B8 11 KPR (A /B2 5 TR RR) Vol. 58 No. 11
2025 4F 11 H Journal of Tianjin University (Science and Technology) Nov. 2025

DOI:10.11784/tdxbz202412001

K. KEXS1ER T EEXERHEREMEMER
— ML _ EX A HRSIE IR

MM V2, B A, sk, GakE b om0, Bk M
(1. REERFEPUTFEERE, KHE 3003505 2. KEFI T RFEHFFREII S, K 300384;
3. RS RS S TR, B 2002405 4. MY/RIE TR RS R S @R TR, M/REE 150001;
5. KEPR T RZEG R S T RS EENENE, KiE 116024)

OB R A TR A0- R AR AR O LA EAE T, o SR N R ARG R, JINRRAEM
% (TMD), "4 10MW R AMA K6, 2 AT 2 355 -k 2R A — kA MRS OB . 45 14k B3
To, BHEZ S LA IR 15 A e ) R S MR R T K 72 S A S A 60 S5 A B A e
fifs, e LA EAR RSN R, KA ARE T AR AR ES ST, AR, KBS THLRR
KSR Ak T R AU A vk A AR, SR AV RRAAELSFHRAMEDEX LR, SEE
TMD 3Rshizhl if, KRR A TET0 R G BIRAR B4, SMAE L BIRER,; KB TERRDIEHARA
EREYh, K, stTRAMEMD TR, BPKELTRANAREMaEEE =4 AR e A
SR 7 48 T A vk K B R A ALeG R SR AR A

IR W ERUIL; BRI AR kRS RS

FESES: TKS3 XEPRERD: A XEHS: 0493-2137(2025) 11-1192-13

Research on Control of Vibration Induced by Wind and Ice for Integrated
Offshore Wind Turbine Considering Flexibility of Large-Diameter Pile
Foundation

Liu Yingzhou" ?, Zhou Li’, Zhang Jianhua*, Lian Jijian"*, Shi Wei’, Yao Ye’
(1. School of Civil Engineering, Tianjin University, Tianjin 300350, China;
2. School of Ocean Energy, Tianjin University of Technology, Tianjin 300384, China;
3. School of Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
4. College of Aerospace and Civil Engineering, Harbin Engineering University, Harbin 150001, China;
5. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: In view of the complex interaction in a wind-ice-structure-soil coupling mechanism, a tuned mass
damper (TMD) is introduced combined with the multi-body dynamics method and the finite element method, and a
10 MW wind turbine is taken as an example to establish a nacelle blade-tower-large-diameter foundation integrated
ice-induced vibration coupling model. The soil is discretized, and a three-dimensional soil interaction model is con-
structed. Then, the displacement method and force method are used to calculate the equivalent nodal force and nodal

displacement of the large-diameter foundation structure under the effect of soil materials, so as to simulate the pile-
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soil interaction. Meanwhile, the combination of cohesive element method and finite element method is used to study

the dynamic response characteristics and vibration damping mechanism of offshore wind turbines under wind and ice

with different ice thicknesses and ice velocities. Results show that different ice velocities will lead to different vibra-

tion modes of wind turbines. When the TMD vibration control is considered, the vibration damping effect of the

tower top response in the ice-induced resonance state will be better, and the structure will undergo single-frequency

resonance. Ice thickness has a significant impact on the effect of structural vibration control. However, for the mo-

mentum response, a smaller ice thickness will have a “negative feedback” effect on the collision position of the wind

turbine foundation. The research results in this paper can provide a reference for the design of offshore wind turbines

in ice areas.

Keywords: offshore wind turbine; pile foundation; integrated coupling model; ice-induced vibration; vibration

control
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Fig.2 Reynolds number of DTU 10 MW offshore wind
turbine blade airfoil
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Fig.4 Flow chart of coupling analysis for vibration control of offshore wind turbine under the combined effect of wind and ice
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