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Abstract - High voltage insulators are essential for the reliable performance of electric power Systems. In the high voltage 
transmission various types of insulators are used such as porcelain, glass, polymer etc, among them composite insulators are 
more essential for better performance. Composite insulators are exposed to various electrical and environmental stresses. 
The electrical performance of the composite insulators is characterized by its field distribution along their Length. By 
enhancing a metal end fitting in composite insulator and compared their result and shows which has better performance 
under different condition, because the metal end fitting is one of the major characteristic of composite insulator. Furthermore 
to improve the electric behavior of composite insulators grading material is introduced in different condition. The main 
objective of this work to enhance the long term performance of insulator. A 34.5kV composite insulator is modeled by using 
FEM software that performs three dimension (3D) finite element methods to investigate the E-field distribution. 
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I. INTRODUCTION 
 
The reliability of the power networks and apparatus is 
very important for the performance of an electric 
power system. In recent years, extra high voltage 
power lines have been widely used to transmit the 
electric energy from the power stations to the end 
users. Insulators are among the key devices of the 
electric power transmission systems. They are used to 
support, separate or contain conductors at high 
voltage. The insulators need to withstand not only 
regular voltages and over voltages, such as lightning 
and switching events, but also various environmental 
stresses such as rain, snow and pollution.  
 
Among the various types of insulator, ceramic 
insulator is most commonly used for the transmission 
line insulation, such as porcelain and glass insulator. 
In recent year, a development of non-ceramic 
(polymeric) insulators will replace the porcelain and 
glass insulators for outdoor application of (HV) High 
voltage network. Among their advantages, composite 
insulator offer lighter weight, indestructible, 
hydrophobic, resistant to ozone and UV radiations, 
resistant to earthquake shocks, self  cleaning 
properties and resistant to vandalism.[1] Polymeric 
insulators, made up of composite materials such as 
silicone rubber and EPDM (Ethylene Propylene Dien 
Monomer). 
 
HV insulator must have the ability to withstand of 
both electric and mechanical stress. Among them 
electrical stress is very important factor to be consider 
under both normal operating and transient conditions 
imposed by lightning and switching operations. Due 
to high field in the end metal flange leads to electric 
stress. It will initiate corona and surface electrical 
discharges that can lead to early degradation. A 
complete insulation flash over will occur under  

 
severe condition. During designing a perfect insulator 
internal and external discharge activities are consider 
under normal condition [5]. 
 
In [6] the paper clearly shows that the electric field 
strength near the two ends of the composite insulator 
will increases under certain condition and causes 
partial discharge. This situation can be minimized by 
combined use of composite insulators and several 
units of glass insulator. With the help of finite 
element method, the glass insulator is placed near the 
high voltage side of the composite insulators at 
different levels of voltage is analyzed. Thus the stress 
near the high voltage side is minimized. Number of 
glass insulator usage is also analyzed. 
 
In [7] the paper describes a new method of designing 
a composite post insulator. In which their upper 
fitting is made up of insulating materials. In general 
composite post insulators have upper fittings which 
are made up of conducting material. Here they 
compare both the old and new method of composite 
post insulator by evaluating the parameters electric 
field strength by using finite element method. The 
result shows that the new version has up to five times 
lower magnitudes of electric-field strength. 
 
Thus from the above mentioned different design of 
insulators, which is often used to improve the 
electrical behavior of the composite insulator, In this 
paper, an attempt has been  made to analysis the 
composite insulator in different climatic condition 
such as wet, fog and faulty condition ,to introduce a 
new design of metal end fitting enhance the electrical 
properties of the composite insulator at different 
climatic condition and also furthermore silicon 
grading material (Sic) is used  in between the 
fiberglass rod and polymer sheath  
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II. STRUCTURE AND MATERIALS 
 
The composite insulator consists of fiberglass rod and 
metal end fitting. The metal end fittings are usually 
crimped onto the glass fibre rod from the 
environment and the interfaces between the 
Insulating housing and the metal fittings are very 
important. Today c om m onl y used materials are 
silicone rubber and EDPM (ethylene propylene 
diene monomer) rubber. Among them silicon rubber is 
widely used in composite insulator for HV outdoor 
application, because silicon rubber is has a Chemical 
resistance, higher resistance to UV radiation Cost-
effective and flexible. The FRP rod is placed in the 
middle of Insulating housing (silicon rubber) to 
protect FRP from environmental stress and two end 
of the composite insulator contains a metal end fitting 
(forged steel) [2,3]. 
      

Table I. Design parameters 

 
 

Table II. Material properties used 
For insulator modeling 

 

 
Fig.1.Simplified geometry and dimensions of the composite 

insulators to be modeled. 
A: metal end fitting; B: fiber glass rod; 

C: polymer material weather sheds; D: polymer material 
sheath 

 
III. COMPOSITE INSULATOR UNDER 
VARIOUS CONDITIONS 
 
The excellent pollution performance of composite 
insulators is due to the good hydrophobic surface 
property of weather sheds under wet, fog and fault 
conditions. However, the combined effects of electric 
and environmental stresses, such as the energizing 
voltage, corona and arcing, also contamination, 
ultraviolet rays, heat cycling, etc., can cause the 
accelerated aging of composite insulators during the 
service life of an insulator. The insulator is analyzed 
different condition such as:  
 

 Normal condition  
 Wet condition 
 Fog condition 
 Fault condition 

 
3.1. Under the Normal condition 
A voltage of 33.4 kV is applied to the top electrode 
while the bottom electrode is connected to the 
ground. Here material properties of the model will be 
imposed based on the number of domain in the 
geometry model of end fitting is 17mm diameter. 
 

 
Fig.2.Model of the composite insulators under normal 

condition 
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3.2. Under the Wet condition 
Under rain conditions, the water droplets are usually 
on the top surface of the weather sheds. The surface 
of the vertical sheath and the undersides of the 
weather sheds are dry. The shape of all water droplets 
is hemispherical, with a diameter of 2mm for medium 
size water droplets and 1mm for small size water 
droplets Relative Conductivity 80. 
 

 
Fig.3.Model of the composite insulators under wet condition 
 
3.3 Under the Fog condition 
Under fog conditions, the water droplets not only stay 
on the top surface of the weather sheds but also attach 
to the undersides of the weather sheds. Sometimes, 
there are some small water droplets on the sheath 
region of the insulator. On the vertical sheath region, 
the size of water droplets is much less than on the 
shed region because a large water droplet cannot 
cling itself to the sheath surface relative permittivity 
92. 

 

 
Fig.4.Model of the composite insulators under fog condition 

 
3.4. Under the Fault condition 
Under fault conditions, the edge of the insulator 
housing is damaged so that E-field distribution is 
increases. If the weather shed is get damaged in that 
particular insulators it causes the electric stress, initial 
corona, partial discharge the long term performance 
of composite insulators is also reduces. 

 
Fig.5.Model of the composite insulators under fault condition 

 
IV. STRUCTURE OF COMPOSITE 
INSULATOR BY USING GRADING 
MATERIAL 
 
In order to extend service life and improve the 
performance of the composite insulator, electrical 
properties of silicone rubber need to be enhanced. In 
proposed design, a grading material of 1 mm 
thickness is placed in between the core and silicon 
rubber along their length in order to improve the 
electrical behavior of the composite insulator. A 
grading material is used to relieve the electric stress 
in the high field regions on the insulator. Fig. 3.5 
shows the insulator with 
Grading material model. In this paper we considered 
a grading material with constant conductivity of 
lx10·6 S/m. In most of the applications a silicon 
carbide (SiC) is used as a grading material to reduce 
the stress. The major advantages of using SiC are 
extreme hardness and very corrosion resistant. And 
also changing the end fitting radius as 20.5mm to 
improve the electric field distribution of composite 
insulator, in order to enhance the long term 
performance of insulator.  
 

 
Fig.6. Model of the composite insulators with grading material 
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V. RESULTS AND DISCUSSION 
 
5.1. Analysis Electric Field Distribution along the 
Surface of Composite Insulator 
The electric field distribution along the surface of 
insulator under a different condition Due to high field 
in the end metal flange leads to electric stress. 
 
Configuration-1: Under a normal condition 
determining of electric field distribution in metal end 
fitting.  
 

 
Fig.7.1. Electric field distribution along the surface of insulator 

under normal condition 
 

Configuration-2:  Under wet condition determining 
of electric field distribution around the water droplet. 
The shape of all water droplets is hemispherical, with 
a diameter of 2mm for medium size water droplets 
and 1mm for small size water droplets 
 

 
Fig.7.2. Electric field distribution along the surface of insulator 

under wet condition 
 
Configuration-3:  Under fog condition determining 
of electric field distribution around the ice particle 

presented in ground end. Due to the electric field 
distribution is increases in metal end compared to 
normal condition it causes to reduce the long term 
performance of composite insulators 
 

 
Fig.7.3. Electric field distribution along the surface of insulator 

under fog condition 
 
Configuration-4: Under fault condition determining 
of the electric field distribution. If the weather shed is 
get damaged in that particular insulators it causes the 
electric stress , initial corona , partial discharge the 
long term performance of composite insulators is also 
reduces. 
 

 
Fig.7.4. Electric field distribution along the surface of insulator 

under fault condition 
 
5.2 Tangential Field Profile along Insulator Surface 
The distribution of tangential electric field along the 
leakage path is shown in figs. 5.6, 5.7, 5.8 and 5.9. 
The distance between the two end fittings is defined 
as leakage path. The distances are measured on the 
polymeric surface from the High voltage end to 
ground end. The tangential E- field distribution of the 
different configurations of insulator. 
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Fig.8.1. E- field distribution along the leakage path of insulator 

under normal condition 
 

 
Fig.8.2. E- field distribution along the leakage path of insulator 

under wet condition 
 

 
Fig.5.8. E- field distribution along the leakage path of insulator 

under fog condition 
 

 
Fig.5.9. E- field distribution along the leakage path of insulator 

under fault condition 

Analysis Electric Field Distribution and 
Tangential Field along Insulator Surface of 
Graded Composite Insulator 
The calculation of E-field distribution results shows 
that high electric field gradient near the high voltage 
end and ground end of the graded composite insulator 
decreases significantly. Thus the E-field distribution 
along the whole composite insulators is improved. 
Thus by introducing grading material in the insulator 
will reduce the dry bands, surface discharges and 
metal end fitting radius is 20.5mm which lead to long 
term performance of the insulator.  
 

 
Electric field distribution along the surface of graded 

composite insulator 
 

 
Fig.5.11. E- field distribution along the leakage path of grading 

material 
 

Table III. Comparison of tangential electric field 
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