I B=t—8 B $99-130 H (RE—ORFE=H)
Structural Engineering, Vol. 31, No.1, p99-130, March 2016

RERTRERFERNBEEIFEEERMA

BT BRI TR A

BRSEE - ARV ~ STEERGR  WUR Ul - BEMES: - wWRETH
J8\ 7%

BME

BRI HE A 2 BR i (A B 55 o2 — K] B 0 U 5 2 e e 25 e 2 T
JIBE BN o TS bt ek Y a7 28 A i A 2 o R - ELIRT 5 v St i it
A SRR I o B R R H S B R A BE PR RE B RE KBS Ry - T
BB HER AR ARSI FE AR T R - (H R B DI R A 2 3RS
TR SRR RS 1 R SR R AR D RE PR AT B FR THBE LI EE TR K - R RE A FRF 1 £
R BB L DHRE B4 A - ARG E B RS (8 A B S HJE %% (mass damper >
&% MD)PE s BB HI B R ML FITTIE © ASCATEE MD $£5fii /572 7Y R AR
B SOREERE RS L — A AT EE AR A S R BN RERE T < R VBRI
Al DA RE B R AE R SO TTE B - AL B ] 3R FR B S 35 RS A T o A
B o ARG R A A BRI IO IR (anti-resonant) B 52 > DU S RE (R B SR
e ER S HE © MD £l Bl Fl .2 TMD (tuned mass damper)Bffi A A2 i
TERRTE BRSNS ST E ] > BB L B IRSER A — & B UG H E Ziik
SEERGE o ASCERH] 16 ZEEE A SMW HLRS =t B BB AT SR il il i R |
JE o BEBERREUR - A 2 BT n] 58 5 2 I MD 5% 2 B (RISHR L B
BELFE L) - BRI ] IRF A ALK JR AR AR i o ot R st B Bl S B E g o R S B
FIBLEIE - JRAN - BEH] MD SREEAME RIS T RS SCHEERG R L LA o BT
R R I CR AR E R B R TIRE > Bt ARG BB T

UARSCEE A BT AR AR TR - EER ¢ lylu@mail.ncku.edu.tw
P B A R R TR RS - B TFE4 ¢ hthu@mail.ncku.edu.tw
} BT AR R AR SR T RE L



100 #5#61TFE E=+—% £

Seismic Vibration Control of Off-Shore Wind Turbines

Lyan-Ywan Lu, Hsuan-Teh Hu, Tzu-Yao Lin, Bo-Hua Lin

Department of Civil Engineering
National Cheng Kung University

Tainan 701, Taiwan

Keywords: Off-shore wind turbines, seismic mitigation, mass damper,

anti-resonance, energy dissipation, wind energy.

Abstract

Since Taiwan has one of the best wind-farms in the world, it is beneficial
to develop renewable energy by using off-shore wind turbines. Nevertheless,
since Taiwan is prone to earthquakes, the problem of seismic protection for the
offshore wind turbines becomes an important issue. On the other hand, although
current Taiwanese seismic design code is very stringent, it aims to ensure live
safety in a major earthquake rather than the functionality of equipment in the
structural system. In order to simultaneously ensure the safety and functionality
of a wind turbine during a major earthquake, in this study, the possibility of
using a mass damper (MD) system for mitigating the seismic response of
offshore wind turbines is investigated. A MD system is established by
introduced a soft and energy-dissipative layer between the nacelle and the
supporting tower structure of a wind turbine. As a result, the interacting motion
between the nacelle and underneath tower structure creates a significant
anti-resonant phenomenon that is able to avert the seismic energy transmitted
into the system. Different from a traditional tuned mass damper (TMD), the MD
uses the mass of the nacelle itself as the reactive mass and its frequency may
not be tuned to that of the structure. In this study, the seismic performance of a
5SMW mono-pile off-shore wind turbine with the MD subjected to 16 seismic
excitations is simulated. The simulation results have demonstrated that by
properly selecting the MD parameters, i.e., the frequency and damping ratios,
the acceleration of the nacelle and the base shear and moment of the supporting
structure can be significantly reduced, as compared with a TMD-controlled or
uncontrolled wind turbine. This implies that the MD technology is able to
maintain the safety and functionality of a wind turbine in a major earthquake,

simultaneously.
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Nacelle Acceleration (absolute)

Nacelle Acceleration (absolute)
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