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Abstract; The paper aims at analyzing vibration control effects of a 44 m height horizontal axial
wind turbine tower ( WTT ) system installed shape memory alloy ( SMA )-suspension mass
pendulum damper ( SMPD) system under seismic excitations. The Simulink tool box in Matlab
software is applied to set up a dynamic model and motion of equations of the WTT system based
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on Bouc-Wen model to perform a nonlinear time history seismic vibration control effect analysis
for WTT structures installed with the SMA-SMPD system ,and compared with the seismic control
effects of the same system equipped with a normal SMPD. The numerical results show that the
peak displacement and acceleration on the top of the WTT structure installed the SMPD system can
reduce 14.75% and 13.94%
corresponding responses for the same WTT structure installed SMA-SMPD system can obviously

under El-Centro earthquake, respectively. However, the

reduce 29. 23% and 23. 58% , respectively, behaving a more excellent vibration control effect for
the SMA-SMPD than for the SMPD. Meanwhile ,the SMA-SMPD system can effectively suppress
the other harmful vibration of WTT structures.

Key words: suspension mass pendulum damper ( SMPD ) ; shape memory alloy ( SMA) ; wind
turbine tower structure system ;structural seismic response analysis;vibration control
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The schematics of geometric information of

wind turbine tower structure
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Table 1 The detailed parameters of the wind turbine tower structure

P Fite/kg  REREE/m hoREE/m MBS E/m o REAME/m i AME/m e RJE/m PR /m
13 29 560 42.20 44. 00 3.645 1.200 1.200 0.010 1. 190
12 1061 38.70 40. 45 3.500 1.279 1. 240 0.010 1.230
11 1355 35.20 36. 95 3.500 1.358 1.319 0.012 1.307
10 1673 31.70 33.45 3.500 1. 438 1.398 0.014 1.384
9 2 019 28.20 29.95 3.500 1.517 1.478 0.016 1. 462
8 2390 24.70 26. 45 3.500 1. 596 1.557 0.018 1.539
7 2514 21.20 22.95 3.500 1. 675 1. 636 0.018 1.618
6 2 638 17.70 19. 45 3.500 1. 754 1.715 0.018 1. 697
5 3 063 14.20 15.95 3.500 1. 834 1.794 0. 020 1.774
4 3201 10. 70 12. 45 3.500 1.913 1.874 0. 020 1.854
3 3 338 7.20 8.95 3.500 1.992 1.953 0. 020 1.933
2 3473 3.70 5.45 3.500 2.071 2.032 0. 020 2.012
1 4 500 0.20 1.95 3.700 2. 150 2.111 0. 025 2. 086
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Fig. 2 The schematic of SMA-SMPD system profile
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Table 2 The natural frequency of WTTs multi-

particle system

BA MR /Hz PRAIRA

1 0. 496 BEIRRIEIRE)
2 0.499 IR 5l
3 2.190 N SRR TR A D
4 2.925 RFE S8 T AL AR
5 3.256 RUEE SR BRAAA TR AR
6 7.234 RXSFRABFTHE G W%
7 7.468 SRR PESERN A N 38 2R 5
8 12.533 popsiskd]
9 14.574 = A RO FR SR

10 16.115 WG SR R4

11 16. 461 RS RAESERE S

12 17.682 S XS PRI G L5
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Table 3 Vibration control performance for wind turbine tower structure system under different earthquakes

TeF il SMPD F il SMA-SMPD #: il
L SN T} {: 72N WK MR WEER o WER NEE W%/
fi#/m > fi#/m > £/ m >
(mes™*) % (m-s™) % % (m-s™*) %
El-Centro 0.207  3.359 0.155  25.12 3.128 6.88 0.129  37.68 3.123 7.03
Kobe 0.544 5.471 0.464  14.75 4.708 13.94 0.385  29.23 4.181 23.58
AT 0.230 2.863 0.185  19.57 2.554 10.79 0.155  32.61 2.422 15.40
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Table 4 Vibration control performance for wind turbine tower structure peak in different positions under the Kobe

earthquakes
pe R it RS IE(H PR3 DRSS A INEREE (B IR0 IR, e R
- fi/m  WER/%  BHE/m OWEER%S  (mes?) HEER%  (mes?)  REHER %
13579540 0.385 29.23 0.108 45.98 4.181 23.58 1.145 42.10
12 5775 0.360 33.82 0.115 42.52 4.401 19.56 1.189 39.85
11 5954 0.337 38.05 0.124 37.82 4.611 15.72 1.259 36.34
10 5974 0.358 34.19 0.131 34.30 4.767 12.88 1.312 33.67
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Table 5 Vibration control performance for wind turbine tower structure peak with different vibration modes under

the Kobe earthquakes
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