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Tab. 1 Material parameters

B, SR/ RN, WE kK W/ SMERERE/ RS, NE Wk
itk MEL/NEA HH MEL/NEA
MR (kg+m™3) (N-m?) i Pa  HEffi/e f/e # (kg+m™) (N-m?2) i Pa  HEfi/e fase
JREEL (C50) 2400 3.45x10'°  0.20 / / /| BEEER 1950 2x10'° 0.26 / / /
i} 7 850 2.1x10""  0.27 / / / +2 1 850 3x10° 0.30 4000 33 5

RIHMAR XE128-5000 LR, DI AR 3 m/s, I HH K 25 m/s, KUBLEEBEAS Ty 8. 5~16. 5 rpm X4 i
H 1P ( Lh 3 FAA) JEFEL M 0. 142~0. 275 Ha, 3P AL R ) JE 1 0. 425 ~0. 825 He 7, 365
AR YOR A TR T B 2 4 2 100 4 — i B DE RN 6.0~ 114 s, M HOUE IR I S5 g
0.088~0. 167 Hz, K HifZ TS5 K4 0.01~0. 10 Hz F1 1. 00~10. 00 Hz'™'
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Tab.2 Modal analysis of top 10 orders
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Fig.2 Modal shapes of top 10 orders
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Tab. 3  Comparison of turbine frequency and excitation frequency

- BN JAHTLARE R 5 SRl A LU
Hi#%/ He KHLEE B 1P (0. 142~0.257) MU S 1P (0. 425~0. 825) BIRATF (0. 088 ~0. 167)
1 0.3125 0.454 4~0.822 4 1.360 0~2.640 0 0.281 6~0.534 4
2 0.3137 0.4527~0.819 3 1.354 8~2.629 9 0.280 5~0.532 4
3 1.0250 0.138 5~0.250 7 0.414 6~0.804 9 0.0859~0.162 9
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Tab. 4 Calculation results of dynamic magnification factor

IR EZEN KL A
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Fig. 3 Frequency of overall turbines in different bases and Fig. 4 Frequency of overall turbines in different elastic
constraint conditions modulus
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Analysis of vibration characteristics of offshore wind
turbine with pile-tube composite foundation

GUAN Youhai', XI Wenxi', TANG Xingliang', GAN Yi’, ZHANG Rulin'
(1. College of Pipeline and Civil Engineering, China University of Petroleum ( Huadong) , Qingdao 266580,
China; 2. Fujian Provincial Conservancy and Hydropower Survey and Design Institute, Fuzhou 350001, China)

Abstract; The offshore wind turbines are prone to resonance damage under the random dynamic loads, such as the
wind and waves, due to their complex environment. In order to study the vibration characteristics of the offshore
wind turbine, the reasonable design parameters are selected; and the whole model is built by use of ABAQUS
software, considering offshore wind turbine and pile-cylinder composite foundation. The modal analysis is carried
out by Block Lanczos method. The self-vibration frequency of the wind turbine system and the external load
frequency are compared with each other. The influencing factors of the whole vibration characteristics of the wind
turbine are analyzed, including the foundation type and the restraint conditions. The results show that the first and
second order bending vibration frequency and the third order torsional vibration frequency are the main resonance
frequency of the wind turbine. Compared with the single pile foundation, the pile-cylinder composite foundation can
effectively improve the ability to resist horizontal loads. With the design parameters in this paper, the wind turbine
can avoid the occurrence of resonance. The influence of pile-soil interaction ( PSI) should be considered in the pile

foundation design of wind turbines.

Key words: pile-tube composite foundation; offshore wind turbine; modal analysis; pile-soil interaction



