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Research on Dynamic Response of Monopile Offshore Wind
Turbines considering Scour

QI Yuan-min, YAN Kang-hao, HUANG Dan, JIANG Dong-ju
(College of Mechanics and Materials, Hohai University, Nanjing, China, Post Code; 211100)

Abstract; In order to study the impact of pile scour on the dynamic response of offshore wind turbines in
complex marine environment, taking the 5 MW offshore wind turbine of the National Renewable Energy
Laboratory ( NREL) as an example, the finite element model of wind turbine tower-monopile-soil was es-
tablished. Considering the wind wave and seismic load, the dynamic response of the monopile offshore
wind turbine was investigated under scour conditions. The effects of different scour depth and scour slope
angle on natural frequency and dynamic response of wind turbine system were analyzed comparatively.
Research shows that as the scour depth increases to twice the pile diameter, the first-order natural fre-
quency of the wind turbine decreases to the vicinity of the one-phase (1P) frequency of rotor, which is
easy to cause resonance; under the action of wind wave load and combined wind wave and seismic load,
the scour slope angle is unchanged, and the maximum displacement and bending moment of the wind tur-
bine increase with the increase of scour depth, and the increment in loose soil is greater than that in

dense soil; the change of scour slope angle has little effect on the dynamic response of wind turbine while
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the scour depth remains unchanged.

Key words: monopile offshore wind turbines, dynamic responses, scour, seismic, finite element
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Tab. 1 Geometry and material properties of NREL
5 MW wind turbine

S8 HfE
WUE TR/ MW 5
e Kk /mes ™! 11.4
B e e/ v min ! 12.1
A4 EAR/m 126
BEHAE/m 3
P e g /m 77.6
B AR/ m 3.87~6
BB/ kg 56 780
N H R kg 17 740
HLAE BTt/ kg 240 000
PEAUBEJE/m 0.019 ~0. 027
TR LE 0.3
H AR/ GPa 210
W/ kg m 7 850
FH AR/ m 36
HEFE/m 6
HEREIR/m 0.06

S F BTG IR LZEL AL I O £EL R e 3
RGNS B NREL 5 MW KU HLS%0m]
SHLAR S5 B O B i gk 2 BT
TNo HER BT S TR A KR A 2, i R PR
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Tab. 2 Concentrated mass point parameters of tower nacelle and wind rotor

TEE T H O A i/ m R/ kg - m?
ﬁﬁ:ﬁ/kg
x y z xx ¥y 2z xy xz ¥z
3.5x10° -0.413 77 0 1.966 98 4.370 x 107 2.353 x107 2.542 x107 0 1.169 x 10° 0
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T 2ORAHUME + 2[RI AE B o 3% 1) Bz R I s
Fiefuh (Hard) , Y1) R HIBEE IR — A FEHEE ST R A, S
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(A o
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Tab.3 Model parameters
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Fig. 1 Local scour of monopile foundation

VA

X"LY

(a) JLATEEY (b) A FRICAEE

2 FEERE
Fig.2 Assembly model

%4 NREL 5 MW #4358 ERAH B IRITZE
Tab. 4 Natural frequencies of NREL 5 MW

monopile offshore wind turbine
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1 B 1) (x) 0.241 0. 249
1 B (y) 0.239 0.248
2 e 1 (x) 1. 506 1.534
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- 128 - W 3

[ 2023 4F

2 wHItY

2.1 S

I Bl Ay 28 3R sl B AT A
Bt b =4tk oy — 4. RAEH 7 AR
SRAF B B 8, T R R T ) AT
BUF AT R KU A 2R

$hkf“ﬂ+h*é’ﬁﬁjj PSR

dT = M( Cicosp + Cysing)dr
2 cos’ @
(1)
= Ly (=0 C,sing)d
= 2p 72( cosp — Csing)dr (2)

sin“¢
K dT—HE S350 5 N dM—H1 56 57 8, N - m;p—
SR, kg/m’ B Z K m; o— KU,
rad/s;r—JR AL, m; o— Wi B, rad; C,— T+ 1 &
805 C,— P 8 o i KR Ui i B, m/s 5 a—Tl
075 S F o' — Ul 5 S 7

A SR NREL JF 4 1) Turbsim 84428 i35
WU, 2 FH 3 22 3 i B 5 Ik 1 FAST sk
18 K 11,4 m/s B A XUESHE DT, dn il 3
TN LAER Thfir 280 T8 0B ES 4 0 S 2 2 4
RIS R BT L A b

800

700
600
500

REHES1/kN

400

300 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80

A1) /s

B3 KSRk
Fig. 3 Wind wheel thrust time history curve
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scour and soil conditions
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