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Abstract: The use of polymer composite insulators has
grown in the recent past power generation, transmission
and distribution. There are many materials which are being
used in polymer composite insulator and several testing is
needed. But, it is time consuming to test the material and
requires lots of equipment. Even each and every insulator
design has to undergo a series of test before using it in
transmission and distribution lines. In order to reduce the
cycle time of design work and the cost of prototype testing,
technical software packages are used. Once the design was
done, it can be tested under various parameters in the
package itself and no direct inspection or testing is needed.
Here, COMSOL-Multiphysics - technical package is used to
model the insulators under several applied voltages and
relative electrical stress. The package is used to analyze
different shed placements for various profiles based on
creepage distance. The insulators are designed according to
the standard specifications which are simulated in AC/DC
module workspace in the Multiphysics simulation software.
The model is simulated to verify the electrical stress and
electric field distribution (across sheds). From the results it
is highly evident that the design enhances the electrical
behavior and long term performance of the composite
insulator. Thus, it reduces the cost of production and
installation which are highly beneficial to the industries.
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1.0 Introduction

Polymeric insulators are also known as non-ceramic
insulators or composite insulator. Two main materials
have been used extensively as polymeric insulators are
silicon rubber and Ethylene Propylene Diene
Monomer (EPDM) [1]. Their Ethylene Propylene
Silicon (EPS) combination is used to improve surface
properties and material strength. A polymeric insulator
is lighter weight since the insulator is made from fiber
rod as the core and polymeric materials as the outer
sheath [2]. The most important property is their
hydrophobic surface which prevents the formation of
continuous wet paths along its surface [3-6]. With this
advantage, they can perform better in polluted
condition. The insulating property of polymeric
insulator can be improved by adding nano-fillers in its
composition [7-10]. Depending upon the filler and the
matrix material the relative permittivity, thermal
conductivity, treeing, tracking, erosion, and breakdown
voltages varies [11- 14].

Recent research on the polymeric insulator failure
shows insulator aging and degrading are caused by
high electric field on the high voltage terminals [15].
The electric fields around the polymeric insulator
especially near the high voltage terminals plays a
major role in the performance of insulator under
various environmental conditions [16-21]. It can be
optimized using various optimizing techniques [22-
23]. The model with the standard specifications of high
voltage polymer insulators can be simulate in a
technical package COMSOL-Multiphysics [24]. The
performance of insulators can be analysed in all type
of environment [25-26].

The insulators selection for different voltage rating
is depend on the minimum specific creepage distance
and IEC 60815 standard requirements. The detailed
structure of polymer insulator is shown in Figure.1
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Figure 1: Polymeric insulator structure.
2.0 Problem Statement

Although polymeric insulators perform well in
polluted conditions, it will degrade because of it
chemical changes on its surface. Continuous
contamination due to environment and chemical
exposure will cause the contaminants to accumulate on
the insulator surface. Although it hydrophobicity
ability will cleans it surface during rain and wind flow,
the formation of contaminants on the surface may
become conductive when expose to moisture due to
fog and dew. This will leads to conductive film
formation on its surface. The conductive film and
resulting leakage current will cause dry band arcing.
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Dry bands arcing occur when the leakage current
flowing on the insulator surface produces heat which
causes the moisture conductive film to evaporate.
Combination of potential gradients and high electric
field will trigger electrical discharges on the surface.
One of the causes of electric discharge on the insulator
surface is due to the electric field distribution on the
insulator surface which controls the current density.
During wet condition, electric field around the
insulator will be high due to discharge cause by high
permittivity of the water contact with silicone. High
electric field near the high voltage terminals will cause
corona activity during dry condition.

3.0 Degradation of Polymeric Insulators Surfaces

Polymeric insulators can degrade faster compared
to other insulators due to it compound chemical bond
is subjected to chemical reaction. Beside insulator
material and design, other factors that contribute to it
degradation and ageing is electrical, mechanical and
environmental stress.

3.1 Electrical Stress

The Electric Field Distribution is not uniform
along high voltage insulator where the highest field
regions are at the high voltage end terminals and core
areas. Electric discharges in the form of corona, dry
band arcing and flashover will occur due non-uniform
and high fields on the insulator.

3.2 Wetting Discharge

The presence of water droplets during rain, fog
and dew condition increases the electric field around
the insulator. If the magnitude of the surface electric
field strength exceeds a threshold value of 0.5-0.7
kVrms/mm, water droplet corona discharges may
occur. These discharges usually occur between water
droplets and degrade the polymer hydrophobicity
material surface. The high temperature of this
discharge also thermally degrades the insulator
surface. As such, the surface corona discharges due to
water droplets will accelerate the aging of the polymer
material. This will cause the surface damage due to
tracking and erosion and increase the possibility of
flashover of the polymeric insulator.

3.3 Insulator Flashover:

Continuous corona, wetting and dry band
discharge leads to thermal heating and cause further
drying on the insulator surface. Under favorable
condition, flashover may occur when the electrical
discharge elongated over many dry bands on insulator.

4.0 Field Optimization Techniques

Electric field distributions in polymeric insulators
are usually highest at high voltage terminal ends.
Continuous corona and surface discharge process on
the insulator contribute to premature degradation. As

such, various techniques can be used to minimize the
degradation factor

4.1 Weather Shed Insulation Profile

The electric field on polymeric insulator depends
on the insulator geometry which results in different
capacitance for different shape. The electric field at the
region near energize end is the highest, it is important
to control the electric field at this region. Polymeric
housing with large arc radius can reduce the electric
field by redistribute equipotential lines over a wider
surface area. If the radius is sufficiently large, the arcs
between two sheds will merge to form a rounded
surface on the shank regions. The stress is reduces
when increasing the insulator axial length, shed and
arc radius. However, the increase core radius causes
slight improvement on the insulator surface.

5.0 Designing Process

The method to investigate electric field along the
creepage path along the polymeric is shown. The
purpose is to locate the highest field region and from
the result, electric field optimization techniques are
applied to minimize the electric field, and hence,
improve the polymeric insulator reliability. There are
two methods can be used to determine the electric field
distribution,

e Experimental measurements

e Numerical computations

For this paper, numerical computation using Finite
Elements Method is used to investigate the electric
field distribution. Advance in computing technology
has enabled various numerical computational
simulations to solve various engineering problems. For
any problem investigation, it is important to identify
the process that involved in obtaining desired result.
Figure 2 shows simulation process during the electric
field study.

6.0 Finite Element Method

Finite element method (FEM) is a numerical
method to solve various partial differential equations
(PDE) that represents a physical system. It discretizes
the entire domain problem to a number of smaller non-
overlapping subdivisions called domain. FEM is
suitable for small domain problems with limited and
closed boundary conditions and less effective for
solving large problem with open boundary condition.
In this paper, COMSOL Multiphysics is used to
simulate the finite elements for the insulator.

7.0 Insulator Model

In this paper, a standard 11 kV polymeric outdoor
insulator as shown in Figure 3 is used as model for
electric field investigation [25]. The insulator is
simulate under dry-clean and uniform wet conditions
for electric field investigation.
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7.1 Modeling Simulation

The polymeric insulator model as shown in Figure
3 was created by using CAD drawing tools available in
the COMSOL Multiphysics. Since the insulator

geometry is cylindrical shape, the modeling is
simplified into a two-dimensional (2D) problem. The
simplification made the simulation faster without
affecting the simulation result accuracy. Figure 4 and
Figure 5 shows the model of two different designs of
sheds using 2D asymmetric geometry.

Figure 4: Design-1

Figure 5: Design-2
7.2 Material Properties
In finite elements methods, each component
material properties and boundary need to be assigned
for mathematical calculation. The components
materials are available in standard material library

where each material property can be changed
according to required specification.



Table 1: Material properties in this simulation

Relative Conductivity,
Materials Permittivity, o (S/m)
Er
Forged steel 1.0 5.9 x 107
FRP core 7.1 1.0x 10"
Silicone Rubber 4.3 1.0x10™
Air Background 1.0 1.0x 10

The HV and ground terminal are from forged steel
with conductivity, o = 5.99x107 S/m. The FRP core
and silicon rubber housing has low conductivity, ¢ =
1.0x10-13 S/m. The air surrounding insulator was
specified with a very low conductivity, 6 = 1.0x10-14
S/m.

7.3 Boundary Conditions

In this paper simulation, the HV terminal is set at 11
kV, while the ground terminal is 0 V. The air is made
large enough to minimize it effect on electric field
distribution along the insulator and both terminals. The
insulating part is termed as continuity.

7.4 Meshing

After completing all the material properties and
boundary conditions, the entire domain problem was
discretized into non-overlapping triangle elements
during meshing process. The mesh of the design-1 is
shown in Figure 6. The mesh of the design-2 is shown
in Figure 7. For better accuracy on the interest region,
the meshing refinement can be done by selecting
proper meshing size. The smaller the meshing size,
higher will be the accuracy.

Figure 6: Free triangle mesh of design-1.

Figure 7: Free triangle mesh of design-2.
8.0 3D- Model of Insulators

A 2-D model designed using COMSOL can be
easily converted into a 3-D model. The 3-D model of
the design-1 is shown in the figure 8. The 3-D model

of the design-2 is shown in the figure 9.

Figure 8: 3-D of design-1.
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Tangential
Electric Field
(v/m) *10°

Design-1

Design-2

High voltage
End
Low voltage
End

0.43

0.32

1.3

1.15

Table 2: Comparison of tangential electric field
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Figure 9:3-D of design-2.
9.0 Equipotential distribution

Equipotential lines are a quantitative way of
viewing electric field potential in two dimensions. The
contour distance between the equipotential lines
represent the electric potential distribution.

The two insulator models were simulated by using
AC/DC quasi-static electric current solver. Figure 10
shows the equipotential lines around the design-1.
Figure 11 shows the equipotential lines around the
design-2.

To analyze the voltage potentials along the leakage
path, the leakage distances are measured along the
polymeric insulator, starting from the ground terminal
and moving up to the high voltage terminal. The
voltage increase along the leakage path as the leakage
path near the energize ends. The tangential electric
field distribution of the two different designs of
insulator shows that the insulator with design 2
reduces the electric stress and shows better performance.

Figure 10: Equipotential lines around polymeric insulator
design-1.

The graphical representations of the equipotential
line for the two different designs are taken. Figure 12
and 13 shows the equipotential distribution of insulator
design 1 and 2.

Figure 11: Equipotential lines around polymeric insulator
design-2.
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Figure 12: Equipotential distribution of insulator design-1
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Figure 13: Equipotential distribution of insulator design-2



The electric field difference between the high
voltage end and the low voltage end must be minimum
or zero for a high efficient insulator model. From table
2 the electric field difference between the two end is
minimum for design 2 than design 1.

10.0 Conclusion

From the electric field computations in the
polymer insulators, it is to be found that the electrical
stress is high near the energized end due to the higher
magnitudes. In this paper the electric field influences
discharge activity near the end fittings. While
comparing the performance of two different designs
(design-1, design-2) shows better result and the
electric field magnitudes near the end fittings is
reduced. Thus from the content in the table 2 it clearly
that, the design-2 has less electrical stress when
compared to design-1. Thus the design-2 shows better
results. Furthermore, to enhance the electrical
behaviour and long term performance of the polymer
composite insulator we can use Nano-fillers to reduce
the electrical stress near the end fittings.

References

[1]. G. lyer, R.S. Gorur, R.Richert, A.Krivda and
L.E. Schmidt, “Dielectric Properties of Epoxy based
Nano-composites for High Voltage Insulation”, IEEE
Transactions on Dielectrics and Electrical Insulation
Vol. 18, No. 3; June 2011.

[2]. Kikuchi T., Nishimura S., Nagao M., Izumi K., Kubota
Y., and Sakata M., "Survey on the use of non-ceramic
composite insulators," IEEE Transactions on Dielectrics
and Electrical Insulation, vol. 6, pp. 548-556, 1999.

[3]. Spellman C. A, Young H. M., Haddad A., Rowlands A.
R., and Waters R. T., “Survey of polymeric insulator
ageing factors,” in Proceedings of the Eleventh
International Symposium on High Voltage Engineering,
Conf. Publ. No. 467, 1999, pp. 160-163 vol. 164.

[4]. Hackam, R., “Outdoor high voltage polymeric
insulators”,  Proceedings of 1998 Interntational
Symposium on ISEIM, pp. 1-16, 1998.

[5]. DD IEC/TS 60815 — 3: 2008 - Selection and
dimensioning of high-voltage insulators intended for
use in polluted conditions - Part 3: Polymer insulators
for a.c systems : British Standard Institution Std., 2008

[6]. R. Hackam, "Outdoor HV composite polymeric
insulators”, IEEE Transactions on Dielectrics and
Electrical Insulation, Vol. 6,pp. 557- 585,1999

[7]. B.Gurukarthik Babu, D. Edison Selvaraj, R. Srinivas, B.
Guru Prakash, R. Vishnu Prakash, E. Muthupandi, and
R. Balakumar, “Analysis of Relative Permittivity and
Tan Delta Characteristics of Silicone Rubber Based
Nano-composites” IJSET Vol 1, No. 5; November
2012.

[8]. Varlow B.R., Robertson J. and Donnelly K.P,
“Nonlinear fillers in electrical insulating materials,
IET Sci. Meas. Technol., vol 1 (2), pp. 96-102,2007.

[9]. T.Tanaka, G.C.Montanari, R.Mulhaupt, “Polymer
Nanocomposite as Dielectric and Electrical Insulation-
perspective for processing Technologies, Material

Characterization and Future Applications”, IEEE
Transactions on Dielectrics and Electrical Insulation,
vol. , pp. 1070-9878, 2004.

[10].  Fugiang Tian, Qingquan Lei, Xuan Wang and Yi
Wang, “Investigation of Electrical Properties of
LDPE/ZnO  Nanocomposite  Dielectrics”, IEEE
Transactions on Dielectrics and Electrical Insulation,
Vol. 19,No. 3, pp.763-769, June 2012.

[11].  Su Zhao, Henrik Hillborg, Eva Martensson, Goran
Paulsson,"Evaluation of Epoxy Nanocomposites for
Electrical Insulation Systems", Electrical Insulation
Conference, Annapolis, Maryland, pp.489-492, June
2011.

[12].  J. Castellon, H.N. Nguyen, S. Agnel, A. Toureille,
M. Frechette, S. Savoie, A. Krivda and L.E. Schmidt,
“Electrical Properties Analysis of Micro and Nano
Composite Epoxy Resin Materials”, IEEE Transactions
on Dielectrics and Electrical Insulation Vol. 18, No. 3;
June 2011.

[13].  Li Zhe, K. Okamoto, Y. Ohki and T. Tanaka, “The
Role of Nano and Micro Particles on Partial Discharge
and Breakdown Strength in Epoxy Composites”, IEEE
Transactions on Dielectrics and Electrical Insulation
Vol. 18, No. 3; June 2011.

[14]. X.Du, “Effect of Concentration on Tracking
Failure of Epoxy/TiO; Nano-composites under dc
Voltage”, IEEE Transactions on Dielectrics and

Electrical Insulation Vol. 19, No. 5; October 2012.
Philippe Bonhote, Thomas Gmeur, John Botsis,

Konstantin O.Papailiou, "Stress and damage analysis of

composite-aluminium joints used in electrical insulators
subject to traction and bending", Composite Structures
Vol.64, pp. 359-367,2004.

[16]. R. S. Gorur, D. Shaffner, W. Clark, R. Vinson, D.
Ruff, “Utilities Share Their Insulator Field Experience”,
Transmission & Distribution World, pp.17-27, 2005.

[17].  Abd-Rahman., Haddad, A., Harid, N., Griffith, H.,
“Stress control on polymeric outdoor insulator using
Zinc oxide microvaristor composites”, IEEE trans on
DEI, Vol. 19, pp. 700-713 , 2012

[18]. Souza, A.L., Lopes, 1.J.S., “Electrical field
distribution along the surface of high voltage polymer
insulators and its changes under service conditions”,
IEEE International Symposium on ELINSL, pp. 56-59.
2006 49

[19]. TDoshi, R. S.Gorur, J.Hunt, "Electric Field
Computation of Composite Line Insulators up to 1200
kV AC", IEEE Transactions on Dielectrics and
Electrical Insulation, Vol. 18, No. 3, pp. 861-867, June
2011.

[20]. R. Abd-Rahman, N. Harid, A. Haddad "Stress

Control on Polymeric Outdoor Insulators”, pp. | -4,

UPEC2010, 31 Aug-3,d .2010.

Celine A. Mahieux, Environmental Degradation in

Industrial Composites. [online] Elsevier, 2005.

[22].  Yang Qing, Sima Wenxia, Deng Jiazhuo, Yuan
Tao, Chen Lin, " New Optimization Method on Electric
Field Distribution of Composite Insulator”, Conference
on Electrical Insulation and Dielectric Phenomena,
pp.213 -220, 2010.

[23].  N.Murugan, G.Sharmila, G.Kannayeram, “Design
optimization of High Voltage Composite Insulator
Using Electric Field Computations”, 2013 International
Conference on Circuits, Power and Computing

[15].

[21].


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Gorur,%20R.S..QT.&searchWithin=p_Author_Ids:37271647000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Richert,%20R..QT.&searchWithin=p_Author_Ids:37321089700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Krivda,%20A..QT.&searchWithin=p_Author_Ids:37283553900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Schmidt,%20L.E..QT.&searchWithin=p_Author_Ids:37391683700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Nguyen,%20H.N..QT.&searchWithin=p_Author_Ids:37674460900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Agnel,%20S..QT.&searchWithin=p_Author_Ids:38300479400&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Toureille,%20A..QT.&searchWithin=p_Author_Ids:37283580400&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Frechette,%20M..QT.&searchWithin=p_Author_Ids:38351845100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Savoie,%20S..QT.&searchWithin=p_Author_Ids:37543274400&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Krivda,%20A..QT.&searchWithin=p_Author_Ids:37283553900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Schmidt,%20L.E..QT.&searchWithin=p_Author_Ids:37391683700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Okamoto,%20K..QT.&searchWithin=p_Author_Ids:37279557500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Ohki,%20Y..QT.&searchWithin=p_Author_Ids:37270966600&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Tanaka,%20T..QT.&searchWithin=p_Author_Ids:37277532600&newsearch=true

Technologies [ICCPCT-2013], 978-1-4673-4922-2,
2013

[24].  Joze Hrastnik and Joze Pihler, " Designing a New
Post Insulator Using 3-D Electric-Field Analysis", IEEE
Transactions On Power Delivery, Vol. 24, No. 3, pp.
1377 - 1381,2009

[25].  Marungsri B., Onchantuek W., Oonsivilai A and
Kulworawanichpong T.,”Analysis of electric field and
potential distributions along surface of silicone rubber
insulators under various contamination conditions using
finite element method”, International Journal of
Electrical and Computer Engineering, 2010

[26]. Souza, A.L., Lopes, LIS., “Electrical field
distribution along the surface of high voltage polymer
insulators and its changes under service conditions”,
IEEE International Symposium on ELINSL, pp. 56-59.
2006 49



	Abstract: The use of polymer composite insulators has grown in the recent past power generation, transmission and distribution. There are many materials which are being used in polymer composite insulator and several testing is needed. But, it is time...
	Recent research on the polymeric insulator failure shows insulator aging and degrading are caused by high electric field on the high voltage terminals [15]. The electric fields around the polymeric insulator especially near the high voltage terminals ...
	7.0 Insulator Model
	7.1 Modeling Simulation
	7.2 Material Properties
	7.3 Boundary Conditions
	7.4 Meshing
	8.0 3D- Model of Insulators
	9.0 Equipotential distribution
	10.0 Conclusion
	References

