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Analysis Of Electromagnetic Field On Transmission
Line To Human Using Infinite Element Method
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Abstract—The use of high voltage is not only to
reduce power losses but also to produce electromagnetic
field near the transmission line. This electromagnetic
field is harmful to humans near the transmission line. In
this paper, analysis of the distribution of electromagnetic
field were presented by using simulation based on finite
element method (FEM). The basic principle of FEM was
to divide the structure, the body, or the observed area to
be finite element. The transmission line of 500 kV and its
effect to the operators working near the transmission
line were simulated to obtain the electromagnetic field
distribution.

Index Terms—Transmission line, electromagnetic field,
operator, finite element method.

I. INTRODUCTION

Electric power is one of the most useful energy in daily
activities. The electric power is generated from various
power plants, such as water turbine generator, steam turbine
generator, gas turbine generator, etc. The output voltage of
generator is increased by step-up power transformer and
transferred to transmission line. The use of high voltage on
transmission system will reduce the power losses and the
voltage drop. This high voltage is then decreased by step-
down power transformer in power distribution system.

The use of high voltage on transmission line also
produce the electromagnetic field [1,11,12]. This
electromagnetic field endangers to the human, such as
operators and residents near transmission line.

In this study, the distribution of electromagnetic field on
transmission line was investigated by using simulation based
on finite element method (FEM) [2,5,15,18]. The
transmission line of 500 kV was analyzed its
electromagnetic field. This would provide how much
influence of the electromagnetic field to operators.

II. ELECTROMAGNETIC FIELD CALCULATION ON
TRANSMISSION LINE

In electromagnetic field calculation, intensity of
electromagnetic field (H) is assosiated with density of
electromagnetic field (B), B = wpH. The equation of
Helmbholtz can be seen in (1) [5]. For the system frequency
is 50 Hz, electromagnetic field is modeled as current
equation law as defined below:
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with p is magnet permeability, ¢ is conductivity, and ¢ is
dielectric permeability contant.

By considering time harmonics system, H = HE"-M, the
equation become:
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with w is angular frequency.
The equation is then simplified as:
VeH — juopH + mEEuH =10 3

By regarding to three dimensions (X,y,z), so that:
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III. SIMULATION METHOD

A. Finite Element Method (FEM)

Finite element method (FEM) is one of the numeric
methods mostly used to solve problems of structure,
thermal, and electromagnetic. In this method, the problems
were finished by using basic principle of discretion process.
The process of discretion on finite element was division
process on object structure modeling into the infinite small
elements [1,2,20,21]. Those elements were small meshes of
the object. The calculation method was to calculate the
small meshes that would be combined into a larger form to
be joined. The obtained results were sourced from the
continue estimation value to the what was assosiated with
mesh parts, so that the expected form was obtained
[5.8,23,25].

B. Electromagnetic Field Calculation on Transmission
Line

General method of electromagnetic field calculation near
transmission line could be calculated by using analysis of
two dimensions, in which the transmission line was assumed
to be parallel with flat earth surface. The coordinate system
could be explained as depicted on Fig. 1. The conductor of
transmission line was parallel with Z axis. The current
flowing on the conductor, I;, was opposite with Z axis.

The direction of electromagnetic field intensity at x;.y;
with distance from earth surface, r;;, had amplitudo as:
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In vector notation, the equation could be written as:
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For unit of direction vector, %;;, the equation became:
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with u, was direction vector unit paralled with X axis and u,
was direction vector unit paralled with Y axis.

If there were some conductors carrying the current, the
total of electromagnetic field intensity could be defined as:

H.. ig

H :.':[‘ij i

=L (®)

The electromagnetic field near three-phases transmission
line was affected by earth return, especially for far point
from the transmission line (and near earth). For transmission
in balance condition, this current was distributed through
earth along the transmission line although the current total
would be zero in the end. The earth current is calculated by
using Carson’s equation. Therefore, the intensity of
electromagnetic field produced by transmission line and
earth current could be written as below [6]: 9)

I if 2 ¢
1 — = r .
i~ amr [1 +3 (_ﬂrijjl ]¢' i

(8) showed the electromagnetic field due to transmission
effect, while (9) showed the electromagnetic field due to
earth current which was also a correction factor because the
earth current as:

H. = —i-&
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with ¢ was earth conductivity (0.001 — 0.002 S/m), € was
earth permittivity earth (8.85.10"' equal with air permitivity
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(11) and (12) were shown that if the earth current effect was
considered, the intensity of electromagnetic field would not
be in the same phase with the current source.

C. Calculation of Field and Unification of Triangle Element

The main principle of finite element method was discrete
which was formation of small triangle elements of mesh
with unlimited amount, as depicted on Fig. 2 and 3. By
knowing the potential value (V) on the one triangle element,
the value of electromagnetic field on insulator surface was
obtained.

The equation of energy on electrostatic field for each
element could be obtained as follow:

W, = = g4z, VTSV (13)
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Figure 1. Coordinate system of calculation.
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Figure 2. Modeling of triangle element.
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Figure 3. Combining of two triangle elements.

Based on the combining of some elements, the value
of energy could then be calculated as follow

W= = coer VonSVion (14)

(15) could be outlined into a coeficient matrix which was
connected between one triangle with the others, as below:
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D. Modeling of Tower, Insulator, and Human

In the beginning, the transmission tower was modeled.
The chosen tower type was suspension tower as shown in
Fig. 4. Secondly, insulator of 500 kV was modeled as
depicted on Fig. 5. The modeling of conductor bar used
epoxy resin material, as seen in Fig. 6. Later, the insulator
fins with polymide material and end fitting with iron
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material were installed. The insulator was then mounted

to insulator suspension as shown in Fig. 7. The human was
modeled as seen in Fig. 8.
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Figure 4. Modeling of transmission tower.
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Figure 5. Modeling of conductor bar on insulator.

Figure 6. Modeling of insulator.

E. Material of Transmission Tower, Polymer Insulator,
and Human

The materials of transmission tower and polymer
insulator used in simulation were explained in Table 1. The
material of insulator could be seen in Table 2, while the
material of human was shown in Table 3.

Tablel: Material Datasheet Of Transmission Tower

And Conductor
Material
Unit Copper Ferro A6M
(Pure) (lossy)
Epsilon 1 5.9
Mue 1 1
El. Cond. (S/m) 5.96x10’
Therm. Cond. >
(W/K/m)

Table 2. Material Datasheet Of Insulator

Unit Material
Epoxy Resin | Polymide (lossy)
Epsilon 4 35
Mue 1 1
El. Cond. (S/m) 1x10"
Rho (kg/m®) 1500 1400
Therm. Cond. (W/K/m) 0.2 0.2
Heat cap. (kJ/K/kg) 1
Diffusivity (m*/s) 1.42857 x107
Young's Mod. (GPa) 13 2.5
Poiss. Ratio 0.45 0.4
Thermal Exp. (1e*/K) 25

Table 3: Material Datasheet Of Human

Figure 7. Modeling of insulator with suspension.

O

Unit Material (Heart)
Epsilon 1
Mue 1
Rho (kg/m?) 1100
Therm. Cond. (W/K/m) 0.293
Heat cap. (kJ/K/kg) 35
Diffusivity (m*/s) 7.61039% x10°®
Bloodflow (W/K/m?®) 9100
Metab. Rate (W/m®) 1620

oo

Figure 8. Modeling of human.

IR

F. Transmission Line Simulation

The simulated transmission line had the rated voltage of
500 kV, as depicted on Fig. 9. The three-phases voltage of
500 kV was applied to the red conductor in Fig. 9 with the
placement of R, S, and T.
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IV. RESULT AND ANALYSIS

A.  Transmission Line Simulation

The distribution of electromagnetic field on transmission
line was shown in Fig. 10. The red colour in Fig. 10 showed
the electromagnetic field with the highest value, while the
blue colour in Fig. 10 presented the lowest value of the
electromagnetic field. The value of electromagnetic field
distribution in the middle of transmission line was seen in
Fig. 10(a) and (b).

B.  Electromagnetic Field on Transmission Tower

The value of electromagnetic field on the tower
experienced the fluctuations, as depicted on Fig. 11. In the
beginning, this value was increased constantly. The
significant increase occured at point of 23, in which the
highest value was obtained at the altitude of 39.31 m, that
was 0,83 Vs/m’, and the lowest value was presented at point
of 60.
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Figure 9. Rated voltage of the simulated
transmission line.
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Figure 10. Distribution of electromagnetic field on transmission
line: a) Front view. b) Side view
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Figure 11. Curve of electromagnetic field based on the
transmission line.

C.  Electromagnetic Field on The Three Phases

The value of electromagnetic field on T phase of
transmission line at high of 30 m was obtained as depicted
on Fig. 12. The blue line presented the peak value of the
curve. The electromagnetic field value at point of T was
0.17 Vs/m? and experienced an increase until point of R. The
point of S with altitude of 38 m had 0.21 Vs/m2, while the
point of R with altitude of 46 m had 0.35 Vs/m®,

D. Electromagnetic Field on The Conductor

The value of electromagnetic field on the conductor of
transmission line experienced an increase and a lowly
decrease. Fig. 13 showed that the curve line at 0-2.2 m was
slightly increased with the electromagnetic field mean value
of 0.025 Vs/m” and the curve line at 10 m was significantly
increased until the curve line reached 23 m with 0.328
Vs/m”. The decrease on the conductor was obtained because
the greatest electromagnetic field was near the conductor
(the electromagnetic field in the conductor was lower than
near the conductor). Fig. 14 explained the electromagnetic
field on human, that was 0.0187 Vs/m>.

E.  Comparison of Electromagnetic Field on Human
Under Transmission Line

The comparison was conducted for each distance of 30
m along transmission line. The value of electromagnetic
field at zero distance from tower was increased until at
distance of 120 m, as depicted on Fig. 14. The values was
then almost constant until at distance of 180 m with 0.06
Vs/m®>. This showed that the greatest value of
electromagnetic field was 0.06 Vs/m” in the middle of
transmission line or under conductor (the lowest distance).
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Figure 12. Curve of electromagnetic field on R, S, and T.

F.  Comparison of Direct Measurement and
Simulation Result

The measurement was conducted on transmission line of
500 kV located in Krian-Gresik, West of Surabaya. The
measurement used ELF Field Strength Measurement
System, HI-3604. Firstly, the distance was measured and
adjusted to the distance in simulation. Later, the values of
electromagnetic field between the direct measurement and
the simulation were compared as seen in Table 4.
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Figure 13. Comparison of electromagnetic field on
the insulator fins with crack.
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Figure 14. Comparison of electromagnetic field on the insulator
fins with crack
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Table 4: The Comparison Results

Distance Simulation Mez;;:;ﬁi?em
2
(m) Result (Vs/m®) Vo)
0 0.018 0.02
30 0.031 0.035
60 0.051 0.038
90 0.058 0.034
120 0.059 0.048
150 0.059 0.043
180 0.06 0.05
V. CONCLUSION
The highest value of electromagnetic field on

transmission line was located in left side and right side of
transmission line, that was 0.83 Vs/mz, whereas the lowest
value was located on the human under conductor, that was
0.0187 Vs/m®. It was caused by the material type and
material thermal conductivity which led to the polarization
effect between macroscopic interface and decreased the
dielectric properties. Steel material on transmission line had
the higher value than the other.

Based on the simulation to human under transmission
line, the mean value was obtained as 0.048 Vs/m% It
indicated that the human near the transmission tower
exceeded the safe limit (the safe limit for human was 0.025
Vs/m? based on SNI 04-6950-2003).

The comparison result between the simulation and the
direct measurement was not much different. The highest
value of electromagnetid field was located at altitude of 180
m in the middle transmission line or right below the
conductor with the lowest distance, that was 0.06 Vs/m?
based on the simulation and 0.05 Vs/m® based on the
measurement.
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