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Abstract: This paper presents modelling and analysis of the electric potential and 

electric field of a 33kV outdoor composite insulator. While composite insulators offer 

benefits like hydrophobicity, lightweight, and low maintenance, they are susceptible 

to stress and pollutants, compromising their efficiency and leading to flashovers. The 

model of the insulator is developed using COMSOL Multiphysics FEA software to 

simulate and determine the electric potential and electric field variation across the 

insulator under different pollution conditions. Bird dropping, Silica sand, Salt and 

Dust layers were used as the variable pollution. The simulation shows the electric 

potential decreased by 0.452% and the electric field increased by 3.53% while in 

humid conditions. Meanwhile among all the polluted conditions, Silica Sand gains 

the highest electric potential in humid and non-humid conditions by 1.39% and 1.30% 

of different percentages. The highest electrical field gain in humid and non-humid 

was Silica Sand and Bird dropping by 83.34% and 5.03%. The graph electric potential 

plot shows a decrement along the insulator length. The electric field graph plots 

maximum values at terminal high voltage and grounding while the minimum value 

plots at the shed’s insulator. The increment of the polluted layer thickness increased 

the electric field line by 1.97% and decreased the electric potential by 0.83037%. 

Thus, the type of polluted conditions significantly affects the electric field and electric 

potential performance. 
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1. Introduction 

Composite insulators are well-known as good electrical insulation and suitable products for high-

voltage usage in substations, distribution, and transmission lines. It has many advantages such as good 

hydrophobic nature, lightweight, low installation cost, easy handling and low maintenance [1]. It 

consists of three main parts which are the core, housing, and end connection. The housing is usually 

made from silicone rubber coating with a high hydrophobicity property. It prevents water from 
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spreading across their surface to lower the leakage current [2].  The core and end connections are made 

from FRP and metal. However, insulators may be exposed to many types of stress and pollutants like 

bird dropping, acid rain and lightning strikes [3] This pollution condition makes the insulator brittle or 

break and lose its efficiency [1]. This condition can lead to surface heating, dry band formation and 

flashover. [4]. 

This project aims to analyse clean insulators in humid and non-humid conditions. Besides, to 

compare variations in the electric field under polluted and clean environmental conditions. Other than 

that, to study the effect of pollution layer thickness on the performance of composite insulators. This 

project will analyse the electric potential and electric field for insulators under various polluted 

conditions with humid and non-humid. 

2. Methodology 

The materials and methods section, otherwise known as methodology, describes all the necessary 

information that is required to obtain the results of the study. 

2.1 Flowchart of the work progress 

Figure 1 shows the flowchart of the work progress for the modelling and analysis of composite 

insulators under different pollution conditions. This figure has accomplished three objectives which are 

stated as (i) for objective 1, (ii) for objective 2 and (iii) for objective 3.  

 

Figure 1: The flowchart of the work progress 

 

2.2 Modelling and Simulation of Outdoor Composite Insulator 

Table 1 presents the technical specifications of the insulator utilized in the simulation. The 

specifications were obtained from the model described in [5] and were used for the analysis. 
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Table 1: Technical specifications of insulator used in simulation [5],[6] 

Type Suspension insulator 

Rated voltage (kV) 33 

Rated mechanical load (kN) 70 

Shed arrangement type Uniform shed 

Creepage distance (mm) 430 

Arcing distance (mm) 180 

Sectional length (mm) 360 

Core thickness (mm) 18 

No. of sheds 4 

Shed Diameter (mm) 85 

Shed Spacing (mm) 35 

Metal End Fitting type Socket fittings 

Figure 2 shows the dimension geometry of the outdoor composite insulator launched by the 2D 

axisymmetric in the COMSOL Software. The modelled were specified at the millimetre scale for 

accurate representation and computational efficiency. The component of the insulator must be modelled 

first before running the simulation. The sheds, end metal fitting and core insulator were designed 

specifically based on [5] and [6]. The boundary conditions, material properties and mesh can be 

implemented if this geometric modelling is complete. 

 

Figure 2: Dimension of 33 kV outdoor composite insulator 
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Figure 2 shows the relative permittivity and conductivity of material for the outdoor composite 

insulator. The material was set inside the modelled region after there was no overlap in the geometry 

design. 

 
Table 2: Relative permittivity and conductivity for composite insulator 

Material Relative 

permittivity, 𝜺𝒓 

Conductivity, 

𝝈 (𝑺/𝒎) 

Forged steel (end fittings) 1 5.9 × 107 

FRP (core)  7.2 1.0 ×  10−12 

Silicone rubber (sheds) 4.3 1.0 ×  10−12 

Air background 1 1.0 ×  10−13 

Water Droplets 80 1.0 ×  10−13 

 

2.3 Analysis of clean insulator under humid and non-humid conditions 

To achieve objective 1, Figure 3 was modelled to adequately fill the top of insulator sheds. Four 

hemispherical water droplets with a contact angle of 90◦ represent a humid condition [7]. 

 

Figure 3: The water droplets on the insulator shed. 

2.4 Compare the variation in electric field lines between clean and contaminated insulators. 

To achieve objective 2, Figure 4 were modelled to compare the variation of the electric field 

under various condition. 

 

Figure 4: (a) Polluted Layer in Non-Humid, (b) Polluted Layer in Humid 
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Table 3 specifies the relative permittivity and conductivity of material-polluted layers. These 

materials were chosen due to their direct influence on the electric field performance. 

Table 3: Relative permittivity and conductivity for the type of polluted layers 

Material Relative 

permittivity, 𝜺𝒓 

Conductivity, 

𝝈 (𝑺/𝒎) 

Reference 

Bird dropping 20 1 [8] 

Silica sand 3.5 5.0 ×  10−10 [9] [10] 

Salt (NaCLO3) 5.7 5.0 × 10−7 [11] 

Dust Layer 10 30.0 ×  10−9 [12] 

 

2.5 Study the influence of varied levels of pollution layer thickness on electric field lines 

To achieve objective 3, Figure 5 was modelled to facilitate the analysis of the electric field. The 

model incorporated a 200% increment of thickness level and was tested using bird dropping as the 

contaminant material. 

 

Figure 5: (a) Polluted Layer of 5mm (b) Polluted Layer of 15 m 

3. Results and Discussion 

3.1 Electric field distribution around clean insulators under humid and non-humid conditions 

Figure 6 display a non-uniform electric field distribution line of 2D cutline across insulator for 

clean insulator in humid and non-humid condition. The humid insulator has a higher amplitude of 

electric field compared to the non-humid insulator. The x-axis in the range from 100mm to 300 mm 

represents the insulator shed area while the other is the end fitting. The circle labelled indicate the 

maximum and minimum point of the electric field for each condition. The non-humid insulator gained 

at 144300 V/m of the maximum electric field while the humid insulator gained at 149400 V/m. There 

is a 3.53% increment of the electric field in the presence of water droplets. This is because water's 

conductive properties attract electric field lines, creating areas of high field strength and increasing the 

risk of breakdown. Water droplets also have capacitance, storing electrical energy and affecting field 

strength and interactions with nearby objects. 
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Figure 6: Electric field distribution in cross section 2D through a clean insulator (c) Non-Humid (d) 

Humid 

3.2 Evaluation of electric field distribution for clean and contaminated insulator 

Figure 7 depicts the graph of the electric field distribution line through various contaminated layers 

on an insulator in non-humid conditions. From the graph, the bird dropping gained the highest 

maximum electric field value with 14715 V/m. Then it was followed by a dust layer with 143600 V/m, 

Salt with 141300 V/m and Silica Sand with 140100 V/m. The values show that bird dropping has 5.03% 

different percentages compared with the Silica Sand. Thus, the bird dropping may have a higher 

dielectric constant compared to silica sand which allows it to store energy in the electric field, resulting 

in achieving the highest maximum electric field values. 

 

 

 

Figure 7: Electric field distribution in cross section 2D through a contaminated insulator (a) Bird 

Dropping (b) Silica Sand (c) Salt (NaCLO3) (d) Dust Layer in non-humid condition 

Figure 7 depicts the graph of the electric field distribution line through various contaminated layers 

on the insulator in humid conditions. From the graph, the silica sand gained the highest maximum 

electric field value with 253800 V/m. Then it was followed by salt with 229200 V/m, dust layer with 

195100 V/m and bird dropping with 152400 V/m. The values show that silica sand has an 83.34% 



Kasmazuli et al., Evolution in Electrical and Electronic Engineering Vol. 4 No. 2 (2023) p. 258-266 

264 
 

different percentage compared with the bird dropping. Water is a conductive material, and when it 

comes into contact with the silica sand it increases the conductivity and allows for a higher flow of 

electric current, resulting in a higher electric field strength. Meanwhile the conductivity of bird 

droppings remains relatively low compared to the other even the presence of water droplets. Thus, the 

bird droppings exhibit a minimal change in the electric field under humid conditions. 

 

Figure 7: Electric field distribution in cross section 2D through a contaminated insulator (a) Bird 

Dropping (b) Silica Sand (c) Salt (NaCLO3) (d) Dust Layer in humid condition 

Figure 8 depicts the graph of the electric field distribution line through bird-dropping contaminated 

layers on insulators in humid and non-humid conditions. From the graph, the bird-dropping in humid 

gained the highest maximum electric field value with 152400 V/m. Then it was followed by bird-

dropping in non-humid with 147150 V/m and clean insulator in non-humid with 144300 V/m. The 

values show that both bird-dropping in humid and non-humid conditions have an increment percentage 

of difference maximum electric field by 5.62% and 1.97% compared with clean insulator in non-humid. 

The data shows the contaminated and water droplets can result in electrolytic effect. This electrolytic 

activity increases the conductivity of the bird droppings, also leading to a higher electric field. 

 

Figure 8: Electric field distribution in cross section 2D through a contaminated insulator (a) Bird 

Dropping Non-Humid (b) Bird Dropping Humid (c) Clean Non-Humid 

3.3 Study of different levels of pollution layer thickness 

Figure 9 illustrates the graph of the electric field distribution along the insulator for different 

thicknesses of bird-dropping contamination layers of 0mm, 5mm, and 15mm. From the graph, the bird-
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dropping in humid gained the highest maximum electric field value with 152400 V/m. Then it was 

followed by bird-dropping in non-humid with 147150 V/m and clean insulator in non-humid with 

144300 V/m. The values show that both bird-dropping with layers thickness of 5mm and 15mm have 

an increment percentage of difference maximum electric field by 1.97% and 5.12% compared with 

clean insulator with 0mm. The result indicates that as the thickness of the polluted layer increases, it 

creates a larger area with decreased dielectric strength. Thus, higher electric field intensifies concentrate 

in regions of lower dielectric strength, resulting in high electric field value. 

 

Figure 9: Electric field distribution in cross section 2D through a bird dropping insulator (a) 5 mm (b) 15 

mm (c) 0 mm. 

4. Conclusion 

From the result obtained, the humid condition affects the performance of electric field distribution 

by a 3.53% increment compared with the non-humid condition. Secondly, the bird-dropping 

contaminant has the highest maximum electric field in non-humid conditions with 147150 V/m while 

the silica sand has the highest value in humid conditions with 253800 V/m compared to the others. This 

proves that different materials will have different changes in electric fields in certain conditions. 

Furthermore, the contaminated layer in humid and non-humid conditions shows a difference in 

maximum electric field by 5.62% and 1.97% compared with clean insulators in non-humid. This 

indicates the water droplets and contaminated layer affect the performance of the electric field. Finally, 

the level of thickness of 5 mm and 15 mm increased the electric field by 1.97% and 5.12% compared 

with clean insulators with 0 mm. The result proves that the electrical field increased as the contaminated 

layer increased. 
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