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The purpose of this study is to evaluate the electromagnetic emission of the overhead power
line, because these power line generate electromagnetic interaction with other objects near to

it. The novelty of this work shows a numerical simulation of the electromagnetic field of the
400 kV line in both permanent and transient states at different positions, based on the finite
element method using numerical software. Through the results of this study, it was found that
the electromagnetic field in the transient state is very important. The findings of this research
can be used to evaluate the field created around transmission lines in order to determine their
impact on the environment and human health.
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1. INTRODUCTION

The development and extension of very high voltage
electrical networks (VHV) generate and multiply the
interactions and electromagnetic problems [1-2] which have a
negative effect on environmental risk and human health,
moreover they could expose the peoples working around them
to serious diseases [3-5].

There are several experimental and simulation studies on
electromagnetic characteristics near the power line [5-6]. The
most of works is based on the evaluation of the product field
around and near the power lines and comparing it with
international norms [2-4], other studies have been carried out
on the influence of the intensity of the electromagnetic field
on the health and the environment [3-4], there are even studies
on the reduction of the intensity of the field under the electric
lines thanks to technical solutions [7-8]. But all these works
have been studied in the steady state; the novelty of this paper
is the application in a transient state with presence of defects
in the electrical network. Our aim is the simulation of the
electromagnetic field in the presence of the various defects in
order to have results throws a new light on the electromagnetic
pollution in the transient case.

A very good modeling of the electromagnetic characteristics
of the electric lines depends to several parameters such as: the
characteristics of the electric cables (conductivity, wire shape,
cross-section, etc.), the height of the lines, the geometric and
structural characteristics of the pylons, the frequency
disturbing signals, and the distance between the conductors
and the environment characteristics (air, water, etc.) [6-7].

In this paper, we use the electrostatic and magnetostatic
modules of the COMSOL Multiphysics software for the
simulation to evaluate the electromagnetic pollution of the
VHYV electric transmission lines. Our work aims to simulate
and show the radiated emission of the electromagnetic field
produced in the vicinity and around a high voltage electric line
by the finite element method. Furthermore and in order to see

the variation of the intensity of the field in both permanent and
transient cases in different positions, a new simulation of the
electromagnetic field under a short circuit and overvoltage
faults is proposed.

2. GEOMETRIC AND CHARACTERISTICS

Each phase is consisted of a horizontal bundle of two
conductors of 61 wire separated by 45 cm. The total section of
a sub-conductor equals 590 mm?. Figure 1 shows the model of
a very high voltage electric line of 400 kV. Its characteristics
are listed in Table 1.
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Figure 1. Geometry of the VHV electric transmission line

Table 1. Characteristics of the very high voltage line [11]

The distance between the 30
phases and the ground (m)
Conductor diameter (m) 31.5-10°°
The distance between the 16.2
phases (m)
Voltage (kV) 400
Current (A) 2500
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3. THE COMPUTATION OF THE MAGNETIC FIELD

The most of electromagnetic phenomena are governed by
Maxwell's partial differential equations, which must be
adapted to the medium to several domains of the studied
device. Thus, due to the slow variations of electromagnetic
fields in low frequency (vary slowly over time), Maxwell's
equations are converted into electrostatic and magnetostatic
equations for the static regime [9-11]. We start with the
following system of equations:

rotH =J'
D=¢E

J' =(o+]jwe)E
B =rot(A)

M

With E: electric field, H: magnetic field, A: magnetic vector
potential, J: the current density, B: magnetic flux density, D:
electric induction.

By applying the law of Gauss and the law of Maxwell
Ampere, we will have the equation (2):

rotH = rot(u 'B) (2

We substitute the expression of magnetic flux density B in
Maxwell-Faraday equation of electromagnetic induction
(rotE = —jwB), we obtain:

rotE = —jw(rotA) = rot(—jwA) (3)
The combination of the preceding equations gives:
rot(u 'rotA) = (o + jwe)(~ joA) 4)

After substitution, we obtain the formula of the final partial
differential equation for the inductive effect for the following
variable magnetic vector potential A in magnetostatic:

— 02ZA+ jooA +rot(u 'rotA) =0 (5)

The interface of Magnetic Fields in the software uses
equation (5) to determine the value of magnetic vector
potential A, and consequently, the values of all fields derived
from it (the magnetic field H and the magnetic flux density B).
The electric current of the three phases is as follows [11-12,
14]:
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4. THE COMPUTATION OF THE ELECTRIC FIELD

The resolution of the model in 2D by the law of the current
conservation in the electrostatic frequency domain is realized
by the following equations:

E = —gradV
divD=p ()
divd = —jwp
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When Faraday’s law evaluates to zero in static case, we
have:
rot(E) = —joB =0 )
The including of the displacement current in the current
definition gives: divJ]’ = 0 and J' = oE + jwD for the current
conservation law and the current definition, respectively we
will obtain the following partial differential equation (9) for
the variable V:
—div((c + joe)VV) =0 9)
The interface of the "Electric Currents" uses this
conservation law to determine the value of V in the domains.
For the limits of this model, several Dirichlet conditions are

used. The electric voltage of the three phases is as follows [12,
14, 15]:

2 2

V,=V,,V, =Ve 3, V. =Ve ? (10)

5. SIMUL ATION RESULTS

We will use the magnetostatic module for the modeling and
calculation of the magnetic field produced near to the electric
transmission lines [12, 16].
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(b) Magnetic field concentration in single phase

Figure 2. The distribution of the magnetic field



Figure 2 shows the radiation emission of magnetic field
lines (norm is the magnitude of the variable or absolute value
of the magnetic field) in the vicinity as well as under the VHV
electric line. The distribution of the field is very important in
the very high voltage lines because of the great intensity of the
current in the three cables of each line. There are always
electromagnetic interference (EMI) between the electric lines
as the both inductive and capacitive phenomena between the
phases and ground.

5.1 Calculation of the magnetic field near the overhead
transmission line

The simulation result shows the horizontal and vertical
distribution (along the two axes x and y) of the multi-level
magnetic field below the overhead electrics lines (with
Hmax=380 A/m). Figure 3 shows the shape of the magnetic
field as a function of the distances at several levels with respect
to the ground. Moving away from the electric cables, the
magnetic field decrease and will be less important in both
directions.
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Figure 3. Measurement of the magnetic field near the VHV
line

5.2 The presence of a short circuit fault in an electrical
phase

Short circuit current: the circulation of a short circuit current

(ICC=45kA) in an electrical phase gives a large magnetic field.

Figure 4 shows an intense and very important magnetic field,
unlike the other two phases not affected by the short circuit

because of the power transmitted during the short-circuit phase.

The maximum amplitude of the magnetic field with short
circuit is eighteen times the nominal value (7000 A/m see
Figure 5) [12-14].

Contour: Magnetic vector potential, z compenent (Wb/m)
T T T T T T T

x10* T
mm

¥ (mm)

Figure 4. Magnetic vector potential with a short circuit fault
in single phase
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Figure 5. Measurement of the magnetic field with a short
circuit in a phase

5.3 The calculation of the electric field near the VHV line

The representation of the electric field requires the use of
the electrostatic module.
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Figure 6. Electric field near overhead transmission line

Figure 6 shows the calculation of the electric field at several
levels, it increases and reaches the maximum near the three
electric cables, even near and below the line.

When moving away from the x-axis with a distance x=+100
m, the values of the electric field will be low. So it starts to
decrease according to the distance.

5.4 The presence of an overvoltage fault

The circulation of an overvoltage (U=680 Kv between a
single phase to ground) in electric phase gives rise to an
important electric field [13-14]. The distribution of the electric
field is very strong next and close to phases affected by the
overvoltage fault (the maximum amplitude is 100 kv/m) see
Figure 7.

In abnormal operating conditions the electromagnetic field
under very high voltage overhead line is proportionally with
the level of current and voltage. The field at other voltages or
currents is proportional to the reference case of steady state
(the magnetic field increases eighteen times the nominal value
of current and the electric field increases three times the
nominal value of voltage).
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Figure 7. Calculation of the electric field near overhead
transmission line with overvoltage

Table 2. The electromagnetic field at 1.7m and 29 m under
power transmission lines

Electric Field Magnetic Field
Kv/m uT
D';(t;r;ce Limit State Fault Limit State  Fault
1.7 5 2 5.3 100 9 235
29 10 40 105 500 516 900

Table 2 summarizes the comparing of the simulation results
with recommendation of the European Commission
(EC/519/1999 for public, and EC/402004 for workers)
concerning the limits of exposing to low frequency
electromagnetic fields, for our study: 1.7 m and 29 m height
above the ground.

The presence of electricians under the line of a length y=1.7
m exposes them to an electromagnetic field below normal
standards and above standards in case of defects. When the
electricians are near to an electric cables at a vertical distance
y=29 m), they are exposed to very important values of the
electromagnetic field in normal and above all abnormal cases.
(The magnetic field is twice as high of the limit in case of short
circuit and ten times the value of the electric field in
overvoltage).

6. CONCLUSIONS

Through a numerical simulation by finite element method
using the COMSOL Multiphysics software, the present paper
studied the distribution of the electromagnetic field of the
overhead electrical transmission line of 400 kv, for frequency
of 50 hertz with neglecting the effect of the ground wires. The
finite element method is fast, reliable and accurate; it can
analyze any structure with complex geometry and non-linear
characteristics.

Based on the results obtained, it can be drawn that the
circulation of a short circuit current of 45 KA in electrical
phase gives an intense magnetic field (of 7000 A/m) because
of the important power transmitted during the short-circuit
phase. In the other hand, the presence of an overvoltage fault
of 680kv between phase and ground gives an important and
strong distribution of electric field (100 kv/m). It can be
concluded that the electromagnetic field at several levels
increases near and under the line mostly in transient state, so
it varies inversely with the distance.
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The comparison of the results chows that the
electromagnetic field is higher than the limits required by
recommendation of the European Commission in the case of
the presence of defects. For the perspectives, our objective is
to study the electromagnetic aggressions of transmission line
and found new technical solutions to minimize the
interferences and improved the level the electromagnetic
compatibility devices.
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