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Insulator contamination is a major problem that causes flashover that will make the
insulator to deteriorate and age faster than usual. This may jeopardize the security
of high voltage systems and lead to damage and economical losses to the client. A
number of investigations on insulation contamination have been published and
most of them focused on the effects of salt compounds whereas only few of them
use other materials as the contaminant. For that reason, this study has been carried
out with the view of addressing the influence of bentonite as the main source of
artificial pollution contamination on outdoor insulation characteristics in a high
voltage system. Bentonite is one example of a good backfill material that was
widely used as a conductivity enhancing material for grounding systems. Bentonite
was used to provide a low earth resistance in the grounding systems used in
lightning protection, power and signal systems. However this compound is easily
puffed off during unloading and mixing operations. Therefore as the grounding
systems are installed in construction sites, there is a high chance that bentonite dust
will be spread with air and settle on nearby insulator surfaces. Such contamination
may provide low resistive path for leakage streamers along the insulation surfaces
of HV systems that may result surface flashover. Depending on the frequency
(number of events per unit time), current amplitude, adherence to the surface and
other environmental effects such surface flashover may accelerate degradation of
insulation materials.

Experiments have been carried out at high voltage laboratories in Universiti Putra
Malaysia, Universiti Teknologi Malaysia and Tenaga Nasional Berhad Research to
accomplish the objectives. Perspex, polyethylene and rubber insulator have been
selected for impulse and alternating voltage testing under clean and bentonite-
contaminated surface conditions. The withstand voltage (Vspe), voltage at
breakdown, time to breakdown (#,) and the behaviour of arcing path of discharge
channel were investigated and all the data gathered has been subjected to statistical
analysis which includes paired t-test. The outcomes indicate that the presence of
bentonite contaminants has changed the insulator characteristics in certain
circumstances such as the effects on the voltage at breakdown (under negative
polarity), the 50% breakdown voltage (under negative polarity), and the time to
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breakdown (under wet condition for both negative and positive polarity) and also
promote the adherence of arcing path to the insulator surface which could lead to fast
surface degradation. Findings of this research may assist power engineers in
improving the characteristics of outdoor insulation materials in the future.
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CIRI-CIRI PENEBAT DI BAWAH PENGARUH BENTONITE SEBAGAI
BAHAN PENCEMAR

Oleh

HALIMATUSAADIAH BINTI RUSLI

April 2013

Pengerusi : Chandima Gomes, PhD

Fakulti : Kejuruteraan

Pencemaran penebat adalah masalah utama yang menyebabkan percikan kilat yang
akan menyebabkan penebat merosot dan penuaan terjadi dengan lebih cepat daripada
biasa. Ini boleh menjejaskan keselamatan sistem voltan tinggi dan membawa kepada
kerosakan dan kerugian ekonomi kepada pelanggan. Beberapa kajian terhadap
pencemaran penebat telah diterbitkan dan kebanyakan mereka memberi tumpuan
kepada kesan sebatian garam sebagai pencemar sedangkan hanya beberapa daripada
mereka menggunakan bahan-bahan lain sebagai bahan cemar. Atas sebab itu, kajian
ini telah dijalankan dengan tujuan menyelidik pengaruh bentonite sebagai sumber
utama pencemaran buatan keatas ciri-ciri penebat dalam sistem voltan tinggi.
Bentonite adalah salah satu contoh bahan kambus balik yang baik yang telah
digunakan secara meluas sebagai bahan meningkatkan kekonduksian untuk sistem
pembumian. Bentonite digunakan untuk menghasilkan rintangan bumi yang rendah
dalam sistem pembumian yang digunakan dalam perlindungan kilat, kuasa dan
sistem isyarat. Walau bagaimanapun sebatian ini mudah meruap semasa operasi
memunggah dan mencampur. Oleh itu sekiranya sistem pembumian sedang dipasang
di tapak pembinaan, terdapat peluang yang tinggi dimana debu bentonite akan
merebak di udara dan mendarat pada permukaan penebat yang berhampiran.
Pencemaran itu boleh menghasilkan jalan rintangan rendah untuk pita kebocoran di
sepanjang permukaan penebat sistem voltan tinggi yang boleh menyebabkan
percikkan kilat pada permukaan. Bergantung kepada kekerapan (bilangan acara
setiap unit masa), amplitud semasa, pematuhan kepada permukaan dan kesan alam
sekitar yang lain, percikkan kilat permukaan itu boleh mempercepatkan kemusnahan
bahan penebat.

Eksperimen telah dijalankan di makmal-makmal voltan tinggi di Universiti Putra
Malaysia, Universiti Teknologi Malaysia dan Tenaga Nasional Berhad Research
untuk mencapai objektif tersebut. Perspex, polyethylene dan penebat getah telah
dipilih untuk menjalani pengujian impuls dan voltan arus bolak balik di bawah
keadaan permukaan bersih dan permukaan yang tercemar dengan bentonite. Voltan
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tahan percikkan kilat (¥7g¢;), voltan sewaktu percikkan kilat, masa sewaktu percikkan
kilat (¢;) dan tingkah laku melengkung jalan saluran percikkan telah disiasat dan
semua data yang dikumpul telah melalui analisis statistik yang termasuk ujian t-
berpasangan. Hasil menunjukkan bahawa kehadiran bahan cemar bentonit telah
mengubah ciri-ciri penebat dalam keadaan tertentu seperti kesan pada voltan sewaktu
percikkan kilat (di bawah kutub negatif), voltan tahan percikkan kilat, Vs, (di bawah
kutub negatif), dan masa sewaktu percikkan kilat (di bawah keadaan basah untuk
kutub negatif and kutub positif) dan juga menggalakkan jalan saluran percikkan kilat
melalui diatas permukaan penebat yang boleh membawa kepada kemusnahan
permukaan cepat. Hasil kajian ini boleh membantu jurutera kuasa dalam
meningkatkan ciri-ciri bahan penebat luar di masa akan datang.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

In recent years, the demand for electricity has increased tremendously the world
over. This is due to economic growth especially in the industrial sector and thus the
growth of high voltage transmission lines has also increased every year [1, 2]. It is
important for the electrical supply companies to ensure the reliability and efficiency
of their system, especially to protect against any faults that could cause damage and
consequently economic loss for the client. To ensure the quality, reliability and
adequate supply of electricity for consumers, the insulator coordination must be
seriously taken into account. A stable system should have a proper insulation level
system in order to avoid the probability of switching and dynamic overvoltages and
also flashover of the insulator under normal or even polluted conditions [3].

Many studies have been undertaken to review insulation coordination and the
outcome has led to various shade shape types and new materials found in order to
make a better and improved quality insulator [4, 5]. Results from long term studies
in insulation coordination of different shapes and materials of insulators have been
designed to suit different geographical areas [6]. For example, polymeric insulators
which are manufactured to endure contamination of their rubber housing are
commonly used in polluted coastal areas while glass or ceramic are commonly used
in hot areas that suffer high level of ultraviolet (UV) radiation [7].

Flashovers usually occur because of the insulation failure when an arc begins to
propagate and ultimately bridges the insulator. The most common cause of insulation
failure is the presence of discharge either within the voids in the insulation or over
the surface of the insulation. However many parameters can influence the flashover
characteristics. For example the environmental or weather conditions of the system
that can lead to a degree of pollution of the insulators. This pollution is one of the
main causes of flashover of electric lines. The pollution mechanically degrades the
insulators and affects some of the electrical and mechanical characteristics of the
insulating material.



Figure 1.1. Appearance of water presence on bare and RTV-coated porcelain
insulators contaminated with cement [4].

Flashover due to contamination is a major problem for outdoor insulators in most
countries especially in the U.S. Midwest region, pacific coast region, the coastal area
of the southern region and localized areas in other regions [8]. This is because
contamination is one of the most severe causes of promoting corona and arcing
activity. An insulator begins to fail when contamination dust starts to land on the
surface area of the insulator and combines with the other weather conditions such as
fog, rain or dew. When the content of the contamination compound combines with
water vapour at high relative humidity, it will form a conductive layer that allows a
large current to pass through the insulator like a short circuit path. This is due to the
decrease in resistance of the contamination path, thus leading to faster degradation
and ageing [7].

. e —————————————
Figure 1.2. Surface of semi-conducting glazed insulator after one year long
exposure to DC voltage in a marine environment [4]

Since contamination cannot be avoided in some circumstances especially near
coastal, industrial, mining areas or construction sites, it is important to investigate
the characteristics of contamination depositions on transmission line insulators for a
better understanding of their influence.

1.2 Problem Statement

Insulator failure due to surface flashover is well known. This has led to numerous
research studies over the last 50 years aimed at determining the cause that leads to
flashover breakdown. One of the common reasons has been determined as the build-
up of contaminants on the insulator surfaces [9].

Many contaminant types can be identified in both natural and industrial
environments. The contaminants encountered by a material depend on its
environment. For examples, insulators near coastal regions will accumulate heavy
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salt deposition whereas insulator at high altitude will encounter deposition or
accumulation of ice and snow [7, 10, 11, 12]. Industrial areas generate various types
of pollutants such as industrial dust, smoke, fiber suspensions, cement particles,
various powders and aerosols which will land on electrical systems in the vicinity
and in turn may provoke undesirable outcomes [13, 14]. Insulators placed in forests,
near water masses and damp environments may gather various biological growth
such moth, fungae, algae etc. [15, 16].

A number of investigations on insulation contaminants have been undertaken and
published [10, 17, 18] whereby the majority looked into salts as the main artificial
pollutant in order to study the performance characteristics of real insulators.
However, other types of pollution also have been taken into consideration in several
studies. For example soluble types of contaminant such as sugar, lime, etc. and non-
soluble contaminants such as kaolin, cement, etc. [19, 20, 21].

In this research, a non-soluble type of pollutant, bentonite, is selected as the main
source of artificial pollution. Several tests are conducted to determine the influence
of this type of pollution constituent in terms of the insulator flashover characteristics
such as voltage at breakdown, 50% breakdown voltage, and time to breakdown.
Bentonite is chosen due to the abrupt increase in its usage in modern applications
[22], especially in grounding systems. To date, numerous research studies have been
conducted concerning the effectiveness of bentonite as a backfill material [23, 24,
25]. Due to its low resistivity, this material has become widely used as a
conductivity enhancing material for grounding systems. However this compound is
easily puffed off during unloading and mixing operations. Therefore as the
grounding systems are installed in a construction site, there is a high chance that
bentonite dust will contaminate the air and settle on any nearby insulator surface. No
extensive study has been undertaken with regard to the effect of bentonite
contamination on surface flashover insulators under impulse and alternating voltage
conditions. Hence this research has been tasked to fulfil this requirement.

1.3  Research Aim and Objectives

A number of investigations on the behaviour of bentonite have been published but
none of these were conducted from the point of view of being a contaminating
material for outdoor insulation. In order to investigate the characteristics of an
insulator in the presence of bentonite dust, laboratory tests are conducted under high
voltage conditions. This research is aimed at:

1. To investigate the 50% breakdown voltage of flashover, voltage at
breakdown, and time to breakdown of bentonite-contaminated insulators,
under impulse conditions.

2. To investigate the breakdown voltage bentonite-contaminated insulators,
under alternating voltage conditions.

3. To find the arc path of the surface flashover.



1.4  Scope of the Work

In order to achieve the objectives, the scope has been outlined to ensure that the
project is conducted within its intended boundaries. Impulse test are completed in the
Universiti Teknologi Malaysia Institute of High Voltage and High Current (IVAT)
laboratory at Skudai, Johor, Malaysia where a Marx generator of 1.5 MV was used
to generate the lightning impulse voltage. Meanwhile alternating voltage test is done
in the Tenaga Nasional Berhad Research (TNBR) centre. The preliminary study in
this regard has been completed in the Universiti Putra Malaysia High Voltage
laboratory in order to test the hypothesis, to gain basic knowledge and to develop the
design setup to be constructed in these experiments.

‘Eonditions

» Clean and dry surface (reference)
+ Clean and wet surface (reference)
+ Bentonite-contaminated on dry surface
+ Bentonite-contaminated on wet surface

Characteristics
+ VV50%

+ Voltage at
breakdown

« Time to breakdown

Materials

* Perspex (solid rod)
» Polyethylene (solid rod)

* Rubber insulator
(alternating voltage

d

Voltage waveform

* Impulse (positive
and negative
polarity)

« Alternating voltage

with 50Hz freq

‘ Scope of .

work

test)

Figure 1.3. Scope of work

This project will review the performance of three different insulator sample
materials, namely perspex, polyethylene and rubber (commercially used insulator)
which are selected based on the reference from previous research [26]. The
examination of characteristics of insulators includes the voltage at breakdown, 50%
breakdown voltage and time to breakdown.

In order to study the effect of bentonite-contaminant, four conditions are considered
throughout the experiments:

. Dry and clean insulators surface (as reference)
2. Wet and clean insulators surface (as reference)
3. Dry and bentonite-contaminated insulators surface
4. Wet and bentonite-contaminated insulators surface

1.5 The Importance of the Research

In Malaysia, there are numerous sites where different types of pollution are released
in various environments and cause quite a challenge when it comes to the
performance of electrical insulation, especially in transmission and distribution
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systems. TNB Division Perak, Paka Thermal Power Station, YTL Pasir Gudang
Power Station for example encounters coastal pollution as the system lines in part
pass along coastal regions [27, 28, 29, 30]. In addition, today construction sites and
even industrial zones increase their activities year by year that results in them
becoming the main source of air pollution due to aerosols. Thus high voltage
insulators in the vicinity will collect the particles whereby some of these particles
such as salt, sand, cement, dust etc. can be significantly conducting once dissolved in
rain water.

The condition become worse if there is a lightning strike or a high average of rain
fall such as that often occurs in Malaysia. TNB Research has determined that the
major problem faced by the lines is due to lightning strikes [31]. Referring to Figure
1.4 below, data from the Meteorological Department indicate that Malaysia has a
high number of lightning strikes which may go up to even 200 lightning days per
year (well above the world average of 28 days a year).

BSwaser it -
Ju IR BT g,
R rwersn Enilaferimggira 130 A
{ 2oy Kot iy ;
g J35
TEA (o0 (8 T :
Rkl - ur kg
op | 151 131 . 151
180 T z
Hix fariry 1€ 1
W T aw '™ s STRIKE FORCE
Exching . Fl Irsdicabe arierape nuesber
b -E{.ﬁ. s s e e nrﬂlﬁnduuum d.a,sﬁf,tlr

Figure 1.4. Observation of thunderstorm days per year at selected cities
throughout Malaysia [32]

In other words, pollution can affect the characteristics of an insulator and thus
degrade the insulator faster than that without pollution. Therefore electrical supply
companies should be alerted about their surroundings and to act preventing the
interruptions caused by faulty operations of the insulators. Pollution control is
achieved mainly by (i) analyzing the severity of the pollution; (ii) controlling the
situation of the pollution on the insulator; (ii1) comparing the behaviour of different
designs of insulators [7].

In order to avoid losses from pollution influenced flashover of an insulator, an
experimental test by using artificial pollution can be done to study the external
properties of the insulator. In this paper, the impulse and A.V. flashover performance
of different types of materials is investigated and the results analysed for different
flashover voltages and the discharge channels. The results of this research may assist
as a reference for power engineering applications in the future.



1.6.  Thesis Organization

This chapter presents the introduction to the research, the objectives targeted for this
research, the significance of the research which is related to the investigated problem
as well as the scope and finally an overview of the structure of this thesis.

Chapter two discusses the literature review of this project which comprises of
pollution flashover mechanism, insulation characteristics, type of pollution, and
application of bentonite in electrical systems.

Chapter three elaborates the experimental framework. It starts with the development
of the experimental setup, the type of test and analysis that will be done and the
parameter that will be taken into account.

Chapter four discusses the final results of the research. The results obtained from the
analysis in term of voltage at breakdown, 50% breakdown voltage and time to
breakdown will be analysed. This chapter will also review the obtained results in the
context of a comparison of previous researcher.

Finally, chapter five concludes on the findings and objectives of the project related to
flashover characteristics of contaminated insulators. At the end of this chapter
recommendations are put forth for the future research work for modelling purpose.
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