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Abstract

The computation of electric potential distribution across
suspension insulator strings used for high voltage overhead
transmission lines is very important from design perspectives.
The voltage distribution along insulator string is not uniform that
is responsible for deterioration, corona discharge and flashover.
In this paper different discs of insulator strings were modeled
and simulated through finite element method. The potential field
distribution of suspension insulators were investigated and
compared for different materials like porcelain, glass and
composite (porcelain and glass).
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1. Introduction

The insulators used in over head electrical power
transmission lines for suspension of over head conductors,
perform significant role in the transmission of power.
They are used to provide support to the conductors and to
provide electrical isolation between live conductors and
supporting tower to ground. Moreover, porcelain, Glass
and composite insulators have been used as insulators
since many years [1].

Suspension type insulators are generally used for high
tension transmission lines and always under high electrical
and mechanical stresses. Nevertheless, due to stray
capacitance existing between the discs and conductors
around them, the electric potential distribution is greatly
uneven across string [2]. The potential field nearer to the
live conductor disc is greater than others discs in string,
which may be the possible cause of corona discharge,
insulator deterioration and flashovers. Therefore, the
calculation of potential field and electric field distribution
is a very important for reliable system.
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In order to avoid unwanted breakdown due to failure of
insulator in a string, the knowledge of potential field
distribution and electric field within the suspension string
is of paramount significance for the design engineer [3],
[4]. In past literature, various numerical methods are
presented such as Boundary Element Method (BEM),
Charge Simulation Method (CSM), Finite Difference
Method (FDM) and Finite Element Method in order to
calculate electric potential in solid dielectrics [5]. In this
present work, the model of insulator string is developed
using FEM. The potential distribution is analyzed under
different conditions.

2. Insulator String Model

Figure 1 shows actual insulator disc model [5]. The
nominal parameters of this insulator are given in Table 1.
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Fig. 1 Dimension parameters and material

suspension type insulator [5].
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Table 1: Nominal Parameters of the insulator [5].

Material H D L mFin
(mm) (mm) (mm) (kN)
Porcelain 146 255 295 120

Figure 2 shows the developed 2-D axial symmetry
insulator model geometry using finite element analysis.
The dimensions of developed model are based on actual
model as shown in Figure 1. The insulation material used
in developed model is given in Table 2.

Figure 3 shows the defined boundary conditions of a
developed model. Referring to Figure 3, an AC voltage at
power frequency is applied to the pin of a disc (attached to
conductor) whereas cap of the last disc in a string is
grounded. After completing the steps; model structure,
defining material properties and the boundary conditions,
then the developed model was meshed as shown in Figure
4. The potential field distribution is calculated through
solving differential equation given in equation (1).
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Where,
Je= external current density (A/m2)
Qj= current source (A/m3)
o = electric conductivity (S/m)
€ = permittivity
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Fig. 2 Developed 2-D axial symmetry insulator.

Table 2: Technical Parameters of the simulated insulators.

; Relative Electric
No. | Material | permittivity | Conductivity(S/m)
1 Porcelain 6 2x10-13
2 Glass 4.2 1x10-14
3 Cement 14 1x10-13
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Fig. 3 Setting boundary conditions for the disc.
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Fig. 4 Meshing of a developed model disc.

3. Results and Discussions

The simulations results that have been obtained are
presented in this section. The electric potential of
suspension type insulators strings were simulated with
different materials such as porcelain, glass and composite
(porcelain and glass) insulators. The model was also
investigated under number of discs and electric potentials.
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3.1. Potential field distribution across single disc:

Figure 5 shows electric potential distribution in a single
disc with different materials at 11kV. The discs were
simulated at a time t= 0.005. Referring to figure 5,
differences in potential distribution can be seen through
contour lines.

Figure 6 shows the electric potential field distribution
through graph for the materials porcelain, glass and
composite. It was observed from the graph that the
potential decreases as distance from a point of applied
potential increases.
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Fig. 5 Potential field distribution across single disc (a) Porcelain (b)
Glass and (c) composite.
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Fig. 6 Variation of potential at a single disc.

3.2. Potential Distribution across 3 discs:

Figure 7 shows electric potential distribution across
insulator string having three discs under various materials
at 33kV. The discs were also simulated at a time t= 0.005.
Referring to figure 7, differences in potential distribution
can be seen through contour lines.

Figure 8 shows the electric potential field distribution
through graph for the materials porcelain, glass and
composite. It was also observed from the graph that the
potential is found higher at each pin of a disc in a string
and it was also found that potential decreases as distance
from the pin was increased.
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Fig. 7 Potential field distribution across three disc (a) Porcelain (b) Glass
and (c) composite.
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Fig. 8 Potential field distribution across three disc string at 33kV.
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3.3. Potential field distribution across 7 discs string
at 132kV:

Figure 9 shows electric potential distribution across
insulator string having seven discs under various materials

at 132kV. The discs were also simulated at a time t= 0.005.

Referring to figure 9, differences in potential distribution
can be seen through contour lines.

Figure 10 shows the electric potential field distribution
through graph for the materials porcelain, glass and
composite. It was observed from the graph that the value
potential is found higher and equal at the pin (near to the
conductor) for porcelain, glass and composite insulating
materials where as it electric potential at each pin of a
disc in a string. Form the simulation result it has been
observed that the potential decreases as the distance
increases form pin the each disc moreover the value of
electric potential for glass insulator string is found lower
compare to porcelain and composite. It has been observed
from simulation results that string made of glass insulating
material is per favorable under high voltages.
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Fig. 9 Potential field distribution across 7 discs (a) Porcelain (b) Glass
and (c) composite.
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Fig. 10 Potential field distribution across seven discs string at 132kV.

4. Conclusion

In this work insulator string was successfully modeled
using COMSOL Multiphysics software. The developed
model was analysed under different stress conditions.
From simulation results, it was found that the electric
potential distribution across string was non linear and
varies from disc to disc and the disc nearer to conductor
has higher stress than other discs connected to same string.
The insulator string model was also examined under
different materials. Three types of discs Porcelain, Glass
and Composite (porcelain and glass) were investigated.
Referring to simulation results, porcelain, glass and
composite insulator string have different Potential
distribution due to permittivity of the insulating material.
Nevertheless, It was concluded from insulator strings with
single, three and seven discs model that the porcelain,
composite and glass material is found reasonable for
single disc, three and seven discs respectively.
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