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ABSTRACT

The paper deals with BEM analysis of plane wave coupling to three-phase power line. The
formulation is based on the set of Pocklington equations for arbitrarily shaped wires. The presence of
a lossy ground is taken into account via rigorous Sommerfeld integral formulation. The set of
Pocklington equations is solved by the Galerkin—-Bubnov Indirect Boundary Element Method (GB-
IBEM) using isoparametric elements. Some computational examples for the currents induced along
phase conductors and shield wire of the 3-phase power line are presented. The numerical results
obtained via GB-IBEM are compared to the results calculated via NEC (Numerical Electromagnetic
Code). The results obtained via different approaches agree satisfactorily.

Keywords:  BEM analysis, antenna theory, set of Pocklington equations, power lines, current
distribution.

1 INTRODUCTION

The knowledge of an induced current distribution along considered curved wire is a
prerequisite to understand the behaviour of wire configurations such as antenna arrays,
power lines, communication cables, etc. The simplest approach is to assume the waveform
of the current distribution along the given wire structure [1]. Furthermore, Transmission
Line (TL) approach, which neglects radiation effects, is an efficient approximation in
engineering practice for a wide range of problems [1]-[5]. However, some applications still
require a more accurate approach related to the solution of a corresponding integral
expression arising from scattering theory (full wave models) [6].

Thus, the use of full wave model represents the most rigorous approach to analyze
electromagnetic field coupling to arbitrary wire configurations in the presence of a lossy
ground.

The present paper deals with the assessment of electromagnetic interference (EMI)
induced along three-phase power line illuminated by the plane wave incident electric field
by using the via full wave model.

The frequency domain formulation is based on the corresponding set of Pocklington
integral equations for arbitrarily shape overhead wires above a lossy ground, thus providing
one to account for the conductor sag. The effects of a lossy half-space are taken into
account via the rigorous Sommerfeld integral approach.

Numerical solution of corresponding integro-differential equations is carried out by
means of the Galerkin—Bubnov Indirect Boundary Element Method (GB-IBEM) featuring
linear and quadratic isoparametric elements.

The use of integral approach and isoparametric elements for an efficient treatment of
curved wires is an important advantage of the full wave model, which is not readily the case
with a TL approximation.

Some illustrative numerical results pertaining to some practical scenarios involving
realistic power line configurations are given in the paper.
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2 FORMULATION VIA SET OF INTEGRO-DIFFERENTIAL EQUATIONS
The currents 7,(s’) induced along the N, curved wires located above a lossy ground (Fig. 1)
due to a plane wave electric field £ (Fig. 2) are governed by the set of Pocklington
integro-differential equations [6].

Figure 1: Buried wire of arbitrary shape and its image.

Plane

incidence

Figure 2: Incident, reflected and transmitted wave.
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The set of Pocklington equations are given by [6]
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where the corresponding Green functions are given by:

i e—ﬂf Ry
Gomn (8,58,) = ; (@)
len
ok R
gimn (Sm s Sn ) = R s (3)

2mn

where Rimn and Romn are distances from the source point (from real and image wire axis,
respectively) to the observation point (at the real wire surface)
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while the related wave numbers are:
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where &, and o, are relative permittivity and conductivity of the ground, respectively, and
o is the frequency of interest. The kernel terms are, as follows:
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And the Sommerfeld integral terms are given by:
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where Jy denotes the Bessel function. The set of Pocklington IEs is handled via the GB-
IBEM with isoparametric elements.

3 NUMERICAL SOLUTION
The set of Pocklington IEs is handled via the GB-IBEM with isoparametric elements. The
unknown current along the n-th wire segment is expressed by a sum of independent basis
functions with unknown complex coefficients:

=S 1A=, (17)
The use of isoparametric elements yields:
L) =X L& =], (1s)

Having performed BEM discretization procedure the set of coupled Pocklington
equations is transformed into the following matrix equation

ZZ[Z i Iy ={ } m=1,2,.. j=1,2,..,N,, (19)
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where the local matrix and right-side vector are given by:
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Note that the physical meaning of (20) is the mutual impedance, while (21) represents
the voltage.

4 COMPUTATIONAL EXAMPLE
The computational example is related to a plane wave (f=5SMHz) coupling to 3-phase power
line, shown in Fig. 3, consisting of 4 wires (phase conductors+shield wire) above a lossy
ground (&=10, 0=0.001S/m). The separation between towers iz 300m. The radius of
perfectly conducting (PEC) conductors is ¢=5mm.
More details about this particular power line configuration can be found elsewhere, e.g.
in [7].

4.1 Case No 1: Straight conductors

The power line system consisting of straight conductors illuminated by the plane wave
incidence (0=0°, 6=60°and ¢=30°) with amplitude Eo=1V/m, and frequency /~5MHz is
considered. Fig. 4(a)—(d) show the real and imaginary parts of the current distribution along
the wires calculated via GB-IBEM and compared to the results computed via NEC software
package [8].

An excellent agreement between the results obtained via GB-IBEM and NEC is
considered.

4.2 Case No 2: Curved conductors

In present example the wire sag (23m for phase conductors, 13.5m for shield wire) is taken
into account. The power line system is illuminated by the plane wave incidence (a=0°,
6=0°and ¢=0) with amplitude Ey=1V/m, and frequency /=SMHz. Fig. 5 shows the curresnt
distribution along the wires calculated via GB-IBEM (linear and quadratic elements) and
compared to the results obtained via NEC software package.

I 94

" dm |.| i
2 8.5m »l

i | bm "||
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35m
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Figure 3: Three-phase power line system.
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Some discrepancies are noticeable in imaginary part of current distribution along the
conductors.

4.3 Case No 3: straight and curved conductors

Fig. 6 shows the comparison of currents induced on the power line system for the case of
straight and curved conductors respectively. The excitation is unit amplitdue plane wave
(a=0°, 8=60° and p=30°) of frequency SMHz. The current distribution along the straight
conductors is calculated by using linear interpolation only, while the current distribution
along the curved wires is calculated by using linear and quadratic approximation,
respectively.

The influence of the conductor sag is clearly demonstrated in Fig. 6(a)—(d).

5 CONCLUDING REMARKS
BEM modeling of electromagnetic field coupling to 3-phase power line is carried out in this
work. The formulation is based on the set of Pocklington integro-differential equations for
curved wires. The presence of a lossy half-space is taken into account via rigorous
Sommerfeld integrals.

The set of Pocklington integro-differential equations is handled via the frequency
domain variant of the GB-IBEM featuring the use of isoparametric elements.

Some illustrative numerical results for the currents induced along phase conductors and
shield wire of the 3-phase power line are given in the paper.

The numerical results obtained via GB-IBEM are compared to the results calculated via
commercial software package NEC (Numerical Electromagnetic Code) for the case of
straight conductors. The results obtained via different approaches agree satisfactorily. The
influence of the conductor sag becomes clearly visible when the results obtained for straight
and curved conductors are compared.
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