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Ma(t) + Co(t) + Kx(t) = F(t) + H(z) (1)
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Tab. 1 Physical property parameters of Q235 and Q345 material

{& Value
ZH Parameter
0235 Q345
JE Density p/(kg/m® ) 7 850 7 850
HHEASE: Elastic modulus E/GPa 210 212
JAHA LE Poisson ratio v 0.27 0.31
o,/MPa 235 345
YILEAE it Tangent modulus E,/MPa 1180 1291
B 0 0
Cls™ 40.4 40.4
p 5 5
R AU Failure strain & 0.34 0.34
Ogden B EHLAHF R T Ky
N
o= X (AT A (4)
n=1

Ogden AR S H AN 2 S 7R .
£2 Ogden AHERISH
Tab.2 Material parameters of Ogden model

SR Parameter {H Value
,/MPa 3.000 71
@, 0.719 155
1,/MPa 0.102 6
@, -4.771
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ij=0
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SRR 3 PR

%3 Mooney-Rivlin 1B S5

Tab.3 Material parameters of Mooney-Rivlin

S8 Parameter {8 Value
W% Density p/(kg/m®) 1180
JAFA HE Possion ratio v 0.499 5
Co 5.5x10°
Cy, 1.7x10°
1.2.4 #ik4s
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Tab.4 Material parameters of Deshpande-Fleck model

ZH Parameter {H Value
TAHS HE Possion ratio v 0.3
FAPEREEL Elastic modulus E/MPa 370
W Density p/(kg/m®) 178
a 2.119
PRFR A Volume strain 0.01
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Tab. 5 Design parameters of protective devices

JHIType  D,/m D, /m L/m t/m 1, /m X
1 5.1 7.9 7.5 0.05 1.4 0.65
2 5.1 9.9 7.5 0.05 2.4 0.52
3 5.1 12.0 7.5 0.05 3.45 0.43
4 5.1 15.6 7.5 0.05 5.25 0.33
5 5.1 17.5 7.5 0.05 6.3 0.29

1 BipRERRTER

Fig. 1 Finite element model of the protection device
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Tab. 6 Parameters of the tripod support structure
45t LNES B

Component External diameter/m Wall thickness/mm
37K Column 40~58 50~80
B HE Steel pile 27 35~40
FE P Lateral brace 14~19 28~35
#HE Diagonal brace 22~30 35~55
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Fig.2 Finite element model of the single-column three-pile

foundation
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Fig.4 Energy time-history curves with different mesh sizes
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Tab.7 Internal energy percentage under different hollow ratios
2570 Type 1 2 3 4 5
34bSCAAREM)
Internal energy of the three 0.42 0.72 0.75 0.90 1.61
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- i
[Qjﬂhﬁﬁlj\] HE/MI 10.14  6.57 6.40  6.13 527
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Research on the influence of hollow ratio on protection device of offshore
wind turbine

LIU Kunpeng MIAO Weipao WANG Yujin LI Chun YUE Xinzhi
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Due to the needs of transportation, installation, grid connection, and maintenance, the construction of offshore
wind farms in inshore areas often cannot be far from busy surrounding waterways, which significantly increases the probability
of offshore wind turbines being impacted by ships. To analyze the performance and damage of different hollow ratios of
protective devices when offshore wind turbines are hit by ships, the collision process of a 5000-ton bow-downward ship with
an offshore wind turbine at a speed of 2. 0 m/s was simulated using Ansys/Ls-Dyna. The influence of the hollow ratio on the
anti-collision performance of Ogden rubber, Mooney-Rivlin rubber and Aluminum foam aluminum constitutive protective
devices was studied and compared. The results show that with the increase of hollow ratio, the impact duration of aluminum
foam protective devices increases, and the contact force decreases accordingly, while rubber materials show the opposite
trend. As the hollow ratio decreases, the protective device is more similar to a solid tube, with a relatively smaller maximum
indentation depth. Under the influence of hyperelastic properties, the indentation depth of rubber materials is smaller than that
of aluminum foam after the collision is completed, and the material damage of the protective device is smaller. However, the
proportion of internal energy in the support area gradually increases, so the influence of hollow ratio on the leg support needs
to be considered in the design and research of protective devices.

Key words: Offshore wind turbine; Hollow ratio; Collision; Crashworthiness
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