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Surface electric field characteristics of bundle wire and
expanded wire in icing area
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Abstract: The icing disaster of transmission line poses a serious threat to the safe operation of power systems.
Currently, a variety of anti-icing and de-icing methods have been developed, but each method has its limitations.
Particularly, serious icing areas with micro-climate and micro-topography characteristics lack effective solutions.
This paper takes into account the characteristics of expanded conductors and the limitations of bundle conductor
transmission lines. By considering wave impedance, natural power, and accounting for the skin effect of current,
the split conductor is equivalently transformed into a single conductor, and the equivalent single expanded
conductor is obtained. Subsequently, the surface electric field characteristics of the split conductor and its

equivalent single expanded conductor in icing area are analyzed and compared. The findings reveal that when the
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total conductor cross-sectional area of the conductor cross-section before and after the equivalent remains the
same and the wave impedance is equal, the expanded conductor, compared to the bundle conductor, not only
significantly reduces the number of sub-conductors and the icing load on the transmission line, but also the
maximum electric field intensity on the surface of the expanded conductor is lower than that of the bundle
conductor when the radius of the expanded wire is equal to the equivalent single wire radius of the bundle
conductors. Therefore, in severely icing areas, the expanded wire with an equivalent radius to that of the bundle
conductors exhibits excellent surface electric field characteristics, significantly reducing ice wind load and
improving anti-icing capacity.

Keywords: expanded diameter conductor; bundle conductor; wave impedance; surface electric field
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Fig. 1 Different types of expanded diameter conductors
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Table 1 Corresponding relationship between voltage level and conductor split number
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Fig.2 Four bundle conductor AC transmission line and its equivalent radius
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Table 2 Relevant parameters and corresponding calculation results
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Fig.3 Schematic diagram of horizontal layout of expanded conductor corresponding to Fig. 2
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Fig. 4 Calculation diagram of electric field for arbitrary arrangement of phase split conductor
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Fig.5 Distribution of electric field on neutron conductor surface of 2~4 split conductor
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Table 3 Parameters of equivalent single expanded conductor corresponding to common split conductor
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Table 4 Calculation results of electromagnetic parameters
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Fig. 6 Qualitative relationship between surface electric field of n-split conductor
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Table 5 Calculation results of critical field intensity kV/ecm
% IS 2
- A T2 ATk
PN /N -4 55 R R /NG - 34 3
BT 14.486 11.147 12.817 13.300 10.235 11.768
SRR S A 3.448 3.166

[F) ], 25 R DK 0 B 52 0, 6 4xLGI-400/50 N2 55 2 % I Y SRR 448 5 42 T H RO 2 5 0 1L BB A B2
WLIM AT S 3 64 SR B VKRN A BB K S R R o o o ik 6 il 1, th T R GL M TS L ER/NT
SRR PR AR S, AT B S 2 ELAR BB I, A R R R A, B oK R B AR PR, A UK DR
PR T, AT Lk G 2 1 2 T WL 37 R 8 T A 3 IR AR U XU 2, 4 v T kiR 2



% 8 L BR,F BARRESALSFRZFEAT@LERE 9

157
k|
131

11 —— SRR
—a— FRYRIL

RERGE,,/(V-cm™)

0 50 100 150 200 250 300 350 400
FBEIC)

B7 S&HPERERGREE

Fig. 7 Electric field intensity of the middle phase surface of the conductor
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Table 6 Icing results of split conductor and its corresponding expanded conductor
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