ion characteristics are good over the 
circuit used . An alternate method is to use 
resonant choke coils ( wave t raps ) at the t ap or 
conne ct ing point of the offending circuit . The s e  
c o i l s  a r e  adjusted to  offer a high impedance to  
the carrier current s .  

Resonant choke coils are used e xt en­
sively t o  i s olate a particular section o f  the 
t ransmis sion line from the rest of the power 
system . This is  the most  satisfactory means of 
insuring at all t ime s a thr·ough carrier current 
channe l .  If the resonant choke coils are con­
ne cted at the ends of the transmis sion l ine and 
ins ide the grounding switche s, the line may be 
taken out of service and grounded without inter­
rupt ing or int erfering with the carrier channel .  
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CARR I ER CURRENT R ELAY I NG 

Unle s s  the choice of frequencies  � s  very limi ­
ted and the number of taps or spurs large , 
choke coils will be only required at the ends 
of the transmis s ion system to prevent interfe r ­
ence from the conne cted circuits  or from ground ­
ing . 

The second limitation i s  seldom en­

c ountered on most transmis s ion systems . However 

where it is desired to  operate .a carrier channel 

through a transformer bank in the transmi s s ion 

l ine , by-pass  equipment can be used . This by­

pas s  equipment consists  of capacitors and in­

ductance s  which form a tuned circuit of low im­

pedance path around the transformer bank for the 

particular carrier frequency, and a high im­

pedance for the power frequency current s .  

Where doubt exis t s  as to  the pre sence 

of a suitable carrier channel it is  desirable to 

take sufficient test  data s o  that a curve of 

attenuation in terms of frequency may be plotted 

a s  shown in figure 1 .  Thi s may usually be done 

in either of two ways . The carrier current 

transmitter and receiver may be set up for 

regular operation and adjusted for several fre ­

quencies  over the range or , if more convenient , 

a special test  oscillator and special tube volt ­

meter may be used instead of the regular carrier 

current equipment . Owing to  the fact that line 

swit ching c onditions affect this curve very 

appreciably, it is desirable to make several 

test  runs covering as many normal and abnormal 

conditions as can be set up without undue inter­

ference to  the transmis sion of electric power . 

The se  curves should be filed with the instruc ­

t ion book as an aid to maintenance . If it i s  

subsequent ly found that the frequency chos en i s  

unsat isfactory , the operator can consult these  

curve s and de cide upon a more suitable fre ­

quency for operation . 

LINE COUPLING SYSTEM 

So far this discussion has not brought 

out the method of introducing the carrier fre ­

quency on the t ransmi s sion line s . If the par ­

t i cular transmi s sion circuit i s  a high voltage 

system,  such as 110  kv for example ,  it is e s ­

s ential that s ome means must be used to connect 

the carrier equipment t o  the l ine without re ­

sorting to a direct e le ct rical conne ct ion of the 

carrier e quipment to  the phase conductors . For 

thi s  purpose a s eries of capacitor units  and a 

drain coil connected from the phase conductor to  

ground i s  used . This capacitor stack ( . 0006 to 

. 004 mfd . ) offers and impedance of several 
mil li on ohms to power frequency current . Thus 
the power current thru the capacitor i s  in the 
order of 50 milliampere s .  A small radio fre ­
quency choke coil ( approx . 100 millihenries ) 
offering many thousand ohms impedance to the 
carrier frequencies i s  mounted in the base of 
the coupling capacitors and conne cted between 
the capacitor and ground so that the 50 rna of 
60 cycle charging current flows through the coil 
to  ground . The power frequency impedance of this 
coil is very small compared to  its carrier fre ­
quency impedance s o  that i t s  ungrounded t erminal 
i s  at a potential of less  than 100 volt s above 
ground with the 60 cycle charging current flow­
ing through i t . 

The carrier frequency i � impres sed 
direct ly acros s  thi s choke ( drain) coi l . The 
carrier voltage is applied to the transmis sion 
line conductor through ( or in series ) with the 
capacitor . The capacitor has a low impedance to  
carrier frequencies  so that in effect that 
carrier voltage is impres sed directly on the 
transmis sion c onductors without res orting to a 
high voltage connection . To further improve 
this coupling , the reactance of the capacitor is 
series tuned by the reactance of a tuning cir-

cuit in the carrier current transmitter . In 
this way , the carrier equipment is connected 
directly to  the transmis sion line in a fashion 
which permits  a low voltage connection but im­
pre s s e s  the carrier voltage directly between 
phase conductor and ground . For phase-to-phase 
transmi s sion, thi s same connection i s  used on 
each phase conduct or so that the carrier vo ltage 
appears 1/2 between each phase and ground . 

TRANSMITTER -RECEIVER EQUIPMENT 

The transmitter -receiver equipment is  
quite similar in construction to  space radio 
communication equipment , using many of the . c om­
ponent s originally designed for space radio 
equipment . The arrangement of the circui t s  is  
very similar to  those used in space radio equip ­
ment except that usually the circuits  used for 
space radio are compli cated by spe cial require ­
ment s which have no significance in the case 
carrier current equipment . 

CARRIER CURRENT SCHEME - - PRINCIPLE OF OPERATION 

As explained above , an outdoor -mounted 
radio transmitter -receiver is  used at each of 
the line for generating the high frequency and 
operating an auxiliary or receiver relay in 
response to the received signal . Figure 3 and 4 
shows s chemati cally the c onnections of these  
transmitter -receivers to the transmi s s ion l ine 
and to  the auxiliary re lays . Each line section 
i s  considered as a unit and should be a s signed a 
s eparate frequency to minimize the pos s ibility 
of interference . 

All circuit s associated with the 
section are tuned to respond to the assigned 
frequency so that either receiver may re ceive a 
signal from its  own t ransmitter or from the 
transmitter at the opposite end of the s ection . 
The correct functioning of the carrier current 
i s  not affected by internal transmis sion line 
fault s because it is used to block tripping in 
unfaulted line s e ct ions and therefore i s  not re ­
quired t o  transmit a s ignal over a faulted s e c �  
tion . 

Thi s system of prote ct ion use s  re lays 
operating on current and voltage at each end o f  
the line to  detect  and determine the direction 
of faults .  Carrier current i s  s tarted by fault 
detectors when a fault occurs . Fault power 
flowing out of a line section indicates  that thP 
fault is external and the breakers should not be 
tripped . At the same instant , howeve r ,  power 
will  be flowing into the other end of the line 
as though the fault were in the se ction . Under 
this condit ion , the directional relays at the 
end where power is flowing out of the s e ct ion 
will operate to continue the transmis si on of a 
carrier current s ignal which is received at both 
ends and prevent s the relays at both ends from 
tripping for all external fault s .  For internal 
fault s power will not be flowing out at either 
end and carrier current wi ll be stopped by 
operation of the directional element s at both 
ends to permit simultaneous tripping of both 
breakers . 

The carrier current s cheme utilizes 
the time -di stance characteristic of the type HZ 
impedance re lay to  provide high speed simul ­
taneous t ripping with carrier in servi c e , and 
step type distance prot ection with carrier 
either in or out of s ervice . The first element 
of the HZ relay operate s  independent ly of the 
carrier current . The second e lement t rips at 
high speed for fault s in the sect ion be cause 
carrier tripping contacts short around the syn ­
chronous time r .  These  tripping contact s close  
immediately if the fault is  within the section, 
but are he ld open by the carrier current signal s  
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CARR I ER CURRENT RELAY I NG 

t o  block t ripping if the fault i s  beyond the 
s e c t i on being prote c t ed . This arrangement thus 
provid e s  s imultaneous tripping o v e r  the ent ire 
line s e ct ion . The synchronous t imer is used in 
c onne ction with the s e c ond impedance e lement t o  
provide back-up protection for the s e cond zone 
s ect ion . The t ripping circuit of the third 
e l ement is independent of carrier current and 
opera t e s  with t ime de lay for o verall back-up 
pro t e ct ion . The dire ct ional e lement , supervised 
by the s e cond impedance e lement , together with 
the third impedance e l ement , control the trans ­
mis sion of carrier current . Additional int e r ­
l ocks c a n  be included t o  prevent tripping of an� 
of the e l ement s ( carrier or back-up prot ection) 
due t o  out - o f -synchroni sm surge s . Thu s , b e s ide s 
the usual carrier current pilot prote ction, thi s 
system inherent ly provides high speed and t ime 
de lay back-up pro t e ct ion . 

C OMPONENTS OF C OMPLETE EQUIPMENT 

An outline of the e quipment used at 
each terminal of a transmi s sion line i s  given in 
the fol lowing li s t  of component part s . 

1 .  A set of re lays , operating on the 
current and voltage of the line , to det e ct and 
determine the dire ction of faul t s , t o  trip the 
breaker if the fault fall s  within the zone o f  
pro t e c t ion , to cont ro l the transmi s s ion o f  
carrier current f o r  ext ernal fault s ,  and t o  pre ­
vent tripping due to out -of - synchroni sm condi ­
t ions . 

2 .  A d - e . carrier current t ransmitter­
r e c e i ver set , the transmitter cont rolled by the 
fault det e c t ing and dire ctional re lays , and the 
rece iver to operate a receiver relay included 
with the re lay equipment under 1 .  

3 .  A high voltage coupling capacitor 
for introducing the high frequency current onto 
the t ransmi s s ion line . This may be supplied 
with a potential device for measuring l ine - t o ­
ground pot ent ial or 3 set s can b e  u s e d  for 
measuring 3 phase line potential . 

4 .  Surge prot e c t i ve equipment to pro ­
t e c t  the carrier current s e t s  and personnel from 
l ine surge s .  Thi s  is inc luded as part of the 
t ransmi t t e r -receiver and coupling capacitor . 

5 .  A wave trap ( re s onant choke coil ) 
to confine the carrier current energy to the 
line s e ct ion 
carrier and 
t ions . 

for more efficient transmis sion o r  
minimi ze int erference betwe en s e c -

OPERATI ON OF SCHEME 

In the d - e . s imp li fied s chemat i c  dia­
gram ( figure 2) the ground relay and the type HZ 
impedance re lays are operat ed by current and 
voltage us ing the usual conne ct ions for t�e s e  
relays . For s implicity,  the current and voltage 
circuit s are not shown .  The three impedance 
e l ement s of the type HZ relays are s e t  in the 
usual manner for step -type di stance relaying . 
The first e lement Z l ,  is s e t  for 90% of the line 
sect ion and operat e s  independent ly of carrier . 
The s e c ond e lement , Z 2 ,  is set for about 150% o f  
the line s e ct ion and s o  c o v e r s  the ent ire line , 
but is part i cularly a s s o c iated with that portion 
whi ch i s  beyond the s e t t ing of the first e lement 
that i s ,  the last 10% of the line ( end zone ) ad ­
j a cent to the next s e c t ionalizing point . In 
thi s zone it is not pos sible to det ermine by 
dis tance indicat ion whether the fault is just 
within or just beyond the end of the s e c t i on .  
For di s t ance re laying, without carrie r ,  a t ime 
de lay contact , T2 , i s  used in seri e s  with the 
contact of the s e c ond zone impedance e lement t o  
allow t ime for the breaker i n  the next sect ion 

CARRJE.R CON":'"ROL 

Fig . 2 
Simplified d - e  Schemat ic of the Carrier Current 

Relaying Scheme 

to clear . When used in carrier relaying , this 
T2 contact i s  paralle led by a contact , RRP ,  c on­
t rolled by carri e r ,  a s  explained below . The 
third e lement , Z3 , i s  given a distance s e t t ing 
to provide c omplete back-up prote ction through 
contact T3 , and to s t art carrier t ransmi s s ion . 
The synchronous t imer motor is s tarted by Z3 
operates T2 and T3 in sequence . 

The HRK or HRP ground relay has a 
direct ional e lement and two ins t antaneous over­
current element s . The operation o f  the s e  e l e ­
ment s i s  explained bel ow . 

The upper part of figure 2 compri s e s  
t he trip circuit s and the lower part , the 
carrier cont rol circuit s .  The distance type 
t rip paths are : Fir st z one - D and Z l ;  Sec ond 

zone - D ,  Z2 and T 2 ;  Third zone - D, Z3 and T3 . 

The carrier controlled tripping path i s  through 
D ,  Z2 and RRP c ontac t s . For ground prot e ct ion a 
carri er cont rolled t rip circuit is s et up 
through the contact s Do and Io2 or the ground 
relay and the carrier controlled contac t ,  RRG . 
The contact Io3 is used to start carrier .  The 
c ontact s ,  RRP and RRG, are on the b l ocking re ­
l ay control led by the carrier s ignal operating 
RRH and RRT coils . 

The cont a c t s  Z3 ( A ,  B, & C pha se s )  in 
the lower part of the figure s erve to s t art the 
t ransmi s s ion of the carrier s ignal for pha s e  
fault s and contact I o 3  pe rforms the s ame func ­
t ion for the ground fault s .  The s e  carrier s tart 
c ontact s ,  Z3 , are on the s ame fault det e c t or 
e lement s as the tripping contact s ,  Z3 , in the 
upper part of the diagram . The ground s t art 
c ontact , Io3 , i s  operated by an ove r - current 
e lement s eparate from that whi ch operate s  the 
t ripping cont ac t . 

N01•mally , with the pha s e  and ground 
carrier s t art contacts open, the cathode of the 
o s c i l lator tube is conne cted through a r e s i s t or 
to the p o s it ive s ide of the bat t e ry . Under this 
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CARR I ER CURRENT R EL AY I NG 

condition the tube cannot oscillat e . However , 
upon c losure of any of the Z3 contacts or the 
ground start contact Io3 , the cathode is con­
nected to  the negat ive bus through the normally 
closed contact s ,  CSP and CSG , and the tu?e be ­
gins t o  oscillate and transmit a carrier s1gnal . 

The stopping of the carr>ier signal i s  
controlled b y  the t ripping contact s ,  D and Z 2 ,  
for phase fault s and D o  and Io2 for ground 
fault s .  When fault power flows into the pro ­
t e cted line section,  the t r>ipping contaat s ,  D 
and Z2 c lose for ph�se fault s and permit the 
coil  of the auxiliary contactor switch ,  CSP , t o  
be energized . This causes  the back C S P  contact 
in the carrier control circuits  to open , which 
stops carrier , and permits  the RRT operating 
coil  of the blocking re lay to be energized thru 
Z3 start contact s .  Simi larly , for ground faults  
Do and Io2 close t o  energize the coil of another 
auxiliary contactor switch,  CSG , who s e  back con­
tact , CSG , stop s  carrier and permi t s  the opera ­
t ing c o i l  of the blo cking relay t o  be  energized . 

The arrangement of s tarting and stop ­
p ing carrier,  as explained above , i s  so designed 
that the action of the ground relay is given 
pre fe rence over the phase re lays . This means 
that if Io3 of the ground re lay start s carrier ,  
it i s  then impossible for  the CSP contact and 
the phase re lays t o  stop carrier . The purpose  
of  this ground preference i s  t o  pre vent pos sible 
incorre ct indi cations of  the phase relay$ due 
to load current s and the f low of positive and 
negative sequence current s during ext ernal 
ground fault s .  

The carrier c ontrolled blocking e le ­
ment i s  a sensitive polarized d - e . re lay pro ­
vided with two make contact s ,  RRP and RRG , and 
one break contact , RRB . The se contacts  are 
operated by the acti on of t wo coils , one an 
operating coi l ,  RRT , energized by the local 
batt ery and controlled as explained above by CSP 
and C SG contact s ,  and the othe r  a carrier ho ld ­
ing coi l ,  RRH, conne cted in the p late circuit of  
the carrier current receiving tube . Normally , 
both coils are de -energized and the make con­
tact s ,  RRP and RRG , are he ld open b y  a magnet i c  
bias . The relay is prevented from operating 
when the carrier holding coil , RRG , is ene r ­
gized even though the operating coi l ,  RRT , i s  
energized . Thi s means that as long as carrier 
i s  being re cieved either from the local o s cil ­
lat or or from the opposite  end , RRH i s  energized 
and t ripping i s  prevent ed . 

The complet e s e quence of event s may be  
briefly summarized as follows : Assume an in­
t e rnal phase-to -phas e  fault just beyond the zone 
of one of  the Zl e lement s .  Carrier will be 
initiated immediat e ly at both ends of the line 
by the closure of one of  the Z3 contact s .  Mean ­
while , the dire ct ional and second zone impedance 
contact s close and energize the auxilia�y switch,  
CSP,  st opping carrier and energizing the opera ­
t ing coil , RRT , of the carrier blocking relay . 
Since the same act ion has occurred at the far 
end of the line , no carrie r  is received and the 
blo cking contact , RRP , is closed at both ends 
completing the t rip circuit s through D and Z2 . 
Hmreve r ,  the t rip coil at one end has already 
been energized through Z l . If t he fault had 
been external to the s ection,  then t ripping 
c ould not have occurred s ince the carrier hold ­
ing coi l ,  RRH, would hav e  been energized by 
carrier from the far end . 

If an internal two -phas8-to -ground 
fault i s  as sumed,  the ground carrier start con ­
tact Io3 , will start carrier by making point G 
negat ive and it i s  then impos sible for the phase 
re lays to  remove carrier through the CSP con­
tact s . However ,  the ground t ripping contact f . 

TR.\P C.IRC..ULTS 

CARRJE.R CONTROL 

N 

Do 102 R.RG; 1---1 1-----<Ulr....--t 1-------, 

Fig . 2 ( Repeate d )  
Simplified d -e Schematic of  the Carrier Current 

Relaying Scheme 

Do and Io2 ,  will  close energizing the C SG aux­
i liary relay to stop carrier. 

It wi ll be  not ed that carrier current 
is not started at e ither end unle s s  fault cur ­
rent o�e rat e s  a start ing element ( fault de ­
tector ) . This i s  s ignificant in cas e  a line be ­
come s dis connected from a source of power at one 
end ;  i n  other words , becomes a stub end feeder . 
If a fault occurs on such a line , the carrier 
t ransmitter will be  started and st opped only at 
the end whi ch i s  connected to  the source of  
power and no carrier wi ll be rece ived from the 
other end to int e rfere with t ripping . 

On parallel line s it i s  possible to  
have the fault power undergo a quick reversal as  
the breakers on the faulted line ope n .  Under 
thi s  condit ion carrie r  transmi s s ion is main­
tained at one end unt il  it has had t ime t o  be 
started at the othe r .  

I t  i s  desirable t o  periodically che ck 
the c ondit ion of the carrier set to determine 
i t s  ability t o  send and receive a car>rier s ignal 
For thi s  purpose a t e st push but t on is connected 
in parallel with the carrier s tart element s .  
Pre s sing the t e s t  push button s ends a carrier 
signal which i s  received by the receiver tubes 
at both ends of the line s ection t o  oper'a c e  an 
alarm relay and energize a milliamme t er . If the 
carrier set is not funct ioning , the alarm is not 
heard and the mi lliammeter does not deflect in­
dicat ing t rouble which must be investigat ed . The 
alarm re lay has a minimum operating value in e x ­
c e s s  of the minimum required t o  operate the 
blocking re lay so that an indicati on of im­
pending trouble can be obtained before actual 
failure occurs . 

A three pole s ingle throw switch oper­
ated from a common handle i s  conne cted in  the 
carrier t rip and out -of-step circuit , as shmm 
in figure 2 ,  The switch i s  marked " Carrier On­
Off" and opening it removes carrier supervision 
and permit s  the HZ re lays to operat e in the con-
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CARR I ER CURRENT R ELAY I NG 

ventional step- zone mann�r . The switch also  re ­
moves thc: HRK or HRP crmmd re lay and ground 
protection is avai lable thro �ch back-up ground 
relays . ( Shown in figure 3 and 4 ) .  

OUT -OF-STEP PRO'l'EGTION 

I t  is often de sirab le t o  prevent the 
operat ion of relays during ouL -of-st sp condi ­
t ions so that the system can be separat ed at 
l o cat ions where synchPoni :cing e quipment i s  
avai lable . The carrier re laying system p rovide s 
a means of pre Je c1t ing t ripping during out -of­
step condit i ons without impairing the abi li ty to 
t rip for int ernal fault s occurring during out ­
of -step condit ions . One fundamental difference 
b etveen a three phase fault and an out -of -step 
condition i s  that a fault suddenly reduces the 
voltage l and increases the current , whereas 
during the approach of an out -of-step condit ion 
the voltac:e and '�urrent change s are comparat ive ­
ly gradual . 

For a three phas'' fault the distance 
element s all operat e simultaneous ly ,  if they are 
to operate at all , whi le during out -of-step the 
Z3 operate s  first , followed by Z2 and then Zl . 
As the system returns tovrard the " in -phase " 
position, the elemPnt s re set in the opposite  
order;  that i s ,  Zl ,  Z2 ,  Z3 . 

To prevent tripping during out -of-step 
i t  is only neces sary to arrange for the closure 
of the three contacts and for the re ceiver re lay 
back contact , RRB, to operate and addit ional 
blocking re lay to open the trip c ircuit . This 
blo cking relay must  have a s light t ime -de lay s o  
that i t  does not open the trip c ircuit before 
t ripping on a three phase fault can occur . On 
the other hand , it must  open the t rip c ircuit 
during an out -of -step condit ion before the 
second e lement , Z2 is operated . 

Referring to figure 2 again , the out ­
of - step -b locking contact i s  designated as X2 , 
and i s  conne cted in the t rip circuit as shown , 
In parallel with it are three contact s A ,  B ,  C , 
which are the back contacts on the auxiliary 
switche s A, B ,  C ,  ooerated by the Z3 carrier 
start ing contacts of

. 
the distance relays . The 

make contacts of the se swit che s are in series 
with the back contact , RRB , of the rec e iver 
b locking relay , and energize the coi l ,  PR, of  a 
pendulum type t ime -de lay re lay , whose lower con­
tacts make and energize the coi l  of the X2 
blo cking relay . Every t ime that all three of 
t he Z3 carrier start contacts close , the bank 
contact s ,  A, B, C ,  and X2 , open the t rip c ircuit 
after a 3 t o 4 cycle de lay . Back contact X2 , 
opens by virtue of all three make contact s ,  A , B ,  
and C ,  closing through R�B t o  energize the PR 
coil  and in turn, the X2 coll . 

If the electrical center  i s  inside the 
protected line sect ion , and in othe r  cases  where 
the two voltage sources appear 180 ° out of phase 
the dire ctional and impedance e lement s at each 
end of the line will  be  clo sed . This stops 
carrier ( previously started by the Z3 contact 
RRB to  open . This energizes RRT to  allow the 
contact RRB to open . This de -ene rgiz e s  the 
pendulum re lay , PR , who se spring arm begins now 
to oscillat e , alternate ly closinr the bottom and 
t op contact s ,  PR . Thi s keeps the X2 coil 
eY"tergized . Aft er the amplitude of vibrat ion of  
the pendulum has decreased t o  a Gertaln value , 
it will not strike e ither of its  contacts and X2 
will re set . This a�t ion occurs in cycle s ,  and 

the t ime de lay introduced by the p�ndulu.� relay , 

should be longer than the t ime durlng whlch both 

directional e lement s "point
,

in � " whic� d�pen�s 

u on the length of the sllp cycle o � e 

P T It i s  de sirable t o  clear internal fault s 
sys uem . 

occuring during an out -of -step condit ion , but it 
i s  not so e s s ential to  be able t o  clear them at 
h igh spei"C l .  The ground re lay t rip circuit is 
not blocked by the out -of-step relay , X2 , and 
c an t rip instant ly . On prase -to -phase fault s ,  
one or two of  the Z3 contacts wi ll reset when 
the system swings in phase ,  thus allo•,ring one of  
the back contacts , A ,  B ,  or C to  complete the 
t rip circuit without waiting for the reset of X2 , 
On a three -phase fault , howe ver , none of �he Z3 
contact s will re s e t ,  and consequent ly, t ripping 
will not occur until  after the expirat ion of the 
X2 t ime delay . The reset of X2 is made pos sible 
by the opening of the re ceiver re lay back con­
tact s ,  RRB . 

It will be noted from Fig . 2 that the 
back-up tripp ing through D, Z3 and T3 is sho'"ll 
blocked by the out -of-step contact s ,  in which 
case , back-up prot ect ion on three -phase fault s 
during out -of- step i s  not pos sible . It i s  
arranged ,  howeve r ,  so  that T3 connection can be  
made on t he other s ide of the out -of-step con­
tac t s , and in this case , t ripping on out -of -step 
cannot be pre veY"tted for a period of longer than 
the t ime sett ing of T) . 

ADDITIONAL USES FOR THE CARRIER CHANNEL 

A complete schemati c  diagram of the 
relays and carrier set is shown in figure 3 .  In 
addition t o  circuits already dis cus sed , conne c ­
t ions are sho·wn which provide for the addition 
of  impulse type t e lemetering us ing the relay 
carrier channel as the communicat ing means t o  
t ransmit t e lemetering impulse s .  Connections are 
also shown for the addit ion of  a handset  or desk 
stand t elephone t o  obtain point -to -point com­
munication over the carrier channel .  

The t elemetering c ircuit s  are shown 
dot ted in the lower right portion of figure 3 ·  
The connections are s imilar at each end of the 
l ine sect ion , except at the t eleme�e ring tran s ­
mit t e r  end the contact marked Telemetering 
t ransmitte� , TV- 1  Relay" is used . The circuit s 
are arranged s o  that when te leme tering impulses  
are being e ither t ransmitted or received,  the 
alarm bell  both at the local and di stant stat ion 
is pre vented from ringing by a delay circuit . 
This circuit consists  of a comb ination of re ­
s istors and a condenser energized thru conta c t s  
on a n  auxiliary Type TV relay . When t elemeter­
ing impulses  are being s ent or received , the 
coil  of the TV relay in the receiver plate cir­
cuit  i s  energized on each impuls e . This causes  
the  normally closed contac t ,  TV ,  t o  alternately 
open and close energizing the c ircuit t hru a re ­
sistor  marked 11 1 0 , 000 ohms , 125 volt s ;  20 , 000 
ohms 250 volt s " , and a condenser marked "30  mfd., 
125  �o lt s ,  16 mfd., 250 Volt s . "  In parallel with 
thi s condenser i s  a circuit consisting of a 
1 0  000 ohm resistor and the coil AL of the alarm 
e l�ment of the receiver re lay . The re sist ors  
and capacitors are  cho sen s o  that for this par ­
t icular case a maximum delay of approximate ly 2 
s econds can be obtained . This will prevent 
operation on the longes t  t e lemetering impul se . 
If it i s  desired to signal by means of the push 
button,  it is only neces sary to hold the push 
button closed for a period long enough to cause  
the alarm element t o  drop out . Energizing 
carrier thru the push button maintains the nor­
mally c lo sed contact , TV , open and when the 
charge on the condenser is used up , the alarm 
e lement will  drop out ,  closing its  back contact 
marked "alarm" and causing the bell to  sound . By 
properly proportioning the re sistor and capa­
citor a wide range of  drop -out t imes can be ob ­
t ained for the alarm element . 

In figure 3 the circuit s for point -to­
point communicat ion are shown both for  communi ­
cation from the carrier set location and from 
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CARR I ER CURRENT RELAY I �G 

the swit chboard panel by use  of a monophone . 
Connections are also indicated for a de sk stand 
t e lephone station, where it is de sired to l ocate 
the t e lephone on the operat or ' s  de sk . When the 
t elephone is p lugged in at eithe r  location , th8 
local carrier alarm circuit is opened by a con­
tact on the t e lephone jack . This opens the cir­
cuit from negat ive t o  the bell  alarm and the 
conne ction i s  made thru the terminal marked,  BC , 
on the carrie r  t ransmitter -receiver terminal 
board . The functioning of the carrie r  equipment 
for point -to -point communicat i ons is ful ly ex­
p lained in I .L .  2818 -A 
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P OWER LINE CARRIER /�l \ . "'d  . 
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GENERAL DISCUSSION ! 

INTRODUCTION 

Power Line Carrier i s  a term applied 
to 20 to  300 kilocycle rrequency energy super ­
imposed on power t ransmi s sion circuits .  Here 
the energy is conrined almost entire ly to the 
wire line s  and not radiated int o  space as i s  
common i n  radio broadcasting ( 550 to  1500 kc . )  
This re sult s in greater erric iency and make s it 
pos sible to t ransmit greater distance with le s s  
high rrequency energy . 

The carrier channel is an extremely 
rel iable one over which intel ligence ror relay­
ing , remote tripping , te lemete ring, l oad con­
t rol , voice communicat ion , and supervisory con ­
t rol can be transmitted oetween various point s 
on the power system . In many applications , com­
binations or the se runct ions ut ilize the same 
carrier channe l .  Seve ral runctions can be car­
ried ori s imultane ously over a s ingle carrier 
channe l by using audio rrequency tone s modulated 
on the carrier wave . 

A comparison or carrier and power 
t ransmis sion and applicat ion principle_s or car ­
rier are dis cussed brierly in the rollowing par ­
agraphs . 

POWER VS . CARRIER FREQUENCIES 

An important dirrerence between e l e c ­
tric power and carrier t ransmis sion i s  the fre ­
quency . Although the rundamental principle s or 
both are the same , many of the ractors or prima­
ry importance at carrier rrequencie s are negli� gible at powe1' rrequencie s and vice versa . . For 
example , the power c ircuits are e lectrically 
short , and thererore , suscept ible to  approximate 
empirical s olut ion ,  while the carrier c ircuits 
are c once rned with ele ctrically l ong circuits ,  
in most case s . The re latively greater e le ctri ­
cal length of carrier circuit s re sults  rrom the 
higher rrequencie s involved and not because or 
the ir mechanical length . 

As an example or the wide dirrerence 
in e le ctrical lengths between the two types or 
circuit s ,  consider a typical 220 kilovolt l ine 
or· 750 , 000 circular mil conductors and 19 root 
spacing . The wave length or such a l ine at 6 0  
cycle s is  about 3100 mile s .  Thi s  means that the 
voltage at the re ceiving end or a rull  wave 
length l ine i s  360 °  out or phase with that at 
the generating end . But the maximum power that 
can be t ransmitted over any given l ine occurs 
when the voltage at the receiving end lags the 
generator voltage by about 90 degre e s . Beyond 
the 90 degree point the maximum power de crease s .  
In other words , the longer the l ine , the le s s  
power transmitted . For this particular l ine , 
the theoret ical power l imit s would re strict 
transmission to not more · than a quarter wave 
length or a maximum distance of 770 mile s .  Con -

s idering the above -mentioned transmis sion l ine 
at a carrie r rrequency of 6 0 , 000 cyc le s ,  
the wave length become s approximately 3 . 1  mile s .  
This would indicate a maximum t ransmi s s ion 
distance or 0 . 775 mile ror maximum power but 
with carrier actually distance s of several 
hundred miles  are pos s ible . 

RELATIVE EFFICIENCIES 

Another important dirrerence between 
power transmis sion and carrier transmis sion i s  
the re lative efriciencie s .  The los s e s  in any 
t ransmi s s ion circuit may be conside red to  be 
made up or re s istance and leakage losse s ,  or as 
they are some time s derine d ,  series and shunt 
l�s se s ,  re spective ly . �he rormer are e qual to  
I R and the latter to  V G where R is  the re s i s ­
tance or the l ine , V is the voltage and G i s  the 
leakage conductance . In most power transmis s ion 
line s , the leakage losses  in the absence of 
corona are smal l ,  hence , the solution of the 
problem or e rficient transmis sion is to raise 
the voltage , thus de creasing the current . This 
i s .  readily accompl ished s ince most  l ine s . are 
e le ctrically so short that the impedance is  
governed entire ly by the step-up and step -down 
t ransrormers and the associated load at the 
rece iving end . 

In the case or carrier transmi s s ion , 
the re ceiving equipment has litt le errect on the 
t ransmitt ing end impedance be cause the line s are 
e le ctrically s o  l ong that most or the power i s  
absorbed i n  the line . While toe transmission 
erriciency at carrier rrequencie s may be quite 
easily calculated ror uniformly constructe d  t.wo� 
wire l ine s ,  the complexity or most  t ransmi s s ion 
c ircuits is such that it is more practical to  
determine this erriciency by test . At  first 
thought , it would seem that the very low ef­
ficiencie s ( in the order or 1% ) which are quite 
common , would be entire ly unsatisractory . How­
eve r ,  it should be remembered that the energy 
losses  of carrie r transmis sion do not involve 
large amount s or powe r ,  and , thererore , do not 
repre sent an appre ciable economic l os s . 

ATTENUATION VS . FREQUENCY 

In carrier transmi s sion it i s  conve ­
nient to consider the transmi s sion characteri s ­
t ic o f  a system in terms of attenuat ion o r  the 
diminuation or power along the t ransmis sion line 
The ratio between the voltage s ,  current s ,  or 
power at any two point s is  a measure or the at ­
tenuation of the circuit between the se two 
point s . However ,  it is  not convenient in prac­
t ice to expre s s  transmi s s.ion losse s or gains in 
terms of the se  rat ios directly . The losses so  
expre ssed cannot be  added to  ob.tain the total 
los s ,  but must be multiplied . Consequent ly 
this attenuation is expres sed in de c ibe l s  ( db } 
which can be added dire ctly and are defined as 
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POWER LINE CARRIER 

follows : 

db 1 0  LoglO 
Powe r Input 
Power OUtput 

db 20 LoglO 
Voltage Input 
Voltage output 

db = 20 LoglO 
Current Input 
Current OUtput 

Various powe r and volt age or current 
ratios  and the corre sponding de c ibe ls  are shown 
in the following table : 

TABLE I 

Power Voltage or De c ibe l s  % 
Rat io Current Rat io ( db )  Efficiency 

1 . 26 1 . 12 l . O  79 . 5  
1 . 58 1 . 26 2 . 0  63 . 4  
2 . 0  1 . 41 3 . 0  50 . 0  
2 . 51  1 . 58 4 . 0  39 . 8  
3 . 16 l .  78 5 . 0  3 1 . 6  
4 . 00 2 . 00  6 . 0  25 . 1  
5 . 01 2 . 24 7 · 0  20 . 0  
6 . 3 1  2 . 51 8 . 0  15 . 8  
7 · 94 2 . 82 9 . 0  12 . 6  

1 0 . 0  3 . 16 1 0 . 0  10 . 0  
15 . 85 3 . 98 12 . 0  6 . 3 
25 . 12 5 . 01 14 . 0  3 . 98 
39 . 81 6 . 31 16 . o 2 . 51 
5 0 . 12 7 . 08 17 . 0  1 . 99 
6 3 . 10 7 . 94 18 . 0  1 . 58 
79 . 4  8 . 91 19 . 0  1 . 26 

100 . 0  1 0 . 20 . 0  l . O 
1000 . 0  3 1 . 6  3 0 . 0  0 . 1  

lOs  3 16 . 2  50 . 0  0 . 001 
1 0 1  1 0 , 000 . 0  80 . 0  0 . 000001 
10 ,. 1 0 0 , 000 . 0  100 . 0  0 . 0000001 

Standard commercial powe r line carrie r 
e quipment works .thru 30 t o  80 db attenuat ion . 
Thus it i s  obvious that the most pract ical way 
t o  cons ider carrie r i s  in t e rms of de c ibe ls  and 
not in terms of powe r rat ios  or e fficiency . If 
a t ransmi s s ion circuit offe rs  15 t o  2 0  db atte n ­
uat ion t o  the de s ired carrier frequency , and the 
de s ired signal s are 10 db or more st ronge r than 
the unwante d  s ignal s ,  then a carrie r set which 
will operate thru 30 db attenuat ion is ample 
e ven though it s rated po� output appears l ow . 

CARRIER TRANSMISSION : In Overhead Line s 

The attenuat ion of a two -wire uniform 
l ine in de cibles  increase s with frequency . This 
increase is approximate ly l inear for untapped 
uniform l ine s but in some case s the departure 
from l inearity is very large . If , instead of 
a s imple two -wire l ine , there are one or more 
branch c ircuit s ,  the incre ase in attenuat ion i s  
no longer dire ctly proport ional t o  the frequency. 
In fact , a change of 5% in the fre quency may 
eas ily cause an increase or de crease in attenua ­
t ion of as much as 25 de c ibe l s  in s ome c ircuit s . 
If the circuit i s  changed by swit ching so that 
more or le s s  branche s are in use , the re may be 
e qually great change s in the attenuat ion . 
The re fore , it is des irable that the line be 
studied carefully in order to de te rmine the most 
suitable fre quency for transmi s s ion . 

T o  determine if a suitable carrie r 
channel i s  available , test data should be ta�en 
to p l ot an at tenuat ion -fre quency curve of the 
circuit . Such a curve for a typical line under 
various c ondit ions is shown in Figure l .  The 
characteristics  of line AB al one with line traps 
at e ach end is shown in Curve 1 .  The character­
istics  of the same l ine with tap c ircuit C and 
its a s s ociated equipment is given in Curve 2 .  
The introduction . of this circuit not only in -
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Carrier Frequency - Attenuati on Curve for a 
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creases  ave rage attenuat ion of the line AB , but 
also  introduce s  irregularit ie s caused by refle c ­
t ion and abs orption effect s . Thus , between 
point s 5000 cyc le s apart , the re i s  as much as  10 
db attenuat ion difference . 

The characteristic  of the san,e line 
section AB with both tap line s C and D is shown 
in Curve 3 .  This curve not only shows an in­
cre ase in the average attenuat ion but also re ­
fle ct ion e ffe cts that are s o  prcnounced as to  
give a 20 db variat ion in attenuat ion ove r a 
5000 cycle inte rval . Furthermore , the re may be 
no similarity be tween the last two conditions . 
That is , the peaks and troughs in attenuat ion 
may not occur at the same frequenc ie s .  This 
fre quency attenuat ion curve may be obt ained by 
using the carrie r transmitter - re ce ive r set -up 
for re gular ope rat ion, or a test o s c il lator and 
vacuum tube voltmeter may be used . The tests  
should include as many normal and abnormal c on ­
dit ions as can b e  set up . 
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POWER LINE CARRIER 

TABLE II  

Line 
Approximate Attenuat ion db pe r Mile 

Voltage Phase to Phase Coupling +Phase to  Ground Coupling 

kv 2 0kc .50kc l OOkc 150kc 300kc 20kc 50kc lOOkc 150kc 300kc 
230 . 03 . os . 075 . 1 07 . 20 . 04 0  . Ob2 . 094 . 13 . 25 
1"38 . 04 1  . Ob5 . 09 . 12 . 2l"i . 0')1  . 08 1  . 1 n  . 1') . 27 

l''i . 0') . 075 . 102 . n5 . 27 . Ob 2  . 094 . no . 16 .34 
69 . 055 . 08 . 11 . 145  . 29 . 069 . 100  . 137 . 18 . . 36 
34 . s  . 073 . 10 . n . 18 . 38 . oq4 . 12') . 160  . 22 . 47 
13 . 8  . 12 . 15 . 18 . 215 . 45 . 150 . 19 0  . 220 . 27 . s6 

+ Phase to ground losses  vary with length of circuit , ground return impedance , and the 
pre sence of othe r conductors in the vicinity . The se value s given· are approximate ly 
1 . 25 t ime s the phase to phase value s . 

It is de s irable t o  discuss  characte r ­
istic  o r  surge impedance . Characteristic im-· 
pedance * is defined as the input impedance of an 
infinite length l ine . It will have a finite 
value due to shunt capacitance and conductance . 
For finite length line s ,  surge impedance is the 
value of te rminat ing impedance which will make 
the input impedance equal to  it , re gardle s s  of 
the l ine length . The re is no re fle ct ion from 
the t e rminating e nd when the line is terminated 
in it s characte ristic impedance . The charac ­
t e ristic impedance i s  determined by configura­
t ion , insu lat ion , and othe r l ine constant s ,  and 
is independent of line length.  

Returning t o  the discuss ion of refl e c ­
t ion and ab s orpt ion ,  cons ide r a l ine having an 
e le ctrical length of 9 0 °  of 1/4 wave length for 
a part icular frequency . If the remote end of 
this l ine is open , the input impe dance is lower 
than the surge impedance . ·  If the l ine were 270 ° 
( 3/4 wave lengt h )  long, the input impedance 
would also  be low ,  but not quite so low as for 
1/4 wave length . Howeve r ,  at 180 ° ( 2/4 wave 
lengt h ) , the impedance is higher than the surge 
impedance , and at 360° .  ( 4/4 wave length ) ,  it is  
not  quite s o  high . ** 

A s  the length is incre ased , it is  
usually possible to dist inguish between the odd 
and e ve n  quarter wave lengths , up to about 50 
quarters  or 4500 ° .  Howeve r ,  the maximum and 
minimum peaks approach the surge impedance and 

· are not easily re cognizable on long l ine s .  · The 
units of length, ( e le ctrical degre e s  or quarte r  
wave lengths ) are dependent as much on frequency 
as upon me chanical length . Based on previous 
as sumpt ions , a 15 . 5  mile line would be 2 0 -
quarte r  wave length a t  60  kc . It s input impe ­
dance would be ,higher than the surge impedance 
of the line , since , as was pointed out above , 
even quarte r - wave -length l ine s have re lat ive 
high input impedance . If the frequency we re 
changed to 63 kc . ,  the 15 . 5 -mile line would be 
21 -quarter wave lengths , and the input impe dance 
would be 'be low the surge impedance corre sponding 
to an odd quarter wave - length l ine . In othe r  
words , the maximum and minimum would b e  sepa ­
rate d  by 3 kc . or one -fourth the frequency which 
corre sponds to the wave length of the l ine . 
Also , for a 15 . 5  mile , 20 -quarter wave -length 
l ine , the re will be approximate ly 16 maximum and 
16 minimum ( impe dance peaks ) in the carrier 
fre quency band of 50 to  150 kc . The se vari ­
ations in impedance may have considerable effe ct 
on ·the prope r adjustment of the carrie r trans ­
mitte r . 

In the case of branch circuit s ,  the 
impedance minimum usually repre sent s absorption 
which cause s high attenuation . The refore , short 
l ine s and branch circuit s should be carefully 
studie d . . 

ATTENUATION EST IMAT ING DATA 

Where spe cific t e s t s  or informat ion on 
the carrie r losses  are not available , the fol ­
l owing gene ral data can be used to e s t imate the 
attenuat ion through which it will be nece ssary 
to operate . The se value s are approximate and 
average value s and the actual losses  on a spe � 
cific circuit may vary e ithe r way . Howe ver ,  the 
carrier equipment will provide sufficient margin 
in most case s to pe rmit re lat ive ly large devi­
ations from the stated value s .  

In addition to  the l ine attenuat ion 
losses  shown , coupling or terminal losses  also 
will occur . The se vary s l ight ly with the termi ­
nal equipment employe d ,  depending on the carrier 
frequency . When the line tuner is mounted at 
the coupl ing capacitor , the loss  is quite sma l l ,  
and for e s t imat ing , a value o f  one de cibe l is  
used gene rally . If the carrier set is mounted 
indoors and conne cted thru coaxial cable to the 
l ine tune r ,  an additional loss is introduced , 
which for e s t imat ing purpose s , · is as follows ' 

TABLE II'I 

Approximate Attenuation in Coaxial Cable 

Frequency in kc Loss in db pe r 1 00 0  Ft . 

2 0  . 2 0  

5 0  . 32 

100  . so 

150 . 6 0  

3 00 . g o  

I f  the l ine tuner 
from the coupling capacitor 
coaxial cable , the terminal 
considerably . In this case 

is mounte d  remote 
and conne cted thru 
loss  will increase 
an impedance mat ch-

*For a more complete definit ion and discuss ion of characteristic impedance see chapter on 
"The Infinite Line " in Communicat ion Enginee ring, by Eve ritt . ( See Bibliography ) .  

**The large difference in input impedance at the odd and e ven quarte r  wave lengths i's due to  
refle ction .  A complete discuss ion of  this phenomenon is  beyond the scope of  this leafle t ,  
and reference i s  made to  a very excellent discuss ion in the chapte r  on " Reflect ion" in 
Communication Engineering , by Eve ritt . ( See Bibliography ) .  
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POWER LINE CARRIER 

� 

STATION A 

138 KV 

COUPLING /tl. 
CAPAC ITOR 

50 MI LES 

100 FT. COAXIAL 
CABLE 

CAR R I E R  
TRANSM ITTER 

STATION C STATION D 
69 KV 

ESTI MATION OF CAR.RI ER CHANN EL ATTENUATION AT 100 KC 
I. COUPLI NG LOSS AT STATION A S.O db 

2. BRANCH CIRCUIT LOSS AT STATION A @ BRANCHE� 7.0 d b  
3. 50 MI LES O F  138 K V  LI N E  5.7 d b  

4. BRANCH CIRCUIT LOSS AT STATION 8 (4BRANCHE&) 6.0 db  
5 .  7 0  M I LES O F  l38 KV LINE 7. 9 d b 

6. BY PASS COUPLING LOSS AT STATI O N  C 2.0 db 
O.S db 
4. 1 db 
1 .2 db 

7. BY PASS COAXIAL CABLE LOSS AT STATION C 

8. 30 M I LES OF 69 KV LI N E  

9. COUPLI NG LOGS AT STATI O N  D 
TOTA L 39.4db 

Figure 2 
Typical Example of Estimat ing Attenuation of a Carrie r Channe l at 100 KC Using Phase -to -Ground 
C oupl ing . 

ing t ransforme r should be used a� the coupling 
capacitor . The attenuat ion int roduced increase s 
with frequency and de crease s with increas ing 
capacity of the coupl ing capacitor . Coaxial 
cable lengths up to about 500 ft . int roduce an 
addit ional attenuation of approximate ly two db . 

On circuit s where branch line s provide 
one or more paths for carrie r e ne rgy los s ,  ad ­
ditional attenuation is int roduced . When the 
carrie r equipment is conne cted at a point in the 
system from which other unt �apped circuit s radi­
ate , the calculated maximum loss  in de cibe l s  at 
any frequency is : 

One additional circuit 
Two additional circuit s 
Three additional circuit s 

3 . 0  db 
4 . 8  db 
6 . 0 db 

X addit ional circuit s 10 loglO ( X+ l )  db 

The coupling losses  are increased also  
when untrapped branch line s e xtend from the 
point whe re the carrie r transmitter or re ce iver 
is couple d . For e st imat ing purpose s one db per 
branch circuit can be adde d . 

When untrapped branch circuit s are en­
countered at any inte rme diate point . in the car ­
rie r channe l ,  the cal culated maximum loss  in 
decibe l s  at any frequency is : 

One additional circuit (e quivalent to  
three paths for the carrier e ne rgy ) 
Two additional circuit s 
Three additional circuits 
X addit ional circuit s 1 0  l og1 0  

4 . 8 db 
6 . 0  db 
7 . 0  db 

(X+2 ) db 

The above figure s are all based on 
b-ranch circuit s which do not introduce se rious 
refle ct ion losses  by be ing of a length equal to  
odd qu�rte r  wave lengths of the s e le ct e d  frequen ­
cy . Only stub end taps having an attenuat ion of 

· 5 db or le s s  (based bn Table 2 )  and particular ­
ly those with an attenuat ion of 1 db or le s s ,  
need be considere d a s  pos s ibi litie s of introduc ­
ing serious refle ct ion losse s .  Note a l s o  that 
the te rmination of the tap is important , s ince 
any conne cted equipment , e ve n  if only a poten­
t ial t ransforme r , will increase the attenuation 
of the tap circuit , and consequent ly reduce the 
possibility of large reflect ion losse s . 

The value s given for branch circuit 
losses  are calculated maximum value s based on 
pe s s imistic condit ion s ,  and serve as an applica ­
t ion guide . The se l o s s e s  w i l l  b e  considerably 
less  than shown at certain fre quencie s ,  and if 
the choice of frequency is  not l imit e d ,  one 
should be chosen which give s the lowe st attenua ­
tion . (The most satisfactory frequency can be 
obtained from a frequency-attenuat ion curve of 
the circuit ) . 

A typical example of e s t imating the 
attenuat ion of a carrie r channe l is i l lustrated 
in Fig . 2 .  In this case it is  de s ired to e s tab ­
lish a phase t o  ground , 100 KC channe l between 
Stat ions A and D. At station A the re are four 
additional branch circuit s which int roduce a 
loss  of 7 db . The t rans forme r bank on the bus 
is as sumed t o  have a high impedance t o  the car ­
rie r frequency thus int roducing ne gligible los s ­
e s . This with a 5 db coupling l os s ,  make s. the 
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POWER LINE CARRIER 

------------------------------------ A 
--------�-------------------------- .6 
---------r------------------------- c 

COUPLING 

GROUNDIN 

SWITCH 

DRAIN COIL 

PROTECTIVE 
GiAPS 

MATCHING 

TRANSFORMER 

TO CARRIER 

SET 

Line -to -Ground 
Circuit s .  

Figure 3 
Carrie r Coupling and Tuning 

total attenuation at stat ion A 12 db . From 
Table 2 ,  the l ine from A to B us ing phase to  
ground coupling at  100 KG introduce s an attenua ­
t ion of 5 . 7 db . At station B there are 2 addi­
tional branch circuit s ( the through carrier cir­
cuit is conside red a s ingle circuit in thi s case ) 
which add 6 db t o  the total attenuat ion . The 
70 mile l ine s e ct ion from B to C adds 7 . 9 db . 
At stat ion C there are two coupling losses of 1 
db each, p lus a coaxial cable los s of 0 . 5  db 
from Table 3 .  The line from C to  D adds 4 . 1 db 
and the coupl ing at D adds 1 . 2  db . Thus the 
total e stimated attenuation of this circuit is  
approximately 39 . 4  db . 

The important cons ideration in any ap ­
plication is the overall circuit attenuation 
from t ransmitter to re ceiver . If the line at ­
tenuation i s  low , the coupling ,  terminal and 
branch circuit los se s can be corre spondingly 
high . On the other hand if a large port ion of 
the available attenuation is  used up in the 
line , then the other losses become more impor­
tant and must be given careful consideration . 

Carrier Transmi s sion in Power Cable s 

Carrie r transmiss ion ove r a power 
cable �s much more difficult because of the 
characteristic of the cable . The inductance of 
cable s is  small ,  while in comparison the re s i s ­
tance and capacitance are large . This means high 
losse s and attenuation , and give s a value of 
surge impedance whi ch may be as low as 1/10 of 
that for open l ine s . Hence , cables offer con­
s iderably greater attenuation to  the carrier 
frequencie s and often make carrie r transmis s ion 
quite difficult , particularly whe re the cable 
sheath is not cont inuous . Carrier transmi s sion 
over cable s should b� given spe cial attention . 

The Carrier Ci�cuit 

The carrier frequency energy normally 
is impre s sed on the powe r circuit between one 
conductor and ground or between any two phase 
conductors . The forme r is te rmed phase to 
ground coupling , and the latte r is termed phase 
to phase or interphase coupling . 

The carrier energy is introduced onto 
the transmis sion line s thru a coupling capacitor 
and l ine tuning unit . One capacitor unit fs re ­
quired· for phase to ground coupling as shown in 
Figure 3 ,  and two are required for phase to  
phase coupling as shown in Figure 4 .  The capa­
c it ive reactance of the coupling capacitor is 

- 5 

---------------------------------- A 

----------�----------------------------- 6 
----------�----------------��--------- c 

GROUNDIN 
SWITCH 

DRAIN COIL 

MATCHING 

COUPLING 

CAPACITORS 

LINE TUNER 

PROTECTIVE 
GAPS 

TUNING INDUCTANCES 

TRANSFORMER ����� 

Phase -to-Phase 
Circuit s .  

TO CARRIER SET 

Figure 4 
Carrier Coupling and Tuning 

neutralized
" 

by the induct ive reactance of the 
l ine tuning unit 'at carrier frequencie s .  This 
provide s a low loss serie s  re sonant circuit 
between the carrie r transmitter -re ce iver and the 
power t ransmi s sion circuit . The drain coil 
mounted in the base of the coupling capacitor 
has a high impe dance to  carrier frequencie s but 
a low impedance to 60 cycle current . This pro­
vide s a path t o  ground for the 60 cyc le charging 
current of the coupling capacitor without appre ­
ciable loss  of the carrier energy . The protec­
t ive gap across the drain coil  prote cts the 
carrier equipment from any high surge voltage s 
which may occur . The grounding switch pe rmit s 
the carrier lead to be grounded directly fo� 
maintenance of the carrier equipment . 

With phase -to-ground coupling, the 
other two phase conductor s ,  togethe r  with the 
earth, act as the return path for the carrie r 
s ignal . Very approximate ly, half of the signal 
returns in the ground path and the other half is  
divided between the two phase wire s . The re s i s ­
tance of the phase wire s to the carrier frequen­
c ie s  is roughly one ohm per mile , as compared 
with ave rage earth re sistance of 20 ohms per 
mile . Thus the attenuation in phase -to -ground 
coupling is reduced by the pre sence of the other 
two phase s .  When a two -phase or three -phase -to­
ground coupling is  used, the attenuat ion is  in­
creased , s ince more of the return current is  
forced to flow in the earth . 

The type of coupling employed with any 
part icular application is determined by the in­
dividual requirement s of that app lication . Re ­
laying and supe rvisory control usually will em­
ploy a phase -to -ground carrie r channe l .  For 
othe r type s of transmis s ion ,  e spe c ially communi ­
cation , the interphase circuit i s  more often 
used . 

While the transmis sion line offe rs an 
exce llent carrie r circuit medium, it is  we ll t o 
re -emphas ize that proper cons ide ration must be 
given to the following : the pre sence of branch 
line s ,  taps , or spurs of such a length as to of ­
fe r inte rfe rence from re fle ction , or absorption 
of ce rtain carrie r frequencie s ;  power factor 
corre ct ion capacitor banks which may offer a 
serious shunt ; the pre sence of power trans for ­
mers  · in the transmiss ion circuit , which may com­
plete ly· or part ially block the pas sage of car ­
rie r .  

· 

The high attenuat ion introduced by 
branche s or taps at certain frequencie s usually www . 
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POWER LINE CARRIER 

Figure 5 
Schematic of A Short Carrier Frequency By-Pass . 

can be overcome by choosing a frequency in which 
the transmi s s ion characteristics  are good over 
the circuit used for any switching condition on 
the system . An alternate method is  to  use line 
traps at the tap or connecting . point of the 
offending circuit . The se t raps are adjusted t o  
offer a high impedance to  the carrie r. 

By-pass  equipment is used to transmit 
the carrier energy around a transformer bank , a 
bus or breake r ,  and for other circuit s where a 
continuous carrier channe l is de s ired indepen­
dent of swit ching . Two forms of the by-pass  are 
used � the short by-pass of figure 5 and the 
long by-pass of figure 6 .  Both consist of ca­
pacitors and inductance s which form a tuned cir­
cuit of l ow impedance around the open breake r ,  
bus ,  o r  t ransformer bank for the particular car­
rier frequency, and a high impedance for the 
power frequency current s . 

The short by-pas s  require s only one 
line tuner and can be used where the distance 
between the coupling qapacitor doe s  not exceed 
roughly 100 fee � and where the total circuit at ­
tenuation i s  not t oo high . The cable conne ction 
between the · capacitors should approximate the 
characteristics  of an open l ine and be we ll  in­
sulated to reduce the leakage to ground par­
ticularly during rain and s leet . 

Line traps , as shown in Figure 6 , · may 
be ne ces sary if the by-pass equipment has a 
low impedance to ground at the carrie r frequency 
be ing used . Line traps are used at each end of 
a relaying carrier channe l to  prevent short cir­
cuiting of the carrier output for an external 
ground fault on the same phase wire to which the 
carrier is couple d .  They usually are not ne ce s ­
sary t o  reduce losse s . If the l ine traps are 
conne cted on the line side of the grounding 
swit che s ,  the line may be taken out of service 
and grounded without interrupt ing the carrier 
channe l .  

Frequency Allocations 

The selection of frequencie s for car­
rie r  funct ions on a t ransmis sion system should 
be given careful consideration . The rapidly ex­
panding use of carrier make s it imperative that 
the most efficient use be made of the s pe ct rum, 
so that future additions c an be made without in­
terfe ring with existing channe l s . This is par ­
ticularly important in the se days of intercon­
nected systems where many or al l of the c ompa­
nie s involved in the interconne ction are using 
carrier and are planning addit ional channe l s . 

The spe ctrum normally used for power 
line carrier work is from 50 to 150 kc and it is  
expected that the bulk of the applications will  

Figure 6 
Schemat ic of A Long Carrier Frequency By-Pas s .  

fall in this range . However ,  spe ctrum crowding 
on some systems require s that thi s range be ex­
tended so  as to  accomodate the de s ired numbe r of 
carrier service s ,  and to meet such requirement s 
equipment is available for a frequency band 
from 20 to 300 KC . This band is covered in 
three steps by 2 0 -50 , 50 -150 , and 150-300 kc 
equipment . 

The s ingle s ideband modulat ion system 
approximately double s the number of modulated 
carrier channe l s  which can be accommodated in a 
given frequency apect rum by requiring only half 
the band width formerly ne ce s sary with other 
systems of modulation .  The single s ideband 
system consists  of converte r units which are 
added to double s ideband (A .M . ) equipment s t o  
make the conversion . In this way , a carrier 
system can be planned using double s ideband 
equipment init ially and later c onverting it to 
single s ideband when the frequency spe ctrum 
be come s crowded . 

Several factors must be considered in 
allocat ing a frequency for a new channel or in 
s e le ct ing carrier frequencie s for several ser­
vice s .  The first consideration i s  that the new 
frequency, or frequencie s ,  not inte rfere with 
existing channe l s . This dire ct ly affe cts the 
separation required between channe l s , and this 
separation is  large ly a function of the type of 
service which the channe l performs . Far example , 
a re lay carrier channe l is usual ly narrow band 
and would require the minimum separation between 
channe l s  for no interference while a tone -modu­
lated te lemetering channel i s  broad , (usually 6 
kc ) and would require the maximum separation be ­
tween channe l s . The se lectivity characteristics  
of the re ce ive rs as we l l  as the powe r levels  of 
the transmitters have a direct bearing on the 
minimum separation permi s sible . 

Noi se and Interference 

Noise is  a random phenomenon covering 
a wide frequency band and contains component s of 
all frequencie s in the band . Very litt le is 
known concerning the actual magnitude of noise 
pre sent on power systems . Howeve r ,  enough is  
known of the nature of noise so  that steps can 
be taken in the de sign of equipment, to minimize 
its effe Ct s . When noise produces unwanted sig­
nal s  which prevent proper functioning of the 
carrie� system, it is called interference and 
act ion must be taken to minimize its e ffect . 

Interference can be reduced by various 
expedient s ,  all of which attempt to distinguish 
between wanted s ignal and interference . .  For ex­
ample , the band width of the receiver may be 
narrowed,  and since noise power is  proportional 
to band width, narrowing the band to one quarter 
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POWER LINE CARRIER 

reduce s the noi�e powe r to one quarte r  and the 
noise voltage to one hal f ,  or doub les the signa� 
to-noise rat i o . 

The use of audio t one s t o  modulate the 
· carrier wave further reduce s the inte rference 
effect . For e xample , if the audio tone re ceiver 
band width , is one -tenth the carrier re ceive r  
band width, then the noise accepted b y  the tone 
re ceiver will be one -tenth that of the carrier 
re ceive r .  The use of the s ingle sideband sys ­
tem of t one or _ voice modulat ion increase s the 
s ignal -t o -noise ratio over a double sideband 
system by 8 t ime s or 9db . The use of a biased 
dete ctor prope rly adjusted give s a furthe r 
possibil ity of increas ing signal -to-noise ratio 
by approximate ly two t o  one , or 3 db . 

The signal -t o �noise ratio will vary 
with the attenuat ion through which the equipment 
must work . The highe r the attenuation, the more 
sensit ive the re ce ive r ( assuming constant tran s ­
mitter  output ) , and the lowe r the s ignal -to­
noise ratio . For low attenuation circuit s (be ­
low 33db ) , adjustment of re ceiver band width 
and sensit ivity is  usually all that is ne ces sary 
to prevent inte rference with the proper func ­
tioning of the equipment . Carrier re laying 
falls within this range of attenuation , and the 
s imple expedient of operating the equipment at a 
signal lPve l we l l  above noise leve l provide s ad ­
equate margin of safe t y .  I n  hundreds o f  carrier 
re laying instal lations , no case has been encoun­
t e re d  whe re noise has re sulted in improper ope r ­
at ion o f  the equipme nt . 

In re laying applicat ions of· carrier ,  
i t  i s  extreme ly important that random noise doe s 
not interfere with the carrie r s ignal , e ither by 
producing an unwanted s ignal which would block 
tripping, or cance l lat ion of a wanted signal , 
which would cause incorre ct tripping . Howe ve r ,  

the requirement s o f  othe r service s whJ.ch utilize 
the carrie r ,  such as supe rvisory control , 
te lemete ring , or emergency communication are 
not so seve re , and some inte rfe rence with the 
wanted s ignal usual ly can be tolerated,  if the 
interfe rence is random in nature . · 
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I .L. 41 -600E 

G E N E R A L  D S C U S S  0 N 

I N S T R U C T I O N S  
· POWER LI N E  CARRI ER 

INTRODUCTION 

Power Line Carrier i s  a t e rm app l ied t o  2 0  

t o  300 ki locycle frequency ene rgy superimpo sed 

on p ower t ransmi s s i on c ircuit s .  Here the en -

ergy i s  c onfined almo st ent irely t o  the wire 

l ine s and not radiated int o space a s  is common 

in radio broadcast ing ( 550 t o  1500 kc ) . Thi s 

re sult� in greater effic iency and make s it 

p o s sible t o  t ransmit great er di stance with 

l e s s  high fre q
.
uency ene rgy . 

The carrier channe l i s  an ext reme ly re l iab le 

ope over which int e l l igence for re laying , re ­

mote t ripping, t e lemetering, l oad c ont ro l ,  

voice c ommuni cat i on ,  and supervi s ory c ont rol 

can b e  t ran smitted between various point s on 

the power system . In many app l i cat i on s ,  c om­

binat i on s  of the se funct i on s  ut i l i z e  the same 

carrier channe l .  Se vera l functions c an b e  

ca�ried o n  s inultane ou s ly o v e r  a s ingle car ­

rier channe l by u s ing audi o  frequency t one s 

modulated on the carrier wave . 

A c ompari son of carrier and power t ran s ­

mi s sion and app l i cation princ ip lA s o f  carrier - ·  
are di s cu s sed briefly in the fo l l owing para -

graph . 

POWER VS. CARRIER FREQUENCIES 

An imp ortant difference between e le ct ri c  

p ower ana carrier t ransmi s si on i s  the fre ­

quency . Although the fundamenta l  princip l e s  

o f  both are the same , many o f  the fact ors of 

primary importance at carrier frequencie s are 

ne81 igib le at power frequencie s and vice 

ve r sa . For examp l e ,  the p owe r - circuit s are 

e le ctrically short , and the re fore , su s ceptible 

to approximate empirical s o lut ion , whi le the 

carrier circuit s are c once rned with e le ctric ­

a l ly l ong c ircuit s ,  in most case s .  The re l a ­

t iv� ly greater e le c t rical length of carr�er 

NEW I N FORMATION 
(FORMER I.L. 41-6000 REVISED) 

c ircuit s re su l t s  from the higher frequencies 

involved and not be cause of the i r  me chanical 

lengt h .  

A s  an examp le o f  the wide difference in 

e le ct r i ca l  l engths between the two type s or 

c i r cuit s ,  c on s ider a typical 220 ki lovolt line 

or 750, 000 c ircular mi l c onduct or s  and 19 foot 

spacing . The wave length of such a l ine at 60 

cycles i s  about 3 1 0 0  mile s .  Thi s means that 

the voltage at the re ceiving end of a ful l  

wave length l ine i s  36 0 °  out o f  phase with 

that at the generating end . But the maximum 

p ower that can be t ransmitted over any given 

l ine o c curs when the voltage at the re ceiving 

end lags the generat or voltage by about 90 de ­

gree s .  Beyond the 90 degree p oint the maximum 

p ower decrease s .  

the line , the 

thi s part icular 

In other word s ,  the l onger 

l e s s  power t ransmit ted . For 

l ine , the the oret i ca l  power 

l imit s would re strict t ransmi s s ion t o  not more 

than a quarter wave length or a maximum di s ­

t ance o r  770 mile s .  Considering the above -­

mentioned t ransmi s sion l ine at a carrier fre ­

quency of 6 0 , 000 cyc le s ,  the wave length be ­

c ome s approximat e ly 3 . 1  mi le s .  Thi s  would in­

d i cat e a maximum t ransmi s si on d i stance of 

0 . 775 mi le for maximum p ower but with carrie r  

actua l ly d i stanc e s  o f  several hundred mi l e s  

are p o s s ib l e . 

RELATIVE EFFICIENCIES 

Another important difference between powe r 

t ransmi s s ion and carrier t ransmi s s i on i s  the 

re lat i ve e ff i c iencie s .  The l o s s e s  in any 

t ransmi s s i on c ircuit may be c ons idered t o  be 

made up of r e s i stance and leakage l o s se s ,  or 

a s  they are s omet ime s define d ,  serie s and 

shunt l o s se s ,  re spect i ve ly .  The former are 
2 2 

e qual t o  1 R and the l at t e r  t o  V G where R i s  

the r e s i stance o f  the l ine , V i s  the voltage 

and G i s  the leakage c onductance . In most 
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POWER LINE CARRIER--------------------

p ower t r an smi s s i. on l i.ne s ,  the l e akage l o !' se s 

in the ab sence of c o r ona are sma l l ,  henc e , the 

s o lut i on of the p r oblem of e f f i. c i.ent tran s ­

mi s s i on i s  t o  r a i s e  the v o l tage , t hu s  de ­

c r 3 a s ing the current . Thi s i s  read i ly a c ­

c omp l i s he d  s in c e  most l ine s are e le ct r i ca l l y  

s o  short that the impe dance i s  governed en ­

t i re ly by the step -up and step -down t ran s ­

f o rme r s  and the a s s o c iated l o ad at the re ­

c e iving end . 

In the c a s e  of c a r r i e r  t r an smi s s i on ,  the re ­

c e i v ing e quipment ha s l it t l e  e ff e c t  on the 

t ransmit t in g  end impedan c e  be cau s e  the l ine s 

are e le ct r i.ca l ly so l on g  that most of the 

p ow e r  i s  ab s o rbed i n  the l i ne . Whi l e  the 

t ransmi s s i on e f f i c i ency at car r i e r  f re que n c i e s 

may be quite e a s i ly c a l cu l a t e d  f o r  un i f o rmly 

c on s t ru c t e d  two -w i re l ine s ,  the c omp le x i t y  o f  

most t ransmi s s i on c i rcuit s i s  such that i t  i s  

more pract i ca l  t o  d e t e rmine t h i s  e f f i c iency by 

t e s t . At f i r st thought , i t  would seem that 

the ve ry l ow e ff i c ie n c ie s ( in the order o f  1% ) 

which are quite c ommo n ,  would be ent i r e ly un ­

s at i s f'a c t ory . Howeve r ,  it should be remem­

b e re d  that the ene r gy l o s s e s  of c a r r i e r  t rans ­

mi s s i on do not involve large amount s of powe r ,  

and , the r e f ore , d o  not repre sent a n  appre c i ­

ab le e c on om i c  l o s s . 

ATTENUATION VS. FREQUENCY 

In c a r r i e r  t ransmi s s i on it i s  c onvenient t o  

c on s id e r  the t ransmi s s i o n  charact e r i s t i c  o f  a 
system in t e rms of a t t e nuat i on or the d iminua ­

t i on of p ow e r  a l ong the t ransmi s s i on l ine . 

The rat i o  between the v o ltage s ,  current s ,  o r  

p ow e r  a t  any two p o int s i s  a mea sure o f  the 

a t t e nuat i oR of the c i r cuit between the se two 

p o i nt s .  Howe ve r ,  it i s  n ot c onvenient in 

pract i c e  to e xp re s s  t ransmi s s i on l o s s e s  or 

gains in t e rm s  of the s e  rat i o s  d i r e c t ly . The 

l o s se s  so e xpre s s e d  cannot be added t o  obtain 

the t ot a l  l o s s ,  but mu st be mu lt i p l ied . C on ­

s e quent l y ,  thi s a t t e nuat i on i s  e xpre s s e d  in 

de c ibe l s  ( db ) which can be added d i r e ct ly and 

are d e f ined as f o l l ow s : 

P ow e r  Input 
db 1 0  Log 

1 0  P owe r Output 

db = 2 0  Log 
V o lt age Input 

1 0  V o l t age Output 

2 

40 

35 

If) 30 _j w aJ 
u 
� 25 
I z 

Q � 20 ::J z w 1-
� 1 5  

10 

5 

0 60 

D N\N\ 

3 2 I 

70 80 90 100 1 10 
FREQUENCY- KILOCYC�ES 

120 

Fiq. 1-Carrier Frequency-Attenuation Curve for a Typi· 
cal Transmission Line. 

Current Input 
db = 2 0  Log 

10 Current Output 

Var i ou s  p ow e r  and v o lt age or current rat i o s  

and the c o rre s p onding de c ibe l s  are shown in 

the fo l l ow ing t ab l e : 

Power 
R at i o  

1 . 26 

1 . 58 

2 . 0  

2 . 51 

3 . 16 

TABLE I 

Voltage or 
C urrent Ratio 

1 . 12 

1 . 26 

1 . 4 1  

1 . 58 

1 .  78 

Dec ibe l s  
(db ) 

1 . 0  

2 . 0  

3 . 0  

4 . 0  

5 . 0  

% 
Eff ic i ency 

79 - 5  

63 . 4 

5 0 . 0  

3 9 . 8  

3 1 . 6 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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_4 1_-600_e 

Power 
Rat io 

4 . 00 

5 - 0 1 

6 . 3 1  

7 - 94 

1 0 . 0  

1 5 . 85 

25 . 12 

39 . 81 

50 . 12 

63 . 1 0 

79 . 4  

1 00 . 0  

1000 . 0  

1 0  5 
10 8 
1 0

10 

Voltage or 
Current Ratio 

2 . 00 

2 . 24 

2 . 5 1 

2 . 82 

3 . 16 

3 - 98 

5 . 0 1 

6 . 3 1  

7 . 08 

7 . 94 

8 . 91  

1 0 . 

3 1 . 6 

3 16 . 2  

1 0 , 000 . 0  

1 0 0 , 000 . 0  

Dec ibels (db ) 
6 . 0 

7 - 0  

8 . 0  

9 . 0  

1 0 . 0  

12 . 0  

14 . 0  

16 . o  
17 . o  
1 8 . 0  

19 . 0  

20 . 0  

3 0 . 0  

5 0 . 0  

80 . 0  

1 00 . 0  

% 
Efficiency 

25 . 1  

20 : �  

15 . 8  

12 . 6  

10 . 0  

6 . 3 

3 . 98 

2 . 5 1  

1 . 99 

1 . 58 

1 . 26 

1 . 0  

0 . 1  

0 . 00 1  

0 . 000001 

0 . 0000001 

Standard comme rc ial power line carrier 

e quipment works thru 3 0  to 80 db attenuati on . 

Thus it i s  obviou s  that the most pract ical way 

t o  c on sider carrier is in t e rms of decibe ls  

and not  in  t e rms of power rat ios or e ffici ­

e ncy . If a t ransmi ssion circuit offers  15 t o  

2 0  db at tenuat ion t o  the de sired carrier freq ­

uency, and the de sired signal� are 1 0  db or 

more stronger than the unwanted signal� , then 

a carrier set which will operate thru 30 db 

attenuat ion is ample even though it s rated 

power output appear s low . 

To determine if a suitable carrier channe l  

i ::<  avai lable , t e st data should b e  taken t o  

plot a n  attenuat ion -frequency curve of the 

c ircuit . Such a curve for a typi cal line un -

der various conditions i s  shown in Figure 1 .  

The characte ri st ics of line AB alone with line 

t rap s at each end i s  shown in Curve 1 .  The 

characterist i c s  of the same line with tap cir­

cuit C and its  associated equipment i s  given 

in Curve 2 .  The int roduction of thi s c ircu"it 

not only in creases average attenuat ion of the 

line AB, but also introduces irregularities  

caused by  refle ction and absorption e ffect s .  

Thu s ,  between point s 5000 cyc le s apart , there 

is as much as 1 0  db attenuat i on difference . 

The characteristics  of the same line se ct ion 

AB with both tap line s C and D is shown in 

Curve 3 .  Thi s curve not on ly shows an in ­

crease in the average attenuat ion but also re ­

flection effect s that are so pronounced as t o  

give a 2 0  db variat ion i n  attenuat i on over a 

5000 cycle inte rval . Furthermore , there may 

be no simi larity between the last two condi ­

t ions . That i s ,  the peaks and troughs in 

attenuat i on may not occur at the same freq­
uencie s .  Thi s frequency attenuat ion curve may 

be obtained by using the carrier t ransmit ter­

receiver set -up for regular operati on , or a 

t e st oscillat or and vacuum tube voltmeter  may 

be used . The t e st s  should inc lude as many 

normal and abnormal condit ions as can be set 

CARRIER TRANSMISSION In Overhead Lines up . 

The attenuat i on of a two-wire uniform line 

in de cibe l s  increase s with frequency . This 

increase is approximate ly linear for untapped 

uniform lines but in some case s the departure 

from linearity is ve ry large . . If , instead of 

a simple two-wire line , there are one or more 

branch circuit s ,  the increase in attenuat ion 

is no longer directly proport ional to the 

frequen cy . In fact , a change of 5% in the 

frequency may eas ily cause an increase or de ­

crease in attenuat ion of as much as 25 de c i -

b e l s  i n  some circuit s .  I f  the circuit 

changed by swit ching so  that more or less  

branche s are in  use , there may be equally 

great change s in the attenuat ion . Therefore , 

it is desirable that the line be studied care ­

fully in order t o  determine the most suitable 

frequency for t ransmi s sion . 

It is de sirable t o  di scuss characte ristic  or 

surge impedance . Characte r i st i c  impedance* 
i s  defined as the input impedance of' an in­

finite length line . It will have a finite 

value due t o  shunt capacitance and conduct ­

ance . For finit e length line s ,  surge imped ­

an ce i s  the value of t erminat ing impedance 

which will make the input impedance e qual t o  

it , regardle ss  o f'  the line length . There i s  

n o  refle ction from the terminat ing end when 

the line is terminated in it s characte ristic 

impedance . The characteristic impedance is 

determined by configurat ion, insulat ion, and 

other line con stant s ,  and is independent of 

line length . 

Returning t o  the discussion of reflection 

and ab sorpt ion ,  consider a line having an 
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POWER LINE CARRIER--------------------

TABLE II 

Approximate Att enuat ion db per Mile 

Line 

Voltage Phase t o  Phase Coupling +Phase t o  Ground Coupling 

kv 20kc 50kc lOOkc 1 50kc 300kc 20kc 50kc lOOkc 1 50kc 300kc 

230 . 03 . 05 0 . 75  . 107 . 20 . 040 . 062 . 094 . 13 . 25 

138 . 04 1  . o65  . 09 . 12 . 215 . 05 1  . 081 . 113  . 15 . 27 
115  . 05 . 075  . 102 . 13 5  . 27 . 062 . 094 . 13 0  . 16 . 34 

69 . 055 . 08 . 11 . 145 . 29 . 069 . 100 . 137 . 18 . 36 

34 . 5  . 073 . 10 . 13 . 18 . 38 . 094 . 125 . 160  . 22 . 47 

13 . 8  . 12 . 15 . 18 . 215 . 45 . 150  . 190  . 220 . 27 . 56 

+Phase t o  ground losse s vary with length of circuit , ground return impedance , and the 

pre sence of other conduct ors in the vicinit y .  The se value s given � re approximate ly 

1 . 25 t ime s the phase t o  phase value s .  

e le ct rical length of 9 0 °  of 1/4 wave length 

for a particu lar frequency . If the remote end 

of this l ine is open,  the input impedance i s  

l ower than the surge impedance . I f  the line 

were 270 ° ( 3/4 wave length)  long , the input 

impedance would also be low ,  but not quite so 

l ow as for 1/4 wave length . However , at 180 ° 

( 2/4 wave length ) ,  the impedance i s  higher 

than the surge impedance , and at 360 °  ( 4/4 

wave lengch ) ,  it is not quite so high . ** 

As the length i·s increased , it is u sually 

p o s sible t o  dist inguish between the odd and 

even quarte r  wave lengths , up t o  about 50  

quarters or 4500 ° . However ,  the maximum and 
minimum peaks approach the surge impedance 

and are not easil� re cognizable on long 

l ine s .  The unit s of length , ( e le ct ri cal 

degre e s  or quarter wave lengths ) are dependent 

as much on frequency as upon mechanical 

length.  Based on previou s  as sumpt ions , a 15 . 5  

mile l ine would be 20 -quarter wave length at 

6 0  kc . It s input impedance would be higher 

than the surge impedance of the line , since , 

as was pointed out above , even quarte r -wave ­

length l ine s have re lat ive high input impe -

dance . If the fr-equency were changed t o  63 

kc . ,  the 15 . 5 -mile  l ine would be 2 1 -quarter 

wave lengths , and the input impedance would be 

be low the surge impedance corre sponding to an 

odd quarter wave -length line . In other word s ,  

the maximum and minimum would b e  separated by 

3 kc . or one -fourth the frequency which cor­

re sponds t o  the wave length of the line . Al­

so,  for a 15 . 5  mile , 20-quarter wave -length 

l ine , there will be approximate ly 16 maximum 

and 16 minimum ( impedance peaks ) in the car -

rier frequency band of 50 t o  150 kc . The se 

variat ion s  in impedance may have considerable 

effect on the proper adjustment of the carrier 

t r-ansmitter . 

In the case of branch c ircuit s ,  the impe ­

dance minimum u sually repre sent s absorpt ion 

which cause s high attenuat ion . Therefore , 

short line s and branch c ircuit s should be 

carefully studied . 

ATTENUATION ESTIMATING DATA 

Where spec ific t e st s  or informat ion on the 

carrier losses  are not available , the follow -

*For a more complete definit·ion and discus sion o f  characterist ics  impedance s e e  chapter on 

"The Infinite Line " in Communi cat ion Engineering;, by Everitt . ( See  Bib liography ) . 

4 

**The large difference .in input impedance at the odd and even quarte r  wave lengths i s  due t o  

refle ction . A comp lete discussion o f  this phenomenon i s  beyond the scope of this leafle t ,  

and re ference i s  made t o  a very exce Llent discu s sion ,in the chapte r  on " Reflection "  in 

Communicat ion Engineering, by Everitt . ( See  Bibliography ) .  
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POWER UNE CARRIER 

STATION A 
138 KV 

STATION B STATION C 
69 KV 

STATION D 
69 KV 

l.l. 4 1 -600E 

ESTI MATION OF CARRI ER CHANNEL ATTENUATION AT 100 KC 
I . COUPLI NG LOSS AT STATION A S.O db 

2.  BRANCH CIRCUIT LOSS AT STATION A � BRANCHE� 7.0 db 
3.  50 MI LES OF 138 KY LINE 5.7 db 
4. BRANCH CIRCUIT LOSS AT STATION 8 (4BRANCHE� 6.0 db 
5. 70 M I LES OF 138 KV LINE 7.9 d b  
6 .  BY PASS COUPLING LOSS AT STATION C 2.0 db 

0.5 d b  
4. 1 d b  
1 .2 d b  

7. BY PASS COAXIAL CABLE LOSS AT STATION C 

8. 30 M I LES OF 69 KV LI N E  

9. COU PLI NG LOSS AT STAT ION D . 
TOTAL 39.4db 

Fiq. 2-Typical Example of Estimatinq Attenuation of a Carrier Channel at 100 KC Usinq Phase-To-Ground Couplinq. 

ing gene ral data can be used to e stimate the 

attenuation through which it will be nece s sary 

to operate . The se value s are approximate and 

average values and the actual losses  on a 

specific circuit may vary e ither way . How ­

eve r ,  the carrier equipment will provide suf ­

ficient margin in most case s to permit 

re latively large deviations from the stated 

value s .  

In addition to the J.ine attenuation los se s 

shown , coupling or terminal los se s also will 

occur . The se vary slightly with the terminal 

equipment employed,  depending on the carrier 

frequency . When the line tuner i s  mounted at 

the coupling capacitor , the loss is  quite 

smal l ,  and for e stimating) 

decibel  is used generally . 

a value of one 

If the carrier set 

is mounted indoors and connected thru coaxial 

cable to the line tune r ,  and additional los s  

i s  introduced, which for e stimat in[ purpose s ,  

i s  as follows : 

TABLE III 

Approximate Attenuation in Coaxial Cab le 

!Frequency in kc Los s  in db per 1 000 Ft ·I 
I 20 . 2 0  

5 0  . 32 
1 0 0  . 5 0 

1 5 0  . 6 0  

3 0 0  . g o 

If the line tuner i s  mounted remote from the 

coupl ing capacitor and connected thru coaxial 

cable , the terminal loss will increase con­

siderably . In this case an impedance matching 

tran sformer 

capacitor . 

should be used at the coupling 

The attenuation introduced in -

crease s with frequency and decrease s with in­

creasing capacity of the coupling capaciter. 

Coaxial cable lengths up to about 5 0 0  ft . 

introduce an additional attenuation of ap-
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--------------------------------------A 
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COUPLING � �·��. 0' �·· """' '"" '"' �'N'"C<ANC" 

t .. 
GROUNDIN b TO CARRIER 
SWITCH � 

-
SET 

PROTECTIVE � 

GAPS MATCHING 
DRAIN COIL TRANSFORMER 

Fig. 3-Line-to-Ground Carrier Coupling and Tuning Cir­
cuits. 

p r oximat e ly two db . 

On c i r cuit s whe re bran ch l ine s prov ide one 

o r  more pat h 2. :i' o r  carrier energy l o s s ,  ad ­

dit ional att enuat ion i s  introduc e d . When the 

carrier equipment is c onne c t e d  at a po int in 

t he sys t em f r om which other unt rapped c i r cuit s 

radiate , the c a l cu lated maximum l o s s  in 

d e c l b e l 8  at any fre quency i s :  

One ad d i t i onal c i r cuit 3 . 0 db 

Two addit i onal c i r cuit s 4 . 8  db 

Three addit ional c ir cuit s 6 . 0 db 

X ac1dit i onal c i rcuit s 1 0  l og ( Y+ l ) db 
10 

The c oup l ing l o s s e s  are in creased a l s o  when 

unt rapped branch l i n e s  e xtend from t he p oint 

whe re the carrier t ransmi t t e r  or re ce iver i s  

c oup l e d . For e s t imat ing purp o s e s one db p e r  

b ranch c i rcuit can b e  added . 

When untrapped branch c i r cuit s are e n ­

c ount e red a t  any int e rmed iate p oint i n  the 

carrier channe l ,  the cal culated maximum l o s s  

in d e c ibe l s  at any frequency i s : 

One addit i onal c i rcuit ( e quivalent t o  

three pat h s  f o r  the carrier energy ) 4 . 8 db 

Two addit i onal c ir cuit s 6 '. 0  db 

Three addit i onal c i rcuit s 7 . 0  db 

X add it i onal c ir cuit s 10 l og ( X+2 ) db 
10 

The ab ove figure s are all  ba sed on branch 

c i rcuit s which do n ot 1nt r oduce seriou s  re ­

f l e ct i on l o s s e s  by be ing of a length e qual t o  

6 

----------------------------------- A 

--------��-------------------------- 8 
----------�--------------�----------c 

GROUNDI 

SWITCH 

DRAIN COIL 

MATCHING 

COUPLI NG 

APACITORS 

TRANSFORMER "'-"'� -""'"" 

TO CARRIER SET 

ROTECTIVE 

GAPS 

INDUCTANCES 

Fig. 4-Phase-to-Phase Carrier Coupling and Tuning Cir­
cuits. 

odd quart e r  wave l ength s of the s e l e c t e d  fre ­

quency . Only stud end t ap s  having an at ­

t e nuat ion of 5 db or l e s s  (ba sed on Tab l e  2 )  

an d part i cularly those with an att enuat i on o f  

l d b  or l e s s ,  need be c on s idereci a s  p o s s ib i l i ­

t ie s  o f  int roduc ing s e r i ou s  ref l e c t i on l o s s e s . 
Note a l s o  that the t e rminat ion of the t ap i s  

important , s ince any c onne c t e d  e quipment , e ven 

if only a potential t ra n s f orme r ,  w i l l  increase 

t he at t e nuat i on of the t ap c ir cuit ,  .and c on s e ­

quent ly reduce the p o s sibi l i t y  o f  large re ­

f l e c t ion l o s se s . 

The value s given for branch c i r cuit l o s se s 

are c a l cu lated maximum value s based on pe s s i ­

mi s t i c  c ondit i on s ,  and se rve a s  a n  app l i cat i on 

guide . The se l o s s e s  w i l l  be c o n s iderably l e s s  

than shown a t  c e rtain freque n c ie s ,  and i f  the 

choice of fre quency is n ot l imited , one should 

be chosen which give s the l ow e s t  at t e nuat i on .  

( The most sat i sfact ory frequency can be ob ­

t ained from a fre quency-att enuat i on curve of 

t he c i r cu i t ) . 

A t yp i cal examp l e  of e st imating t he at ­

t e nuat i on of a carrier channel i s  i l lu s t rat ed 

in Fig . 2 .  In this case it is de s i re d  t o  

e st ab l i sh a pha se t o  ground , 1 00 KC channe l 

between stat i ons A and D .  At stat ion A the re 

are four add it ional b ranch c i r cuit s whi c h  in ­

t r oduce a l o s s  of 7 db . The t ran sformer bank 

on the bus i s  a s sumed t o  have a high impedan c e  

t o  t h e  carrier fre quency t hu s  introduci�g 

negl igib le l o s se s .  Thi s with a 5 db c oupling 

l o s s ,  make s the t ot a l  attenuat i o n  at s t at i on A 

12 db . From Tab l e  2 ,  the l ine from A t o  B 
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Fig. �chematic of A Short Carrier Frequency By-Pass. 

u s ing phase t o  ground c oup l in g  at 1 0 0  KC 
introduce s an at t e nuat i o n  o f  5 . 7  db . A t  

s t at i on B there a r e  2 addit i onal b ranch c i r ­

cui t s  ( tne thr ough carrier c i r cuit i s  c o n ­

s idered a s ingle c i r cuit i n  t h i s  case ) whi r.h 

add 6 db t o  the t ot a l  at t enuat i on . The 7 0  

m i l e  line s e c t i on f r om B t o  C adds 7 . 9 db . At 

st�t i on C the re are two c oupl ing l o s s e s  of l 

db each , p lu s  a c o axial cab l e  l o s s  of 0 . 5  db 

f r om Tab l e  3 .  The l ine f r om C t o  D adds !+ . 1  

db and the c oup ling at D add s 1 . 2  db . Thus 

the t ot a l  e s t imat e d  at t e nuat i o n  of t h i s  c i r ­

c·uit i s  app roximat e ly 3 9 . 4  db . 

The important c on s iderat i on in any app l i c a ­

t i on i s  the overa l l  c i r cuit a t t enuat ion from 

t ran smi t t e r  t o  

t e nuat i on i s  

branch c ircuit 

re ceive r . If the l ine at -

l ow ,  the c oup l �n g ,  t e rminal and 

l o s s e s  can be corre spondingly 

high . On the othe r  hand i f  a large port i on of 

the ava i lab l e  at tenuat ion is used up in the 

l ine , then the othe r l o s se s  b e c ome more im­

portant and mu st be given care ful c on s idera ­

t i on . 

Carrier Tran smi s s i on In P ower Cab l e s  

Carr ier t ran smi s s i on over a p ower cable i s  

much more d i f f i cu l t  .be cau s e  o f  the charac t e r ­

i st i c s  o f  the cable . The inductance o f  cab l e s  

i s  smal l ,  whi le i n  c ompar i s on the re s i stan c e  

and capacitan c e  a r e  large . Thi s me an s high 

l o s se s  and at t e nuat i o n , and give s a value o f  

s urge impedance whi ch may be as l o w  a s  l/1 0  o! 

that f o r  open l ine s . Hence , cab l e s  offer c on ­

siderab ly great e r  at t e nuat i o n  t o  the carrier 

frequen c i e s  and oft e n  make carrier t ran s -· 

mi s s i on quite d i f f i cult , part i cularly where 

the cab l e  sheath is not c on t inuou s . Carr ier 

Fig. 6-Schematic of  A Long Carrier Frequency By-Pass. 

t ran smi s s ion ove r cab le s  shou l d  be 

spe cial attent i on . 

The Carrier C i r cuit 

g i ven 

The carrier frequency e ne rgy normal ly is im­

pre s sed on the p ower c ircuit between one con ­

duc t o r  and gr ound or between any t w o  pha se 

c onduct o r s . The f ormer is t e rmed phase t o  

ground c oup l ing , and the latt e r  i s  

phs se t o  pha se or interphase c oup l in g . 

t e rmed 

The carrier energy is int r oduced ont o the 

t ran smi s s i on l ine s thru a c oupling capa c i t o r  

and l ine tun ing unit . O n e  capa c i t o r  u n i t  i s  

required for pha s e  t o  ground c oup l in g  

in Figure 3 ,  and two a r e  required f o r  

phase c oup l ing a s  shown i n  Figure 4 .  

a s  shown 

pha se t o  

The ca -

pac it ive reactance of the c oup l in g  capa c i t o r  

i s  neut ralized by the induct ive reactance o f  

t he l ine tuning unit a t  carrier f r e quen c ie s . 

Thi s p r o vide s a low l o s s  serie s re s onant c ir ­

cuit between the carrier t ran smi t t e r -receiver 

and the p ower t ran smi s s i on c ircuit . The drain 

c o i l  mount e d  in the base o f  the c oupl in g  c a ­

pacit or ha s a high impedance t o  c a r r i e r  fre ­

que n c ie s but a l ow impedance t o  6 0  cycle cur ­

rent . Thi s provide s a path t o  ground f o r  the 

6 0  cyc l e  charging current o f  the c oup l ing c a ­

pac it or w ithout appre c iab le l o s s  o f  the car ­

rier energy . The protect ive gap a c r o s s  the 

d rain c o i l  prot e c t s the carrier e qu ipment f r om 

any high surge v o ltage s which may o c cur . The 

c r ounn in� swi t ch p e rmit s the carri e r  lead t o  

b e  grounded d i r e ct ly f o r  maintenance o f  the 

carrier e quipment . 

With phase -to -ground coup l in g ,  the other two 
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pha se c onduct or s ,  t ogethe r  with the earth, act 

a s  the return path for the carrier s igna l . 

Very approximat e ly ,  half of the s ignal returns 

in the gr ound path and the othe r half is d i ­

vided between the t w o  pha se wire s . The re ­

s i stance of the pha s e  wire s t o  the carrie r 

frequen c i e s  i s  roughly one ohm per mile , a s  

c ompared w i t h  average earth re s i stance o f  20 
ohms per mi le . Thu s the attenuat i on in pha se ­

t o -ground c oup l ing i s  reduced by the pre sence 

of the other two phas e s .  When a two -phase or 

three -phase -t o -ground c oup l ing is u s ed , the 

attenuat ion i s  increa sed , since more of the 

return current is forced t o  f l ow in the eart h .  

The type of c oup l ing emp l oyed w ith any par -

t i cu lar 

di vidual 

Re l aying 

app l i cat i on i s  determined by the in ­

requirement s of that app l i ca t i on . 

and supervis ory c ont r o l  u sual ly w i l l  

emp loy a pha s e -t o -ground carrie r  channe l .  For 

other type s of t ran smi s s i on ,  e sp e c i a l ly c om­

muni cat ion , the int e rpha se c i r cuit i s  more• 

often used . 

Whi le the t ransmi s s ion l ine offe r s  an exce l ­

lent carrier c ircuit medium, it i s  we l l  t o  

re -empha size that prope r c on s iderat ion mu st be 

given to the f o l l owing : the pre sence of 

branch line s ,  t ap s ,  or spurs of such a length 

as to offer int e rfere nce from reflect i on ,  or 

ab s orpt i on of c e rtain carr ier frequencie s ;  

power fac t o r  c orre c t i on capac itor banks which 

may offe r a ser1e s shunt ; the pre sence of 

p ower t ran sforme r s  in the t ransmi s s i on c i r ­

cuit , which may c omp l et e ly or part i a l ly b l ock 

the pas sage of carrier . 

The high att enuat i on int roduced by branche s 

or tap s  at cert ain fre quenc ie s u sual ly can be 

overc ome by cho o s ing a frequency in which the 

t ransmi s s i on charact e r i s t i c s  are good over the 

c ircuit used for any swit ching c ondit i on on 

the system.  An alt e rnate method i s  to use 

l ine t rap s at the tap or c onnect ing p oint of 

the offending c i r cuit . The se t rap s are a d ­

justed t o  offe r a high impedance t o  t h e  car ­

r ie r . 

By -p a s s  e quipment i s  used t o  t ransmit the 

carrier energy around a t ran sforme r bank, a 

bu s or breake r ,  and for other c ircuit s whe re a 

8 

c ont inuous carrier channe l i s  de sired indepen­

dent of swit ching . Two forms of the by -pa s s  

are used - the short by -pa s s  of figure 5 and 

the l ong by-pa s s  of figure 6 .  Both c on s i st of 

capac i t o r s  and inductanc e s  which form a tuned 

c ircuit of l ow impedance around the open 

breake r ,  bu s ,  or t ran sforme r bank for the 

part i cu lar carrier fre quenc y ,  and a high im­

pedance for the p ower frequency current s .  

The short by-p a s s  re quire s only one l ine 

tune r and can be used where the d i s t ance be -

tween the 

roughly 100 
coup l ing capa c i t o r  doe s not exceed 

feet and whe re the t ot a l  c ircuit 

att enuat i on is not too high . The cable c o n ­

ne c t i on between t he capac itor s should approx i ­

mat e the charact erist i c s  o f  an open l ine and 

be we l l  insulated t o  reduce the leakage t o  

ground part i cular ly during rain and s leet . 

Line t rap s ,  as shown in Figure 6 1  may be 

ne c e s sary if t he by -pa s s  e quipment ha s a l ow 

impedance t o  ground at the carrier frequency 

b e ing used . Line t raps are u sed at each end 

of a relaying carrier channe l  to pre vent short 

c ircuit ing of the carrier output for an e x ­

t e rnal ground fault on the same pha s e  wire t o  

which the carr ier i s  coup le d . They u sua l ly 

are not ne c e s sary t o  reduce l o s se s . If the 

l ine t rap s are c onne cteo on the l ine s ide of 

the grounding swit che s ,  the l ine may be t aken 

out of service and grounded without int e r ­

rupt ing the carrier channe l .  

Frequency A l l o cat ions 

The s e l e ct i on of fre quenc i e s  for carrier 

funct i on s  on a t ransmi s si on system should be 

given careful c on s ide rat i on . The rap idly e x ­

panding use o f  carrier make s i t  impe rat ive 

that the mo st e ff i c ient use be made of the 

spect rum, s o  that future add i t i on s  can be made 

without int e rfering with exist ing channe l s . 

Thi s i s  part i cularly important in the se day s 

of int e r c onne cted syst ems whe re many or a l l  of 

the companie s involved in the int e r c onne c t i on 

are u s ing carrier and are p lanning add i t i ona l 

channe l s .  

The spe c t rum norma l ly used for p ower l ine 

carrier work is from 50 to 150 kc and it i s  

expe cted that the bulk o f  the app l i cat i on s 
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will fal l in thi s range . Howeve r ,  spe cturm 

crowding on some systems require s that this 

range be ext ended so as to accomodate the de ­

sired number of carrier service s ,  and t o  meet  

such requirement s equipment i s  available for a 

frequency band from 20 t o  300 KC . This band 

i s  covered in three steps by 20-5 0 ,  50-15 0 ,  

1 50 -300  k c  e quipment . 

The single s ideband modulat ion system ap ­

proximate ly doub l e s  the number of modulated 

carrier channe l s  which can be accommodated in 

a given frequency spe ctrum by requiring only 

half the band width formerly nece s sary with 

other systems of modulat ion . The single side ­

band system consists  of converter uni t s  which 

are added to doub le sideband ( A . M . ) e quipment s 

t o  make the c onversion .  In this way , a car­

rier system c an be planned using double side ­

band e quipment init ially and later conve rt ing 

it to single sideband when the frequency spe c ­

t rum become s crowded . 

Several fact ors must be considered in a l ­

locat ing a frequency for a new channe l o r  in 

selecting carrier frequencie s for several ser­

vice s .  The ffrst conside rat ion i s  that the 

new frequency , or frequenc ie s ,  not int erfere 

with existing channe l s .  This directly affect s 

the 

thi s 

type 

separat ion required between channe l s ,  and 

separat i on i s  large ly a function of the 

of service which the channel performs . 

For examp le ,  a re lay carrier channe l i s  usu ­

ally narrow band and would require the minimum 

separat ion between channels for no interfer-­

ance whi le a t one -modulated t e lemetering chan­
ne l is broad , (usually 6 kc ) and would require 

the maximum separat ion between channe l s . The 

se le ctivity characteristics  of the rece ivers 

as well as the power leve ls  of  the t ran s ­

mitters  have a direct bearing o n  the minimum 

separat ion permi s s ible . 

Noise and Inte rference 

Noise is a random phenomenon covering a w�de 

frequency band and contains component s of all 

frequencie s in th$ band . Ve ry l it t le is known 

concerning the actual magnitude of noise pre ­

sent on power systems . Howeve r ,  enough i s  

known o f  the nature of n o i s e  so  that steps can 

�e taken in the de sign of e quipment t o  mini -

mize i t s  effect s .  When noise produce s un-

wanted signals  which prevent proper func ­

t i oning of the carrier system, it i s  called 

interfe rence and act ion must be taken to mini­

mize it s effect . 

Interfe rence can be reduced by various ex­

pedient s ,  all of  which attempt t o  dist inguish 

between wanted signal and int erfe rence . For 

example , the band width of the receiyer may be 

narrowed , 

t ional t o  

and since noise power i s  propor-" 

band width, narrowing the band t o  

one quarte r  reduce s the noise power t o  one 

quarte r  and the noise voltage t o  one half,  or  

doubles  the signal -t o -noise rat i o . 

The use of audio t one s t o  modulate the car ­

rier wave further reduce s the inte rference e f ­

fect . For example , i f  the audio t one re ce iver 

band width i s  one -tenth the carrier re ceiver 

band width,  then the noise accepted by the 

t one re ceiver will be one -tenth that of the 

carrier receive r . The use of the single side ­

band system of t one or v�ice modulati on in­

crease s the signal -t o -noise rat io over a 

doub l e  sideband system by 8 t ime s or 9 db . 

The use of a biased det e ctor prope rly adjusted 

gives a further pos sibility of increa s ing 

s ignal-t o -noise  rati o  by approximately two t o  

one , o r  3 db . 

The signal-t o -noise rat io will vary with the 

attenuat ion through which the e quipment must 

work . The higher the att enuat ion ,  the more 

sensit ive the receiver ( as suming constant 

t ransmitter output ) , and the lower the signal­

t o -noise rat io . "For low attenuat ion circuit s 

(be low 33db ) , adjustment of rece iver band 

width and sen s it ivity i s  usually all that i s  

ne c e s sary t o  prevent interference with the 

proper funct ion ing of the equipment . Carrier 
relaying fal l s  within this range of attenua-

t ion , and the simple e xpedient of ope rat ing 

the equipment at a s ignal level we ll above 

noise leve l provide s adequate margin of 

safety . In hundreds  of carrier re laying in-

stallat ions , no case has been enco�ntered 

where noi se has re sulted in improper operat ion 

of the equipment . 

In relaying applicat ions of carrier ,  it i s  

e xt remely important that random noise doe s not 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



POWER LINE CAIUUEB -------------------

interfere with the carrie r s i gna l ,  e ither by 

producing an unwant ed s i gnal which would b l ock 

t r ipping , or cance l lat i on of a wanted s i gna l ,  

which wou l d  cau s e  incorre c t  t ripping . How ­

eve r ,  the requ irement s of other servi ce s which 

ut i l ize the carrier ,  such as supe rvi s ory c on ­

t r o l , t e leme t e r ing , or emergency c ommuni cat ion 

a�e not so severe , and s ome interfe rence with 

the wanted s ignal usua l ly can be t o le rat�d , i f  

the inte rference i s  random i n  nature . 
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Westinghouse 
CARR I ER C U R R ENT RELAY I N G 

GEN ER AL CONS I D E R AT I ON S  AND PR I N C I PL E  OF 

TYP E  GO EQU I PMENT 

INTRODUCTION 

The high-speed clearing of faults on 
transmis sion lines i s  recognized as neces sary 
for good system operat ion . The best overall 
protection is provided by the method known as 
differential relaying in which conditions at the 
two ends of the line are compared to determine 
whether the fault i s  on the l ine sect ion or ex­
ternal t o  the prote cted zone . This assures s i ­
multaneous tripping of the breakers , which i s  
desirable from the standpoints o f  stability, 
continuity of service , quick reclosing , and min­
imum damage to equipment . For many lines the 
system known as carrier current is the most 
practical and reliable medium for comparing the 
conditions at the two ends of the line . 

Carrier current is a term applied to 
50 t o  150 kilocycle frequency current s super­
imposed on a transmis s ion line . Here the energy 
i s  confined almost entirely to the wire l ines 
and not radiated into space as is common in rad­
io broadcasting ( 550 to 1500 kc . )  This results  
in  greater efficiency and make s it  pos sible to 
transmit greater distance s  with le s s  high fre­
quency energy . 

POWER VS . CARRIER FREQUENCIES 

A very important difference between 
electric power transmis sion and carrier current 
transmis sion is the frequency . Although the 
fundamental principles of both are the same , 
many of the factors of primary importance at 
Qarrier frequencie s are negligible at commercial 
power frequencies and vice versa . For �xample , 
the power circuit s are electrically short , and 
therefore , susceptible to approximate empirical 
solution, while the carrier current circuit s  are 
in most case s concerned with ele ctrically long 
circuit s .  The relatively greater electrical 
length of carrier current circuits is due ,  not 
to their mechanical length, but to the higher 
frequencies involved . As an example of the wide 
ditferences in electrical lengths between the 
two types of circuit s ,  let us consider a typical 
220 kilovolt line of 750 , 000 circular mil con­
ductors and 19 foot spacing . The wave length of 
such a line at a 60 cycle operating frequency i s  
about 3000 mile s . This means that the voltage 
at the receiving end of a full wave length line 
is 360 ° out of phase with that at the generating 
end . But the maximum power that can be trans­
mitted over any given line occurs when the volt ­
age at the receiving end lags the generator 
voltage by about 90 degree s .  Beyond the 90 de ­
gree point the maximum power decreases , or , in 
othe r  word s ,  the longer the line , the less  pow­
er can be transmitted . This  and other factors , 

such as the effect of the line charging current 
on the generator fie ld , the effect of ·shol't -cir­
cuit conditions on the generators , and other 
synchronous machines en�er into the situation 
which is termed " stability" . For this particu­
lar line , the line characteri stics and the pro ­
blems of stability and power limits would re ­
strict transmis s ion to not more than a quarter 
wave length or a maximum distance of 750 mile s . 
For carrier current frequencie s on the other 
hand , no such limitation exist s .  Considering 
the above -mentioned transmi ss ion line at a car­
rier current frequency of 60, 000 cycles ,  a ·�a. v e  
length becomes approximately 3 miles . This 
would indicate a maximum transmiss ion distance 
of 0 . 75 miles while actually distances of sever­
al hundred miles are possible . 

RELATIVE EFFICIENCIES 

Another interesting compari son between 
power transmis sion and carrier current trans ­
mis sion i s  afforded by discussion of efficiency . 
The losses  in any transmission circuit may be 
considered to be made up of resistance and leak­
age losse s , or as they are sometimes defined , 
series and shunt losses , respe ctively .  The 
former are equal to I2R and the latter t o  v2G 
where R i s  the res istance of the line , V i s  the 
voltage and G i s  the leakage conductance . In 
most power transmis sion line s ,  the leakage los s ­
e s  in the absence of corona are small,  hence , 
the solution of the problem of efficient trans ­
mis sion is to raise the voltage , thus decreasing 
the current . In power transmissi?n ,  this i s  
readily accomplished because most lines are e ­
lectrically so short that the impedance i s  gov ­
erned entirely by the step -up and step -down 
transformers and the associated load at the re ­
ceiving end . Where the lines are long, the line 
characteristics  play an important part in the 
proce s s . In the case of carrier current trans ­
mis sion, the receiving equipment has little ef­
fect on the transmitting end impedance because 
the lines are electrically so long that most of 
the power is  absorbed in the line . While the 
transmis sion efficiency at carrier frequencies 
may be quite easi ly calculated for uniformJ,.y 
constructed two -wire line s ,  the complexity of 
most transmis sion circuits i s  such that it is 
usually more practical to determine this effic ­
iency by test . At first thought , i t  would seem 
that the very low efficiencies ( in the order of 
10% )  which are quite common, would be ent irely 
unsati sfactory . However,  it should be remember ­
ed that the energy losses  of carrier current 
transmi s sion do not involve large amount s of 
power , and , therefore , do not represent an ap ­
preciable economic los s . 
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CARR I ER CURRENT RELAY I NG c 
M/\1\ D 1\111'11\ 

ATTENUATION VS FREQUENCY 

In carrier current transmis sion , as in 
telephone line s , it  is convenient to consider 
the t ransmis sion characteri stic or a system in 
terms or attenuati on or the diminution or power 
along the transmis sion line . The ratio between 
the voltages ,  current s ,  or power at any two 
point s is a measure or the att enuati on or the 
circuit between these two point s .  However,  it 
i s  not convenient in practice to expres s  trans ­
mis s i on los ses  or gains in terms or these ratios 
directly .  The losses  s o  expres sed cannot be 
added to obtain the t otal los s ,  but must be 
multiplied . Consequent ly, this attenuation i s  
expre s s ed i n  decibe ls , which are ten times the 
logarithm t o  the base 10 or the power ratio , or 
20 times the logarithm to the base 10 or the 
current or voltage ratios .  An attenuation or 10 
decibels is equivalent t o  a power erriciency or 
1 0% ;  20 decibel s  is equivalent to 1%; 30 de ci­
bels i s  equivalent to 1/10%, et c .  

In very general terms , the attenua­
t ion or a two -wire unirorm l ine in decibe ls in­
creases linearly with rrequency . However, this 
linear relati on is never exact and in s ome cases 
the departure rrom linearity i s  very large . Ir , 
instead or the s imple two -wire line , there are 
one or more branch circuit s ,  the increase in at ­
t enuation i s  no longer direct ly proportional to 
the rrequency in kilocycles .  In ract , a change 
or 5% in the rrequency may easily cause an in­
crease or decrease in attenuation or as much as 
25 decibel s  in a normal circuit . Ir the circuit 
i s  changed by switching so that more or les s 
branche s are in use , there · may be equally great 
change s  in the attenuation . It is , thererore , 
desirable that the line be s tudied carerully in 
order t o  determine the most suitable rrequency 
ror transmis s i on .  

EFFECT OF BRANCH CIRCUITS 

As an example , consider the network or 
Figure 1 and its  attenuation characteri stic un­
der various operating conditions . Curve 1 gives 
the characteristic or the line AB which i s  trap ­
ped by choke coil s , as shown . Curve 2 shows the 
characteristic or the same line with the tap 
circuit , C ,  and its  associated equipment con­
nect ed .  The i nt roduction or thi s circuit not 
only increases average attenuation or the line 
AB , but also introduce s  irregularities caused b� 
rerlection and abs orption errect s . Thus , be ­
tween points 5000 cycles apart , there i s  as much 
as 10 db attenuation dirrerence . Curve 3 shows 
the characteri stic or the same l ine section, AB, 
with both tap line s , C and D, connected . This 
curve not only shows an increase in the average 
attenuation but also rerlect ion errects that are 
s o  pronounced as to give a 20 db variation in 
attenuati on over a 5000 cycle interval . Fur ­
thermore , there may be no s imilarity between the 
last two conditions . That i s ,  the peaks and 
troughs in .attenuation may not occur at the same 
rrequencie s . 

Before continuing , it i s  desirable to 
discuss  characteri stic or surge impedance . 
Characteristic impedance* i s  defined as the in­
put impedance of an infinite length line . It 
wil l  have a finite value due to shunt capaci ­
tance and conductance . For finite length line s ,  
surge impedance i s  the value o f  terminating im­
pedance whi ch will make the input impedance 
equal to it , regardle s s  of the l ine length.  
There i s  no  reflection from the terminating end 
when the l ine i s  terminated in its  characteri s -

*For a more complete definition 
of characteristic impedance see 
Infinite Line " in Communication 
Everitt ( See Bibliography . )  

and di s cussion 
chapter on "The 
Engineering by 

40 

35 

l/) 30 
...J 
w 
lD 

u � 25 
I z 

Q � 20 
:;) 
z 
w 
1-� I S  

10 

5 

0 
60 

1 \  ll 

I'" 
..... 

1\ -3 
2 f- I 

II 
.... 

1/ 

70 80 90 100 1 10 120 
FREQUENCY- K I LOCYCLES 

Fig . 1 
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tic  impedance , and hence , practically con stant 
attenuati on is po s s ible over a large range of 
rrequencies . The characteristic impedance is 
determined by c onfiguration , insulation, and 
other line constant s ,  and i s  independent of line 
length . 

Returning to the discus sion of refle c ­
tion and absorption , consider a line having an 
e lectri cal length of 90 ° or 1/4 wave length for 
a particular frequency . If the remote end o� 
this line is open , the input impedance is  verJ 
low . If the line were 270 ° ( 3/4 wave length ) 
long , the input impedance would also be low , but 
not quite so low as for 1/4 wave length , How 
ever,  at 180 ° ( 2/4 wave length ) ,  the impedance 
i s  very high, and at 360 °  ( 4/4 wave length ) ,  it 
i s  not quite so high . ** 

**The large difference in input impedance at 
the odd and even quarter wave l�ngths , i s  due to 
reflect ion . A complete discuss ion of this phen­
omenon is  beyond the s cope of this .  leaflet , and 
reference is made to a very excellent dis cussion 
in the chapter on " Reflection" in Communicat ion 
Engineering, by Everitt .  ( See Bibliography ) . 
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CARR I ER CURRENT RELAY I NG 

As the length is increased , it is usu­
ally pos sible to distinguish between the odd and 
even quarter wave lengths , up to about 50 quart ­
ers or 4500 ° .  However , ·the · maxima and minima 
peaks approach the surge impedance and are not 
easily recognizable on long line s . The unit s of 
length, ( e lectrical degrees or quarter wave 
lengths ) are dependent as much on frequency as 
upon mechanical length . Based on previous a s ­
sumptions , a 15-mile line would be about 2 0 -
quarter wave length a t  60 kc . ;, Its input imped ­
ance would be slightly higher than the surge i�­
pedance of the line , since , as was pointed out 
above , even quarter wave -length line s  have rela­
tive high input impedance . If the frequency 
were changed to 63 lee ,  the 15 -mile line would­
be about 21-quarter wave length, and the input 
impedance would be below the surge impedance 
corresponding to an odd quarter wa �e -length, 
line . In other words , the maxima and minima 
would be separated by 3 kc or one -fourth the 
frequency which corresponds to the wave length 
of the line . Als.o , for a 15 -mile , 20 -quarter , 
wave -length line , there will be approximately 16 
maxima and 16 minima ( impedance peaks ) in the 
carrier frequency band of 50 to 150 kc . These 
variations in impedance may have considerable 
effect on the proper adjustment of the carrier 
transmitter . In the case of branch circuits ,  
the impedance minima usually represent absorp­
tion which causes high attenuation . Therefore , 
they should be carefully considered for short 
lines and branch circuit s .  

The above discussion has considered 
carrier transmis sion over an open wire trans­
mis sion line . Carrier transmission over a power 
cable is much more difficult because of the 
character' stic of the cable . The inductance of 
cables is  small , while in comparison the resist ­
ance and capacitance are large . This means high 
losses and attenuation ,  and gives a value of 
surge impedance which may be as low as 1/10 of 
that for open lines . Hence , cables offer con­
siderably greater attenuation to the carrier 
frequencies and often make carrier transmission 
quite difficult . Carrier transmission over 
cables should be given very special attention . 

THE CARRIER CIRCUIT 

The use of transmission lines as a 
communicating medium for a carrier channel can 
be accomplished in two different ways . Carrier 
frequency may be impressed on circuits between 
one conductor and ground or between any two con­
ductors such as between phases A and B or phases 
A and C or phases C and B .  The former i s  termed 
phase -to -ground circuit , while the latter, is  
termed phase -to -phase or interphase circuit . 

The inherent advantage and limita­
tions of each method of coupling are as follows : 

1 .  Phase -to-ground transmission i s  
usually less  expensive since only one set of 
coupling units are neces sary at each end of the 
t ransmission channel .  

2 .  The attenuation to carrier fre ­
quency of phase -to -ground circuits is usually 
two or more times that of phase -to -phase .  

3 ·  The interference level ( ratio of 
extraneous voltages to  carrier signal voltage ) 
is much . greater with phase -to-ground carrie1 
circuits . 

4 .  With single line to ground coupl­
ing , the other two phase conductors together 
with the earth act as the return path for the 
carrier signal . Very approximately, half of the 
s ignal returns in the ground path and the other 
half is divided between the two phase wires .  

The resistance of the phase wires to  the carrier 
frequencies is roughly 1 ohm per mile as com­
pared to average earth resistance of 20 ohms per 
mlle . Thus the attenuation in phase to  ground 
coupling is reduced by the presence of the other 
two phases .  When two or three line to  ground 
coupling is used , it is evident that the attenu­
ation is increased since more of the return 
current · is forced to flow in the earth . 

The type of transmission employed 
with any particular application is determined by 
the individual requirements of that application . 
In some cases ,  coupling units are already 
available on all phase conductors so that interp 
phase transmission will be employed even though 
the distance may be very short . In general , 
relaying and supervisory control will usually 
e� loy a phase -to -ground carrier channel because 
( a )  the distances involved are seldom greater 
than 100 mile s ,  (b ) the interference level or 
interference with s ignals is usually .not serious 
for the se applications . For other types of 
transmission, e specially communication , the 
interphase c ircuit is preferable . 

CARRIER FREQUENCIES 

The frequency band available for 
carrier current use · is from 50 to 150 kilocycles. 
This frequency band is  used - beoause at lower 
frequencies than 50 kc interference might result 
with carrier frequencie s used for telephone com­
munication over telephone lines , and above 150 
kc , the attenuation and radiation is high . From 
thi s ,  it is apparent that for a given installa­
tion, the lower part of the frequency band 
should be uti li zed for the longer distances . 

RESULTANT CONSIDERATIONS 

It is apparent from the above dis ­
cussion that insofar as the transmission medium 
is concerned there are important differences be ­
tween carrier current transmission and power 
transmis sion . Some of these irregularities in 
transmission characteristic s  could be smoothed 
out by transposing and properly terminating the 
circuit s .  This is not usually feasible as the 
circuit s must be used as previously installed . 

The transmission line �ffars an exce l ­
lent circuit medium except for two l tmitations : 

( 1 )  The presence of branch lines , 
taps , spurs of such a length as to offer inter­
ference from reflection, or absorption of 
certain carrier frequencies , as discussed above . 
Power factor correction capacitor banks may also 
offer a serious shunt . 

( 2 )  The presence of power trans ­
formers in the transmission circuit whi ch may 
completely or partially block the passage of 
carrier current s .  

The first limitation can usually be 
overcome by choosing a · frequency in which the 
transmission characteristics are good over the 
circuit used . An alternate method is to use 
resonant choke coils ( wave traps ) at the tap or 
connecting point of the offending c ircuit . These 
coils are adjusted to offer a high impedance to 
the carrier current s .  

Resonant choke coils are used exten­
sively to i solate a particular section of the 
transmission line from the rest of the power 
system . This is the most satisfactory means of 
insuring at all times a through carrier current 
channel .  If the resonant choke coils are con­
nected at the ends of the transmis sion line and 
inside the grounding swit che s ,  the line may be 
taken out of service and grounded without inter­
rupting or interfering with the carrier channel . 
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CARR I ER CURRENT RELAY I NG 

Unle s s  the choice of fre quenci e s  ;s very limi ­
ted and the number of t ap s  or spurs large , 
choke c o i l s  will be only required at the ends 
of the transmi s s ion sys t em to prevent interfe r ­
ence from the connected circui t s  or from ground ­
ing . 

The s e c ond limitation i s  s e ldom en­
c ount ered on mos t  t ransmi s s i on syst ems . However 
where i t  i s  d e s i red t o  operat e a carrier channel 
t hrough a t ransformer b ank in the t ransmi s sion 
line by-pa s s  e quipment can b e  used . Thi s by­
pas s

' 
equipment consi s t s  of capacitors and in­

ductanc e s  whi ch form a tuned circuit of l ow im­
pedance path around the transformer bank for the 
parti cular carrier frequency , and a high im­
pedance for the power frequency current s .  

Where doubt exi s t s  a s  t o  the pres ence 
o f  a suitable carrier channel i t  is des irable t o  
t ake sufficient t e s t  data s o  that a curve o f  
attenuation in t e rms of frequency may be plotted 
a s  shown in figure 1 .  Thi s may usually be done 
in e ither of two ways . The carrier current 
t ransmi t t e r  and receiver may be s e t  up for 
regular operation and ad justed for s e veral fre ­
quenc i e s  over the range or , if more convenient , 
a spe cial t e s t  o s ci l lator and special tube vo lt ­
met er may be used instead of the regular carrier 
current e quipment . Owing to the fact that l ine 
s wi t ching condit i ons affect thi s curve very 
appre ciably,  it is de s irable to make s e veral 
t e s t  runs c overing a s  many normal and abnormal 
conditi ons as can be s e t  up without undue int e r ­
ference t o  the t ransmi s s ion o f  e l e c t r i c  power . 

The se curve s should be filed with the instruc ­
t ion book as an aid to maintenance .  If it i s  
sub se quently found that the frequency cho s en i s  

unsat i sfactory, the operator can consult the s e  

curve s and de cide upon a more suitable fre ­

quency for operat i on .  

LINE COUPLING SYSTEM 

So far thi s di s cu s s i on has not brought 
out the method of introducing the carrier fre­
quency on the t ransmi s s ion line s . If the par ­
t icular t ransmi s s ion circuit i s  a high voltage 
s ys t e m  such as 110 kv for example , it is e s ­
s ential that s ome means must be used to conne ct 

the carrier e quipment t o  the line without re ­
s orting to a direct e le ctrical conne ct ion of the 
carrier e quipment to the pha s e  conductors . For 

this purp o s e  a s e r i e s  of capacitor uni t s  and a 

drain c o i l  conne cted from the phase conduct or t o  

ground i s  used . Thi s capacitor stack ( . 0006 t o  

. 004 mfd . ) offers and impedance o f  s e veral 
mil l i on ohms t o  power frequency current . Thus 
the power current thru the capacitor is in the 
order of 50 milliampere s .  A small radio fre ­
quency choke c o i l  ( approx . 100 mil lihenries ) 
offering many thousand ohms impedance to the 
carrier frequencie s  i s  mount ed in the base of 
the coupling capacitors and conne cted between 
the capacitor and ground so that the 50 rna of 
60 cycle charging current f lows through the c o i l  
t o  ground . The power frequency impedance of thi s 
c o i l  i s  very small compared to i t s  carrier fre­
quency impedance s o  that it s ungrounded terminal 
is at a pot ential of l e s s  t han 100 vo l t s  above 
ground with the 60 cycle charging current flow­
ing through i t . 

The carrier frequency i� impr e s s ed 
directly acr os s  thi s choke ( drain ) coil . The 
carrier voltage i s  applied t o  the transmi s s ion 
line conductor t hrough ( or in series ) with the 
capac i t or . The capacitor has a low impedance t o  
carrier frequenc i e s  s o  that in effect that 
carrier voltage i s  impr e s s ed direc t ly on the 
t ransmi s sion c onduct ors without r e s ort ing t o  a 
high vo ltage conne c ti on . To further improve 
t hi s  coup ling , the reactance of the capacitor i s  
s er i e s  tuned b y  the reactance o f  a tuning cir-

4 

cuit in the carri er current t ransmitter . In 
thi s way, the . carrier equipment is conne cted 
dire c t ly t o  the t ransmi s s ion line in a fashion 
which permi t s  a low voltage conne ct ion but im­
pre s s e s  the carrier voltage dire c t ly between 
phase conductor and ground . For pha s e - t o -phase 
transmi s s i o n ,  thi s s ame connecti on is used on 
each phase conductor so that the carrier vo ltage 
appears 1/2 betwe en each phase and ground . 

TRANSMITTER-RECEIVER EQUIPMENT 

The transmi t t er -receiver e quipment i s  
quit e  s imilar i n  cons truction t o  space radio 
communi cat i on e quipment , using many of the c om ­
ponent s originally d e signed f o r  space radio 
e quipment . The arrangement o f  the circui t s  i s  
very s imilar t o  tho s e  used i n  space radio equip­
ment except that usually the circuit s  used for 
space radio are compli cated by special require ­
ment s which have no s ignificance in the case 
carrier current equipment . 

CARRIER CURRENT SCHEME - - PRINCIPLE OF OPERATION 

As explained abov e ,  an outdoor -mounted 
radio t ransmi t t er -re ceive r  i s  used at each of 
the line for generating the high frequency and 
operating an auxi liary or re ceiver re lay in 
re sponse to the received s i gnal . Figure 3 and 4 
shows s chemat i cally the c onne ct ions of thes e  
t ransmi t t er-receivers to the transmi s si on line 
and to the auxi liary re lays . Each line s e c t ion 
is considered as a unit and should be a s signed a 
s eparate frequency to minimi z e  the po s s ibility 
of interference . 

All circuits as s o ciat ed with the 
s e c tion are tuned to respond to the a s s igned 
frequency s o .  that either receive r  may re ceive a 
s ignal from i t s  own t ransmi t t er or from the 
t ransmitter at the opp o s i t e  end of the s e c t i on .  
The correct functioning of the carrier current 
i s  not affected by int e rnal transmis s ion line 
fau l t s  be cause it is used to block t ripping in 
unfaulted line s e ct ions and therefore is not re ­
quired to t ransmit a signal over a faulted s e c �  
t i on . 

Thi s system of prot e ct i on u s e s  re lays 
operating on current and voltage at each end of 
the line to detect and determine the dire c t i on 
of fault s .  Carrier current i s  s tarted by fault 
det ectors when a fault o c curs . Fault power 
flowing out of a line s e c t ion indicat e s  that thP 
fault i s  external and the breakers should not be 
t ripped . At the same ins tant , however ,  power 
wi l l  be flowing into the other end of the line 
as though the fault were in the s e ct i on . Under 
thi s condit ion, the directional re lays at the 
end where power i s  flowing out of the s e c t ion 
wi l l  operate to continue the transmi s s i on of a 
carrier current s ignal whi ch i s  re ceived at both 
ends and prevent s the relays at both ends from 
t ripping for all ext ernal faul t s . For int ernal 
fau l t s  power will not be flowing out at e ither 
end and carrier current wi l l  be stopped by 
operation of the dire ctional e l ement s at both 
ends to permit simultaneous tripping of both 
breakers . ' 

The carrier current s cheme uti li z e s  
the t ime -di s t ance characteri st i c  o f  the type HZ 
impedance re lay t o  provide high speed s imul ­
taneous t ripping with carri er in servi c e , and 
s t ep type dis tance prot e c t i on with carrier 
either in or out of s ervi ce . The first e l ement 
of the HZ relay operates independent ly of the 
carrier current . The s e c ond e l ement t rips at 
high speed for faults in the s e ct i on becaus e  
carrier t ripping contact s short around the syn­
chronous timer . Thes e  t ripping conta c t s  c l o s e  
immediately if the fault i s  within the s e ct i on ,  
but are held open b y  the carrier current s i gnal s www . 
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CARR I ER CURRENT RELAY I NG 

t o  block tripping if the fault is beyond the 
section being protected . This arrangement thus 
provides simultaneous tripping over the entire 
line sect ion . The synchronous t imer is used in 
connection with the second impedance element t o  
provide back-up protection f o r  the second zone 
section . The tripping circuit of the third 
e lement is independent of carrier current and 
operate s  with t ime delay for overall back-up 
protect ion . The direct ional element , supervised 
by the second impedance e lement , together with 
the third impedance element , control the trans ­
mis sion of carrier current . Additional inter­
locks can be included t o  prevent tripping of an� 
of the elements ( carrier or back-up protection) 
due t o  out -of-synchronism surges . Thus , beside s 
the usual carrier current pilot prote ction, this 
system inherently provides high speed and time 
delay back-up prote c t ion . 

COMPONENTS OF COMPLETE EQUIPMENT 

An outline of the equipment used at 
each terminal of a transmis sion line i s  given in 
the foll_owing li st of component part s .  

1 .  A set o f  relays , operating on the 
current and voltage of the line , to detect and 
determine the direction of fault s ,  to trip the 
breaker if the fault falls within the zone of 
protection, to eontrol the transmis sion of 
carrier current for external fault s ,  and t o  pre ­
vent tripping due to out -of-synchronism condi­
t ions . 

2 .  A d-e . carrier current transmitte r­
receiver set , the transmitter controlled by the 
fault detecting and directional relays , and the 
receiver to operate a receiver relay included 
with the relay equipment under 1 .  

3 ·  A high voltage coupling capacitor 
for introducing the high frequency current ont o 
the t ransmis sion line . This may be supplied 
with a potential device for measuring line -t o ­
ground potential or 3 sets can be used for 
measuring 3 phase line potential . 

4 .  Surge protective equipment to pro ­
tect the carrier current sets and personnel from 
line surges . This is included as part of the 
transmitter -receiver and coupling capacit or . 

5 .  A wave trap ( re sonant choke coi l )  
t o  confine the carrier current energy to the 
line sect ion for more efficient transmis sion of 
carrier and minimize interference between s e c ­
t ions . 

OPERATION OF SCHEME 

In the d - e . simplified schematic dia ­
gram ( figure 2 )  the ground re lay and the type HZ 
impedance relays are operated by current and 
voltage using the usual conne ctions for these 
relays . For simplicity, the current and voltage 
circuits are not shown . The three impedance 
e lement s of the type HZ relays are set in the 
usual manner for step-type di stance relaying . 
The first element Z l ,  is set for 90% of the line 
section and operates independent ly of carrier . 
The second e lement , Z 2 ,  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 set t ing of the first element 
that is , the last 10% of the line ( end zone ) ad­
jacent to the next seot ionalizing point . In 
this zone it is not pos sible to determine by 
distance indication whether the fault is just 
within or just beyond the end of the section .  
For distance re laying , without carrier , a time 
delay contact , T2 , is used in series with the 
contact of the second zone impedance element t o  
allow t ime f o r  the breaker i n  the next sect ion 

"TR.\P C.tRC.UITS 

CARR&!< CONiROL 

N 
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Fig .  2 
Simplified d - o  Schematic of the Carrier Current 

Relaying Scheme 

to clear . When used in carrier relaying , this 
T2 contact is paralleled by a contact , RRP, con­
trolled by carrie r ,  as explained below . The 
third element , Z3 , is given a distance setting 
to provide complete back-up protection through 
contact T3 , and to start carrier transmi s s ion . 
The synchronous timer motor is started by Z3 
operates T2 and T3 in s equence . 

The HRK or HRP ground relay has a 
directional element and two instantaneous over ­
current element s .  The operation of the s e  ele ­
ment s is explained below . 

The upper part of figure 2 compri ses 
the trip circuits and the lower part , the 
carrier cont rol circuit s .  The distance type 
trip paths are : First zone - D and Z l ;  Second 
zone - D ,  Z2 and T2; Third zone - D, Z3 and T, . 
The carrier controlled tripping path is through 
D, Z2 and RRP contact s .  For ground protection a 
carrier controlled trip circuit is set up 
through the contacts Do and Io2 of the ground 
r5lay and the carrier controlled contact , RRG . 
The contact Io3 is used to start carrier .  The 
contact s ,  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 phase s )  in 
the lower part of the figure serve to start the 
t ransmis sion of the carrier s ignal for phase 
fault s and contact Io3 performs the same func ­
tion for the ground fault s .  , These carrier start 
contact s ,  Z3 , are on the same fault detector 
elements as the tripping contact s ,  Z 3 ,  in the 
upper part of the diagram . The ground start 
contact , Io3 , is operated by an over-current 
element separate from that which operates the 
t ripping contact . 

Normally , with the phase and ground 
carrier start contacts open, the cathode of the 
oscillator tube is connected through a resistor 
t o  the positive side of the battery . Under this 
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!RIP CIRCUITS 
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Fig . 3 
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Complete d - e  Schematic of the Carrier Current Transmit t e r  Re c e i ver Set s and Re lays for c omplete Phase 
and Ground Fault and Out o f  Step Pt'o t e c t ion . 
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CARR I ER CURRENT R EL AY I NG 

c ondi t i on the tube cannot o s cillat e . However, 
upon c l o sure of any of the Z3 cont a c t s  or the 
ground s t art cont a c t  Io3 , the cathode is con­
nected t o  the negative bus through the norma l l y  
c lo s ed contact s ,  CSP and CSG , and the tube be ­
gins to o s c i l late and t ransmit a carrier signal . 

The s t opping of the carrier s ignal i s  
cont ro l led by the t ripping contact s ,  D and Z 2 ,  
for phase fault s and D o  and I o 2  for ground 
fault s .  When fau lt power flows into the pro ­
t e cted line s e c tion, the t ripping conta0t s ,  D 
and Z 2  c l o s e  for ph�se fau l t s  and permit the 
c o i l  of the auxiliary contactor swit ch , CSP , t o  
b e  energi zed . This cau s e s  the back CSP contact 
in the carrier control c ircui t s  t o  open , which 
s t op s  carrier , and permi t s  the RRT operating 
c o i l  of the blocking relay to be energized thru 
Z3 s t art contac t s . Simi larly , for ground fau l t s  
Do and Io2 c lo s e  t o  energize the c o i l  of another 
auxi liary contactor s witch, CSG ,  who s e  back c on­
tact , CSG ,  s t op s  carrier and permi t s  the opera ­
t ing c o i l  of the b l o cking relay to be energi zed . 

The arrangement of s t arting and s t op ­
ping carri e r ,  a s  explained above , i s  s o  de signed 
that the action of the ground re lay is given 
preference over the phas e  re lays . This means 
that if Io3 of the ground re lay start s carrier , 
it i s  then imp o s s ible for the CSP contact and 
the phase re lays to s top carrier . The purp o s e  
o f  this ground preference i s  t o  prevent p o s s ible 
inc orre ct indi cat ions o f  the pha s e  re lay� due 
t o  load current s and the flow of positive and 
negat ive s equence current s during ext ernal 
ground faul t s . 

The carri e r  control led b l ocking e l e ­
ment i s  a s ensit ive polarized d - e . re lay pro ­
vided with two make contact s ,  RRP and RRG , and 
one break c ontact , RRB . The s e  cont a c t s  are 
operated by the action of t wo coi l s , one an 
operating c oi l ,  RRT , energized by the local 
battery and controlled as explained abo ve b y  CSP 
and CSG c ontact s ,  and the other a carrier hold ­
ing c oi l ,  RRH, connected in the plate circuit o f  
the carrier current receiving tube . Normally, 
b oth coi l s  are de -energized and the make con­
tact s ,  RRP and RRG , are held open by a magnet i c  
bias . The relay is prevented from operat ing 
when the carrier holding coi l ,  RRG, i s  ene r ­
gized e ven though the operating coil , RRT , i s  
energiz ed . Thi s means that a s  long a s  carri e r  
i s  being re c i e ved either from the local o s c i l ­
lat or or from the opp o s i t e  end , RRH i s  energized 
and tripping i s  prevented . 

The c ompl e t e  s equence of event s may be 
briefly summarized as follows : As sume an in ­
t e rnal phas e -t o -pha s e  fault just beyond the z one 
of one of the Zl e lement s .  Carrier wi ll be 
init iated immediat e ly at both ends of the line 
by the c l o sure of one of the Z3 contact s .  Mean­
while , the dire ct ional and s e cond z one impedance 
c ontac t s  c lo s e  and energize the auxilia�y s wi t ch ,  
C S P ,  s t opping carrier and energizing the opera ­
t ing c o i l , RRT , of the carrier blocking re lay . 
Since the s ame a c t ion ha s o c curred at the far 
end of the line , no carrier i s  received and the 
b lo cking c ontact , RRP , i s  c l osed at both ends 
complet ing the trip circuit s through D and Z 2 . 
Ho,,rever , the t rip c o i l  at one end has already 
been energized through Z l . If the fault had 
been exte rnal t o  the s e ct i on ,  then tripping 
c ould not have o c curred s ince the carrier hol d ­
ing c oi l ,  RRH, would have b e e n  energized by 
carri er from the far end . 

If an inte rnal two -pha s e - t o - ground 
fault is as sumed , the ground carrier s tart c on ­
tact Io3 , will s tart carrier b y  making point G 
negat i ve and it i s  then impo s sible for the pha s e  
re lays t o  remo ve carri er through the C S P  c on ­
tact s . However ,  the ground tripping conta ct � . 

Fig . 2 (Repeated ) 
Simp l i fied d - e  S chemat ic of the Carrier Current 

Re laying Scheme 

Do and I o 2 ,  will c lo s e  energizing the CSG aux­
i li ary relay to s top carrier .  

It will b e  noted that carri er current 
i s  not s tarted at either end unl e s s  fault cur ­
rent o�erat e s  a s t arting e l ement ( fault de ­
t e c t or ) . This i s  s ignifi cant in cas e  a line b e ­
comes d i s c onnec t ed from a s ource o f  power a t  one 
end ;  i n  other word s , b�come s a s tub end feede r .  
If a fault o c curs o n  such a line , the carrier 
t ransmi t t er will b e  s t arted and s t opped only at 
the end whi ch is conne cted t o  the s ource of 
power and no carrier wi ll be rece ived from the 
other end to interfere with tripping . 

On para l l e l  line s it i s  p o s s ib l e  t o  
have the fault power unde rgo a qui ck reversal a s  
the breakers o n  the faulted line open . Under 
thi s condition carrier t ransmis sion i s  main­
t ained at one end unt i l  it has had t ime to b e  
s tart ed a t  the othe r . 

It i s  d e s irable to periodically che ck 
the c ondition of the carrier s et t o  d e t e rmine 
i t s  ability to send and receive a carrie r  s ignal 
For thi s purp o s e  a t e s t  push but t on is conne cted 
in paral l e l  with the carri er s tart e l ement s .  
Pre s s ing the t e s t  push but t on s ends a carrie r  
s ignal which i s  received by the receive r  tubes 
at both ends o f  the line s e c t i on t o  opera t e  an 
a l arm relay and energize a mi l liamme t e r . If the 
carrier set is not functioning , the alarm is not 
heard and the · mi lliamme t e r  d o e s  not def l e c t  in­
di cat ing t roub le whi ch must be inve s t igat ed . The 
a larm relay has a minimum operating value in ex­
cess of the minimum required t o  operate the 

b l ocking re lay so that an indication of im­
pending troub l e  can be obtained before a ctual 
failure o c curs . 

A three p o l e  s ingle throw switch ope r ­
ated from a c ommon handle i s  conne cted i n  the 
carrier trip and out - o f - s tep ci rcuit , as shown 
in figure 2 ,  The swit ch i s  marked " Carrier On­
Off" and opening it removes carrier supervi s i on 
and permit s the HZ re lays to operate in the con-
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CARR I ER CUR R ENT R ELAY I NG 

ventional stsp - z one mann� r .  The switch also re ­
moves the: HRK or HRP c;round relay and ground 
prote ction is available thro Jc;h back-up cround 
re lays . ( Shown in figure 3 and 4 ) .  

OUT -OF-STEP PRO'l'ECTION 

It i s  often desirable to prevent the 
operation of re lays during out -of - s t ep condi ­
t ions so that the system can be separated at 
locat ions where synch.ronL cing e quipment is 
available . The carrier relaying system provide s 
a means o f" pre ve :1c ing t ripping during out -of­
step condit ions without impairing the ability to 
t rip for int ernal fault s occurring during out ­
of -step conditions . One fundamental difference 
bet1,een a three phase fault and an out -of-step 
condit ion i s  that a fault suddenly reduces the 
voltage l and increases  the current , whereas 
during the approach of an out -of-step condit ion 
the voltac;e and '�urrent chang8 s  are comparat ive ­
ly gradual . 

For a three phas,c fault the distance 
e lement s all operate simultaneous ly ,  if they are 
to operate at all , ��ile during out -of -step the 
Z3 operate s  first , followed by Z2 and then Zl . 
As the system returns t oward the " in -phase"  
posit ion, the elements reset in the opposite 
orde r ;  that i s ,  Zl,  Z2,  Z3 . 

To prevent tripping during out -of-st ep 
it is only neces sary to arrange for the closure 
of  the three contacts and for the receiver re lay 
back contact , RRB, to operat e and additional 
blocking re lay to  open the t rip circuit . This 
blocking re lay must have a slight t ime -delay so 
that it doe s not open the t rip circuit before 
t ripping on a three phase fault can occur . On 
the other hand , it must open the t rip circuit 
during an out -of- step condit ion before the 
second element , Z2 is operated . 

Referring to figure 2 again, the out ­
of-step -blo cking contact is designat ed as X2 , 
and i s  conne cted in the t rip c ircuit as shown , 
In parallel with it are three c o ntacts A, B ,  C ,  
which are the back contacts on the auxi liary 
swit che s A, B ,  C ,  ope rat ed by the Z3 carrier 
start ing contacts of the distance relays . The 
make contacts of the se s1'itche s are in series 
with the back contact , RRB, of the r8ce lver 
blo cking re lay , and energize the coi l ,  PR,  of a 
p endulum type t ime -de lay re lay , who se lower con­
tacts make and energize the coil of the X2 
blo cking relay . Every t ime that all three o! 
t he Z3 carrier start contact s  clos e , the bacK 
contact s ,  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 contact s ,  A , B ,  
and C ,  closing through RRB t o  energi ze the PR 
coil and in turn , the X2 coil . 

If the electri cal center is inside the 
protected line sect ion, and in other cases where 
the two voltage sources appear 180 ° out of  phase 
the direct ional and impedance element s at each 
end of the line will be closed . This stop s  
carrier ( previously started b y  the Z 3  contact 
RRB to open . This energizes  RRT to  allow the 
c ontact RRB to open . This de -energiz e s  the 
pendulum relay , PR , whose spring arm begins now 
to o s cillat e , alt ernate ly clos inr, the bottom a�d 
t op contacts , PR , Thi s keeps the X2 coll 
energized . After the amplitude of vib:ation of 
the pendulum has decreased t o  a certaln value , 
i t  will not strike e ither of its  contacts and X2 
will reset . This act ion occurs in cycle s ,  and 
t he t ime delay introduced by the pendulum re lay , 
should be longer t han the t ime during which both 
directional e lement s "point in , "  whi ch depends II li l II f the upon the length of the s p eye e o 
system . It is desirable to clear internal faults 

o c curing during an out -of -step condition, but it 
i s  not so  essential t o  be  able t o  clear them at 
h igh spef·d . The ground relay t rip c ircuit is 
not blocked by the out -of-step relay , X2 , and 
can t rip instant ly . On phase -to -phase fault s ,  
one o r  two of  the Z3 contact s will reset when 
the system swings in phase , thus allo•,r.ing o ne of 
the back contact s ,  A ,  B ,  or  C t o  complete the 
t rip circuit without wait ing for the re set  of X2 , 
On a three -phase fault , however , none of the Z3 
contact s will re set , and consequent ly, tripping 
will not occur unt il after the expirat ion of the 
X2 time delay . The reset of  X2 is made possible 
by the opening of the receiver re lay back con­
tact s ,  RRB . 

It ·,;i ll  brJ noted from Fig . 2 that the 
back-up t ripping through D, Z3 and T3 is sho,,m 
b lo ckc'd by the out -of - s tep contact s ,  in which 
case , back-up prot ection on three -phase fault s 
during out -of-step i s  not pos sible . It is 
arranged , howeve r ,  so  that T3 connection can be 
made on the other s ide of the out -of-step con­
tact s ,  and in this cas e , tripping on out -of-step 
cannot be pre vented for a period of longer than 
the t ime sett ing of T3 . 

ADDITIONAL USES FOR THE CARRIER CHANNEL 

A complete schematic diagram of the 
relays and carrie r  set is shown in figure 3 ·  In 
addit ion t o  circuit s  already discussed, connec ­
t ions are shown which provide for the addit ion 
of  impulse type t e lemetering u sing the relay 
carrier channel as the communicating means to  
t ransmit t elemetering impulse s .  Connections are 
also shown for the addit ion of  a handset or desk 
stand t elephone to  obtain point -to -point com­
munication over the carrier channel .  

The t e lemetering c ircuit s  are shown 
dotted in the lower right portion of figure 3 ·  
The connections are s imilar at each end of the 
line se ction, except at the t elemetering t rans­
mitter  end the contact marked "Te lemetering ' 

" i t ransmitter , TV- 1  Re lay i� used . The circu t s  
are arranged so  that when te lemetering impulses 
are being either t ransmitted or receive d ,  the 
alarm bell both at the local and distant stat ion 
is prevented from ringing by a delay circuit . 
Thi s  circuit cons i s t s  of a comb ination of re ­
s is tors and a condenser energi zed thru contacts 
on an auxiliary Type TV re lay . When t elemeter­
ing impulses  are being sent or received , the 
coil of the TV relay in the receiver plate cir ­
cuit i s  energized on each impuls e . This causes  
the normally closed contact , TV , to  alte rnate ly 
open and close energizing the c ircuit thru a re ­
sistor marked "10  000 ohms , 1 25 volt s ;  2 0 , 000 ' II ohms 250 volt s " , and a condenser marked 30 mfd., , 
125 �olt s ,  16 mfd., 250 Volt s . "  In parallel with 
this condenser is a c ircuit consisting of a 
10 000 ohm re sistor and t he coil AL of the alarm 
e l�ment of the receiver relay . The resistors 
and capacitors are chosen so that for this par ­
t icular case a maximum delay of approximately 2 
s econds can be obtained . This will prevent 
operation on the longest  te lemet ering impuls e . 
I f  it i s  desired to signal by means of the push 
button , it i s  only neces sary t o  hold the push 
button closed for a period long enough to cause  
the alarm element t o  drop out . Energizing 
carrier thru the push button maintains the nor ­
mally c losed contact , TV , open and when the 
charge on the condense r  is used up , the alarm 
element will drop out ,  clos ing its  back contact 
marked "alarm" and causing the bell to sound . By 
properly proportioning the re sistor and capa ­
citor a wide range of drop -out t imes can be ob ­
tained for the alarm element . 

In figure 3 the circuit s for point -to­
point communicat ion are shown both for  communi ­
cation from the carrier set location and from 
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CARR I ER CURRENT RELAY I MG 

the swit chboard panel by use of a monophone . 
Connections are also indicated for a desk stand 
telephone station � where it is de sired to locate 
the t elephone on the operator ' s  desk.  When the 
te lephone i s  plugged in at either location ,  the 
local carrier alarm circuit is opened by a con­
tact on the t elephone j ack.  This opens the cir­
cuit from negative to the bell alarm and the 
conne ct ion i s  made thru the t erminal marked , BC , 
on the carrier transmitter -receiver terminal 
board . The functioning of the carrier equipment 
for point -to -point communications i s  ful ly ex­
p lained in I .L .  2818 -A 
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