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Prediction of long-term extreme response of offshore floating

wind turbine based on environmental contour method
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Abstract: To ensure the normal service of offshore floating wind turbine under complex environmental
loads, such as wind and wave, it is necessary to evaluate the long-term extreme response of offshore
floating wind turbine. Through the joint probability distribution of measured wind and wave, the
combination of environmental conditions is obtained by the environmental contour methods based on the
IFORM and the ISORM, and the short-term response is obtained by simulations. Combined with the
Gumbel extreme value, the long-term extreme response of the wind turbine is calculated, and the extreme
response analysis of the 50-year return period of the offshore floating wind turbine is realized. The results
show that under the combined effect of wind and wave, with the increase of the mean wind speed, platform

surge motion, bladed root out-of-plane bending moment, and tower base fore-aft bending moment first
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increase and then decrease; as the significant wave height increases, the maximum and mean values of
platform surge motion and the maximum value of tower base fore-aft bending moment also increase.
Compared with the environmental contour method based on IFORM, the environmental contour method
based on ISORM can cover more combinations of environmental conditions and obtain greater long-term
extreme response, which improves the safety of the wind turbine structure design.

Keywords: offshore floating wind turbine; inverse first-order reliability method; inverse second-order

reliability method; environmental contour method; long-term extreme response
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Fig. 1 Schematic diagram of 5 MW semi-submersible offshore floating wind turbine
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Table 1 Main parameters of offshore wind turbine
E 2 Bl 24 KfH

T Ty % 5 MW L 1.1X10° kg
M A BB b XU, 3 B A HLAR 5T 2.4X10° kg

i E A 126 m 7 LA R 1.35X10"kg

R HR 3 m 77 2 AL e 32 m

UIPNBS 3m/s Iz 7K R B 20 m

5 KU 11.4 m/s. 1 2 Al A 5 SN 1 6.827X10° kg* m®

RS 25 m/s 17 2 2 il A 4 7 2y 1% 6.827X10° kg* m®
VPNV e 6.9 r/min 77 2 SL T PR AL S i 1.226 X10" kg+m’
A R FE B 12 r/min G BEAN B 3

B 90 m B AR Al 2 TR) 1 £ B 120°

V4R i 3.47X10° kg i EE AR 0.076 6 m

1.2 RiRBkG&E

AR S TR KA A PR T o T v B, B R B RS 20~75 m K TRAE 60 m Ze A SRR AR EUR

A A U LR XL, I XS 10 m g B2 Ak M 000 5 56 ORI K4l 5 SR T 9 T O i

89 S i T e ) 0 00 e R T I S

1.2.1 ¥ RikH% S #ﬁ

0 DR g B )2 S A

K ow RRfeB L =

5 e A e B A KU 2 8] 9 5C R X (D Fs

uzuh(

sy FE 7N TE AT B B b Ab A XL

7)” ]

) T AL 3 IR

(@YD)

sa 7R WY AL 5 20 A F 5 P A U



14 TR K F FIR % 45 &
0.14.
fifi F P 2 B0 A R A3 A U LA R U, L an s (2) BT .
Foo () =22 i) exp{— (8“)} 2
u 19} 19}

K, F By 735 FR 7R TR S B RUBE 2 80, 3 i i R ALK VR AR

%2 0T EY R A P2 BOR A IR 93 A SSRGS IR B 4 S g3 A R R AN T 2 P

R2 FHREMDESFERBERESHMGIT

Table 2 Marginal distribution of mean wind speed and parameter estimation
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Fig. 2 Probability density function of mean wind speed
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Table 3 The distribution of the significant wave height and the spectral peak period and parameter estimation
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Fig. 3 Design conditions for the environmental contour method
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Fig. 6 Dynamics model of offshore floating wind turbine coupling system
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Fig. 7 The local maximum value of platform surge motion
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Fig. 9 The influence of waves on the short-term extreme response of offshore floating wind turbines
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Table 5 Deviation results of extreme response based on IFORM and ISORM methods

EHRE/ (mes™H FEWNGEE/ 0 WAREANEE/ N BREAE S/ N RIAMEEKI/ Y%

8 2.54 0.83 2.85 0.67
10 —1.27 —1.60 —1.15 0.39
12 0.38 0.60 0.56 1.13
14 0.57 0.07 0.05 1.14
16 1.09 —0.36 —2.21 2.41
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