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Lightning Impulse Arc Development Process and Flashover Characteristics of 110 kV SIR
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Abstract: Heavy rainstorms, which are usually accompanied by lightning, can lead to an uneven distribution of the elec-
tric field in the dry and wet parts of the insulators of transmission lines, transformer substations, and converter stations,
resulting in electric field distortion. Meanwhile, the rain streams caused by thunderstorms can quickly cause short-circuit
between the insulator skirts and greatly shorten the flashover paths, resulting in line tripping and power failure accident. In
order to study the lightning impulse discharge characteristics and arc development process of line insulators under heavy
rainstorms, lightning impulse discharge characteristics of three types of silicone rubber composite insulators commonly
used in 110 kV lines were tested in this paper. The results show that the development process of lightning impulse arc of
composite insulator mainly includes arcing, local arc development, and complete flashover. The arc development time and
the total flashover duration decrease with the increase of the rainfall intensity and rainwater conductivity. The average
speed of the arc increases exponentially with the increase of rainwater conductivity, and the growth rate is as high as
43.8%. In addition, the average speed increases exponentially with the increase of rainfall intensity and depends on the

structural parameters of the umbrella skirt. The lightning impulse flashover voltage exhibits a negative exponential corre-
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lation with the rainfall intensity. The flashover voltage of insulators with a large umbrella skirt spacing is more severely

affected by the rainfall intensity. Furthermore, the flashover voltage decreases in a negative power exponential correlation

with the increase of rainwater conductivity. Based on these results, fitting expressions for the lightning impulse flashover

voltage with the combined effect of rainfall intensity and rain conductivity were proposed in this paper. The calculation

results are in good agreement with the experimental results, and the errors are less than 7%. The results can serve as a ref-

erence for the design, selection, and protection of the external insulation of transmission lines in areas with frequent

lightning activities and heavy rainstorms.

Key words: heavy rain; SIR composite insulators; lighting impulse; discharge characteristics; dynamic process
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Table 3 Uso under dry and wet conditions
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Fig.11 Lightning flashover voltage and rainfall intensity
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Table 4 Fitting parameters of Uso and rainfall intensity
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Table 6 The fitting parameters of Uso and F with y
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Table 7 Test and calculation results of Uso
H%T kges:  HHE4

Hom F/(mm'min™) /(uS-cm™) /v Y /%
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I 7 1500 602 596.0 -1.0
I 7 1500 571.2 587.7 29
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I 7 2500 540.4 561.3 39
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il 7 2500 518.2 540.8 4.4
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