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[ Abstract] The advantages of renewable wind energy lead to a rapid growth in the scale of wind power, while lightning strike
accidents on wind farm delivery systems have a significant impact on the new power system. The traditional lightning strike warning
method requires high data types and sample sizes, and lacks consideration of relative location as well as the distribution of lightning
density. A lightning strike warning method for wind farm delivery systems based on the stepped lightning strike probability calculation
method was proposed. Firstly, the data of lightning points around a wind farm in Hainan, China in 2020 were analyzed, and the Monte
Carlo method was used to find the center of mass of the clusters as well as the density of lightning points to fit the trajectory of the
thunderclouds. Then, based on the relative position of the movement trajectory and transmission line, the stepped lightning strike
probability calculation method was combined to calculate the value of the lightning strike probability in a short period of time. Finally,
the simulation was combined with the operation monitoring data of a wind farm in Hainan from 2020 to 2022. The results show that the
relative error of the proposed method is within 15% , and the impact of the difference in the density of lightning points on the warning
accuracy is effectively reduced, which ensures the safety of the wind farm delivery system.

[ Keywords] lightning strike warning; wind farm delivery system; stepped lightning strike probability calculation method; Monte

Carlo method ; transmission line
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Fig. 1  Flowchart of clouds trajectory prediction
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Table 1 Comparison of algorithm

REI& Lk SSE RMSE Y AS,
i=1

DBSCAN Y= -1.468X +177.9 0.607 x10~> 0.017 5.977

K-means Y= -3.652X+414.5 2.339x10°% 0.034 2.385

FCM Y= -4.127X+465.8 3.146x107° 0.396 2.267

IFCM Y= -4.126X +465.8 0.936 x10~% 0.021 1.565
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Table 2 Center of mass coordinates and motion data of

clustered cloud

; R/ W, ROZRE, DS
RE= .
(km-h™") 24 h ) (®)
08:00—08:05 108. 307 18.920
08:05—08:10  108. 337 18. 826
c, 19. 152
08.10—08.15 108.364 18.716
08:15—08:20 108.393 18. 565
08:00—08:05 109.511 19. 528
08:05—08:10  109. 543 19. 746
c, 16. 169
08.10—08:15 109.571 19. 445
08:15—08:20 109.614 19. 380
08:00—08:05 109.773 20. 231
08.05—08.10 109. 809 20. 173
G, 37.154
08:10—08:15 109.909 20. 140
08:15—08:20 110.012 20. 045
F3 WMMEPITIRE
Table 3 Predicted trajectory error
e RiR2E/ WP E,  daxtiR2zs  MIXHRZE/
RBEH
km 24 h km %
08:20—08:25 0.251 3.37
c, 1. 865
08:25—08:30 1.314 10. 69
08:20—08:25 0.902 9.62
c, 2.048
08:25—08:30 1. 145 14. 53
08.20—08 ;25 1. 867 12. 11
C, 3.452
08:25—08:30 1. 585 13. 69
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