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Abstract: - In this paper we describe a new computer program for calculating of electric fields intensity around
or inside any arbitrary shape electrode systems or conductors with the same or different configuration. As we
know that in design and construction of a high voltage equipment, analysis of electric field intensity around and
or inside that equipment has very important role therefore, according to precision and ability of this new
computer program or new computer code, we can use this code for design new equipments in electric industries
and also for research and educational objectives in the analysis of low frequency electric and magnetic field
phenomena. According to complexity of some electrodes or conductors configuration, solving of Laplace's or
Poisson's equations by different numerical methods are very difficult in actual field. In this new method we
transfer actual field (electrode or conductors and their outer boundary) to rectangular plane. In general this
computer code solve two couple Poisson's or Laplace's equations in general curvilinear coordinate. For solving
elliptic differential equations we have been used TTM (Thompson, Thames & Mastin) algorithm.
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1 Introduction

In this paper, we can obtain electric field intensity
and also equipotential lines around or inside any
arbitrary shape electrodes with TTM algorithm.
With this computer code we can solve two couple
Poisson or Laplace equations in general curvilinear
coordinate. For finding electric field intensity and
also equipotential lines around any electrode, we
transfer actual field or actual coordinate system
(surface of any arbitrary shape electrode) and also
its outer boundary to rectangular calculating field or
rectangular coordinate system. Solving of Poisson
and also Laplace equations are easy in rectangular
field than actual field [1].

As we know that, by using conformal mapping,
we can solve electric fields and also equipotential
lines around some definite electrodes [2]. In
conformal mapping method we define any complex
transfer function and then, by using this function,
for every point in actual complex plane z with
coordinates x and y we can find one or many points
in an other complex plane w with coordinates u and
v. The relationship between points in plane z and
plane w have been determined by complex analytic
function w = f(z). This complex analytic function is
named transfer function also. Since definition of

transfer function is not possible for all type
electrode system therefore In general we can use
conformal mapping technique under some special
conditions [2].

In this computer code, similar to conformal
mapping technique for calculating electric field and
equipotential lines around or inside any arbitrary
shape electrodes first of all we transfer actual field
to rectangular calculating field and after solving
Laplace or Poisson equations in rectangular
coordinate system we again transfer the results to
actual field also. The constraints of the conformal
mapping method have been not seen in this code. In
mathematical method of this computer program, we
will explain transfer function briefly.

In the past, several methods such as finite
difference, finite element, boundary element and
charge simulation have been used for solving
electric field distribution [1-16].The finite difference
and finite element methods seek a direct approach
for solving the governing differential equation of the
potential.

In the finite difference method, the differential
operator is separated by utilizing a truncated Taylor
series expansion in each coordinate direction and
then applied at each point of a rectilinear grid placed
on the region under consideration. The method
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usually involves an iterative process and the main
disadvantages are the crude modeling of the sample
geometry and large number of unknowns, especially
for open-field problems.

The finite element method use a variational
technique in which the potential is approximated by
a sequence of functions defined over the entire
domain of the defined geometry. By minimizing a
function that is proportional to the energy of the
system, these approximations are related to an
operator equation which yields the values of the
solution at the nodes. In many practical applications,
calculating of potential by interpolation and of its
derivatives through differentiation, the derivative
has discontinuities in the geometrical model.
Moreover, it is not possible to model infinitely
extending regions. These problems constitute the
major shortcomings of the finite element method.

Both methods have been researched extensively
[17] but require large amounts of input data and
expensive computer hardware. An alternative
approach to the solution of the boundary value
problem is the boundary element method which is
based on a formulation of the boundary integral
equation [18]. This method does not seek a direct
solution of the potential. Instead, an equivalent
source which would sustain the field is found by
forcing it to satisfy a prescribed set of boundary
conditions, under a so-called Green’s function. This
function relates the location and effect of the source
to any point on the boundary and eliminates the
need for a finite element mesh or finite difference
grid. The equivalent source usually is located on the
boundaries and interfaces of the different media, and
once the source is determined the potential or its
derivatives can be calculated at any point.
Parameters, such as capacitance and inductance, can
be obtained. The Main advantages of the boundary
element method over the direct approach are the
elimination of differentiation and interpolation to
calculate the potential or its derivatives and a more
accurate modeling of the particular geometry [19].

In some practical applications, electric fields
intensity are calculated by the charge simulation
method. The charge simulation method belongs to
the family of integral methods for the calculation of
electromagnetic fields. There are two variants of this
method: charge simulation with discrete charges and
charge simulation with area charges [2-3].

According to some difficulties in the above
mentioned different methods we have obtained a
paper that is comparing finite difference, finite
element and charge simulation methods with each
other [4]. In finite difference method if the shape of
the electrode is complicated therefore the results

obtained by this method will have a large errors. In
this new method we can analysis electric field and
also equipotential lines around or inside any arbitrary
shape electrode with minimum errors [20, 21].

2 Mathematical Discussion

Since calculation of electric field intensity in
rectangular plane is quite simple therefore in this
computer program we transfer actual computational
field and its outer boundary to any computational
rectangular plane. Henceforth, we show actual field
with E and calculating field with E". Figure 1 shows
actual field (body or electrode and its outer
boundary) in complex z-plane with x and y
coordinates.

G, Outer boundary

Electrode

y

(2)

X

Figure 1. One electrode and its outer boundary
(actual field)

Figure 2 shows calculating field in complex w-
plane with coordinates u and v respectively. In
general, electrode surface and outer boundary
transfer to v constant lines (v; and v,) that is shown
in Figure 2.
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Figure 2. Computational field of one electrode and its
outer boundary

In Figure 1, G, shows body or electrode surface
and G, shows outer boundary in the computational
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field. In this figure also we assume two cutting lines
or curves G; and G, respectively. These hypothesis
lines or curves connect body or electrode to outer
boundary in actual field.

These hypothesis lines or curves in rectangular
computational field have been shown by lines G’
and G,". Notice that G; and G, in actual field have
been coincide to each other therefore coordinates
X(u, v) and y(u, v) for G; and G, will be equal.

In the above discussion we assumed only one
electrode or body in actual field. In this code we can
assume many electrodes in actual field therefore by
this new method electric field intensity and
equipotential lines around three phase transmission
line can be investigated. Figure 3 shows actual field
and Figure 4 shows computational field of two
electrodes configuration.

G

Figure 3. Two electrodes and their boundary
(actual field)
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Figure 4. Computational field of two electrodes and
their outer boundary

From the point of view of mathematics, transfer
from actual field to computational field and vice
versa, can be shown by the following equations.

Qe _ quxy)t n
et &t
EXL _ e;x(u,v)L: @)

The matrices of this transformation are as
follows:

&, u,u é&, x,Uu
n=¢ Jod=g" Ju ©
C & o

€ X VYEI u Yvi

According to above equation we can say that
[J] = [3.]™". In general the elements of matrix J; are
obtained as follows:

u, =-x,/J, (4a)

u, =y, /J: y

Ve ==y 13 vy =%, 1 (4b)
In the above relationships J, shows the determinant
of matrix J,, following equation shows the

determinant of matrix J,:
‘J:detl.‘JZJ:Xuyv' XYy ®)

The solved equations in this computer program
are Laplace or Poisson. At first step we consider
Laplace equations solution and at the second step
we investigate Poissons equations solution. In
general, in curvilinear coordinate system Laplace
equations are shown as follows:

Ugx + Uy =0 (6)
Vix + Vyy =0 @)

With respect to Dirichlet boundary conditions can
be obtained following equations:

xylT G (8
éuu_éup(x,y)u xylT G (9

In the above equations u; and u, are known functions
that are obtained from curves G, and G, (electrode
surface and outer boundary) separately. In
computational field (rectangular coordinate), we use
following equations:
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aXyy - 2bXuv +t Ky =0 (10)

ayy - 2b)/uv THw = 0 (11)

In equations (10) and (11), constants a, b and g can
be obtained from following equations:

a=x;+y; (12)
b=x,X,+Y,Yy (13)
g=x;+y; (14)

Under transferred boundary conditions, we obtain
following equations:

é)(l]_ (:efl(u,vl)g
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xu_ €9, (U, v2)u
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Functions fy, f5, g1, g, in equations (15) and (16) are
well defined, since these functions are the
coordinates of region (G, and G,) that we define in
the actual field.

Notice that the systems of the above equations
are quasi-linear and elliptic, therefore the solution of
these functions are very complicated than Laplace
equations in actual field coordinates, but in this code
we solve these equations in rectangular coordinate
system that make easy our calculations.

If we have two electrodes in actual field for
second electrode also we can obtain following
equations:

xu_en vt ruii @ @)

é&u_ éog(u,vpu

&H &(u.v)H mwll G a8

In general, in curvilinear coordinate system
Poisson equations are shown as follows:

Uxx + Uy = € (19)

Vix + Vyy = & (20)

In the above equations e; and e, can be equal or
different. According to above discussion, we obtain
following equations in transformed field or plane:

aXyy - 2quv T Ky +‘]2(elxu +eZXv) =0 (21)

aYy - 2bY g + W+ (Y, +EY,) =0 (22)

3 Flowchart and Preparation of The
Code

The Figure 5 shows the flowchart of this computer
code. As we have mentioned previously, by this
computer code we can analysis electric field
intensity and also equipotential lines around or
inside any arbitrary shape electrode configuration.

{ Start }

Outer
Boundary

Calculate

Outer Boundary
Automatically

¥

Initial Guess

{

Calculate
Initial Value

¥

Input

Outer Bound

Use SOR for
Elliptic Equations
Solution

A

Results
Converqge

Print Results

_ Ea

Figure 5. Flowchart
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In this computer code, first of all we define input
file (GEM2DIN) according to given electrode
configuration. After execution of this computer
code, we obtain two different output files (ZOUT,
GEMTEC.DAT). ZOUT shows specification of
input file with given initial boundary conditions,
errors in each iteration and also final results that are
obtained. we use GEMTEC.DAT file in TECPLOT
software to plot electric field and equipotential lines
inside or outside any arbitrary shape electrode
configurations. In this computer program, we can
control electric fields and equipotential lines around
or inside any arbitrary shape electrode system
separately by given input data therefore, we can
apply this code to real electrode systems in the
practice also.

In input file (GEM2DIN) we assume following
information:

IMAX: number of points in u direction (in
computational field),

JMAX: number of points in v direction (in
computational field),

NBDY: number of body or electrode inside field,

ITER: maximum number of iteration,

IGES: initial guess,

IGESTP: IGESTP = 1 (initial guess for old TTM

method),
IGESTP = 2 (initial guess for new TTM
method),

ING: as like IGES, that we use it in the case of
IGESTP =2,

IDISK: writing or storing information on hard or
floppy disk,

IWIR: writing iteration errors in output file ZOUT,

IWINTL: writing initial guess in output file ZOUT,

IWFIN: writing coordinate system results in output
file ZOUT,

IGED: control average weighting directions for
different initial guesses,

NBSEG: total number of segment,

NRSEG: total number of segment inside actual field
that are coincide with each other,

LB1, LB2: shows initial and final indexes of the
body or electrode,

LBSID: define the sides of the rectangle in the
computational field that shows mapping
points of the body or electrode surface and
or outer boundary from actual field,

LBDY: shows the number of body or electrode,

LISID, LRSID: define the sides of rectangle in the
computational field that shows mapping
points of the segment from actual field,

LR1, LR2: shows initial and final indexes of each
coincident segment for LRSID,

LI1, LI2: shows initial and final indexes of each
coincident segment for LISID,

R(1): Gauss Seidel accelerator parameter,

R(2): convergence criterion for repetition error of
variable X,

R(3): convergence criterion for repetition error of
variable y,

YINFIN: radius of outer boundary(if outer boundary
generate automatically by this code as a
circle),

AINFIN: angle of the first point in outer boundary,

XOINF: x coordinate of the center of the circle that
shows outer boundary,

YOINF: y coordinate of the center of the circle that
shows outer boundary,

NINF: number of points on the outer boundary,

IEV: control special complex jacobian value,

IAIT: print variable acceleration parameter of the
field,

INFAC: number of steps to receive outer boundary,

X(I, J), Y(I, J): coordinates of each point on the
body or electrode surface in the actual
field,

ATYP: compression direction of the lines inside
actual field,

ITYP: compression fashion of the line inside actual
field,

NLN: number of lines that we want to compress
them,

NPT: number of points that we want to compress
the lines nearby them,

DEC: adjust the distance between compressed lines,

JLN: shows the index of the line that we want to
compress it,

ALN: shows the amount of the line compression,

DLN: reduction factor for compression lines,

IPT, JPT: indexes of compression points,

DPT: reduction factor for compression points,

IFAC: shows the number of steps that we add to non
homogeneous statements to control,
convergence of the computer program,

IRT: printing non homogeneous statement,

EFAC: convergence factor criterion for using
average convergence, between non-
homogeneous statements,

In general the above input data needs special format.
As we mentioned previously after execution the
computer program with input file GEM2DIN we
obtain two different out put files ZOUT and
GEMTEC.DAT individually. we use
GEMTEC.DAT file in TECPLOT software to plot
electric field and equipotential lines inside or
outside any arbitrary shape electrode configurations.
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4 Comparison of The Results

Figure 6 and Figure 7 shows the electric field
intensity and also equipotential lines around or
inside any arbitrary shape electrode configuration.

Figure 6. Electric field intensities and equipotential
lines around arbitrary shape electrode

In Figure 6 electric field intensities and also
equipotential lines around a complicated shape
electrode, and also in Figure 7 electric field and
equipotential lines around three conductors with the
same shape as like transmission lines, have been
obtained by this new method. Comparison these
results with analogue electrode systems electric field
intensity and equipotential lines, that obtained with
different methods in given references, shows that we
can use this new algorithm for analyzing electric
field intensity around any arbitrary shape electrode
or conductors with the same or different
configuration.

Figure 7. Electric field intensities and equipotential
lines around three conductors

Figure 8 shows electric field intensities and also
equipotential lines inside a system as like rod-plane
electrode configuration and also Figure9 shows

Figure 8. Electric field intensities and equipotential
lines inside a system as like rod-plane electrode
configuration

electric field intensities and equipotential lines
inside a system as like sphere-plane electrode
configuration with surface roughness on plane
electrode. As we know that analysis of surface
roughness on electrode has very important role in
design and application of high voltage apparatus. In
general if there is a symmetry inside any electrode
system configuration then, in analysis of the electric
field and equipotential lines inside the system we
can assume only one half of the system as shown in
Figure 8 and 9 respectively.

Figure 9. Electric field intensities and equipotential
lines inside a system as like sphere-plane electrode
configuration with electrode surface roughness on

plane electrode

After comparison these results with the electric
field and equipotential lines of the same electrode
configuration that are obtained with different
numerical methods as mentioned in different
references [2-16], we can say that in general, we can
use also this new computer code for analysis of
electric field intensities inside any high voltage
equipment.
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5 Conclusion

We have described here a new computer program
with the ability to solve Poisson's and Laplace's
equations. With this new method we can calculate
electric field intensity and also equipotential lines
around or inside any arbitrary shape electrode or
conductors  with the same or different
configurations. As we know that in high voltage
engineering, analysis of electric field around or
inside any equipment has very important role in the
design of that equipment therefore, we can use this
new computer code in the design and construction
of any HV equipment that are used in electric
industry. Concerning to precision and ability of this
new method we can use this code also in research
and educational activities. Since solving of
Laplace’s or poisson’s equations by different
numerical methods are very difficult in actual fields
and also, results will have large errors therefore,
transfer of actual field to rectangular plane will
decrease the errors noticeably and so we can use this
computer program for solving electric fields and
equipotential lines around any arbitrary shape
electrode configuration with great precision.
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