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ABSTRACT: The electric and potential distribution characteristics of an outdoor porcelain 

insulator are examined in this research. Silicone rubber has been widely employed by power 

utilities since the 1980s as a replacement to porcelain and glass for high voltage insulators due to 

its superior contaminant performance. The solid air interface insulation is frequently involved in 

the breakdown of open-air high voltage insulators. As a result, understanding the field distribution 

surrounding high voltage insulators is critical for determining the electric field stress on the 

insulator surface, especially on the air side of the device. This study would investigate the electric 

field distribution of an activated silicone rubber high voltage insulator in this regard. Also shown 

are the simulation results of potential and electric field distributions along the surface of silicone 

rubber polymer insulators in both clean and contaminated circumstances. For this project, the finite 

element method (FEM) is used. Quick Field software is used to calculate the electric field 

distribution in two dimensions using the finite element approach. When water droplets are present 

on the insulator surface, the goal of this research is to identify the potential distribution and 

strength of the silicon rubber insulator 
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1. INTRODUCTION 

Silicon rubber composite insulators, that are now widely used, were not developed until the 

1970s, and Germany was the first country to develop and use them. Composite insulators, such as 

silicon rubber insulator, provide greater advantages in application than traditional porcelain and 

glass insulators. This chapter will mostly examine issues relating to silicon rubber insulators for 

further information. Outdoor insulator expertise dates back to the establishment of telegraphic lines 

in the nineteenth century. Over hundreds of years of service and product development experience 

using high voltage insulators made of glass and porcelain materials has been accumulated [1-

10].Until the development of porcelain ic replacements, porcelain and glass insulators totally 

dominated the market. In 1959, the United States of America produced the first polymeric insulator 

(epoxy), however it suffered from severe tracking and degradation[11-14].Similarly, for high 

voltage insulators, porcelain was the only material of option for an outdoor high voltage insulator 

for the first three quarters of the twentieth century. Shellac was a natural occurring resin and gum 

that was available in the early twentieth century. In 1907, Dr. Baekland invented synthetic phenol 

formaldehyde, which later became known as rubber. These two early porcelain  materials had good 

interior qualities, but their track resistance was low since they were organic and contained a carbon 

backbone in their chain. Newer synthetic resins were produced later, in the 1930s and 1940s, and 

some of the first polymer insulators were built of butyl and acrylic materials [15-23].However, 

despite success in commercial aspect, they quickly become outdated due to increased costs, limited 

manufacture, limited adaptability, and, most significantly, insufficient performance for high voltage 

outdoor applications. The invention and use of cycloaliphatic epoxy helped to resolve the resin 

shortage, but it didn't solve the constant of thermal expansion problem at the fibreglass rod or 

housing interface [24-26].In warm, humid conditions, compounding materials to solve this 

compatibility delinquent resulted in depolymerization of the moulded sheds, resulting in 

electromechanical failure. 
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Figure 1 Structure of Porcelain insultor 

 

 

Figure 1 depicts the structure of a porcelain  insulator. A porcelain  insulator's basic 

architecture is as follows: the load bearing structure is a fibre reinforced plastic (FRP) core attached 

to two metal fittings. To shield the FRP core from ecological stresses such as acid, acid, UV and 

ozone, well as to deliver a leakage distance, Weather conditions sheds are erected outside the FRP 

core when the insulator length is limited and the environment is polluted and moist. Silicone rubber 

is mostly utilised as a housing material for porcelain  or composite insulators. 

2. METHOD 

A detailed simulation is required just before deploying a power system. Several simulation 

studies are available to establish power system parameters like electrical quantities such as voltage, 

current, and device power rating. Furthermore, investigations on the impact of flaws, such as 

security studies, are being carried out. Physical and environmental factors, on the other hand, are 

not mentioned in any of the studies presented here. As a result, there is an issue with power system 

dependability when transmission system insulators are placed in the out area. We employ Partial 

Differential Equation (PDE) simulation of the devices to explore the effects, which allows study 

electromagnetic effects as a function of temperature. 

The electric field can be estimated by computing the potential distribution. The field can be 

determined by subtracting the electric potential distribution's negative gradient. 

E = −∇V        (1) 

Using maxwell’s equation 

∇E = ∇(−∇) =
ρ

ϵ
       (2) 

where, ρ − resistivity Ω/m 

ϵ − dielectric constant of the material (ϵ = ϵ0ϵr) 

ϵ0 − dielectric space constant (8.854 × 10−12
F

m
) 

ϵr − relative dielectric material constant 
Equation (1) is substituted in (2) Poisson's equation is as follows: 

𝜖. ∇(∇𝑉) = −𝜌        (3) 

Substitute 𝜌 = 0 the equation (3) shows 

𝜖. ∇(∇𝑉) = 0        (4) 

The coordinates of the Cartesian system can be represented as an equation.𝐹(𝑢) 
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where, ϵx and ϵyare x and y components of the dielectric constant. u is the electric potential.  

By substituting in the case of isometric permittivity distribution𝜖 = 𝜖𝑥 = 𝜖𝑦, 

Equation (5) can be rewritten as follows:𝐹(𝑢) =
1

2
∫ 𝜖 [(

𝑑𝑢

𝑑𝑥
)

2
+ (

𝑑𝑢

𝑑𝑦
)

2
]

𝐷
𝑑𝑥𝑑𝑦   

  (6) 

𝐹∗(𝑢) =
1

2
∫ 𝜔𝜖0(𝜖 − 𝑗𝜖. 𝑡𝑔𝛿) [(

𝑑𝑢∗

𝑑𝑥
)

2
+ (

𝑑𝑢∗

𝑑𝑦
)

2

]
𝐷

𝑑𝑥𝑑𝑦   (7) 

ω − angular frequency, 
ϵ0 − perrmitivity of freespace 

tgδ − tangent of dielectric loss angle 

u∗ − complex potential 
As seen below, a linear variation in electric potential is expected. 

ue(x, y) = αe1 + xαe2 + yαe3   (e = 1,2,3 … ne) (8) 

ue(x, y) − electric potential of arbitraty point 
De, αe1, αe2, αe3 are the computational coefficient  
by minimizing the following equation the the electric potential is calculated, 
∂F(ui)

∂ui
= 0; i = 1,2, . . np 

The total number of knots in the network is denoted by np. 

 

3. RESULTS AND DISCUSSION 

The silicon rubber based solid type bushing insulator of sinusoidal shape under nominal 

conditions are studied here. The voltage of the insulator is 10kV. The ground potential is kept as 

zero. The permittivity is given as 2.9 for silicon rubber and 1 for air. The sinusoidal shaped 

insulator is modelled in quick-field software. The Figure 1 shows the silicon rubber composite 

insulator designed in Quick-field software. The rectangular box is the air and the central structure is 

the insulator made of silicon rubber. The Figure 2 shows the Ground potential part of the insulator. 

The Figure 3 shows the High voltage part of the insulator. Then Figure 4 shows the Application of 

the PDE with triangular mesh. For the same figure Cross sectional view of figure 4 is shown. The 

Figure 6 shows the Field view of air. It can be seen that the side of ground potential is green and in 

the other end it is orange which shows the penitential is not reaching peak and the setup is still safe. 

 

 
Figure 2 silicon rubber composite insulator designed in Quickfield software 
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Figure 3 Ground of the insulator 

 
Figure 4 High voltage part of the insulator 

The Figure 7 shows the voltage with respect to length of air.  The peak value of the voltage is 

reached at the length of 0.2 m. The Figure 8 shows the Strength of the air. The strength drops at 0.2 

and increases again. The Figure 9 shows the field view of the composite insulator model.  The 

Figure 10 shows the bottom view of figure 9 this shows the ground is in blue colour. Then the 

Figure 11 shows the cross-sectional view of insulator. It shows that the insulator has the proper 

voltage distribution towards the ground. The Figure 12 shows the direction of the field.  

 

 
Figure 5 Applying the PDE with triangular mesh 
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Figure 6 Cross sectional view of figure 4 

 

 
Figure 7 Field view of air 

 

 
Figure 8 voltage with respect to length of air 

 
Figure 9 Strength of the air 
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Figure 10 field view of the composite insulator model 

 

 
Figure 11 Bottom view of figure 10 

 

The Figure 13 shows the Voltage with length of the insulator the voltage drops to zero at 0.6m 

and then stays on it still 0.9m. then the voltage starts to rise. The Figure 14 shows the strength of 

the insulator. The strength is more between 0.6m to 0.9m. The Figure 15 shows the 2D view of the 

insulator with air in field view. The Figure 16 depicts the zoomed view of figure 15. The red one is 

the high voltage area and blue is ground area. It shows that the composite material works well. The 

Figure 17 shows the strength of the insulator in field view. Mostly blue and around the ground area 

the strength is more. 
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Figure 12 Cross Sectional view of insulator 

 
Figure 13 Direction of the field 

 

 

 
Figure 14 Voltage with length of the insulator 

 
Figure 15 strength of the insultor 
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Figure 16 2D view of the insulator with air in field view 

 
Figure 17 zoomed view of figure 15 

 

 
Figure 18 strength of the insulator in field view 

 

 

4. CONCLUSION 

The Quickfield simulation model is made of silicon rubber composite material and is used 

to test laboratory settings. The insulator is suspended in the air, with a sinusoidal insulator surface. 

The region of higher voltage is distinguished by its denser red colour. The zero potential zones are 

denoted by the blue colours. Before the real application, the 3D and 2D models are completed, and 

the property of the insulator may be determined from the graphs. 
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