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Study on the Influence of Friction Damper on Anti-seismic
Performance of Offshore Wind Turbine Tower

XUE Shi-cheng, YAN Yang-tian,LI Chun, YANG Yang
( School of Energy and Power Engineering, University of Shanghai for Science and Technology , Shanghai, China, Post Code:200093 )

Abstract: In order to explore the influence of friction damper on the anti-seismic performance of single
pile offshore wind turbine structure, taking the single pile NREL SMW offshore wind turbine as the re-
search object,based on the finite element theory,a three-dimensional multi-physical field model was es-
tablished to study the applicable effect of friction damper on the anti-seismic performance of offshore wind
turbine structure under multi-groups of measured earthquakes. The results show that the friction damper
has a significant control effect on the vibration of the wind turbine tower top,and the tower top displace-
ment can be reduced by 54.79% at the maximum pseudo-spectra acceleration ( PSA) ,but it cannot be
reset after entering the slip state, which will lead to the failure of the average displacement of the wind tur-
bine tower top to return to the pre-earthquake state. The friction dampers can effectively reduce the Mises
stress concentration phenomenon of tower wall caused by seismic excitation , the maximum of Mises stress
is reduced by 17.96% . The friction damper has better control effect on the displacement of wind turbine

tower top and the bending moment of sea floor caused by strong PSA earthquake , while the control effect
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on the structural response caused by weak PSA earthquake is more general.

Key words: offshore wind turbine, friction damper, dynamic response , earthquake , vibration control
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Tab. | Main parameters of NREL 5 MW wind turbine

ZH Bfi
HE TR/ MW 5
S R /m - s ! 11.4
WUE fEE/1 - min ! 12.1
AFEE AR/ m 126
B ER/m 3
BTS2/ m 3.87

P THAEE/m 0.019
BB B /m 87.6
T ke 56 780
by T kg 17 740
HLAR Tt kg 240 000
BT R kg 347 460
WK SME/m 6
HERREE/m 0.027

RS e BE AR B A 8 500 kg/m”, s ASE
4 210 GPa, JIA L2 0. 3, B4 A% BR 2 380
MPa"'* G AR S PR, sl b T
SRS AR, X 5 A4 b A7 AR 1 25 2 Al ol &4
FIHEAT R A AL B . R AIURE Y B 3 2t g i ]
1 Bts o

HLAR
GRS 87.6 m
HHSH 30m
i it 30m

B B ESNE ER AN SR
Fig. 1 Structural model of offshore wind turbine

with single pile support structure
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Tab. 2 Kinetics and statics parameters of soil

Z M i+ Wbkt BB+
HI/m 0~10 10 ~27 27 ~50
B kg e m 1870 1840 1960
A/ MPa 67 72 45
AR L 0.250 0.245 0.270
PIBESESR/ (°) 22.5 28.8 14.8
B 1/ MPa 0.032 0.016 0.049
MLk BBk 844 836 851
FERAEH n 0.55 0.63 0.50
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Fig. 3 Comparison of seismic records before

and after target spectrum matching
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Tab. 3 Peak ground acceleration( PGA ) and pseudo-spectral

acceleration( PSA) of different earthquakes

e MEORAK BH PGA/g  PSA/g
1 Imperial Valley —06 6.53 0. 448 0.302
2 Imperial Valley —06 6.53 0. 687 0.037
3 Northridge - 01 6.69 0. 640 0.08
4 Northridge — 01 6.69 0.753 0.058
5 Loma Prieta 6.93 0.369 0.24
6 Loma Prieta 6.93 0. 500 0. 106
7 Duzce , Turkey 7.14 0.434 0.377
8 Landers 7.28 0.727 0.062
9 Chi-Chi, Taiwan 7.62 0.425 0.309
10 Chi-Chi, Taiwan 7.62 0.738 0.158
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Fig. 4 Wind speed changes at the hub of wind turbine
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Fig. 6 Ideal rigid plastic model
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Fig. 7 Restoring force curves of friction dampers
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Fig. 8 The arrangement diagram of friction dampers
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Fig. 9 Tower top displacement time domain curves
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Fig. 10 Restoring force curves of friction dampers
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Fig. 11 Relative displacement curves of friction dampers
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Fig. 13 Variation rule of tower top displacement with PSA
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