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Method for Determining Thickness of Rubber Fenders of

a Tripod Type Offshore Wind Turbine Substructure
Kang-Su Leet
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Abstract: The main object of this research is to minimize the shock effects which frequently result in fatal
damage in offshore wind turbine on impact of barge. The collision between offshore wind turbine and
barge is generally a complex problem and it is often impractical to perform rigorous finite element analyses
to include all effects and sequences during the collision. On applying the impact force of a barge to the
offshore wind turbine, the maximum acceleration, internal energy, and plastic strain are calculated for each
load case using the finite element method. A parametric study is conducted with the experimental data in
terms of the velocity of barge, thickness of the offshore wind turbine, and thickness and Mooney-Rivlin
coefficient of the rubber fender. Through the analysis proposed in this study, it is possible to determine the
proper size and material properties of the rubber fender and the optimal moving conditions of barge.
Key words: Offshore wind turbine, Tripod, substructure, Impact analysis, Protection equipment, Strain, Internal
energy, Rubber
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Figure 1: Finite element model of tripod substructure

Table 1: Specification of tripod substructure

Nacelle Weight [ton] 200
Blade Length [m] 84
Hub Height [m] 120

Main Column

6(D)x0.80(t

[m] (©)x0.80(t)

Sub- Side Column 5(0)x0.53(1)

structure [m] 20420

Bottom
Cylinder [m] 2.5(P)*0.15(t)

492 / St Aol g s3] A36d A4%, 2012. 5

Table 2: Information of FE model

Number of Nodes 6,561
Number of Elements 6,303
BEAM 161
Element Types LINK 160
SHELL 163
SOLID 164
23 2dolE Sty
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Figure 2: Procedure of blade structural design
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Figure 3: Coordinate system of rotor blade

M
B, = do/dz 1
M
B, = do/dz 2)
M
GI= dd/dz 3)
M (L)?
Bl = ———— 4)
24,
ML)
. TL,
GJi= Y (6)

AAZHE WY 717412 AN B EA X E Table 37

Table 3: Material property of tripod substructure

207x10°[MPa]
0.34

Elastic Modulus

Poisson’s Ratio

Density 7,850 [Kg/m’]
Tangent Modulus 13.8x10°[MPa]
Yield Stress 355 [MPa]

Failure Strain 0.45

fittingst A 2™ AANF, BT
Al 7HA /Y 257 gist
JLF-o &3k Mooney-Rivilin 474> k< Table

2

Table 4: Mooney-Rivlin coefficient of rubber Fenders

Mooney-Rivilin
) NR CR Neoprene
Coefficient
Co1 -0.076 0.256 226.01
C10 0.675 0.396 13,079

Table 5: Load calculation of collision force

R

=12 x 10°VxyDWT
Collision = 12 x 10’x0.5v20
Force(Ps) = 268.33kN

(AASHTO LRFD 2004)
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Figure 4: Modeling of impact between substructure
and barge vessel

Table 6: Analysis scenario due to barge velocity

Parameter Analysis Cases
Velocity 1, 1.5, 2.0 [m/s]
Rubber Fender
Thickness 0, 500, 1000, 1500, [mm]
Substructure
Thickness 53 [mm]
(Impact Region)

41 B2
AEEE FrEe W, A
e el 27

5
A S, wAde) FESEE 1oms,

0 Sm/s,

2.0m/s 7HA] RSIAIA A4S e 35T Figure 5
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Table 7: Result of Collision Analysis

v Dent Max. Internal
[m/s] Depth Plastic Energy
[mm)] Strain [1]
x: 13
1 y: 0.06 0.0005 2.11x10°
z: 0.06
x: 18
1.5 y: 0.09 0.0038 4.74x10°
z: 0.09
x: 22
2 y: 0.13 0.0078 8.40x10°
z: 0.12

Figure 5: Plastic strain distribution at the impact
region
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Table 8: Result of collision analysis with rubber ¢ AA| FA3I= FH oA T = A2 YE
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