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Abstract—In this paper, the computation of the electricaldi
distribution around AC high-voltage lines is demtoaied. The
advantages and disadvantages of two different rdsthce described
to evaluate the electrical field quantity. The tfisethod is a semi-
numerical method using the laws of electrostatichitéques to
simulate the two-dimensional electric field undke thigh-voltage
overhead line. The second method which will be ulised is the
finite element method (FEM) using specific boundaopnditions to
compute the two- dimensional electric field disitibns in an
efficient way.
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|. INTRODUCTION

N today’'s world, an increasing level of sensibility health

and ecological problems is seen. High-voltage oe@&th
lines generate electric and magnetic fields
neighborhood. The source of the magnetic fieldsthe
currents of phase conductors. The electric fieldagsed by
the high potential of the conductors.

In the course of planning high-voltage AC linte electric
field quantity around the power lines has to ben@rad to
avoid EMC problems. In installations, the elecfiéd should
be limited by the safety distances with respect the
conductors. In different countries, different limg values
exist. International Radiation Protection Assooat{IRPA) in
close collaboration with the World Health Organiaat
(WHO) has derived standards for the time the pergags
within the field [1] as below:

1) For workers in the field, the time is given by:
t=2 (10 <E <30; E inkV /m; t in hours)

2) For the general public, the limiting value18 KV/m if the
exposure is only a few hours per day and may bheased if
the time is shorter. The limiting value in open cg& is
5 KV/m where it is feasible to remain for a longer periasl
e.g. recreation zones.

The paper describes how the finite element met@paddn
be used to calculate the electric field surroundadhigh
voltage overhead line.

Il. ANALYTICAL APPROACH

Here, an overhead transmission line, situated fhat @rea
is described. Figure 1 shows a pylon of the ovetHieee and
the configuration of the conductors. A three-phsystem was
installed only on one side of the pylon. The phases

in rthei

strikes. The conductors are considered to be ofdmee cross
section.
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Fig. 1 Lay-out of the overhead line

Each of the overhead transmission unloadess limear the
earth can be considered as a line charge near r@e pla
conductor. Using the image technique [3] the va@tagx, y)
and the electrical fiel&(x,y) can be calculated. In Fig 2, an
unload line charge (per unit lengtd) has the image line
charge (per unit lengtl)A and the conducting plane (earth)
coincides with the xz-plane.The voltagé€x, y) due to the two
infinitely long parallel line chargek and -A, as shown in Fig
2, can be written as [3],

r1(x,y)

(x,y) = —2K\In
Py (% y)

(@)
Where,

Nm?
= 9x10°—
e, c

ri(xy) = Jx*+ (y —h)?
ry(%y) = x% + (y + h)?

conductord.,, L, andL;. On the top of the pylon, a grounded §!

conductor N is installed to protect the lines agaiightning
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Fig. 2 Line charge and its image
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In the electrostatic case, the relation betwBeand ¥ has
the simple form as below [4]:
E(xy) = ~Vo(xy) @)
In the Cartesian coordinate system, the x and ypom@ants

of electrical field due to the unloaded single ghasoverhead
transmission line (Fig.2) can be written as,

g - _0exy)
X ox . .
k [xz +@-h? x+y+ h)Z] )
d9(x,y)
By = ————"
6—X2kx y—h y+h
a [Xz +(@y—h)? xZ+(y+ h)z] “)

Finally, according to the equations (3) and (4), wan
calculate the electrical field strength as below,

E= /EXZ +E,°

Ill.  FINITE ELEMENT METHOD

A two-dimensional finite element model is builtdeal to
the transmission line. The potential distributiomen each
element is approximated by a polynomial. Insteadafing
the field equations directly, the principle of nmmim potential
energy is used to obtain the potential distributmrer the
whole model.

The ratio of the largest size to the smallesé sh a finite
element model of a transmission line is about 1W,0Che
circular boundary of the model has a radius of ali@® m,
while the radius of the conductors is a few centare
Therefore, special attention must be paid to obgairegular
mesh with well-formed elements. This ensures arurate
solution of the field problem. Figure 3 shows pzfrthe finite
element model around one of the phase conductdrs.
change in the size of the elements in the direciway from
the conductor can be seen in Fig. 3.
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Fig. 3Part of the finite element model around a singlaseh
conductor

The overhead transmission lines are essentiallpwumied.
Applying Dirichlet constraints at an outer circulaoundary
surface at a finite distance from the transmisdioas, the
potential distribution will not correspond to theeaf
distribution and will be somewhat compressed. Tagheis
supposed to have an infinite conductivity, yieldthg electric
field lines to be perpendicular to surface. Thamefat is not
necessary to discretise the ground as indicat&tid.

It has to be mentioned that the unbounded systegnbaa
avoided using a special technique dealing with ¢pen
boundary problems. This technique is based on tk#- w
known Kelvin-transformation that has recently beecepted
to be used in numerical field calculations [5, 6].

Fig. 4 Finite element model to compute the eledieicl

IV. ANALYTIC AND FINITE ELEMENT RESULTSAND
COMPARISON

The present research has been carried out for 132kV
overhead transmission lines between Behbahan siginstand
Dehdasht substation in Iran. In this network, eattase
consists of an ACSR aluminum conductor with radafs
5.8mm and the length 38km.

A. Finite element results

Using the superposition law, the electric fieldgwoed by a
three phase system will be sinusoidal. In ordesaioulate the
RMS-value of electric field, it is sufficient to &w the
instantaneous value at two moments, e.g=@tand att=T/4,
where T is the period of the sinusoidal varyingcede field.

ssuming a symmetric balanced three phase voltgserm,
the finite element model is first solved for conttucl, at
maximum voltage and a second problem is solved for
conductor L; at zero voltage. This can be done for the
component of the field in each arbitrary direction.

The accuracy of the finite element solution depends
only on the element distribution, but also on thdeo of the
finite element approach. Second order solutionsheffinite
element are compared with the analytical solutienbioth x-
component (horizontal) and y-component (vertical) tioe
electric field at 1m above ground level in Figurari 6. This
comparison is also done in Figure 7 for the elecfield
strength. In these figures, it can be seen thacarsl order
solution of the finite element method coincides cfically
with the analytical solution.
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B. Analytical results analytical

The electric field and its components were derif@dan Ey kvim) nd order FEM2
arbitrary high-voltage overhead transmission limeguations 10
3, 4 and 5. For this network, we initially obtainaccording to 9 TN
the following network characteristics table: / \

Cc

8
7
Substituting A4 = 2.5335 x 1076 (;) and h=10m, the s
electric field and its components due to the highage 5 / \
4
3
2

overhead transmission line of this network, 1m a&badke
ground is:

TABLE |
NETWORK CHARACTERISTICS > N=C

1

AC resistivity of 0
conductors at Y =1.257Qkm 25 20- 15 10- 5 0

40°C X(m)

Fig. 6 Vertical component of electric field

AN

5 10 15 20 25

Network angular ® = 2nf = 6.28 X 50

frequency — 31 4Rad analytical
- s Ekvim) e nd order FEM2
: 1 1 2
Charge per unit 1=—=
|ength of wY 1.257 x 103CX 314 /\
conductors =25335x 107° (—) 15
. [\
X X KV / \
E, = 45. - — 1
x 5603 (xz +81 x2 +121)(m) (6)
E, = 45603( 2 + 1 )(KV) 7 05 \
v ' x2 +81 x2 +121/\m ™ P \
_ 1.82412x10*  (KV o o E=FT ——
T (x2+81)(x% + 121) <H) ®) 25 20- 15- 10- 5 0 5 10 15 20 25
X(m)
Two-dimensional plots of equations 6, 7 and 8 & in Fig. 7 Electric field strength
Figures 5, 6 and 7. It is necessary to emphaskatetiie plots
shown in Figures 5 and 6 represent the magnitudsestric V.CONCLUSION
field components. The topic described above shows that under giken
restrictions, the electric field around high vokagverhead
analytical lines can be calculated accurately using the fieilement
OEX Gvim) e nd order FEM2 method. This procedure can be a useful tool foigtes to
find the best configuration when several three prastems
0.6 ~ < are combined.
’ / A A good agreement exists between analytical andef
05 / ) element methods to calculation the electric fielduad 132

\ kV overhead lines.
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