
PE2-9  1

  
Abstract—The paper presents a study into the potentials and 

electric field distribution on insulator strings, which are used for 
suspension of overhead transmission lines of 400kV and are 
stressed by power frequency voltage. The investigated insulator 
strings are used by the Public Power Corporation of Greece in 
high voltage transmission networks. The Finite Element Analysis 
(FEA) program OPERA was used to carry out the electric field 
analysis on the insulators. Two types of insulator strings were 
investigated, the first using porcelain and the second using glass 
as the insulating material. A comparative analysis of these 
insulators is presented. 
 

Index Terms—Insulators, electric fields, simulation software, 
finite element methods.  

I. INTRODUCTION 

HE insulators, which are used for the suspension of 
overhead transmission lines, constitute one of the most 

important parts of the transmission lines as flashover effects in 
insulators can cause the breakdown of a transmission network. 
The electric field distribution within and around high voltage 
insulators is a very important aspect of the design of the 
insulators. Also the knowledge of the electric field could be 
useful for the detection of defects in insulators [1].  

Several methods have been developed for the computation 
of electric fields and potentials along an insulator string [2-4]. 
In this paper, the electric field and potential distribution 
around and inside the insulator when it is stressed by power 
frequency voltage is examined using OPERA, which is a suite 
of programs for two and three dimensional electromagnetic 
field ana1ysis [5, 6]. The software package uses the finite 
element method to solve the partia1 differential equations that 
describe the behaviour of electromagnetic fields. The results 
of the two and three dimensional simulation models are 
compared and the critical points affecting simulation accuracy 
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are examined. The use of alternative formulations for 
improvement of results is also proposed. 

II. ELECTRIC FIELD AND POTENTIAL FORMULATION 
The electric field intensity E is given by [4]:  

V= −∇E  (1) 
The divergence of the electric flux density D is related to 

the charge density ρ: 
ρ∇ =D  (2) 

Combining equations (1) and (2) and introducing the 
dielectric permittivity tensor ε ( ε=D E ) arises the usual 
Poisson’s equation description of the electrostatic potential: 

Vε ρ∇ ⋅ ∇ = −  (3) 
A similar equation arises for current flow problems, 

0Vσ∇ ⋅ ∇ =  (4) 
where σ is the conductivity, and σ=J E . 

III. INVESTIGATED INSULATORS 
The examined cap-and-pin type insulators are used for the 

suspension of 400kV overhead transmission lines. Each 
insulator string consists of 18 disc insulators. At one edge of 
the insulator string (18th insulator) is connected a 
transmission line and the other edge (1st insulator) is 
grounded. The geometrical characteristics of the porcelain 
insulator are the diameter (d), which is 320mm, the height (h), 
which is 170mm, and the creepage distance (L), which is 
540mm. The corresponding characteristics of the glass 
insulator are d=280mm, h=150mm and L=370mm. It is 
observed that the creapage distance of the porcelain insulator 
is longer than the creapage distance of the glass insulator, 
therefore the porcelain insulator is characterized as fog type 
and is used in areas with high humidity and pollution. 

IV. RESULTS AND DISCUSSION  
The paper discusses the application of two and three 

dimensional FEA for the modeling of the insulators, as well as 
the solution formulations appropriate for this class of problem. 

The glass insulator string has been simulated in Opera-2d. 
In order to design the model of the insulator string in the two 
dimensional program the axi-symmetry of the problem is 
exploited. Figs. 1 and 2 illustrate the potential and the electric 
field, respectively, inside and around the 17th and the 18th 
insulator which are nearer the transmission line and therefore 
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are more highly stressed.  

 
Fig. 1. Potential contours of a part of the glass insulator string. 

 
Fig. 2. Electric field contours of a part of the glass insulator string. 

The axi-symmetry of the problem is destroyed by the 
existence of excited and ground conductors which must be 
included in the three-dimensional model to correctly represent 
the device. Hence, the cap-and-pin insulator string structures 
were also simulated using OPERA-3d. In these models, a 
section of the transmission line is also included. The length of 
the conductor included in the model was set to be 
approximately equal with the length of the insulator string [4]. 
Further increase in the length of the conductor would result in 
negligible improvement to the accuracy of the results, while 
unnecessarily increasing computation times. 

Fig. 3 presents the three dimensional model of the glass 
insulator string. The conductor is parallel to the X-axis and the 
insulator string is parallel to the Z-axis.       

 
Fig. 3. The three dimensional model of the glass insulator string. 

Fig. 4 illustrates the potential distribution on a cartesian 
patch on a YZ plane for the cap-and-pin glass insulator string 

structure.  The part of the insulator string nearer the conductor 
is more highly stressed. 

 
Fig. 4. Potential distribution of the glass insulator string. 

Fig. 5 presents the electric field as a histogram on a 
cartesian patch on the YZ plane through the center of the glass 
insulator string. 

 
Fig. 5. Histogram of the electric field in a cartesian patch on YZ plane of the 

glass insulator string. 
Figs. 6 and 7 represent the potential and the electric field 

distribution, respectively, along a set of lines running parallel 
to the axis of the insulators (Z-axis) and at different distances 
from it. The above lines are vertical to the conductor (X-axis). 
The continuous line in the graph of the potential passes 
through the axis of the insulator string. The step-variation of 
the potential is due to the presence of the conducting parts of 
the insulator string.   

 
Fig. 6. Potential along lines parallel to the glass insulator string and vertical to 

the conductor (X-axis). 
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Fig. 7. Electric field along lines parallel to the glass insulator string and 

vertical to the conductor (X-axis). 
Figs. 8 and 9 illustrate the potential and the electric field 

distribution, respectively, along a set of lines running parallel 
to the Z-axis and perpendicular to the Y-axis (away from the 
conductor). Comparing the values of the potential and the 
electric field that have been arisen from Figs. 6 and 7 with the 
respective values of Figs. 8 and 9, the potential and the 
electric field levels of Figs. 6 and 7 are higher as the lines are 
sited nearer the excited conductor. This variation in the field 
can not be accounted for in the two dimensional model and 
hence the necessity for three dimensional simulations. 

 
Fig. 8. Potential along lines parallel to the glass insulator string and vertical to 

the Y-axis. 

 
Fig. 9. Electric field along lines parallel to the glass insulator string and 

vertical to the Y-axis. 
In addition, a porcelain cap-and-pin insulator string 

structure, which is used for the suspension of 400kV overhead 
transmission lines, was also simulated using OPERA-3d. In 
Fig. 10 the geometry of the model and the histogram of the 
potential on a cartesian patch on the YZ plane passing through 
the center of the insulator string are shown. 

 
Fig. 10. Histogram of the potential in a cartesian patch on YZ plane of the 

porcelain insulator string. 
Fig. 11 presents the potential distribution along a set of 

lines running parallel to the axis of the insulators (Z-axis) and 
at different distances from this. The above lines are 
perpendicular to the conductor (X-axis). 

 
Fig. 11. Electric field along lines parallel to the porcelain insulator string and 

vertical in the X-axis. 
Figs. 12 and 13 show one comparison of the potential and 

the electric field distribution along a line running vertically 
through the edges of the insulators of the porcelain and the 
glass insulator string.   

 
Fig. 12. Potential along porcelain and glass insulator string. 
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Fig. 13. Electric field along porcelain and glass insulator string. 

The electric field levels recorded in the glass insulator 
string are higher than those of the porcelain insulator. The 
dielectric characteristics of the porcelain are such that this 
type of insulator string offers a smoother distribution of the 
electric field along it. The higher electric field levels recorded 
in the glass insulator are, however, still sustainable owing to 
the higher dielectric strength of the glass. 

Finally, a comparison between results from two and three 
dimensional analysis of the glass insulator string is presented 
in Fig. 14. The percentage of the voltage, which is applied in 
the i-insulator of the insulator string, is compared for the two 
models. Owing to parasitic capacitances, the distribution of 
the voltage in each insulator is not uniform. The slope of the 
curve arising from OPERA-3d is lower than that of the curve 
arising from OPERA-2d results. In addition, the shape of the 
curve obtained in OPERA-3d is in agreement with 
experimental results for high voltage ceramic insulator strings 
[7]. 
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Fig. 14. Comparison between two and three dimensional models of the glass 

insulator string. 
For this class of problems, the electrostatic solution presents 
the limitation that the materials are characterized only by their 
dielectric properties. In order to construct a model that 
provides more accurate results, the conducting and dielectric 
properties of the materials must both be accounted for. The 
application of alternative formulations that account for the 
conducting and dielectric properties of the materials in a three-
dimensional simulation is a point for future research. In its 
simplest form, a combined solution would involve an initial 
solution of the current flow problem, the output of which is 
used as a boundary condition for the electrostatic problem [8]. 

In time-varying problems, the electric and magnetic fields are 
normally solved in a coupled manner. Assuming that inductive 
effects are negligible in semi-conducting dielectric problems, 
the program would solve for [8] 

0c Vε∇ ⋅ ∇ =  
where, 

0c r j σε ε ε
ω

= −  

Results from OPERA-2d simulations have demonstrated the 
benefits of such formulations and the adoption of these in the 
three-dimensional modeling of insulators is currently 
underway.  

V. CONCLUSIONS AND FUTURE WORK 
A method for the calculation of the potential and the 

electric field, which is proposed in this paper, is applicable in 
every type of insulator. The simulation models of the insulator 
structures are a useful tool for the designers of the 
transmission network. The correct design of the insulator and 
the determination of the correct material properties are 
paramount in the goal to achieve accurate simulation results. It 
has been demonstrated that, although the device is primarily 
axi-symmetric, a complete three-dimensional solution offers 
significant insight into the detailed field distribution. Results 
from OPERA-2d lossy-dielectric solutions of insulators [7, 8], 
have also demonstrated the benefits of such analysis. The next 
goal would now be to complete the loop, by including a 
combination of the dielectric constant and the conductivity of 
the materials in a three-dimensional simulation.   
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