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Abstract— The water droplets present in the insulator 

surfaces cause variation in the e-field along the insulator 

surface. Variation in the e-field can lead to flashover and 

accelerate the ageing of the insulator and ultimately will end 

up in the breakdown of the insulator. The contact angle of 

water droplets is also a factor that determines the e-field 

variation. In this study, the effect of the contact angle of water 

droplets is analyzed using a simulation approach for different 

cases considering both pure and contaminated outdoor 

polymer insulators. The results show that the optimum range 

of contact angles of water droplets can be concluded as 70 to 

120 degrees for a pure insulator, while the optimum range for 

a polluted insulator can be given as 70 to 100 degrees. 
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I. INTRODUCTION  

Composite insulators are being broadly used in outdoor 
power transmission and distribution applications owing to 
their improved efficiency, easy handling, low maintenance 
and installation cost, lightweight, and, most importantly, 
superior performances in contaminated environments due to 
high hydrophobicity compared to the glass and porcelain 
insulators[1]. The breakdown of insulators as a consequence 
of the flashover phenomena is among the most significant 
risks to the electrical system's reliability. Flashover can be 
triggered by the presence of water droplets and a particular 
number of impurities on the insulator's surface[2]. 
Depending on the environment in which they are installed, 
outdoor high voltage insulators may indeed be exposed to 
pollution layers causing the e-field around them to be 
intensified [9,10]. Losing hydrophobicity is one of the 
fundamental determinants of polymeric aging [12]. When 
hydrophobicity is lost, water films can be formed instead of 
discrete water droplets. This tends to result in an entirely wet 
insulating surface, raising the risk of flashover [3]. Due to 
the hydrophobicity of polymeric insulators, beads like water 
droplets form on the surface of the insulator when it is 
exposed to rain. So that, unlike in the hydrophilic porcelain 
or glass insulator the flashover mechanism is different in a 
polymer insulator. Hence analyzing the effect of the 
individual water droplet is important [3].  
 
The degree of wettability of the fluid, which can be 
identified by the contact angle, is what primarily determines 
how the fluid seems to be wetting the insulator surface. The 
contact angle is defined as the angle between the tangent to 
the drop contour and the solid surface. Despite the presence 
of three different contact angle types, our study solely pays 
attention to the static contact angle which can be stayed still 

on the surface when the boundary is not moving. E-field 
intensifies with the shape of the water droplet present on the 
insulator surface. The shape of the water droplet can be 
determined by the contact angle of the water droplet. Hence 
a relationship developed between the maximum e-field 
along the insulator surface for various contact angles could 
possibly give an understanding of the e-field intensification 
along the insulator surface when there are multiple different 
sizes of water droplets present on the surface of the 
insulator. The contribution of this study is to establish a 
simulation-based relationship between the e-field and the 
water droplet contact angle in order to determine the optimal 
contact angle for minimizing e-field stress on a polymer 
insulator.  
 
In [5], the effect of water droplets on the e-field has been 
discussed using a simple electrode 2D model. The effects of 
contact angle, spacing between droplets, and size of the 
droplets were discussed considering only a single water 
condition with no pollution effects [5,6,11].  In [7], the 
effect of seawater contaminants on the insulator surface is 
discussed using a 3D model. A single water droplet of 
contact angles 45 degrees and 135 degrees were considered 
with a single water condition. The deformation of water 
droplets with respect to contact angle, water drop diameter, 
and conductivity was discussed in [7]. In [3], the maximum 
e-field tends to increase with the increase in contact angle, 
but the results are based on either a simplified model or a 
single environmental or a single insulator condition. Hence, 
there is a need for a detailed analysis of the contact angles of 
water droplets considering different water drop conditions 
and insulator pollution levels.  
 
In this study, e-field distribution along the polymer insulator 
surfaces due to distinct water droplet conditions such as 
freshwater, saltwater with varying contact angles, and the 
presence of a pollutant layer of cement is mainly focused on. 
Two types of polymer materials, such as silicone rubber and 
epoxy resin, were employed in this study to obtain the results 
for the purpose of comparing the performance of both 
insulator polymer materials in the presence of water droplets. 
Due to their unique hydrophobicity characteristics, silicone 
rubber insulators are better suited to cope with flashover 
difficulties than non-ceramic insulators [8]. At the same 
time, epoxy resins are widely accessible in industrial 
applications due to their simple packing and superior 
processability. Pure epoxy resin is electrically insulating, 
chemically stable, and has high adhesion to various materials 
[4]. Particularly, shed and sheath areas on the insulator 
surface will be investigated by adding different contact 
angles of water droplets ranging from 10 degrees to 170 



degrees with the same droplet volume and industrial 
contaminants such as cement layer to analyze e-field 
variations. 
 
The conclusion is to be taken based on simulation results 
obtained using the Finite Element Method (FEM) in "Ansys 
Maxwell" under defined specifications. The differential 
techniques that comprise the finite element approach are 
being used in this software computation method. The key 
justification for using the FEM is its capability to tackle 
problems easily on complicated geometry. This study 
conducts to grant a unique conclusion in the field matter as 
the analysis is being focused on e-field distribution along the 
same insulator surface under different environmental 
conditions for a wide spectrum of contact angles. In addition 
to that, the comparison has been done for two different 
polymeric surfaces for further suggestions on selecting 
insulators for outdoor exposure. 
 

II. MODEL SPECIFICATIONS AND SIMULATION 

PROPERTIES 

A commercially available insulator model was selected for 
the simulation purpose. The parameters of the insulator are 
listed in Table II.1. 3D modeling of the insulator and 
simulations were carried out using the Finite Element 
Method (FEM) based on Ansys Maxwell software. Silicone 
rubber and epoxy insulators were investigated in several 
cases. The core of the insulator is made of Fiber Reinforced 
Plastic (FRP), whereas the end fittings are stainless- steel. 
Silicone rubber or epoxy is used as the material for the 
casing and weather sheds. The materials used and their 
electrical parameters are given in Table II.2. Figure 1 shows 
the convention used to define contact angle in this study.  

The boundaries of the simulation are even symmetrical 
where flux lines are tangential. The simulation region is a 
cuboidal air which has a length and width of 177.6 mm and a 
height of 552 mm.  

 

 

Figure 1 - Contact angle of a water droplet 

Table II.1 - Model specification 

Model Parameters Value 

Usage line voltage 33 kV 

Creepage distance 1210.91 mm 

Dry arc distance 383.76 mm 

Number of sheds 13 

Radius of core  27.5 mm 

Radius of a big shed 74 mm 

Radius of a small shed 59 mm 

Table II.11 - Electrical properties of materials 

Material Relative 

permittivity 

Bulk 

conductivity 

Silicone rubber 4.3 1e-12 S/m 

Epoxy 3.6 0 S/m 

Stainless steel 1 1 100 000 S/m 

Fiber-reinforced 
plastic 

7.1 1e-12 S/m 

Air 1.0006 0 S/m 

 

 

Figure 2 - 3D model of the polymer insulator 

III. METHODOLOGY 

Water droplets of static contact angle ranging from 10 
degrees to 170 degrees in steps of 10 degrees were placed on 
the first sheath and shed region on the insulator model. For 
consistency in results, the volume of the water droplet was 
maintained almost constant. To reduce the model 
complexity, only a single water droplet was placed on the 
first sheath and first shed regions of the insulator. Figure 3 
shows the regions of interest. E-field variation along the 
insulator surface on the first sheath and shed region was 
observed in all the cases. The maximum e-field present in the 
first section without any water droplets for different cases is 
taken as the reference for comparison. 

 

Figure 3 - Water droplets on the 1st sheath and 1st shed region 



IV. SIMULATION CASES 

The simulation was carried out under different cases 
considering the different salinity levels of water droplets and 
pollution layer on the insulator. The purpose of analyzing 
different conditions is to observe the effect of contact angles 
on various environmental conditions. The pollutants present 
on the insulator are mainly of two types: natural pollutants 
and industrial pollutants [13]. The natural pollutants include 
the substances which mainly come from land, ocean, and 
marshes such as seawater pollution from the ocean, dust 
pollution from farmlands, etc. Industrial pollutants are the 
substances that are subproducts of industrial activities. The 
insulators present in the industrial zones, near factories, and 
near thermal power plants are more vulnerable to industrial 
pollution while the insulators present in the coastal areas are 
highly subjected to marine pollution. According to [13], 
among other industrial pollution, cement and chemical 
pollution have more impact on insulators.  
 

• Case 1 – Freshwater droplets on a pure silicone 
rubber insulator. 

• Case 2 – Freshwater droplets on a pure epoxy 
insulator. 

• Case 3 – Seawater droplets on a pure silicone 
rubber insulator 

• Case 4 – Seawater droplets on a pure epoxy 
insulator 

• Case 5 – Freshwater droplets on a polluted silicone 
rubber insulator.  
 

Cement is selected as the pollution material in this study 
since it is a common industrial pollutant present in most 
outdoor insulators. In this study, the major pollutant present 
on the insulator surface is considered cement hence the 
influence of other minor pollutants present in the pollution 
layer is neglected. The electrical properties of freshwater, 
seawater, and cement are given in Table IV.1. 

Table IV.1 - Electrical properties of contaminants 

Material Relative 
permittivity 

Bulk 
conductivity 

Freshwater 81 0.01 S/m 

Seawater 81 4 S/m 

Cement 15 0.0001 S/m 

V. RESULTS AND ANALYSIS 

A. E-field variation on a pure silicone rubber insulator 

without any water droplets. 

The line of observation of e-field along pure silicone rubber 
insulator surface and the variation of e-field along that line 
are shown in Figures 4 & 5, respectively.  Figure 6 shows 
the e-field variation observed in the 1st sheath and shed 
regions. The e-field variation along the sheath section is 
depicted in green color while the variation along the shed 
section is depicted in blue color in Figure 6. The e-field 
along the sheath region increases along the sheath length 
reaching a maximum of 122.93 V/mm at the junction where 
sheath and shed meet and then reduces along the shed 
section. 

 
Figure 4 - E-field observation line along the insulator surface for a 

pure SiR  insulator 

 
Figure 5 - Variation of e-field along the observation line for a pure 

SiR insulator 

 
Figure 6 - Variation of e-field on the 1st sheath and 1st shed 

region for a pure SiR insulator 

B. Case 1 – Freshwater droplets on a pure silicone rubber 

insulator 

In this case, water droplets of freshwater were placed on a 
pure silicone rubber insulator and the maximum e-field 
along the insulator surface was obtained for each contact 
angle. In Figure 7, the magnitude of e-field variation along 
the first section of the insulator surface is shown. It can be 
noticed that maximum e-field occurs at the edges of the 
water droplets.  

 

 
Figure 7 - Graphical image of e-field variation for a contact angle 

of 80 degrees 



 
Figure 8 - Variation of maximum e-field with contact angles for a 

pure SiR insulator 

Figure 8 depicts the maximum e-field variation along the 
insulator surface for different water contact angles. The 
highest maximum e-field occurs at a 130-degree contact 
angle. Maximum e-field is seen on the sheath region for all 
contact angles. There is an increasing trend in the maximum 
e-field variation between 40 to 60 degrees and between 110 
to 130 degrees.  
 

C. Case 2 – Freshwater droplets on a pure epoxy insulator 

In this case, water droplets of freshwater were placed on a 
pure epoxy insulator and the maximum e-field seen along the 
insulator surface was obtained for each contact angle.      
Figure 9 shows the maximum e-field obtained for each 
contact angle. The variation of maximum e-field with respect 
to the contact angle is similar to that of case 1. The 
maximum e-field increases for the contact angles ranging 
from 50 to 70 degrees and 120 to 130 degrees. The highest 
maximum e-field is obtained at 130 degrees which is the 
same as in the silicone rubber insulator. The maximum        
e-field obtained for epoxy insulator without any water 
droplets is nearly the same as the case of silicone rubber 
insulator 

 

Figure 9 - Variation of maximum e-field with contact angles for a 

pure epoxy insulator 

D. Case 3 – Seawater droplets on a pure silicone rubber 

insulator  

The maximum e-field variation in Figure 10 shows that, 
unlike in the freshwater case, a decreasing trend in the 
variation of maximum e-field is seen for angles ranging from 

10 to 120 degrees. A sharp increase in the maximum e-field 
can be noticed at a 130-degree contact angle. The highest 
maximum e-field occurs at 10 and 130 degrees.    

 

Figure 10 - Variation of maximum e-field with contact angles for 

SiR insulator with seawater droplets. 

E. Case 4 – Seawater droplets on a pure epoxy insulator. 

Figure 11 shows the variation of the maximum e-field 
obtained for pure epoxy insulator when seawater droplets of 
different contact angles are placed on it. The highest peaks 
occur at angles 10 and 130 degrees, but there is a significant 
difference in the maximum e-field observed at 10 degrees 
and 130 degrees making the contact angle of 10 degrees the 
most critical angle in this case.  

 
Figure 11 - Variation of maximum e-field with contact angles for 

epoxy insulator with seawater droplets 

F. Case 5 – Freshwater droplets on a polluted silicone 

rubber insulator 

 
Figure 12 - Variation of maximum e-field with contact angles for 

SiR insulator with pollutant layer 

To determine the effect of the contact angle of water 
droplets on a polluted insulator, a cement layer of 0.5 mm 
thickness was placed on the insulator’s first sheath and shed 
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region, and freshwater droplets of different contact angles 
were placed on it. Figure 12 shows the variation in the 
maximum e-field concerning the contact angle. With an 
increase in contact angle, the maximum e-field also shows 
an increasing trend. The maximum e-field gained for angles 
above 120 degrees is always greater than the values 
obtained for previous cases. This indicates that having water 
droplets of higher contact angles on a polluted insulator 
intensifies the e-field distribution around it. 

VI. CONCLUSION 

In this study, the e-field distribution along the polymer 
insulator surface is obtained through simulation considering 
various conditions. The goal is to find an optimum range of 
contact angles where the maximum e-field is low 
considering all cases. At a contact angle of 130 degrees, the 
e-field distribution along the insulator surface is maximum 
for all the cases. A similar trend in maximum e-field 
variation with respect to contact angle observed in case 1, 
and case 2 shows the performance of silicone rubber and 
epoxy insulators in the presence of freshwater droplets and 
seawater droplets is the same. An increase in the maximum 
e-field can be seen for all the contact angles when 
freshwater droplets are changed into seawater droplets. This 
shows us outdoor polymer insulators in coastal areas 
subjected to seawater conditions have more effect on the    
e-field distribution. Case 5 shows the severity of having 
water droplets on a polluted insulator. E-field intensifies 
rigorously for contact angles of more than 120 degrees. The 
maximum e-field obtained for angles more than 120 degrees 
is higher than that of any maximum e-fields obtained for 
other cases.  
 
The optimum range of contact angles of water droplets can 
be concluded as 70 to 120 degrees for a pure insulator, while 
the optimum range for a polluted insulator can be given as 
70 to 100 degrees. Moreover, considering all cases the water 
droplet of contact angle of 80 degrees is preferable to 
mitigate e-field stress on a polymer insulator. 
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