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Figure 1  Sketch of 3D catenary mooring-line.
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Table 1  The structural and geometric parameters of OC3-Hywind SPAR wind turbine
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Table 2  The natural periods of the wind turbine
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Figure 2 (Color online) The FEM model of integrated system. (a) The
integrated system of the wind turbine; (b) the blades and tower; (c) the
catenary mooring-line.
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Figure 3  (Color online) Top tension of the catenary line (SPAR surge
amplitude is 2 m, period is 20 s).
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Figure 5 (Color online) Top tension of the catenary line (SPAR surge
amplitude is 2 m, period is 10 s).
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Figure 6 (Color online) Top tension of the catenary line (SPAR surge
amplitude is 3 m, period is 10 s).
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Figure 7 (Color online) Top tension of the catenary line (SPAR surge
amplitude is 6 m, period is 10 s).
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Figure 8 Phase track of the middle point of the catenary line.
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Figure 10 (Color online) The time history and frequency spectrum of SPAR surge. (a) The time history of surge displacement; (b) the frequency

spectrum of displacement.
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Figure 11 (Color online) The time history and frequency spectrum of SPAR pitch. (a) The time history of surge displacement; (b) the frequency

spectrum of displacement.
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Figure 12 (Color online) The time history and frequency spectrum of top nacelle surge. (a) The time history of surge displacement; (b) the frequency

spectrum of displacement.
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Figure 13  (Color online) The dynamic response of SPAR surge under wave with higher frequency. (a) The time history, including transient and steady

phases, of surge displacement; (b) the frequency spectrum of displacement.
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Figure 14 (Color online) The dynamic response of SPAR pitch under
wave with higher frequency.
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Impacts of moving catenary mooring-lines on the dynamic
response of floating wind turbine

GUO ShuangXi"’, CHEN WeiMin"*" & FU YiQin"?

' Key Lab for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China;
* School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China

The dynamic response of a floating wind turbine with 5-megawatt power and large size undergoing different ocean waves
is examined by the numerical simulations based on a modified approach which combines the 3D flexible catenary theory
with the finite element method. By use of our modified approach, the additional mooring dynamic behaviors including
the structural inertial effect and fluid drag, compared to the previous quasi-static model, are involved in this study; what’s
more, the integrated system of which the dynamic interaction between the flexible components such as blades, tower,
SPAR platform and catenary mooring system is considered too. The influences of catenary mooring-line inertia and
fluid damping force on tension and motion characteristics of catenary mooring system are presented, and the impact of
mooring-line dynamics on the integrated system of wind turbine response is studied and compared with the quasi-static
method which only includes the static restoring force of the catenary. Our numerical results show that the dynamic
characteristics of mooring-line may significantly increase the top tension, particularly, the peak-trough tension difference
of snap tension may be more than 10 times larger than the quasi-static result owing to the occurrence of taut-slack during
the dynamic response on certain situations. When the wave frequency is much higher than the system, the dynamic effects
of the mooring system will accelerate the decay of transient items of the dynamic response; when the wave frequency and
the system frequency are close to each other, the dynamic characteristics of mooring systems can significantly reduce the
response displacement of the floating SPAR, i.e. the amplitude is reduced by 20%.

dynamic response, floating wind turbine, catenary mooring system, dynamic tension
PACS: 02.60.Cb, 46.70.Hg, 45.50.Dd, 05.45.Tp
doi: 10.1360/SSPMA2016-00277
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