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Abstract: In order to investigate the effect of different incidence angles of wind and waves on the dynam-
ic response of wind turbine tower and its chaotic characteristics, the DTU 10 MW offshore monopile wind
turbine was used as the research object. The phase diagram method and the maximum Lyapunov exponent
were used to analyze the chaotic characteristics of wind and wave anisotropic wind turbine tower vibration
signals. Results show that the fore-aft displacement of the tower top hardly changes with the wave inci-
dence angle, and the side-side displacement of the tower top is greatly affected by the wave incidence an-
gle. The tower bending moment decreases gradually with the increase of tower height and is influenced by
the wave incidence angle greatly; with the increase of wind speed, the fluctuation amplitude of the side-
side acceleration of the tower top decreases gradually, and the fluctuation difference of fore-aft accelera-
tion of the tower top in different sea states is small; with the change of wave incidence angle, the

maximum Lyapunov exponent of acceleration in each sea state is greater than zero, and the chaotic char-
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acteristics are obvious. Especially when the turbulent wind speed is 11.4 m/s and wave height is 3.5 m,

the maximum Lyapunov exponents of the fore-aft and side-side accelerations of the tower top are the lar-

gest when the wind wave angle is 60° and 210°, and the stability of the wind turbine tower top is poor at

this time.

Key words: wind and wave anisotropy , monopile wind turbine , dynamic response , chaotic characteristic,

Lyapunov exponent
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Tab. 1 Parameters of DTU 10 MW wind turbine
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BBHZ/m 5.6
WEER/m 178.3
BB /m 115.6
BB /m 119
FER R kg 6.3 x10°
BRREFEH /v + min ™! 9.6
PIARGHE/m + 57! 3
BiE W /m - s 11.4
Yl R GE/m -« s 7! 25
W it/ kg 2.3x10°
HLAR o & kg 4.5x10°
2 INEET

P EREL K HLIEBE PR 5L, Rl NREL JF %



- 168 - wof B

A 2023 4F

FFE AR [ 57 FRATZ AT DGE B TF IR F FAST, & F
H: AeroDyn #5H0# 14 Pitt-Peters-He 3125 A SR
it AVES T IF5  RE 5 IRAE R - B LR IT % R
Prandtl MR ARSI 3h 77, il A A ik
W RGBS 2Em i FAST S 23y,
R BT LA A, o Rl XU AL R RS
BE- & 8 SCfF . X T XU HL, FAST AT 9 A
EPARSEUNK S SR, 25 A5 R S AE X T
WITHLHEAT KA 5307, Bk Z W B R0 6 7R 2 R
2 R,

-~ BR

B1 g EBEEXRANER

Fig. 1 Model of offshore monopile wind turbine
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top displacement
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Fig. 5 Schematic diagram of wind-wave incidence angle
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Tab.2 Sea condition parameters

L T A /m - s 7! A SCB R /m /s
1 8.0 3.5 7.9
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3 11.4 3.5 7.9
4 11.4 6.0 12.5
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Fig. 6 Peak curve of fore-aft displacement of tower top
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Fig. 7 Peak curve of side-side displacement of tower top
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