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Fig.2 Grounding diagram of
offshore wind turbine
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Fig.3 Schematic diagram of
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Fig.4 Conical antenna model of offshore
wind turbine tower

H Tk K 2 B R OR A5 o2y n B dh B9 R
IVANSR

r_l Mo r

Z'=—— In——— 11

27 Ve N —hy o
25 8 R R - 4R | VT 8 1

i L AL PS5 AL 2 0

H
7=—L 4/ j T dh, (12)
2wl Ve b m o,

2 B ERKH— LR SRE

2.1 THESHER

FHHE-MHILEENKIP s S alis 5k
T 2 6] A FEL B G | AR B R B L AT IE SRk =2 4
R T FIRITE A R L e, TR
LR B A W] {5 M AT R R ORI B
BRI T R, B RSB = (13) R,

0 <0

i(0,1)= %’[exp(—at)—exp(—ﬁt)] t>0
Horp 1 A TR R IEAE ) O I (E A8 IE R AL
o FIT B 43590 Ay Ipt Sk s i) 0 305 e s [ e 2 1 B ) %
B, FE T EOULI LA K AT N B B 020 AR SR
8/20 ws b ifE T HL UL I T BB XUAIL B 28 A2 1) B LI
B HL I E L 120 kA, 250 o 1 B 431 HL 7.713% 10 s
1 2.484 % 10% s, MG SCHK[21 7% 75 HL 9 38 18 HE 17
Ak, 22 W 5 5 1 5 e R R ER 3 U R A 5 FRL 3 T Y T
WA AR I FE A G BT b e L AR O AR P e Y
R b ) A A5 3 E I U A5 R HR R RE T E I
F i AR HC R T R O 3 A BT 300 Q)
22 BERH—FUBRE SRR

R AR S ST UL 38 AR il BH e 4k 2 A
RUFE 1 AL o o 22 b ey BELASS 7R e AT R 30 7 Vf
e JRUHIL A 552 B 3tk 38 051 1 16 47 3 | m A5 201 L UL
TGS —RER WK s Fin, BT 2, Zo s
S RAILE 3 R 2t BHATT 5 7, SR UL 445 43 1) D
BT ; R, it b AL A58 i 422 b L BHL

(13)

BSBERNMEEES—HUER
Fig.5 Transient integration model of offshore wind
turbine with lightning stroke
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Fig.10 Effect of blade length and tower height
on transient voltage peak
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Table 1 Effect of blade length and tower

height on transient voltage
oscillation frequency

L/m H/m PR W5 R /MHz
40 120 0.4545
70 120 0.400 1
100 120 0.3448
70 90 0.4762
70 120 0.4001
70 150 0.3333
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Table 2 Transient response caused by lightning
stroke with different lightning parameters
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Electromagnetic transient integration model and transient overvoltage study of
offshore wind turbine

WANG Guozheng',ZHANG Li',WU Hao',ZHAO Tong?,ZOU Liang’
(1. School of Electrical Engineering,Shandong University,Ji’nan 250061, China;2. Shandong Provincial Key Laboratory
of UHV Transmission Technology & Equipment,Shandong University,Ji’nan 250061, China)

Abstract: In order to reduce the failure rate of offshore wind turbine transient overvoltage caused by
lightning stroke,it is necessary to analyze the influence factors and response rules of offshore wind turbine
transient overvoltage accurately. A novel electromagnetic transient integration model of offshore wind turbine
is established by numerical calculation methods for electromagnetic fields,considering the marine grounding
environment and rotating characteristics of blades. The offshore wind turbine is simulated in the ATP-EMTP
software to analyze the effects of ocean depth,blade length,tower height,lightning current parameters,lightning
strike points and blade positions on transient voltage,whose reasons are studied by the wave process theory.
Simulative results show that the transient voltage has obvious oscillation characteristics due to the reflection
and refraction of lightning current in the wind turbine,in addition,the proposed influence factors have
different effects on the transient voltage peak value and oscillation frequency.

Key words: offshore wind turbine; wave impedance model; lightning transient process; transient overvoltage;
transient model



