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Abstract- In this paper, a new method for calculating of electric
fields around any arbitrary shape transmission lines have been
represented. In research and educational activities, we can use
also this computer code for calculating electric field intensity
and equipotential lines around any arbitrary shape electrode.
This computer code solves two couple poisson equations in
general curvilinear coordinate. For solving elliptic differential
equations we have been used Thompson, Thames & Mastin
(TTM) algorithm. The user of this code can also solve laplace's
equation instead of poisson's equation. By using this new
method, we can find electric field distribution around any
complex electric system.
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I. INTRODUCTION

In this paper, we can obtain electric field intensity and
also equipotential lines around any arbitrary shape
transmission lines with Thompson, Thames & Mastin
(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 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
method, finite element method, boundary element method
and charge simulation method have been used for solving
electric field distribution [1-9]. According to some
difficulties in the above mentioned different methods we
have obtained a paper that is comparing finite difference
method, finite element method and charge simulation
method 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 any arbitrary shape electrode
with minimum errors.

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

A
\%

I,

V=V,
ry Iy
o V=V
1
—

Figure 2: Computational field of one electrode and its outer boundary

In figure 1, 7 shows body or electrode surface and /5
shows outer boundary in the computational field, in this
figure also we assume two cutting lines or curves /; and
I, respectively these hypothesis lines or curves connect
body or electrode to outer boundary in actual field.

I

Figure 3: Two electrodes and their boundary (actual field)

These hypothesis lines or curves in rectangular
computational field have been shown by lines 73 and
;7. Notice that T'; and T, in actual field have been
coincide to each other therefore coordinates x(u, v) and
y(u, v) for I’ and 7 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.
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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.

u| |u(x,y)
[vHv(x:yJ W
X x(u,v)

= 2
u L(WJ @

The matrices of this transformation are as follows:

u u
J] _| 7 y , J2 :|:xu xv:| (3)
Vy Vy Yu Wy

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

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

y

ve==y,/J, vy, =x,1J (4b)

In the above relationships J, shows the determinant of
matrix J,, following equation shows the determinant of
matrix J;:

J:det[JZ]:xuyv_xvyu (5)

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:

Upe T 1y, =0 (6)
Var Ty, =0 ™)

with respect to Dirichlet boundary conditions can be
obtained following equations:
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In the above equations u; and u, are known functions that
are obtained from curves I'y and I, (electrode surface and
outer boundary) separately. In computational field
(rectangular coordinate), we use following equations:

Xy =2y, + %y, =0 (10)
Wy =2V + W =0 (11)

In equations (10) and (11), constants ¢, £ and y can be
obtained from following equations:

a=x2+)? (12)
ﬂ:xuxv"’_yuyv (13)
y=xp+vp (14)

Under transferred boundary conditions, we obtain

following equations:

{x}: S1wvy)
v] [y

{x}_ g (uvy)
y] | gxmvy)|
Functions f7, f5, g;, g in equations (15) and (16) are well
defined, since these functions are the coordinates of
region (/7 and /) 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:

|:_x:|_ hl(u,v])
y a hz(u,V]) ’
{x}_ 0y(u,v;)
vl oywvy) |

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

[uv] e ;" (15)

[uv] e I} (16)

[u,vi] € F7T (17)

[u,v)] € I{  (18)

Uy + uyy =& (19)

Voo TV = & (20)

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

Xy, = 2By + 1% +J (€15, +€5x,) =0 1)
2
Dy _Zﬁyuv+va+J (31yu +82yv):0 (22)

III. FLOWCHART OF TTM CODE
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 any arbitrary shape electrode.

IV. COMPARISION OF THE RESULTS

Figure 6 and figure 7 shows the electric field intensity
and also equipotential lines around any arbitrary shape
transmission lines. In figure 6 electric field intensities and
also equipotential lines around a single phase
transmission lines, and also in figure 7 electric field and
equipotential lines around three phase transmission lines
with the same shape have been obtained by this new
method.
Comparison these results with analogue electrode
systems electric field intensity, 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.

Start

Input Data

Outer
Boundary

Calculate
Outer Boundary
Automatically

v

Initial Guess

¥

Calculate
Initial Value

v

Input
Outer Bound

Figure 5: Flowchart

Use SOR for
Elliptic Equations
Solution

A

Results
Converge

Print Results

End

617



Figure 6: Electric field intensities and equipotential lines around single
phase transmission line
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Figure 7: Electric field intensities and equipotential lines around three
phase transmission lines

V. 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 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 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.
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