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Fig. 11

Spectrum diagram of tower top load
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Fig. 12 Statistics of mooring tension (Mooring line 6)

XTI EE 6 F A 5K IR LI DT #EAT AR 04, S5 R N 13
7, AT A A T A S T A (R — A S
AR IS, XoF AT 2R 24 A 0.02 Haz ,— 4 A 3 3 0 S5, 6F 7 A 2R 24
4 0.08 Hz, 1X 73 51|52 181 15 A 35 Wi 7 14 R0 e (A3 138
IR AR ARAR XIS 5 A 57 W) IS 43033 P AN ] ), 7 B R
TH 7K T3 45 3 ] F 2 BRI I 3R A8 R T 2R 9 5K 0 B AR i
B A58 ey 1L AT 2 ) , 5 1 B IR YR A0 i R T e {0 0 904 43t
WA R A A PP O, 07 A % B G B DR R i B — T T R
SRR B A B ZRIA K T, 55— O TR BT IR K Pl 2

TRART A, — IR B 2 0 HAT TS o T L MASAL S P
LA B E O BAR T B IE B R T %
JE I 22 0+ BT ) = A B0 A4 A 2 H B, X
P UCUE BTN T 4 % %08 3K 0 B3R O T gk
WI1.

(=)
1

et/ &1L VA —— L1
i —o 2
L TH
—v— L4

W

~
T

)
T

A 0K D135 E/(10° kKN%/Hz)

0.2

PRI LR BE ZR A 5K T ] (i BE )

Fig. 13 Mooring tension spectrum diagram of anchor chain for
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Fig. 14  Effect of second-order wave force on fatigue damage of mooring lines
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RESEARCH ON INFLUENCE OF SECOND-ORDER WAVE FORCE ON
DYNAMIC RESPONSE OF SEMI-SUBMERSIBLE
FLOATING WIND TURBINES

Cao Shugang'*, Li Hongyou', Wang Yu', Zhu Liang', Lu Hongchao’
(1. Longyuan (Beijing) New Energy Engineering Design and Research Institute Co., Ltd., Beijing 100034, China;
2. College of Energy Power and Mechanical Engineering , North China Electric Power University , Beijing 102206, China;
3. China University of Geosciences , College of Marine Science and Technology, Wuhan 430074, China )

Abstract: This study investigates the influence of second-order wave forces on the dynamic response of a semi-submersible floating
wind turbines, using the "Guoneng Sharing" as a case study. A comparative analysis of the differences between far-field and near-field
methods for calculating the second-order mean wave force transfer functions (QTFs) is presented. A coupled time-domain model of
aerodynamic, hydrodynamic, structural, and servo dynamics was established to analyze the dynamic responses of the floating wind
turbine under four scenarios: neglecting second-order wave forces, considering second-order mean wave forces, considering second-
order difference wave forces, and considering both second-order difference and sum wave forces. The results indicate that the QTFs
calculated by the far-field and near-field methods are nearly identical when the angular frequency is less than 1.1 rad/s. However, as the
angular frequency increases, the far-field method generally yields larger values than that of the near-field method. The second-order
wave forces significantly impact the motion response of the semi-submersible platform, with the primary contributing components being
the second-order mean wave forces or second-order difference wave forces, while the second-order sum wave forces exhibit negligible
influence. Notably, the second-order difference frequency and sum frequency wave forces significantly affect the acceleration of the semi-
submersible platform and the load at the top of the tower, whereas the second-order mean wave forces have no discernible effect on
either. The high-frequency response of the tower top load is excited under the influence of second-order difference and sum frequency
wave forces and must be taken into account in calculations. Furthermore, second-order wave forces markedly affect the tension and
fatigue life of the mooring anchor chains, not only increasing the fatigue damage but also influencing the location of maximum fatigue
damage occurrence.

Keywords: offshore wind power; floating wind turbines; second-order wave force; dynamic response; second-order difference

frequency; second-order sum frequency



