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To meet the needs for electrical energy consumption, an increasing number of overhead
high-voltage (HV) power lines are being installed, which raises public concern about the
possible effects on health and environment. Therefore, it is very important to determine
the exact exposure to electromagnetic fields at industrial frequency. This paper presents a
two-dimensional (2D) numerical model for the electric field and magnetic induction
radiated by a 400 kV overhead power line. The model adopts novel optimization
methodologies based on cutting-edge simulation methods combined with the Evolutionary
algorithms (EAs), such as the Krill Herd Algorithm (KH) and the grasshopper optimization
algorithm (GOA) to solve the numerical optimization problems. The obtained maximum
values of electric field and magnetic induction were below the limits for occupational and
general public exposure set by the International Commission on Non-lonizing Radiation
Protection (ICNIRP). Finally, the obtained simulation results were found to agree well
with those gained from the COMSOL Multiphysics 4.3b. To confirm the effectiveness of
the proposed hybrid methods, the results obtained are also verified with measurement
values available in the literature, and a good correlation is achieved.

1. INTRODUCTION

Population growth and economic expansion have pushed up
the global demand for electric energy, which calls for more
energy transport infrastructures, e.g., overhead power lines
and underground cables with high voltage levels. The
development of these infrastructures generates and intensifies
the interactions and electromagnetic problems, bringing more
environmental and health risks [1, 2].

In recent years, the International Commission on Non-
lonizing Radiation Protection (ICNIRP) and many other
international health institutions and organizations paid
attention to the human health effects of the exposure to low
frequency (LF) electric and magnetic fields emitted by high-
voltage (HV) overhead power lines [1-10]. The potential
hazard of this exposure represents a public and environmental
concern. To disclose the possible health effects, it is critical to
compute the Extremely low frequency (ELF) electric and
magnetic fields in a precise manner.

Concerning human safety, many countries adopt the
permissible levels on possible human exposure to magnetic
and electric fields specified by the International Commission
on Non-lonizing Radiation Protection (ICNIRP) guidelines for
occupational and general public exposure. The latest
permissible exposure levels are set at 50-Hz extremely low
frequency: For magnetic induction, the levels are 1 mT for
occupational public, and 200 uT for the general public; for
electric field, the levels are 10 kV/m for occupational public,
and 5 kV/m for the general public. The ICNIRP also sets a
limit on current density to a value of 10 mA/m? [11].

Generally, in accordance with the quasi-static

289

approximation of Maxwell equations, the resolution of electric
and magnetic fields is simplified into static forms following
Laplace's equations, which are solved using satisfied
Dirichlet-type boundary conditions by various numerical
methods.

Through two-dimensional (2D) approximation, this paper
presents numerical methods for the electric and magnetic
fields analysis created by the HV overhead power lines. The
computation methodologies were designed based on the
charge simulation method (CSM) and the current simulation
technique (CST). To solve the main drawbacks of the
parameters optimization required to these methods calculation,
consisting in number and position of the fictitious charges and
the filament line currents for a precise calculation, the
Evolutionary Algorithms (EAs) have become a well
recognized population meta-heuristic to solve the multiple
constraints. And based on that, the KH algorithm and the GOA
were applied. The obtained simulation results were compared
to those resulting from the COMSOL Multiphysics 4.3b
software, which is based on the finite element method (FEM).
To confirm the high computation accuracy of these combined
methods, a comparison is made with the measured values
available in the literature [12].

2. CALCULATION METHODOLOGY
2.1 Charge Simulation Method (CSM)

The procedure for determining the electrostatic field is
generally to solve the Laplace equation with appropriate
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boundary conditions of Dirichlet problem, where the Laplace's
equation is satisfied in the region S under consideration, as
shown below [13]:

VA (s)=0, seS

1)

And the boundary condition of Dirichlet is satisfied on the
boundary [ :

V(s)=f(s), sel’ )
where, v? is the Laplacian operator and s is the location. In
the electrostatic field problem, v is generally taken as the
electric potential and T is generally taken as the surfaces of
conductors [13].

In this analysis, the charge simulation method (CSM) is
applied to obtain an approximate solution of the Laplace
equation, which is a method that belongs to the family of
integral methods.

The principle of this method is based that the real surface
charges on the surface of conductors are simulated and
replaced by a set of fictitious discrete charges, which are
properly arranged within the conductors [13-18].

The charge magnitudes must be calculated to satisfy the
Dirichlet boundary conditions on an exact number of selected
contour points. After determining the values of fictitious
charges, it is possible to readily compute the potential and
electric field distribution anywhere in the region. According to
the superposition theorem, let ¢, be a number of n individual

charges and v, be the potential at any point within the space
can be calculated as follows [13-18]:

Vi :Z;Pij.qj ©)
=

where, p, is the potential coefficient related to the potential of

the j" charge atthe i" contour point, g, is the fictitious charges,

n is the number of fictitious charges.

Then, the magnitude of fictitious charge can be determined
by solving the system of n linear equations as described below
in Eq. (4) [13-18]:

[a;].. =[P ]_ln x[Vi],

where, [p, ] is the potential coefficient matrix; [q] is the
column vector of values of unknown charge; [v,] is the column

(4)

vector of the voltage applied to contour points on the surface
of conductors.

Once the values of fictitious charges are determined, it is
possible to calculate the electric field intensity at any point
around the conductors. The horizontal and vertical
components of the electric field due to the total fictitious
charges and their images for a Cartesian coordinate system at
any point in space can be expressed by the following equations
[13-18]:

Ny
E, =2f.q

=1

" ()
Ev‘ = Z; fy‘ -Q;
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where, f,f, are the coefficients of the electric field intensity
between the contour points and the fictitious charges q,, which
can be obtained using the following equations:

(1) (x-x) ()
! (2-”0] (x—xj)2+(y—yj)2 (X—Xj)2+(y+yi)z

(vy-v) (v+y)

fyi—[zjigo} (X_Xj)2+(y—yj)2_ (X-Xj)z+(y+y,-)z

(6)

where, (x,y) are the coordinates of the observation point;

(Xj .yj) are the coordinates of the fictitious charges.

Finally, when the two components are determined, it is
possible to calculate the resultant of the electric field at any
desired point by adding these components, as follows [13-18].

Eres = \' Efl + Ey2|

2.2 Current simulation technique (CST)

()

In the same manner of the electrostatic field, the magnetic
induction can be obtained by the general solution of the
magnetic scalar potential represented by the Laplace’s
equation in a region k of space, with suitable boundary
conditions for magnetic scalar potential ¢ at the border of the

region k similar to the boundary conditions levied on the
electrostatic potential problem, as shown below [19]:

Vg =0 (8)

where, ¢, is the Magnetic scalar potential; v2 is the Laplacian

operator.

Many resolution methods are available for magnetic
induction calculation from HV power lines. Similar to the
charge simulation method (CSM) principle, the current
simulation technique (CST) treats each sub-conductor current
as a finite number n, of filament line currents, which are

distributed on a fictitious cylindrical surface of radius R, . The

number and coordinates of the simulation currents are not
arbitrary but based on the number of conductors and their
spatial arrangement [20-23].

For all number of filament line currents, the simulation
currents along all sub-conductors |, (i = 1.....3xn, xm) Must

meet the following conditions [20-23]:

(1) The component of the magnetic field intensity must be
zero on the surfaces of the sub-conductors following the Biot-
Savart law.

(2) The current of a sub-conductor must be equal to the sum
of the filament line currents, which simulate that current.

3.ng.m
A= Z Ky 1, =0,j=123,....... ,3.m.(n, —1) 9)
ne-q
D 1=14,0=123 s 3.m (10)
i=(q-1).n; +1
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where, m is the number of sub-conductors per phase; n, isthe

number of filament line currents.

After several contour points are selected from the surface of
sub-conductors, the unknown filament currents can be
determined by a set of equations [20-23]:

=2 n—-L
i

U]

(11)

where, K; is the coefficient of normal magnetic field specified

by the coordinates of the i" contour point; the j* filament line
current is given by [20-23]; R, is the distance between
simulation current point j and match point i, R, is the
fictitious radius of current filament simulation (see Figure 1).

Tangential
components

o Current filaments
H.

% J Normal

component
— a

8;

:

Figure 1. Normal and tangential field components at a point
on the sub-conductor surface

After the unknown filament line currents are solved by the
set of Egns. (9) and (10), the horizontal and vertical
components of the magnetic induction can be determined by:

Bxi = %
(12)
oy

where, A, is the magnetic vector generated by the three-phase

power line conductors current, it’s expressed as follows [20-
23]:

3.n.m

Aj :;I_:T Zl: Ii'Kij (13)

For the calculation of the magnetic field, the image of the
filament line current in each sub-conductor is located at a
penetration depth D, different from the height of the sub-

conductor above ground, and is given by [20-23]:
D, =2 (p/ﬁ.,uo.f).e_j”/4 (14)
where, , is the electrical resistivity of the medium; f is the

frequency of the source current; 4, is the permeability of free

space.
The intensity of the resultant magnetic induction can be

calculated by adding up the horizontal and vertical

components mentioned above in Eq. (12) [20-23]:
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2 2
B, = /BZ + B’

Taking into account the effect of the earth wires, the induced
currents circulating in these earth wires can be solved by the
Gaussian method, as shown in the following equation [24-26]:

[1]=- 1z ] [za ][]

where, z;; is the matrix of mutual impedances between phase
conductors and earth wires; z; is the matrix of self-
impedance of the earth wires; I, is the matrix of currents

passing through the phase conductors.

At low frequencies, the mutual and self-longitudinal
impedances with earth return of the conductors can be
obtained by Carson-Clem’s formula [24-26]:

(15)

(16)

. . Uy D
Z, =Ri+“%“’+1.‘;°“’.{|n[ C H (A7)
T Rem
_Ho®w . Ho® De
Zy = g + J. > .In[dikj (18)

where, R is the DC resistance per unit length of conductor in
(©Q/km), Rgy is the geometric mean radius of the conductor
in (m); d;. is the distance between the conductor ; and the

conductor kin (m); » is the angular frequency (rad/s); D, is
the complex penetration depth in (m); 4 is the permeability

of free space (u, = 4. 2.10% H/km) .

The simplified expressions Carson-Clem's are generally
sufficiently accurate when the mutual distance d;, between

conductors ; and is less than 15% of the equivalent earth
return distance D, [24-26].

2.3 Body-field interactions

Electromagnetically, the human organism is a non-
homogenous, diamagnetic, dispersive, and conductive
medium. Due to the complex geometry of the human body,
and for simplicity, it is preferable to consider the human model
as a cylinder in low-frequency electric and magnetic fields. As
aresult, only a few distinctive tissues, such as brain, lungs, and
liver, need to be described by the block model [27-31].

Note that the simplified physical modeling of the human
body as a cylindrical representation has already been shown to
be effective in the evaluation of induced currents in the human
body due to exposure to electric and magnetic fields from
power lines. For this reason, in this work for the case study of
HV power lines, the main feature of the model is the efficiency
and the rapid estimation of the phenomenon [32-35].

In general, the human body perturbs significantly in a low-
frequency electric field. In most cases of human exposure, the
electric field is vertical with respect to the ground. At a low
frequency, the human body is a good conductor, whose surface
is nearly normal to the electric field. Electrical charges can
deposit on the surface of the body. Then, the electric current
density J produced by the internal field may be expressed as
[31]:



J=w o=w.¢5.E, (19)

where, + is the conductivity of the human body; E, is the

normal component of the electric field calculated at the
boundary point and is equal to the calculated field at the
boundary point on the human body; » is the angular frequency
of the voltage of the HV power line; is the complex penetration
depth; ¢, is the permittivity of the free space.

On the other hand, human body does not perturb the
magnetic field, and the magnetic field in tissue is the same as
the external field, since the magnetic permeability of tissues is
the same as that of air. If a magnetic induction field with a
supposed uniform intensity on the surface of the ground, and
is directed perpendicular to this same surface. In the simplest
model of an equivalent circular loop corresponding to a given
body contour, the current density can be expressed
mathematically as [31]:

J=xf.0c.R.B (20)
where, f is the frequency of power source; R is the loop radius;
B is the magnetic flux density vector normal to the current loop;
1S the electrical conductivity of the human body (tissue).

Figure 2 provides a simplified 2D model of the human body.

00 00 00

Cylindrical human
model

i

i ey

Ground level J

Figure 2. A simplified 2D model of the human body
2.4 Krill Herd Algorithm (KH)

Krill herd (KH) algorithm provides a novel meta-heuristic
swarm intelligence optimization method. It mimics the
herding of krill swarms in response to specific biological and
environmental processes. In the search space, the position of
an individual krill is mainly affected by three actions [36-39]:
movement induced by other krill individuals, foraging, and
random diffusion.

In KH algorithm, the Lagrangian model is applied within
predefined search space, which is given as:

dX.
—=N.+F +D 21
dt I I 1 ( )
where, F, N, and D are the foraging motion, the motion
induced by other krill individuals and the random physical
diffusion of the krill i, respectively [36-39].
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In the first step, the direction of the induced movement ¢, is
approximated by the target effect, local effect, and repulsive

effect. For a krill, this movement can be expressed as:

Ninew — Nmax ai _'_wn Niold

(22)

where, N™ | @ and N* are the maximum speed, inertia
weight, and the previous movement, respectively.

In the second step, the foraging involves two elements: food
location and previous experience. For the i krill, foraging can
be idealized as:

F =V, [ +w; ':ioId (23)

where,

ﬁi :ﬁifOOd _'_,Bibest (24)

where, v, is the foraging speed; o, is the inertia weight of
foraging motion in (0,1); F* is the last foraging motion; g
is the attractiveness of food; g™ is the best known fitness of
the i" krill [36-39].

In the third step, random diffusion is computed based on a
maximum diffusion speed and a random directional vector. It’s
given as [36-39]:

D, =D"™& (25)

where, D™ is the maximum diffusion speed; s is the
random directional vector in [—1, 1].

Through the three previously mentioned steps, the position
in KH from (t) to (t+at) can be formulated as [36-39]:

X; (t+At) = Xi(t)+At% (26)

2.5 Grasshopper Optimization Algorithm (GOA)

The grasshopper optimization algorithm (GOA) is a novel
meta-heuristic algorithm inspired by the swarm behavior of
grasshoppers and their social interaction. In a swarm, the
position of each grasshopper depends on three forces: social
interaction, gravity, and wind advection [40-44].

The mathematical model employed to simulate the swarm
behavior can be described by:

X;=S,+G, +A 27

where, X, is the position of the i" grasshopper; S ,G and A

are the social interaction, gravity, and wind advection of the i’
grasshopper, respectively.

The social interaction force between grasshoppers can be
defined as [40-44]:

S;= ) sd)d,j#i (28)

M=

Jj=1



where, d, is the distance measured between the i and j"

grasshopper; s is a function of the social attraction and
repulsion between grasshoppers, it can be defined as follow
[40-44]:

s(r)=fe' —e™ (29)

where, f and 1 are the intensity and length scale of the attraction,
respectively.

The gravity that affects grasshopper positions can be
calculated by [40-44]:

where, 4 is the gravitational constant; ¢, is the unity vector of

gravity.

In the nymph stage, grasshopper’s movements are related to
wind direction, as they have no wings. The wind direction can
be calculated by [40-44]:

A = u'é(u (31)

where, U is a constant drift; ¢ is the unity vector of wind

direction.
The position of a grasshopper can be calculated by [40-44]:

i=1 ij

To prevent grasshoppers from reaching the comfort zone
too quickly and enable the swarm to converge to the global
optimum, the above equation can be modified as [40-44]:

X, =cic[w5(lx}’ )T, (@)

i=t ij

where, ub, and Ib, are the upper and lower bounds in the d"

dimension, respectively; T, is the target value in the d"

dimension.

To reduce the comfort zone, repulsion zone, and the
attraction zone, an attenuation coefficient can be defined as
[40-44]:

Conax — Con
C =Cpp — | 0 34
mex L (34)

where, ¢, and c,, are the maximum and minimum values,

respectively; | is the current iteration; L is the maximum
number of iterations.

In the Charge Simulation Method (CSM), the objective
function used for optimization (minimization) can be given by
[17]:

1|V, =V,
OF=—p -~ 1
n, Ile V

100 (35)

G

where, v, is the potential applied to phase conductors; v, is
the potential obtained by the check charges; n is the total

number of check points.
For the Current Simulation Technique (CST), the objective
function can be described by [23]:

1 Ne
OF- 2

=1

A A,

100 36
A (36)

where, A, is the magnetic potential calculated by the current
points; A is the new magnetic potential estimated by the
matching points; n, is the total number of matching points.

The objective of this optimization carried out by these
objective functions is to ensure a very precise calculation of
the electric field and of the magnetic induction.

2.6 Finite Element Method (FEM)

As a numerical technique, the Finite Element Method (FEM)
provides an efficient and mathematically satisfying way to
approximate the solution of partial differential equations. By
this approach, a given differential or integral equation can be
approximated in four steps [45-49]:

Step 1: Discretize the solution space into a finite number of
sub-spaces or elements;

Step 2: Derivation of governing equations for a typical
element;

Step 3: Gather all the elements in the solution space;

Step 4: Solving the set of obtained equations.

In quasi static analysis, the magnitudes of the electric field
E and magnetic induction B are derived from the gradient of
the potential V and from the magnetic vector potential A, as
shown below, respectively [48, 49].

E=—grad.V (37)

—_—

B =rot. A (38)

The numerical simulation is performed by the software of
COMSOL Multiphysics (version 4.3b) in 2D geometry. An
Electrostatic and Magnetostatic modules of COMSOL have
been used to determine the values of the electric field and
magnetic induction by solving completely the Poisson’s
equations [50].

3. CASE STUDY

Radius

A1.2 mm
—

Om Radius

14.31 mm

+00 OO0 00
20

0.4 m

Figure 3. 400 kV single circuit three-phase overhead power
line



This case study targets a three-phase HV power line of 400
kV, with two ground wires. The arrangement and geometric
coordinates are shown in Figure 3. It is assumed that the three-
phase currents flow in a balanced process with a size of 1000
A, with a nominal frequency of 50 Hz. The ground is assumed
to be homogeneous with a resistivity of 100 Q.m.

4. RESULTS AND DISCUSSION

Before accessing to the computation of the electric field and
magnetic induction, it is necessary to optimize the number and
position of the simulation charges and the current loops in the
sub-conductors, using hybrid techniques combining the
proposed methods with the evolutionary algorithms mentioned
previously above.

To ensure a fair comparison, the experiments for each
algorithm were repeated 15 times, and the best parameter
values according to objective functions were selected.

The parameter settings of the optimization algorithms
adopted in this study are presented in Table 1.

Table 1. Parameter settings of KH and GOA algorithms

Parameters setting
Iteration Max=100
Max induced speed Nmax=0.01 (inms-1)
Foraging speed Vf =0.02 (inms-1)
Max diffusion speed Dmax = 0.005(inms-1)
Iteration Max=100
Search agents=20
cmax=1; cmin=0.00001.

Algorithms

KH

GOA

x10™

= GOA
— KH

IS
—

Objective Function
N w
e |

\ "~

\

0
0 10 20 30 40 50 60 70 80 90

Iteration Number

100

Figure 4. Variation of objective functions with the number of
iterations for the charge simulation method (CSM)

Figures 4 and 5 show the convergence of the objective
functions defined by equations (35 and 36) with the number of
iterations. It can be seen that the values of the objective
functions decrease with the increasing number of iterations,
because they converge towards the optimal solution.

As shown in Figures 4 and 5, the KH algorithm has achieved
a more minimum value of the objective function than the GOA
algorithm, which indicates that the KH algorithm works better
and more efficient in solving this minimization problem than
the GOA algorithm.

The simulation results obtained by the KH algorithm for
different best parameter values to be used in the proposed
techniques are presented in Figures 6 and 7, where it becomes
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clear that the KH algorithm converges quickly to these
optimum values.

x10°
35 —

= GOA
— KH
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Objective Function
N

=
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A

1

0 10 20 30 40 5 60 70 8 90
Iteration Number

100

Figure 5. Variation of objective function with the number of
iterations for the current simulation technique (CST)
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Figure 6. Convergence of the number of fictitious charges
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Figure 7. Convergence of the position of fictitious charges
with current loops

Figure 8 shows the lateral distribution of electric field
intensity at different points 1m above the ground. The electric
field reached the maximum intensity under the side phase
conductors, and the minimum intensity at the middle phase
conductor, for the phase shift of the line voltages cancels out
the generated field. It is also clear that the electric field
decreased gradually with the lateral distance to the center of



the power line. The maximum peak intensity of the electric
field did not exceed the public exposure level of 5 kV/m
specified in the ICNIRP guidelines.

Figure 9 illustrates the effect of varying the height of the
phase conductors above ground level. This variation changes
the capacitance of the power line to earth, which varies the net
charges density to maintain its potential. Since the capacitance
decreases with increasing height, a reduction in electric field
intensity is expected at (1 m) above ground level. Therefore,
an increase in the height of the conductors above the ground
leads to a significant reduction in the electric field value.
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3 N N
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/ \
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e N

Electric field [kKV/m]
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P
\
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50 -4 30 20 10 0 10 20 30 40 50
Lateral distance [m]

Figure 8. Eletric field profile at 1m above the ground
obtained by the Hybrid Method (CSM+KH)
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Figure 9. Effect of phase conductors’ height above ground
on electric field intensity

The effect of varying the spacing between the phase
conductors on electric field intensity is illustrated in Figure 10.
An increase in this spacing causes an increase in the electric
field intensity above the ground.

Figure 11 shows the effect of bundle phase conductors on
the electric field intensity, as seen in this figure, the electric
field is greatly increased if the number of sub-conductors per
phase is increased.

The electric field intensity at different heights of
observation point above ground was calculated, as shown in
Figure 12. It is clear that the electric field intensity increases
as the observation point height above ground increases.

Figure 13 illustrates the lateral distribution of the magnetic
induction at 1 m above the ground. It can be seen that the
magnetic induction reached the peak under the middle phase
conductor, and weakened with the growing lateral distance
from the center of the power line. The peak of the magnetic
induction was well below the safe limit of 200 uT for public
exposure, as mentioned in the ICNIRP guidelines.
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Figure 10. Effect of spacing between phase conductors on
electric field intensity
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ground on electric field intensity
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Figure 13. Magnetic induction profile at 1m above the
ground obtained by the Hybrid Method (CST+KH)
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Similar to the electric field, the intensity of the magnetic
induction is also dependent on the factors mentioned above.
As shown in Figures 14, 15 and 16, an increase in height
phase’s conductors above the ground level decreases rapidly
the magnetic induction intensity.The increase in spacing
between the phase conductors increases the magnetic
induction intensity. The magnetic induction intensity increases
as the observation point height above ground increases.
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Figure 17. Distribution of the induced current density in
human body
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Figure 18. Meshing of the computational domain

Figure 17 shows the induced current density in a human
body (head radius: 0.15 m; body conductivity: 0.2 S/m) at
different distances from the center of the HV power line. The
induced current was very sparse under the middle phase
conductor. As the position moved away from that conductor,
the induced current density gradually increased to the peak at
a particular distance. From the peak position, the induced
current density started to decline quickly, as the distance
increased from the center of the power line. The maximum



density of the induced current was below the safe level
specified in the ICNIRP guidelines.

To verify the results accuracy of the proposed hybrid
approaches, the electrostatic and magnetostatic modules of
COMSOL Multiphysics 4.3b in 2D space are recommended,
this software adopts the finite element method (FEM) to
simulate the electric field and magnetic induction of the HV
power line. The computational domain illustrated in Figure 2
above was meshed into linear triangular elements by the
COMSOL Multiphysics 4.3b software, as shown in Figure 18.
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Figure 19. Electric field profile at 1 m above the ground
obtained by COMSOL Multiphysics 4.3b
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Figure 20. Magnetic induction profile at 1 m above the
ground obtained by COMSOL Multiphysics 4.3b

The comparison of the profiles of the electric field and of
the magnetic induction carried out by the finite element
method under COMSOL Multiphysics 4.3b is presented in
Figures 19 and 20.

As shown in Figure 19, a lower value of electric field
intensity appeared under the center of the HV power line.
From that position, the electric field intensity started to
increase to the peak value nearly under the lateral conductors,
beyond that, the electric field decreases rapidly with the lateral
distance from the HV power line center. However, as
illustrated in Figure 20, the magnetic induction reached the
peak value under the middle phase conductor, from where it
began to decline gradually with the growing lateral distance
from the HV power line center.

Figures 21 and 22 compare the results obtained by the
adopted hybrid approaches with those simulated by COMSOL
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Multiphysics 4.3b. As noted, the various results are in
reasonably good agreement, which demonstrates the accuracy
and the performance of the proposed approachs.

Finally, in order to confirm the validity of the proposed
hybrid methods, the simulation results were compared with the
measurements data taken during an experimental work
available in the literature [12] for the same geometry of the
power line configuration.
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Figure 21. Electric field intensities obtained by the
(CSM+KH) method and COMSOL Multiphysics 4.3b
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Figures 23 and 24 show both the measured and computed
results. As it can be seen, a satisfactory agreement between the
computational results and measurements is obtained. The
maximum error value is not significant; it does not exceed the
value of 5%. it can be also clearly observed from this
comparison that the measured values of the electric and
magnetic fields are relatively lower than the calculated values
mainly because of the objects encountered which act as
screens and the ground conditions which are often very far
from the ideal conditions taken in the simulation since the
ground is not flat and there is vegetation and the conductors of
the line are not horizontal of infinite length and are not parallel
to the ground.

5. CONCLUSIONS

This article presents a rigorous modeling coupling a new
methodology of simulation with optimization algorithms for
evaluating the electric field and magnetic induction under a
400 kV overhead power line. The objective of optimization
algorithms consists of determining the position and number of
fictitious charges and filament current loops which are
necessary for a very precise calculation. From the results, the
KH algorithm has proven to have excellent performance
compared with GOA Optimization algorithm. The results
show that the electric field intensity is most intense nearly
under the side phase conductors, and less intense under the
middle phase conductor. The intensity of the electric field
decreases quickly with the lateral distance from the HV power
line center. Regarding the magnetic induction distribution, the
peak value is marked below the middle phase conductor, and
then decreases with increase in lateral distance from the HV
power line center. It was also found that both the electric field
and magnetic induction depend on many factors. The
maximum obtained values of electric field and the magnetic
induction at 1 m above the ground are well less than the
acceptable limits set by the international ICNIRP standard.
The results obtained by the adopted methods were compared
with those gained from the COMSOL Multiphysics 4.3b for
the same HV power line configuration; a very better similarity
of performance is observed. In addition, these results were also
verified using the measured values available in the literature,
a good agreement is observed. As a result, this comparison is
completely satisfactory and may well confirm the validation
of the adopted hybrid approaches.
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