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Numerical Simulation Analysis of Hydrodynamic Response and Stress

Characteristics of Large-Capacity Floating Wind Turbine Foundations
ZHANG Rui"®, ZHANG Ping’, GAO Zhikang’
(1. Yantai Research Institute, Harbin Engineering University, Yantai, Shandong 264000, China;
2. Shandong Electric Power Engineering Consulting Institute Co., Ltd., Jinan, Shandong 250031, China )

Abstract: [Objective] With the development of offshore wind power towards deeper waters, semi-submersible floating wind turbine
platforms have garnered significant attention for their ability to efficiently harness wind energy in deep-sea environments. This study
aims to analyze the hydrodynamic response and structural strength of a 10 MW semi-submersible platform, verifying its stability and
safety under complex marine conditions. [Methods] Based on three-dimensional potential flow theory, a numerical model of the semi-
submersible wind turbine was established by using ANSYS/AQWA software. Frequency-domain analysis was employed to calculate the
platform's added mass and response amplitude operators (RAOs). Combined with time-domain analysis, the platform’s motion response
and mooring line tension under multi-directional combined effects of wind, wave, and current in survival conditions were simulated. A
stochastic design wave method, aligned with ABS guidelines, was adopted to conduct a comprehensive structural strength analysis of the
platform. [Results] Frequency-domain analysis reveals that the platform’s natural periods of heave, roll, and pitch are well-separated

from dominant wave periods, with RAO peaks of 1.315 m/m, 2.78%m, and 2.73°/m, respectively, outperforming traditional platforms.
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Time-domain analysis indicates extreme heave, roll, and pitch values of 4.17 m, 3.123°, and 5.404°, respectively. The maximum mooring

line tension yields a safety factor of 1.89, while the remaining lines after cable rupture maintain a safety factor of 1.33. Structural analysis

under the HBM condition shows a maximum stress of 240.852 MPa, below the allowable limit of 319 MPa. [Conclusion] The novel semi-

submersible platform demonstrates excellent hydrodynamic performance. The research findings provide a reference for optimizing and

applying floating wind turbine platforms in deep-sea engineering.

Key words: Megawatt-class wind turbines; floating semi-submersible foundation; hydrodynamic analysis; mooring dynamic response;

overall structural response
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Fig. 1 Inclined pontoon semi-submersible wind turbine
foundation model
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Tab. 1 Semi-submersible wind turbine foundation parameters

2 HfH 2 HfH
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TR 5 BE/(m) 30 Iz 7K R BE /() 19
TR A (m) 12 FEER A /(m) 9.8
TR FIURHA EE/C°) 76.87 HEK B/ (kg) —
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Fig. 2 Schematic diagram of the mooring system arrangement
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Tab. 2 Detailed parameters of mooring lines

i HiEE i SELR T it L mEA Ll Tl e
KE/m  Hi&/m  BE/(kgm") NI /MN i/ MN
770 0.13 289.6275 1320 12.6
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Tab. 3 Environmental load cases
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Tab. 4 Extreme motion values of heave, roll, and pitch in various directions

s AE3%(m) REFE () WPHEC)
KA /Ml SEON:E e/ ME RRME /Ml
0 3.831 —4.991 0.005 -0.003 5.404 -1.652
30 4.074 -4.925 3.850 —4.990 3.797 -1.905
60 4.170 -5.039 3.123 —6.562 3.801 -2.325
90 3.831 —4.896 2.833 —6.646 3.800 -2.832
120 3.906 -5.143 1.739 —4.672 1.035 -2.718
150 3.987 -5.065 1.643 —2.826 3.664 —6.000
180 4.103 -5.124 0.004 -0.005 3.636 -8.318
x5 EERBIATRBSEEXKA
Tab.5 Maximum tension of mooring lines under normal mooring conditions N
Bt 0° 30° 60° 90° 120° 150° 180°
1 648927 907717 992865 1886680 3352787 5171647 5555130
2 3166777 1657291 982353 755432 636496 760588 987730
3 3166281 4356691 6260883 5164559 3255123 1841280 987661
4 654508 900764 961987 1633738 2185368 4075787 5374519
5 4931298 2190718 1018784 793638 641543 749053 957494
6 2062925 3578703 6093512 6659411 5151301 2558575 1025192
7 654518 922011 1030858 2560826 5329876 6220898 5374650
8 2063252 1478898 952983 733596 641535 782464 1025152
9 4930806 5091046 6013943 3787522 2093021 1536571 957436
>IN P 4930806 5091046 6260883 6659411 5329876 6220898 5555130
LRFE 2.56 2.47 2.01 1.89 2.36 2.03 227
*x6 WSTIRTRAMEAKS
Tab. 6 Maximum tension of mooring lines under cable rupture conditions N
D51 0° 30° 60° 90° 120° 150° 180°
R 9 9 3 3 3 7 7
BRI 5945488 6850011 9445595 9084400 6270009 6732689 5557255
YRR 2.12 1.84 1.33 1.39 2.01 1.87 2.27
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Tab. 8 Maximum stress values under various load cases
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