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Abstract- An increasing sensibility to eccological
probiems is scen. In the phase of planning high-voltage
lines, the magnetic and electric field quantities have to be
examined in order to avoid EMC problems with the
surroundings of the power line. This request cven gets
more important with the trend towards  higher
transmission linc voltages. In this paper, the computation
of the three dimensional field distribution beiow high-
voltage lines is demonstrated, The clectric field is
appruximaied with the point matching method and the
magnetic ficld by a Biot* Savaur solution.

High-voltage lines generate electric and magnetic
fields in their ncighbourhood. The source of the
magnetic fields are the currents in the phase cables. The
clectric ficld is caused by the high potential of the
conductors. Due to the geometry of electrical energy
transmission lines a wide expansion of the field is
obvious. To evaluate the influence of the energy line, it
is not sufficient to calculate the coupling impedance's or
capacitance's of the line. It is necessary to analyse the
generated field itself. The simulation of the line during
planning has the advantage to know about possible risks

and disturbing influences.
PRUEPARATION QF THE FIELD PROBLIM

Duc 1o the slack of the phase cables the field
problem turns out to be 3-dimensional. The problem
specifies conductors with a small diameter above g large
flat conducting ground plane. Those conductors have a
specified limc-dcpcnding electrical  potential.  The
numerical analysis with the finite element method is
expensive and computer time consuming.

fig 1 Geomane modelling of s conductor

Because of the very larse wavelength of the field . -

b4
problem, it has to be considered being quasistatic,
Therefore the solution can be determined by
electrostatic and magnetostatic techniques. Hence, the
field computation is done with a semi numerical
method, the point matching method.

The geometry of the single transmission lines js
approximated by a polygon. Due to the symmetry
between two poles one half of the arrangement is drawn
in fig. 1 only. The value of s indicates the slack and / is
the distance between the two hi gh voltage poles.

ELECTROSTATIC FIELD

To computc the eclectric ficld with the point
matching method, cach clement of the polygon
represents a linc-charge. A constan| line-charge at any
position in the original co-ordinate system (x, y, z) is
drawn in fig. 2. To cvaluate the ficld quantitics of the
finccharge, this co-ordinatc system  has (o be
transformed  intc ;5 system (X ,V,Z). This
transformation is performed in two steps. The first sicp
consists of a parallel shift of the origin into the slarting
point of the linccharge. In a sccond step a rotation of
this temporary co-ordinate sysiem (X°) y° 2°) around the
x®-axis is carricd out in the way that the linc charge lics
in the x°-y° planc. The last rotation in this step is
around the z°-axis so that the linc-charge lics in the x°-
axis. In this co-ordinatc Systcm the potential ¢ of the
line-charge in the point P(X,¥,7) is given by
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It is assumed, that the ground potential below the
voltage line is set to ¢ = 0. To evaluate the field
quantities with respect to this boundary condition, the
linccharge has to be mirrored at the plane x-y. The
superposition of linecharge ¢ and mirror-charge -q,
indicated in fig. 2, gives the potential ¢ in the point
P(x, y,z) inside the global co-ordinate system.

To consider the before mentioned slack of the
conductors a quadratic approximation is used. To refer
tofig. 1 it can be written that

e(¥.y,7) =

\
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Fig 2: Co-ordinate transformation.

With the known complex potcntials @ of the i

conductors and transformed (1) to computc the

cocflicicnt matrix A, a lincar sct of cquations can be
formulated.

A-q=¢ 6]

The solution deterinines the charge q of cach

clement of the conductors. With this valuc the

componcnts of the clectro static ficld strength in the
point P(x, y,z) can be computed.

[ = . . \
ap op o
E=-gradp = —l\——l% a, +'—(‘Jv a, +——(% a:/ €))

Figure 3 shows the computed distribution of the
clectric field strength below a transmission line
consis{ing out of two 400 &1 systems. The ficld sirengih
is computed | m above the ground. The high-voltage
pole is located in the drawing at the position x=0 m and
v=160 m.

Bundle conductors are taken into account with an

cquivalent radius. More details can be found in [1].

PG T3 fav T

32

=

N
0 \

A

N - N—
S

/bt fin| s ewrate fm|

Fig, 3: Eledric ficld distribution below a high-voltage fine with two
400 ki’ systems.
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MAGNETK® FIELD

The magnctic ficld problem is considered to be
lincar. Thercfore. the ficld quantitics can be computed
and supcrposcd with the help of the Biot' SAVART law.
Each clement of the polvgon from fig. 1 carrics now 2
current i(t). The generated flux density of this part of
the conductor is given by

[aB] = _"__, i) -dl-sing . 5
t/i7
The point where the flux density has 1o be

calculated has to be transformed into (he co-ordinate
system (x, y,z). Alter intcgrating (5), the flux density
is calculatcd with

. ~ 3\
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Il 7 is the number of current Icading conduciors, ihe

supcrposition of the partial Nux densitics results in the
ovcrall flux density.
B - 21}/ 7

In fig. 4 the flux dcnéil)' distribution of a system
carrying 10001 and 1200 .1 is drawn.

CONCLUSIONS

Efficicnt mcthods to compute the three dimensional
distribution of the clectric and magnctic ficld below
high-voltage lincs has been demorstrated. The slack of
the transmission linc is approximated by a polygon. The
computational costs arc depending on the number of
polygon clements.
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