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ABSTRACT: Knowledge of electric field and potential distribution along high voltage insulators is of great
importance in the design, operation and performance of the equipment. Most of high voltage field problems are so
complex that graphical, experimental or analytical method of solution is very difficult. Hence, numerical methods of
field calculation have been developed. In view of innumerable possibilities of complex electrode geometry
configurations in equipments, and the electric fields being complex in these regions, analytical solutions for Electric
Field Intensity are extremely difficult. The charge simulation method (CSM), due to its favourable characteristics, is
very commonly used for field analysis of HV insulation systems. In this paper, it has been tried to implement the basic
charge configuration that is point, line and ring charges to CSM for electric field calculations and the results have been
validated with that obtained by the analytical method.
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I.LINTRODUCTION

Physical systems are so complex that the analytical solution of Laplace’s and Poisson’s equation is very difficult.
Hence two numerical methods had been introduced to find electric field distributions. The first method is based on the
difference technique employing Laplace's and Poisson's equations in the space where the field is to be determined [1].
This is done by dividing the whole region of interest into small meshes. The second approach to the computation of
fields is to integrate Laplace's or Poisson's equation either by employing discrete charges or by discretising the
electrode surface into subsections with charges. Under this approach of electric field calculation falls the Charge
Simulation Method (CSM). In this paper we have made a comparative analysis of the electric field calculated in CSM
and Analytical method for the basic charge configurations.

Charge simulation method [2] has been used for many high voltage problems. This method works by replacing the
distributed charge of conductors as well as the polarization charges on the dielectric interfaces by a large number of
fictitious discrete charges [3]. In the CSM, the actual electric field is simulated with a field formed by a number of
discrete charges which are placed outside of the region where the field solution is desired. An advantage is that it can
be applied to three dimensional field problems without axial symmetry.

1. REVIEW

This section is aimed at providing an insight into the different numerical methods of electric field calculation.
Numerical methods are used to determine the electric field distribution for complex geometries, where it is
cumbersome and expensive to use analytical techniques or run laboratory tests. There are two different categories of
numerical methods: The domain methods and the boundary methods [5]. Domain methods make use of differential
equations whereas boundary methods make use of integral equations in their solver. The different domain methods are
Finite Element Method (FEM) and Finite Difference Method (FDM); while the boundary methods include Charge
Simulation Method (CSM) and Boundary Element Method (BEM). Finite difference method (FDM) is the oldest
technique in the field computations that was introduced by Gauss. Then Boltzmann published it in his notes in 1892.
The principle of Finite Difference Method (FDM) [6] is to discretize the entire region under study and solve for
unknown potentials, a set of coupled simultaneous linear equations which approximate Laplace’s or Poisson’s equation.
Among the various numerical techniques, the finite element method (FEM) has a dominant position because it is
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versatile, having a strong interchangeability and can be incorporated into standard programs [5].To apply FEM [4], the
field region is to be discretized by a grid of so-called finite elements. The work presented here makes use of the
CSM.The fundamentals of CSM and calculations of electric field intensities for models having rotational symmetry
have been presented by Singer, Steinbigler and Weiss [1].

111. BASIC PRINCIPLE OF CSM

The basic principle of the CSM is very simple. If several discrete charges of any type (point, line or ring, for instance)
are present in a region, the electrostatic potential at the i" contour point can be found by summation of the potentials

resulting from the individual fictitious charges (j) as long as the point does not reside on any one of the charges [4] .
Let Qj be a number of n individual charges and V; be the potential at any point within the space. According to
superposition principle-

Vi:JZ:Piij ®

where Pij, are the ‘potential’ coefficients which can be evaluated analytically for any types of charges by solving
Laplace's or Poisson’s equations . As soon as the fictitious charges are determined, the potential and the field intensity
at any point outside the electrodes can be calculated. As soon as an adequate charge system [3] has been developed, the
potential and field at any point outside the electrodes can be calculated. Whereas the potential is found by Equation (1),
the field stress is calculated by superposition of magnitudes of various directional components.
For example, for Cartesian coordinate system, the net field E, at i" contour point, is given by—

n OP; n 0P, n oP
£ =13 20 1, 413 20 Ta, 3
E =13 (1,),Q)1a, + 1Y (1,),Q,1a, +I3 (1,),Q T,

where (fj)x , (fi)y and (f;), are the “field intensity’ or field coefficients and a,, a, and a, are unit vectors in the X, y and z
directions, respectively.
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The successful application of the CSM requires a proper choice of the types of fictitious charges. Point and line
charges of finite length and ring charges have been used [3]. In general, the choice of type of fictitious charge to be
used depends upon the complexity of the physical system and the available computational facilities. In practice, most of
the HV systems can be successfully simulated by using point, line and ring charges or a suitable combination of these
charges. The correct choice of the type of fictitious charges is very important, especially with respect to the realized
accuracy. Also, it is very important to determine the position of fictitious charges.

IV. RESULTS AND DISCUSSION

For electric field calculation due to point charge, following the conventional CSM, first the charge system is developed
by determining the optimal positions of the fictitious point charges and contour points which is shown in Fig. 1(a). Once
the charge system has been developed, the potential coefficients can be calculated by solving the Laplace’s or Poisson’s
equations for point charges. The potential and electric field intensity can be easily calculated as given in equation (1) &
(2). Taking into account random contour point positions and point charge positions, the electric field using CSM (Emgg)
has been calculated at different positions of the contour points and has been compared with the electric field as
calculated with the analytical method (Eanaynew) fOr point charge by formulating suitable MATLAB programs for these
which is shown in Fig.1(b) and Table 1. Similarly for calculation of electric field due to line charge and ring charge by
CSM, random contour point positions and fictitious charge positions are taken into account by formulating suitable
MATLAB programs for these. By randomly varying the positions of the contour points and simulation charges, the
optimal positions of the fictitious charges is determined which is shown in Fig. 2(a) for line charge and in Fig.3 (a) for
ring charge. The comparison of the electric field calculated at the contour points by CSM (E.sm) and analytical method
(Eanay) is shown in Fig 2(b) for line charge and in Fig 3(b) for ring charge. The electric field computed at the contour
points for line charge and ring charge are shown in Table 2 and Table 3 respectively.
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Fig. 1 Point Charge (a) Optimal position of fictitious charges (b) Electric Field comparison at contour points

Table.1 Electric field at the contour points computed by the CSM and analytical method for point charge

pt 1 2 ] - 5 & 7 8 9 (10 iniln 13 14| 15 ) 17 B BN
mg 0681 | w02 | .12 [ 2833 |27 | AodB | .1885 | 0841 [ 192 | 00t | s3] 023 [ 2585 | 0876 | 0828 | 0434 | 1367 [ L0083 | 2301 | 0269
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Fig. 2 Line Charge (a) Optimal position of fictitious charges (b) Electric Field comparison at contour points
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Table.2 Electric field at the contour points computed by the CSM and analytical method for line charge

Ecsm 0188 0458 | 0005 0002 | o0t | 0001 | O00E | 0003 D008 | 0054 | 0033 | ONQ | Q024 | O00E | 0001 | 0238 | 0565 | 0258 | 0045 | 0035
Eanaly 0130 26 | 0004 0001 | 000t | 0001 | 000 | 0002 0006 | 0043 | 0038 | 0000 | 0082 | 0001 | 0001 | 0238 | 0564 | 0258 | 004 | D035
'Errﬂr D056 003z | 004 D001 | 000 0.000 | 0000 | 0001 0002 | 005 | 000X | 0000 ( 0042 | 0001 | 0000 | 0000 | 000K | D000 | 0000 | 0.000
point 1 2 3 4 5 6 7 8 9 10 n|n 13 14 15 16 17 18 15 | 20
Ecsm 0013 0158 0073 0053 .oD21
Eanaly 0012 0108 0053 40055 -0021
error -0001 0050 0020 -0001 0.000
point s N 22 23 24 25
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Fig. 3 Ring Charge (a) Optimal position of fictitious charges (b) Electric Field comparison at contour points

Table.3 Electric field at the contour points computed by the CSM and analytical method for ring charge

Contour 1 2 3 4 5 6 7 8 9 10

point

Eanaly 0045 | 0003 | 0002 | 0.0003 | 0004 | .0012 | .0007 | .0014 | .0006 | .0002

Ecsm 1565 | -0783 | .0002 | 0.0003 | 0095 | .0012 | .0013 | .0024 | .0007 | .0014
1520 | -0780 | 0000 | .0000 | .00S1 | .0000 | .0008 | .0010 | .0001 | .0012

error

The error in the CSM depends upon the types, numbers as well as locations of simulation charges, the locations of
contour points and the complexities of the profiles of electrodes as well as dielectrics. Calculations are repeated by
changing one or several of the following parameters [4]:

1. The number of simulation charges

2. The locations of simulation charges

3. The types of simulation charges

4. The locations of contour points
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V.CONCLUSION

In this paper, the contour point and fictitious charge positions have been randomly varied and various cases have been
examined. After determining the optimal positions of the fictitious charges, comparison between the electric field
calculated by CSM and calculated by analytical method has been done. For point charge an rmserror of 0.005 was
found and for line charge it was found to be 0.0052 and for ring charge it was found to be 0.054. The validation of the
CSM based electric field calculation using MATLAB has been done by comparing the results with the analytical
method. The obtained results shows that the precision of the solution depends on the number and positions of the FCs.
Higher precision can be achieved by increasing the number of FCs. The number of FCs can’t be too large because the
system of equations could be ill conditioned. Thus, these basic charge configurations can be used for the discretisation
of complex electrode geometries to compute the electric field for a single or a multi-dielectric medium by CSM.
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