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ABSTRACT

All modern powér systems, now-a-days, have a central
load dispatch centre (LDC) where all informations are transmitted
from different metering points located in power stations and
substations by using the power line carrier (PLC)_system. With
the proposed instéllation of telemetering system in BPDB in the
near future, it is imperative that aill possib{z/}mprovements
be made on the existing PLé system for the successful operation
of the proposed telemetering system. A study on the various
causes of reduced signal power, causesi%xcessive noise ‘level
and thus poor signal to noise ratio (SNR)} with special reference
to Bangladesh Power Development Board (BPDE) has been carried out.
Brief descripfion of the BPDB PLC system, describtion of various
types of noises, interference, response of receiver to different
types of noise and attenuation in cables and networks have been
discussed with facts and figures.

Measurements for noise and interference, signal strength
in cables and switching networks and grounding resistance of pro-
tective devices have been made on some of the links of the BPDB
PLC system and the results are compared with standard ones.
Other related informations collected from different metering
stations have been tabulated. Much of the information provided

in this thesis is based on empirical methods of calculation



and in some cases a limited number ¢f measurements have been
made of some of the important factors affecting carrier trans-
mission. Methods of making some of the necessary measurements
have also been covered.

Conclusion is made on the basis of the experimental
results and informations from field survey. Efforts are made
to find out some of the causes of poor SNR in the existing
PLC system and some defects have been properly identified,
Some useful recommendations have also been put forward based

on the study.
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CHAPTER - 1

INTRODUCTION
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1.0 Preliminaries

Carrier current provides a\meéns for the transmission
of many forms of communication including telqphony; telegraphy,
' telemetery, metering indications, control impulses, etc.,
and various other types of.informatioﬁ. In Power Line Carrier
(P—L-C[ system, this transmissioh of intelliggnée takes place
by the.existing High-voltage power lines simultanéoﬁsly with
the transmission ;of electrical engrgy éndaﬁithbuﬁ ﬁutual
interference. o |

Power-1line c;rrier facilities are used primarily
to provide organisation owned communication services for power—”
system operation. On large power systems, it is not possible
-to provide all communication needs by means of power-line
carrier because of the limited freéuency spectrum available.
However, high-voltage trahsmission lines provide a very
reliable medium for comﬁunibation, and in generai, power-
line carrier is used for the more important services.

Power transmission lines.of any voltage can be used
 for communication purpose;; howegpr, lines operating'at
33 kv and highé: are most prevalent-“Lower voltage lines
are usually tapped or looped throughigrgreater number of
stations between terminals, which increases the cost of ﬁain—
taining a suitable path for communication signals.

Communication over power lines is accomplished by

superimposing carrier frequencies on the transmission lines



in somewhat the same manner as is done on open-wire telephone
lines, except for the method of connecting the carrier transmi-
tters and receivers to the 1line conductbrs.
Power-line carrier frequencies fall between the limits
of 30 and 200 kc. While 30 kc is not an absolute lower limit,
the bandwidth obtainable at lower freguencies with standard line
coupling and tuning equipment is ncot adequate for most practical
needs. The upper limit is due to the extensive use of frequencies
between 200 and 415 kc¢ for aircraft navigation radio-facilities.
Carrier equipment has bheen applied to powerr}ines since
the early 1920's. The first applications were made for voice-
communication purposes, but it was soon recognized that power-
line carrier channels could provide circuits for many other vital
services on power systems. Today, the applications of power-
line carrier include the provision of channels for such functions
as protective relaying, telemetering load-freguency control,
supervisory contrel, fault location, and many other miscella-
neous services, in addition to the o;iginal voice-communication
application. It can safely be said that power-line carrier has
become indispensable to the operation of most large power systems.
With the increased applications of power-line carrier,
involving the extension of channels over_gréater distances
than ever before, and with the modern praﬁtice of interconnection
and integration of individual power systems into large groups,

the problems of successfully applying and operating carrier



equipment have increased many times. Yet modern power-line carrier
equipment, with its greatly improved selectivity and sensitivity,
its reduced bandwidth, and its use of modern systems of modula-
'tion, is capable of providing extremely reliable channels for
all the modern applications ©f carrier, even in the face of today's
difficult application problems.

Basically, a power-line carrier system consists of three
distinct parts:
1. The terminal assemblies, consisting of the transmitters,
receivers, and associated components;
2. The coupling and tuning edquipment, which provides a
means of connecting the terminals to selected points on the
high-vcltage system;
3. The high-voltage system itself, which must provide a
suitable path for transmission of the high-frequency energy
between the terminalsT

All three of these basic parts of a power-line carrier
system must be suitable for their intended purpose, if reliable
and trouble free operation of the pdwer-line carrier system is

-

to"_ﬁpe obtained.
Generally, the user is not concérned with details of
design of the carrier terminal, except insofar as conservative
use of components, physical size, appearance, etc., are involved.
It is fundamentally the responsibility of the manufacturer of
carrier equipment to employ design techniques which reliably

provide the performance specified with regard to power output,

harmonic reduction, -selectivity, sensitivity, etc. However, selec-



tion of the most modern terminals cannot assure the user of trouble-
free operation of the over-all carrier system unless a satisfac-
tory high-frequency transmission path is provided. The charac-
teristics of this path, consisting of the high-voltage systen

and the coupling equipment at each terminal, are basically under

the control of the user of the carrier eguipment rather than the
manufacturer. Hence, responsibility for successful operation of a
carrier system necessarily lies with the user, insofar as pro-
vision of a suitable transmission path is concerned.

It is felt that by far the majority of the difficulties
that have been encountered in recent years in the successful
operation of power-line carrier channels can be ascribed to lack
of satisfactory radio-frequency (r-f}) transmission paths. It
is believed that many of these difficulties could have been
.avoided if users had realized their responsibility to provide
satisfactory paths, and if they had had ready access to
information which would enable them to examine critically, from
a carrier-application standpoint, the paths they were using.

It is the purpose of this thesis to provide a summary of the
information on the characteristics of high-voltage power-
transmission systems at.:power-line carrier frequencies, and to
point out methods of treatment of such systems to improve these
characteristics. Information on coupling is included, since it
is an integral part of any high-frequency transmission path.
However, the application of the transmitting and receiving

equipment is not covered from the functional standpoint, except



insofar as the transmission requirements of the high-frequency
path are affected by differences among the various functions.
Much of the information provided in this thesis is based
on empirical methods of calculation data obtained from
different metering station and in some cases only a limited
number of measurements have been made of some of the important
factors affecting carrier transmission. Methods of making some
of the necessary measurements have been covered in this thesis.
Results and other tabulated data obtained from this work are
compared with standard ones and some recommendations have been

[

put forward based on the study.

1.1 Brief description of P-L-C system (BPDB)

In any electricity supply grid it is important to have a
good, reliable communication system between the different
substations ana powerstations. In the medium tension grid (i.e.
33kv) of the BPDB the VHF system is mainiy used. This system is
convenient for shorter distances and for grids with many subs-
tations as it is the case in the 33 kV grid.

In the 132 XV grid the distances are too ;long for VHF.
Besides, the capacity of VHF is very limited. Further, in the
132 kV grid we have different kind of information, beside tele-
phone, which has to be transmitted and this cannot be déne by
VHF. This information includes.protection signals, metering
signals and controlling signals. To transmit all these signals
including telephone, the Power Line Carrier system is useé (PLC) .

R



1.1.1 Principle of operation

The idea behind the PLC system is, to use the high
tension Power-line on the transporting midium for telephone
calls instead of installing a separate set of wires between the
stations._It is obvious that due to the hazardous voltage telephope
cannot be connected directly to the powerline. It is necessary to
install some protection and coupling devices between the power
line and the telephone. To let the telephone signal pass through
these devices we have to alter it in a special way. This is
done by 'packing' the telephone signal in the freguency range
cf about 50Hz to 4 kHz on a so called 'carrier' signal in the
long wave radio range (100 kHz to 500 kHz). The RF-carrier
frequency is modulated by the AF-speech signal.

By this provision, a wider range for the communication
is achieved. Theﬂ resulting signal from the modulation can easily
be put on the Power line and also bé taken off from these again.
The following Fig. 1.1 illustrates the Principle'of such a PLC

link.

1.1.2 Coupling Capacitors {(CC)

This high voltage capacitor is connected between the
PLC-set and the power line. It prevents the dangerous high vol-
tage of usually 132kV from damaging the PLC=-set and threatening
@9n life. Only the harmless RF signal can pass the coupling

capacitor. The CC is working as a High Pass filter.
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1.1.3 Wave trap (WT)

This is 'a high current coil connected between power
'line and substation. It prevents the RF signal from entering
into the powerside (switbhyard) of the substation. Only the
50 Hz power can pass the wave trap. The WT is working as a Low

Pass filter.

1.1.4 Protective devices (PD)

Because the voltage after the coupling capacitor still
can reach hazardous wvalues, different measures of protection
have to be taken. We are connecting the following protective

devices:

Earthing Switch: During any maintenance work between the LMU

and the coupling capacitor this switch has to be closed to short-
circuit any voltage to earth. Closing of this switch will interrupt
the communication.

Drainage Coil: This device shortéiﬁ the remaining 50 Hz

potential {coming from the power transmission) after the CC

to earth. It works as a low pass filter.

Lightning Arrestor: When lightnings strike the powerline, exce-
ssive voltages may occur after the CC. which the drainage coil
cannot drain. To ground these peaks, the lightning arregstor is

builE.into the circuit.

1.1.5 Line Matching Unit T1LMU)~
This is used for impedance matching and electrical
coupling between power line and PLC-set. It also works as a

band pass filter.



1.1.6 PLC - set:

This is the active part of the whole system. In the PLC
set the modulation of the RF carrier with the speech signal
is dcone. Also amplificationlof the signal, to get enough
-transmitting power, is a task of the PLC-set. Since there is
communication in both directions, the PLC~set has also to receive
a signal from the opposite station. Amplification and demodula-
tion are done in the receiver section.

'After demodulation ﬁhé_sgééchlgigpéyrhé%‘tb be prepared
for the connected telephone equipment. The power supply provides
the necessary energy to the electronics.
l1.1.6.1 Transmitter:

The following figure 1.2 shows the block diagram of this
section.

.'1' is the Mixer - point. Here the speech signal is fed
to the transmitter, coming from the voice section. Other inputs
on this print are foreseen for protection and metering signals.
All the signals connected to this mixer print are mixed together
and adjusted to a proper voltage level.

r2', here the signal, coming from '1l' 1is amplifiéd. In
addition the so called Pilot freguency is produced on this point
and added to the speech signal. This pilot is always transmitted,
even when there is no telephone call on the line. It is used
for the supervision of the PLC link. Though, if the pilot cannot
be detected in the opposite station, due to some fault on the
link, an alarm is issued.

Further the pilot is used to carry the dialing pulses

produced in the moment of dialing. This is done by means of
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changing the pilot frequency from normally 3570 Hz to 3630 Hz

in the rythm of the dialing pulses (square wave of 10 Hz). For
instance %or dialing a fivé the pilot oscillator shifts its
frequency five times from 3570 Hz to 3630 Hz and back.After
amplification the combinéa pilot, speech and the telemetering/
teleprotection signals, together forming the AF-band, are fed to:
'3' . Due to some theoretical considerations it is better to
divide the modulation of the RF-carrier with the AF-band into
two steps. This means, we first modulate a so called intermediate
frequency with-: ,*AF-band and in a second stage we modulate the
RF-carrier with the result of the first modulation. This interii;
mediate frequency (IF) is procduced in the oscillator '12'.
Throughout the system it is 17 kHz. From '12' the IF-carrier is
fed to '3', where the modulation of this IF-carrier with the AF-
band is performed.The modulation of two signals with different
frequencies results in one signal consisting-ofltwo different
frequencies. One freguency is the addition of the two modulated
freqﬁencies and the other one is the subtrdction. As an exaﬁple,
if we modulate the IF-carrier of 17 kHz with the pilot signal of
3570 Hz we shall get the following signals:

20.57 kHz
13.43 kHz

ADDITION: 17 kHz
SUBTRACTION: 17 KHz

Since the AF-band is not one single frequency but a frequency
band, we get - after the first modulation - the addition and
subtraction of the 17 kHz and the AF-band. The AF-band includes
frequencies from 300 Hz to 4 kHz. After the modulation we receive

the following:
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17.3 ... 21.00 kHz

ADDITION : 17 kHz + 0.3 ... 4.0 kHz

SUBTRACTION : 17 kHz - 0.3 «++ 4.0 KkHz 16.7 ... 13.0 kHz

These two frequency bands are called the Upper and the Lower
Sideband and are available at the ocutput of '3'. Since we need
only one of the two sidebands, we feed the output of '3' to a
filter '4'. It has been decided to use the lower sideband.and
therefore '4' is a bandpass filter with the range from 13.0 kHz
to 16.77kHz. the upper sideband from 17.3 kHz to 21.0 kHz is cut
off. The lower sideband is fedlﬁo '5¢', In this stage the second
modulation is done. The RF-carrier, produced by the oscillator
'13', 1is modulated with the If—signal. Before the modulator we
add (mixing) again the 17 kHz IF-carrier to the IF-signal
because we have lost it during the first modulation, and we

still need it in the receiving section of the opposite station,
The IF-signal includes now the fre ., guency band from 13.0 ..

17 kHz. As the result of the second modulation we again get the
addition and the subtraction of the RF-carrier and the IF-signal.
Proceeding our example from above let us assume an RF-carrier
frequency of 329 kHz. For each link this RF-carrier frequency

has to be different. Otherwise the different links would interfere
with each other. When we now modulate the RF-carrier with the IF-
signal band we shall get:

ADDITION : 329 kHz + 13.0 ... 1l7kHz 342.0 ...346.0 kHz

i

SUBTRACTION : 329 kHz - 13.0 ... l7kHz 316.0 ...312.0 kHz

Again we cut off the upper sideband with a bandpass filter '6' and



the resulting frequency band from 312.0 kHz to 316.0 kHz is fed
to the adjustable preamplifier 7', From there we go to the power
amplifier '8' after which the RF-signal is available with about
15 W power level. In the following transmitterfilter '9' any
unwanted freqﬁencies (distortion) are eliﬁinated. In the Hybrid
118', the transmitter signal is passed to the coaxial cable and

fed to the line matching unit LMU.

1.1.6.2 Receiver:

The following figure 1.3 shows the function of this
second basic part of the PLC-set. The task of the receilver section
is to reverse the alterations we have done to the AF-~signal in
the opposite transmitter section. The same way the transmitting
siénal is going out to the power line, the receiving signal is
coming in: Via coupling capacitor, protective devices, line
matching unit and the coax cable to the hybrid. The transmitting
and the receiving signals are not affecting each other because
they consist of two different frequency ranges, usually 4, 8
or 16 kHz apart. The hybrid 'l' separates the incoming receiving
signal from the outgoing transmitting signal and routes it to
the input filter '2'. This bandpass lets only pass signals in
the specified receiving rénge. After the filter the signal is
passed to the first Demodulator which is nothihg else than a
modulator as we learned in the transmitter description. The
oscillator '9' supplies the RF-carrier.The result of this demo-
dulation is again the addition and subtraction of the two

signals:
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ADDITION : 325 kHz + 308.0 ...312.0 kHz 633.0 ...637.0 kHz
325 kHz - 308.0 ...312.0 kHz = 17.0 ... 13.0 kHz

Now it is obvious that we have to cut off the upper sideband,

This is done with the bandpass filter '4', which 1is a very sharp

filter and makes out the selectivity of the whole receiver. The

remaining signal is again the IF-signal in the range of 13.0 ...

17 kHz. Parallel to the #filtér '4' -there is an other filter for

-, T

separating the IF-carrier of exéctly 17 kHz which we have added
in the opposite transmitter 'l1l'. We need this IF-carrier later
in the second demodulation. After the filter '4' an amplifier
with an automatic gain control follows in the chain. This means
that the gain of that amplifier is adjusted continucusly accor-
ding to the level of the received signal. The control voltage

for the gain of this amplifier is derived from the pilot ampli-
tude at the output of the receiver section. By thﬁis provision
we always have a constént signal level at the output of the recei-
ver} regardless of the attenuation caused by power line, climate
and coupling. The next stage of the receiver is the second demo-
dulator where the conversion from the IF-frequency ;to the AF-
band is performed. The output of the AGC—amplifier is fed to '5"'.
As IF-carrier we use the 17 kHz filtered out on '10'. This

17 kHz IF-carrier is passed through a limiter amplifier '11',
where the sine wave signal is limited to a certain amplitude.
From there this limited 17 kHz-signal gets to '5' for the secona
demodulation. Again this modulation or demodulation results in

the addition and the subtraction:



15

ADDITION : 17 kHz + 13.0 ... 17 kHz 30.0 ... 34 kH=z

4.0 ... 0 kHz

SUBTRACTION : 17 kHz - 13.0 ... 17 kHz

The lowpassfilter '6'7on thé same module suppresses the upper
sideband, leaﬁing the AF-~band (0 ... 4 kHz) only, which then
passes to ithe next module: The AF-signal is passed through a
highpass filter to cut off frequencies below 300 Hz. After
amplification the pilot of either 3.57 kHz or 3.63 kHz is filtered
out. This pilot is passed tc the dialing discriminator of the
voice section. Further the pilot is rectified and wused to drive
the supervision circuit and - as already mentioned above - to
control the AGC-amplifier '7'. The AF signal on '6' is then passed

to the volice section.

1.2 Signal and noise in P-L-C system:

Information is transmitted and received as electrical
signal in P-L-C systems. But information which is produced by a
source 1n general, is not electrical. S0 a transducer is required
which converts the information or massage to a desirable time
varying electrical signal which is better for further processing
by the system. Similarly another transducer at the destination
converts the out put signal to the appropriate massage form.

But in course of electrical signal transmission, certain
unwanted and undesirable effects take,; place. One is attenuation
which reduces the signal power. Howevér, distortion, interference
and necise change the signallshape. In a broad sense any iunwanted

signal perturbation may be classified as noise.
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Noise occurs in P-L-C systems in various ways. On tﬁe low
voltage transmiésion lines is caused chiefly be defective insu-
lators and loose hard wire and on the high voltage transmission
lines by corona discharge. All circuits are subjects to the noise
effects of atmospherics, line faults, switching surges and faulty
apparatus. Noise increase subtantially in.bad weather as the
combined result lightning, corona, from drops of water ;-
pérticles,show of ice on the conductor and leakage over insulators.

Background noise is generally greater at the lower
frequencies but lightning stroms may produces high noise levels
throughlout the entire spectrum. Noise during thunderstroms can
produce a value of ten times or more than the fair weather noise.

All these factors must be considered for best utilization of the
P-L-C systems.

The proper charackteristics of the noise must be consi-
dered for each application and receiver band width as well, since the
noise response is usually a function of band width.

It is not ordinarily possible to reduce appreciably-the
noise level present at a given receiving point in a carrier system.
Therefore the only practictical way to improve the signal to noise
ratio is to raise the signal level at the receiving point.

It is not usually feasible toviéise signal levels by increasing the
transmission power, because apgfeciable gains in terms of decibels,
require large increases in power. For example, to raise the signal

level from a l0-watt transmitter by 20 db iequires a increase

to 1000 watts, or 100 times the original power. A much more
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practical solution is to reduce the channel attenuation by every
means available and noise from different source should be cont-

rolled with in the reasonable limit.

P
2=5,
P

1.3 ) Transmission media and their characteristics:

The behavior of a carrier signal being pr0pagated along
.a multiconductor power—transmissionlline is govérned by the
same physical laws that have been developed into the classic
equations normally applied to isolated two-conductor communication
transmission lines. A true analysis of propagation along the
multiconductor line, however, is much more difficult because
of the multiplicity of self- and mutual impedances which exist.
Several conducting paths exist on a power line,
including at least three power phases and a ground path, which
usually consists of one or two ground wires and earth. When a
carrier voltage is impressed upon an input circuit consisting
of any two of these paths, a wave ~of carrier energy will
proceed down the line, apparently beginning the same as on the
theoretical two-conductor communication circuit. Except with
special cases of symme¥try, however, the energy is not confined
to the intended route. Mutual coupling between conductors causes
a continuing interchange of energy which results in changing
proportions of current as the signal progresses down the'line.
Various = . theories have been applied to
obtain better concepts of the complex phenomena associated

with wave propagation en the multiconductor lines. The natural
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mode concept is particulafly helpful in predicting the dist-
ribution of carrier¥frequency current among the power con-
ductors and in explaining many apparentlystrange aspects of
carrier behavior. A ﬁransmission line with n conductors has n
natural modes which, when combined in appropriate proportions,
can represent any current or voltage distribution among the n
wires. No mutual coupling exists between modes, all conductor
impedances are equal for a given mode, and the attepuation

te a carrier signal in each mode may be considefed independently
as a linear function of distance.

On a transposed power line the three phases approach
electrical symmetry for any basic configuration. A phase-to-
phase carrier circuit on any two of the three phases, therefore,
appreoaches balanced circuit behavior..On untransposed lines,
e.g., single-circuit with the three phases in the same horizontal
plane, phase-to-phase carrier. 8ignals are balanced only when
applied to the two outside conductors. The unbalanced wave
-propagated when a carrier signal is applied on adjacent phases
may be perceived as having two components, one of which is
the same as the previous balanped arrangement and another
which involves all three phases. Despite the lack of syﬁmetry,
a carrier signal on adjacent phases has lower attenuation
because the added three-phase component has less loss per
unit length of line than the pure phase-to-phase component.

However, a small additional loss is experienced at the receiving
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terminal because there is energy on the uncoupled phase which
cannot be recovered. Every carrier signal coupled phase-to-
ground has, in addition to interphase components, a true
phase-to-ground component consisting of carrier-frequency
current flowing in the same direction in all three phases and
_returning through ground wires or earth. The attenuation per
unit line length of th#s component is'very high in comparison
wilth those not directly involving ground currents, so that,
within a short distance from a transmitter, the phase-to-ground
component is.essentially lost. This;yg;;"_;_ fixed loss at
the sending end is very significant if one is to obtain consistent
estimates of phase-to-ground carrier attenuation. Energy on
uncoupled phases which cannot be recovered at the receiving
end of a line is also significant.

Because of electrical symmetry, phase-to-ground
carrier on either phase of a transposed line will be propa-
gated in a manner similar to that oii the center phase of an
untransposed line. Phase-to-ground carfier on an outside con-
ductor of thé untransposed 1line, because of different component
distributions, is attenuated more within a given line length
than the previocus examples.

The value of impedance to which carrier terminals
and coupling equipment are adapted in an effort to achieve
minimum mismatch attenuation is called the characteristic

impedance of a carrier circuit.
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1.4 Objective of the thesis:

A1l modern power system, Now-a-days have central load
~dispatch centre (L-D-C} where all infdrmations are transmitted
from different metering péints located in power stations and
sub stations by using the power line carrier system.  With the
proposed installation of tele-metering system in BPDB in the
near future, it can be assumed that the existing or modified
P-L-C system will be used for all déta transmission to the
load dispatch centre at Shiddhirgonj. Because of the addition
of more information to be transmitted, which will reduce the
available power for each signal, and the great importance

of the P-L-C 1link for BPDB; it is imperative that all possible
improvement be made on the P;L—C system for the successfull
operation of the proposed telemetering system.

Therefore a study possibly for the first time in

— )
..-..:causes of reduced signal power and

our -country, on the(
thus poor signal to noise ratio (SNR) in the present P-L-C
system of BPDB will be very significant and timely.
Measurements for noise and interference are made on
some of the links of the P-L-C system of BPDB. and the results
are compared with those given by consultative committee for
international telephone and.telegraph (CCITT) and consultative
committee for international radio communication (CCIR) and
other related informations collected from different metering

stations are also tabulated.

i



Conclusion is made on the basis of the results
and informations. Efforts are made to find out some of the causes
of poor SNR in the existing P-L-C system and some defects
have been properly identified. Some recommendations have also

been put forward ' based on the study.

1.5 Contents of the Thesis:

An introduction to the topic of the thesis with a
brief description of &he P-L-C system of BPDB has been given
in Chapter-1. Description of various types of noisesginterference
in P-L-C system and response of receiver to different types of noise
are given in Chapter-2. A discussion about noise, interferance

and attenuation in cables and networks i1s made in Chapter - 3..

Chapter-4 gives a brief description about methods of measuring
noise, SNR and grounding
resistence of protective devices. Some measurements for noise,
signal strength in cables and switching networks and grounding
resistence of protective device in P-L-C system of BPDB are
made. in Chaptef+5.'BasédiépdtﬁeSe measurements and survey
reports , discussion is ;adé:in this Chapter.

Conclusions and recommendations of the whole work
are givén in the last chapter that is Chapter-6. A brief
discussion about future P-L-C system of BPDB is also given in

Chapter-6 along with necessary comments.



1.6 Brief Literature Review

Tfansmission of a signal as well as the rate at which it
may be transmitted is characterized greatly by the noise presené
in the system. The rate of transmission of intelligence (signal)
is also characterized by the time regquired. for-energy change in
the system. But these facts were not very clear till 1948 when

(1)

‘Claude Shannon gave a mathematical relationship between system
capacity, signal strength and noise strength. System.capacity .
means the maximum amount of information that may be transmitted
in one second.

| Carrier equipment has been applied to power lines since.
the early 1920'3. The fi;s£ applications were made for voice-

ommunication purposes, but it was soon reccgnized i’:at power-

ine oarrier channels cou: ~rovide circuits i1 -. many other v:.tal
Serv:ces omn . ir systems. Ty, the applicat - - C: power-

lin cérrie: _acluce the pre Lion o channels < such functions
as -otective relzyinc, tele etering 1loatc "equency control,
supervisory cont: ., fault location, and m: 7 other miscella-
neous services, ‘i aadition to the original voice-communication

7
)

applicationf It can safely be said that power-line carrier has

pecomé ingispensable to the operation of most large power systems.

'
'

4 . .
Importance of .the study of noise attenuation and interfe-
i C

rence in P-L-C systems was felt essential after shannon's formula

for éystEm capacity was derived. Large number of Acientific papers

1 e
-



in this field appeared during the past three decades. The main

contributors R.C. Cheek(B), J.Do Moynihan(27k; B.Jd. Dpstlin(lB),
F.C. Krings(ZZ}, J.L. Eoofeotyh(zz),AIEE Committee Report(%ﬁ),
G.E. Adams(lo), D.E. Jones(zo), P.W. Waddington(zo), J. Reichman,

and J.R. Leslie are from the Westinghouse Electric Corporation,
General Electric Company and Hydroelectric Power Commissioﬁ of
JOntario, Canada. Many other related text books, handbooks and
journals on the P-L-C system are listed in the reference.

In Bangladesh, the Swedish Dev. Agency carried out some
survey work in 1982 on the existing BPDB P-L-C system and Mr.

(37}

Emdadur Rahman Khan made a study on the noise and. inter nce

in Telecommunication system with special reférence to Bangl: “
~or hi: M.Sc. Engg. thesis in the Electrical! nd Electronic 1 4g.

bept. <. EVET,



CHAPTER - 2
NOISE, INTERFERENCE AND DISTORTION IN

POWER-LINE CARRIER COMMUNICATION SYSTEM.



2,0 Preliminaries

In this chapter discussion will be made about what
are meant by noise, interference & distortion, their types,

and how. they affect communication in P~L-C system.

2.1 Noise, Interference and Distortion

In course of electrical signal transmission, certain
unwanted and undesirable effects, take place e.g. distortion,
noise and interference which alter the signal shape. So, at
the receiver end the signal 1s received as contaminated
signal. These undesired signal pertubation may be classif&ed
as noise. Therefore signal to noise ratio is one of the basic
criteria of the petformances of any communication or signaling
circuit. However there are good reasons and adequate basis

for seperating the three effects.

2.1.1 Distortion

It is the alteration of the signal due to imperfect
response of the system to the desired signal itself. Distortion
disappears when signal 1s turned off. For example, the gain
of an amplifier may change with frequency or input signal
level causing so called frequency distortion or amplitude
distorticen. Similarly, the phase of the output signal may
change with frequency causing phase distortion. These will

be discussed in the subsequent chapters.



Improved system design or compensating networks
can reduce distortion. Theoretically perfect compensation is
possible but pracfically, scome distortion must be accepted,
though the amount can be held within tolerable limits in all

but extreme cases.

2.1.2 Interference

Interference is the contamination of the desired
signal by extranecus signals, usually man made, of a form
similar to the desired signal. It méy be a deterministic
signal or a random signal. For example, multiplexing in
communication systems may be considered, In this case many
éhannels are multiplexed by using different frequency carriers
{Frequency division multiplexing) for éransmission over a
common link. But due to incomplete'filtering , information from
one éhannel may enter in another channel causing interference
which is called crosstalk in this case. Information theory
says that a known signal carries no information and sco it is
meaningless to transmit. Hence all meaningful'communication
signals must be of nondeterministic nature, that means, infor-
mation carrying signals must be random. Here the type of
interference cited is also random. Of course, it may aiso
be deterministic e.g. in l‘:fcommunicatiOn system, an inter-
fering sine wave may  be generated from an external uncon-

trolled source, = - " " which is deterministic in

nature. However, actually speaking, the amplitude, frequency



or phase of the said sine wave are subjected to unpredictable
changes. S0 this may also be canidered as random type of
interference.

Unlike distortion, interference remains if the desired
signal is turned off. The cure for interference is obvious
i.e. the elimination of the interfering signal or its source.
Again a perfect solution is possible, thouéh not always

practicable.

2.1.3 Noise

Noise means the rahdom and unpredictable electrical
signals which come from natural causes, both internal and
external to the system. Obviously these are unwanted signals.
What makes noise wunique 1is that it can never be completely
eliminated,,gveg.in theory. It will be shown that non-elimi-
nable noise poses one of the basic problems of electrical
communication. The case of thermal noise may be cited. Such
noise is due to the continual notion of the electrons in
thermal equilibrium with the molecules, in a cocnductor.
This type of noise causes a random voltage to develop across
a resistor. Another example of noise is shot noise which
aries due to discrete nature ofhelectron flow and is found
in most active devices. Unlike distortion, noise remains even
if signal is turned off,

From the forgoing discussions, it is clear that

noise, interference and distortions are undesirable signals.



Each of them interfer with the desired signal. For easier
analysis, all of them may be termed an noise. That means

any undesirable signal is termed as noise.

2.2 Effect of Noise on Signal

It is clear from the pfevious discussion that noise
arises in P-L-C systems in various ways. It may be due to
nonlinearity of an amplifier, due to incompiete filtériﬁé,
inherent thermal and shot noise etc. It may also be due to
the coupling between conductors in a cable, céupling by the
common power source and common grounding. External interfe-
rence may also cause noise. These noises are augmented by
Occasional rather violent bursts caused by circuit - breaker
Operation, disconnect -~ switch ares, nearby lightning dis-
charges & corona discharges. Actually, noise may occur in
various ways. These noises or unwanted signals finally add
with the desired signal at the receiver. As a result, the
réceiver'output Will be a mixture of the two signals. So,
if the received signals are audio signals , then the ears will
receive both the wanted signal and noise. The effect of
noise may be like a hiss, click, crash, pitch, loudness, etc.
It may also be an intelligible signal. Just anndyance will be
felt by receiving such unwanted signals i.e. noise. For person
to person communication, the annoyance wiil be more if the
noise is intelligible. Also, the intelligibility of the signal

will be deteriorated due to the Presence of noise. Similarly:



if the received signal is a video signal, then the picture o}
intelligence will be deteriorated -in addition to the annoyance
felt by the eyes. In case of telegraph system and data trans-
missidn, noise is a threat to the accuracy of the received
information.

Now how much deterioration ©f the signal will be caused
by the noise depends on signal and ncise strengths. If the
signal power is appreciably higher than noise power, then
effect of noise will hot be perceptible. Thus the criterion
of performance of a system is determined by the ratio of signal
to noise power. This ratio is called the signal to noise
ratio (SNR). The higher the SNR, the better is the performance
of a system. |

In a power line cerier communication channel,; poor
signal to noise ratio may result in unsatisfactory service
of a degree varying from barely perceptible background noise
to complete masking and total loss of intelligibility of the
speech signal. In telegraphic type of channels poor signal
to noise ratio can cause misoperation ranging from an occa-
sional spike on a telemetered chart record to incrrect -tripping
of a circuit breaker through a carrier remote tripping system.

For examﬁle incase of audioc system SNR should be
higher than 30 dbm and in case of vidio system SNR should

6
be higher than 50 dbm.
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2.3 Common type of Noise -

Noise due to all causes can be divided into two
broad classifications: random noise and impulse noise. The
properties of these twe types of nolse are ﬁafkedly different,
and their relative effects vary in a different manner from
each other when réceiving equipment characteristics vary.
Hence, the two will be discussed separately. Both types are
present simultaneously on power lines, but itris‘indicated
that impulse noise@!& always predominates to a-greater or legser

-extent.

2.3.1 Random Noise

Random noise is noise with a continuous fregquency
spectrum resulting from the random occurrence of an infiniter
numbér of elementary discharges or fluctuations that are
not in themselves separately distinguishable. The audio output
of a communication receiver to which true random noise is
applied is a soft hissing or rushing sound.

Noise approaching true random noise in its charac-
teristics may appear on-power-line carrier channels as a
result of thermal agitation ;n the power-line conducters,
pick-up of distant atmospheric discharges or static by the
power-line conductors acting as antennas, and tube or resistor
noise in carrier receivers. The aggregate of the almost
infinite number of small random discharges that occur cons-

tantly on an extensive power system also probably approaches
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Fig. 2.1 Typical noise wave form
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Fig. 2.2 The Gausian Probability disiribution
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random ncise in its characteristics if these random discharges
are considered separately from the large, sepafately distin=-
guishable, and more or less regular pulses which pfedOminate.
Superposition of large no. of events occuring in a
random manner causes a noise wave form. For example, thermal
ncise, stated earlier, arises from the random motion of
electrons in a conductor. Since fhe nature is random, it is
not possible to give any precise statement regarding the
effect at any particular instant but since the number of
events concerned is very large, the average behaviour is well
defined and the satisfactory descfiption of noise waveform
can be made in statistical-terms. A typical noise waveform
is shown in fig. 2.1
In the Fig. 2.1 fluctuation of the noise voltage about
the mean value x(t) is shown. An obvious measure of the
magnitude of the noise is the r.m.s. value of the waveform.
In practice it is simple to work with the mean square value

which is given by

T/2

x4 (t) = Lt % I xlac (2.1)
_T/2

It is alsoc required to know the probability of occurence of a
particular value and this can be given by probability dis-
tribution function. For example, probability of x lying between

x and x + dx 1s given by F(x)dx where F(x) 1s the probability
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distribution functions. But for all noise phenomena it is found
that Gausian distribution is the most practical one. It is
given by

. 2 .2
F(x) = —————— exp ( - x°/2c ) 2.2

where (12,= k2(t) and 0 is the standard deviation.

For this distribution, standard deviation is equal to mean
value. The distribution is shown in Fig. 2.2. Obqiousiy, the
probability that x exceeds X is given by

a0

P(x>x ) = I F(x)dx 2.3

X
@]

Also, from the theory of probability, the total area under

the curve is unity i.e.

pix>-w) = J F(x)dx = 1 R 2.4

In many communication systems, twO noise signals are required
to be combined. The answers depends considerably on whether
the two signals are statistically independent or not. Noise
signal generated by seperate sources can be regarded as inde-
pendent i.e. probability of particular value of one signal

is not affected by the presence of the other. The probability
_that two such signals have values in specified ranges is then
equal to the product of the seperate probabilities that the

individual signals are each in their specified range. Let
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Fig. 2.4 Representation of band iimited noise
{a) In terms of in phase and quadratlire components

(b) In terms of magnitude and phose.



xl and X, be the two independent noise signals and have

Gausian distributions. Let oy and 05

respectively and let the two.signals are added giving theé

be the r.m.s wvalues

noise signal y. At every instant

The value of y can thus be read off froﬁ the figure 2.3. This
figure will be.used to find the probability that y lies between
the values Yq and Yo + dy i.e. in the shaded area. If the

value of X, is first fixed, then the corresponding permissible

range of x, is between Y, — X, and Yo, ~ %5 + dy and the pro-

1

bability of this 1is Fl(y0 - xz)dy where F1 is the Gausian

function with r.m.s value ¢,. Now, let X, is allowed to have

1
any value and the probabkilities are added for all possible
values. This means multiplication of Fl(yo—xz)dy by F2(x2)ﬂx2
and integration over the permissible range of Xy This step

is only permissible since x. and X, are independent. The pro-

1
bability that y lies between Yq and Yo + dy 1is therefore,

[= =]

p(yo <Y <Y, + dy) = I F2(x2)Fl(y—x2)dy dx2 2.6
o -x2 -{y-x )2
= f ek - exp ( f ) e “.eXp (— 2 ) dydx,
= o o,v 2m 20, o1v 2 2g,
( ’ + 4 ) - 1 _y — ~dY2 7
P yo< Y<, yO Y 2) exXp{ 31 .
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This shows that the probability distribution of y is also
‘Gausian and that the mean square value of y is (gji 022 )
The mean square value of a noise waveform obtained by adding
two independent noise waveforms is therefore the sum of the
mean square values of these two waveforms. This result can
be extended to any number of noise waveforms. Since, power
is proportional to mean square value, it can be said that

noise power adds if the waveforms are statistically indep-

endent.

2.3.2 Impulse Noise B

Because impulse noise igs the predominant type of
noise on power lines, it will be discussed in somewhat greater
detail below.

Impulse noise consists of sharp, discrete, well-sepa-
fated impulses, each identifiable with a specific electrical
discharge. The repetition rate of the impulses may be random
or regular. If the repetition rate is irregqular, the noise
contains all frequencies in the spectrum and the ampliﬁudes
of the individual frequency components vary only gradualiy
over a given band of frequencies. If the pulses are uniform
and have a regular repetition rate, their frequency spectrum
contains discrete frequency components separated by a fregquency
equal to the repetition rate, that is, it consists of the

fundamental and harmonics of the repetition frequency.
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It is reasonable to expecf impulse noise on power
lines to have a more or 'less uniformlrepetition rate because
of the cyclic naﬁure of the power voltage that gives rise to
the electrical discharges. However, random pulses also can be
expected as a result of switch 0pérations, faults, and light-
ning discharges on or near the power line. In a carrier commu-
nication channel, typical power-line noise produces a harsh,
raspy buzz upon which are superimposed strong clicks or pops
of random occurrence, indicating that regular as well as
random pulses are present in the channel.

A convenient type of pulse to use in a mathematical
analysis of the effect of impulse\noise in reception is a
unit pulse occuring at t = 0. Such a pulse has infinitesimal
duration and infinite amplitude, such that its time integral
is unity. The frequency spectrum of the unit pulse can be
deduced from its Fourier integral representation

\jlj CU t

o o]
. 1 i *
i(t) = >n J e ~  duw ..o 2f§

o0

which shows that all frequencies are pfesent in such a pulse
and further that all frequency components have the same am-
plitude.

) In reference 4 it is shown that if an impulse is of

such short duration that the system to which it is applied

does not respond appreciably before the impulse is completed,
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its operational form isAsiﬁply Ap, where A is the force-

time area of the pulse. This is an important result, not only
because of the usefulness of such a representation in an
analysis of the effect of impulse noise upcn receiving equip-
ment, but also because it demonstrates the fact that the res-
ponse of a receiver to a sharp pulse, or toc a continuous train
of well—separated sharp pulses, is independent of the actual
amplitude or shape of the individual pulses at the input to

the receiver and is dependent only upcn theiy'areas.

2.4 Band Limited Noise

'In practical communicaticn system noise, tbgether with
the signal, will be transmitted by frequency selective networks
and only those frequencies within the passband of the system
will appéar at the output. So, itlis required to know the
nature of noise waveform restricted to a particular band of
frequencies, extending from e.q. fO - B/2 to f0 + B/2.

This is the situation for a system of midband frequency fO

" and bandwidth B Hertz. Thus white noise is actually transmitted
as band limited noise. If only the noise is present, the

output appears similar to a carrier wave of frequency fO
modulated by a noisé signal containing freguencies between

0 to B/2 (for AM). Such noise can be expressed in the form

v

£(t) = x(t) Cos w_t + y(t) Sin w_t cen 2.99
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where x(t), y(t) are noise signals with independent Gausian
distributions. (Details may be found in the references).

X, ¥ can be regarded as the amplitude of the inphase and
gquadrature components respectively. The probability that x

lies between x and x + dx is given by

2
px = exp (- = i ) ax e 2.10
ov 21 20

¢ being the r.m.s. value of x. The distribution of y is
identical in form.
The probability that x lies between x and x + dx and

that y simultaneously lie between y and y + dy is given by

+
Pyy = ————i——ﬁ— exp ( - E____%__) dxdy ee 2.11
Y 2m0 = 20
since the two probabilities are statisticélly independent.
This expression gives the probability that the pair of values
¥, y lies within the shaded area in the Fig. 2.4(a)

An alternative expressioﬁ for f(t) is given below:
£(t) = r Cos (w_t + ) .. 2.12 ¢

in which r, @ are respectively the amplitude and phase of the

modulated carrier. Since x2 + y2 = r2 and y/x = tan @, the

probability of a pair cof values r and P can be predicted
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from the expressioﬁ for the probability of the pair x, v.
The product dxdy-eqﬁals to rdrdp and so the joint probability

can be written as follows:

2
3 y rdrdg ceee 213

27 0 ‘ 2g
This is now interpreted as the probability that the pair of
values r, @ lie in the shaded region of Fig. 2.4(b),. The
angle § only appears in the differential, which means that
all values of @ are equally likely. The possible range of ¢
is form '0' to 2 yvso that the probability of a value between §
and § + dp must be df/2 v . The joint probability is the product
of dﬂ/2¢T and (r/;:2) exp (—r2/2c12)drdﬂ, so that the proba-
bility of a value of r between r and r + dr must be (r/(jz)
exp (—r2/2 dz)dr. This is called the Rayleigh distribution
and is shown in Fig. 2:5. . Band limited noise can then be
regarded as modulated carrier of random phase, all values
being equally limely and with an amplitude which has a Rayleigh
pfobability distribution. The carrier frequency is the midband
frequency, fo'

From, Raylieigh distribution,

p(rS-ro) = _[ 55 exp(—r2/20-2)dr = f X.exp (- %xz)dx
r o r
o) O@‘

= exp (—r02/2 ) . ~2.14
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The amplitude must be positive and so it is expected that
p{r >0) is to be equal to unity. This is confirmed by the

equation for p(r> ro). {(i.e. egqn. 2.14 ).

2.5 Frequency Analysis of Noise Waveform

Any known type of waveform is composed of spectra of
"sinusoidal signals. But noise signal is random and sO non-
sterministic i.e. time waveform is not knbwn exactly. As a
result analysis by using Fourier transform is practically
difficult. Random signals can be analysed easily by using
autocorrelation function. Let the time waveform be f(t) and
the Fourier transform is evaiuated for a time interval - T/2

to T/2. Mathematically,

T/2
_ gT(w) = S f(t) exp (-jwt)dt ceen 2.15
~T/2
2
| g (W) |
Now, power spectrum G(w) is defined by G(w) = Lt T . 2:16

The term power is appropriate since f({t) is either voltage or

2
current, |gT(w)| x dw will be proporticnal to the power
associated with the frequencies in the interval of w to w + dw.

Now, convelution theorem states that if g

Jl(w) and g2(w) are

the Fourier transform of time function fl(t) and fz(t) respec-
tively, then the product gl(w)gz(w) is the transform of the

time function



S fl(x) f2(t-x)dx. Let gl(w) = gT(w) and
T/2 T/2 ®e
g,(w) = [ f(~t) exp(-jwt)dt = .U f(t) exp(jwt)dt = g, (W)
-T/2 -T/2
since f(t) is a real function.
So, gl(w)xgz(w) = [ | fl(x)fz(t-x)dx | exp(-jwt)dt
qo- T/2
or, gT(w)g; (w) = f o] S £)f(x-t)dx | exp(-jwt)dt.. 2.17
‘ﬁ -T/2

This is by the given definition of gl(w) and gz(w). Since, by
given definition 9.+ 95 relates with f£(t), and since f(t)

vanishes heyond the interval - T/2 to T/2, the limit of the

inner integral becomes - T/2 to T/2, Thus,
gt | (W) g (w)
. g (w a.{w) g w
. - e T T
.~ G(w) = Lt = Lt i
T3> @
T + o
<. . 1/2
= Jlweg f(x)f(x~t)dx | exp(-jwt)dt . . 2.18

- ~T/2

cw T A’

which shows that G{(w) 1is the Fourier trensform of R(t) given by

T/2
R(t) = Lt % S E(x)f(x-t)dx
2.19
T+ -T2



[ea]

i.e. G(w) J R(t) exp(-Jwt) dt and

[ea]

co

¥ x i S G(w) exp (Jjwt)dw.
.

It

R{t)

=

The function R(t) is called the autocorrelation function of

the noise waveform. Putting t = 0, R{t) becomes,
- T/2 °°
R(O) =Lt & 7 ffoax = = 7 caw
-T/2 ™. =
T > ' T
, ‘3*— _ - dw
i.e. £ (t) _,jJ- G(w) 2 T e 2420

oo

{using equation 2:1l ).

Let f£(t) be a voltage developed across a one Ohm resistor.

Thus 'f2(t) is the average power dissipatea in the resistor
and the integral in equation 2.20 1is the integrated power
of the various frequencies represented. G(w) can fhus be
regarded as a power density per unit frequency interval.
Autocorrelation function is useful in noise analésis
since it can often be more easily calculated than the power
spectrum, It can be measured by the circuit given in Fig. 2.6,
:Noise signals that arise in telecommunication systems have the
properties which are independent of the choice of the time
origin and it is easily shown that the output of the integrator
will be proportional to R({(71 ). A series of readings can be

taken for different values of Tt and. the autocorrelation

function can then be plotted.
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2.6 Noise due to Radio Interference

Radio noise performance of any system can be described as a
function of three broad parameters:
(i)_The generation of radio noise energy by corona on the
conductorsL
(1i) Line hardware
(iii) The propagation of the_radio noise energy along

the transmission line.

If the undesired interference signal is added to
the desired FM signal, the spectral beats of both signals

fall into every message channel, and is called interference
|

noise, : i

Let the desired FM signal be A_ Sin iwct +lBA(t)J
.and thé undesired FM signal be BC Sin |wdt + BB(tf| .
COmbinipg beth signals, the output from the frequéncy

discriminator is given by, if B < A,

dB o
B “"a n, - -
e, = {(1/2m) I + (1/2¢ ) = (BC/AC) Cos n ](wC wd)t + (BA BB)| X
! n=l}
& (w_ -wot+ (B, - B.) 221
at L s a A B | .t :

The first term in egn. 2,21 is the signal and the 2nd
term 1is the interference. Three important factors in the
inferference

(1) Carrier frequency difference between the désired

}.

and undesired signal (wC - Wy
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{2) The desired to undesired signal ratio.
{3) The sidebend spectrum ©f the desired and undesired

signal {the term BA - B_).

B

Now, the power spectrum of the desired signal is

given by
Ai ) '—(f—fc)z/z gi
SA(f) =3 X - e .. 2,22
vZm oA
where T = effective frequency deviation of the desired

signal.And for undesired signal,

Bi —(f—fd)2/2 d;
SB(f) = e
2v2m og
B2 —(f-f -f )%/2 o2 ..
- 1c e c .0 B 2.23
2v 2m ag
where,-fd - fc = fo and o = effective frequency deviation

of the undesired signal. Now, power spectrum of the resul-

tant noise is given by (for FM case)

= 2.24
SFM(f) A4 iy SA(x) SB(f + x) dx .
c - oo

After the evaluation of the integral, equn. 2.24 becomes,



where = A + B

" The derivaticn of the above expreésion may be found in
referencesﬂ. If desired and undesired carriers are of same
freq. (i.e. fo = 0), then SFM(t) has a maximum value at a
base band frequency of f =/ 20 .

Interference in microwave systems are produced by
antenna coupling. It may also happen by'micfowave signals
in another link. ..., - ::' -.:7‘"f_- ’ ,

R . % ~Bources of r-f interference may be calasified
as (1) In-channel interference (2) Image channel interfe-
rance‘(3) Adjacent channel interference and (4} Single

frequency interference.

2.6.1 Noise due to Corona

Radio noise would then have been created primarily
by conductor corcona. Which is distributed along the line
on thé surface -of the conductor of £he power linew

Corona discharges cause a modulation of the noise
voltage envelope by superinposing additional noise impulses
in cadence with the positive peaks of the power frequéncy

12
voltage. . -

This conductor corona is influenced by many variables

in additieon to the line geometry, such as conductor surface

condition, precipitation, temperature, humidity etc.
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2.7 Conducted Interference

The previous discussion covers noises that are generated
within the cable itself. But outside interferences may also
present wifhin the cable. Such interference may enter into
the cable in two ways viz. (i) by conduction (ii) by radiation.
Interference by conduction i.e. conducted interference will
be discussed in this section. The following section will cover
radiated interference,.

Equipment must be connected to other equipment,
equipment must be connected Lo common power system, and
equipments also must be connected to common grounds. Signal
- from one equipment, thus, can enter into the ancther equip-
ment by such connection. This is called conducted interference.
Thus conducted interference is that interference which enter
into a circuit by qonduction. Cable pairs of a multipaired
cable are connected to various equipments in the exchange.
Unwanted signals from these equipments can entef directly into
the cable by conduction resulting conducted interference. These
unwanted signals must be removed as much as possible by proper
filtering. Alsco, the conducting medium may be made in such a
way that it does not pick up unwanted energy. Of course, if the
interfering signal falls in the voice band, then some times it
becames very difficult to-eliminate it and ultimately it appears

at the receiver as interference.
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2.8 Radiated Interference
The interferenge that enters in the cable {or equipment)
by radiation is called radiated interference. The magnitude of
interferehce that appears in the circuit depend on the following
factors: |
(1) Physical length of the exposed conducting medium
(2) The intensity of unwanted signals or fields to¢ which
the conducting medium is exposéd.
{3) Particular types of interferiné fields involved.
{4} The impedance ¢f the terminaticon to which the parti-
cular conducting medium connects.

. Shielding is the only practical method of suppressing
interference which is radiated directly from a source. A perfect
shield .will not allow the passage 0f either electrostatic or
electromagnetic energy. Shielding partially reflects the inter-
fering signal, and abgorb the rest. The absorbed portion is

attenuated as it passes through the metal shieild.

2.9 Importance of Receiver Characteristics in Evaluating
Effects of Noise®

The ultimate harmful effects 6f noise of any kind
occur in the end dévice connected to the output circuit of a
receiver, for example, a telephone receiver or a telemetering
instrument. Because the noise is radically modified in passing
through the tunned circuits and the detector of a receiver,

it is necessary to consider the effect of receiver characteristics
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upon nolise in any evaluation -0of the relative importance of the
various parameters that may be used to describe the noise.

The tuned ctéuits of the receiver have a major modifying
effect upon noise in its passage thfough the receiver, because
only those frequency components of the noise that are accepted
by the tuned circuits are detected and passed on to the end device.
It is evident, therefore, that the selectivity of the receiver
is an important factor in evaluating the ultimate effect of noise
of a given type.

The most commonly used measure of selectivity is the
Vwidth of the experimentally determined receiver selectivity
curve between the two points at which the gain is 3 decibels down
from the midband wvalue Go' A more specific measure is the power

bandwidth, which is defined as

w

2 |
Ioe*erae -
B_ = e 2.26
o G2 S
Q

where G(f) is the response of the receiver as a function of
frequency. The power bandwith BO is the width of an ideal
(rectangular) response curve which would result in the same
noise pdwer cutput if substituted for the actual response curve
G(f) with randoﬁ noise applied to the receiver. It is shown that
the power bandwidth of a cascadé amplifier with "n" single-

tuned circuits is, for ordinary values of Q,

mf (2n - 2L

B = . .. .
D T1— LD 2,27
o 02 n l(n—l@
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where fo is midband frequenéy and n is the number of tuned circuits.
The Q of all the tuned circuits is assumed to be the same. By
application of Stirling's formdkﬂ_this expression reduces to

(approximdtely)

™

£ .
= 9 ,_m_ 2.28
Bo 20 V-1 "

For n, 5, the power bandwidth approaches to within a few percent

the bandwidth specified on the basis of 3-decibels drop in gain.

2.9.1 Response of a Receiver to Random Noise

If the individual components of random noise have the
same amplitude e at all freguencies, the mean square output of
a receiver to which it is applied is

,
ao

B® = G2 (f)eas .. 2.29 "

which from equation2~Ztan be expressed as

so that E = eGo’/Bo e G e 2.31

Actually e will not have the same value at all frequen-
cies, but due to the random nature of the amplitude distribution,
the result is the same when the analysis is made on a statistical

basis with e egual to the mean value of the component voltages.?
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Thus, the rms noise output of a selective amplifier to which
random noise is applied is proportioﬁal to tHe square root of
the bandwidth of the amplifier.

‘The peak and the average values of the envelope of
randeom noise are both statistically related to the rms value,
and these relations are independent of the frequency interval.
Hence, the peak and the average wvalues of :andom noise also

are proportional to the square root of the bandwidth.

2.9.2 Response of a Receijver to Impulse Noise

-In the case of a sharp impulse applied to:}a receiver,
which usually contains a number of tuned circuits, all of the
tuned circuits oscillate but the envelope of the oscillation is
different for each. Consider the case of a receiver having n
singletuned circuits preceding the detector. For a sharp pulse
applied at t = 0 in series with the inductance of the input
circuit (for example, from an untuned coupling coil) the enve-
lope of the oscillatory voltage applied-to the détectof by the
nth tuned circuit is approximately; -

e_at(at)n_l

E,;t) = 2AoaGo (n - l)f& NI 2.32 ~

o

in which AO is the integrated volt-time area of the original
pulse, a = ﬂfO/Q, and G0 is the over-all gain of the stages
considered fer a continuous-wave signal at the midband frequency

fo’ to which all the circuits are assumed to be tuned.



It is evident from Figurel2.7 that the effect of the tuned
circuits is to lengthen the pulse'and to reduce its peak value.
Also, the peak value occurs at a longer and longer time after
application of the pulse as n is increased beyond a single stage,

This peak occurs at

Tl 2.33

at which time the amplitude of the envelope is

(1-n) n-1
_ e (n-1)
Emax = 2AOaGO (n=1) 7 . 2.34
2.28 2.34

and from equations /and / again by application of Stirling's

7
Formula,

Emax = 2 JZAOGOBO 2.35

Hence, the peak value c¢f the envelope is directly pro-
portional to the bandwidth, the gain of the receiver, and the
area of the original impulse.

The peak value of the response of a receiver to impulses
is an important factor in the operation of carrier communication
channels. In an automatic simplex carrier assembly a transfer
unit performs the switching operations between the transmit and
the receive conditions and vice versa. The transfer unit responds

to noise peaks when the exceed a certain preset level, normally
st
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. well below the minimum received carrier signal level, and under
these conditions the carrier transmitter may be intermittentlj
or permanently blocked. In other types of communication channels,
impulse noise produces a masking or disﬁécting effect which is
roughly a function of fhe-peak value of the ncise at the output
of the receiver and also of the repetition rate’ .

Thé average value of the envelope of the receiver
detector output is the most important factor in évaluating the
effect of repetitive‘impulse neise in the operation of carrier
channels for telegraphic types of functions, fo; example, for
relaying,teiemetering, and supervisory control.: Such functions
usually involve use of a polarized d-c relay in tﬁe detector
circuit. The detector itself is normally a linear diode or'&
linear plate detector. The average value of the response of such
a system to shérp impulses can be found by first integrating

2.32
equation / with respect to time as follows:

o

L -af n-1
f E(t)dt = 2a-aG_x s S—{(at) dt
0 Q o]

0 (n-l)y

= ZAOGO .. 2.36

Then, if the pulses have a repetition rate of m per second, and
provided that the repetition rate is such that the wave trains

in the tuned circuits do not overlap appreciably, the average

r

response is

2mA G : ... 2.37
av 0O 0

&3]
I
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which is independent of the bandwidth.

Since the spectrum of a unit impulse contains all
frequencies with equal amplitudes, it follows that the noise
energy in a given interval is proporticnal to the interval.
Hence, the rms value of féceiver response with impulse noise is
proporticnal to the square root of the bandwidth, as.with random
noise. The rms value of the response is of less importance
than peak and average values in evaluating the harmful effects
of noise in powerline carrier applications, as previously in-

dicated.

2,9.3 Response of Receiver to Combination of Random and

Impulse Noise

-In the preceding'discussions, the assumption of purely
random noise or purely impulse noise has been made throughout.
Also, the impulSés were assumed to be sharp and well separated
in the case of impulse noise. If the noise is a composite type,
made up of random noise and impulse noise with neither markedly
predominant, the peak value of the noise at the receiver output

can be expressed as

E = k.,B '
max 170 - 2.38

—— —

whereﬁ% has a value between 0.5 and 1.0. The average value of

the output can be expressed as

- Y
o E_, = k,B) ... 2.39

where:%rhas a value between 0 and 0.5.
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" If the noise consists of sharp impulses, the separation

of the impulses determines for a given bandwidth whether equations

2.35and 2.37, which were derived on the assumption of a single
sharp impulse, are applicable. If the repetition rate-is suffi=-
ciently high to cause appreciable dverlapping of the resulting
wave trains in the receiver, the conditions for composite random
and impulse noise, equations2.38 and2.39apply. An idea of the
bandwidths and pulse rates at which this beginé to occur is given
by Figure 2.8 , which shows‘for a 100-kc amplifier the pulse
repetition rates at which the response to each individugl pulse
{equationd.32 is down to 1 percent of its maximum value hefore
the next pulse occurs. |

It was reporé:that the noise field in the vicinity of
3-phase transmission lines has an average pulse repetition rate
on the order of 20 pulées per second, the pulses-resulting pri-
marily from corcona discharges on the negative half-cycles of
the 60-cycle voltage. Although at least 60 pulses per second
might reasonably be expected, the err%tic nature of the corona

bursts produces an effective pulse rate helow this figure.

It is therefore possible to conclude from Figure2.g§that in carrier

receivers of the usual bandwidths, the reponse to noise consisting

predominantly of impulses is as given by equations 2.35and 2.37

Thus, increasing carrier communication receiver selectivity should

~reduee  preportionally the peak value of the response to impulses

of the type found in power lines, up to the maximum selectivity
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~ that can be used in such receivers. In telegraphic channels,
however, where the average response to noise is most important,
increased selectivity cannot be expected to reduce materially .

the effects of impulse noise until the extremely sharp selectivity
is reached at wﬁich the wave trains resulting from the pulses
begin to overlap. Further increases in selectivity should provide
reductions in average response approaching proportionality to

the square root of the resulting bandwidths.

8
2.10 Quasi-peak Value of Impulse Noisge

The quasi-peak value is based on the use of a detector
output circuit which has a fast charging time (1 millisecond)
and a relatively slow discharging time (600 milliseconds)fmo
These time constants result in a reading which is near the peak
value of  the res§0nse 0of the detector to pulses occurring at a
rate of approximately 15 or more per second, It has shown that
quasi-peak readings are approximately proportional to the masking
or distracting effects of noise.in aural reception of modulated
signals. Hence, it is logical to expect quasi-peak readings of
conducted carrier~frequency noise to be indicative of the probable
effects of-such noise on carrier communication channels of the
duplex or manual simplex types. In the automatic‘simplex type,
as has already been pointed out, the actual peak value is of more
importance because it is the factor that determines whether the
transfer unit operates. )

With irregular pulses, or pulses of high amplitude that

occur infrequently, the quasi~peak reading is somewhat less than
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the absolute.peak value reached. When transfer unit coperation
is not involved, however, the masking effect of such peaks is
not as great as if they were repetitiveqt a rapid rate, and

the quasi-peak value is correspondingly lower than the maximum value,

2.11 Susceptibility of Receiving Equipment to Line Noise'

The narrower the pass bandrof the receiver, the less
energy it will pass through it, and the less will be the effect
of the noise. This is true of random noise, sometimes called
white noise (on the analogy to light), which is evenly distributed
over the spectrum. The noise power is proportional to the band
width, and the effective noise voltage measured as rms, average,
peak, or quasipeak is proportional to the square root of the
bandwidth. With impulse noise, the situation is more complicated.
A . steep-front impulse contains all frequencies, and is thus
evenly spread over the bandwidth, but the tuned circuits when
hit with a pulse tend to ring or oscillate at their natural
frequencies, and the higher the Q, corresponding to a narrower
bandwidth, thé more the ringing effect.

Most power-line noise consists of a mixture of random
and impulse noise;_Thé peak may be said to vary as (bandwidth)B
whe:e B is between 1/2 and 1, and the average to vary as (band-
width)a where a'is between 0 and 1/2. The quasipeak value will
behave somewhat like the peak value. |

'Line'noisé'is_primarilyfan_amplithde-éffeéﬁ, and as might
be expected, amplitude modulation (AM) of the various types of

modulation, is the one most susceptible to noise interference.
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However, the advantages claimed‘for.fiequency modulation (FM)

are considerably reduced for power-line carrier as compared with
broadcasting. The large number of channels demanding space in

the éarrier spectrum make it desirable to limit a communications
channel to 6 kc, the same for FM as for AM. This necessitates a
deviation ratio of unity or less, and at these low ratios the noise
discrimination is much reduced. Moreover, if the noise rises

above the signal, it may take control of the channel, and exclude
the signal.No'results of detailed studies of noise interfefence
with narrow-band FM are available, but the consensus of opinion

is tha£ with fair signal-to-noise ratio, FM will show up to advan-
tage, and will suppress some of the noise, so.that the audio
signal-to-noise ratio is better than for AM under the same'noise
conditions.

Single side band (SSB) is basically a form of AM, but
has several important advantages. First, the bandwidth need be
only half that for AM which reduces the noise accepted, and
second, for é given transmitter power, all the output capability,
instead of one fourth, as with AM, can be COncentrated;[in the
intelligence. A third advantage is with corona modulation. Since
this occurs directly in proportion to the signal, with AM the
audio noise output will be constant as thercarrier is constanf.
Thus, weak speech may be swamped. With SSB as the speech goes
down, the signal goes down also, and so does the audio noise;
therefore, weak speech has less chance of being masked.

For telegraphic functions, working on keyed carrier,

reduction of bandwidth is of some help, but not as much as for



60

telephonic fuhctions. As has been shown, the average noise value
is the determining factor, and for mixed-noise the effect varies
from the zero power to the 1/2 power of the bandwidth.
Frequency-shift transmission is capable of operating
over much greater aF/Eenuation. This, in effect, means with a
lower actual signal-to-noise ratio than conventional on-off conti-
nuous wave transmission. This is partly due to the extremely
narrow bandwidth, but more to the use of a limiter and balanced

discriminators, which tend to cancel the effects of noise voltages.
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CHAPTER - 3

'('\!-.
NOISE AND ATTENUATION IN CABLES AND SWITCHING NETWORKS

IN POWER LINE CARRIER COMMUNICATION SYSTEM



3.0 Preliminaries

In the chapter discus$ion will made about noise,
interference and atteuation in cables and switching networks

of poWef,line.éarr{é?_pommunication system. -~

‘It was discussed in previous chapter that noise.
generally fall into two categories ; random noise which has
a continuous frequency spectrum and impulse noise which
consists of sharp well - separated impulses due to specific
electrical discharges. Power line noise is predominately
of the impulse type, the impulse peaks being well above
the genergl level, but the space in between the pulse 1is
occupied by random noise.

Noise on the lower - voltage transmission lines is
caused chiefly by deffective insulators and lose hardware
on the high voltage line by radic interference which is
mainly conona discharge. All circuits are subject to the
noise effects of atmospherics, line faults,switching surges
and faulty apperatus. Noise increases subfantially inlbad
weather as the combined result of lightning. Corona from
drops of water or particales of énow or ice on the conductor
and leakage over insulators. Background noise is generally
greater af the lower frequencies but disturbances and
lightning storms may produce high noise level through out

the entire spectrum.

9
{

e
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Attenuation is a measure of the loss of energy
between the transmitting and receiving terminal and depends
on many factors: frequency, condﬁctor size and spacing,
line configuration, presence of ground wires, parallel
circuits, transpositions, ground resistivity, mismatching
modes of propagation and weather condition. The type of

coupling used and the phase to which it is applied control

the total atténuation from términal to terminal.

’ 15
3.1 General Nature of Conducted Carrier-Frequency Noise

A summary of the quasi-peak to average noise voltage
ratios obtained at all locations (figure3,1] ) is given in
Table3l for frequencies of 30,100, and 200 kc. In all cases the
‘ratio exceeds the figure of 1.8, which has been used as a criterion

a8
for the predominance of impulse noise .

Table3d.l: Ratio of Quasi-Peak to Average Noise Voltage

Frequency, Kc ~
Location Kv

30 100 200
A 132 2.0 4.0 4.0
B 132 2.0 2.25 2.04
cC 110 4,12 5.0 5.0
D 222 2.386 2.8 2.34
E 22 (Falr Weather) 5.0 3.03 2.66
E 22 (Thunderstorm) 5.84 2.9 2.31
F 220 3.5 2.9 3.4
G 220 2.6 2.9 3.8
"H 132 2.5 2.45 2.86
I 66 1.94 2.35 ~+ 3.42
J 66 2.5 2.0 2.5
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3.2 Variation of Noise Voltage with Frequency

Curves of the peak, quaéi—peak, and dverage nocise
voltages over the fregquency range of 15 to 250 kc at all locations(;;i/
studied are shown in Figure 3.2. ALl Fhe curves show a general
increase in noise level with decreasing frequency. This indicates
that the rather general practice of reserving freguencies at the
low end of the carrier spectrum for lonq—haul channels, to take
advantage of the lower attenuation at these frequencies.

The peaks and wvalleys that occur in the curves of
Figure3.2 are believed to be at least partly attributable to the
presence ¢f stub lines at or near the test locations, because in
some cases they occur with a degree of regularity with respect
to frequency. If the assumption that stub lines are responsible for
these effects is correct, it appears that noise is affected by
such stub lines in much the same manner as signals, and that a
large portion of the noise at a g%ven location arrives from distant

sources.

3.2 Variaticn of Noise Voltage with Weather Conditions and Switching

5

1
Operation

The dotted curves of Figure3.2(e)'show the results of a t7
series of peak and average voltage measurements made during a
heavy thunderstorm, as compared with the solid curves which show

results of measurements made at the same location during bright

and clear weather. In some portions of the spectrum the peak
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values during stormy weather were as much as ten times the fair-
weather values. Readings of average voltage during stormy conaitions
followed very closely the curve taken for fair weather conditions.
These results indicate that the major increase in the noise level
during stormy weather resulted from the presence of extremely
large impulses of entirely random occurrence. The repetition
rate of these pulses was apparently too low to affect the average
value of the noise response appreciably.x;T

Typical chart records are shown in Figure 3,3 . to
determine the range of time and under a variety of weather
conditions. Figure3 3(g) is of interest because it shows a marked
drop in noise level coincidental with a switch operation and
restoration of the original noise level when the system returned
to the previous setup. Fair weather prevailed throughout this
sample record.

) A marked increase in quasi-peak noise during thunders-
torms 1s indicated by Figure3,3(b), in which the chart pen con-
tinually ran off scale during thunderstorm conditions. Much
lower values are indicated during subsequent light rain without
thunder, however, indicating that the increase in noise level was
more closely associated with lightning discharges than with rain
itself,

A gradual increase in noise level with increésing cloud-.
iness and subsequent light rain, followed by a return to lower

values with clearing weather, is indicated by Figure3.3(c).
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Fog and light rain without thunder appeared to coincide with

noticeable but not extreme increases ‘in recorded noise..

3.3 Variation of Noise with External Sources15

The high noise level recorded for a portion of the
time in figure3;2ﬂnwas caused by intermittent operation of are
furnaces. The chart record for this location shows freguent sudden
increases in noise level from low steady values to very high and
fairly constanf levels, followed by equally suddén drops back
to the lower values. Because of the low minimum values, it is
believed that the noise generated on the transmission lines
themselves associated with this location was much lower than is
indicated by analysis of the chart record including this exter-

nally generated noise.

3.4 Variation of Noise vVoltage with Time15

The continuous chart records were analyzed as follows:

The total recording time at each location was divided into
half-hour intervals, and the maximum quasi-peak value reached

in each of these intervals was noted. The maximum value was taken
as the maximum excursion of the recorder pen, exclusivé.of the

six highest excursions in any half-hour period. High isclated
peaks of relatively infrequent occurence were thus eliminated,

on the basis that these would not sericusly affect carrier channel

operation in any of the usual applications. The number of time



intervals during which the noise exceeded specific values was
then plotted as a percentage of ‘the total number of time intervals
for each case.

Tﬂe curves of Figure3.,4  show that the general noise
level at a given location, is not a-function Qf system voltage
alone. Further evidence of the inverse variation of quasi-peak
noise levels with frequency are the curves for noise. These
curves. constitute more conclusive evidence than Figure<3.2 of the
increase of noise with reduced frequency because the data for
these curves were taken over sufficiently long ihtervals to be
representative of the normal distribution of the noise levels

with time.

3.5 Radio Interference’®

The corona which is distributed along the line on the
surface of the conductor has been considered to be the source
of the radio interference. This conductor corcona is
influenced by many variables in addition to the line geometry
such as conductor surface condition, precipitation, temperatﬁre,
humidity, etc.

A strong electric field exists in the region adjacent
to the transmission-line conductor during normal operation.

This electric field varies periodically with time in the same
manner as the applied voltage.

The electric intensity Eprin in the regicon immediately
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adjacent to the antenna of a radid receiver induces a voltage

in the antenné circuit. Tﬁis is an interference voltage or noise
signal., After passing through the mixer and intermediate-fregquency
{i=-f) sections of the receiver, the noise signal is detected,
amplified, and then converted to sound by the speaker:

The over-all characteristic of the mixer and i-f
sections is bandpass in nature, i.e., only a small range of
frequencies from f=fa to f=fb and centered about f=fo is transmitted
without appreciable attenuaticn.

If| Yl is the absolute value of the overall transfer
functidn of the mixer and i-f sections, and if the spectral
density of the noise signal does not vary strongly with fre-
quency over the passband of the receiver, the mean square value

of the output of the i~-f stage is given by
£
b

< (i-f output)?s = Uk (£)] M| %af .. 3.1

fa

Thus, the mean square value of the i-f output is
given by the triple product of the field factor Uq’ the test-
cage current spectral density factor at the frequency fo to
which the receiver is tuned, and a third factor which depends
upon the transfer characteristics of the receiver,

This mean square value of the i-f output can be used
as a measure of the -noise signal or of the interference level of
the line. Such a use or the mean square value or the noise power

[
is very common in communication engineering.
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Horizontal and vartical power line configuration is
shown in figﬁre:LS' . In figure3.p , fhe relative interference
level is shown for different confiquration as well as different
system voltage. |

At the center of the line, the interference level of
the vertical arrangement is greater than that of the horizontal
by roughly 50 percent. For lateral distances from the center of
the line between about 25 and 80 feet, very little difference
exists between the interference levels of the two arrangements.
For distances greater than about 80 feet, the interference level
of the vertical line is appreciably greater than that of the

horizontal.

3.6 Noise and Interference in Telephone Exchange

Various types ©of machineries and equipments are used in
the exchanges. These are the sources of interference e.g. d-c
rotating machineries like electric motor, genefator, drill etc.
generates interference due to arcing produced in the process of
commutation, Similar type of interferences-occur in motors con-
taining slip rings. Oxidation is another perennial source of inter-
ference in rotating machineries. Oxidation film is generally
formed irregularly causing variations in the sliding control
resistance which in tern causes the d-c current to vary, resulting
in r-f interference. The oxidation film also sets up a rectifier
condition which makes transients possible since the resistance
vary non-linearly, depending on whether the brush is positive

Oor negative.
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In machines where rotor and stator are not electrically
connected, interference develops beéause of the discharges of
the electrostatic energy which Builts upon the seperate moving
parts. This becomes important specially at high speeds, where,
for example, the grease or lubricant between the inner and outer
cases of a ball bearing acts as a dielectric. Energy buields up
on both sides and eventually discharge takes place across the
dielectric. Of course a conductive lubricant would eliminate this
problem, however, this technique is not yet used commercially:
Another successful technique is to ground the rotating shaft by
use of slip ring. In case of commutator machines, capacitors are
coﬁnected, to reduce interference, across brush holder and machine
frame. It is obvious;that machines containing no commutation or

slipring produces negligible interference. Thus induction motors

are best for this purpose.

3.7 Role of Grounding in Reducing Interference

The most general and the most important reason for
grounding of any equipment, building, structures etc. is to make
sure that no dangerous voltages are present on accessible parts
of equipment, building etc. that will endanger the safety of
persons who come in contact with it. Under this generai reason,
there are other reasons for grounding, one of the most important
is the reduction of interference. Another is for the safety of
the equipment. Power system. is similarly grounded mainly for (1)
protection of equipment (2) easy fault location and (3} safety

to persons.



But in . -'communication system, in addition to the safety
of équipment and person‘grounding heips in two ways:

(i) reduces.interference |

(ii) save,a-condaétor—f
Interference reduction by grounding of équipment body and chasis
is obvious. If bodies of the equipments are at.same potential and
grounded, then all unwanted signals will go to ground.. Saving-
of a conductor by grounding can be-shown-by assﬁming that é subs-
criber of an exchange A wants.to make a_éoﬁnection,to one of the
subscriber atnanothér‘exchaqgé B. Obviously lst,group selector
will be proQided by e%éhaﬁge A and other éroup selectors will be
provided by exchangé B. Now fo control the selectors.in exchange
B by the subscriber of'exchange A, the battery terminals of exc-
hange A must be extended to exchange B. For this purpose one ter-
minal of the battery is grounded and the ground acts as one of the
'coﬁductors to extend .! the battery to tﬁe other exchange. Thus
grbunding can save a conductor. Of course, ground contact fesis-
tance, Rg, must be very small. Otherwise switches will nét
function properly and coupling by Rg will also be appreciable.
For pr;per grounding various factors are fo be considered.
Important factors are (1) ground rod, (2) depth, and (3) treatment

r

of the soil.
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3.8 Attenuation!

In carrief transmission, it is convenlent to consider
the transmission characteristic of a system in terms of atte-
nuation, or the decrease 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 transmission losses or gains in terms of these ratios
directly. The losses s0 expressed cannot be added to obtain the
total loss, but must be multiplied. Consequently, this atte-
nuation is expressed in decibels (db), which can be added directly

The total attenuation of a power-line carrier circuit
consists of resistance and radiation losses in the transmission
line itself; losses due to the power straying from the desired
path; and losses due to coupiing equipment and by-passes. If
we express each of these losses in decibels, we can get the total

loss over a channel by simple addition.

3.8.1 Line Attenuation

At carrier fredquencies, the average power line repre-
sents a transmission circuit which is very long aé compared tol
the wave length of the carrier signal being transmitted. Such a
line can be represented as a very large number of resistors
and inductors in series, and an equally'larée number of capacitors
énd resistors shunting the line.

In the theoretical case where the conductor size,
condition, spacing, height from gfound, shunt~path resistance,

and ground resistance is constant, the configuration of the
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equivalent circuit is simple, and the characteristic impedance,
loss, and other characteristics of the line can be calculated
rather easily.

The line attenuation is affected by the method of
coupling to the line. Phase~to-ground coupling is most commonly
used. With this method, the signal goes out or cone phase wire
énd may return over a variety of paths depending on ground
resistance and configuration of the power line. Some energy
returns through the ground path and some through the ground wire
if there is one. |

With phase-to-phase coupling, there is a definite
return path over another phase wire and the losses are usually
lower than for phase-to-ground coupling. This is partially due
to lowered resistive losses in the path. Phase-to~phase coupling
also reduces radiation of carrier energy into space, since the
~effectiveness of the transmission lines as an antenna decreases
as the spacing between the outgoing and return paths gets smaller.

Higher voltage lines usually have lower losses, due
to the longer insulation strings which reduce carrier leakage
and dielectric loss in the insulation. As the carrier frequency
increases, losses also go up due to increased radiation, effective
conductor resistance, and dielectric losses. Table II shows
typical attenuation data which can be used for estimating trans-
mission-line attenuation.

In estimating the attenuation over a section of trans-

mission line, the effect of environment and weather should be



taken into account.

Heavy rains may, by washing of insulators,

path attenuation.
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Table3.2: Transmission-Line Attenuation

actually decrease

Rain does not affect attenuation appreciably,

Line Voltage,

Approximate Attenuation, Db per Mile

Kv Phase-to-Phase’ Coupling -
20kc  50ke.. 100kc 150kc 300kc
230 0.03 0.05 0.08 0.11 0.20
138 0.04 0.07 0.09 0.12 0.22
115 0.05 0.08 0.10 0.14 0.27
69 0.06 0.08 0.11 0.15 0.29
3.45 0.07 0.10 0.13 0.18 0.38
13,8 0.12 0.15 0.18 0.22 0.45

20kc
0.04
0.05
0.06
0.07
0.09
0.15

Phase-to-Ground

50kec 100ke

-0.06
0.08
0.09
0.10
0.13
0.19

0.09
0.11
0.13
0.14
0.16
0.22

150kc
0.13

0.15

.16
0.18
0.22
0.27

300ke
0.25
0.27
0.34
£.36
0.47
0.56

1t has been definitely established that sleet on a

transmission line increases the attenuation at carrier frequen-

cies,.

lg :
It appears that the attenuation over portions of line

with heavy sleet can be as great as eight times (in db) the

normal attenuation of those portions of the line.

coaxial cable can be estimated from Table 3;3.

Table33: Approximate Losses in CoaxialCable

Frequency, Kc

20
50
100
150
300

Loss, Db per 1,000 Feet

0.20
0.32
0.50
0.60
0.90

Losses in
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3.8.2 Attenuation at Discontinuities;

The characteristic or surge impedance of a transmission
line is the iméedance as measured at the input terminals, if
the line has infinite length or if a finite lehgth éf the line
is terminated in a resistive load equal in value to the charac-
teristic impedance, the input impedance will vary in both

magnitude and phase. At the point of improper termination,

e o
- there is-a reflection of-: - signal at this point with a result-

ant increase in attenuation. In addition to the reflection loss

there is a loss in the device causing the discontinuity.

3.8.3 Attenuation due to Branch Circuits:

I) Long Branch Circuits: When a carrier transmitter is
coupled to a power system at a point from which several long
untfapped transmission lines radiate, the load impedance presented
to the carrier equipment is the parallel of the characteristic
impedances of the lines involved. The impedance-matching trans-
former in the line tuner can usually be adjusted so that this
impédance is transferredé to load the  transmitter properly,

so that there is no reflection loss..However, the division

of the energy among the several circuits in effect constitutes
and attenuation of energy along the desired path, If the
characteristic impedances of all the }ines involved are the
saﬁe, the losses at a transmitting terminal in this case are

as shown in Table34d. It should be noted that these losses are

only correct for a transmitting terminal. .
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Table34: Losses due to Long Branch Circuits at

Transmitting Point

y/

Additional Circuits Db Loss
1 3.0
2 4.8
3 6.0
N | 10 log(N+1)

If one or more long untrapped lines radiate from an
intermediate point in a carrier channel, or from a receiving
point, there is a loss due to reflection as well as a 10ss
due to division of the energy among the circuits. Tfeatment
of this case as a shunt discontinuity, by methods previously

outlined, yields the results given in Tablé&35s.

A — —— =

£ - : . y
N e e e

Table35: Losses due to Long Branch Circuits Remote

from Transmitting Points

Additional Circuits Db Loss
1 ' 3.5
2 6.0
3 8.0
N 20 log (F2%
IT) Short Branch Circuits: As contrasted with the long

branch circuits just considered, short untrapped spur lines
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(in general, lines less than 50 miles iﬁ length} may present
shunt impedances differing radically from the characteristic
impedance ©of the 1line. If the terminating impedance and the
length of a spur line are known accurately, it is feasible to
calculate the impedance such a spur line presents at its input
terminals at a given frequency.

After installation of the equipment a carrier frequency
cannot be chosen that maximizes the spur—line_impedance, it
may be necessary to install line traps to isolate the spur line
from the carrier channel. In-this case the effect of the spur
line upon the attenuation is reduced to a low value, depending

upon the characteristics of the line trap.

3.8.4 Attenuation due to Multipath Transmission:

A carrier circuit that includes two alternate paths
may suffer attenuation due to ocut-of-phase arrival at a common
point of signals travelling over the two paths. The magnitude
of this attenuation is highly variable, depending upon the
nature o¢f the two paths, their relative individual attenuatiocns,
and the frequency used. The relative amplitudes and the phase
of the two signals arriving at the junction of the paths deter-

mines the additional attenuation. Specific cases are as follows:

1. Equal Amplitudes, In-Phase Arrival: Reflection losses
of 0.5 db at Jjunction and at branch point due to impedance
mismatch. Total attenuation from branch point to junction 1.0 db

bPlus attenuation of one path.
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2. Equal Amplitudes, Out-of-Phase Arrival: Cancellation of
Ivoltage at junction, infinite'attenuation. This is an ﬁnlikely
condition because two long alternate paths having exactly the
same attenuation are rarely encountered. The attenuation may

still be large in practical cases, however, as pointed out below,.

3. Unequal Amplitudes, In-Phase Arrival: To£al maximum

loss 3.5 db at branch point due to reflection and division of
enerqy, plﬁs 3.5 db maximum at Jjunction, plus attenuation of shorter
path., These maximum losses are based on complete attenuation of

the signal in the longer path.

4, Unequal Amplitudes, Out-of-Phase Arrival: Minimum loss
at junction 3.5 db, increasing with decreasing difference in

attenuation of the two paths, as shown in Tableig. To this loss
must be added 3.5 db loss at the branch point due to reflection

and division of energy, plus the attenuation of the shorter path.

Table;G: Attenuation due to Out-of-Phase Arrival of
Signals at a Junction of Two Long Alternate Paths

Difference in Path Attenuation at
Attenuation, Db : Junction, Db '

Infinite
23,0
17.7

14.2

{iOTBﬂx
Co95T
(8.4}

8!0

[avd
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paths are short and of unequal length, the

. _If both
Jzéftenhationlﬁgyﬁbé'géry great, particularly if one of the paths
is 1/2 wave length longer than the other,

In general, if the frequency cannot be adjusted after
installation to avoid ocut-of-phase arrival at a junction, it may
be necessary to resort to the use of line traps to eliminate

alternate paths.

3.8.5 Attenuation due to Carrier Propagation:

Several conducting paths exist on a power line, including
at least three power phases and a ground path, which usually
consists of $ne or two ground wires and earth. When a carrier
voltage 1s impressed upon an input circuit consisting of any
two of these paths, a wave of carrier energy will proceed down
the ling, apparently beginning the same as ¢on the thecretical
two-conductor communication circuit. Except with special cases
of symmetry, however, the energy is not confined to the intended
route., Mutual coupling between conductors causes a continuing
interchange of energy which results in changing proportions of
current as the signal progresses down the line.

Modal analysis can become complicated on multicircuit
lines, but its best aéplication appears to be for the longer
lines of extra-high—voltage systems. These systems usually consist
of a single-circuit 3-phase horizontal line. This type ©of line
may gperate in three modesfi

Mode 1. The current in the middle phase is roughly twice

that in the outer phases and flows in the opposite direction.
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The attenuation .is least Qith this mode,

Mode 2. The currents in the outer phases are equal and
opposed, while the middle phase does not contribute anything to
the transmission. Attenuation is greater than for mode 1.

Mode 3. The currents flow in the same direction in all
3 phases and are approximately equal in magnitude. Owing to earth
return, attenuation ;is higher with this mode.

Various forms adopted in practice for transmission over
this type of line generally represent a combination of two or
three modes. To achieve the lowest possible losses, the available
transmission power should be fed to the line by mode 1. This

=

W3 T -:f"".s - . .
becomes more lpgg;t'ntéthe longer the line and the higher the

\‘ !
carrier frequency. At a certain distance from the transmitter,
mode 2 and 3 components are attenuated to a low level. Therefore,
with long lines and high carrier frequencies, only proper coupling
using mode 1 will cause the signal to arrive at the receiving
point. Bécause of electrical symmetry, phase-to~-ground carrier
on either phase of a transposed line will be propagated in a
mannef similar to that on the center phase of an untrahsposed
line. Phase-to-ground carrier on an outside conductor of the
untransposed line, because of different component distributions,
is attenuated more within a given line length than the previous
examples CS@@min fig.3~8).

The rate at which a signal is attenuated along the line:

depends not only on whether the coupling is phase-to-phase

or phase-to~ground but also on the line configuration and the
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choice of conductors. More accurate estimates can be made by the
use of graphs such as Fig.3.9 . Unfortunately, this method reguires
separate charts for each transmission-line configuration and is
further complicated when a section of line contains two or more
configurations within 1ts length. An interesting and useful

point is that, on long_lines, a carrier circuit coupled phase=-
to-ground can be almost as efficient as one coupled phase-to-phase.

1.2
3.8.6 Attenuation due to line configuration:

On balanced two-conductor telephone lines, attenuation
is approximately propertional to the square root of the frequency.
On multiconductor power lines with much wider proportionate spacing,
attenuation increases more steeply at higher frequencies, 'so
that it is more nearly a linear function of frequncy than parabolic.
Lower voltage lines, i.e., 69 kv, etc., ordinarily have
smaller conductors with correspondiﬁgly higher fesistance and
higher attenuation per unit length. Transmission lines in the
300 to 500 kv range usually have. bundled conductors with lower
resistance at carrier fregquencies. However, the conductors are
usually spaced wider in comparison with their height above ground,
which-tends to offset the lower attenuation trend of the larger
conductor area. The proportionate spacing and height of any
power transmission line are such that induced carrier-frequency
current flows in the earth even when the carrier signal theore-
tically consists solely of interphase components. The magnitude
of this current and the resulting;carrier attenuation are functions
of the ratic of conductor spacing to height and also of ground

resistivity. (I Fig.3.10).
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3.9 Coupling and tuning:

ﬁ‘g? The use of high-volatage power transmission lines for
propagation of carrier signals for point—to—point communication
requires efficient transfer of energy from the transmitter to
the power line and from the power line'to the receiver. Signals
of a few millivolts at the carrier freguency must be separated
from a circuit upon which is also impressed 605 cycle energy at

a potential upto .several hundred thousand volts.

3.9.1 Coupling Capacitors:

The capacitor is mounted on a metal base to provide
convenient installation on the steel structure of a substation
and to provide space and means for making connection to the lower
terminal of the capacitor. The base unit usually contains a
60-cycle drain coil, and may alsoc contain protective gaps, groun-
ding switches, elements of a capacitor potential device unit,
and all or porticons of the coupling network.

A high-voltage coupling capacitor whose reactive impe-
dance is very high at the power frequency but nominal at carrier
frequencies is connected directly to the transmission-line conductor.

EFor phase-to-phase coupling, two capacitors aree required.
4 e

3.9.2 Voltage rating of the Capacitor:

The voltage rating of a coupling capacitor is the nomi-
nal phase-to-phase .voltage of the transmission line on which

it sis to be used, although the actual potential across the
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capacitér is the phase~to-ground voltage. In addition to conti-
nucusly withstanding this voltage; the capacitor insulation

must withstand high voltage impulses caused by lightning and
switching surges and is sometimes subjected to considerable
over-voltages for extended periods. Tables37 and3.8 list capacitor
reqguirements and values which are standard in the United States.
Particularly at lower carrier freguencies, coupling efficiency

is higher with higher capacitance. Also for any chosen tuning
method, the bandwidth of the carrier channel will be brocader

with larger values of coupling capacitance.

Table37: Coupling Capacitor Voltage Ratings, Operating
Voltages, Dielectric Test Voltages, and Minimum

Creepage‘Distance*

Dielectric=test-=—~ i —— - -
voltage, kv

voltage Maximum Low-frequency

rating, operating . Impulse Minimuam
kv voltage, :thStand withstand creepage
kv ests tests distance,
Dry 1 wet 10 :
min sec 1.5X40 sec in
full wave
2.4 1.6 15 13 45 7
8.32 5.5 27 24 75 10.5
14.4 9.0 50 45 110 14.5
14.4 9.0 36 30 85 14.5
23 15 65 60 : 150 19.5
34.5 22 85 80 200 26.5
46 28 - 110 100 : 250 " 33.5
69 - 42 165 145 135 45
115 70 265 230 550 76
138 84 320 275 650 88
161l g8 370 315 750 103
230 140 525 445 1050 145
288 176 655 555 1300 77

* Taken from National -Electrical Manufacturers Association Standards

Publication.
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Table3 8: Capacitance Ratings for Main Capacitance*

Circuit Capacitance, uf** NEMA BIL, ***

voltage . creepage kv

kv ' Low High required,

_— — ~in,
46 co 0.015 33.5 250
69 0.0032 0.010 45 350
115 _ 0.002 0.006 76 550
138 0.001¢6 0.005 88 650
161 0.0013 0.0043 103 750
230 0.001 0.0030 145 1050
287.5 0.0008 0.0025 177 1300
345 0.00064 0.002 - -
* Taken from National Electrical Manufacturers Association

Standards Publication.

* % The values of capacitance shall be within a tolerance of
minus 10 per cent to plus 15 per cent. Values do not include
bottom tap capacitance in potential device.

**% Bagic impulse insulation level,

3.9.3. Method of coupling:

Line-to-ground coupling is favored on this continent,
Whereas line-to-line coupling is often used in Europe.

It was foundzkhat several advantages of line-to-line
copuling: lower attenuation, less variation of attenuation with
weather, less radiation, less pickup of interference, and greater
service reliability. Line~to-ground coupling has the advantage
of lower initial-cost and simpler maintenance since coupiing

equipment and wave traps are required on one phase only.



3.9:3.1 Effect of Coupling Methods on Interference Susceptibility:

It has been stated that.line-to-line carrier transmission
is less susceptible to inteifereﬁce than line-to-ground, because
the two conductors form a "balanced line" similar to that used
in standard telephcone practice. Two of the possible sources of
interference to a carrier channels are corcna and impulsive noise.

Corona from the power line produceé continuous background
noise which is greatly intensified in wet weather. This noise
may interfere with weak carrier signals on either voice or
telemetering channels.

Impulsive noise may result from operation of disconnect
switches in the station switchyard or lightning discharges near
the line. These disturbances will usually be too brief to affect
voiée communication, but false operation of carrier control or

telemetering devices may result.

3.9.3.1 Effect of Coupling Methods on Signal-to-Noise Ratio:2?"

In the case of corona noise, line-to~ground coupling produces about
2 db more attenuation but also about 2 db less noise than line-to-line coupling.
Hence, as far as corona interference is concerned, the signal-to-ncoise ratio
on a long line appears to be affected very little by the coupling method.
Momentary interference from disconnect switch operation was of large
connect switch operation was of large amplitude and produced about the same
degree of interference with either type of coupling in the installation tested.
With refegence to lightning discharges, measurements
during one storm showed that line-to-line coupling produced on the
average, 6 db less noise than line-to-ground. Since line-to-line

attenuation was also about 2 db less, the signal-to-noise ratio
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for line-to-line coupling was 8 db better than for line-to-ground.
This factor may vary greatly, depeﬁding on the exact location of
the storm with reference to the line. Also, lightning interference
is usually of sufficiently low amplitude that it is seriocus only on
very long carrier channels, or channels with low Signal strength.
The effect of attenuation and interference, show little
advantage for the more expensive line to line coupling in voice
communication installation. AFor telemetering and remote control
applications, an appreciable advantage was found for line to line
coupling with respect to elimination of possible interference from

lightning discharges only.

3.9.4 Line-tuning Units:

These serve to cancel or reduce the effects of coupling-
capacitor reactance and to provide matching of impedances for maximum
transfer of carrier energy. They are usually located in the swit-
chyard beneath the coupling capacitors with which they are used.
Connection to carrier terminal equipment, usually indoors, is made
with coaxial cable. Linewtuning components may be located indoors
in some instances. However, this procedure is inefficient and should
be avoided where losses are critical and where coaxial-cable
lengths exceeding approximately 100 ft are involved. Coaxial cables
in general have nominal characteristic impedances of 50 to 75 ohms.
Line-tuning units may be divided into two general categories:

resonant types and broadband types.
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3.9.4.1 Rescnant Line-tuning Units:

These units employ rgactive tuning elements to produce
series resonance with the reactance of the coupling capacitor at
one or more frequencies. In the single-frequency unit, this requires
only one series inductance coil for tuning. The complete single-
frequency line-tuning assembly also includes a protector unit and
an impedance-matching transformer as shown in Fig.3.11¢(a)The inductance
coil is usually variable by means of taps on the coil anq a movable
core. The coil is wound with Litz wire to provide an extremely
high Q.

Two methods by which the coupling capacitor may be .
tuben to series resonance at two frequencies are shown in Fig.3;lIGﬂ
and (c). The circuit in Fig.BJl/gg used when the two frequencies
are to be directed over separate cocaxial cables., A parallel-resonant
trap unit in each branch is tuned to reject the frequency of the
signal which passes through the opposite branch. The series induc-
tance in each branch is adjusted to obtain maximum current of the
desired-frequency signal. The circuit of-Fig%fJ{;gy be used when
it is desired to tune both frequencies into the same coaxial
cable. The upper inductance is resonated with the coupling capacitor
at the higher of the two freguencies. The branch of the lower porﬁion
which contains both a capacitor and an inductance is also series-
resonated at the higher-frequency. The lone inductance in the opposite
branch is finally adjusted to obtain maximum net current of the
lower-frequency signal.

It is possible to tune a single coupling capacitor to reso-

nance at three or more frequencies. However, this is seldom done
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because the cumbersome circuitry reguired causes excessive loseses
and produces undesirable antiresonances at frequencies often very
near the desired resonant frequencies.

Impedancé matching is. a process of:@iﬁ}ﬁi@}pgwthe standing-
wave ratio on the coaxiai cable. This is accomplished by selecting
the impedance-matching ﬁransformer setting which cauées the input
cable current to approach the value obtained into a dummy resistive

load of the correct value,

3.9.4,2 Broadband Line-tuning Units:

These use filter networks rather than series-resonant
circuits to compensate for the reactance of the coupling capacitor.
The coupling capacitor itself serves as one element of the filter,
which is usually a constant-K highpass or bandpass arrangement
such as the examples shown in Fig.?J@. The objective of broadband
tuning is versatility; that is, several frequencies may fall within
the passband of the filter without the necessity of individual
tuning. The primary.aim in the design of filters for broadband
coupling units is to obtain maximum efficiency within the passband.
Complex circuitry such as would be required té obtain high.rejec—
tion outside the passband is not needed.

Some broadband tuning units are equipped with test terminals
so that adjustments can be made for maximum carrier-frequency
voltage at specified frequencies within the passband. Others are
made with single-value elements set for average conditions and
require no field adjustments. Measurements of input impedance are
very ﬁseful in determining if a broadband coﬁpling unit is func-

tioning properly.
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3.9.5 Phase-to-phase Tuhing:

Phase-to-phase tuning requires two coupling capacitors and
duplicates of all elements in the line-tuning assembly except thq
impedance-matching transformer. Ordinarily only one transformer is
used as shown in Fig3.13.The impedance-matching transformers in
some broadband couplers form integral parts of the units, In such
cases phasing leads or cables connect the two transformers together
so that they may be driven 180° out of phase via a single coaxial
cable. |

' 22,
3.9.6 Losses of Coupling Circuits:

3.9.6.1 Theoretical Consideration of Broad-Band Coupling: For a

band-pass filterlhaving lower and upper cutoff frequencies of

50 and 200 kc reépectively and working into a line resistance of
400 ohms, the coupling capacitor theoreticaliy should have 0.006
mf of capacitance. Similarly, for a high-pass filter with a lower
cutoff frequency o©of 50 kc and a line resistance of 400 ohms, the
capacitor should have 0.008 mf. In other words, a high-pass filter
requires one-third more capacitance than a band-pass filter for
the 50 to 200-kc band. These values of capacitance are theore-
tically necessary at all values of line voltage. Unfortunately,
the coupling capacitance value changes over a wide range as the
-voltage changes, Fbr this reason, it is obviously necessary to

use capacitance values other than the calculated theoretical ones.

3.9.6.2 Practical Considerations of Broad-Band Coupling:

The load impedances encountered in power-line carrier

applications include 200, 100, 50, and even 25 ohms, as well as
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100 ohm

Fig. 3.14: Band-pass coupling performance for 0.006-mf

capacitance,
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the 400-ohm level used in the theoretical consideration of broad-
band coupling. It is apparent that decreasing the line impedance
the these values would require corresponding increases in capa-
citance as shown in Tablé@B. In addition, these values would be

needed at all line voltages.

Table39: Capacitance Increases in Broad-Band Coupling.

Line b Capacitance Capacitance

Impedance, for Band-Pass for High-Pass
Ohms Filter, ME Filter, Mf
400 0.006 0.008
200 0.012 . 0.016
100 0.024 0.032
50 0.048 0.064 -
25 0.096 0.128

The characteristic or iqgfe impedance of a filter is a
function of the series and shunt elements of the filter. To
make the image impedance match a line impedance, the filter element
elements of the filter. To make the image impedance match a line im
impedance, the filter elements must be changed or a matching
transformer must be used. It is easy to make come of the
elements adjustable but the coupling capacitor element is not
adjustable. The matching transformer is an excellent solution
for matching the filter to the carrier equipment but is obvio-
usly not economically feasiblé between the coupling, capacitor
and the transmission line. In other words, the filter network

has an inherent image impedance which theoreticallyshould be



matched to the transmission-line impedance; however, this is
nct possible except under the most févorable conditions. There-
fore, a mismatch loss will nearly always cccur. While a mismatch
loss is not a real 1loss because there 1s no dissipation of
enerqgy, it does reduce the carrier-frequency voltage and thus
becomes a loss, the same.as a real loss,

The band-pass filter is suitable for 200 to 1,000 -ohm
line impedance and 0.002- to 0.01-mf capacitance range. Fig.%ﬂmq
shows the performance at various values of line impedance.
The curves for the lower wvalues of line impedance illustrate
the performance degradation caused by the impedancé mismatch
between the line impedance and the characteristic impedance

of the filter.

3.9.6.3 Analysis of Coupling Perfcrmance:

Fig.J3.l15 shows' the variations in maximum and minimum loss
at three values of line impedance for the band-pass filter as
the coupling capacitance changes: The losses intoc a 500-ohm
locad at 0.003 mf and above are small enough to be of little
concern; however, below 0.0025 mf the losses increase rapidly.
The losses at the 100-ohm and 200-ohm impedance level are
appreciable over the entire range of capacitance.

From the data shown in Fig;335 it can be seen that the
coupling loss of band-pass filter becomes gquite large at the

lower values of line impedance. Therefore, a value consistent

with acceptable performance was necessary.
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Typical characteristic curves of a resonant-tuned
3.14(A)

coupling circuit are shown in Figs. ; and (B} .| These curves
show the variation in performance with capacitance and with
line impedance. They also show the variation in performance
over a 3-kc band of frequencies on eithgr side of the resonant
frequency. It obviously was not logical to use the center
frequency performance of resonant-tuned coupling. Instead,
the loss at #3 kc from the center frequency was used. The
13-~kc points were chosen because a carrier telephone channel
has 3-kc side bands. The fact that freguency-shift carrier
channels are épplied-over a band of t6 per cent of the center
frequency, which is 3 k¢ at 50 kc but more at higher frequencies,
has been noted but not used in the comparison.

Fig.3:17 shows how the performance of resonant-tuned
coupling varies with frequency and also with capacitance. Note
that curves are shown for coupling loss at 3 k¢ from the center
frequeﬁcy. The curves are plotted for a 200 ohm icad impedance.

The top curve of Fig.3gj exhibits losses that appear
to be marginal for satisfactory application at the lower
frequenéies of the carrier band. This, of course, is a well-
recognized fact, and carrier telephone has been limited to
frequencies above 50 kc because of the narrow band or high
losses at the side-band frequencies of the coupling circuit.
Since the curves do not show any definite breaking point,
it is difficult to generalize as to what is considered accep-
table. However, a large portion of the existing carrier appli-

cations uses capacitors of the 0.002-mf size; therefore, it
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seems reasonable that the performance with this value of coup-
1ing capacitance should be satisfactory. ‘

In Fig.3.18 the pefformances of resonanttuned cQupling
and of band-pass coqpling with separation qiréuits are plott;d
to the same co-ordinates. For equal values of capacitance,
resonant-tubed coupling is better over the major paft.of the
50 to 200-kc band. Héwéver, below 65 k¢, the performance of

band-pass coupling is equal to or better than that of resona-

nttuned coupling with a 0.002-mf capacitor.

3.10 Line Trap:

A line trap is a device for isolating the carrier
channel from certain detrimental coﬁditions found in the power
system and to isolate carrier channels from one another to.
prevent interfrerence. To accomplish this isolation, the trap
must have a high impedance at carrier ffequencies. Line traps
are installéd in series with the pOWer—liné conductors and
therefore must carry the power—frequenéy current that is present.

The main-ceil conductor in modern traps may be copper
or aluminum and may be large stranded cable or composeéd of
multiple flat layers. The conductor is helically wound, usually
in a single layer, to férm and air-gore inductance coil which

is rigidly supported by several columns made of suitable high-

strength material. Tensile strength is provided by a steel strain

rod through the center of the trap attached to rigid assemblies
at each end. American traps are enclosed on the ends by insula-
ting covers. Openings near each end, where the coil winding

termin' tes on external connecting studs,
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terminates on external connecting studs, are covered by
suitable barriers to prevent small birds from nesting inside
the trap.

Line traps may be mounted in substation structures
by vertical suspension or placed either vertically or horizon-
tally on insulated pedestals. In isolated locations such as
a ﬁransmission-line tap point, traps may be suspended horizon-

tally in series with a short span of transmission-line conductor.

3.10.1 Line-trap Ratings:

A line trap has three power-frequency current ratings:
continuous-current rating, thermal short-circuit rating, and

mechanical short-circuit rating.

Table3.l0: Line Trap Thermal and Mechanical Current

Rating*
Continuous-current 2-sec thermal Mechanical -
rating current rating, current rating,
rms symmetrical, ~ rms symmetrical, rms symmetrical,
: amp amp amp
400 15,000 15,000
800 20,000 20,000
1200 36,000 36,000
1600 44,000 44,000
2000 63,000 63,000

* Taken from National Electrical Manufactures Association

Standards Publication.
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The continuous—current.ratihg is the current which a
line trap is capable of carrying continuocusly without exceeding
a specified temperature. The short-time thermal current rating is
the current which a line trap is capable of carrying for 2 sec
without exceeding a specified temperature. This 2-sec fault current
duration is standard in America, although other test durations
ranging from 1 to 4 sec are sometimes used in Europe. By American
standards, the mechanical current rating is the current which a
line trap is capable 0of withstanding when the initial peak is
completely offset. This rating is given as an rms figure, but because
of the offset characteristic of transmission-line fault currents
for which this rating is made, tests must be made with a peak
current 2.83 times the rms value. European mechanical ratings

are given as peak values.

It is desirable that "the impedance of line traps be
negligible at the power frequency. The nominal inductance ©of most
trapdg currently being manufactured in the United States is 0.265mh
rwhiChonrresponds to a 60-cycle reactance of approximately 1/10
chm. European traps are manufactured with inductances ranging
from 0.180 mh to more than 1 mh. The higher inductance traps have

lower short-circuit current capability.

3.10.2 Protection:

Line traps and their tuning elements are protected from
lightning surges by one or more suitable arresters. Arrester
characteristics are coordinated with the trap inductance and with
its short-circuit ratings so that line faults within rated limits
will not flash the arrester. In older model traps, arresters
were enclosed within tuning pack housings. Newer styles have a
separate arrester connected in parallel with the main coil, some-

times with auxiliary protection in the tuning packs.

3.10.3 Tuning
A line trap may be tuned as single-frequency, double-
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frequency, or brecadband. Typical schematics of each ére shown
in Fig.3.l9.A

. For traps made in the United States, single-frequency
tuning requires cone pack which will provide tuning ranges of either
30 to 90, 50 to 150, or 70 to 200 kc, depending on the capaci-
tance values within the pack. Each pack contains two capacitors
which may be connected individually, in series, or in parallel
to select one of four values of capacitance which divide the
frequency range into narrow bands. Fine adjustment within a band
is accomplished by locating a tap on the main coil.

Line traps currently available regquire three packs for
double-frequency tuning. The higher of the two frequencies is
tuned in the same manner as a single-frequency trap. The pack
containing the inductance is also tuned independently to the higher
frequency. The third pack completes tuning requirements for pro-
viding maximum impedance of the entire circuit at the lower fre-
quency, with fine adjustments made by a second tap on the main
coil. The frequency ranges for second-frequency tuning packs are
the same as for sinéle—frequency traps. Both frequencies of the
double-frequency trap, however, need not fall within the same
range. With appropriate pack combinations, widely spaced frequ-
encies, e.g., 40 and 180 kc, can be tuned.

The tuning components of a broadband trap are arranged
as a filter circuit with the main-coil inductance of the trap
serving as one element. The network includes a terminating resis-
tance. Most broadband line traps are fixed-turned, either to the
appropriate geometric-mean frequency to obtain maximum bandwidth

in the upper
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in the upper portion of the carrier-frequency spectrum or to another
geometric-mean frequency specified on order. These traps provide
minimum impedances of 400 to 600 ohms over their bandwidths,
depending on the inductance of the main coil and the associated
design parameters. One 0.265 mh trap provides an impedance of

400 ohms or more within the band from 90 to 200 kc. A 1l-mh trap
provides 600 ohms or more over a bandwidth from approximately

51 to 200 kc. Adjustable auxiliary broadband tuning packs fro

use with standard single-frequency.265 mh traps are available with
minimum impedances as high as 1,000 ohms over usable bandwidths,

e.g., approximately 147 to 200 kc.

3.10.4 Impedance Characteristics:

Impedance characteristics of typicai line traps are shown
in Fig. 3.20..In general, both the impedance magnitude and bandwidth
of single-frequency and double-frequency line traps are higher
with higher resonant frequencies. The magnitude of each impedance
peak associated with-a double-frequency trap is approximately
one-half that which is obtainable by tuning each frequency indi-
vidually with separate single-frequency traps. The impedance mégni—
tude of the broadband trap is a function of design parameters
and is independent of the geometric- mean frequency to which the
trap is tuned. The bandwidth, however, is directly proportional
to the square of the geometric-mean frequency. Although the impe-
dance magnitude obtainable with a broadband trap is much less
than the peak impedance of a single-frequency trap, its bandwidth
is greater and the impedance has a more predominant resistive

component.
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3.10.5 Line-trap Application:

The purpose  -of line traps is to minimize carrier losses
by confining carrier enerqgy to the desired path as nearly és po
possibie. In addition, tréps are effective in reducing noise levels
at carrief receivers and in minimizing interference to and from

other carrier circuits.

3.11 Channel Bandwidth:1

For voice communication over the average power-line
carrier channel, the important consideration is intelligibility
rather +than ﬁigh quality of reproduction. Intelligibility is
defined here as the percentage of a group of nonrelated words
which can be recognized and understood over a channel. With a
signal-to~noise ratio of 30 dbm an intelligibility of greater than
95 percent can be obtaineéswhen an audio bandwidth of 250 to
2,150 cycles' is reproduced. It is important that both the carrier
apparatus and transmission channel combined provide this bandwidth.
In many cases in the bést, acceptéble'communication hés been obtained
with less bandwidth;-but since intelligibility is also reduced
with decreased signal-to-noise T;;tio, it is believed that systems
should be based on a bandwidth of 250 to 2,150 cycles or more
to allow some safety factor to take care of reduction in intelli-
gibility during periods of high noise.'

For cother servicés, such as protective relaving, tele-
metering, load control_and supervisory control, a channel of
cohsiderably reduced bandwidtﬁ is permissible. For example, succe-

ssful relaying has been carried out with carrier systems capable
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of transmitting an audic spectrum up to about 300 cycles. The amount
of bandwidth varies with the speed of response of the function
being transmitted. Generally'speaking, however there has been
little difficulty in obtaining channels suitable for single control

functions.

3.11.1 Amplitude-Modulated Signals:

An AM signal can be represented by a constant-level
carrier and -two sets of side-band components, one extending
above and one below  -the carrier frequency. There are two side-
band components corresponding to each audio freguency modulating
the transmitter. For the conditions of intelligibility discussed
above, it is required that a channel be provided widé enough to
transmit a 2,150-cycle signal. This means that the total bandwidth
needed will be 2X2,150 or 4,300 cycles. If we assume that the
carrier equipment has a response which does not fall off more
than 3 dbm for a total bandwidth of approximately 6 kc, then the
car;ier equipment response will be down approximately 1.5 dbm
over a bandwidth of 4,300 cycles, Using the usual convention of
defining bandwidth as that portion of the response curve included
between the 3 dbm points, we then see that our transmission channel
response should not be down more than 1.5 decibels over the

bandwidth of 4,300 cyciles.

3.11.2 Single-Side-Band Modulated Signals:

A SSB signal cane be represented by a very low level

carrier and one set of side-band components externiding either above
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or below the carrier freguency. Agaiﬁ, for the conditions of inte-
lligibility discussed previously, it is reduired that a channel

be provided wide enough to transmit a 2,150-cycle signal with

not over 1.5-dbm bandwidth of 2,150 cycles will be needed, and
that the channel response should not be dowh more than 1.5 dbm

over a bandwidth of 2,150 cycles.

3.11.3  Frequency-Modulated Signals:

An FM signal can be represented by a carrier and one or
more sets of sidebands extending above and below the carrier
frequency. There are usually several side-band components corres-
pohding tc each audio frequency modulating the transmitter. It
has been shown that to keep the audio distortion in a typical FM
carrier system to within the desired limits, the channel should
have a phase characteristic which is linear over a bandwidth of
at least 6 kc. From an examination of the universal resonance
curve for series inductance-capacitance circuits, it appears that
phase characteristics begin to depart from linearity at the point
where the response is down 1 dbm. If we use this as a basis for
considering a circuit with a deviation of 2.5 k¢, the channel
response should nect be down more than 1 dbm over a bandwidth of

5,000 cycles.

1
3.12 Selection of Frequency:

In this discussion of frequency selection, it is assumed
that the use of frequencies for power-line carrier current is

restricted to the range between 30 and 200 kc. The lower frequency
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limit is imposed by the difficulty of coupling a sufficiently
wide band to the power line through the available values of coup-
ling a sufficiently wide band to the péwer line through the
available values of coupling capacitance, and the upper limit is
imposed by the extensive use of frequenéies between 200 and 415
kc for space-radio facilities (principally for enroute navigation
and terminal traffic control of aircraft). The upper limit of 200
kc also is imposed by the increasing attenuation of the channel
with higher frequencies.
As previously mentioned, it is not reasonable, because
of the increasing noise as‘frequency is decreased, to make a
general assumption- -that any part of the 30~-to-200-kc range will
yield the best signal—to~noise'ratio'for all transmission lines,.
The optimum signal-to-noise ratio is very definitely a function
of the type of channel and its total attenuation. In general terms,
short lines with low attenuation will give the best performance
at the higher end of the freguency range while the optimum freguency
is lower for long lines and high attenuations. Where appreciable
lengths of power cable are involved, the attenuation rises rapidly
with frequency and the use of lower frequencies becomes imperative.
Using these generalizations as a basis, it appears
advisable to reserve the highest frequencies for pilot relaying,
as this function generally implies a relatively short channel.
Telephone channels, on the other hand, very frequently are aﬁplied
to long and complex line configurations, but this does no£ necessarily
imply that low frequencies should be used for best results.

Other factors enter the picture. Telephone channels require ade-

quate bandwidth, and it will be found that the channel *characte-
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ristics will have greater changes within ffequency increments

equal to the audio passband at the lower frequencies., It is for
this reason and because of the difficulty of obtaining and adequate
bandpass within the terminal eguipment itself that powerline
carrier-current telephone equipment is produced only above 4Q'kc.
Thus, it seems most reasonable to reserve the center portion of

the frequency range for telephone operation.

Narrow-band frequency-shift equipment for telemetering,
control, and many other functions is capable of the greatest
range of operation. It is frequently fequired to operate through
grea£ range and, 1n such cases, can be applied to the greatest

advantage at the lower fregquencies.

3.13 Standard Noise Values:L

Since the measured data on transmission-line noise varies
so widely it appears that no standard value of noise can be set.
It is essential, however, that noise be taken into account in
carrier application and, in the absence of measured data on the
system being considered, some assumed value must be used. A study
of the noise datavvailable has been made, and geometric means
of the curves taken on a large number of lines indicate that‘

18.7 millivolts (guasipeak), as measured over a 400—¢yc1e bandwidth,
will not be exceeded more than about 10 percent of the time. This
value has been used successfully in many applications. On a
particular system, it is recommended that actual data be taken

under varying weather conditions to arrive at a standard value

for carrier application.
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Any sténdard value adopted can be translated to corres-
pond to the bandwidth of the receiver in question by use of the
following relations: |

Quasipeak (voice)-noise voltage m(bandwidth)% (approxi-

L
* (approximately).

mately). Average ((relay)-noise voltagex(bandwidth)
The circuits of the Stoddart noise meter are so designed

that when compared with an AM or SSB receiver, a given r-f signal-

to-noise ratio produces the same audio signal—to—ﬁoise ratio.

The noise value in each case should be corrected for bandwidth.

The AM signal level is that of the peak value of the unmodulated

carrier, the audio output being that due to 100-percent modulation

(peak of audio wave). To make this clearer for an AM case, consider

a received signal level of 300 millivolts rms unmodulated. Take

the standard quasipeak noise figure of 18.7 millivolts, and convert

to the equivalent for the & k-c AM bandwidth. This gives 142

millivolts.

3.14 Allowable Signal—to-Noise Ratios: ™

Minimum tolerable signal-to-ncise ratios for various
carrier applications are given in Table3ddl. The proper characte-
ristic of the noise (for example peak amplitude, average amplitude,
etc.) must be considered in establishing these ratios for each
application. The receiver bandwidth also must be considered in
most applications, because noise response is usually a function of

bandwidth.
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Table3il: Minimum Tolerable Signal-to-Noise Ratios

Keyed- Carrier Tone Telemetering - Voice Communication
Telemete- Relaying ' '
ring or Supervi-

sory Control ' -

A

15 dbm 20 dbm 15 dbm for a single 25 to 30 dbm
received tone {Psophomatric)
(15+20 log N)dbm
for multiple tones
{where N is the
number of tones)
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CHAPTER - 4

TECHNIQUES AND METHODS FOR MEASURING ~ = . %

A



4.0 Preliminaries:

In this chapter methods for measuring noise and gro-
unding resistance of protective device will be discussed
briefly. Also a discussion will be made about measuring units

of noise and signal.

4.1 Noise and Signal Measurement:?®

4.1.1 Noise

It is difficult to meésure the amplitude of noise
due to the non-deterministic nature of noise waveforms and
amplitude dependence on bangdwidth. If an a-c voltmeter is
connected to a noise source, then since ﬁoise is random,
meter reading will be fluctuated randomly and it is so meaning-
less to measure noise in this way. Thus, it is usually necessary
to average the noise amplitude over some interval so that.
a more or less constant meter reading is obtained. A meter
that integrates the reading over a time period which is long
compared to the reciprocai of the bandwidth reﬁoves most of
the fluctuations. So rms noise voltage can be measured by
an a-c voitmeter by averaging over finite time interval and
dividing the rm52 noise voltage by resistor, noise power
can be determined. Measurement of absointe magnitude of noise
power is not important. Rather it is important to measure
how much it annoys a telephone usey. Thus measurement of
subjective effects of noise is important. So, the meter is

designed to measure the following effects:
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(1) the readings should take into considerétions the
fact that the intgrfering effect of noise will be a function
of-frequency spectrum as well as of magnitude.

{2) When different noises are present simultaneously,
the meter should combine them to properly measure the overall
interfering effect.

{3) When different types of noise cause egual inter-
ferehce as determined in subjective tests, the meter should
give edqual readings.

Besides, the transient response of the meter should

-be similar to that of the human ear.

Interference is made up of two compeonents viz (i)
annoyance and (ii) the effect of noise an intelligibility.
Both are function of frequency. Hence proper frequency weight-
ing is required in the meter which is stated by point '1'
above: For example, a 200 Hz tone of given power is 25 dB
less disturbing then a 1000 Hz tone of same power. Hence, the
weighting network incorporated in the noisemeter will have
25 dB more loss at 200 Hz than at 1000 Hz. It is assumed
(by several tests) that the effect of noise power is maximum
at 1000 Hz.'This frequency is used as the reference frequency
in Bell system. But CCITT and CCI;B-recommended reference
frequency is 800 cps. To determine weighting at different

frequencies (i.e. frequency weighting curve) annoyance is
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measured in-the absence of speech by adjusting the level of
a given tone until ;it'is as annoying as a reference 1000 Hz
tone. This is done for many,tones-f;nd for many observers and
the results are averaged and plotted. A similar experiment
is done in the presence of speech at the average received
volume to determine the effect of noise an arficulation,
The results ¢f the two experiments are combined and smoothed
resulting in the C-message weighting curve. Similar experiments
give other types of weighting curve. For psophometeric wei-
ghting (CCIR and CCITT recommended) the reference frequency
is taken as 8000 Hz. These are shown in the Appendix-2-.
‘Weighting like 144, FlA etc. are not used now -.

Another important factor is that noise add on power
basis. Thus meter must also read in this way.

The last important factor is the transient response
of the human ear. It has been fourid that, for sounds shorter
than 200 Msec. the human ear does not fully appreciate the
true power in the sound. For this reason the noise measuring
meter is designed to give a full indication on bursts of
noise longer than 200 msec. For shorter bursts, the meter
indication decrease.

Thus, frequency weighting, power addition and transient
response of a noise measuring meter describe the way in which a
meassage circuit noise is to be measured..Besides, a noise refe-

rence and scale ¢of measurement must also be provided. The chosen

reference is 10 watts or -90 dBm. The scale marking is in decibel



and measurements are expressed in dB above reference noise

(dBrn) . For psophometric reading, this reference is at’BOO Hz
24 '
and for Beéll system it is 1000 Hz

In particular, let w(f) represent the weighting of the
noise shaping network in dB relative to lkHz reference frequency.

Thus,

|H(£)] 2 = 1oW(E)/10

Where H(f) is the transfer function of the weighting network.
The total weighted noise power for noise density of Pi(f)

watts/Hz is given by

o 2
Pr = J (H(f}] P, (f)af watts ceen 4.2
. |

The effect of weighting over the frequency range fl to f2 is

given by £
J P (f)af
f.\ /‘-l_ m—-,‘,."‘
. A= 10 log ———— B 4.3
T2 2 :
s lE®] Pi(fas

£y

Thus, weighting network attenuates the noise power by dB.

For fl'e 0, £, = 3 kHz, (telephone channel) » = 2dB for flat

2
-Pi(fy and C-message weighting. For psophometric weighting and

flat Pi(f), A becomes 2.5 db.
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-Till now, measurement of ﬁdise is considered for telephone
channel with analog signal. For anaiog TV signal, separate type
of ‘weighting is reguired according to the effect of noise to
eye. Digital signals such as Data and PCM are not affected by
noise in the same way as analog voice signals. For example,
the annoying hiss dﬁe to thermal noise has no effect on digital
signals unless its amplitude approaches the amplitude of the
signals. On the other hand, impulses which cause tolerable clicks
or pops on voice circuit result in almost certain errors because
of their high amplitude. Thus separate type of noise measuring
technique is used for digital signal. Details can be found from

34
reference.

4,1.2 _iignals:

Message or speech signal is also nonperiodic (otherwise
no information) and so difficult to measure. The nature of speech
or program signal is such that the average, r.m.s. and peak
values are irregular fﬁnctions of time so that one number cannot
specify any of them. But regardless of the difficulty of the
problem, the magnitude of the telephone signal must be measured
and characterized in some fashion so that proper design'of
transmission media can be.made. Signal magnitudes must be adjusted
to avoid overload and distortion and gain and loss must be
measured. For this purpose a characterized unit called volume

unit (vu)} is used. It is an emperical kind of measurement



which rarely are as lar?e as 0.1 watt and which may be lower
than 1 pW (ﬁico watt), the use of watt as a unit of measurement
is awkward. A convenient unit is the milliwatt i.e. 153 watt.
Many operations can further bé‘simplified by expressing power

in relative dB. Normally power is compared with one milliwatt
and then expressed in dB. This is called dBm. Thus a power of

=12 -3
1 mW is odBm and a power of 1 pW is 10 log(l0 /10 ) dBm ..

or -90 dBm.

4.2.2 Noise

It was shown in the previous section that fof both
psophometric and C-message measurement reference powér of 1
pW is taken. Reference frequency for weighting is 800 c¢ps for
psophometric weighting and 1000 cps for C-message weighting.
Pscophometric noise power 1s the average noise power delivered
to 600 Ohm resistance and expressed as_p;cowatt psophometric

(pWp) . Thus

' . 2
pWp = (psophgggtrlc V) ¥ 10 picowatts .. 4.6

or in dB, dBp = 10 log pWp . . e : 4.7

Thus I pW at 800 Hz is OdBp and 1 pW-at 1000 Hz is OdB rnc. So,
a 0dBm power having a bandwidth of 0-3 kHz is equal to 88.0
dB rnc (c means C-message weighting). or 87.5 dBp. This is so

.as welilghting of 0-3 kHz is 2 dB for C-message and 2.5 dB for
- \
L)

psophometric. Thus,

.dBp = dBrnc - 0.5 . 4.8
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evolved to meet practical need and is not definable by precise
mathematical formula. The vu meter used for this purpose gives

the reading in vu. The principal functions of the vu meter are

(L) Measuring signal amplitude in a manner which will
enable the user to avoid overload and distortion.

{2) Checking transmission gain and loss for the complex
signal.

(3) Indicating the relative loudness with which the

signal will be heard when convented to sound.

For convenience, the meter scale is made logarithmic
but unit is vu not dB. It can be related with dB by the following

relation, ' : .

Average power vu - 1.4 dBm N “oe 4.4

Such relation hold for a continuous takem For noncontinuous

talker the relation is

Average power va - 1.4 + log log.T . dBm .. 4.5

L

Where 1 L is the 1load activity factor. It should be noted
that vu meter has a flat frequency response over the audible

range and is not fregquency weighted in any fashion.

4.2 Units for Measuring Noise and Signal:

4.2. Signal

Since telephone circuits operate with signal powers
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for input flat noise from 0 to 3 kHz

Using above relations following table may be made.

Table 4.1: Shows the relation between different units for Noise

Power.
No%se Total power of Od?m - White noise of
Unit 1 kHz 0 to.3 kHz & -4,B dBm per kHz.
dBrnc 90.0 dBrnc 88.0 dBrnc 88.4 dBrnc
pPWp l.26x109 pPWPR 5.62x108 pWp 6.03x108 pPWp
dBp 91.0dBp 87.5 dBp . 87.B dBp

P,

4.3 Procedure for measurement of signal level by level meter (MLAZ4A) »

In accordance with the impedance under measurement,
the pushbutton is depressed of the input impedance. Setting
the meter to norm, the signal under measurement is applied
to the input terminal applicable to the above-mentioned impedance.
The input devel is adjusted (dBm) dial so that the meter lower-
scale indication is given in 'Oi 1 dB range, Thé sum of the readings
of the input level (dBm) dial and the meter indication gives
the level of the signal under measurement. When detailed data
within t+1 dB is required, the meter is to “set to exp, and

obtain the value by reading the upper scale.
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M .
[3

4.4 Procedure for measurement of noise bz_psophometer\

This prccedure provides a noise;measurement method at
the terminal on the telephone circuit. A% the transmit side,
terminate the 4WS line under measurement is terminatéds with the
terminator of the nominal impedance 600 ohm. At the receive side,
setting the imput impedance to the psophometer tel {600 ohm.

nominal) the noise components is measured.

4.5 Method of measurement grounding resistance by auto earth tester

Driving into the ground the auxiliary earth bar (C)
which 1is supplied with the earthing resistor, at a
distance of 10 to 20 meters from the earthing object be measured,
(E), and the other auxilary bar (P) about midway on a straight
line between the auxiliary earth bar (C) and the earthing object
to be measured (E} and connect these with the earthing resistor

terminals E.P.C. with connecting cords.

4.5.1 Battery check

Setting the change-overswitch to Batt. check,.the’

" push~button switch is -pushed (push on} and make sure that the meter
indicating needle is within thé green zone. At this time the
connecting terminals are to be in measuring condition. If the
needle does not swing to the green zone, replace the battery with

a new one.
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4.5.2 - Earth voltage

Setting the switch-over swifch to Ac. volt;fexiStanQé_
of the earth voltage can be ascertained. However, do not press
the push-button switch. When the earth voltage is over 10 volts,
measure with the earth voltage iﬁ the smallést possible state
by either removing the earthing object from the electric install-~-

ation or switching off the circuit.

4.5.3 -Barth resistance

A proper resistance range is selected by the change-
over switch according to the kind of earthing work, and while
pressing the push~button switch, the dial is turned to baiance
the galvaDOmeter.'”\

Value obtained by multiplying the dial reading by the

magnification of the range is the measured value.
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CHAPTER - 5

MEASUREMENTS AND RESULTS
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5.0 Preliminaries:

Methodology, parameters of the study, measurements for
receiver output for noise,signal to noise ratioland grounding
resistance of protective device for different P-L-C link of
BPDB are given in this Chapter. Other related information
are collected from different metering stations which are also
tabulated and discussion based on informationsand measurements

are also given in this Chapter.

5.1 Methodology:

To identify the various causes of signal to noise ratio
reduction of power line carrier (P-L-C) system of BPDB, it was
proposed to collection of informations for different metering
station at different location of the country. Also at some
metering stations noise, signal strength, signal to noise ratio
at the out put of the receiver and grounding resistance was
measured. A questionnaire was prepared for this which containf —
items like (shown in the Appendix- I’):

1) Individual metefing station: line configuration,
operating line voltage, coupling capacitor -rating ,method of
coupling, tuning arrangemeﬁt,-wave trap ratingﬂmode of propagation
of carrier signal, Transmétting and receiving carrier frequency,
Band—wfﬁth of the line matching unit, wave trap characteristics
and -adjustment of filter and amplifier.

2) Sources of signal attenuation: Missmatching, mode of
propagation, coupling loss, tapping loss, reflaction, radiation,
receiption of radiated signal in various phase diff, higher

range of carrier frequency, different weather condition.
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3) Sources of noise: Loose connection wiring (arcing effect)
.Radio interference {(corcna), Bandwidth performance, coupling
arrangement,grounding resistance, switching, line fault, reépple

of the power supply, weather variation etc.

5.2 Parameters of the study:

Collection of informations and measurement of the receiver
output noise, 'signal, signal to noise ratio, grounding resistance
of protection device and P-L~C system of different metering

-

points re_imvolved for the following parameters.,

1) Attenuation: In carrier transmission it d4s convenient
to consider the transmission characteristic of a system in
terms of attenuation or the decrease of powér along the trans-
mission power.

The total attenuation of a power line carrier circuit
consists of resistance, and r%giation losses in the .transmission
line itself; losses due to the power straying from the desired

o
path and losses due to coupling equipment andlby pass. Reflection

(due to mismatch) is also included in losses.

Lo —— _.‘-hi-_-.\_; .
2){Eglsewand?lnterference: The noise level at the

T ____.:T

input to a carrier receiver determines the minimum received
signal level necessary for adequate performance. Increasing
receiver sensitivity beyond nominal requirements is of no
benefit because performance depends on the ratio of signal to
noise.

Power line noise consists of discrete impulses, occuring



134

either erratically or periodically sﬁperimposed on a back ground
nocise at a lower level.

Noise levels depend upon vdltage dimensions, degree of
contamination and other conditions cof a powefﬂline. They ‘may
vary over a wide-range with variable weather condition.

3) Signal to noise ratio: It is not ordinarily possible
to reduce appreciably the noise level present at a given receiving
peint in a carrier éystem; The only practical way to improve
. signal~to-noise .ratio is to raise the signal level at the
receiving point. It is not usually feasible to raise signal
levels by increasing the transmitting power because appreciable
gain interms of db requires in ordinately large increases in
power. A much more practical seolution is to reduce the channel
attenuation by judicious application c¢f line traps to eleminate
short taps of spur lines and élternates paths. The use of

repeater stations may be required in some cases.

5.3 Measurements and Results for Noises:

Measurements for noises in links connecting two metering
points via exchanges, were made by using psophometer. The conne-
ction diagrams are shown in Fig. 5.1.. Results are given in
table S.i. Clearly, results contain all sorts of noises in cable
and switching network. It may be assumed that results closely
approkimates to the true value. Of course this again vary with
days, weeks, months, and years. However, the variations are

normally very small.
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Receiving end,noise

Transmitter is matched measured terminal .

terminated.

Transmission line

PIC set PIC set

Fig. 5.1: Experimental set up for noise measurement by psophometer.

-

FE

1=

O moooo

Fig, 5.2: Measurement of grounding resistance by Auto earth tester.
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Table 5.1 : Experimental Data for Noise © *‘_ T L e,
for different links. : . o

L

Measuring Terminating ~ Noise level (absolute)
metering metering _ 'psophomatric'dBm
station station
Siddhirgonj Dohazari =40

" Madanhat =42

" Ishwardhi(l) -45

- " (2) -40

" _ Polasbari -48

" Faridpur -41 \

" Barisal ' i -55

" Jhenaidhag -64

" Nowapara -62

" Goalpara -65

" Bheramara -61

" Bogura | -41

(Readings were taken in the period between 11.00 A.M. and

kY

"3.00 P.M. and noise values shown are weighted).

5.4 Measurement and Result of SNR:

Some of the P-L-C links have been selected . - to
take measurement of receiver output SNR. Measurements were taken
at Siddhirgonj (load dispatch centre}%rSiddhirgonj metering

station is common for every link on which measurement take place.
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Initially other émi;of the each link was matched terminated and
noise at receiving end side at Siddhirganj was measured. Clearly,
since all other links are working, the “measured noise contain
total neoise (thermal, shot, impulse, other interferance etc.).
Besides, signal at receive side of the link Siddhirgan]j metering
station was measured by transmitting test tone in other end of
the link. This result divided by the measured noise gives SNR.
Results are shown in Tables 5.@; Measurements were taken in the

month of November, 1984

Table 5.% : SNR for different linksfof P-L-C system of BPDB.

Receiving Transmitting Transmitted Received signal Noise level,dBm Signal to noise

Station Station signal,dBm measured by {_{psophometric) ratio(SNR) ,dBm
level meter,dBm . M
Siddhirganj Tongi 0 10 40 530
~ (1000Hz) ”
" Ghorashal T 14 230 16
. ol :
" Shahji Bazar " -18 =33 15
" Comilla " =31 ' ~45 14
" Ullon " -45 ~55 10

(Reading were taken between 11.00 A.M. and 4.00 P.M. and noise shown

are weighted) .
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5.5 Frequency Response oOf the receiver at the metering

station of Ullon

The measurement was taken on Siddhirgonj-Ullon 1link.
The 0dBm signal at different ffequency is applied to the input
terminal of the transmitting station (Siddhirgonj). Qutput level
of the receiver at Ullon was measured by level meter, (MLA24A) which

3

is shown in Table 5.3.
Table 53.: Receiver output signal level at different frequency

Freguency in KHz 0.3 0.6 0.8 1.0 1.4 1.6 2.0 2.4 3.4
Level in dBm =53 =52 =51 =47 =45 =45 -45 =52 -53

5.63 Measurement and results of grounding resistance

of protective device:

In every metering station, the grounding resistance
of the protective device is of great importance.Some of the
metering station, the grounding resistances were measured which

are .shown.in Table 5.4% Measurements were also taken in addition

of the connection of protective device with the grounding rod.

L

Table 5.{}: Grounding resistance of protectlve device for different
meterlng‘; station

Meterlng Station Resistance in ohm.

Siddhirganj .50

Ishwardi .45

Ullon 3.00 (including-:connection
Mirpur 3.50 sl e

Kamalapur .75

Rajshahi .40

Bheramara .55 =
Jhenidha 1.00

Bottail 1.30

(Readings were taken in the month of February, 1985)
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5.7 . Meassage Channel Objectives

The telephone speech signal is usually delivered to the
telephone organisation in the form of audible sounds impinging
on the telephone transmitter. It is the telephone company's
responsibility to deliver a replica of this sound to the ear of
the called subscriber. To perform this in a batter way certain
objectives are necessary. A concept known as grade of service
is commonly used to determine acceptable message channel objectives.
It combines the distribution of customer opinion with the distri-
bution of plant performance to obtain the expected percentage of
customer opinion in a given category. One of the objectives for

message channel are given below:

5.7.1 - Message Circuit Noise Objective

Message circuit noise is defined as the short term
average noise level as measured with a psophometer or meter using
C-message weighting. The relationship between the meter reading
and customer opinion of the impairment was determined by subjec-
tive tests. The quality of the circuit with noise was judged
as excellent, good, fair, poor or unsatisfactory. This_results

gigfﬁbbwq"ib'fab}ﬁys;gi Received volume used is - 28 vu which is

known to be suitable.”

Table 5.5« Different judgement qualities and corresponding noise

levels*,

Quality Noise in dBrnc Noise in dBmp
Excellent 15 - 75.5
Good 25 - 65.5
Fair i3 - 57.5
Poor - 42 - 48.5

* (Supported by hundred percent people with whom subjective tests
were performed) .
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5.8 "Reports on survey of different metering station of BPDB:

Metering station are located all over Bangladesh.
Therefore P-L-C system exists throughéut'the country (Shown in
Appeﬁdix-4 ',). About fifty méterinq'Station'are“locatéd-in

different areas of the country, High voltage transmission lines
. e

et

are devided into two parts i.e. eastern gride and western gridﬁ;
theysare also interconnected.

Therefore the whole P-L-C network is shown in
Appendix-5 and also metering stations lay out are given in
Appendix-3 individually. Following informations are obtained
regarding P-L-C system of BPDB with a view to assessment of various
causes of signal-to-noise ratio reduction- from field Survey.‘

132 KV high voltage transmission lines are commonly
used for P-LC communication, 66 and 33 KV transmissions are rarely
used for this purpose. Most of the transmission line conductors
are vertically arranged. pouble circuit transmission lines are
rarely found. Centre conductof are seldom used for power line
carrier signal transmission. Transmissién line configuration and
line voltage of different links of BPDB are shown in Table 5.6

More than 35% metering station consist: of more than
two transmission line and about 40% metering station consist
of Two transmission line. (Shown in Appendixes . -3 )

Singal side-band amplitude modulated supressed carrier
sign.leis transmitted and demodulation is performed by syncronous
_detection. The range ofthe carrier frequency is about 100 KC

to 500 KC near about 75% carrier frequency is above 200 KC.
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Table 56 : Line configuration and Line voltage of different links of BPDB.

Metering Direction Type of Conductor Conductor used Line voltage,RV

station circuit ‘arrangement for p-L-C

;;i?hir— Ghorashal Double Vertical Upper, lower 132
" Comilla Double " " 132

" Ullon Single Horizontal Centre 132

" Kamalapur " Vertical Lower 33

" Hasnabad " " Centre 132
Hashabad Mirpur " " "‘ 132
" Siddhirganj " " " 132
Mirpur Hasnabad " " " 132
" Tongi 3 ; " 132
Tongi Ullon " Two Hori. Lower ] 132

- Two Vert.

" Ghorashal Double  Vertical Centre,Centreq 132

" Ishwardi " " " 132

" Mirpur Single " Centre 132
Ullon Tongi " " " 132
" Siddhirgénj " Horizontal " 132
Ghorasal " Double Vertical Upper,Lower 132
" Ashuganij " " " 132

" Tongi " " Centre,Centre 132
Ashugani Ghorashal " " Upper,Lower 132
" Kishoregonj Single " Upper 132

" Shahjibazar Double " Upper,Lower 132
Kishorganj Mymensingh Single " Uppexr 132
" Ashuganj " " " 132




Mymensingh Ashuganj

Jamalpur

Shahjiba-
zar

Srimongal

Fenchuganij

Chhatak

Comilla

Chandra-
ghona

Kaptai

Kulshi

Jamalpur
Mymensingh

Ashuganj

Srimcngal

Shahjibazar

Fenchuganj
Srimongal
Sylhet
Chhatak
Fenchuganj
Sylhet
Siddhirgany
Feni
Chandpux
Madhanhat
Comilla
Fani
Kulshi
Kaptai

Sikalbaha

Madhonhat
Kaptai
Madhanhat
Halishahar
Baroaulia

Madhanhat

Single

Single

Double

Vertical.-

Horizontal

Vertical

Horizontal

Vertical

Horizontal

Centre
Upper

Centre

Centre
Upper, Lower

Centre

Lower

Upper,Lower
Outer
Lower

Outer

132

132

132

132

132

- 132

132
132
132
132
132
132
132
132
132
132
132
132
132
132

132

132
132
132
132
132

132



Baraulia
Halishahar

Sikalbaha

Dohazari

Ishurdi

Rangpur

Saidpur

Purba .

Sayedpur

Bheramara
Jessore
Nowapara
Goalpara
Bagerhat
Barishal

"

Maricgala

Serajgon]
babia

Kulshi

Shikolbaha
Madhonhat
Dohazari
Halishahar
Shikolbaha
Goalpara
Bogra
Rajshahi
Pabna

Tongi

Pabna. - -

Bogra
Polashbari
Ishwardi
Polashbari

Rangpur

Thakurgaon
Bottail
Nowapara
Bheramara
Bagerhat
Goalpara
Mongla
Bagerhat

Bagerhat

gllapara
Fshera.

Single Vertical
" Horizontal
n [1]
Double  Vertical
Single "
" Horizontal
" Vertical
Double "
Single "
n n
1" "
Double "
Single-s ",
n n
1 n
Single "
11 "
1n 1
Double  Vertical
Single "
1] "
" Two Vert.
Two Horiz.
" Horizontal
11] [1]
‘n "
L1 1
" Veltical
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Lower

Outer

Outer

Centre

Centre,Ceéntre

Centre

Upper

Centre,Centre
- Centre?z

Centre,Centre

Centre
11
Lowery

Centre

Ceritre

132

i32
132
132
132
132
132
132
132
66
66
132
- 66.
132
132
132
132

132

132

1132

132
132
132
132
132
132
132

=66
€€
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At some metering stationé, coupiing capacitof is
connected to the line matching unit then protective device.
Earthing switch or drainage coil was not found at some méfering
station. Most of  the crétical éonnections are very poor such as
the connection of protective device, coupling capacitor, line
matching unit, weave trap, co-axial cable etc. |

During installaticn periocd, the amplifier and fiiter
section were adjusted by the foreigh consultant. Still they
were not adjusted.

Power supply provides the energy to the electronics
from common battery. It 1s charged by power line through the
rectifier and filter arrangement. prple portion of filter
cutput is prominant. !

In some metering stations, noise problem is reduced by the
replacement of the power supply. Also under and over charging
problem is there. Battery was found in dirty in most of the
metering station.

Phase to ground coupling is used for single circuit.

Due to lack of balanceing transformer, phase t¢ ground coupling

is used for double circuit. During the installation period,

in~ western section, design specification of line matching unit,
coupling capacitor etc. is not maintained at all. Both end of

the same link,rating& of the coupling capacitor and line matching
unit are not same respectively. In Table 5.7, ratingsof the line
matching unit at different metering station are given. Theoritical

coupling capacitor can be calculated which is shown in Appendix-1l.
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Table 5.7: Rating of the line matching unit and coupling capacity

of different metering station.

. Metering Points Direction C.C. in Line matching unit
p £ Bandwidth  Characteris~ Capacitor in
in kc tics imped- p.t.
ance in ohm

Siddhirgonj Ghorasal - 108-486 240-250 6000

" Ashuganj - 108-486 240-250 6000

" Hasnabad 13500 100-492 320- 75 5000

Hasnabad Mirpur 13500 64-577 320- 75 13400

" Siddhirgonj 13500 64-577 320- 75 13400

Mirpur q Hasnabad 13500 64-577 320- 75 13400

" Tongi 13500 104-414 240-250 6000

Tongi Ullon 5000 132-500 - 16500

K Ghorashal 16500 80-480 240- 75 16500

" Siddhirgonj i9000 84-589 240-125 19000

" Mirpur 16500 64-577 320- 75 13400

Ullong Tongi 13500 132-500 - 5575

" _ Siddhirgonj 5575 132-500 - 5575

Ghorasal " 6000 104-414 240-250 6000

" Ashugan] 6000 104-414 240-250 6000

" Tongi - 80~-480 240- 75 16500

Kishorgon] Mymensingh 8300 132~-500 - 5575
" Ashugan] 8300 132-500 - 5575
Ashuganj Mymensiﬁ;h 8300 132-500 - 8300
" Jamalpur 8300 140-440 - 5575
Jamalpur Mymrensingh 8300 84-434 320-125 6000
Comilla siddhirgon] 5000 80-240 - 5575

Modonhat Shikolbaha 8300 88-567 320-125 -



Kulshi

Dohazari

Ishwardi

Rangpur

Purbo Syedpur
n

Thakurgaon

Bheramara

Jhenaidha

Jessore

Modonhat
Halishahar
Baroaulia
Shikolbaha
Goalpara
Bharamera
Bogora
Tongi
Rangpurg
Bogora
Polashbari
Ishwardi
Polashbari
Syedpur
Thakurgaon
Purbosayedpur
Goalpara
Ishwardi (1)
" (2)
Jhenaidha
Bheramera
Jessore
Botail
Nowapara
Jhenaidha

Goalpara

Jessore
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5600
5600

5600

3700
8300
13000
15000
8300
8300
8300
8300
8300

7500

7500
8300
5750
5000
6000
6000
6000
6000
6000

6000

6000

164-500.

64-500
64-500
88-567
84~589
60-270

104-414
84-589

132-500

132-500

132-500
76-582
76-582
45-220
84-434
45-220

104-414
76-582
76-582
60-270
60-270
76-582
60-270
60-270
76-582

64-576

64-576

320-125
240-125
240-250

240-125

320-125
320-125
125-400
320-125
125-400
240-250
320-125

320-125

320-125

320-125

320-125

5600
5600
5600
5575
6000
13000
6000
19000
8300
8300
5575
8300
8306
6000
6000
6000
6000
8300
8300
6000
6000
8300
6000
6000
8300

10000

10000
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Goalpara Bagherhat 3000 200-450 600~ 75 3000
" Nowapara 6000 76-582 320-125 6000
Bagherhat Goalpara 3000  200-450 600~ 75 6000
" * Barishal 3000 200-450 600- 75 3000
" Monghla 3000 200-450 600- 75 3000
Mongla Bhagerhat 3000 200-450 600- 75 3000
Pubna Ullapara 8800 132-500 - 8800
d Ishwardi 8800  132-500 - 8800
Ullapara Serajéonj 8800 132-500 - 8800
" Pubna 8800 132-500 - 8800
Serajgonj Ullapara 8800 132-500 - 8800

Some of the line matching units ate broad band,
others are narrow band type. When line matching units are
replaced, design specificatiqn is not maintained. Some of the
links are express type, and some }pf the links are back to
back connection.

Most of the wave traps are not in its proper
characteristics.When fault is occured then the station earth
switch is closed, the P-L-C signal is by-passed through the

.&arth
station / switch. Tolerance of the short circuit currents

3
depends on the inductance. The ratings of the wave traps are
shown in the Table 5.8. The current rating of the wave trap
is nét properly matched with the transmission line current.

Therefore the transmission line current capacity is shown in

Table 5.9.
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Table 5.8: Wave trap ratings of different metering station

of BPDB

Metering Station Direction . Current Inductance in
: in amp mh.
Ssiddhirgong Ghorashal 500 0.18
"o Comilla 250 0.18
" Ullon | 630 0.20
" Kamalapur 500 0.18
" Hasnabad 630 0.20
Ghorashal Siddhirgonj 630 0.20
" Ashuganij 630 0.20
" Tongi 1200 0.35  «
Ashuganj Ghorashal 500 0.18
" Shahjeebazar 630 0.18
" Keshorgonj 630 0.20
Shahjeebazar Ashugonj 500 0.18
" Srimongol 500 0.18
Srimongol Shahjeebazar 500 0.18
" Fenchuganj 500 0.18
Fenchuganj Srimeongel 500 0.18
" Sylhet 500 . 0.18
Mymensingh' Jamalpur 630 0.20
" Kishorgonj 630 0.20
Kishorgon] Mymensingh 630 0.20
" Ashuganj 630 0.20
Jamalpur Mymensingh 500 0.18
Tohgi Ullon 1200 0.35



Ullon

Kamalapur
Chandpur

Comilla

Feni

Madanhat

Halishahar

Chandraghona

Kaptai

Hasnabad

Tongi
Siddhirgonij
Siddhirgonj
Comilla
Siddhirgonj
Fani
Chandpqr
Comilla
Madanhat
Halishahar
Feni
Chandraghona
Modanhat
Kaptai
Modanhat
Feni
Madanhat
Mirpur
Shiddhirgonj
Hasnabad
Siddhirgonj
Halishahar
Baraulia
Madanhat

Fenchugonj
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630
630
630
800
250
250
500
630
630
630
200
200
630
630
630
250
250
630
630
630
630
1250
1250
1250

500

0.20



Ishurdi

Purbasaidpur
Thakurgaon

Bharamera

Bottail

L]

TJhenidha

Jessore

Goalpara

Bagerhat

Barisal

Tongi
Bogura
Rangpur
Purba Saidpur
Saidpur
Thakurgaoen
Purba Saidpur
Goalpara
Bottail
Ishurdi
Jhenida
Bheramara
Jessore
Bottail
Noapara
Jhenida
Goalpara
Jessore
Bagerhat
Goalpara
Borishal
Mangla

Bagerhat
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1200
1200
630
400
400
400
400
500
500
/500
500
500
500
500
500
500
1630
630
630
630
630
630

630
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Transmission Line current of different section of

Power line of BPDB.

Transmission line section Rated Capacity Present
: MVA Current in Capability
Amp.
Siddhirgonj-Comilla(2) 162 700 400A
" -Madanhat (1) l62 700 400A
Kaptai ~Chandraghona (2} 162 700 400A
" ~Madanhat (1) 162 700 . 400A
Madanhat -Halishahar
Ashuganj -Ghorasal{l&2) l62 700 600A
Ghorasal -Siddhirganj{(1l&2} 162 700 600A
" -Tongi(l&2) 315 800 800A
Ashuganj ~Kishorgan] 136 600 400A
Shahjibazar-Srimangal 162 700 400A
Shahjibazar-Ashuganj 162 700 400A
Tongi -Mirpur le2 700 400A
Siddhirganj-Ullon 162 700 400A
" -Hasnabad 162 700
Tongi -Ishurdi(l&2) 315 800 8G0A
Ishurdi -Bogra (l&2) 136 600 600A
Ishurdi -Pabna (6 6KV} 535 420 420A
" -Rajshahi (66 KV)  53.5 420 420A
Bheramara -Ishurdi(l) 136f‘:;' 600u 600A
L -Bottail 136 600 6002
Goalpara - -Bheramara 136 600 6 00A
Bheramara -Faridpur 136 600 600a
Goalpara- =-Bagerhat 136 600 600A

. £
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el In most of the metering station there is ng;/arrangement
for controlling the temperature aﬁd humidity.
It was reported that the performance of the power line

carrier communication of BPDB in Winter season is preferably better,

In Rainy season it is too much worse. In weti season, noises

increased due to thunder storms and lightining. In wet season,

the corona noise is too much higher. There is no record regarding
o e ]

-~ _—

P-L-C system in any office of BPDB. Different connections and

realy contacts is not good. The P-L=-C equipment is very old.

—

Therefore the performance of these equipments is not satisfactory.

5.9 Average annual thunder storm days of the transmission line

Siddhirganj - Sylhet line passes through the places
having avérage annual thunder storm days: Dhaka-71, Brahman-
baria - 49, Srimongal - 41 and Sylhet - 109. And Siddhirganj -
Kaptai line passes through the places having average annual
thunder storm days : Dhaka - 71, Comilla - 21, Chittagong = 56
and Rangamati ~ 8l. The average annual thunder storm days of

the two transmission lines are tabulated in Table 7.

Table 5.10: Average annual thunder storm days of transmission Line.

Name of the line Length of Average annual thunder
the line storm days
Siddhirganj-Kaptai 170 , 57

Siddhirganj=Sylhet 155 68
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5.10 Frequency ©of lightning flashes N are calculated by the

Formula(38)

N = 1.8 hé;fgo X T3

ha = 100 ft. = 30.6 meter

1 = 272 Km

D = 57

N = 1.8 x 30.6 x 35 x 212 = 440

Similarly the number of lightning flashes N of

Siddhirganj -~ Sylhet line is 370. The results shown in the table 11.

Table 11: Lightning flashes N of transmission lines.

Name of the line Number of Length of Height of Frequency

thunder line in line in of lightning
storm days Km meters flashes, N 6
Siddhirganj -
Kaptai 57 272 30.5 440
Siddhirganj -

Sylhet 68 249.5 30.5 370




154°

5.11 Discussions:

The signal-to-noise ratio of an electrical communication
system is mainly function of sysStem noise and attenuation. The
output noise, signal level and signal to noise ratio of some of
the P-L-~C links of BPDB have been tabulated in tables 5.1, 5.2.
When the result are compared to the table 5.5, the noise level
of some links is within the reasonable 1imit, but SNR performance
is very poor. Therefore the attenuation problem is there.

In some other links the noise level is also prominant, resulting
in poor SNR.

Random noise is caused by the thermal agitation in the
power line conductor and pickup of static signals. Thermal noise
in tubes or resistors in the receiver produces random noise
with results. Similar to that produced on power line. Small
impulsive discharges at many different points, although sca-
ttered, together add up to random noise. As these discharges
get bigger, they may more and more be considered as impulse
noise. Impulse noise, in addition, is caused by lightning
strokes, switching and line faults, which produces impulse at
random rate,

Bad weather increases the line noise level. Thander
storms produce discharges which are picked up by the line.
Light raiﬁ after a period of dry_ﬁeather increases the noise
level, The first moisture deposited on a dirty insulator will
increases the conductivity and the leakage considerably., After

the rain has washed off the dust,the noise falls but not as
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low as a value during the fiﬁe weather. Thermal noise normaly
depends on the room temperature of the P-L-C equipment. In
most of the metering station of BPDB,there is no arrangement of
controlling the temperature and humidity.

It was reported that the performance of the P-L-C
system of BPDB which was under investigation is better in
winter season than in rainy season. The average thunder storm
days which are shown in table 5.10 are very high for the P-L-C links
under a study. The number of 1lightning flashes N which is '
whown in table 5.11 is very high as the isockeraunic level is very
high.

Frequenéy of the line fault is very high. Connection
of the grounding of protective deviceuférmépcdﬁact resistance.
{Shown in table 5.5). It is of great importance for bypassing
of surge voltage.

) The current rating of the transmission line is not
-matched with the current rating of the wave trap. In some metering
points such as Comilla, Feni etc., the wave traps are under rated.
For this reason the heat is developed. Thé connection point of
the wave trap was found to be loose. Loose connection also
generates noise. At Modanhat metering station, when the wave
trap was replaced, the noise of the particular link reduced consi-
derably.

The SNR performance for phase to phase coupling arrangement

is better than the phase to ground coupling.
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But the coupling method of P-L-C system of BPDB is i
phase to ground coupling. Power supply is cne of the sources E
of noise in P-L~-C system. Over charging, under charging and
electrolytic level maintenance problem is there..

In vertically arranged power line conductors, Radio
interference is more than the horizontal. In most of the power
line of BPDB, the conductor are arranged vertically.

Corona discharge also contributes considerable noise.
Corona modulation is a some what different phenomenon and is
specifically associatea with the presence of carrier. The effect
of the discharge, in addition'to creating a small disturbance
by itsélf is to alter the impedance of the pdwer line so that signal
will be absorbed at a varying rate. This producés émplitude and
phase modulation, and is directly proporticnal to the signal
strength. Increased transmitter power or reduced attenuation will
therefore not improve the signal-to-noise ratio,

It was reported that during wet season when percentage
of huﬁidity is high (Percentage of humidity is shown in
Appendix - 7). Corona noise in P-L-C links of BPDB is very much
prominant.

The reduction of the output signal level of P-L-C system
is due to attenuation. The signal is attenuated due to leakage,
reflecfion, radiation etc.

Wave trap 1is used for pre&enting carrier current-flow

in different section other than the disired ones, Vertually it
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offers high impedence to the carrier frequency current and low
impedance for power frequency current. Theoritically'it acts as an
open circuit for carrier frequency signal.

Most of the wave fraps which are in use in P-L-C system of
BPDB are very old. The pefformance of the wave traps are not
satisfactory. At Ashuganj, During falt period, when the station earth
switch is closed , the output signal level is.too low. It is assured
that the carrier signal is by passed through the station earth
switch. This happens due to the improper impedance characteristics
of the wave trap.

The attenuation is higher for phase to ground coupling
than phase to phase coupling. Phase to ground coupling is used in
P-L-C system in BPDB. Generally the coupling loss is increased
when the rating of the coupling capacitor is below 0.004 mf. In
some of the metering stations of BPDB , the coupling capacitor value
is less than 0.004 mf. If the coupling capacitor value is not
cf design specification, it will contribute mismatching in making
series rasonance with line matching wunit. In P~L-C 1link, the
characteristic impedance of'the line matching unit should equal
to the éurge impedance of the line for avoiding the refilection
due to mismatching. The characteristics impedances of some of the
links are found to be/2£all value in EOmparism with the charactef#
istics impedance of line matching unit which are shown in table 5.7.
Most of the characteristic impedance of the line matching units
which are used in P-L-C links of BPDB are with in the range from

240 to 320 ohm.
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Therefore it is of great importance for adjustment of
different section of the P~L;C iink with the line matching unit. Imped
Impedance matching transformer is used for matching the 1link.

But still the adjustment is not performed on the link of BPDB at
all,

In phase to ground coupiing, if the outer conductor is
used for P-L-C signal transmission, the attenuation is higher
éhan the centre conductor.

In P-L-C link cf BPDB, the centre phase conductor is
seldom used. The centre phase conductor is used for Siddhirgonj
to Tongi link. The output SNR 1is 30 dbm which ;is optimum.

From the SNR point of view, the frequency range should be
in between 30 to 200 KHZ. The optimum signal to noise ratioc is
very definitly a function of the type of channel and its total
attenuation. In general terms, short lines with low attenuation
will give the best performance at the higher end of the frequency
range while the optimum frequency is lower for long lines and
higher attenuation. Where appreciable lengths of power cable are
involved. The attenuation rises rapidly with frequency &ﬁ&Q-;“.
the use ¢f lower frequency becomes imperative.

The 100~500 kHz range is used in P-L-C system of BPDB.
The carrier frequency of above 75% links are more than 200 kHz. f
The lower and uper range have been selected randomly for the res-
pectively links. In some link, specialy at Ashuganj, without

conductive continuity for carrier current sometime receiver

received the signal upto threshhold level,
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Most of the P-L-C equipments are very old. The perfor-
manc of the equipment is not at all satisfactory. There is no
drawing and testing manuals for links and cabinets. Routine

maintenance seemed to be also very poorly managed.
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CHAPTER - @€

CONCLUSIONS AND RECOMMENDATIONS
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6.1 Conclusions & recommendations:

All modern power system, Now-a-days have central load
dispatch centre (L-D-C) where‘a;I informations are transmitted
from different metering points located in power stations and
sub stations by using the power line carrier system. With the
proposed installation of tele-metering system in BPDB in the
near future, it can be assumed that the existing or modified
P-L-C system will be used‘for all data transmission té the
load dispatch centre at Shiddhirgonj. Because of the addition
0of more information to be transmitted, which will reduce the
available power for each signal, and the great importance of the
P-L~C 1link for BPDB. It is imperative that all possible improve-
ment be made on the P-L-C system for the successful operation
of the proposed telemetering system.

It is not ordinarily possible to reduce appreciably the
noise level present at a given receiving point in a carrier ==
system. The only practical way to improve signal to noise ratio
is to raise the signal level at the receiving end point. It is
not usually feasible to raise the levels by increasing the trans-
mitting power because appreciable gain in terms of db requires in
ordinetely large increases in power. A much more practical solution
is to reduce the.channel attenuation by all means, such as judicious
application of wave traps and also reducging the reflection and
radlation log¢gseby matching of the respective link impedance as
well as proper carrier frequency selection. The use of repeater

arrangement may also be required in some cases.
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The following factors are surely the cause of reduced signal
level and thus poor signal to noise ratios:

1. Line-matching units are connected to coupliné capacitors
whose values are in some cases different from the designed
vaiues, resulting in higher coupling loss.

2. Poor wiring arrangement which could affect the coupling
{stray capacitance).

3. Coupling arrangements are different at the two ends bf
the same link.

4, Coupling with the centre conductor is seldom used,

mostly the outer conductors have been used.

5. The performance of most of the wave traps is not
satisfactory.
6. ' The large range of frequency as well as arbitrary selection

for each link.
7. Noise produced by corona is significant.

8. Poor grounding connection in some of the stations.

Asgreat improvement of the existing P-L-C network of
BPDB in particular could be achieved by the implementation of the
following recommendations: |
1. A complete survey of the installations: Study of phase

coupling arrangements, frequency selection, verification of

components and ;' ... other connected carrier equipments

etc.,

Checking and installation of new coupling equipment as

well as wave traps wherever necessary.
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Re-commissioning of every link after taking related
measurements to'0ptimize the éoupling mode. |

Wirings and connections should be made properly.
Higher end of the fregquency r;nge should be used for
short 1links, lower range of frequency is for long 1links.
Control of corona effect during rainy season.
Improvement of the environment for the communication
equipment (radio and telephone), this also applies to
the power supplies.

Accurate drawing of every installation, including upto
date file of every link and cabinets should be made soO

that good practice of the system maintenance could be

established.
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APPENDIX -1

stations

of

BPDB

Qﬁestionnaires for field_survey of metering

1, Name of the metering station: R R
Name of the Possible links:

2. Line voltage: .teievececosens
3. Number of tapping transmission line: ......
4., Type of modulation and demodulation: ......
5. Mode of Propagation: ..........;........;..
6. Coupling arrangement

{a) Coupling capacitor (C.C) rating: ......

{b) Mathod of coupling: eeeeeeeccecesnrensns

(c) Conditiocn of coupling arrangement: ....
7. Tunnihg element {(L.M.U)

{(3) TYPE steiveesesncannasnsassib) Condition:

L I R I I I I I I I R R R I R R A L L R R T I I I

{(C) MaintenanNCe ..seaseessssssasssasanssnassas

8. Carrier frequency

(a) Transmitting frequency..}........(b) Receiving

{c) Bandwidth of the L.M.U. ..veveeececaesa
9., Type 0f 1ink: .uicevieereeeecsensececns
10. Condition of protective system: (.iverevenns

11. Condition of grounding: . ..eeeeessncaceonca

I I R I e N R R

!

LI ]



12.

13.

14.

15.

le.

l? O‘

18.
19,
20.
2]—.
22.

23.

24,

Condition of wireing for critical conections:

LI I R N N A LI R I Y IR Y I B B I I I T A B O R A

4 8 & 8 4 8 B ¢ B B B BB S SIS S SR E SRS EEE eSS

Environment of communication equipment:.

Arrangement of power supply for different section.of P-L-C

system:

L N N A R R R R R N T N R N R B RN B B R A R R I A ]

L I I I R N L R I B R I A L O N B R I O B L I I

LI R R R I A O L R T R B R R R I I R A R I N N N R O O I D T I I I I I )

‘Condition of adjustment of filter & amplifier:

I R T I R e N L L R I R I O I A L I R I I I T I I I I

Location of power,

Vicenity:i.iieecraonseo

4 B B B S S & . B . B S e

Effects of corrona: .

Frequency

;0f the fault occurance

{a) Transmission lines...ieveesoss

Condition Of relay contact:......

Survice age of the equipment:....

electric motor,

(b)

. e

Line length 0f the respective link:......

.

-

radio station

*

»

etc.

Feeder line:

Probability of reception of other radiated carrier signal:

Existing problem regarding noise,

signal level at the receiving end.:

L I I R I I I R e I I I R I I I O I I T T O T e O N I I I T T I O L L L R U I I I I

i
Impact on noise due to variation of weather condition:

L R R R O N R I R N L L R R R I I I R R I I R I I LR R N N IR A S I B T I I I I R A L



APPENDIX -7

The equation for the capacitance of the coupling

capacitor element of the constant band~pass filter is

.- 2(f2—fl)
4 KfleR
where
f2 and fl = cutoff irequencies

R=load resistance seen by the filter.

For R equal to 400 ohms and for cutoff frequencies

of 200 and 50 kc
3
c = 2(200-50)10
14‘#(50)(200)1109)(400)
C = 0.006 mf
For a constant high-pass filter the capacitance
0of the coupling capacitor element is given by the equation
_ 2
C = IxfR
C
where
fC = lower cutoff frequency
R = load resistance seen by filter
Again, for 400 ohms and for lower cutocff frequency
of 50 kc
_ 2
Cc = = 0.008 mf.

4 (50) (10°Y (400)



If the load impedance or line surge impedance is
reduced to 200 ohms, the capacitances must be doubled; thus
C for the band-pass filter would need tc be 0.012 ﬁf and C

for the high-pass filter should be 0.016 mf.



Table: Relative Humidity in % between 1931-1960

APPENDIX - 3

Name of the

Maximum Humidity

Minimum Humidity

place % Humidity Months % Humidity Months
Chittagong 85 July 63 February
Rangamati 99 Nov. & Jan. 50 February
Cox's Bazar 89 August 68 Jan. & Feb.
Noakhali 95 October 60 February
Comilla 96 October 54 February
Brahmanbaria 94 December 53 March
Srimangal 97 December 57 March
Sylhet 97 July 51 March
Mymensingh . 94 July to Sept. 73 March
Dhaka 95 June to Dec. 44 March
Narayangan] 92 Cctober 45 March
Pabna 95 Jan. - Dec. 44 March
Serajganj 95 Oct. - Dec,. 50 March-April
Faridpur 96 July 49 March
Jessore 96 July-Sépt. 52 March
Satkhira 96 July 53 March
Barisal 94 July-0Oct. 56 Feb. = March
Khulna 95 -July-Sept. 53 March
Bogra 87 - August =37 March
Dinajpur 93 July—Aﬁé. 36 March
Rangpur 95 Jan. - Sept. 42 March
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