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Fig.1 Picture of wind turbine
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Fig.2 Numerical model of wind turbine
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Table 1 Frequency and natural vibration period of model

513 A%/ Hz Ja/s
1 0.23 4.34
2 0.23 4.28
3 0.87 1.14
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Table 2 Detailed information of the ground motions
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GM-1 Northwest Calif-02 1941 Ferndale City Hall 6.6
GM-2 Borrego 1942 El Centro Array #9 6.5

GM-3 Northern Calif-04 1960 Ferndale City Hall 5.7

GM-4 Parkfield 1966 Cholame—Shandon Array #12 6.19
GM-5  San Fernando 1971
GM-6  San Fernando 1971 Wrightwood—-6074 Park Dr  6.61
GM-7  Friuli_ Italy-01 1976 Codroipo 6.5
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Fig.3 Response spectra of the ground motions
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Table 3 Load combination of various working conditions
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Fig.4 Horizonal displacement of wind turbine structure under

working condition 1
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Fig.5 Maximum horizontal displacement of wind turbine

structure under working condition 2

&S AT AR T 1, XL 4 R A
TEHEAVE R AT S B O B I A
#£ PGA 2} 0.07 g I/INEVERTT KU HLAL 54 1
EETHOE KB R 54.1 mm, BT R/N T XUEL AL
HIBATRE T IETBUK-0i % ; BEE HZ 3 PGA
FIHE RS, XU BILZE 285 ) () A8 TR e 1 e 22 B S 3
24 PGA 43513k B i R RE X 1 0.196 g Fil
0.4 g B, XUFE HLZH 25 48 3 T A - 34 e KK
SR F] 151.6 mm F1 309.3 mm, 439 Kh/NE
PRy 2.8 151 5.7 155 Y AR HEFRJE PGA 1K
2 0.588 g i, WU LA A58 1~ F- 25 e SOKEAi B8
IKF 454.7 mm, /R E) 8 £, H -5 K HE LA
BIPIRA T PIE UK B I AR A SE . XA ALA]
LEFI KRS BER PCA IR RS K , H45H
MARTEIE AR | AL IS IO, AR T AR G

] 6 kKR HILZH 454 [R) 5 52 332 1 7 28407 1 4
AR AE A I R B T4

HE 6 Al 5 5 FRASIE 45 A0 L, 78
TSR, KEHSANEEESS
T 1 S5 AL SRR B PGA M 0.07 ¢ 3%
KE0.196 g i}, KUHLHLLH S5 R (AR T 1% A & A B
IR, X LZH S5 7 & SR I ERT T
AR T R SEA AR R, 108 B XU ML A2 1 7 2 X
SERRARTE M N ()5 M B S R T/ N R AT R AE
bR PGA 05k 0.4 ¢ £ 0.588 ¢ A, JKUH
ML LR ASTE B 3K, S T34 i KoK
A3 IR ZE 964.6 mm F1 1.028.2 mm, 41K
HER KRR SRR, TR SR MR A R iy X
HLBLZA 28540 P AR T R A 35 B S A4k, 100 B
AR XS XU ALZE 25 KA A5 T 17 P95 i it 2 b 5%
AR TG K

- 482 -

0 150 300 450 600 750 900
AT AR fmm

(a)0.07 g
K
x*
e
*,ﬁ’*'

CoGM=-1 — 42— GM=2
o GM-3 e GM—4
—v—GM-5 GM-6
o GM-T R
——————————— BT 2

300 450 600 750 900
TR fmm
(b)0.196 ¢

—v—GM-5 o GM=6
»—GM-7 —o— (i
0 e 0 14+ T 2
0 200 400 600 800 1000 1200
KA /mm
()04 g
90 o,
S
Wl
. 75 ﬁ"“;‘
& 60 A
i S
i 45 < o GM-1 GM-2
#o = GM-3 GM-4
g 30 —v—GM-5 GM-6
15 > GM-7 —— I
b L0 14T 2
0 200 400 600 800 1000 1200 1400
AL mm
(d)0.588 g
Be6 ITR3TREHAZEHEAKEMABRIRLM
TR 2EmMH

Fig.6 Grid—side converter control strategyMaximum
horizontal displacement of wind turbine structure under
working condition 3 and superimposed deformation of
conditions 1 and 2
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Fig.7 Maximum deformation ratio of wind turbine structure

under working condition 3
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Fig.8 Stress distribution of wind turbine structure under

working condition 3

FH T 8 TR, I g i 1 i e A K3
K, HAzhi— MR oy B R 52 Fe—l 5 >4 iR
PGA 4350 0.4 ¢ F1 0.588 g i, fe KN Si 3454k F
EETRALE 43 W1 153 MPa Fl 156 MPa, /N T4
T AAAA 8 Jet A
4 it

AN TAL T L XU AT VE T A XU L2 454 3
JIZEM A, AR SCHE A T8 5 AN R Kb R
WORD AL R FH TR 08 JXUHS AILZE 45 /4 i 1 24T T 4
BT AR FURCE LA E X 5 S T A
BRITO FATRY X A3 AR IR H is AT AFHLE & AR
H= RIS 17 & A 7R 3 Fh T 00 R AOSE RIS Al
I N A TR ARURR Y, IF AT HL R AR X
SERARTE S T2 N s e A5 B A0 R 458

ORHEHLAZETEEFBITIRE N S A8
A S KAE T AR, HLAR I R A v R 3
TN K, T #2355 454 mm, 24
R RO AR 5.7 £, WUB AL Z5 A2 B
M )7 Pifi 5 =K B g K, HASIEIE AR
Ap EREEEIE T, AR TR D, KT R R R
KT, WML IE UK 5 KR LA IE &
BT RIS FEAAHAE

- 483 -



FREREJR

QT NERAPRIEAT, K bldlsfr#dr
XA A TE M N AR R TR, iRk
PR BIRAR SRR, WAL S A ]
BN, HbRRAE RIS KUHLAILZE 45 44 22 ey ROz F) 5
B MR AT AR TR

QNP B AT o A R AL [F 4 F T A 25
AR 157 B ST PRI iy S A R AR
M SO PR g BN, AE XL A S5 BT R %
JEIB AT AL AR R RIS 1 B TR B
& i BEAIE ini EEK, Hsz Oy W
RT3 s — M 35 THUA Ry 3 B e K, A i i
XA TE AR

SE Wk

[1] Yang J J,He E M.Coupled modeling and structural
vibration control for floating offshore wind turbine [J].
Renewable Energy,2020,157.678-694.

2] ESCE, B8, Brax e, 8 XU 7l & J IOIR K i
LRSI AT A AR, 2018,36(8) : 1214-1218.

(3] XA, ZR k. JRUrE 7l & e e s Fr) f S AL ). o ik
1£,2021(3):188-190.

[4] Veers P,Dykes K,Lantz E, et al.Grand challenges in
the science of wind energy [J].Science,2019,366:1 —
17.

(5] 247, 22l A%, 250 , 25 XU LI SR 45 R4k s 42 il F
FE P ITELERI) A TR, 2020,42(S2) : 248-253.
[6] Chou J S,0u Y C,Lin K Y.Collapse mechanism and
risk management of wind turbine tower in strong wind
[J].Journal  of
Aerodynamics,2019,193.103962.

Wind Engineering &  Industrial

. 484 -

2024,42(4)

(7] BLa, UK K AL B9 A BRIT 3B K sl o
FEPERTTE ] AR 45H ,2019,29(5) :31-34.

[8] Dimitrov N, Bitsche R D, Blasques J P.Spatial reliability
analysis of a wind turbine blade cross section subjected
to multi —axial extreme loading [J].Structural Safety,
2017,66:27-37.

[9] LiZ G,Gao Z Y,Chen Y Y, et al.A novel time—variant
prediction model for megawatt flexible wind turbines
and its application in NTM and ECD conditions [J].
Renewable Energy,2022,196.1158-1169.

[10] BRERUE, BHZE S, B A AR I W7 R v vp 2k i T XL
R UK ) 3 e O IR Sl 42 i S 5[], 980 7 R
(A AR ) ,2013,40(8) : 27-33.

[11] BEE L, ARV, XA, A5 AN R R e 3l 4
AU B o 0 4R 2 3 IR SE (0] TRERbE S EOR
2018,50(3):125-133.

[12] Kjgrlaug R A,Kaynia A M.Vertical earthquake response

of megawatt —sized wind turbine with soil —structure

interaction effects |JJEarthquake Engineering & Structural

Dynamics,2015,44,.2341-2358.

GC30.01 AL LA BEAL AT 5 [R] AL 5T [ R A

N HBARA R 7], 2020.

SRV, IO 3. SRS B 3 A A DK HERRR BB T

TR TR BT A 241, 2019,40(3)

118-126.

[15] Liu J L,Xu L H,Xie X S.Seismic design and

performance of a steel frame —shear plate shear wall

[13

—_

[14

—

with self —centering energy dissipation braces structure
[J].Journal of Building Engineering,2022,51.104336.

[16] IEC 61400-1,Wind Energy Generation Systems —Part
1:Design Requirements(2018)[S].



NEM,FE KR RR AL CAIBATRAT S Ho R 5 RUAE R T 4 25 Ayve B oA

Structural response analysis of large MW wind turbine under the
combined action of operating load and seismic excitation

Liu Jialin, Shi Jiuchang, Zhang Linzhong, Han Xinyue
(Guodian United Power Technology Co.,Ltd., Beijing 100039, China)

Abstract: The wind turbines are subjected to continuous wind loads during their whole service life
and are inevitably resisted earthquake action. In this paper, a large megawatt wind turbine is taken as
the research object to simulate and analyze its deformation and mechanical responses under the
conditions of normal operation, earthquake during shutdown and earthquake during operation. The
results show that the deformation of wind turbine increases with the increase of tower height, and the
horizontal displacement of the wind turbine under the earthquake is obviously less than that under the
wind turbine operation state. With the increase of earthquake level, the horizontal displacement of the
wind turbine is gradually increased. The deformation shape of the wind turbine remains unchanged,
and the deformation of tower top is large. The influence of the wind turbine operating load on structural
deformation response is significantly greater than that of small and medium earthquake actions.
Meanwhile, the deformation response of the wind turbine under the combined action of operating load
and earthquake is significantly greater than that under the separate action of two loads. In the structural
design of the wind turbine, it is necessary to consider the coupling effect of the operating state and the
earthquake. The stress response at the top of the tower is the largest, and its cross—section should be
checked in the design.

Keywords: wind turbine; operating load; earthquake action; deformation response; mechanical

response
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