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Numerical simulation of B-TMD vibration reduction control of monopile offshore wind
turbine structure in ice coverage areas
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Abstract: The measured data of the Bohai Sea No. 18 ice coverage area was selected, and a wind turbine model was established based
on the NREL 5 MW monopile offshore wind turbine (OWT) structure by ANSYS finite element software. The vibration reduction
effects of tuned mass dampers (TMDs) and bidirectional tuned mass dampers ( B-TMDs) on the bidirectional vibration response of
monopile OWT structures under the combined action of wind, sea ice, and ocean current loads were analyzed. The results indicate that
B-TMD can play a bidirectional control role for the tower and reduce the vibration responses of the wind turbine tower both outside and
inside the plane, and it has a better control effect on the tower cylinder. The control effect of B-TMD on the out-of-plane and in-plane
displacements at the top of the tower improves with the increase of the mass ratio and is not greatly affected by the wind-ice angle. The
robustness of B-TMD is relatively poor, and the distribution of damper parameters inside and outside the plane can easily affect the
control effects. When damper parameters inside and outside the plane are the same, the B-TMD could exert optimal control effects.
Key words: monopile offshore wind turbine; load effect; vibration control; B-TMD
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Table 1 Geological parameters and p-y curve calculation-related parameters in Bozhong area of Bohai Sea
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Table 3 Parameters of dampers

w'% Son Lo Kp/(N/m) — C,,
1 0.99 0.06 43344.59 3554.67
2 0.98 0.09 84997.73 9906. 64
3 0.97 0.10 125032.95 17935.27
4 0.96 0.12 163520.04 27215.84
5 0.95 0.13 200525.26 37493.23
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Table 4 Vibration control conditions of monopile OWT structure under combined wind, sea ice and current loads
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Fig.4 Simulation results of partial wind and sea ice loads
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Fig.7 Comparison of displacement responses in frequency domain between tower top and TMD under TMDSD
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Table 5 Standard deviation of tower top displacement under combined wind, sea ice, and current loads
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Fig.8 Displacement responses of tower top with averaged and non-averaged damper parameter distributions under B-TMD5D

— Pl (AT ) —— PSR (B-TMD)  —— RSP (BT ) —— AEF44 0 (B-TMD)
0.4r 0207

§ 03} EN 0.15}

E E

2 02} 2 o10f

o) ol

2 52

¥oO01f 5 0057

= = ;

0 01 02 03 04 05 0 01 02 03 04 05
B3R /Hz $ii% /Hz
(a) HAMiF (b) WwHHiRE

E9 B-TMD5D T TEERSH T EIEFH S B HE FHRFT B-TMD {7 558 i &7 X7 bk
Fig. 9 Comparison of displacement responses in frequency domain between tower top and B-TMD with averaged and

non-averaged damper parameter distributions under B-TMDSD



55 3 1 FLEERR 5 DKDCEANENE B XUBLASHE B-TMD Bl 2 i £ (E A 125

Hi 8 AT, BHJE 42 BE T 70 e B-TMD X 55 5 T 1A &/ 0T8T A (S8 B4 1 A2 2 o T AMAE A% ) W 8
R TR A< (57 B AN AR 5 T DAY A2 % D52 ) Rd B8 4 K 37 % e L 0.097
RPN R, R B9 a0 3% 17 T00 o 18 9107 4% e 4%

= 0.08f
IR IE(E AR AE BB RN, XF L E 6 (a) NOTMD 1.0 & B ﬁ
1A — 52 BRI VE T, eI A 8385 LU AR SR 1. 0, FHIE 285 8K § Q07
T B £ T A AL RS I (R Rt S I A =] :gﬁ

)R S 0.4, FIHCAT UL, B-TMD SofH £ Th s 17 &M 1 P67
By hl a it s . BT i WHBILE 255010 43 T %ot 25 24 6 s 10

I RS S (O S, 2% SR B 2 T Ah 5 T IS8 0. 6. MBS
1.0.1.5.2.3.4.0.9.0,[& 10 J}y B-TMD5D T FH & ik w4 B 10 B-TMDSD T T3 ] T (i 75 47 e 22 B
VT A 50 25 B LB 28 5 8 L A5 Al 28 FLfeRE SR b AL a2k

1 10 ) 280 Bt BEE S8 2 8 e R0 e - BATMD X415 T Fig. 10 Variation curve of displacement standard
SRS AT A B R T e, X 3 B e g eYvion of tower top with damper
SO E Y AR P R BELJE 4 S BOR R I (S8 1),
B-TMD il R R A

5 & it

a. B-TMD X3 fa e 2 X0 i) P2 A1 1 TR s A 1 IXUBILEE 6 6 1T A/ 00 THT A )40 30 107, o £ T 3 )
PEAIRCR A

b. B-TMD X 55 5 Th s 10 /1R 1T A8 R 42 ] 33 R Bt 5 T PE s DR 488 s, 52 UK A 2 AN R A [A) Jo
P, AN ] KUK T (XK 0° L) 35 £ Tty T 0 M THD 9 62 R A E 22 BRI 1 20 U 22 (S ANl 2 A

ﬁj\/l\J_:_'; o

c. B-TMD S HEEHE 0T ML Y (9 BELE 45 2 5003 BC B EURK 25 1T A1 FITTRT N B9 BELJE 45 2 80R [+)
I, B-TMD REAS A 4% fre DL P I R

SENW:

[ 1] SELS, 8, e R, 5. FhEEE DK INE 28 20 A R R AR SRR 00 Joh 10 T K A SBR[ ). A AR e JRY, 2024,36 (1)
242-249. (GUO Yudi, WANG Tie, CHENG Shanjun, et al. Sea ice in Bohai Sea: spatio-temporal distribution and the forcing
effects of atmospheric circulation[ J ]. Remote Sensing for Natural Resources,2024,36( 1) ;242-249. (in Chinese) )

[ 2] #W0E, grdkadt, T2 i B XL IR S M D00 S5 R 0 [ 0] KRR 224l ( A SRR 5 TR AR , 2019, 52
(2):191-199. (DONG Xiaofeng, LIAN Jijian, WANG Haijun. Monitoring experiment and characteristic analysis of structural
vibration of offshore wind turbine [ J]. Journal of Tianjin University ( Science and Technology),2019,52(2):191-199. (in
Chinese) )

[3] ZWUE, 2R, F0l K, 55 S 45 203 0 7 6 vk as 1 IR 3w B2 > 4t (0], ¥ 7 T /2, 2011,29(2) : 32-39. (U1
Shunying, WANG Anliang, CHE Xiaofei, et al. Analysis of ice-induced structure vibration of offshore jacket platform with ice
breaking cone[ J]. The Ocean Engineering,2011,29(2) ;:32-39. (iin Chinese) )

[ 4 ] ARAHR, VB, B 4%, vk DX _b Sk KOHILAR Sl 17 55 40 [ T ] . 9% 3)-5 vhfi ,2021,40(9) :133-141. (ZHU Benrui, SUN Chao,
HUANG Yan. Vibration response and control of offshore monopile wind turbine in ice area[ J]. Journal of Vibration and Shock
2021,40(9) :133-141. (in Chinese) )

[ 5] STEWART G M, LACKNER M A. The effect of actuator dynamics on active structural control of offshore wind turbines[ J].
Engineering Structures,2011,33(5) ;1807-1816.

[ 6 ] STEWART G,LACKNER M. Offshore wind turbine load reduction employing optimal passive tuned mass damping systems[ J].
IEEE Transactions on Control Systems Technology,2013,21(4) ;1090-1104.

[ 7 1 #M. SR X re] 981308 ik L 4 68 KU A P2 IS [ D . 2290 22 BT, 2020.

[ 81 Z=J7i, b, ki . — ol 26 I Pl 3 482 b ) TVID XU 17 9 B P sl 52 [ 1] e sh 55 b, 2021,40(12) < 114-
123. (LI Wanrun, YANG Zhou, DU Yongfeng. Wind induced vibration mitigation of wind turbine structures with a new
bi-directional TMD[ J]. Journal of Vibration and Shock,2021,40(12) ;:114-123. (in Chinese) )

parameter ratio under B-TMDS5D



126 ERCPNE N 453 %

[ 9] %k, BT, A4, MICP fin [ XS EXHLERE SRl T R s [ 1] . Wi R 222 4 ( A AR IR) ,2022,50(3)
65-73. (HE Rui, WANG Haiyu, ZHENG Jinhai. Influence of MICP reinforcement on static properties of monopiles of offshore
wind turbine[ J]. Journal of Hohai University ( Natural Sciences) ,2022,50(3) :65-73. (in Chinese) )

[10] 5K IT AL R, VT R SA 20 72 [ M. Rt AT R AT, 2009.

[11] AR, pF 3k KA. b e AU SEI SR [ R ). P4 22« KR R D338V 22 4R TR i, 1982,

[12] SRAE 5555 R 2. IS BB AR B Sk [ ] Mo TR 5 T4k 36,2008, 28 (6) : 206-212. (ZHANG
Xiqian,GE Yong, YAN Chunfeng, et al. Advances in research of simulation technology of fluctuation wind loading[ J ]. Earthquake
Engineering and Engineering Dynamics,2008,28(6) :206-212. (in Chinese) )

[13] sKaE, BAE  BoCHe 55, 0T U7 S0 Ay il o XU R PEF 98 [0 ] ¥ 7 TR, 2020, 38 (1) : 147-153. (ZHANG Yantao,
LYU Baicheng, WU Wenhua, et al. Wind characteristics analysis of Bohai Bay based on field measurement [ J]. The Ocean
Engineering,2020,38( 1) :147-153. (in Chinese) )

[14] SEALEE, o N, PR, U ¥ 205 04 ik Bl XUter S F0 R XUSOma oz [ 1] . VLR 2% 25 4 ( T2 B ,2010,44(5) :955-961.
(BAO Kanyuan,CHEN Guohui,SUN Bingnan. Numerical simulation of fluctuating wind load and wind induced response of large
hyperbolic cooling tower[ J ]. Journal of Zhejiang University ( Engineering Science) ,2010,44(5) :955-961. (in Chinese) )

[15] RAH:, PN, B 4%, G b B0E XIS # vk PR sh i B A Fr [ 1]+ R TRE2E 4, 2021, 54 (1) . 88-96. ( ZHU Benrui, SUN
Chao, HUANG Yan. Ice-induced vibration response analysis of monopile offshore wind turbine [ J]. China Civil Engineering
Journa, 2021, 54(1) :88-96. (in Chinese) )

[16] KARNA T,QU Y,KUHNLEIN W L. A new spectral method for modeling dynamic ice actions| C]//23rd International Conference
on Offshore Mechanics and Arctic Engineering. Vancouver: ASME ,2004 . 13-36.

[17] JONKMAN J,BUTTERFIELD S,MUSIAL W et al. Definition of a 5-MW reference wind turbine for offshore system development
[R]. Golden ; National Renewable Energy Laboratory,2009.

[ 18] B, FRiE, SR8, 55 IRIE AR 1t e vh I 72 ARSIl U370 /K P 32 i i S p-y s FITRAIT ST T ], il K22
W ARBIE) ,2023,51(3) :127-134. (BAO Jinhu, SU Jingbo, WU Feng, et al. Field horizontal loading test and p-y curve
applicability of large-diameter single pile foundation in deep soft clay groundsill [ J]. Journal of Hohai University ( Natural
Sciences ) ,2023,51(3) ;:127-134. (in Chinese) )

[19] Hmnkes. Bt R)2 & 20040 B BERL [ D], KHE: B TF R, 2003.

[20] Guideline for the certification of offshore wind turbines[ R ]. Hamburg; Germanischer Lloyd,2005.

[21] DEN HARTOG J P. Mechanical vibrations[ M |. New York : Courier Dover Publications,2013.

[22] BIE, BT, B VAR, R BT BEJE 25 R 1 BUASURLBH JE 2 s v B X LU A ZE [ 1] . #3454 2% 41 ,2019,40(12) 1 163-168.
(LU Zheng,LTAO Yuan,LYU Xilin. Comparison study of damping performance between tuned mass damper and tuned particle
damper[ J]. Journal of Building Structures,2019,40(12) ;163-168. (in Chinese) )

(23] JR¥ATT, 20, 5 SCH, 55, X DA 208654 F T AT A RE KUPLAS 4 TMD J8ife 42 I RCHUL [ ) ] mTFRA RE DR, 2024, 42
(2):189-197. (LE Zhiji, TIAN Huiyuan, XIE Wenbo, et al. Simulation of TMD vibration control for offshore monopile wind
turbine structures under combined wind and ice loads[ J]. Renewable Energy Resources,2024,42(2) :189-197. (in Chinses) )

(ki H #1:2024 - 07 -25 Gl - g0



