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Vibration Control of Monopile Offshore Wind Turbine
Structure based on Viscous Damper

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

Abstract: In order to study the structural dynamic response and vibration control of monopile offshore
wind turbine under the combined action of turbulent wind and earthquake , the monopile NREL 5 MW off-
shore wind turbine was used as the research object. The three-dimensional shell model was established by
the finite element method and the soil equivalent linear model was integrated into ABAQUS based on the
secondary development. The vibration of the earthquake-induced wind turbine was controlled by adding
viscous dampers to the tower. The results show that the viscous damper can greatly reduce the vibration of
the tower top caused by the earthquake,but it has no evident effect on the vibration control of the tower
top caused by the turbulent wind. At the same time,the viscous damper can also alleviate the local Von-
Mises stress concentration on the supporting structure caused by the earthquake and has the best effect at
the location where the viscous damper is installed. The viscous damper can significantly reduce the maxi-
mum shear force in the pile foundation of wind turbine, while the bending moment control effect is most

clear in the supporting structure of wind turbine.
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FeR I it ke 567 80
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Fig. 3 Structural model diagram of offshore wind

turbine with monopile support structure

3 FhiFEIERR

iR RIE RS
Kt B A it —Fh i H I FERE RS e e . AR
PRBELIE 5 7 He S R AT 4 A A i BELJE 58 18 =XORG v B
B SRR ML 4% 3 AL A SCR AR
HirBELJE 2% , I 3222l B2 BT A L BELJE A ot (— ek
WARRENH ) A5 2E 3 # 4 ak. 7E & A4 MR HT, T
FELEPH R AR GLIAR iz 8, 4 3l BHLUJE A i i 7 2E |
()71 AL, AT 7 A= BELJ 7, B AR 5 | R PR 2l e
I LRGP AR BT U RERE I AR L. KRGV BEJE 2R 1Y
R EE AR, X T R WL 5 JLF- A 2377 A= BRI B
(7] i, 3 P A 7 A o o, S LB n BELJE i
AEFIEEEM o SRR A 4
FiR o

AR R — o A DG RUBH JE 2%, Rl BHJE 25 R 1L
(I BELJE ) i JE -5 (G A AR G R B 22 B ) G 2R

F=CWr (7)
A F—HET,N; C—PHJEREG VG2 56
PRAEXT R EE , m/s; o —BHJEFEEL, @ = 1 HLIERLE
v, a # 1 ARZRPERLJE 4% .

Sl



54

T ARG, 258 < B TR i B A 1 R O B XU HILAS 4 IR 3l 4% il » 115

THIEFT BLJEATRE 49 i i fir A

fan)
Y

i
L

/
W& WE HERME

4 FhinFEERE
Fig. 4 Viscous damper

JETFRG B 2% A P R AR AL B I L
B, PO PO A i — AT E 5, S
FLEZR M FHE R 50N 5 x 10°N + s/m, BILJEF5 5N
0.4,

3.2 HiWEREHEAR

R ALAE it 0 XU b R e 2 24 i o = 4
& N 13 8 e SR AL W0 <Y o S |
W, 2 R R BRI HLLE 23 5 4E 40 T SRk E R
TIHLAFAEZE R W A i BELJE #5158 AR K R Bl . LA
M B3 T RPN EE | 2l TR
LR 5 2 e A5 A, 7 Tt R R 1oy B ML RR 3T T
AL 25 # AR T o5 4% = S 67, BR KU LR T %
BU Ay VB ) LA B 40 , 2 A BB 2 A A T
T AR —BERIER,

25 18 BRI FELE 2 R 2 2 A6 B Jr
BRIRAERE S, B T — AR MBLE S A%, BT
MR RAAERAHLX 515 Y 5 a4 2 A
PR ] — 2 N G R A B 4 ANBELE 2% , B2 AL A
8 IBHEAY. FAANPEJE SR FNRER B R 10 m. PHJERE
fiE N 5 FiR

% i BE 2 2%

-

é

iz 3

ES5 #thislEEEmETEE

Fig.5 The arrangement of viscous dampers

3.3 MinkhiPEREERIZINEHE

¥ Ry LGS A fay A B ol BERE Y, FE3h 0
BT AR,

[M]{z} + {[C] + [C]}{x} + [K]{x} =
{F(2)} (8)
A [M] —FisEps; [C] —BLRRRE; [C'] —
R 5 BEL . 4 £ AL 14 B i BEL J& B 5 [ K] —JR 32
B b At A b} — i B R AL RS ] o
[F (1)} —B AR

4 FHRG5HH

4.1 B

X152 3 2 7 R 2 B AT R WA 1 XU L, Hd i
5 Bl 2 AR T RS o AR S i KUK 51 A
T, KU BILA 0 RS i BEL T i % 15 0 (67 7% i 5] 6
V7N

aﬁ 16 ;
a3 12f, ) ; ,
E oo it et ot
& oaf’ 4
= } BV e LR
E 0 i L 1 1 1 f 'l L Em'elﬂ
o 0 20 40 60 80 100 120 140
iRl /s
(a) X7 ]
=
t‘é 08 : ; .
2 04t ; ii-;- i,
E 0+ -V "‘J!h}!fihﬁﬁk«ﬁ Pitafunceen]
2 04} e
E 0 KB
= 0.8 . . . , H : : ’EEEI#
-3 0 20 40 60 80 100 120 140
iRl /s
(b) YH[H]

B o6 SETALT R i Lk

Fig. 6 Tower top displacement time domain curve

HE 6 Al X F H R G | B K T PLEE T 55
VI, Ky BELJE 28 7E 9 1) b M9 Sl 28 9 4 i A%
Bo FEX Jrin b BT 7E 88 s 4b i Bl i KA,
FERH IR B B 28 )5, X 5 ) e RIE T A8 iy 1. 61
m FEKE 1.36 m , [EK 7 15.5% , £ Y Jyin |, i
TERETE 90. 5 s Ab H BB AR, 7E B IORS s BELJE 2%
J&, Y Tl KIE LA H 0. 86 m FF{KE 0.55 m,
FEAIR T 36% . Zedehhim b as)a , 8T X J5 [l i) 4
LG R —0.07 ~1.61 m 4i/M% 0.24 ~1. 36



- 116 - MofaE 3

h TR’

2021 4

m, 45/NT 33.3% , i35 0 Y J 1] {3 % A5 £ 5 Rl
~0.86~0.79 m 45/hE -0.56 ~0.55 m, F5/h T
32.7% . WX H ¥y 25mh 0.22 BKE
0.17, [T 24.5% ., TR Y J7 1o i # ¥ 07 22 th
0. 17BIR % 0. 10, 5 T 41.2% . I}, By 50 s 3
5 FT 1, Al BELJE 88 XoF Bl ph i 30 XL 5 B B T ar
ML A — R ISR

Pl 7 A B i BELJE #55 i J IRU T BB T % 4
BRFIE . E B T AT, BEEIORS R AR R T X
T 5 Y J7 [l e K i (E 24 K iE T fe . o, BT
X J5 Al At 0. 075 m [ % 0.039 m, 3T Y
FrinRfE e RAE H1 0. 049 m ByfE A 0.023 m, P&
SR T 48.0% 5 53. 1% , UL HKG s HLJE 2268 B
E RS T

£ 008
@ 0.07 e LR
E 0.06 A
® 005
:’f 0.04
T 0.03
2 002
= 001
® 0 02 04 06 08 10
Fi#He
(a) XH ]
E 006
=@ 005 - KRR
= ggi I A W
® i
& 003 fi
E 0.02 - /""ﬁ
¥ 9 02 04 06 08 10
FZE/Hz
(b) Y7

B 7 TR SE 2

Fig. 7 Tower top displacement frequency domain curve
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