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Abstract 

 

Ceylon Electricity Board (CEB) has the responsibility of Transmission, most of the 

Generation and Distribution of electric power in Sri Lanka. Contamination-driven 

insulator failure is a problem that incessantly plagues distribution systems. It erodes 

power quality and diminishes system reliability. Contamination levels can continue 

to grow unless abated by natural cleaning or if not taken measures to wash insulators 

at the distribution level in a preventative maintenance mode. When contamination is 

combined with moisture, a pollution layer forms and provides a path for leakage 

current to flow. Increases in contamination severity result in heightened levels of 

leakage current activity. 

 

As a result of rapid development and growth of populated areas, several high voltage 

power transmission systems operating at various voltages up to 132 kV have been 

put into service and flashover difficulties with insulators of these systems caused by 

pollution of different types have been experienced. Not only the transmission 

network but also the distribution network of 33kV, running in coastal belt, has 

experienced frequent insulator flashover making a burden to the maintenance 

Engineers. 

 

In order to assess the pollution behavior of insulators in the distribution network, 

33kV pin type insulator was selected as a sample insulator and been subjected to 

natural pollution at three selected localities for considerable period. The naturally 

polluted , insulators have been subjected for conductivity test and by which the 

equivalent salt deposit density (ESDD) which points out the pollution severity is 

calculated. Subsequently, artificially contaminated insulators of different pollution 

severities were tested for power frequency and impulse test in the High Voltage 

Laboratory of University of Moratuwa. 

 

To better understand the progression of insulators from a healthy state to failure, the 

flashover voltage (FOV) of insulator must be studied. This study was focused on the 

following key areas. 



  

 

 Experiment of 33kV Pin Insulator contamination severity based on Zone 

categorization (Zone-I, 2 and 3) 

• Prediction of surface flashover voltage of Insulators over ESDD and tabulate 

the figures for reasonable ESDD values. 

• Streamline the process of Insulators treatment under preventive maintenance. 

• Review the levels of insulator's specific creepage distances placed at different 

pollution severity in Sri Lanka co-relating with IEC regulation. 

 

Experimented results state that insulator contamination level improves over the 

duration in ad hoc basis and could be utilized to build up a trend curve to predict a 

relationship against the insulator exposure duration. It is recommended that 

insulators in Zone 1 have to be treated after 8 months from the date of last treatment 

and those in Zone 2 & 3 to be treated after 18 months under preventive maintenance 

to get away from flashover. 

 

It is also recommended to review the required specific creepage distance of insulator 

installed in non-polluted areas due to the fact that the current practice of insulators 

placement in all over is with specific creepage distance of 25mm/kV which is 

recommended for high polluted zones as per IEC regulation. 
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Chapter 1 

Introduction 

1.1 Background 

In recent years. the demand of electric poY\Cr has been enlarged considerably. To 

satisfy this demand. electrical utilities have had to imprO\ c the efficiency o t' their 

pm\er lines and provide a better quality of service to the consumers. 

The etTiciency of the system is based mainly on the continuity of the sen icc. avoiding 

faults that suppose economical losses for utilities and users. To maintain this 

continuity. one of the main problems that have been found is the cl'fect produced by 

pollution in the insulators of electric lines. This pollution is one or the main causes of 

flashO\er in the insulators. The insulator begins to fail when the pollutants that exist in 

the air s'~ttlc on the surt~1ce of the insulator and combine with the humidity of the fog. 

rain. or de\\. The mixture of pollutants. plus the humidity form a layer that can become 

a conductor and allow passing currents that will facilitate the conditions of short 

circuit. This is due to a decrease or the resistance of the insulator surface. Unless there 

is a natural cleaning or an adequate maintenance. the electrical activity will be a[Tected 

by a possible tlasl1over in the insulator. 

The t1ashowr of polluted high voltage insulators constitutes one of lhe most important 

high \'Oltage energy transmission problems. Due to rapid rise or voltages and grov..th or 
pollution. this problem has drmvn more attention in recent years. 

The level and the type of pollution of a region arc associated with the sources of 

pollution. as well as with vveather f~1ctors of the place. Independently of the existing 

pollution type. the normal phases in which a flashover can appear in the insulator by 

pollution are: 

• The pollution is placed on the suri~1ce of the insulator and a contaminant layer 

appears. The pollution can be caused by a great variety of sources. (sea salt. 

industries. ashes ... ). The \\'inc! is the main bearer of the particles. luning a 

secondary role the gravity and the electric ±ield. 
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• By the action of rain, fog. etc. the layer on the surt~1ce is dampened and 

enlarges the conductiYity. 

• The contaminant layer dries. Thus, there is an increase of conductiYity and 

leakage current. 

• Dry bands arc formed as a consequence of the \\arming-up of the layer on the 

insulator surhtce. 

• Partial arches appear through the dry bands. 

• Partial discharges are produced, these discharges produce audible noise. 

• Finally. the total discharge is produced. 

So that the t1ashm·er can be produced these phases h;:n e not to happen consccuti\ ely 

but that sc\ era! phases can occur at the same time. 

lhe level and the type or pollution or a region arc a:;sociated \\ ith the sources of 

pollution, as well as with weather factors of the place. Pollutants and the souiTes that 

produce them are described in Table 1.1. 

~~--~~-1------~-·-··--·----~-~-·--·--··----------·-·-------~-----··-··---=l 

1 Contaminant Soun·c of pollution 
I I 
i----~------+---~---------~--:-~-------------~--------------·-·-----------------~· 

i Salt I Coastal areas,· Salt Industries,· llighways with deposit or Sl10\\ I 

I \\here salt is used to melt the snow I 

l...----------~-r--::-:;--··-----·-------·----·----------·-·-·------- _______ __] 

: Cement ! Cement Plant Construction sites, Rock quarries i 
f.-----------+---·---~-------~-------·-·-------·--·-~----~---~--------' 
: Earth I Plow fields. Earth mo\ ing on construction projects 

I_ i'Crtilizcrs -~-e;iilizer plnnts, Frequent us;:-;;t' IC~tili;-crs in. c~lltiv;tcd-fi~]~--
1__________ ---~----~------~---~~-------~~------~---------·--1 

; Metallic Mining handling processes, Mineral handling processes 1 

' 
r-coal Coal mining, Coal handling plants/thermal plants. Coal 

I I burning/brick kilns areas · 

~-Volcanic ash V<;~~~'ity areas . = 
I Chemical 1 Wide \ariety of chemicali~;~~~L~t~:~-: oil refineries ... 

I Smog Automobile emissions at highway crossings. Diesel engine i 
I emissions at railway crossings I yards _ _j 
1 Smoke I Wild tire. Industrial burning. Agriculture burrlil1:l~-~-~J 

Table 1.1 Contaminants and their sources 
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Although many factors can define the insulators pollution. three types of pollution can 

be distinguished: the industriaL saline and desert. 

A. Industrial Pollution 

People in their daily vvork generate smoke. dust or particles that are in suspension in 

the air. These particles are mainly by the action of the wind spread O\ er zones where 

electric lines exist. 

The industrial pollution of the insulators appears with the development of industries 

and by the contaminants generated and expelled to the atmosphere. being possible of 

diwrse types: metallurgicaL chemical substances. dust. smoke. cement. .. 

l'hese substances v\ill settle by the action of the wind. \\eight. electric fields .... on the 

insulators creating a contaminant layer. This layer settled on the insulators is formed 

slowly during a period that can last months or years. During this period will alternate 

dry epochs with humid epochs. 

Among the contaminants sources that characterize this type of pollution. we have to 

keep in mind the characteristic sources of industrial pollution as \\ell ;,~s other sources 

that enlarge the prob\cm: 

• The typical contaminant sources arc: the smoke of industries. the one produced 

by vehicles. buildings ... 

<lJ Industries that consume fossil fuels. dieseL coal ... the heavy particles of the 

fuel remain in suspension in the em ironment. 

• Heav·y industries such as fertilizing plants. oil refineries. businesses cement 

works ... these can haYe seYere emissions of contaminant particles. 

• If the electric line is near the coast. we hav·e to keep in mind the action of the 

\\a\ es. breezes or winds coming from the sea, the fog banks and the particles of 

salt that are in suspension in the outskirts of the zone where the insulators are 

located. 

• Agricultural areas. the farming of the lands. occasional fires. the harvest of 

fertilizers. etc .... 
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B. Saline Pollution 

The insulators exposed to coastal or sal inc em ironments. can become to be conductors 

due to the formation of a conductive layer on its surt~1ce. This layer\\ ill be formed on 

account of the salted dew in the mornings in these zones close to the coastal areas. 

'v\ hen dried \\ith the heat produced in the same insulator or with the environment 

temperature. is going to deposit in the insulator the evaporated salt that had been 

e~hsorbcd before. The particles placed in the insulators are not dangerous in dry 

\\eat her but. the problem arises when the em ironmental \\eather i:; humid. \\hen it 

r~tins or \\'hen there is de\\. fog ... etc then the layer can become a conductor. The 

conducti\ ity of this layer will depend on the kind of salt that forms it. The \\eather 

conditions \ary considerably from the coastal areas to the interior areas and they play a 

\ er: impu:·tant role in the contaminants deposition rate and in the operation oC the 

itlsubtor. The problem ofpollution depends mainly on the em ironment. 

I he danger of the pollution will depend on the type of material and on the form of the 

surhlcc. Also the sources of pollution must be imestigatcd and the way or deposition 

of the pollution. The wind is the main bearer of the pollution and the others being the 

gra\ity and the electric fields. The pollution will depend also on the direction of the 

\\ ind for a greater or smaller pollution of the insulators. 

I he sc\crity of the pollution in a location is quantified in terms of Equivalent Salt 

Deposit Density ( ESDD) measure in units of NaCl mg/cnY
2

• in \\hich are taking into 

account. the following five weather factors: Temperature. hmnidity, pressure. rain and 

\ clocity of the wind. This value of ESDD prcwidcs a base to do a classification of the 

se\erity of the pollution of the zone and will serve for knov-.ing the \alue from which 

\\ e hm e to do the maintenance of the insulator. that is to say to de\ clop a politics of 

correct conservation. The saline pollution is located not only in the surrounding area of 

the coast. but also to considerable distances by the action ofthe \\ind. 

C. Desert Pollution 

In Middle East countries. the insulators of the electric lines arc often subject to the 

deposition of contaminant substances of the deserts. This can cause a serious reduction 
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in the et1icacy of the insulator. having as a result the flashowr and the electricity 

supply lack. 

The insulator flashover due to saline or rather industrial pollution has gained special 

importance in Sri Lanka in recent years. so several distribution systems hm c been put 

into operation in polluted areas. This problem in coastal area \\ill maintain its 

importance and c\'en may become more severe because of: 

a. The construction ofmorc open transmission/distribution lines in coastal areas 

due to the gnming demand. 

b. The increase in transmission \'Oitagc. 

c. The quick spread of industrial areas. 

d. Irregular rainfall pattern throughout the year. 

1.2 MotiYation 

Contamination-driwn insulator failure clue to saline pollution in particular is a problem 

that incessantly plagues distribution systems. It erodes power quality and diminishes 

the system reliability. This phenomenon is not yet analyzed by Ceylon Electricity 

Board (CEB) being the main utility of electricity in Sri Lanka. The outcome of this 

study \\ill streamline the preventive maintenance procedure. '' hich would be 

benefitted by the Maintenance Engineers to treat the polluted insulators periodically. i\ 

relationship between FOV and the ESDD is to be built up so as to predict the flash 

0\er Yoltages over ESDD in areas in vvhich insulators get contaminated due to saline 

pollution. As an Engineer, the author was motiYated to select this topic for this study 

clue to abme facts. 

1.3 Objective 

Effect of porcelain insulators due to saline pollution and analysis of flashover' oltagcs 

in saline polluted areas hme not been investigated by the CEB yet. Therefore. the 

objeetiws is to. 

• Predict flash over voltage of 33kV insulators due to saline pollution and 

streamline preYentiYe maintenance procedure to treat the polluted insulators. 
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• Rc\ ic\\ the 1EC regulation Cor insulator·s specific creepage distance based on 

polluted zones and co-relates the same in actual scenarios. 

1 A Scope of work 

Data Collection 

• Surwy on insulator tlash mer the last six months. 

o Sample solutions after insulators washing luning exposed to the em ironment 

for six months period. 

o Rainfall and Thunder Day data in Hambantota oYer last three year period. 

2. Streamline prcvcntin~ maintenance procedure 

• For all 3 Zones selected based on :>pecificd distances hom ashore. streamline 

the JXC\Cntive maintenance procedure for treating the polluted insulators. 

3. Prediction of 1lash over voltages over ESDD. 

LL Analyze the results and co-relate the IEC regulations to make concluding remarks 

on proper utilization of specific creepage distance of insulators. 
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Chapter 2 

Problem Statement 
i\ sun-ey has been carried out in Hambantota and Tissamaharama areas \\here they are 

\ ery much closer to the coastal belt and to check the status of system brcakd0\\11S due 

to 33kV insulator Jlashovcr. Key findings ofthe surwy hme been tabulated over the 

year 2009_ Detail data is mailable in /umcx-land 2. 

r~----~~--------~-----,-----~ --r---~-- ~~---~,-----~-~--~---------~--, 

~---~---~~1~~~------~-1!1Jorilt May I_Junc I ~July I 'August I SCj)tcmbc~l~ 
r tlashowr ! Hambantota I 9 I 4 13 . 1 ' l 1--
1 occurrences ITissa;~,~;;;r~rnan~-1 ---~-r~----~tll·-~-12-------r 8-~~ -~-~ ~· --~---~-~- --~---~_L _____ j_~---~-----L--~-~~L _______ _l ___ ~~~----J 

Table 2.1 Insulator nasho\er records in 2009(April-Scp.) 

It is obvious that this situation is rnore general and \\ell known to Area Engineers and 

Maintenance Engineers having imolvcd \\ith atlcnding frequent brcakdcl\ms due to 

insulator t1ashover in coastal regions over the years. This phenomenon is more 

aggrm ated in areas where less rainfall pattern. high windy and lightning conditions 

prevail. 

There are so many research being done and published \\ith re~;pcct to the topic but 

hm·e been unable to come up with an acceptable solution so as to accommodate all 

territories due to the fact of ai<.1rementioned climatic ditTerences. When it comes to 

Arab. desert pollution. coastal pollution and industrial pollution emerge. 1\ country like 

Sri Lanka is generally having coastal pollution and industrial pollution. This also 

differs geographically as the industries are not spread over the country equally. For 

instance. Galle. Ncgombo etc arc highly indutrialised cities which are located in 

coastal belt whereas I Iambantota. Batticoloa etc are ha\ing \cry less industrial base in 

the coastal belt. 

HaYing considered the above requirement. Hambantota area was considered as the 

sample area t<.n· this study. In this particular sample area. insulator contamination is 

purely due to saline pollution. 33kV distribution network in this area goes parallel to 
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the coastal belt and there are so many occasions where the insulators get llashoYer due 

to lightning. switching or earth l~1LJlt resulting considerable amount of insulators being 

damaged. This is more general in Boondala. Kirinda. Mirijjm,ila and Hambantota 

ttmn area. In order to get a\\ay from this burden. CEI3 has recently converted the 

33kV distribution line to llkV in Waligatta area in I lambantota District by installing a 

primary substation. Though it is somewhat a costly method to maintain a primary 

substation additionally. Maintenance Engineers arc interested in this concept as the 

numbers of insulator flashovers arc minimized as a result or it. E\·en though. this could 

not be follo\\ed as a practice to all 33kV network since it may affect the voltage drop 

being increased in the system and thereby the reliability of the system get disturbed. 

Therefore. it is one ofthe key outlines ot'this study to propose pren:ntiYc maintenance 

procedure for CED to adopt and develop appropriate mechanism for insulator 

treatment periodically. 

ln addition. 33kV Pin insulators used in CEB are e\Cry\vhere same irrcspecti\c of the 

pollution condition of the environment. Presently CEB purchases 33kV pin t)pC 

insulators of 25mm/kV specific creepage distance which is recommended for high 

pollution areas as per the IEC 815 regulations. This study \\ould reYiew the 

requirement of hm ing 25mmlk V specific creepage distance insulators for Sri Lanka· s 

perspccti Ye. 
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Chapter 3 

Theoretical Development 
3.1 High Voltage Insulators 

High 'oltage insulators hme been developed rapid!: since early this century. 

beginning with simple porcelain insulators. A classification of the main types of 

insulators is shcmn schematically in figure 3.1. 

II\' Insulators 

+ 
J ------l -----~----· 

c=;·am:-lnsulaturs 

~~ 

-----------~~ 

ll'o!lmcric Insulators t'\lonclT<llll~ 

r r-
~:=] r-;,:~=-----J 

{1\'l l ___ ~ 

l-~~'l\~ 
l~ a.p & l'in ~- l.lL .. hhings.· Pu·s·l l.'l.lC l [i'i.n-~: ~··Ptlgrod l 

lnsulatt>h & lwllt>ll & \me 11\sulatr>r Jn•;u\ator 
(:l)fl' j)l)Sl 

111'-.U\atnr'-> in-..,ulalor..., _ _ __ __) 
-- --

(-~ompt=~c 
ilhulators: 

I ihcrglass rod 
II ith 

pt>il mcric 
siKd 1 I inc pust 
Ur SLIS)lCilsJOn) 

1--l 
~ fPI0l Silicone 

rubi:J rubber 

Figure 3.1 the classification of power line Insulators 

-~;---l 
\.\ doctl t 

phdtlc cpo:-:1 
rc:--.111 

in-;ulator~ 

1 I inc pust 
suspcn~Jl)Jl ur 

hu--,hings) 

Figure 3.1 classify the HV insulators in various categories. Generally. ceramic 

insulators arc very common in distribution netvvork and of which some t~tmous 

insulators used in Sri Lankan context arc highlighted in figure 3.2. 
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;: 

;;: .. 
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Figure 3.2 Ceramic insulator types 

Ceramic insulators arc further categorized as porcelain and glass insulators and the 

usage of porcelain is too high clue to its popularity due to follo\\ing reasons. 

1. [''/Ion: information has surfaced about the porcelain insulator business and a 

number of dedicated individuals ha\C \Hittcn books. articles. and reprinted 

catalogs that haw signi iicantl: increased collector kmm ledge and interest in 

the porcelain side ofthe hobby. 

') Glass prices have been on the increase in recent years. making porcelain an 

attractive and affordable alternative. Porcelain insulators arc now much more 

available at insulator shows. 

3. Collectors hme realized that the amount of colour available in porcelain is \cry 

significant and has increased as more distribution lines are dismantled. 

4. The increase of information available on the internet as well as the variety of 

porcelain insulators available gives a larger population exposure to porcelain 

insulator collecting. 

5. More historical interest has been generated in the early de\ elopment of power 

generation and distribution which has been primarily dependent on porcelain 

insulators. Current linemen arc much more familiar with porcelain. as very 

little glass remains in use today. 
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Some of the key porcelain insulators are described below. 

3.1.1 Porcelain Pin type Insulator 

i 
Figure 3.3 Pin Type Insulators 

Pin type insulators are being adapted in medium voltage CEB distribution network all 

over the country for years. 

3.1.2 Cap and Pin Insulator 

Figure 3 .4 Caps and Pin Insulator 

These are manufactured from porcelain or glass and are based on the same principles 

as pin-type insulators. A number of units are connected together by steel caps and pins 

to form an insulator string. The strings are used for suspension and tension insulators. 

The caps and pins are fixed to the glass or the glass or porcelain disc with cement. The 

conical shapes of the fittings ensure high mechanical strength under tensile stress. A 

typical cap and pin disc is shown in figure 3.4. Pin type and cap and pin insulators are 

classified as Class B insulators. The porcelain or glass can be punctured by severe 

electrical stress. The manufacturing process of glass insulators includes thermal 

cooling that ensures that the glass sheds shatters in the event of a puncture. A faulty 

disc is therefore visible. 
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3.1.3 Glass Insulators 

Figure 3. 5 Glass Insulators 

Porcelain and toughened glass are the two types of insulators that are being used for 

high tension transmission lines and equipment throughout the world. The world market 

comprises of the power projects being set up mainly in the under developed and 

developing countries using porcelain and toughened glass insulators. In Sri Lanka also 

toughened glass insulators are being used in transmission and distribution lines. Some 

characteristics of porcelain and toughened glass insulators are given in Table 3 .1. 

However, it may be noted that this comparison is not exhaustive, as complete data on 

properties and performance of glass insulators is not available due to its limited use so 

far. Toughened glass insulator technology acquisition and adaptation has not received 

sufficient attention so far in the country. Generally glass tends to deteriorate in outdoor 

applications as it is not crystalline. Also surface damage in glass insulators leads to 

shattering, while porcelain insulators can withstand reasonable degree of surface 

damage. Performance of glass is yet to be proved in tropical countries. 

3.2 Comparison between Porcelain and Glass Insulators 

The standards and regulations indicate that the insulators utilized in the overhead 

electrical lines can be made of porcelain, glass or another material of adequate 

characteristics to their function. The most used insulators in power distribution lines 

until today are manufactured with porcelain or glass. Table 3.1 gives a comparison 

between glass and porcelain insulators. 
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1-1 tern -]c~~aracteristics i' Porcelain l~sulator I - Glass Insulator -~] 
LO\\ (Approximately 160 I High (Approximately 250 I 

I at 25'C and 50Hz I kV/cm __ ) ___________ kV/cm) ___ J 
2 I Tensile Strength i 4 daN/Sq.mm 12 daN/Sq.mm i 

FITect of cyclic Insulators n~~chani~-- Insulators ~u~ngti:i::----l 
f--- :~ I tem pcrat u rc c ha ngcs strength red uccs. _ 

1 

a p preci abl)_ allCcted __ _ .I 
I Electrical 1 l . i 

·+ I i Lo\\ I l!gh 1 

1 i Puncturing strength I . 

:-----l _ . -~ fGrad::::ch ~ould l~c--t Sudde~l sCaiteriOg~auscll 
1 ]IJectromechamcal I . 1 by Impacts excecdmg the 
· 5 I due to electromechamcal 

failure explosiYc stresses in the' [ 
, 

1 

fatigue . , . 
1 skm ot msulators. 1 

1------L-------------· I -~-·--------··-·~---~~--·--------·-----------J 
! [ \Veights of 90 kN I 

6 ~ tl 6.2 kg 4.0 kLJ: I 
1 disc insulator ~ i ~ i 
I --- ------------ ---:----------··-----···-----··-~--------·-----·--·-----------··-----j 

1 Not cas\. Damaged piece I 1

1 

: · I Disc shatters and can be 

I 
! maY remain in service 

7 Fhm detection I · 1

1 si,!htcd ca~;ih from a 

I I 
over long periods .'· ~ 

1 chstancc. 
1 1 increasing losses. -+--- -------~--_____ __::: ----------------
I . No stresses in the bod) of 

8 ' F1re llazard I 
. I the Insulator. 
i I 

________j_ ____________ 1-~-
l Stresses in the No stresses in the body of 

I 9 I I 

1 

____ ~~nsulator body _

1 

the lnsulatoc _____ _ 

I 
. 

I and substation insulators 
Covers the complete range 

I due to mass production 
for transmission and 10 

I 

I 
---·------------·------~ 

Likely to focus sunrays. 1 

Fire may be caused if I 

concentrated on dry Grass. J 
.~-~-------~-----------

There is dynamic I 

equilibrium of stress. I 

Covers onlv transmission --1 • I 

I Product Range -- . " . I technique used an~ . 

I apparatus applrcatwn. consequent limitatroos ~~ 
l producing snrallquantrtres:_j 

'-~-

Table 3.1 Comparison between Glass and Porcelain Insulators 
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lhc above comparison implies that both glass and porcelain insulators arc haYing some 

adnmtageous and disach antageous oYer each other but aYailability of glass insulators 

are limited due to mass production technique needed and consequent limitations in 

producing small quantities. 

3.3 Pollution Senrity 

The performance of outdoor high-Yoltage insulators is adversely affected b: 

em ironmental pollution in coastal and industrial regions. In some instances. solid 

pollution particles settle on the insulator surt~1ce and become a conductiYc electrolyte 

\\hen the insulator surface is wetted by rain or fog. This allov\ s leakage currents to 

flo\\ 0\er the insulator surhtce and lowers the electrical v\ithsland Yoltage of the 

insulator. leading to possible t1ashcm:r. IEC 815[2] describes on lour le\ cls of 

pollution such as Light. Medium. High and Very High. For each level of pollution. the 

corresponding minimum specific creepage distance for ceramic insulators as per IEC 

S 15 is given in Table .1.2. 

r····- ···----~----·-·--r-------~-- ·----~---···-·- ---· i Minimum specific creepage distance 
i Poiiution Level -
I (mm/kV) 
~------- ~L----~----------
1 !-Light I 16 
r~---·· ------ ·-r-------~-----~--~-- ··----------·-
i ll-l\1cdium ~--- 20 -~-~------
1 III-Ikavy · 25 

L IV-:-vc;y hca~l_l 31 J 
Table 3.2 lEC Recommended specific creepage distance oYer polluted se\erity 

Different methods are generally used to evaluate pollution severity. They arc: 

1. Volume conducti\'ity for the pollutant collected by means of directional gauges 

2. Equi\'alent Salt Deposit Density on the insulator surface (ESDD method) 

3. Total number or flashovers ofinsulators strings ofvarious lengths 

4. Surface conductance of sample insulators .... ';,~~,~~~~~ .,, 

5. Leakage current of insulators subjected to serve voltage 
/'/ """'; .... , ,~· 

,.... -!.'" 

·.I·,~ ·\.I •. ' .• !'--·! 

., 
'"},~:: ~ ~ ~;:· . ,, 
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3.-t l\Ieasurcment of Contamination Sevedty 

Contamination se\ erity on the surf~1ce of insulators can be gi,·en in terms of ESDD as 

explained earlier. The measurement of ESDD in case of porcelain and glass has been 

standardized in the International Electro technical Commission (!EC) document 60507. 

FSDD is measured by dissolving the contaminants on the surt~1ce of the insulators. in 

pure \Vater and then measuring the conducti\·ity of the \\atcr. 

The solution conductivity is calculated using the following formula ll]. 

o-211 =o-0 11-b(B-20)1 (3.1) 

Where, O":;o is the volume conductivity at a temperature or 20 °C (S/m) 

a'r1 is the volume conducti\·ity at a temperature of 8 °C (S/m) 

0 . 1 I . (11C'' IS t 1c so ut10n temperature .) 

h is the factor depending on temperature e 

The salinity S (kg/m3
) of the solution is determined. when 0'20 is within the range of 

o.oo~~-0.4 S/m by the use of following formula ll ]. 

) ( 5 7 ) I 03 
... (( == . (5 .211 

(3.2) 

!'he Equivalent salt deposit density ESDD (mg/cm2) is then obtained by the formula 

lll 

\\'here. 

ESDD = S".V_ 
A 

Sa is the salinity (kg/m3
) 

V is the volume ofthe solution (cm3
) 

A is the area of the surface oflnsulator (cm
2

) 

3.5 Flashover Mechanism- General Theory 

.., .., ) ( _)._) 

During wet atmospheric conditions like light rain or fog the contamination layer on the 

surface of the insulator gets \vet and promotes leakage current t1o\v along the surface. 
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!he heat dissipated due to the tlow of leakage current e\aporates the moisture on the 

suri~1ce of the insulator. This eYaporation kads to the formation of areas termed as .. dry 

bands ... Dry bands tend to form near the surface of the insulator parts where the 

diameter is the smallest because of the high current density in those parts. A 

concentration of voltage stress is formed around the dry bands as the surt~1ce resistance 

of the dry bands is much higher than the conductive contaminated surE1ce film. 

Subsequently the dry band will break down causing an initial partial arc on~r the 

su1'l'ace. After the formation of a partial arc it \\ill propagate if the voltage gradient 

ahead of the arc. which is the \ oltage gradient of the pollution layer. is greater than 

that of arc gradient. This is due to the fact that ionization of the path ahead of the arc 

by the increasing current at eyery instant enables the arc to proceed. When the arc 

propagation across the contaminated layer bridges the \\hole insulator a tlashm-er \\iII 

occur. The tlashO\ er triggers a pO\ver arc that results in the interruption of pO\\er 

~;upply and may damage the insulator temporarily or permanently. depending on the 

sc\ erity of flashover. 

Though the study of the process of contamination 11ash0\er has been done for many 

decades at different labs and at outdoor locations across the \\orld. the understanding 

of the physical process is not completed even now. This can be attributed to the intense 

complexity involwd in the flashover process. Also. the numerous parameters im oh eel 

in the process of flashover make it even more difficult to understand the process 

completely. As an example it has been obsened in service that FOV depends upon 

\ arious factors but is not limited to such as. the polarity of voltage. particle size. non

uniform wetting. the size and nature of the pollutant surface conductiYity. wind. 

\\ ashing. length. orientation. diameter and profile of the insulator. 

3.6 HV Testing 

The high voltage tests include power frequency tests and impulse tests by applying 

\ oltages across the insulator unit arranged properly. 

3.6.1 Power Frequency Test 

In porcelain insulators. breakdown or t1ashover occurs in most cases as a result of high 

frequency disturbances in the power line, these being due to either switching 
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operations or external causes. Sudden interruptions in the line would gl\ e nsc to 

resonant effects in the line which would give rise to \Oltage \\aYes in the line of high 

frequency. These might cause flashover of the insulators. It is also found that high 

frequency oscillations cause failure of insulation at a comparatively low' oltage due to 

high dielectric loss and heating. High 'oltage tests at high frequency are made at the 

m<.muf~lcturing works so as to obtain a design of insulator \\hich \\ill satisf~1ctorily 

'' ithstand all conditions of sen·ice. 

Dry and Wet flashover Test 

In dry flashover test. a power frequency voltage is applied across the insulator. the 

'oltage being increased at a uniform rate of about 3k V /s. The ,·oltage is continuously 

increased till a flashover occurs across the surlace of the insulator. 

In wet 11ashovcr test. the same procedure is adopted. except that the insulator is 

subjected to an artificial "'rainy" condition. The test unit is subjected to a spray or 

water of spccined conductivity with the help of nozzles \\hich are so arranged that the 

\\ater drops fall approximately at an inclination of 45° with the vertical. The spray of 

\\ater on the insulator should begin at least a minute before the application of the 

'oltage and should continue all throughout the test. 

3.6.2 Lightning Impulse Test 

VP 

50°o vp 

.. 
•···· ·,;""\ 

I \ 
l / \\ 

/ ·"--~ 
l 

1.2 ~lS 50 ~lS 

Figure 3.6 Impulse Wave 1.2/SO~ts 
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Lightning impulse test is made using a standard 1.::?./50flS \\me shape as shmm in 

I igure 3.4 \\ith a tolerance of+-30% in the front time and +-20% on halfYalue time on 

the \\a\e-tail. Impulse generator is adjusted to dcliwr a positive standard impulse 

\\a\ e. The \ oltage is then increased to the specified value. 'l\\enty such applications 

are made and approximately half of the impulses applied should cause flashover. 

3.6.3 Flash-met· Tests 

Porcelain insulators are designed so that spark over occurs at a lo\\ er \ oltage than 

puncture. thus safeguarding the insulator. in sen·ice against destruction in the case of 

line disturbances. Flash-over tests are very important in this case. 

( i) 50 percent dry impulse tlash-m er test using an impulse generator delivering a 

positive 1150 _s impulse wave. 

The\ oltagc shall be increased to the 50 percent impulse tlash-owr \ oltagc (the Yoltage 

at\\ hich approximately half of the impulses applied cause flash-over of the insulator) 

(ii) Dry nash-mer and dry one-minute test. 

In this the test voltage (given in the B.S.S.) is applied. The voltage is raised to this 

Yalue in approximately 10 seconds and shall be maintained for one minute. The 

\Oltage shall then be increased gradually until flash- over occurs. 

(iii) Wet flash-over and one minute rain test 

In this case. the insulator is sprayed throughout the test \\ith artificial rain dnmn from 

source of supply at a temperature \Vithin 10 degrees of centigrade of the ambient 

temperature in the neighborhood of the insulator. The resistivity of the water is to be 

bct\\een 9.000 and 11.000 ohm em. 

In the case of the testing of insulating materials. it is not the voltage which produces 

spark-over breakdo\\n which is important. but rather the Yoltage for puncture of a 

given thickness (i.e. dielectric strength ) . 

It is found that the dielectric strength of a gi\en material depends. apart from chemical 

and physical properties ofthe material itselL upon many factors including. 
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1 cl) Thickness of the sample tested 

(h) Shape of the sample 

( L') Pre\ ious electrical and thermal treatment of the sample 

1 d) Shape. s1ze. materia\ anc\ arrangen1ent ot' the e\ectroc\es 

1c) Nature ofthe contact v;hich the electrodes make \\ith the sample 

1 !')Waveform and frequency of the applied voltage (if alternating) 

1 g) Rate of application of the testing voltage and the time during which it is maintained 

Jt a constant' alue. 

1 h) Temperature and humidity \\hen the test is carried out 

1 i) Moisture content of the sample. 

94 s -~ ~1 
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Chapter 4 

Methodology 

-L 1 Assumptions 

1. Three zones haYe been assumed as Zone 1 (0-300m). Zone 2 (300m-1000m) 

and Zone 3 ( 1 000m-3000m) based on pollution severity. 

') Porcelain Pin type insulator was selected as a sample. When respective sample 

insulators are placed in the power line. effect of vegetation \Vhich covers the 

sea breeze hitting on the insulator is considered to be same for all cases. 

3. Saline pollution is considered on the insulator and free of industrial pollution. 

4. Sample insulators arc pin type insulators and having similar surface finish. 

5. ConductiYity of the tap \Vater to be negligible. 

-L2 Selection of Test Sites 

llambantota was selected as a sample area and which v\as recording no regular rainfall 

pattern throughout the year like other parts of the country and also haYing high 

!'rcquency of insulator flasho\er. For simplicity. three zones have been assumed as 

/one 1. Zone 2 and Zone 3 as per the follmving distances from the coastal boundary 

and sample insulators were placed in respective zones. 

Zone No. Zone Type Distance from coastal boundary (m) ' 

1 Coastal 0-300 

2 Semi-coastal 300-1000 

'") Inland 1000-3000 
_) 

Table 4.1 Pollution zones \Vith distance from coastal boundary 

-t.3 Procedures and Data Acquisition 

Sample pin type insulators each with same condition and fresh quality were placed in 

33k V distribution network in Hambantota town area within the distance limit and 

arrangement shown in Table 4.1 so as to represent all three zones. 
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Zone-3 Zone-2 . Zone-1 

~ ~ !;!I 
-~ !J !I !I 
!J !J !;!; 

1000-3000m 3 00-1 OOOm 0-3 OOm 

Figure 4.1 Sample insulator arrangements in three zones 

Following procedures were adopted to test the conductivity of the above insulators: 

1. One insulator from each zone was removed safely from the power line after one 

month from the installation. The particular insulator was washed with tap water 

oflL. 

2. Item 1 was repeated after 2nd and 3rd months from the installation of insulators. 

3. Item 1 was repeated for Zone-1 for 4th, 5th and 6th month from the date of 

installation. 

4. 500ml sample solutions were obtained from each solution of 1L for 

conductivity test. 

4.4 Measurement of Conductivity 

Sample solutions collected having washed the contaminated insulators is subjected for 

conductivity test. Specification of the conductivity meter is attached in Annex-3. 

Figure 4.2 Conductivity Test Meter 
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Conductivity of the sample solution was obtained using a digital conductivity meter as 

shown in Figure 4.2. Specification of the conductivity meter is attached in Annex-3. 

Conductivity of each solution for Zone-1 is tabulated as follows: 

Zone No. Exposure duration (months) Conductivity (f.ls/cm) 

1 1 669 

2 699 

3 
, 

1180 

4 2500 

5 2030 

6 2190 

Table 4.2 Conductivity data for Zone-1 

Conductivity of each solution for Zone-2 is tabulated as follows: 

Zone No. Exposure duration (months) Conductivity (f.ls/cm) 

2 1 547 

2 598 

3 900 
I 

-------------

Table 4.3 Conductivity data for Zone-1 

Conductivity of each solution for Zone-3 is tabulated as follows: 

Zone No. Exposure duration (months) Conductivity (f.ls/cm) I 

3 1 526 I 

I 

2 586 
! 

3 830 I 

----- ----

Table 4.4 Conductivity data for Zone-1 
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4.5 Artificial Contamination of Insulators 

An examination of insulators that were in the field for a long time and exposed to 

various contaminants indicates that the contamination is dispersed fairly uniformly. 

Based on this it is important to make sure that a uniform layer of contamination is 

applied on the insulators for the experiments. The contamination slurry to be applied 

on the insulator is obtained by mixing salt in one liter of water and spraying on top on 

the insulator. For this experiment, salt in five different weights were mixed with lL of 

water samples and sprayed on top of the each insulator expecting wider range of 

contamination levels which is represented by the ESDD. 

Sample Insulator Salt (g) 

1 20 

2 50 

3 100 

4 150 

5 250 

Table 4.5 artificial contamination on sample insulator 

There was several hours elapsed from the time the surface was dry to the time at which 

they were tested. Five insulators were washed using tap water of 1L and obtained 

500ml sample solutions out of them for conductivity test after undergone for power 

frequency and impulse test. 

Sample Salt (g) Conductivity 

Insulator (!-ls/cm) 

1 20 619 

2 50 662 

3 100 1096 

4 150 1541 

5 250 1763 

Table 4.6 conductivity of artificially polluted insulators 
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4.6 Power Frequency Test & Impulse Test 

Figure 4.3 Sample Insulators before Testing 

Five sample insulators as shown in Figure 4.3 applied with different salt levels to 

represent the contamination were undergone for power frequency test and thereafter 

the impulse tests as shown in Figure 4.4. This process was repeated for 3 attempts at 

each test and data were recorded each time to calculate the average value. In each 

attempt insulators were damped with water spray and thereby created artificial wet 

condition in the laboratory. 

Figure 4.4 Power Frequency and Impulse Test in Laboratory condition 
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Chapter 5 

Result and Analysis 
5.1 Calculation of ESDD 

By applying data on table No.4, 5 and 6 for equation 3.1, 3.2 and 3.3, ESDD values for 

respective zones have been calculated and results are tabulated below: 

Insulator Exposure ESDD (mg/crn:.:) 

period (months) Zone-1 Zone-2 Zone-3 

1 0.116 0.094 0.090 

2 0.121 0.103 0.101 

3 0.207 0.157 0.144 

4 0.449 N/A N/A 

5 0.362 N/A N/A 

6 0.392 N/A N/A 

Table 5.1 ESDD over Insulator Exposure Period (months) 

Above data are plotted in Figure 5.1 for all three zones. 
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ESDD levels in all zones are varying in having ad-hoc pattern and affected by the 

rainfall, wind etc. of the area. Insulator exposure test was initiated in May and 

continued up to September. Rainfall level in Hambantota area is limited as represented 

by the Figure 5.6. Zone-1 shows higher ESDD level whereas Zone-2 and 3 having 

almost similar pattern of ESDD variation which is less compared to Zone-1. 

5.2 Power Frequency Test Results 

ESDD values with respect to artificially contaminated insulators are calculated based 

on conductivities measured in Table 4.6. All insulators have been undergone the test 

for 3 attempts and thereby calculated the average values for each cases. 

ESDD Flash over voltage (k V) 
Insulator 

(mg/cm2
) 151 Attempt 2nd Attempt 3rd Attempt Average 

1 0.107 95 90 85 90 

2 0.114 100 95 90 95 

3 0.192 65 70 60 65 

4 0.273 65 60 55 60 

5 0.313 50 45 40 45 

Table 5.2 Flashover Voltage under different pollutant levels 

Tabulated data in above Table 5.2 are plotted in Figure 5.2. Trend curve for the 

experimented results is exponential. The curve has been extrapolated for more values 

of ESDD based on the tabulated results. 

The operating voltage VPE (phase to Earth Voltage) in 33kV system is 19kV. Then, the 

insulator to be flashover under operating voltage of 19k V, ESDD value should reach to 

0.6 mg/cm2 value as shown in Figure 5.2. 

Further, a non contaminated insulator was subjected for power frequency test and 

observedjlash over voltage of JOOkV 

----------------------------- Page26 -----------------------------



Flashover voltages Vs ESDD (Power frequency Test) 
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Figure 5.2 Flashover Voltage variations under power frequency test 

5.3 Impulse Test Results 

All insulators have been undergone the test for 3 attempts and thereby calculated the 

average values for each cases. 

ESDD Flash over voltage (kV) 
Insulator 

(mg/cm2
) 151 Attempt 2nd Attempt 3rct Attempt Average 

1 0.107 95 90 85 228 

2 0.114 100 95 90 232 

3 0.192 65 70 60 210 

4 0.273 65 60 55 204 

5 0.313 50 45 40 192 

Table 5.3 Flashover voltages Vs ESDD (Impulse Test) 

Tabulated data in above Table 5.3 are plotted in Figure 5.3. Trend curve for the 

experimented results is exponential. 
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Figure 5.3 Flashover voltages under different ESDD values 

Further, a non contaminated insulator was subjected for impulse test and observed 

flash over voltage of240kV 

5.4 Prediction of Flashover Voltages under Power Frequency and Impulse Test 

Based on figure 5.2 and 5.3, flashover voltages under two tests are predicted by the 

trend curve and tabulated below for some ESDD values. 

ESDD (mg/cm2
) 

Flashover Voltage (k V) 

Power Frequency Test Impulse Test 

0.1 94.36 231.01 

0.2 68.38 212.61 

0.3 49.55 195.67 

0.4 35.91 180.09 

0.5 26.03 165.75 

0.6 18.86 152.54 

Table 5.4 Predicted flashover voltages Vs ESDD 
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5.5 Preventive Maintenance 

In zones where there is pollution, besides a good selection of the insulator, it is 

advisable to have a maintenance plan to treat the insulators. This is more important in 

areas with severe environments of pollution or low rain probability, being necessary 

the elimination of the pollutant layer placed on the insulator. This maintenance can be 

carried out with the system energized, washed in hot, or de-energized. 

Figure 5.1 shows the variation pattern of ESDD against insulator exposure duration 

based on the results obtained through insulator exposure under field condition. Further, 

Figure 5.1 is elaborated zone wise separately to forecast on preventive maintenance 

procedure. 

Figure 5.4 shows ESSD variation pattern over exposure duration for Zone-1. 
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Figure 5.4 ESDD variations under exposure duration for Zone-1 

ESDD values for Zone -1 are plotted against insulator exposure duration of 6 months 

period. The actual trend for data points would probably be not linear if the study is 

carried out over longer period. Having assumed a linear trend line, the curve is drawn 
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and it cuts the 0.6 mg/cn/ ESDD value (relates the operating voltage of 19kV) at gth 

month. This implies that insulators have to be cleaned artificially or naturally after 8 

months from the date of fist cleaning. 

Similar analysis carried out for Zone-1, is applied for Zone-2 and Zone-3 as well. 

Since the exposure duration for both Zone-2 and Zone-3 is only 3 months and to reach 

more accuracy, linear trend curve is correlated with extrapolation as shown in Figure 

5.5 and Figure 5.6 respectively (Exponential curve was not considered as the 

experimented data shows an incremental nature and may not represent practical 

scenario due to environmental changes like rain, wind etc. time to time.). 

Figure 5.5 and Figure 5.6 show the variation pattern ofESDD over exposure period of 

3 moths and data have been extrapolated for certain period. 
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Figure 5.5 ESDD variations under exposure Period for Zone-2 
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Figure 5.6 ESDD variations under exposure Period for Zone-3 

When trend curves for Figure 5.5 and Figure 5.6 are drawn, the curve cut the 0.6 

mg/cm2 ESDD value (relates the operating voltage of 19k V) at 18111 month for both 

zones. This implies that insulators have to be cleaned artificially or naturally at 18 

month from the date of fist cleaning for both Zone-1 and Zone-2. Above results for all 

three zones are summarized below: 

Zone 
Coverage from Recommended insulator 

No. 
Zone Type coastal boundary cleaning period 

(m) (months) 

Zone-1 Coastal 0-300 8 

Zone-2 Semi-coastal 300-1000 18 

Zone-3 Inland 1000-3000 18 

Table 5.5 Zone wise recommended Preventive Maintenance 

There are certain remedial actions which could be practiced to treat the insulators 

under preventive maintenance mode. 

I 
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Washing 

Insulators can be washed when de-energized or when energized. Under de-energized 

manpower is utilized and considerable maintenance cost is incurred for this purpose. 

Automatic washing is done under energized condition. 

Greasing 

A thin layer of silicon grease, when applied to ceramic insulators increases the 

hydrophobicity of the surface. Pollution particles that are deposited on the insulator 

surface are also encapsulated by the grease and protected from moisture. Nevertheless, 

this is costly and requires a periodic maintenance to remove and reapply the layer. 

Coating 

Silicone rubber coatings are available to be used on ceramic insulators. But research is 

still in progress to evaluate their aging processes. 

5.6 Rainfall and Thunder Day Analysis 

Rainfall and thunder day analysis for Hambantota district is carried out below based on 

data obtained from Metrological department of Sri Lanka. 

5.6.1 Rainfall Data Analysis 

Rainfall pattern in Hambantota for the past three years has been analyzed as rain could 

play a major roll as far as insulator natural cleaning is concerned. 

Month Year 2007 Year 2008 Year 2009 

January 230.2 23.2 31.1 

February 15.2 18.5 9.3 

March 20.3 237.4 30.4 

April 198.8 66.4 25.8 

May 2.5 11.4 55.6 

June 59.8 28.5 47.4 

July 27.6 62.2 25.3 

Table 5.6 Rainfall data analysis 
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Tabulated data in Table 5.6 are plotted in Figure 5.7. 
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Figure 5.7 Monthly rainfall variation for year 2007,2008 and 2009 

Furthermore, rainfall data is catogarized into certain modes as shown in Table 5. 7 

based on the amount of rainfall recorded in a particular area. 

Rain Type Rainfall range (mm) 

Light Below 12.5 

Light to moderate 12.5-25 

Moderate 25-50 

Fairly high/Heavy Above 50 

Table 5. 7 Rainfall categorization 

In year 2007, heavy rainfall has been recorded in January and April as 230.2mm and 

198.8mm respectively. Other than that 59.8mm rainfall is recoded in June and all other 

months ' rainfall is below 30mm. In year 2008, heavy rainfall has been recorded in 

March as 237.4mm whereas 66.4mm and 62.2mm rainfall have been recorded in April 

and July respectively. Rainfall is well below 30mm in all other months. In year 2009, 

from January to July rainfall is placed in moderate level which is below 50mm. 
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With all above facts, it is obvious that rain pattern in Hambantota in not regular but 

having less rainfall pattern far as a year is concerned. So the natural cleaning of 

insulator is unpredictable and need more concern on a preventive maintenance 

procedure. 

5.6.2 Thunder Day Analysis 

Thunder days in Hambantota for the last three years have been tabulated based on the 

data obtained from metrological department of Sri Lanka. 

Month Year 2007 Year 2008 Year 2009 

January 2 1 1 

February 2 1 0 

March 1 14 10 

April 15 2 4 

May 0 0 5 

June 3 2 0 

July 2 2 0 

Table 5.8 Thunder day Analysis for year 2007, 2008 and 2009 

Tabulated data in Table 5.8 are plotted below in Figure 5.8. 
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No. of thunder days have been reported to be higher in March or April in each year. 

5. 7 Calculation of Specific Creepage Distance 

Specific Creepage Distance (SCD) =Creepage Distance/VL-L 

Creepage distance for 33kV pin insulator 

VL-L 

-900mm 

-36kV 

Specific creepage distance for 33kV pin insulator (900/36) = 25 mm/kV 

IEC 815 regulation [2] describes relationship between pollution levels and artificial 

pollution test as follows. 

Pollution Level Specific Creepage Distance (mm/kV) SDD (mg/cm2
) 

!-Light 16 0.03-0.06 

II-Medium 20 0.1-0.2 

III-Heavy 25 0.3-0.6 

IV-Very heavy 31 -

Table 5.9 Relationship between pollution levels and artificial pollution test 

The analysis has been done using pin type insulators of 25mm/kV specific creepage 

distance and recommended pollution severity could be 0.3-0.6mg/cm2 as per IEC 815. 

Figure 5.2 states that cut-off limit of pollution severity under operating voltage 

(33/sqrt(3)=19kV) is considered as 0.6mg/cm2 whereas Figure 5.4, 5.5 and 5.6 state 

that insulators have to be treated before reaching this pollution severity. 

It is obvious from above analysis that no requirement emerge to increase the specific 

creepage distance from 25mm/kV to the next upper level provided the insulators 

treatment are done according to proposed procedure under preventive maintenance 

explained in Table 5.5. Table 5.9 describes one important fact that the possibility of 

using lower specific creepage distances such as 16 and 20 for inland sites where lowers 

ESDD levels is assumed. 
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Chapter 6 

Conclusion and Recommendations 

6.1 Conclusion 

CEB has not yet adopted any streamlined process for treating contaminated insulators 

under preventive maintenance. Under this study. an effort has been taken to introduce a 

certain mechanism as to \Vhich period insulators could be treated and the types of 

remedial actions to be taken and the optimal solution. 

Sc\ crest pollution is experienced in the coastal area which is 0-300m range in the 

coastal boundary. Howewr. at semi-coastal and inland sites ESDD is almost an order 

of magnitude lower than that experienced in the coastal belt. Figure 5.1 show that both 

Zone-2 and Zone-3 are almost overlapping each other. Study implies that insulators in 

the Zone-1 has to be treated after 8 months from the date of last washing under 

preventive maintenance and same has to be done in after 18 months for Zone-2 and 

/one-3. 

Site conditions have been represented in laboratory conditions by applying artificial 

pollution on five sample insulators which were subjected for power frequency and 

impulse tests to analyze the flashover voltages. 

The decrease of pollution will depend on the type of insulator. the maintenance. the 

increase of the creepage distance. a better design of the insulators etc. They are 

subjected to conditions that depend on the place in which they are installed. These 

conditions can vary extensively from a place to another. depending on the 

characteristics of the region considered. These characteristics make possible that the 

level of insulation required can vary in the same line. due to the conditions of the 

pollution are different for all the line. The weather factors influence in a very important 

\Yay on the growth of the pollution levels in a region. 
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6.2 Future Recommendations 

l nsulator coating on top of the insulator could be recommended to treat the insulators 

under preventive maintenance. but \\ hich has to be proven with a comprehensi\ e 

study. Greasing is not recommended as it requires regular maintenance for removing 

grease and recoating and is expensive . 

. \n Insulator Pollution Monitoring Relay (lPMR) has been developed to monitor the 

se\erity of pollution on insulators by measuring the surface conductivity. The IPMR 

measurements can then be utilized to indicate whether the surrounding insulator should 

be cleaned [10J. 

Table 5.5 states recommended preventive maintenance period under this study. 

1-lov,ever exposing insulators for at least 2 years is necessary to tune up the results. In 

that regard. 33kV pole line of 2km distance v,·hich runs in the coastal zone exposing to 

the sea breeze is suggested to be selected as a sample area. Each po\c line consists of 3 

insulators for three phases and poles are generally located in 60m span. For 2km 

length. there would be around 96 insulators. At the end of each month. 4 insulators to 

be washed at four different places of the same power line and then subjected for 

conductivity test. Thereby 93rd. 94th. 95th and 96th insulators would be washed at the 

end of 2nd year. In such a manner, an average ESDD value would be calculated in each 

month based on the four conductivity readings. The average ESDD values are plotted 

nver the exposure period of 2 year to obtain a clear picture with respect to saline 

\ ariation pattern in the area. 

In clause 5.7. specific creepage distance of the 33kV pin type insulator is derived as 

25mm/k V. If insulators are treated as per the recommended schedule (Before reaching 

0.6 mg/cm2 ESDD level). need of increasing creepage distance is not emerged to get 

mvay from insulator flash over. CEB is installing 25mm/KV insulators in distribution 

network in inland sites irrespective of pollution severity. Hence. requirement of higher 

specific creepage distance like 25mm/kV for inland sites where pollution severity is 

minimum, has to be reviewed through a comprehensive analysis vvhich could be 

exercised exposing insulators with different specific creepage distances ( 16. 20 and 25 

mm/k V) at real site condition for well over 2 years. If required level of specific 
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:rcepage distance for inland sites could be reduced to 16 or 20. \Vith which 

:\ msiderablc savings can be achieved on insulators. 

11 is indeed essential to study the antipollution performances of glass insulators over 

porcelain insulators with the same profile and for this a comprehensive study is needed 

tl) find the optimum solution having exposed both types of insulators under same field 

condition for a reasonable period. 
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J\nncx-1 

33 KV Pin type Insulator flashover- Hambantota in year 2009 

----------r-· 
I Nos of 1 

Location 1 Insulator \ 
flashover l 

o8 \ - 1 Iambantota I IaboLJ-r --------~ .. o~ .. \1 
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I July I 25 I · lllambantota To\\11 01 \ 
I _____ L___________________ _ _________________ _l ___________ __j 

Month Date 

r------
1 Obsernd 

Time 
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Anncx-1 

U KY Pin type Insulator Flashover-Tissamaharamaya in year 2009 

Nos of 1 

Insulator \ 

~ 

Obsened \ . 
Month Date -1------fl_a_sh_OYC~ 

1 \ 

I r· I LocatiOn 

----~----__L_ _H_n_e __ ~ 
25 \ 3.30 p.m J Kirinda \pril 

\lay 

Juh 

--+---2_8 _250 ~~-- Kirinda 
12 \ 5.15 p.m \ Konwalana 

I 
-~ 

1 
15 
16 

I I 7.30 a.m. 

1 
8.00 a.m. 

\ 4.00 p.m. 
I 7.30 p.m. 

19 1 10.00 a.m. 
20 \ 7.30 a.m. 
21 I 1 0~30 a.m. 

I 1 8 .. 10 p.m. 

Yala 
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Waladora 
Modarapelcssa 
Yala 

I 
I 

01 
01 
03 
01 

1 \Valadora \ 0 I 1 
Yala I 02 I 

Vv'a1adora 

01 
01 

Kasingama I 01 I 
---------[------------~ 
. I ) I 

l 30 I 9.50 p.m. 

---------~~------------+-------
1 i 

\ugusl il 08 I 4.30 p.m. 
\ 21 1 7.30 a.m. 

---------+ _______ _[_ _____ _ 
September 1 o9 

\ 10 
I 1 " 

7.30 a.m. 
9.15 a.m. 
4.30 p.m. 
9.10p.m. 
7.00 a.m. 

I _) 

I ~~ I 
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Annex-3 

~-

SPECIFICATIONS CON510 
--

Conductivity Range 
0 to 20.00, 200.0. 2000f.1Sicm: 0 to 20.00, 200.0 

mS/cm ---------· --

l--

I TDS Range 
0 to 1 0.00, 1 00.0. 1000 ppm: 0 to 1 0.00. 1 00.0. 

I 

I 

100 ppt 

I (max. 200 ppt depending on factor setting) 
-~ 

I 
I 1 . 
1 Reso utwn 

0.05% Full Scale 
~-

I Accuracy +-1% Full Scale 
0.0 to 100.0 °C: 32.0 to 212'

1
F 

----

Temperature Range 

, Temperature Resolution/ Accuracy 0.1 /0.5°C or 0.9°F --

\ Cell Constant 
0.1, 1.0, 10.0 (Selectable) 

Automatic/ Manual (from 0 to 100° C) 
----

Temperature Compensation 
0.0 to 1 O.O%fC 

--~--

Temperature Coefficient 

, Normalization Temperature 15.0 to 30.0 °C (adjustable) 

~Conductivity to TDS Conversion factor 0.40 to 1.00 ---

1 Number of calibration points (Automatic) 4; Maximum 1 per range 
r-

~--

l Number of calibration points (Manual) 1: Maximum 1 per range -----

I Auto-ranging Yes 

I Hold Function Yes 

Memory 50 data sets 

1 Averaging/Stability (READY)/ Auto-hold Selectable 

~ 

--·-

1 Input 
6-pin round connector -------

Display 
Custom Dual LCD 

~----------

~ Povver Requirements 
11 0/220V AC mains, 50/60 Hz ------

! Dimension 
230 x180 x63 mm (meter only): 395x 260x 90 

I mm (boxed) 

I Weight 

---------j 
750 gm (unit); 1250 gm (boxed) 
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Annex-4 

Rainfall Data - Hambantota 
,------------ ------------------ -----~ 

~- Month _ __1!)07 ___ t - 2008 2009 ____ [ 
1

1

:__muw:r _ 230.2 ____ 23.2 3I.l _ ___ I 

1 Fehrztw)' 15.2 18.5 9.3 l 
l}fctrch -- i 20.3 --r--237".-1 _________ 30.-1-----l 

~--1P0/-------r-----yy8_ 8- t-~---------JSh----1 

f~:,':;~ I .. 2~- =-]~-------~,:-; -- :~: ~~I 
, , I , 
; --7-;_-----i- ') ') ----r-- ')- ' l 
: July ~ . . 6 I 6- . - \ - J. -' [ 

r~i ugu\1 _j__ .? 3 0. i--- +-1-----~~~---L___ 31-. I- ---_-l 
Sc;Jtemher ] /5.2 I g 5 9. 3 --j hJclc;r;;:;------~--- ---_?0.3-- ----~-----23--: __ i ___ _I ___ .ioT ___ _jl 

l ~------~-r--------------J--~-- ------= 
ll_.\'memher [ _ 198.~-----i------~(j·~-----+----2~:~-----
1 Decemha L :Z. 5 11.-1 1 55.6 
•----·----- ______________ L_ ______________ __L _______________ j 

Climate DiYision. 
Department Of Meteorology. 
Colombo. 
29.09.2009 
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Annex-5 

No. of Thunder days- Hambantota 
--~-~ 

2~72__ I r~-' .. -~ Month --- 1 - __ 

1 .JamtWT - -r. __ ?_007 ~--~ __ _ -. -- 02 -----i~ ___ 2008 

1
7l·uun · - -- -- _ ! 0 l 
. - ()7 

· . . \larch -I --

f-.--~ -- 0 I -- 1-J . - --~ ---- I 0 02 --~~ 

To _____ ---l ---~--_ 
0 5 

---~-

1 .lull ~- _J _ __ __ _1 

f--~---- _ 02 1 _ _ I (){) - -
. --- I --
i .lugust _ - - --~ - __ ' _ 02 t -------
~~ ~.;;;,~"' ~=-l=- ;~~-- -F __ ~ ~~-=1=~~ 
f \- -- I OJ r - - I I 
I · oremher_ --~ -- ____ 1_ 05 - - -:1 ~-- ----~ ----~-J 

Jer______ ---- ____ I 08 ------t------- ~ i - -t II ,---

I---------- __ _l 03 ---1---------------J-~ ---~--· -- --- - l 0-J --~--- ---------~ - I ---

-~- ----- ---- _j . -~ - ____ j 

Climate Di\ ision. 
Department Of Meteorology. 
Colombo. 
29.09.2009 
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