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Fig. 1 Two kinds of lightning current waveforms
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Table 1 Peak value ranges of lightning current under I ~IV

level of lightning protection
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Fig. 2 Cumulative probability curve of lightning current

peak values
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Table 2 Maximum frequency f, highest harmonice wavelength
A, and largest segment-length Al of typical

lightning waveforms
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Fig. 3 Schematic diagram of blade and down-conductor
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Fig. 4 Piecewise down-conductor system
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Fig. 5 r-type equivalent circuit of blade
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Fig. 9 Equivalent grounding resistance in parallel
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Fig. 10 Complete equivalent circuit model of wind turbines
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Fig. 12 Comparison between experimental result and

simulation result
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STATISTICAL ANALYSIS OF LIGHTNING TRANSIENT
OVERVOLTAGE ON WIND TURBINES

Tao Shiqi, Zhang Xiaoqing, Wang Yaowu, Su Mengmeng, Lin Yanhua
(Shool of Electrical Engineering , Beijing Jiaotong University , Beijing 100044, China)

Abstract: The incident of lightning striking to wind turbines (WTs) has an obvious randomness. Accordingly, the
transient overvoltage caused by the lightning strike exhibits a random behavior and need to be calculated by employing
the statistical analysis method. In order to meet this practical need, a statistical algorithm is proposed in this paper to
calculate the transient overvoltage under positive and negative lightning strikes. The algorithm gives a probability
weighting formula of the statistical overvoltage in terms of the probability density function of lightning current. Then, a
complete circuit model is built for the WT by integrating the equivalent circuits of blade, bearing, tower and grounding
system. The validity of the circuit model is verified by the reduced-scale experiment. On the basis of the circuit model and
statistical algorithm, the statistical value of the transient overvoltage is obtained and its distribution along the WT body is
further determined. The statistical overvoltage is also compared with the non-statistical one calculated from the technical
specification to examine the difference between them.

Keywords: wind turbines; lightning; probability density function; statistical overvoltage; circuit model



