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THSULATORS OF ?IGH VOLT&GE OVER D
TRAMSMISSTICON LINES UNDER POLIUTED CORDITION
"Eith Special Reference To The Peak
Values Of Leakage Current Criteria™

Thesls Submitted For The Li.Sc. Degree
In Electrical Engineering
By
Eng. Hassan Lizhmoud £11 Said
Lbstract:

The present work is devoted mainly towards studying the
per¢ormance of polluted ingulators under different polluiion
conditions in the normel operailng stques, ibe peak velues

of the leakage current pulses are taken as a crlterlon to
define the performance of pollutea insuiators.

Various $ypes of insulstors rad been energized by the
operating system voltage and exposed to pstural rollution
conditions &t one of the most severely polluted site in the
North-T est seacoast of Egypt. The hightest peék values of
leakege current pulses were Tecorded during the period of
éxposure av intervals of two hours. ATter an eXposure period
of ore complete year, the naturally polluted insulators h=d
been investigated €xperimentally in the laboratery.

Results obtaired frox these Secss explain the efZect of
the various parsasmeters on both tie higrest peak velus and
toe raximum peak velue of the lecikzage current rulses.
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IRTIRODUCTION

Since the early days of the present century, the need for
electrical energy is widely increasing day by day. This necessi-
tztes bulk electrical power generation on one hand snd high
voltage transmission lines on the other hand.

The locations for electric power generating plants are
governed by seversl considerations such as « The existence of
water falls for the hydraulic generation, the most nearest zreas
to water sources sufficient for cooling of thermal or nuclear
generation, and in any case, the selected sites must be at
locations far from the inhazbitant areas by enough distances Tor
safety and health of the recrle. In other words the electric
DOWer generstion is almost located far Irom the consurption
centres.

The connection tie vetween the generziion znd loadé cenires
is performed by itransmission lines eisher urderground using
insulated cables or overhead transmission lines.

The overhead transmission line is the most extensive mean
for Yrensmitting obulk elecirical enercy due to its simplicity,
rigk efficiency, stabilivy, easier construction,...etc. 4lso,

1t is nore economical han undergrounc cables,

The most important factor in designing hign vcitage over-
nead transmission line is tre proper Gesign of its insulstors
wirich must ensure the reliztle operziiocr of tre line and <n

i o

econonical choice of tre trons—issicn v

the outéoer irsuletors of & rower sveTer egulnmery are

T
€XL08eC Vo nezTurel vollution corditions; when the insulators
a t

becore coated with a mcist conducting film conteinins dissolved
lashover, Zein veter is not uzually conductlve

elf to cause trouble, noT are ary salt deposits
forn zny probvlem. The cdissolived s&lts, corntained in the conta—
mirant layer, ld up slow ovVer many weeks or months,
Vhen 1t is wettea by fom, dew, or &ny cotner gimoscheric meisture

1t vecomes a conduciive ~ayer leading %o flashover of insulators.,

et
n

in degigring an overkead trancricsior 1ine, once o

T

Tcou
¢ thc lirte 1t Cefined, tre cesirmer nust chocse Theo oo suitable
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arise due to pollution of insulators during the normal operating
— condritions of electric power transmission networks,

Some of these studies were devoted to the performance of
insulators under natural pollution conditionsl’2'3’4’5: Other
research workers tried to simulate the natural conditions by
artificiel metnods®r71819:10,11:12,13 5ot o them uced the
physical approach to explain the flashover mechanism of polluted
insulators which are briefely mentioned hereinsfter:

2. lieasurement of flashover voltage for pollused insulators
nay be under one of the following conditions:

~ HNatural pollution conditions.
~ Artificial pollution conditions.,

~ XNatural pollution conditions and artificial wetting in
the 1aboratory,

b. Determination of the pollution severity along the transmiss—
ion line rout or at esch part of 1t by:

~ Collection of pollution material ang measuring its conduc—
tivity or meking chemical analysis to its componants.

~ XMeasuring the conductance of the polluted insulstor or
the test specimen without removing tre pollution layer.

—~ Measuring the leskage current on the surface of the pollu-
ted 1nsulator or the test specimer under the service
veltage and normal pollution conditions.,

The methcd of measuring the leakezze current on the surface
of an energised polluted insulator had beern used from about twenty
Yyears ago by recording the leaXage current pulses exceeding
certain values (say 25, 50, 100 m. 4mps) flowing on the surfece
of the polluted insulator under nominal service voltese using
electric counters (relays similar %o thet used in telephone
systems)4. This method prooved to be successeful in predicting
the flashover of an insulator under service. The limitetions of
this method are its complexity, poor estimation of the phencmena,
difficulty in applying it to normsl worging networks of thousands
of iInsulstor chains,
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Some other Investeﬂatore usea anotner metLod of record:mQ
i certain period

of time which may reach several hours under a certain voltage.
Comparing the T.n.s. value of the base current with the maximum
peek value of the leakage current, it was possible to determine
the performsnce of 1nsulator512 14.

Studying the performsnce of insulators referring to the
lezkage current values as a monitor of the pollution particles
precipitated on the insulator was developed by the High Voltage
Laboratories of West Germeany using a digitel electronic instru~
ment for measuring the pesk value of the leakage current pulses
of a polluted insulator under normal service conditions. Many
laboratory tests were performed %o study the performance of this
instrument in measuring the leakage current pulses of artificiall
rolluted 1nsulators. The research workers of this laboratory
declared that such an instrument can be used as a pollution moni-
tor:138

The present work includes the following three naln.purposes;

~ The first is to study the possibility of using the above

nentioned instrument as z pollution monitor under normal

service conditions which includc all the various perameters

which influence the efficierncy of *he insulctor such as:the
insulator shape and itc dimensions, %he pollution severity,
the atmospheric conditions, the variatiorn of service voltages
.+ €tc. Also, 1% 1s interesting to realise thst this irstru-
mernyv and 1ts accesseries can withstand the continuous zmd
nornzl operating conéitions without in Terrustirng the working
network.

—~ The second is to study the possibility of using this type of
instruments for meking & fieid COmLarison betweer insulaiors
under normal operating condidions ané thus selecting the
most suitable inculetor to be efficiens ly used in a certain
site,

— The third is to compare petween field and lzboratory tests
in order %o reach some conclusions Lo be followed for correc-—
ting the laboratory recults and thus to realise the best
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different sites referrlng to the resulis given by these

instruments.

The test insulztors used in +the present work are of
different materials: porcelain, glass and silicore Tubber
sheds fixed on fibre glass rods. They are energized and natur—
ally polluted for a long pericd of time to siudy the effect of
pollution on the insulator mesterizl under nornmal seivice

conéijiions,

The present thesis consists of fthe foliowing chapters:

— Chapter 1; includes the previous work in the field of ioe

periormance of polluted insulators, the flashover mecha—
nism and leakage current criteria,

— Chapter 2; includes the fest circuits ir both ire laboratory
and field, The cifferent arrangemeﬂts for the Tesiing

rrocedures are 2lsc include

— Chepter 3; includes the analysis of the test results which
had been cbtained from laboratory tests concerninz the
peak vealues of the leaksge current pulses. The effect of
the Cifferent paramciers or the highest and mayirmum peek

=Y

values o the leskege current tulses are éiscussed.

proposed metnod to celec

chepe Icr a certeain pollutec site is rmentionsd. An example
of errlying %his metlcd zad been verfosmed azrnd tre optimyum
insulator shepe &nd dizmersione teo be used in Sre Lorth—

€57 ceacoast hal been performed.

— The last part is & list of conclusions obiasined from Lhis
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CHAPTER- T

—ZLASHOVER WRECHAWTSM AND THAKAGE
CURRENT CRITERIA

L clean insulator can be represented by an equivalent
circult including a capacitance in the order of several tens
of picofarads shunted by a very high ohmig resistsnce in the
order of several tens of megaohms. When the insulstor is put
in normsl service corditions, the pollution particles is preci-
piteted on its surface. The dry pollution layer is net conduc-
ting by i1tself although it contains salig componants. Once it
is wetted by any mean y the salt componants are dissolved and
an electrolyte contaminant layer is establisked, Thus the
contaminant layer becomes conductive and the surface resistance
of the polluted insulator decrezses o values in the order of
several kiic ohms allowing a leaksge current to flow on +the
polluted surface of the insulator. The legkage current has &
thermal effect proportional to the square of its T.MeSe Velue
times the thermal resistivity of the contaminant layer.
4 guantity of heat will be generated causing dryness of certain
zones on the poliutvion layer. These 4ry zones will be of rela-
tively higher resistznce than The weuited ones. The ¢ry zones
will thus suffer from large velitage stresses, This in some cases
ceuses & breskdown tc the air film adjacent to unem. The phenomena
is called tze scintiilation effect ir vhkich small arcs will set
Up czusing more Gryness 10 the neighbouring wet erezs sterting
Sore ctrer arcs, This accunulates more and more urtil meny sepezrate
arcs are formed covering the whole surface betweer the TWo elec—
trofes of the insulesor. Once %hose Seperate ercs are connegted
together, & powerful arc will be estaplished bridging the whole
surface of tre insuletor causing & flashover on trat 1nsulator.

In the following there zre a brief 11llustratiocn to the
builé up of the contaminent lgyer, the flashover rechanism and
the highest leakage current criterion.
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The Contanlnant layer build up:

As mentloned above when an insulator is put into
service 1t will be exposed to pollution precipitation
from the natural atmosphere. The pollution layer differs
from place to place due %o several factors. The pollution
severity depends upon the type of con‘ca:rd_nant, its chemical
components, and the atmeospheric conditions.

l.l.1. Types of Natural Pollution:

Most of the overhead transmission lines and
substations are located in different locations;
in desert areas such a2s the 500 XV Asswan — Cairo
lines or in agricultural zreas, such as in the
220, 66 KV Lines in the Delta area, nearer to
industrizl areas, or nearer 1o the sea shores
such as the 220 XV lines in El~ imria ares. The
surrounding atmosphere of these areas is almost

arrying pollution particles which are transported
to the insulator surface by wind. The main types
of pollution contaminzted on the insulators are:—

1. Desert pollution:

In desert areas, there are often dust
particles coming from the sand found in the
ground or the dust of any other rTaw materials
in tne area. There are zliso frecuent - dust
Carryins windés occasionally developing into
a sand storm,

“he contariuation layer on tne surface
o &n insulator in desert builds up slowly
and graduslly because the sandctorns nay help
ir the self cleaning of tkre insulator surface.
It was found that the light sangd grains of
sizes below 74 pm constitute the main source
of desert contamination;, and the scarcity of
rain in desert on the other nand leads to
increase the contarinztion,
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This type of pollution arises from the
W corm : 1 t partlcles.
These particles are precipitated on the insula-
tor surfaces. The build up of the contaminant
layer by this way depends upon the distance
between the sea shore and the insulsior location,
the speed of the wind, and rainfall interva1515:

5. Agricultural polluticn (dust pollution):—~

4e

5.

For insulators located in agricultural
areas, the contaminant laver is composed of
dust particles having a greal ability for stic-
king on the insulator surface due to the high
htmidity of the surrounding atmosphere. The
chemical contenis of the cust pollurlon depends
on the geological conditions of %he area which
in most cases contains salt compoundslé.

Incustrisl pollutions:-—

¥hen insulators ars used in industrial
areas, 1t was found that the chemical conpounds
of the smokes azné fumes of the surrounding
factories and power staiions sre representing
most of the contents of the contaminant lqyar.
The depositing rate of this lgyer on the surface
of the insulators depends on: the rmeteorological
conditions such as the wind speed arnd direction,
the rainfall freguency and severityle,

Combined Pollutions:-

Practically, more than one type of those
pollution types meniioned above, combine alto-
gether, form the poliution layer. In Egypt the
amportent wellknown severest polluted area is
at Alexancria zone, 1n El- sirrig &rea, on the
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north sea coast, very near to the sandy western

1’11’20

desert and to theeasgrd 1 area of the Kile
valley and in the same time many industrizml

“factories -such as the 4lexandria cement factory,
0il refineries, and other factories, are locatod—
there. For this reazson a part of the experimental
studies of the present work is performed in that

area, as it will be later discussed.

Contamination Colleciion:

Contaminztion particles for any type of pollu~
tion are transported to the surface of the insulators
from the surroundings by the wind: The sticking of
these particles on the insulztor surfaces depends on
several Tactors suck as: the wind speed and its direc-
tion, the size of particles, the insulator shape and
its surface roughness, the frequency of rain inter—
vals, ...etc.

41vkough the AQynamics of contaminetion collec—
tlon on the insulator surface have been widely
sﬁudledl7 18,19 20, there are still many factors
which are not yet esactly understood. This do not
allow the collection rzte to be predicted acoura-—
tely for any given shape of insulator,

In a recent report prepared by IE=ZET Vorking
gEroup on insulsator contamlnatlonle, the following
points were concluded
1. The sigrificance of wind direction on %the

contamination pativern is easily seen in most
locations observing the underside of the insu~
lator. tccumulation of contaminant is usually
greater between skirts or other irregularities
on the i1nsulator surface where air turbulence
exists. This effect is pa articularly noticsable
ir locations wh iere wind is fairly constant in
direction,

2. The electrocicticiicld nos @ sisnifiicant effect
or the collection of wind - borne parsticles in
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