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ABSTRACT 

Insulators are among the most important electrical power transmission systems.   

Polymeric insulators are essential for better performance. Insulating polymers are 

widespread due to the wide range such as lightness, ease of installation and lower cost. 

Despite this advantage, the major cause of polymeric insulator failure is due to the 

polymer material aging and degradation which is caused by electrical stress on the high 

voltage terminal of the insulator. Thus, this project seeks to analyze the electrical field 

along the surface of the polymer insulator in the polluted environment. This can be 

achieved by creating a two-dimensional (2D) axisymmetric model by using Finite 

Element Tool COMSOL Multiphysics software. The results showed that the effect of 

uniform pollution layer with different thickness and conductivity on electrical along 

the insulator surface as the pollution layer thickness and conductivity electric field 

intensity increases. Electric fields along the insulator surface are highly influenced by 

the values of pollution layer conductivity and thickness. This indicates that effect of 

the dry band insulator surface towards electric field in a polluted environment shown 

the electric field is greatly influenced by the location of the dry band. The main goal 

is to evaluate the effect of uniform pollution layers with various thickness and 

conductivity and also analyze the effect of dry band insulator surface towards electric 

field performance in a polluted environment. 
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ABSTRAK 

Penebat adalah antara sistem penghantaran kuasa elektrik yang paling penting. Penebat 

polimer adalah penting untuk prestasi yang lebih baik. Penebat polimer adalah meluas 

kerana pelbagai kelebihan yang ditawarkan, seperti berat ringan, kemudahan 

pemasangan dan kos yang lebih rendah. Di sebalik kelebihan ini, penyebab utama 

kegagalan penebat polymer adalah penuaan dan degradasi bahan polymer tersebut 

yang disebabkan tekanan elektrik pada terminal voltan tinggi penebat. Oleh itu, projek 

ini berfungsi untuk menganalisis medan elektrik di sepanjang permukaan penebat 

polimer dalam persekitaran yang tercemar. Ini boleh dicapai dengan mencipta 

pemodelan asimetri dua dimensi (2D) dengan menggunakan perisian Finite Element 

Tool COMSOL Multiphysics. Hasil kajian menunjukkan kesan lapisan pencemaran 

seragam dengan ketebalan dan kekonduksian yang berbeza pada elektrik di sepanjang 

permukaan penebat apabila ketebalan lapisan pencemaran dan keamatan medan 

elektrik kekangan meningkat. Medan elektrik di sepanjang permukaan penebat sangat 

dipengaruhi oleh nilai-nilai kekonduksian lapisan pencemaran dan ketebalan. Ini 

menunjukkan bahawa kesan permukaan penebat jalur kering terhadap medan elektrik 

di persekitaran yang tercemar menunjukkan medan elektrik sangat dipengaruhi oleh 

lokasi jalur kering. Tujuan utamanya adalah untuk menilai kesan lapisan pencemaran 

yang seragam dengan pelbagai ketebalan dan kekonduksian dan juga menganalisis 

pengaruh permukaan penebat jalur kering terhadap prestasi medan elektrik di 

persekitaran yang tercemar. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the study 

For the efficiency of an electric power system, the reliability of the power networks 

and equipment is important. High-voltage power lines have been commonly used to 

transfer electricity to customers from power stations. Insulators are one of the most 

critical elements of electrical power transmission systems. Distribution insulators are 

widely used in Malaysia in 33 kV, 11 kV and 400/230 V distribution networks [1]. Not 

only regular voltages and overvoltages, such as lightning and switching events, but 

also various environmental stresses such as fog, snow and emissions, must be 

withstood by the insulators [2]. Back from the time of the discovery of electricity, 

electrical insulation was always outstanding. The demand for electricity has been 

steadily increasing in recent times. Therefore, power systems had to improve the 

efficiency of electrical equipment. The objective of every system is to operate without 

interruptions, resulting in economic losses for businesses and consumers. In order to 

maintain its continuity, the performance and characteristics of the insulating system 

and its components must remain at an excellent level in the power system.  

Electrical insulators are used in terms of giving mechanical protection to the 

conductors of power lines and to separate conductors from the systems of the ground 

[3]. Optimum electrical and mechanical strength should be given by a good insulator. 

Polymer insulators are located at different locations, such as high altitude sites, 

substations, near industrial plants, seaside coastal areas, and train roofs. They are also 

exposed to the various weather conditions provided by the atmosphere. The surface of 

the insulators is contaminated uniformly, or more frequently, non-uniformly, when 

working in a polluted area. 
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1.2 Problem statement 

Polymeric insulators are considered to be a cylinder dielectric that can be set up 

between terminals with a potential difference. Now, nonconventional insulators are 

widely used because of their advantages compared to conventional insulators such as 

relatively, low cost, lightweight, easy to handle, high mechanical strength, superior 

insulation performance, excellent dielectric strength, and resistive to vandalism. And 

because of all these excellent characteristics, there are still some concerns about 

composite insulators. They are difficult to standardize because of the various shapes 

and materials [4]. Some of the remaining problems are also the uncertainty about their 

lifetimes and the need for appropriate testing techniques. For this purpose, it is 

essential to find ways of testing isolation conditions using laboratory experiments, 

software simulations or suitable tools. Life expectancy and ageing processes are vital 

concerns of utilities regarding the use of polymer insulators. Unfortunately, there is 

still no method available to accurately predict the life cycle of polymer insulators, even 

though different laboratory techniques have been developed to assess the nature of 

their ageing due to environmental impact. One of the main issues concerning the 

unreliable operation of polymer insulators is the impact of environmental stress on 

their performance [5].The environmental pollution in which they operate has a 

significant impact on their reliability. Pollution is one of the leading causes of 

flashover activity on the insulator surface [6]. For this reason, this paper is an attempt 

to analyze the effect of  dry band insulator surface towards electric field performance 

in a polluted environment. The main objective is to simulate the effect of the uniform 

pollution layer with different thickness and conductivity on electrical along the 

insulator surface. 
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1.3 Objectives 

The objectives to be achieved are: 

 

i. To design and model a polymeric suspension insulator by using a finite element 

method in COMSOL Multiphysics. 

ii. To evaluate the effect of uniform pollution layers with different thickness and 

conductivity on electrical  along the insulator surface.  

iii. To analyze the effect of  dry band insulator surface towards electric field 

performance in a polluted environment. 

1.4 Scopes of study 

The scope of  this project including :    

 

i. Using Finite Element Methods i(FEM) in COMSOL Multiphysics software. 

ii. To carry out a model of i11kV polymeric insulators two-dimentional (2D) 

design. 

iii. Pollution layer relative permittivity set by 80, with pollution type salt water. 

iv. Simulation and analysis work on the pollution layer conductivity in 150µ(s/m), 

400µ(s/m), 700 µ(s/m) and 1000 µ(s/m) of electric field distribution. 

v. Simulation and analysis work on the pollution layer thickness in 0.3mm, 

0.6mm, 0.9mm and 1.2mm of electric field distribution. 
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1.5 Outline of the report 

The report is organized into a few main chapters. Chapter 1 reflects on the background 

of the project, which is the problems faced by the polymeric suspension insulator and 

the priorities driving this project. Project limitation was discussed in the project scope 

section.  

Chapter 2 provides a review of previous related research enclosing polymer 

insulator, electric field distribution. Also, systematically explain the electric field with 

the selected simulation software.  

In chapter 3 it explains the method used in simulation software in order to 

investigate electric field distribution using computer software simulations on the 

surface of the polymer rod style suspension insulator.   For insulator simulation, the 

finite element method is used to evaluate the electric fields distribution along with 

clean dry and polluted conditions, varied of thickness and conductivity. A model of 11 

kV polymer insulators is used to characterize the effect of insulator surface. 

Chapter 4 describes the outcomes of the simulation and graphically related 

interpretation according to the stated objectives. Both the data, discussion and analysis 

of the simulation. Finally, Chapter 5 describes the implications based on the results of 

this analysis. Referring to the findings, such recommendations are outlined for future 

studies.  PTTA
PERP
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Overview 

 

The polymer insulator stack is used to separate the power lines from the metal tower. 

The non-metallic material used for the insulator completely blocks the electrical flow. 

Various modelling parameters for computer simulation should be considered when 

deciding the electric field [7]. 

In this chapter, selected articles, journals and scientific papers on the 

propagation of electrical fields over suspension insulators of the polymer rod form are 

discussed. Since the beginning of this century, high voltage insulators have evolved 

quickly, starting with basic porcelain insulators. This chapter will explain about 

polymer rod type suspension insulator, which consists of an introduction to a polymer 

insulator, advantages, and disadvantages. Application and a previous study of a 

polymer insulator are also explained in this chapter. It is also covered about the electric 

field, which consists of theory on the electric field and previous study of an electric 

field. This chapter also explains about the polluted environment, which consists of a 

polluted process. 

 

2.2 Polymer Insulator 

 

An electric insulator is a critical part of electrical power grids, including substations 

and distribution lines. For electrical experts in the field of electrical power, extensive 

study and practical expertise on this subject are important. Initially, ceramic and glass 

insulators were manufactured. However, in 1963 polymer insulator were made, and in 

recent years they have attracted utilities for the design and production growth of 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



6 
 

polymer insulators. It consists of a central rod of fiberglass wrapped in weather 

hanging skirts such as silicone rubber, polytetrafluoroethylene, EPDM, and metal-end 

fittings. It is also called composite insulators, which means that it consists of a heart 

and a housing with fittings, at least two isolating parts. Polymer insulation systems 

have many benefits over glass and ceramic insulation, such as high contaminated 

efficiency, light weight, safe handling, maintenance free and very cost-effective [8]. 

The popularity of ceramics and glass insulators worldwide is rising and new thanks to 

these features. Figure 2.1 demonstrates the insulation grading. 

 

 

 

 

 

 

 

Figure 2.1: Classification of insulator 

 

J.Vokalek et al. [9] discovered composite insulators with a 110 kV overhead composite 

test of about 1000 hours and a rapid flashover in labs, compared the various composite 

insulators. They concluded from their work that the loss caused by the ageing of salt 

fog depends not only on the type of the insulation material but also on the following 

procedures. Today, one-shed molding is the most used process [10]. The entire 

insulator housing is molded directly around the core in one piece. The housing may 

then be chemically added to the core. There is a major difference in the intent of using 

composite insulators between utilities [11]. Service experience has indicated that 

silicone rubber (SIR) insulators usually perform better in polluted environments than 

EPDM, porcelain, and glass insulators and that the high pollution flashover is key 

factors for the hydrophobic properties of insulating surfaces [12]. 
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An experimental foundation analysis was then performed with the leakage current of 

polluted polymer insulators. Researchers are particularly involved in recovery of 

hydrophobicity and hydrophobic pollution. Polymer insulator thin coating contributes 

to less current [13]. The thickly laminated polymer insulators create higher currents 

and drop the medium-level insulation current. More specifically, materials for 

transmission of hydrophobicity, such as SiR and other materials, are required to ensure 

improved outcomes in contaminated areas [14,15]. In the presence of moisture, the 

hydrophobicity eliminates the opportunity for a water film, minimizing the leakage 

and possibility of dry band arcing. 

2.2.1 Polymeric Insulator Construction 

Polymeric insulators are used to decrease the amount of the broadcast lines with 

exceptional pollution tolerance and mechanical effects. Figure 2.2 defines the 

mounting portion of the regular polymer insulator. 

 

 

 

 

 

 

 

 

  

 

Figure 2.2: Construction details of polymeric insulators 

 

i. Core - The heart of the composite insulator is the central insulation portion. It is 

mechanically loaded. It is expected. This involves mostly glass fibers in a resin 

matrix, which maintain highest tensile power. 

ii. Sheath - The building is built outside the heart and is weatherproof. The sheds 

for the weather may be built. Many types of composite insulators are using a 

sheath between the insulator material weather sheds and the center of the sheath 

is part of the housing 
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iii. Weather sheds - The wetter sheds are insulation sections designed to increase 

the leakage distance of the cabinet or sheet to have a disturbed water direction.  

iv. End Fitting - Mechanical charge is transferred through the heart by the end 

fitting. The most widely used approach is to compact the metal fit on the bar. 

 

2.2.2 Advantages and Disadvantages of Polymeric Insulator 

 

For high voltage transmission lines, polymer insulators offer major benefits over 

porcelain and glass insulators. While polymeric materials are vulnerable to aging than 

traditional ceramic and glass objects, polymeric items provide many benefits as 

regards higher voltage insulation from the outside [16]. The specific advantages of 

polymeric insulator are: 

• Better performance in high contamination areas 

• Lighter in weight, weight reduction of nearly 90%. This reduction in weight 

makes handling, shipping and installation costs easier. 

• More appealingly satisfying to the eye 

• More vandalism prone and due split 

• Better handling of shock wave heaps 

• Strong in tension 

 

The main drawbacks of polymeric insulators are: 

• Dimensions vary. 

• Dry arc distance is lower. 

• Harder to check for inconsistencies or damages. 

• Storage concerns 

• Weaker in compression 
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2.2.3 General Comparison 

 

Table 2.1 shows comparison and general discussion of ceramic insulators and 

polymeric insulators and advantages over ceramic insulators [16]. 

 

Table 2.1: Advantages of polymer insulators over porcelain insulators 

 

Factor Ceramic Polymer Insulators 

 

Weight 

Heavy weight, approximate 

weight of 400 kV is about 

135 kgs. 

90% lighter than porcelain 

insulators, but with a power that 

is equal or greater. The weight is 

less than 14 kg roughly 400 kV. 

Frangibility 
Highly fragile to shock & 

vibration 

Not fragile to shocks 

Packing and 

Transport 
Risky & expensive Easy & economical 

Installation Difficult Easy 

Handling High Low 

Vandalism More susceptible Highly resistant 

Breakages and 

Secondary 

Damage 

Extremely fragile - splits of 

10 to 15 percent in shipping, 

storage and Setup of the 

framework are reported 

Flexible and thus particularly 

resistant to fracture, ceramic 

insulators. 
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2.3 Electric Fields  

 

The electrical field propagation in and about high-level voltage insulators is an 

essential aspect of insulator architecture. The electrical field covers charged particles 

and magnetic fields that change time. The electric field indicates the surrounding effect 

on other electrically charged particles of an electrically charged object [17]. When 

studying electrical discharge operations, field determination and distribution on the 

insulator surface are important. The leaking flow is primarily driven by the tangential 

electric field in the wet contamination film. 

  An electric field is defined as a vector quantity for the load power per unit 

depending on the direction of the field. The field position is referred to as the position 

of the force on a good test load. The electric field is radially around and within the 

positive load of a negative point load. 

The equation for electric field strength is Electric Field Strength = 
𝐹𝑜𝑟𝑐𝑒

𝐶ℎ𝑎𝑟𝑔𝑒
 

In mathematical term:  

E = 
𝐹

𝑞
    Equation (1) 

 

The electrofield power, where the unit is Newton/Coulomb, quantitatively represents 

the force of an electric pitch at one spot. The unit is normal in volt (v /m or vm-1). As 

seen in Figure 2.3, the line of a positive charge electric pitch goes perpendicularly 

towards the outside of the charge and heads in the inner direction for a negative charge. 

 

 

Figure 2.3: Electric field line of positive and negative charges 
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High-voltage electrical fields induce polarity and electrical losses in polymeric 

insulators. Greater fields cause significant processes of insulating agents such as cavity 

discharge and spatial buildup during conduction and polarization. Divergence occurs 

as electro field effects begin to rearrange electron and polymer molecules. Once the 

polymer tends to a dielectric breakdown, the insulator remains conductive. Long-term 

space charges can accumulate both inside and outside insulation that can lead to 

localized breakdowns in regions with intense electric fields and cause insulator erosion 

[18]. 

2.3.1. Conductivity  

In recent times, composite insulation materials are gaining attention as outdoor 

insulating structures particularly silicone rubber. Silicone rubber has excellent 

pollution performance and high hydrophobicity. Conductivity tests water's ability to 

transmit electricity. Water conductivity due to the presence of dissolved inorganic 

solids. Adding cool water reduces conductivity due to poor conductivity of rainwater 

and mineral dilution of water. During low fluxes, high levels of dissolved solids 

increase the conductivity. Natural rainwater conductivity was between 50 and 

150μS/cm [19]. Whereas routine checks are conductivity tests with porcelain and glass 

insulators of 2500 μS/cm . 

 

 

2.3.2 Relative permittivity 

 

Relative permittivity describes the ability of a material can become polarized when 

subjected to an electric field on an insulator. The polarization initiates from a few 

sources such as dipolar, space charge, and movement of ionic charges. Typically, 

permittivity is represented by the symbol ɛ. Permittivity is one of the electrical 

properties which can affect the overall material’s performance. In electromagnetic, 

permittivity is one of the basic electrical properties affecting the propagation of the 

electric field. 
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