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ABSTRACT: In order to avoid huge economic losses caused
by ship collisions, three types of regular polygonal, elliptical
and circular offshore wind turbines were provided with hole
protection devices. Based on the nonlinear dynamics theory, the
transient dynamic finite element software LS-DYNA was used
to simulate the forward collision process of tripod foundation
with a 5000t ships at a speed of 2m/s when the hole protection
device was installed to analyze the anti-collision performance
of the hole protection device. The results show that: The elastic
potential energy released by the rubber material could make the
ship's kinetic energy drop to zero and then rebound to 50% of
the initial kinetic energy; the regular polygonal hole protection
device adopted the edge vertical impact direction layout to
protect the effect better than the angle vertical impact direction;
the maximum contact force could be effectively reduced by
using the strategy of placing holes in parallel with the
tangential direction of the inner wall (or along the radial
direction of the short axis). Among the 4 types of regular
polygons studied, the protection performance was enhanced
with the increase of the inner Angle. The research on 14 kinds
of round hole protection devices with different diameters shows
that the energy absorption effect and impact depth are more
significant with the increase of the aperture. The durability and
economy of the device with diameter-thickness ratio have
important influence.

KEY WORDS: offshore wind turbine; anti-collision design;
via hole structure; crashworthiness
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Table 1 Material parameters of Q235 and Q345

ZH Q345 Q235
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v 0.31 0.27
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E,/GPa 1.201 1.180
B 0 0
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P 5 5
£ 0.34 0.34
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Table 2 Geometry of tripod support structure
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Fig.1 FE model of tripod
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Table 3 Principal dimensions of ship
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Fig. 2 FE model of ship
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The operating environment of offshore wind The protective energy absorption is shown in Fig. 2.

turbine is harsh, which is not only affected by

Plan 12

complex loads, but also has the risk of ship collision.
Ship collision is a nonlinear dynamic behavior under
the action of huge impact load, which will lead to the
rapid transition of the collision area from the elastic
stage to the plastic stage, causing the structure to tear,
buckling and other forms of damage and failure. Once

the offshore wind turbine collapses due to ship impact,

it will cause huge economic losses. Therefore, it is

. . Fig.1 Methods of punch
necessary to study the protection device of offshore g P

Tab.1 Viahole shape

wind turbine.
Name Side/Radius/m Shape
The design of the protective device for offshore Regular Triangle 0.80806 FAN
wind turbines is mainly focused on the protective Square 0.53174 Ll
. . o Regular Pentagon 0.40539 O
performance of different materials, and there is little Regular Hexagon 0.32989 O
research on the structure. Therefore, the protection 1=0.39795 -
Ovale 0.39795
. . . . r=0.
device with different hole shapes were designed, and o4
a=0.
. . . Ellipse C)
the circular hole with better protection performance P b=0.225
was further analyzed. The shape of via hole and Circle 03 @)
drilling scheme are shown in Fig. 1 and Table 1. 507

The research on the shape of via hole and the ol

diameter of round hole shows that the sharp corners of

8
rectangular hole will lead to stress concentration, é“ °l
which makes the protection device more prone to EEO'
damage, and the sharp corners should be avoided from 10-_
hitting the ship. If the circular hole is too large, the 0 . . . ' . .
durability of the protective device will be poor, and if 0 ! 2 Tim‘i ts 4 > 6
it is too small, the protective effect will not be good. Fig.2 Energy absorption of fender
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