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Chapter

INTRODUCTI0N

In the last two decades, the increasing, need for trans-

missÍon of Iarge amounLs of elecIrical energv over Lhe long

disrances which separate tenerating stations fror:l consunp-

tion centers' has resul-ted in the developrnent and install-a-

tj-on of transmission Iines operating aL verv high vol-tages.

At the same time, concern is al-so increasing regarding the

environmental- effects of such 1ines. 0ne of thc'se environ-

mental facrors is Lhe radio interference (RI) generated by

electrornagnetÍc sources originating from the transrnissjon

lines. GenerallY,

interference (E¡fI)

these is due to high

there are two sources of electromagnetic

of gap discharge or

associated wi th power lines . 0ne of

voltage corona, the other is the result

microsparks II].

The amorÌnt of electromagnetic interference

power Iine is controlled to a Iarge degree by

radius and phase sPacing. Choice of conductor

phase spacing has a direct bearing upon the

r;rance of the line t 2l . The susceptibility of

occurrence of gaP di scharges rìay also be rela

generated by a

the conductor

rad ius and of

corona perfor-

a f ine to the

ted to conduc-

tor radius and phase spacing as well as to insufator type
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f n c t o r s r¡h 1 c hTircre are other

The phenomenon

small protrusions

af feciu Llre e I e c L r ofi ¿ I rì e t 1c

perf ormance of the 11ne r¡hlch cannot be eLiminated by

design. 1{eather condltions and the topotogy of the locale

in which the l-ine is erected constltute the two most impor-

tant aspecrs over v:hlch the designer has lftt1e control.

of corona discharge is normally caused by

on the line conducfors and by conducLor

surface contaminants such as r"ater droplets, dirt and other

material. The electric field at the protrusfons is enhanced

tages [3,4].and produces corona a! normal operating line vol

corona is a faint glow that Tlay be observed in the electri-

cally overstressed air surrounding a porller line comPonent '

The electric field intensity changes from sPace point to

space point and is especially high ad jacent to sharply

curved surfaces such as those of Protrusions. Upon raising

the voltage of such surfaces, a critical leve1 of the elec-

tric field nay be exceeded and the Physical processes caus-

ing corona wil-1 be inltiated. l{hen this hapPens' it is said

thaÈ the corona onset Ìevel has been reached. A further

increase 1n the applied voltage l¡i11 result in an enhance-

ment of the corona actlvitY.

Ðesign values of voltage gradients refer to smooth (non-

stranded) conductors r,¡lth clean surfaces and these values

assume r¡ormal dielectrlc 6trength of afr. In reallty' con-

ductors are stranded and they, along wlth other hardware,
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become contamln¿Lecl . Stranding i:nd

tÍtute surface reBularitf es which caulr SE

coDtanination

locaI concen-

t

(

tration of the electrlc fleld. As soon a6 this concentra-

ion exceeds the crltíca1 value of fhe voltage gradient

corona onset value), corona discharges w111 occur.

In addition to these processes, corona is also influenced

(even more strongly) by weather effects' Corona onset vo1-

tage ( for any given BeorDetry) is deterlnined by air density

and humidity t S-; ¡ Corona voltage varies inversely wi th

air density. Thus, it varies directly with air pressure and

inversely r¡ith temperature t7]. When rain

snow accumulate on conductors and on hard!rare

.l r nn q rce or

also cause irregularities çhich increase the

surf aces, theY

surface voltage

gradient.

Corona discharge ls accomPanied by a variety of manifes-

tations, such as chemical effects, prinarily those of ioni-

zation of alr coDPonent s. Accoustfcal \taves are aÌso

formed, as a consequence of moleculaI collisions and from

avalanche for¡natlons during the discharge Process. Also,

there 1s electroÐagnetic radiation that accorlPanies the pul-

satíve forms of d l" scharges. Geneially, all of the above

constltute an energy loss, hol,teverr corona loss ls not the

only phenorlenorr that accompanies the occurrence of corona "

Interference wlÈh c'om¡nunlcation facllltles ls the conse-
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ouence of rhe eÌect rorìaÍ'.ne[1c

r¡eII as coronâ loss' Iìust be

âs, othert*'ise, such

be jeopardized.

The gaP t)'Pe sorlrces

occur Ln insulators, at

This radjaLicln, as

an acceptable value

-^J 1-¡ {
¡ .: (l ¡ ô L l

Limlted

on.

Io

vital service as radio reception could

of electroûìagnetic radiation can

tje -*ires, betroeen harduare DarLSt

at smal-I g,aps betçeen neutral or g,round v¡ires ãnd harduare,

and in electrical eqrriPment thaE is defective, cìar'raged or

improperlV designed or lnstal led. GaP-tvpe sources can and

do occur freqrrentlV on overhead Dower línes; houever' these

can be found and eliminated when necessary. The gap tyPe

sources are prodtrced by t\to electri.cally isolated surfaces

charged by the action of an alternating electric fie1d.

L'hen Ehe Potential difference between them increases until

the dielectric t¡i thstand-strength of air is exceeded, the

air in the gap breaks down. During the break dov¡n phase,

charge is carried from one surface to the other, untLl their

potentlals are equalized and the arc ls extinguished. The

insulating strength of air is then re-establi shed and the

stage is set for the new charglng process and for rePetftfon

of the breakdo,¡n t6l. The lnf luence of weather condltions

uporì gap sources l-s found to be oPPosfte of that uPon corona

activity. \later droplets of raln short out the minute gaps

and thus prevenr the df scharge Process.
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Eì1I ìlas a flre¿lter affect on the quali

tion in certain frequency renges Lllan in

ty of radio receP-

othcrs. RecePtion

more susceptable toin the AÌ'1 broadcast freqtrency rarìEle

the presence of corona Eenerâted RI,

1S

Electric pov.rer

than reception in other

lines pr<¡vicìe a natural-broad cas t rar-ìge s .

path for EllI from

tion mechanism is

range belor.' about

parison r.'ith plrase

the source to the receiver. This propaBa-

particularly important for tlìe freqttency

30ìiilz, as the \ÌâV€ length is long in con-

spacingII].

Radio \{'aves propagate through space in a number of modes

termed aS ground \^7aveS, Sky çaves and space or tropospheric

t¡aves. For broadcast and at l-ower f requencies, the prolaga-

tion of radio signals is rnainly accomplished by ground waves

which are insensitive to weather conditions. However, these

lvaves rnay be disturbed by natural electric discharges such

as lightning which may increase the noise IeveI signifi-

canEIy.

The quality of radio reception is a function of the sig-

nal to noise ratio, S/ìì, available Eo the receiver I B '9] '

s/N is defined as the ratio of the average signal Po\¡Ier to

the average noise po\rer in a ¡¡iven, bandwidth. By reducing

the noise Ievel at Lhe receiver input, the quality of recep-

tion irnproves.



Tìrc L-lll crnitLcd f r c-,¡l p() wc r Iilles lr;rr, br't,ll strld i t'ti

ers i.n orci('r to dcLcrr¡ine tlre Icvel ctI noisc and lts ef

discharge fron transr:ìission

iod in Novenber 1976 at four

o L l)-

fcct

ines over a sevcnteen dav per-

sites in doç'nto\urn Otta\ta. Thev

on radio. TV and communÍcation serviccs

Lau'oer and Fjertrand tt O1 measr.rred tlre lìI due to corona

used a Singer electrornaqnetlc interference neter, nodel

Ì'lll37 /57, along r,'ith a dj-scone antenna and inacle measurefiìenLs

over a f reeuencv range of I00-1000 I'! Ilz. This project rias an

extension of previous studies It l ,l2,I3 ] on hi-gh f requency

radio noise interference.

They obtained the antenna ef fectÍve noise factor, Fa, and

tìre voltage deviation, VO(which r+i11 be defined in cirapter

two) for a discone antenna. In the frequency rang,e used, an

ånLenna of thÍs type has BreaLer gain than the vertical mon-

oDole antenna used in raclio environment studies.

In his study Lauber tl3l made an arnplitude probabil-ity

distribution (epO) measurement of the nois.e spectrur:ì in the

high frequency bands emitted frorn the 775 KV project at

Apple Grove. Ile r:sed a monopole antenna with a Sing,er noise

ínterference meter, model Nll26T, to carry out the measure-

ments. He has shown that values for the noise Þarameters

usual,ly measured by radio interference meters, except for

the quasi-peak pararneter, could be obtained frorn tlre 
^.PD



data. lìe concLrrded

f rom the meastlred

voltage deviatlon.

-l -

th.3r rhe APfi of

rñ^t-nPân-cnìrAfe .,Y 9

thc noi se can be

noise volta¡e

dcduced

and i ts

He also shor¡ed that the lnverse of this

1s trrre, that ls to say. by measuring these tiro parameterS

one can prerìict the APD of the noise uhich is a measure of

the perf ormance of radio reception in the Presence of tran-

snission Iine EÌl I.

Herak and Ìiirk [14], in a project of the Departriìent of

Communication, studied trans¡rission line noise 1n the city

of \.linnipeg during, the suFìner of 1977. They were concerned

çi th power line noise in the urban area and took measure-

r:ìents of the roof.-rnean-square voltage (Vr., ), the quasi-

peak voltage (qP) and the fietd intensity voltage (FI) of

the noise spectrum. They used a modified Singer I\*:i257

( eqrlvalent to an Nl126T) meter for the frequency range of

I85 KHz-3OllHz and a Singer Nìl37 157 meter for hlgher fre-

quency bands up to 950 ÌlHz. They measured F. fifty feet

away from the outer conductor of the power line and applfed

linear regressfon to several samples of F 
" 

in order to

obtaín the noise prediction at Ëhat distance. For the llnes

they surveyed, they concluded that, at abouE I ì!H2, the S/N

ratio of radfo reception ranRes.from 25 to 29 dB, adequate

for class B reception. Thelr ineasurement procedure wilI be

dlscussed in anofher part of this thesfs.
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Tlt j s sLrlci \', ¿t s ir p;ìrL of Lirc cenLr¿rl (l irll¿¡tl¡ rc'11 iolr sLrlcl v

on Padic¡ lnLerf ere¡tce frorn electric l)()wer ljncrs b1'

F..Il,ridges,l{.R.Codrlard,T.Gad and h'.Ìi.Roerner. I t5], I I6]'

ìnvr,sriç'âfes tTre DrôD¿'rties of elecLromatr,netic noiSe associ-
!-L¡¡ì

aLcd with por\Jer lines in the rural re!Ìion surrorrnrì lng ttle

rers as frequency, Iateral prof iIe, line voltaSe and weatlìer

conditions. FourLeen test sites were selected on the ìlani-

toba llydro systen. These sites were chosen such that inLer-

íerence frorn other sources (neighbouring po\\'er LineS, com-

mercial radio stations) was r:rinimal. Accessabllity during

Door weatlìer conditions uas al-so a factor influencing site

selection. The AC fransmission lines ranged in line voltage

frorn l2 to 230 KV. One IIVDC site on a 450 l'.\t line was al-so

chosen. An average of ten visits lrere made at each site

over a one year period. Weather information and line oper-

at.ing conditions at each vi sit were obtained by mobil-e tele-

rihone.

11 easurements of rms noise voltage across 50 ohm" rV.*"

and the voltage deviation, ttd , were made using a'Singer

Nl.í26T meter (v:hich has a noise bandwidth of 3.36 KHz) ' cou-

Ci ty of l.iinnipeg.

in orrier to deterrni

pled through a matching network,

monopole rod antenna. Nine test

f rom 0.3 to 32 ìfHz were selected

11 easurer¡ents of this noise \tc're perf orned

ne the de¡rendance of ErÍ I orì such p¿ìrame-

to a Singer 9

fre_ouencies in

. Read ing vrere

foot long

the rang,e

taken at

feet per-each of the selected frequencies at a location 50



J)cndiclrl-ar f ror:, Lìrc p()v.'ìcr

- tj _

linc.

The data obtaincd Lrere

[;rin si lr,s Lììat

aLeral prof ile
^r

ccr

al

'i) I: o-

VJA Srlrrced significanL noisr. lcvels

obtai¡red by movi n¡, tlre mcasrrrenc¡rI

eral locations exIendÍng ouL to 50()

staLion (a van) to sev-

f eet frc¡m tlre center of

entered inro cornpuLerthe l-ine.

f il es .

Since power l-ine noi se is a random phenoÍìenon, only a

statistical analysis of Íts characteristics will yield mean-

insf ul- results tl9] . 1n this study, compuLer pro¡:rams \dere

developed to perform this analvsis on the col-lected data

base of the voltage deviation, \td , âDd for the ef fective

antenna noisg factor, ! , calctrlation. The l-inear regres-

sion technique tiZ¡-1191 is applied to construct prediction

rnodels f or the various classes of poL'er lines, classif ied

according to line voltage. The models are obtained fron

data collected during the two major seasons, thus they des-

cribe noise emission in different weather conditions.

These models can be used

any one of the different

to predict the noise levels from

ssion linesclasses of transni

that surveyed. According

of radio systems operating

erected in the same environment as

to these models, the performance

in a power line environment can al so be predicted.



The noise pararÌeLer dcfjnj Lions ;rre accordinp, to the intcr-

national- raclio consul,tative c()rìnitLee, c.c.l.l., Lrc¡c. 3zz

[20] . 1n cìrapLer t]rree, tlre rie¿ìsrrrrf ment p1an, Lire r-nstru-

menLarion and tìre measur€jnrenL procerìure, along with the site

sclection Process, are presented. Clrapter f 6rrr cìescribes

Tlre src()n(i

nPaPqqrrv f rrr

the netÌ:ocis used Lo process the

ancl \td, tile conputer programs

and the results of this stuCv.

moclels to radio reception are

four. Chapter five intrr¡duces

of this strrciv.

- ì l,-

c ll a fr L r.'r l) r (,!ì (,t) t r, I lrL'

()btai'inJl tlr(' viìri''s n'ise rarameLers rrsed

col-l-ected data base for F

prepared to analyse the data

The applications of the

also presented in chapter

the sunnary and conclusions
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TlìÐOR)' OF IlLECTI'0Ì1,\cÌ F.lTi
PP.ED 1 CTI OÌì PARi\ÌlETEIì S

II

DEFI¡;ITlONS AIiII

I}ìTRODIJCTI O}]

I}:TI.-RFL-IIE}ìCI

lhr^, naranetprs mosr cenerâIlv used tc,
¿\ 

! 
" 

e _ 

- 

-

se enissÍon are def ined and exPlained.

her measurernent factors aPPlicable to

)l

nr arì i c t

Ìne der

L{ ^ ^1.^.-+/-vlt!> Ll¡dliLEL,

nrìu¡er l i ne noi

initi-ons of oI

this studv âre âl so Dresentedt'-.-

a ^ ^ ^ - ^ I I .,\r ç ll (: r d I f ) t

can satisfactorl

is agreed that no sÍng1e noise Darar'leter

), characterize P,adio Interf erence tZO1.

it

Ìlowever, one paramef er rvhich is universallv used to comPare

noise produced from different sources and which is easily

related to most of the other Paraneters used, is the ef fec-

tive antenna noise faclor Fa t ZO]. The definition and rela-

tionship of F" to the measured root mean square noi se vo1-

rage, \t*, , is given in this chapter. Also defined is the

voltage deviation Vd , anotTìer imPortant Parameter used,

along with V,-,o= , to obtain the amplitude probability dis-

tribution (APD) of the noÍse spectrrtm..

The electromagnetic emission from

phenomenon thus, only a statistical

menon produces meaningful resul ts
- ll

power lines is a randorn

analysis of this pl'reno-

Itf¡. The regression
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rnodcl is a useful tc'clrnique to estinate thc valucs of tlris

noise emission. tl sing the rcBressic¡n rnodel, one c:ìn predict

the levels of the noise emitted fron a parti.cular poHer line

and the performance of radio recel)tion in Lhe prescllce of

the particular pouer line.

2 .2 TuE rryFr!l_Ir,E Aì;TFlÌ.:NA llOI SE F^CTOI-

The antenna noise factor, f 
", 

is cì ef ined as the ratio of

the noise power available from a l-ossless eqrr jvalcnt antenna

to a reference thernal noise po\rer.

Thus:

P
c - -----:-I-

( i)
a kTB

where

P is the mean noÍse power avaÍlable frorn an equiva-

lent Iossless antenna (watts),
_?'),

k is Boltzrnan's constant (1.¡g x l0 Joules/t'),

T is the reference temperature (Ìielvin), 288oK,

B is the ef fective receiver noise ban<Jwidth (li z¡.

From equation (I), it is seen tìrat f¿is a dir:ensionless fac-

tor, alrernatively, one may def ine the euantity

Fa (dB) = l0 1og f 
^
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çhfch 1s the nolse po\rer per unit bandr¿ldth in dB relative

to kT, Eguatíon (l) can be v¡ritten as:

F^ (dB) = P(dBH) B(dBHz) + 204 (3)

The porrer density received by a lossless antenna is given

by:

(4)

where

E is the electric field strength (v/m)'

rL is the free sPace impedance (ohns)'

The electríc field streng'th is given in terms of the effec-

Èive antenna height H' bY:

(s)

vhere V is the voltage induced at the antenna terminals.

Substftuting from (5) lnto (4) gives the poúrer density:

E2
p'n

Ev
2H

(6)
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The power recelved by the anLcnna p ís equal to ti¡e por^rer

J ^ * ^ { ts .' ^ ç ê L ^ I ^ ^ - roensr-Ly or tne lossless antenna ur u1tiplíed by the effective

antenna aperture A which ls glven by:

Thus:

P=nÂ'yå

r¡here

ì is the r^'ave length of the received noise,

D is the antenna directivity"

Substituting equation (6) and (7) into (8) gives:

e= À2 ¡
4n

PDVz- 
4H2

(7>

(8)

(e)\2
480 n2

The term ( to log oo ) rs defined as the antenna fac-
4Ê'

tor and usually, for a given antenna, a graph of the antenna

factors (er¡ versu6 frequency ls avalrable with Èhe manual

of that particular antenna. For the monopore rod antenna

which is used l-n Ëhis study, the antenna factors are given

ln Figure t.

Equatf on (9) can be reeTrltten as:
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20 I

Q"Ï.cti l-rrl-ino (10) into (3), çJe Ëc L.

v(dnuv) - 20 logf(ltHz) - B(dBHz)

As seen frorn equation (ll)'

the measured noise voltage

noise bandwidth.

v(dsuv) f\r ogf to7 .2

F is obtained as a
a

and the frequencY

( Ic)

AF + 96.8. (1i)

function of

for a given

2.3 T}JE \¡OLTACE DEV IATION

The voJ-tage deviation is def ined as the dB dif ference

between the rms and average noise envelope voltages. The

voltage devíation r V, , is used to ident ifw thp different

Table I shows thetypes of noise anplirude distributions '

classification of noise according to

C.C.I.R. Doc. 322 [20]- The voltage

the equa tion:

2
vd (dB) = l0 1og (vr-*=)' - 20 rog (v"r,"r.g.)

% as defined in

deviation is given bY

(12)

2.4 SET NOISE

The term set noise is given

detecÈor IDeter. If the level

detected Ls lower than that of

Eo the internal

of the po!ùer 1íne

the 6et noise,

noise of the

noise to be

the deÈector
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meLcr lrill disrrlaY Lirc 6LI nojs.e. In other wordE neär or

belou the level of Eet noisc, po\rcr linc nois. tannot be

to a
detecteC. The set noÍse is obtained '*'iLlr res[)eci

ref erence Lemperature and 1s def ineci es:

't-
- 'Pf=
ST .I

( 13)

where

T^ is tire ef fectjve LemperaLure of the oeLecLo:

nÞ1-Þr

t'
T^ is the reference remperature (28E Ì:).

h

T = (f - l) Ten

where f is tlre noise f i(:ure of Lne detector meter

(1I.7 dil for the N): 26T).

vd (dB) Type of noise distribution

I .05

'tt

I. t to 2(t

Rayl eigh

Gaussian

Impul sive

Table ( l)

Classification of nolse according

to the voltage deviatlon rYO
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'I hìrc

.r (dB) = l0 los (r - l0 log Tlrl T
I\

(14)

(dB) = r0.8.

?q LIn'EAR tIECRESSIOl'l AÌlD HODELLI}iC COIìCEPTS

InvestigaÈors in numerous countries have previously studied the problem

of radio interference as a determinestíc problem. Their objectives were

to establish relationships for radio noise levels in terms of the dimensions

of the lines 19 ] . The formulas they used do not entirely explain the dif-

ference between the measured noise from different lÍnesr nor the fluctuations

in level which have been obtained from a given line ín the course of Ëjme.

r^ ç^^+ .i + { - ^bserved that the noise leve1 of a line ís unstable and sensÍ-l-ll lduLr rL rÞ u

tive to the surface state of the conducÈors [ 4' 9] . Furthermore, noise lev-

e]s can and do vary from one visit to the other, even when the line parameters

(currentrvolËage and pover) are the srme. -rrerefore lre regard the process th-

aÈ produces the noise as T,randorn Drocess.Accordingly, radio noise can only be

defined 1¡ etatistfca-l terns ¡ 20 ¡

Power Iine noise is a sloulv varying random Process' thus

predicrlnglrsvalueçithreSPecttolndependantparameterS



such as frequencYt

_ 19_

lateral distance

Ereated eL iÍ it çrere a statistical

and line volEã83, can be

1y deLe¡ni nal-'le Dhenonerìí;

Generally, if a dependent variable Y clianges uith ¿l

change in an independent variable )l , one slrouli be abl-e Lo

predict y frorn X. The method wi.tfr ulriclr these preCicLions

are made, are ÍnLroducecì in tLris secLion. Statistical Ier;'rs

that are involved in the discussion are also presenCed

reÊ,ression

In o rd e r

The linear

to obtain the linear equation of lhe forL:

Y = a + bx

best fit to the scatter diagram of

(rs)

N datawhich gives a

poinÈS, rlre rîuSt deternine the coef f icients a ani b in Suclì a

way that the data points lie as close Lc) the .Iine as possi-

ble tl5l . The netliod of leas! squares f ir is thc oIìe nosL

used in statisIics. tìhen app]ying this nrethod a Linu is

fÍtted thorough tlle data poinLs in such a \tav tliat tlle

squared error beLL'een the data point ancl tlre fittecì one h'rs

its smallest possible value as shor*'n in APPendix A. Tlrc

corresponding a and b coefficienIs are obtaineci in tirt

Appendix and are found to be :
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'X 
TY

L ,t.1 L-]-1

\- a'2L¡t

a

Where

IX is the sunmation of the dependant variable,
Iy is the sunrnation of the independant varÍable,
X is the mean of the dependant variable,
î is the mean of the independant variable.

inear regression model is constructed with

of the sJ-ope, represented by b, and the in

\' ( I f,)

(17)

t he know-

tersection

b

Y_hX

rlvì 2

N

The 1

Iedge

wi th the Y axis given by the constant coefficient a

2.5.2 The standard error of estimate

The quantiËy that measures the spread of Ehe data points

around the fitted line of regression is defined as the stan-

dard error of estimate. rt is a measure of how well the

line of regression fits the data points. The srnarler the

standard error, the better the regression model fits the

pofnts- The standard error is glven by the equaEion:

c
(la¡



')\'{ sL;rndardThc

a1

d ev i a t. i on

The sr;read

the standard

of data pofnEs ar<¡und Lheir

deviation and is glven by the

mean is def ined as

eeuation:

(le)

2.5.t1 The correÌation coefficient

The correlation coefficient, T ¡ gives an assessment of

the degree to which the line of regression f its the data

points It 5] . The f ormul-'a f or r is quiEe simp]e and is

obtained by multíplying the deviarions in X and Y ( from

their means) for alL points and di,viding the result by the

standard deviation of X and that of Y mulÈiplied by the

toEaI number of data poinEs.

given by:

The correlation coef fici-ent is

I (x-x) (Y-Y)

NoXoy
(20)

or

s)aY+ J(I
N

ox oY

IJ

r
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eQuaLll¡rrThe dedrrction of this

pre6errEeC 1n Appendix A. The

cient ls to unity, Ëhe better t

daEa polnts.

tqq Confidence limits

frc;i:, Ll¡e dc'finlLlr¡n ls

oser Lire correL¿rtion coeffi-

llne of resression flrs the_ -ò _he

From the sets

the value of the

r.ìate its vaIue.

that the

of dara under studÏ, lre try to

unknown parame te

In doing Ehis, 1

value obtaÍned

(Fa), that Ís,

is desirable to

reDresents rhaI

ascertai,n

to esti-

have con-

parameter.fidence

The lini

existence

s within which the parameter has 95"Á probability of

are caIIed the 957" confidence limits. These 1im-

lrs define an interval

eter. Accordingly,

nown pararlet.er within

which contains the mean of the pararl-

one would have an estimate of the unk-

this in¡ervaÌ.

The concept of linear regression is applied to the daca

base collected for vd and F a Eo obtain the desired modeLs

of the electromagnetic interference from power lines as shov¡n

in chapter four.
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MEASUREMENT

I'lEASUREI.IENT PLANNING AIIi) SITE SILECTIOìi

StudÍes previously performed II0]-tl4l and the central

Canada region srudy I I 5] , I t6] used certain technical con-

siderations

selection.

wlth regard to measurement planning and site

These cons iderations are reviewed in this chap-

ter and appropriate criteria are accordingly

presented.

assigned and

The purpose of measurements and analysis is to character-

íze the electromagnetic noise from po\ter Iines with typical

operating volt.ages, loads and in the environment of various

weather conditions. The characterization of such noise

sources is weIl established when the povrer lines chosen are

isolated from other sources of interference. In order to

construct a statistical model that is useful for predicting

noise from similar J-ines, several fines that have the same

Ìine volEage should be available. To observe changes with

weather, load and volt.age parameters, several visits should

be made to the Iines.

-23-
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crlteriaThc slLe sel-ect1t¡n

't.^. -i^,. {- -ind tiratrlgul/r¡r¡) ¡lr rrrl

f rom other sources of

were developed;

are bascd on thc abrlve.

sltes to be selected silould be íree

interference, the following criteria

t) Lines sÌrould be at leas t one rnile ^-^C ^-^L1,, rì-,.DrereraDry Lnree

miles) from oLher power lines.

The line should be at least three

five miles) from the distribution

tion.

mJ I eq f nref prablve \ts

or generating sta-

3) Two to three Iines of the same voltage should be

avail-abIe.

4) The lines should be accessible under rnosE weather con-

ditions and reasonably close to \rrinnipeg to allow se-

veral sites to be visited on each field trip.

5) To characteri_ze the change of noise with distance

from the center of the Iine, we must be able Eo make

physical profiLes on a path perpendicular to the line.

6) To obtain the line voltage and load daLa at the time

of measurements, we need lines thaE are monitored by

ìlanitoba Hvdro.

In the neasurement of EMI radiated by power Iines, lt is

worth recalling that a radiating source produces a near

f ield and a f ar f ield tIl. The main dif ference between

these tv¡o fields is their amplitude reduction wlth distance

from the source. The near field strength decreases as the

?'l



s (l ll¿l rr, of L lrt, (l i !; t;t rìc L"

di rcctly I)rol)()rtion.-rl to

tlre near ficld i

tlra! arc slrorLcr

qUency, wiljlc Llìe

distances. In

-2i-

ulrilt' Lirt' f;tr

tìle disrance

s (:sl)ecialiy si¡nif

tìr¿rn one wâvelenflrll

f ¿rr f ield dominaLes

ficlrr rc(l lrcLi()n is

Tlre contriì^ruLion of

icanL \rithin distanccs

of the considered f re-

aL consÍclerablv Ionqer

ínLerference radiated by pouer lines, ir a5 imporLant to

examine Ít-s variation with distance in bc¡rh the near and lar

fields. The frequencv at which the noise is to be deLected

deternines tile boundary between these two f ields. For the

re.ng,e of f recuencies in r¡hich the noise ¡*'as detected, tlte

wavelength of noise ranged frorn 31.2 5 to 2916.66 feet cor-

responding to.32 and 0.343 IiÌlz respectively. This wavel-

ength range enabl-es one to detect noise in i rs near and far

fields (depending upon tlie frequency used and the type of

radiator source). The irnportance of studying the emitted

noise at diff erent lateral locations frorn the center of the

povJer Iine, thus arised in order to obtain the relationship

between noise leveI and distance for the lines surveyed.

3.2 ACTUAL SITES SELECTED

or<ìcr to characteríze rhe electromagnetÍc

sites \rere selected initially by satisfying as many

. These sites are shown in Fip.-

ine

of the

ure 3

A.t

criterÍa as possible

and are as follows:

This site is on line

and the voltage is I

CN-8 from ParkdaJe

l5 I'-v.

to lieepawa
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I l5Kv

D l2c

D l4c

J ¿50KV ,r.ì1
( Dc)

LINE 3

DO RS EY

3 3Kv
1,

PARKDALE

66Kv

LA VERENDRYE

M.l

l.l

û TMNSCoN^

H.2

ll5Kv
YF-1I

FfP.ure (2)

^ctual 
sltee selected

Hanitoba llYdro MaP.

R5OL

1 l0

L.

KV

i

on

I 2Kv

I

tJ
j
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H.l This sl tc 1s on line CP-17 f rom T'arkdale to I)()rt¡ì!'e

whose vol-taP.e is I15 K\'.

8.3 On the same line as 8.1 buL four ml1es from Parkdale

substatlon.

C.2 The only 33 KV line that r'Ìe f ound monitored by

I'lanitoba Hydro.

D. I This is the only site on the DC line near \r'innipeg

where no high voltage transmission .Iines run Parallel

f o the lines. It is only three miles from Ðorsey

station.

8.2 This site is on 11ne D. l2C from Dorsey to Brandon

and is 230 KV"

G.I On 1Íne YT-10 which is Il5 liV and is Iocated fourreen

miles west of La VerendrYe station.

H. I Located on line DI 4G twenty two miles from Dorsey

station. It is a 230 KV line.

I.1 This site is on line YF-I I and is located three miles

from La Verendrye whose volcage is 23O KV.

L.l This site is on line R50L from Dorsey to U.S.A. and

it is a 230 KV line.

L.2 On t.he same line as L.I, but more isolated f rom other

electromaqnetic interference sources.

H"l This siEe is on line 3, which is fed from line 4 and

is 66 KV. This Iine is energízed but not loaded.

11 .2 On the same line as M.l but this portion of the line

is loaded.

N.I This sfte is on a labelled l2 KV llne' two miles
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f r or:l 1. .2

Each site was visited aPProxlmately ten tfmes during, the

tno major seasons. Freguency scans at one location, f 1f ty

feet avlay from the power Line and lateral profiles \^¡ere car-

ried out. In TabIe 2, the number of lateraL prof iles and

frequency scans performed at each siLe are given.

INSTRUI'fENTATIOn*

The Singer Nl'l 26-T noise meter which has a noise bandwfdth

of 3.36 KHz was used along with a nine foot long monopole

rod antenna. A coupler, modeÌ 93049-I, provided with the

antenna was used to impedance match the antenna to the

neter. Measurements over the frequency range of 0.3 ìlHz to

32 }lllz were taken. The met.er Provides readings of rms noise

voltage in dB referred to one p V (v dB p V) and the vol-
rns

tage deviation in dB of the noise signal.

The Singer Nl'f26T has a built-in generator fot Vr,o" and

V¿ calibration. Calibration was performed at each test

frequency before a reading was taken. According Eo the

rnanual V was calibrated to 10 dB i 0.5d8 and V. was cal-
orlns

lbrated to 7 ð,8.
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Cod e

voltage and ab1 e

2

I

0

2

I

I
'I
L

1

i
0

2

J

2

3

l 15 KV,

1}5 KV,

JJ llv ,

+450 KV,

230 KV,

I15 KV,

.230 KV,

115 KV,

230 KV,

230 Kv,

230 KV,

66 KV,

66 KV,

12 KV,

CN_8

CP-17

line 33

hl ñ^ I ê |

D 12C

YT_ TO

D1 4G

YF-11

Y5]L

R5OL

R5OL

line 3

line 3

unlabl-ed

Âì

c.2

D.t
F?

c-1

H.1

r.1
VI

L.1

L.2

Þr. l
t|.2

N.l

_'l(r-

Fr eq uencY r

scan

9

9

ì0
ö

9

9

l0
9

6

10

I
5

7

7

Proflle**

* Frequency scan:

** Prof ile':

The van is located

center of the l-ine

for the nine test

at 50 feet awaY from the

and measurements are taken

frequencies.

fhe frequency is fixed and the van is moved

from one location to the other to take Deasu-

rements at tbat frequency and at different 1o-

catlons. After taking Deasurements at the five

locations, the frequency is changed and the

procedure is repeated at the new frequency for

all locations.

Tåbt e '(2)

proflles and frequency 6cans nade aË all sltesLlst of
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The neasrlrement procedure used j.n tlre l)o\'rcr linc' noisc'

sruc.v bv lierak and llirk tt4] was consiclered in Lhe earl)'

plrases of tlris work. lierak and Ilirk Look tcll neasureníìrìts

eacli ()f tlre rnS noiSe voltaLe, the- quasi-l'eaì': and tlre fit'lC

rntensÍty at intervals of fifLeen seconcs, aL e;rch of tirc'

Írequencies tirey used This is necessâry wlìen Power llnt:

nrtise is nteasrrred in Lhe Presence of otìrer c'lectronaÍlneLjc

Sources sucl'r aS racìiation frorn industrial anci cOnnercial

electric eqtripnents, car ignition n<.¡ise aS welI as fror':

oiìrer pc)iier lines. Tìrey, âs we'1l âS, l'-atrl¡rer and Jlertrani

Itit], took rneasurenents at a location fiftv feeL larera]1'

a\.av f r-or., thc po\.rer line. Since sites \.ierL' sc'Iect.ei in rl¡is

St¡ilv so tlìat interference fro:r oLlìer Sotlrces is nininizeò',

lÌerall anci l'.irll'S rxetììod of measurenenLs was not neceSSar)"

AS a i:teâsurement SEALion we- usea a VaIìr equippetì uitn a

rlobile telepìrone tÌìrough which poLter line data and ueatlrer

i-nf ormation were coll-ected. The nine f oot rod antenna was

nounted on toP of the van and connected to tlre Sin'qer noiSe

;'e Lef .

The perpendicular distance frorn the cenLer of tlle line

was measured \.rith tlie help of a survey clrain and narks r{ere

placed on the road wtrere profite rùeasureinents vTere to be

perforaed, specifically at 50, 100, 150, 300 and 500 feet'

Prelirninary noise neasurements v/ere nade to assiSt in decid-
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írecuLnc'','jnq ¿rL v.'ilicir

locatic¡n of 50

t-'C;rils

fcet wc¡u1d bc d<¡ne or wìlcLlrer

ti¡r' sjr,:'li

lrrll prof jLes

L,ere to be perf orrned. Tlre nain f ¿rcLors LlraL motivated Llre

períorrrìancc of profile neasurenents wert: the high noise Iev-

eIs detectcd aL certain slces anci ¿cr ciraracLerize tire noic

variaIion wi.tll distance.

l{hen perforning a profile neasurement, the van r.ras moved

to a position such that the antenna, rnounted at the roof ,

was ]ocated at the road nark. In this wâY, the antenna \*as

olaced at the desired location.

Upon arrÍva1 at eacìr site the audibl-e noise, weather,

ground condi tions and power line data were obtained. These

data were obtained bv means of e mobil-e telephone. Figure 3

shows a sanple data sheet of the measurements taken at the

nine tesLs freouenci-es, naieely 0.343, 0.h9, 0.88, I.B, 3.4,

5.6, 10.03, i8.65 and 31.62 l'1H2. These fre-cuencies srere

chosen to be uniformly spacecÌ on a Iogarithmic pIot. At

each frequency, measurements of ttr*" and U¿ '"Tere taken

after the rneter calibration procedure was performed.

Repeated visits to a particular po\^rer line indicated that

the Ievefs of the rece ived noi se changed r¡i tìr variations in

the line voltaBe. A sanple line was chosen and data col-

lected, in order to characterize these changes.
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ANI) RESULTS
SURVEYED

Chapter IV

OF T}IE RI PREDICTIONS FOR TI.IE
POl.IER LII']ES.

DATA PROCESSINC

4.1 INTRODUCTION

In thts chapter, the comPuter Processlng of

obtained from the f ield trips is presented,

measured data

in order to

obtain estimares of the radio interference from rhe surveyed

po\^)er lines. ln the procedure, the linear regression tech-

nique is applied through computer programs to produce rela-

tions that. model the radio interference. These relatíons

are:

l) Relation between the ef fectÍve antenna noise

(f ) and the frequency (f).
a

2) Relation between F" and the Iateral distance

the center of the line.

3) Relation beteleen Fa and line voltage.

4) Relation between the voltage deviation (V. )
o

sented. The noise performance of an unl oad ed po\re r

( ra in , snow

stics are also

factor

from

and f .

The method and sequence of processing the data as vrell as

Ehe computer programs used to obtain the resulÈs

the effects of weather conditions

lleather) upon the noise characteri

in this chapter.

are Pre-

1 ine and

and fair

discussed

-33-



computer f

u s l ng e q rla

calculate

to resfore

the power line.

signal attenuates

-34-

F^ CO}fPUTATIOI..

The data base of \t ro,= and Vd collected r;ere entered inlo

to compute Fa

1n order to

iles. A conputer proqral-fl \^'as written

tion ( I l) derlved in chaPter two.

the F" valrtes, various adjustments \rere necessary

the actual values of the noíse signal radiated by

possiblY at the detector r¡eter

of the attenuator control).

trates the various adjustments

in order to calcufatu F,

Example of F' calculation

Data:

Location: 50 feet from the center of

FrequencY: 3I.62 )tHz-

\tr* on Nlr26T: 26.2 dB P V .

At tenuator sett ing on the meter ( A) :

Antenna factor at 31.62 llRz: 26.I

Heter noise bandwidth: 3"36 XHz.

Calculatlon:

(¿R)= 26.2

+ 96.8

one has to recall that the

terminal, ât the cable and

(depending LrPon the Position

The following examPle illus-

that are applied to Vr* data

the line.

-20 dB.

I = 2A.l dB.

In doing this,

the antenna

F. 20 20 1os (31.62) I 0 1os ( 3360) + 24 .L
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F l/ìR'l
\v vt

I

wlll-

62.r

f rhe F
d̂

value is lower than the set noi se , the neter

1eve1. ThisdíspIay only the set noise and noE th" F"

internal noise domination was not encountered in any of the

f iel-d trips. In other words, the power line noise level \tas

higherthantìlatoftheinternalnoiseat]-eastofonc
oroer of r¡ óÍlnitud.

APPLT CATION OF LINEAR RECRESSION- ON F. \¡ALUES
-a

a random Process,Since EI1 I emitted from Power lines is

onlyastatisEicalanalysisofitscharacteristicswill

yieldmeaningfulresults.Thelinearregressiontechnlque

tl5l-ti7l is applied to F in order to construct prediction

rnodels for the various volcage classes of povrer rines sur-

veyed. Using these prediction models' the noise leveIs frorn

similarPowerlinesofËhesamelinevoltagecanbeobEained

withintheSPecifiedfrequencyrang'eassumingsameenviro-

men!alconditions.TheaPplicationoflinearregressionto

the relationships of t" v¡ith resPect to Pararneters such as

frequency ' 
dÍsÈance and Ilne voltâ8€ t is Presented and dis-

of the comPutation of

in t-he discussion.
cussed in Ehis secÈion' The results

these relationshlps are also included
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utllIty sul)proflram \tas used Lo l)('rf ()rrn tire l lnear

modcls The srrbprogramregression and obtain the reQuired

was obtained from rhe Internationa

tistical Llbrary (Iì1 SL). This Program evaluates the point

estimat.e, standard error and the Ìower and uPPer confidence

lirnits. Calculations for the mean, standard deviation of

both the intercept and the resPonse variables, and the cor-

relation between then

.n l-Program. rile ProSram

obtain models of the

v¡ere also obtained

r,Jas applied to tu

noise r"'ith respecE

I, llathematical and Sta-

by using the sub-

values in order to

to the frequency,

distance and l-ine voltage parameters.

4.3.r F" versus Iog t relationship

The calculation of F" Eiven in the previous section was

applíed to the ten sets of Vro,= data obtained for the ten

separate visiCs made to each power Iine. This yíelded an

average F value over the ten visits at a parÈicular tesË
a

f requency . Average F 
" 

talue s \lrere de termined a E each site

for the nine test frequencies. Linear regression u¡as

applied to these averagt F" values to obtain a model such as

t.hat present.ed in f igure ( 4 ) . The f igure shows the linear

regression approximation of the average t 
" 

values obtained

from site 8.3 (II5 KV) at a location 50 feet lateraly away

from its center. The correlation coefficient (which mea-
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Àpplication of linear regressÍon to the
rnean noise aÈ fifty feet from the center of the line'



sures the

averag,e F.

c ient shows
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de¡irct' to which the linear reÉlression fits rhe

valuee) 1s 0"99. Thls high correlation coef f Í-

a s crong, de pendence of F on

under normal

frequency. The

operating condi-model obtained for site 8.3

tions is as follows:

f = 92.3 - 36.5 log
a

The above procedure considert F" values obtained at the

f irst location ( 50 feet) from Ehe power line. The procedure

was then reDeated f or t.he other f our l-ocations 1.00, 150, 300

and 500 feet. The whole process of obtaining the L 
versus

Iog f relationship at the five test locations r/¡as applied to

aII transmission lines surveyed. Figures (5a-f) show t"

variation wi th the Ioearithm of frequency aE the five test

locations for each site, with the exception of sites C.3 (33

KV) and L. I ( 230 KV) , where no profile measurements e/ere

performed. The rnain feature of the graphs ls the decrease

of Ehe F levels wi th increase in frequency. The Fa-a
decrease wiEh frequency at the first location as obtained

from figures ( 5a-l) respectively, is presented in table

(3)

The correlation coefficient ranged from 0.8 to 0.99 for

the results given in f igures (5a-f). From table ( 3 ), lt is

seen that the slopes of the versus 1og f relationship

decreasea as the tine voltage å..eases. This sarne result
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Slopes
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Table (3)

of F rnodels

from figures
with frequency
(5a-1) aE 50 feet.
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fs obtalnecì 1rr ¡rt'cLlon 4.3-3 where tlre versus Iog V rela-

tionship 1s dctermincd. As seen from table (3) sites A.l

( I l5 r.v), slre I.l ( t I5 KV) and slte G.l ( 115 KV) gave

slopes of -32.76, -34.0 and -36.0 dRlfreguency decade, res-

pectively, when modelled using the Iinear regression techni-

que. Slre 8.3 ( t t S KV) produced an F" modet of slope -4 1.6

dBl frequency decade. A comparison of these slopes shows

that site A. I , I. i and C. I produced nega tive slopes which

were not as steep aS the slope obEained for slte 8.3, aIt-

hough the four sites have Ehe same line voltage. This may

be due ro the difference in line design factors (i.e., con-

ductor radius,phase spacing and insulator type) between

these lines. Deterioration of hard\Árare comPonents on a

power line due to aging can cause greater noise emission

[1,6]. This factor must also be kept in mind when looking

ac the slopes of the F, characterisEics.

The decrease of t with frequency for the other four

locations can also be obtained f rom f igures (5a-J-). It is

apparent that there is a greater drop in F.IeveIs with an

increase in frequency than v:ith an increase ín disEance from

the porlrer line. This can be further explained if, for exam-

ple, the results in figure (Sa¡ are examined. In the fig-

ure, Ëhe F"value at 0.343 MHz is 92 dB whlle at 30.62ltïz it

is 25 dB, which results in a difference of 67 dB. In the

same f igure, it is seen that % at 50 feet is 92 dB r¡hlle at



500 f eeL F"

quencY of

is 71 dil (

0.343 Mllz). Thls gives

difference

by a decade.

investigated

¡¡hich is less than the

increasing the frequencv

.nreen F and distance 1s
d

tion.

-)-r-

both valrles arc tnkcn at Lhe sarr{r frt-

dif ference of l5 dts

of 67 dB obtained b1'

The relationshiP bet-

1n the following sec-

t, '\ ', F, versus log rì relationshiP

The%variationwiththelogarithmoflateraldistance

f rom the power Iine rÁ7aS obtained using a computer Program '

The program applies the linear regression analysis to all t 
"

values obtained at a particurar site at each frequency wlth

the di stance of each test location as the independent varia-

ble.TheprocedurewasaPpliedtotheninetesEfrequen-

cies.ThisresultedinmodelsofLwithrcspecttodis-

tance from the pou¡er line for each frequency. Although

models could be obtained for al1 nine resE frequencies, the

progran was adjusted so that only five models at 0.343 '

0.88,3.4r10.03and30'62lfHz\¡rereplotÈed'ìlodelsv¡ere

obtained for alI lines for which profile measuremenE were

performed.Figures(6a-r)showthetvariationwit'hthe

logari thm of distance for all Povrer lines with the excepEion

of site C.3 (33 KV) and site L'I (230 KV) where no profile

measuremenEs Lrere performed. As a general observation from

thefigures'itisclearthaEnoiselevelsdropwith
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i.ncreasin11 distiìrìcc. ln orcier to frrrLirer iLiusLr;rtc tllis

observafion, fabLe (4) sirou¡s the t" decrease witll distance

aL the f requency of 0.343 MIiz.

The correLation coef ficienL, for the results presented in

table ( 4 ), ranged from 0.7 to 0.99. This shows a good fit

of the % values with respecr to distance. In table ( S ) ,

the correlation coef ficient.s for the resul ts obtained at

0.88,3.4, 10.03 and 30.62 ìlIìz are Presented. The values of

the correlation coef f lcient \¡rere, oD the ma jority, EreaLer

Lhan 0.7 wi th the exception of those val-ge s obtained for

sites E.2 and L.2 (230 KV) at a frequency of 30.62 l1l1z. In

fact, one expects the noise levels at 30.62 )1Ìlz to be

approximately a constant value due to atrnospheric noise

[18], which is dominant at that frequency. In other words'

the noise received at 30.62 MHz ís not thaE of the power

line but iE is atmospheric. It is seen from figures (6a-I)

that even out to the maximum measurement distance, the t"

LeveIs do not decrease dramatÍcaIIy. This resulÈ shows that

even at Iarge distances from the Pov¡er line, one can exPec!

a significant amount of Power line noise, particularly at

frequencies lower than 10.03 ìfHz. As an exanPle, it is seen

from figure (6a) that at 0.343 MHz anò at a distance of 1000

feet, one expects an F" talue of 80 dB. AE 5O feet.nd at

Èhe same frequency, one exPects an F" talue of 93 dB which

is only l3 dB higher that Èhe F value obtained at 1000

f eet.
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-6t'-

'I a b-Le

The correlation
results presented

(s)

coefficients
in figures (6a-1).

Frequency

0. 88 Ìftlz

3.40 Ìtrz

Vo1 ta ge

t2 KV
66 r(V
b b r(!/

tt5 Kv
1]5 KV

115 Ky
]]5 KV

230 Kl'
230 KV
230 KV
230 Ì$r

1450 KV

Correlat i on
CoefficÍent

0. 84
N RR

n07
0. 90
0. 98
0. 68
0. 86
0. 87
0. 94
no?
0. 9l
ôoQ

0.84
0. 81
0.85
0. 86
0. 96
0. 59
0. 96
0.59
0.89
0. B9
0. 84
o.97

Site

Àr 'l

Ì,(,
MI
A'l

P,?

c. i
TI

tt._r
'r,)
IJ.I

N.1
I,f?
ì,lI

A.1
B.3
c.1
r.1
E.Z
H.1
K.1
L.2
D.l

12 KV
66 r(V
66 KV

115 KV
115 KV
T15 KV

1I5 KV
230 KV
230 r(v
230 ICV

230 rcv
r450 KV
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'I â h | ê (5) (continued)

F requency

10. 03 Ì[12

30.62 lü12

VoltaFe

i2 KV

66 KV
Ì a 1^fÞo r\v

115 KV
I15 KV

115 KV
1r5 K!'
230 Ìry
230 KV

230 KV

2 30 rcy
1450 KV

Correlation
Coefficient

0.78
n aa

o.62
o.1l
0. 88
0. 66
0. 9l
0. 51
0.76
0. 7B
n Ál

0. 98

Slte

r1 1tt.¿
w')
rrì
A.1

ñ'l

rr 1

kl

1)
n'l!rJ

'r,t I

H.2
n.1
A.1
8.3
c.l
r.1
8.2
H.I
K.1
L.2
D.1

]2 KV

66 KV

66 I(V
115 KV
115 KV
1I5 KV
1J.5 KV
230 KV
230 KV
230 KV

230 rav
r450 KV

0.83
0.95
0.98
o.72
0. 87
0.86
0.99
o.23
0. 73
0.68
0. 46
0. 98



Tfrc mo(itls r)htnirlt'ci for

-i (,-

al.i I r)!-'c'f lin¿'s, t tì()s(r

presented in flgrrrc's (É,a-l;, c;rn rrt' trscC L(, f)rc'alcL Lrri

amount of signal ci e¡,radation due to noÍse ftr,lt' an)'of tires¿'

line6 at dif ferent dlsLances out to 50(; f eet. The relation-

shlp berween F. and the Iogarirhm of disrance for each indi-

viduaL li.ne can be obfained f ron the f i¡.ures r¡ith the knou-

)-edge of its sìope

An exanple of such a

and its inrersection r"i

reLa tionship, as can

th the F axis.
a

be obtained from

figure (0a¡ is as f ollows:

Slope (at 0.343 l'lHz)=

InLersect v¡ith F. axis

Conf idence interval-=

-Ì5.23 dB/distance decade,

( from Drotrran)=
"' l" - L- _ 

-.''

ô /lF

ì20.0 dE,

Thus:

a

^ - ^ + ! ^'. ñ ¡.An aLLemPL na)'

of radiations from

cylindrical source a set of incoherent

radiator the model

point sources. 1n

sLope is theoreti-

t 20 15.23 ì.og +'ìq

be made to interpret the resuLts in terms

known simple source rnodel-s, f or exanÌP1e,

or

case of point source

cally 40 dB/decade at

field.

near field and 20 dB/decade at far

W. E. Pakala [ 21 ] suggested that a pourer line can be represented by an

ínfinite linear radiator. R. F. Harrington ¡22 lobtained the Electromagnetic

fteld equations for such a radiator and he showed Èhat at far field the ampli-

tude of the waves decreases 
^" t-4 (which corresponds to l0 dB/distance deca-

de). Comparl-ng the above figures with those obtained in figures (6a-1), it is

seen tha.t 507! of. the slopes at near field were close to a value of 20t7 dB/oe-



cade and 752

nec nh1.:inprl

uEt¡dvE r!^g

to 10 t 4 dB at far fielcl. The aÊreement between the slo-

from the data and these theoritical values shor^'s that the lines

infinite linear radiator. A study, depending on the needed

require extensive frequency as well as physical profile mea-

is recommended for future research.

dLl

accuracy, may

surements and

t,a? F versus Voltace rel.ationship

Since loading conditlons on a Power line fl-ucruate contÍ-

nuously, depending on the consumPtion at any given tirne, the

line voltage wil-l accordingJ,y deviate fron its rated value.

This deviati.on in line vo)-tage produces a change in the

noise leveIs ernitred bv the power line. To il,lusrrate this

fact, the Line with the grea¡esC range of voJ.tage deviation

from its rated value was chosen. This line is at slte H.i

(230 KV), A computer program was !rritten to apPly tinear

regression to the a. values obtained for all visits made to

this line, with respect to the line voltage. Figure (7)

shows the resulting plots for frequencies of 0.343, 3.4 and

30.62 l.lHz a t the f irsE location. The f igure indicates a

stight increase in F^ 1eve1 with increase in line voltage.

This increase is pttlun"a in table ( 6) ' The correlation

coef ficient ranged from 0.8 Ëo O.97. This shows thaE the

linear regression gave a good fit to the F" values, Pre-

sented in figure (7).



C
C
C
=_

I

I

I

-lC)i

-lc!_

-I

-72-

n ?tr? t.i._:?
u Li. _,:!, r¡ _

t ? ti þ: ;,--
- =;-¿'----C-

+ 30. 62 I'il-11olcli
'i

cìi
-l
-t

I

I

I

=-i-- |

-l .l
¿a - _.J

I

I
LI

-,ì-'i.ì
-j_(ol

I

i

I

Iol
OI.l
c_..1

-l
I

I

I
I

¡l
-l:l
-'_

(au

0n sire H.1 230 Kv

50 feet

S= 0.12

s= 0.30

S= 0.20

'sc. oo 270.00 ¿'eo. oo
KV

¿

N

0 250. 00
VÛL T RGE ]

Figure (7)

2q0.0
] NE

. 00 230. 00

The noise leve1 variarion v¡ith
small variations ín line vol-.age



- 13-

Freq uencv

0. 34 3 Þtrlz

Slope
dB/KV

30 " 62 Ìütz

v. !L

n1

nt

Table (6)

Slopes of F, versus V relationship
obtained f rom site H.l (230 IW) .

3.4 lfHz



Ttre relaLionshiP bcLwt''en tire

line class r^'1th resPecL to lrne voirai:e' was also obtaÍneC'

In order Lo obtaln this relationship ' F 
" 

vaf tles thaL were

measuredfromlinesthathaCtiresamelinevoltâ8ê'\rere

averaged in order Lo obtarn an value thaL rePresenteo

rhat particular voltage cl'ass' Th averaginB ç¡as done f'or F,

valuesobtainedattheSamefrequencyandthesalTlelocafion.

Thisprocedurewasrepeatedforall-theACvoltageclasses'

resulting in an array of F a values ' each of which repre-

sented an average value of F" obLained at each class ' A

computer Program was prePared to apPty Ilnear regression to

Ehe Fa array against Ehe line voltage of the these lines'

The program obtains the F.t"rsus log V relationshÍp at a

location50feetfromthe].ineSandatal]testfrecuencies.

The progran was adjusted so that only tlÌree r.ìode1s of the L

versuslogVrelationshipatfrequenciesof0'343'3'4and

30.62ì{Hza-_eplotted'Theresultsofthisprogramare

given in figure (8) and it 1s seen EhaË the Ft leveIs

increaSer.'iÈhanincreaseinlinevoltage.ThisincreaSeis

presented in table (7)' Fron table (6) and table (7)' it is

SeenthatEheslopesofbothrelationshipsobtainedinfis-

ures(7)and(8),agreeveryç'ellaEthefrequenciesof

noise 1eve1s of each Power

F

e

0.343 and 3 .4 ]MiHz. A desirable alternative to obtain the

respect to line voltage is to aPp1y the linear regression

of F obtal-ned from all visits from a given line' It is

(8), that one expects a noise level of 82 dB from the 12

lrÍHz, The 230 KV class produces a noise level of lI4 dB'

F variation with
d

to all the values

seen, from figure

ßï class at 0.343

r¡hich is 32 dB
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Freq uencv

0. 34 3 Ìtrlz

3.4 ÌlHz

30. 62 lfr7z

-l L-

Slope
dB/ decade

23 .51

r0.30

3.50

Slope
dB/KV

0.1

o.23

0. 03

relationship
classes.

Table (7)

Slopes of F versus 1og V
d

for the five .AC voltage
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hig,)rcr Li¡an

reccived at

Llre l2 f-V ciass,

tlle same irequency

assttnlnfÌ fhâL nol se ts

4.4 APPLICATION OF

For each site the

tion from alL visits

LINEAR REGRESSION T IO

Vd val-ues obtained at the 50 f eet loca-

were averaged at each of the nine test

frequencles 1n order to characterize the noise tvDe. Llnear

regression was appl-ied using a computer program to obtain

the vd variation with respect to frequency. The procedure

r¡¡as repeated for the other four Iocations at each site with

l-ateral profiles.

Plot s of the voltage deviation versus frequency are glven

in figure (9a-c). The correl-ation coefficients for vd ver-

sus log f graphs were very low (with a range from 0.1 Eo 0.g

with most factors falling below 0.3) . The Iow correlation

factors indicate that vd is uncorrelated to frequencY,

through the linear regression. A higher order modering

Eechnique would probably provide a berrer fit to the vd ver-

sus log f relationship. An example for vd versus rog f with

a correfation coefficient of 0.7, at 5O feet is shown in

figure (9a). From the figure, it is seen that vd varues

have an average, which ranges from 2 to 3 dB. rn figure

(sc¡, Ehe voltage deviation relation with frequency on the

DC line shows a maximum average value of 4.3 dB which is

higher than that value obtained for a1l AC line crasses.
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coNDlTl()IS Ol;

Althougn the ef fects of changinp, weatrrer conditions on

T lrt¡Ët'_
ð

were

levels

f Þ R ?

, insufflcient

collecred. A

and chang ing

(tts KV). A

leve1s

data to

qamnl e

we a t he r

computer

f igure (

weather

5 rnâ Q" ¿,

frequency of 3.4 11 Hz,

dB vrhen J.ighE snow r*,a

vrere a desired object j_ve of the rrro iect

produce a comprehens ive resuj. t

of the rel"ationship berween t
conditions was obtai_ned frclm si.

program vras used to obtain the resul-t presented in

10). The figure shows rhe effects of rain, fair

and light snon on t. varues obtained f rom visits z,

respectlvely. I n r he

F was 90
a

s falling

figure, it is seen that ar a

dB when it v¡as rainirg, Bz

and 7l dB when Ehe weather

was fair.

4.6 EFFECTS OF ]-I}ìE LOADING ON I.]OI SE LEVELS .

I'leasuremenrs on one unroaded line (lt.t 66 KV), depicted

in figure ( sc) , shows that noise revers are 23 dB higher

than those obtained from the same portion of Ehe rinè which

was Ioaded (y.Z 66 KV), shown in figure ( 5b) . The noise

levers of the unloaded line are even higher than Ehe noise

received from the I I 5 KV I ines. These Levers are high

enough to severeJ.y contaminate an Al'l broadcast signal that a

receiver wourd detect if it \4rere located at fifty feet from

the line. The field srrengrh voltage of the noise at I IlHz

ar that location is 57.5 dBi-rV/m (as r^,i11 be shown in section
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Keepin¡i jn mind titat radio sitlnal sLrení,Lfr is lr irirr er

than Lhe lowesL prorecred s¡rengtir conLour ( S¿ db U V/m) [ ] ] ,

one can predict tiraL a severely nolse contaminated rad io s1e-

nal. at thar frequency woul-d be detected by the receiver.

4 .7 COI'lPUTED I.IOISE PREDlCTION I'1ODELS.

rn section 4.3.1, a moder of Fa in terms of frequency for

each power line was obtained. Th" F, modeLs obtained for

rines that had the same voLtage, !rere averaÊed in order to

obtain an over-aI1 ¡nodeI of F" in

each voltage class of power line.

terms of frequency for

The l2 and 33 KV vol-tage classes were represented by sire

N.1 and site c.3 respectively. This r.ras due to the f act

that these rdere the onry sites in the region surveyed with

Èhese line vol-tages that u¡ere monitored by l"lanltoba Hydro.

site ì1 .2 (66 KV) arso represented its voì-tage cJ.ass, since

site ll .t (66 KV) !¡as an unroaded rine, which produced much

higher noise levels rhan sire I'l .2. The I i5 KV voltage class

model was obtained by averaging F. versus 1og f models

obEaÍned for sites A.l, B.3, r.l and G.l, while the 230 KV

voltage class rnodel lras obtained from sites K.I, L.2, H.l

and 8.2.
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Trrc sr--t r-¡f rnodr'ls obtained ittr tirc, f ivc A( cI¿rsr,es of

power l-j,rres, ]n addition to thc model obtaincci íor tirc' DC

1ine, âre given 1n f i¡¡ures (tZa-e). The l-inear relation-

shlps computed for these classes are:

4.7. I ilodels "f I with frequenc)'.
a

I2 ]'.VAC class rnodel

F^ = 70.0 - 32 log f t 7.25
d

33 KVAC class ¡nodel

F" = 69.4 - 28 log f I 7.65

66 f.VAC class model

F^ = 93.0 35.3 log f 14.0é

il5 KVAC class model

F" = 88.3 35.5 log f t 5-0

23O KVAC class moclel-

I^ = 90.9 4L.3 log f ! 6'4
ê

450 f.VDC class model
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e

rom these modeJ-s,

classes of transmission Li-nes can be

of frequency at fifty feet from the

-9('-

50 I crß + (, (t

the noise levels of any of the above

rrredicLed as a function

center of Lhe Line

4.7.2 llodel-s of distance.F 
" 

wi th

In section 4.3.2, a model of F. versus log d relationship

was obtained for rhose povrer lines r¿here a prof ile measurement

was performed. As seen from table (4) , different Lines of

the same l- ine voJ-tage class produced noise noders wi th si p-

nificantry different slopes. For example, the power rines

representi4g the I 15 KV cl-ass produced noise model-s of

sJ.opes with a range from -10 ro -25 dg/¿isrance decade. The

high difference among the slopes did not allow us to obtain

an over-arl moder of F" versus distance relationship for

each voltage cLass by the averaging method as obtained for

the F" versus log f relationship. The set of models of F 
"

variation wi th d istance were obtained for each ind ividual

line with the exception of site C.2 (33 KVAC) and sire L. I

(230 KV), where no profiLe measurements were performed.

These model-s are:

Site À'-.1 (tz l"vAC) model

F-
ê

120 -15.22 1og d 1 5



Site ìi.2 (66

_Q: _

l'\t^al -r'¡l¿l

137.3 -11 .4 los lo!

Site A.l (ll5 Ì'.VAC) nodei

ll8.l -10.21 Log C
()
()

SÍte 8.3(tI5 l{\IAC) model

n I57.1 -25.0 Ioe

Site C.I (ll5 ti\rAC) rnodel-

Fu = t21.4 -20.25 log I0f

Site I.1 (ll5 KvAC) model

F" = 126.0 -I6.6 log ! t5

Site K.I (Z¡O K\¡AC) nodel

123.3 -10.04 1og ,o
d

Site L.2 ( 230 KVAC) rnodel

163.4 -31.0 loR d I t5



tr 'l

.4" -

/?'ìl) T'VAC) noCcl
\ ¿JvTC

177 -2o.25 l os

SÍre E.? (230 r.\¡AC) nodet

128.3 -8.6 Iog +

Stre D.t (450 iIVDC) model

l/J.o -31.6 1og
a

From the above relati-onships and at a frequencv of 0.343

IfHz, the noise levers from the power lines at each of the

test sites, can be predicted as a function of distance.

Fron figures (6a-1), one can al-so obtain the o, versus log d

relationship at frequencies of 0.88,

IlHz.

3.4. 10.03 and 30.62

4.8 PP.ACTI CAL APPLICATIONS OF THE I.IODELS

The corTrputed modeLs of t" versus frequency can be

employed to predict the effect that a poner line of a cer-

tain class might have on the quarity of radio reception in

its vicini ty. The degree of interference expected from the

po\rer line v¡ith broadcast band stations (0.535 Eo I .605

ìfHz), is evaluated on a signal-to-ìjoise ratio basis. The

tt

t lo



DeLween Lrle Dower line f ield strengLir noise voltaitc in CIIU

V/n and 5U dts p V/rn, which is tÌre lodest protected strength

contour of Alj radio signals in North America Il]. This is

onl-v valid for tirose power lrnes which produce Vd values

Lower than 3 dIl [ 14]. The field srrengrh noise voltage of a

Dower line can be calculated bv obraining the F. value at

the freouency at. which the S/N ratio is to be pred icted.

Then, using equation (tt) in the form:

E(dEu v) F" * 20 1og B (dBIlz) 96.8

-9 't-

approxima teiy obLalncdS/l: ratic., is

where

s(dBHz)

E(dBu v)

E is the

For those lines that oroduce

the S/N ratio is calculated by

Þv tai:inf. tr¡e diirerLncr

V d taÌues greater Ehan 3 dB,

taking the difference in dB

is the

rms

noise

noise

(dB u

field

bandwidth of the l'¡ìf-26T rìeter= 35'3

V) + AF,

strength voltage.

When applying the above to the unloaded 1ine, lt was

found that at fifty feet away from the Line, radio reception

would be severely impaired by the po\der Iine noise. The

noise at I l.lllz was f ound to be 57.5 dB pV/m according to the

above equation, indicating that the receiver would detect a

severely noisy signal (S/N= -3.5).



¡V/m, t)cLwecn Lire

t, rÌe powe r l- ine noi se a L

cecLed strengtfr conLour of

por{rer line noise can be pred

cieviation vol-rages r.¡ithln Si:

_(j._

an¡rliLuoc probablllry distribrrrion (^pD) of

time and

ignals.

from the measured rms and

as given by Lauber tl3l

ßrven

r ad i o

icted

êrr^r

Llre Lr¡wesL pro-

The APD of the

Using the

12 KV) will

model of a

resulE in

tyoicaì, l-ow noise emissj-on site (rr*.1

a noise predictÍon of about 30 dB (at

which indicates that a receiver wfllthe same frequency),

have S/N ratio of 24, adequate for class B reception

As a frrrther illusrratlon of the use of the models

obtaíned for the individual- rines, one can see fron fisure

(6c), f or example rirat a receiver operating af 0.BB ìfÌrz and

located at 50 feet avray from the center of rine A.l. would

experi-ence an Fu value of 90 dB. rf the receiver is moved

fror¡ that l-ocation to a l"ocation 500 feet a\ray from the

line, it wouLd experience an F. varue of gz dB r¡hich is B dB

less than that val-ue obtained at the first location resurt-

ing in a greater slN ratio and iuproved radio recepËion.



Chapter \¡

SìJllIlARY AlìD CONCLIIS IOA*S

S U ìIIíA RY

Por¡er Lines are a source of interference to radio sÍenals

and digi ta1 comnunicat ion systerTìs. The radio interference

generated fron power lines is due to corona discharge and

Bap type noÍse or microsÞarks.

defined in statistical terrns,

[8], Ito1-1161 and I 19], [2oJ

form a statistical analysis of

of this interference from a I

cies. Approximately ten visits

a one year period. l'l easurenìents

Radio interference is only

as manv invesrigators [2],

have shor¡n. In order to per-

RI, a J.arge nunber of sanples

arge number of lines, during

test locations and f requen-

were rnade to each site over

of RI lrere perf ormed over a

di f f erent operating condi tions, must be availabl-e.

To colLect the da ta ba se required for the analysis, for-

teen test sites were selected on the ìlanitoba Iìydro system

in the rurar area surrounding the city of h'innipeg. sites

çere selected so that no other sources of int.erference such

as caÍ ignition noise, conÍrercial radio stations and other

power Iines, r^'ere present at the

f requency range 0.3 to 32 ìlIlz using a singer noise detector

meter model Nll-26T coupled throug,h a matching netr.'ork to a

-95-
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rod antennanlne f oot onÂ monopole (nodel

equl Pmenr was LransporLed anõ

mobf 1e tel-ephone, through r,,¡hich

current and power) and weather

93049-t ).

rrsed i.n a

The

neasurenent

which had a

(vo1taBe,

coLlecteC.

power llne data

conditlons were

The data base coll-ected for the

Linear regression r*'as applied

models for each of the surveved

models rdere obtained for F

as frequency, distance and

u sed t o pr ed i ct the amoun t

to RI from power lines simi

to I" to produce prediction
ê

transmission lines. These

" 
r.uith respect to parameter such

line voltage. The nodels can be

of radio signal degradation due

lar to those surveyed.

rms noise voltge

conputer files.

..,¡ its

voltage deviation were entered into l-n--"-

fer proBrans were written to cal,culate the effect ive antenna

noise factor, Fa , which is the paraneter universally used

to cornDare noise produced from different sources. Fu was

calculated at all nine test freouencies (0.343, 0.49, 0.88,

l.B, 3.4, 5.6, 10.03, 18.62 and 30.62 \iH,z) for each po\rer

line, ât each of the five test locations. These locations

çere 50, 100, 150, 300 and 500 feet a\^'ay from the center of

the line, perpendicular to it.

The voltage

noise rece ived,

deviation, Ud,

\À'as obtalned

frequency at the

whích identf fies the tvDe of

by dlrect measure;lìents. 
%

five test locations for eachvariation wl th



site

q ue

-a-, -

L'as obLained by applyinl: the linear rei'-resslon t('cÌ,n:-

to tÌ¡e raLr V values

betr.,¡een F and
a

of rain. uet snolr and fair r'Ìea

Ìine voltaBes was alsoThe relatlonshlp

cieLernined usinp, the linear rePression technioue. Ef f e c ¡ s

se levels

received f rorn site 8.3 (ll5 KV) r^'e

ther on the noi.

re investigareC.

C0l':CLU S I0¡'S

thesis Þresents an investic.ation of the charecter-tnls

istics of RI due to high voltage transnission lines in the

high frecuencv bands extending, up

nodels are obtained fron the data

to 32 )lllz ì¡^ è L ^* - ¡ i ^ - ì: õ L ¡¡Vi'¡é L I L O f

ed f or F anC
e

Dower lines,cl

collect

a s se s o ftô nrerìi¡r the'd

classed according

RI fron different

to line voltage.

Frequency, di stance and voltag,e are the Paranìe ters that

significantly affected the noise fevel,s. FreQuency is the

paraneter uhich has the greatest ef fect on the noise LeveIs.

The dramatic decrease in noise leveIs r¡ith the increase in

frequency 1s seen from figures (5a-1) and figures (6a-1),

whereas, the distance parameter disp).ays a lesser ef fect on

noise levels. From figures (7) and (8), it is seen tha¡ the

noise levels lncrease with the increase ln line voltage. The

only exception of thts, 1s the 66 KV line class that Pro-

duced noise levels 6 dB B,reater than the I l5 l'-V class . The



unloaded line aL slLe

noÍser Lhan the Loaded

, -()'. ,

H.l (61, Y.\') was

slte on tìre same

found Lr-, be muci

line l',.2 (frO f.V).

The di

nol se

fference was 23 dB hieher. The relatlonshlp between

levels and 11ne Loading was not obtained, but a mea-

sure of such a relationship shoul,d provlde useful results in

f urther speci f ying the noise a ssociated r¡i th power l-ines.

This relationship should be investigated in fr¡ture studies.

Another relatÍonship that should be investigated is that of

the voltage deviation with frequency. This relation should

researched using a higher order approxinaLion technique

order greater than linear reqression).

L'eather is another factor which affected the noise Iev-

theels.

noi se

It has been

be

( of

shown that duri

ived from site

and '"Jet snow,ng rain

8.3 (tl

fair

l-eve1s rece

t.han those values obtained durine

mostly due to the increase in corona di

droplets enhance the electric f ield to

5 KV) were higher

weather. This is

scharFe, as sJater

produce corona at

normal operating volLages

The objectives of this study, nainl-y to perforn measure-

ments of RI from power l-ines and to obtain prediction models

of the various classes of power lines, were achieved. The

prediction model-s obtained for F" versus frequency and dis-

tance are of most use in an environinent similar to that sur-

veyed.



APPT-ÌÐIfI A

LIIIEAR RECRESS] ON COE}-FICIENTS

The least sauares methoci is the method used to obtain the linear
Tegressj-on moder coefficients. îhis meLhoci requires that the squared
errors between data points and their estj¡lated val-ues have a minjmum
value, From figure (13), the error rs given by:

For rninir¡um error:
^^2 ^-2dK:^__rd.t(0

-Ë-=o and 
Ab

Flrst:
^^2 xr
dK = 

,) ¡!¿\'â. 'rt=, (vi - (a + bxr))

+ bx.)
I

N

b .I. x.
l-=-L l

ìl¡t

f*i=t -'f

lÌ
Iì

ti:l
11
À!

T
1=l

Na

tl
lì

I y.
L=t À

alIt
Iv

1-l 'l

(a

a*

+b

-99-

(t)
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Figure (f 2)

Least squares method



S iml I ariv :

/
^ 

D-

Eb

I rìì -

(a * bxr)) x,

1\
. L)

ê>1 , - D>:,
11

Y¡ x;

Hultiply equatlon (1) by Ix,
from the second to geË:

n'IXY
'XIY

eauatlon (2) by N and subtract the first

(3)

+
N

_ d .L.
t=.1

tlt\
Ti=l *1

Nz
b t x.i=l r-

(2)

Divide borh the
nrrf l-i-o Y = IÀ-T-

NTX2 (IX) 2

numerator and
)Yanor=--
¡l

denomenator

we lrri te :

of equation (3) by N and

Nt¡t

Substituting fron (4) into (l), we get:

a - Y-bx

Irom equations (3) and (4), Èhe slope
and the inlersect with the Y axis are

TXY - NXT (4)1-^
1r'- rr i/v\ -
L A rì \4rr

of the linear regression model

calculated respectively.

I)ff

tx2



The calculatlon of the correlatlon coefficient from its defi-
nltion can be obtained as follows:

By definltlon:

r(Y-i)(x-Í)
N o..c,,lçr

(x- x) (Y - i) = xY - xY - ix+x

t (x - i) (y - y) = r (xy) - Írv - v¡x + Nxr"

t(x-x) (Y-i)= I(xr) ;ry ;Ix , i;
r, - - -À =- - ). ::- -1- -À:N N ^H 'n

FrFr, ¡1
r = 

- 

xì - Iã -|- Jff
N

Yì. =I3 .lKY

Thus:
YYrî - :rY

oxoY
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