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Abstract—Numerical simulations are presented for onset con- R
ditions of corona discharges on stranded conductors as fouhin
high voltage transmission lines. The electric field in the \dinity \
of stranded conductors above a grounded plane are analyzed

by two dimensional finite element method. Coupled with the ~Q

classic corona onset criterion, the corona onset conditianare Avalanche |

investigated. The predicted onset voltages agree well witthe i H
experimental data in the literature. The onset voltage for franded deveI,Opmem i

conductor significantly decreases with the decrease of thelative line

air density. The radius of the ionization zone is about two tnes

°
of the outer radius of the stranded conductor. a=n

1

I. INTRODUCTION —

Corona induced effects, such as radio interference an@augy. 1. Sketch of the avalanche development line in calioiafor 7-strand
noise, can limit the performance of high voltage transroissi conductor above a grounded plane.
lines and other electrical conductors®- COUPLED MULTI-PHYSICS PROBLEMS
onset is an important design consideration. The electrode S
configuration to be considered here is the stranded congucf®rona onset criterion is given by
which is widely used to construct the overhead high voltage R;
transmission lines. Q =exp [/ (o — n)dl] , Q)

A surface irregularity factor was introduced for Peek’s-for R
mula [1] to evaluate the corona onset electric field for ste@h where! is the position in the avalanche development line and
conductors, but the surface irregularity factor is diffictd () is a constant. The value ¢j is given as 3500 by Yamazaki
choose. Considering the electric field distribution in th@nt ¢t /. [2]. In this paper, the value a is modified as 500 for
ity of stranded conductors, the surface irregularity faéw  7-strand conductor with an outer radius from 1 mm to 1.5 mm
stranded conductors inside a coaxial cylinder was invetd) that the natural logarithm @ is in the typical range 5-20 [3].
on the basis of the classic corona onset criterion [2]. H&revThe electron ionization and attachment coefficients arergiv
the corona onset criterion should be modified for differemy [2], [5]
electrode configurations and gas conditions [3].

The model presented in this paper is based on the modifieq, ;5 _ 3631.7exp(—167.9606/ E) for E/6 < 45.6 @
classic corona onset criterion. The electric field in theéniig 7358.3exp(—200.7926/E) for E/§ > 45.6
of stranded conductors above a grounded plane is analyzed b)é
two dimensional finite element method, which is more suiabf"
for the electrode with complex geometry. The calculated n/6 = 9.8648 — 0.54(E/8) + 1.1447 x 1072(E/6)?, (3)

results are compared with the experimental data in [4].
whereF is in kV/cm, o andn in cm~!. The relative air density

[I. NUMERICAL SIMULATION 4 in (2) and (3) is given by
A. Corona Onset Criterion 0= (P/Ry)/(T/Ty), (4)

The arrangement of 7-stranded conductor with a outer radiwkere P, is 101.325 kPa andy is 298 T. The reference
R at a center heighl/ above a grounded plane in calculatiorronditions are the same as that for Peek’s formula.
is shown in Fig. 1. The development line for either negative ] )
corona or positive corona is from the conductor surfac® at B- Onset Field Calculation
to the positionR; where the electron ionization coefficient The electric field is analyzed by two dimensional finite
« equals to the electron attachment coefficienThe classic element method. The distances from the conductor center to
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Fig. 2. Comparison of calculated and measured onset veltijefor 7- Fig. 3. The relationship between the calculated onsetgeltnd the relative
strand conductors with different outer radii at differeenter heights. air density for 7-strand conductors with an outer radius ofirh at different
center heights.

the left boundary, right boundary, and up boundary of the
computational domain are all set a&/5The sub-conductors
are divided into 72 segments. The material of the stranded
conductor is aluminum. The applied voltage on the stranded
conductor is 1 kV and the grounded plane is 0 kV. The percent
error is 1%. The calculation is carried out by a finite element
analysis solver. The electric field distribution under tpplaed
voltage 1 kV is obtained firstly.

If an onset voltagd/, (in kV) is given, the onset electric
field equals to the product of the electric field by finite elamne
analysis and the value df,. The onset electric field should
satisfy (1) and the onset voltadg& can be calculated. After Fig. 4. Distribution of the onset electric field for 7-straoohductor with an
then, the onset electric field is easy to obtain. When t/quter radius of 1 mm at a center height of 0.1 m.
value of Q is smaller than 19 the effect of space charges
is negligible [3].

sub-conductors. As shown in Fig. 4, the electric field initgns
[1l. NUMERICAL RESULTS at a radius of Z is about 24.2 kV/cm whera = 7. It can be

The calculated and measured onset voltages for 7-strafﬂHnd that the ioni_zation zone can not be neglected compared
conductors with different outer radii at different centeights With the outer radius of the stranded conductor.
are compared in Fig. 2. The calculated data agree well with ACKNOWLEDGMENTS
the experimental data for negative corona discharges int[4]
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