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Table 2 Winds and waves conditions

—_ Rag K R AR MR
5 m/s 5 H,/m T,/s
LC1 Wind1 8 Wavel 0.75 45
LC2  Wind2 10 Wave2 1.25 55
LC3  Wind3 114 Wave3 1.75 6.5
LC4  Wind4 18 Waved 2.25 75
LC5  WindS 20 Wave5 3.25 8.5
LC6  Wind6 28 Wave6 5.25 12.5
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FAST CS 3.697 3.697 19.887 19.887
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Table 4 Statistics of tower top displacement

SiiE L%l LC1 LC2 LC3 LC4 LC5 LC6

AF A1 0.195 62 0.336 72 034211 0.205 06 0.192 78 0.168 29

S DS R 0.196 62 0.338 33 0.343 71 0.206 08 0.193 69 0.169 04
AHXT R /% 0.51 0.48 0.47 0.50 0.47 0.45

AF 571 0.053 51 0.055 96 0.056 25 0.042 80 0.044 11 0.053 68
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AT IRZE % 5.25 4.16 421 5.49 261 0.35
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Table 5 Statistics of bending moment at mudline
SiHA e LC1 LC2 LC3 LC4 1C5 1LC6
AF #5574 41.363 33 68.881 26 69.547 53 41.58975 37.727 63 33.165 93
FHE DS 57 41.53994 69.169 77 69.832 96 4177272 37.887 17 33.295 80
FXFIR /% 043 0.42 0.41 0.44 0.42 0.39
AF 57 11.279 67 12.138 93 12.911 09 10.878 68 11.913 87 14.483 70
FrifE 2 DS 5 12.018 39 12.261 61 13.008 70 11.458 40 12.396 02 15362 77
FXFIR /% 6.55 1.01 0.76 5.33 4.05 6.07
AF Y 63.081 57 90.853 71 93.369 76 64.403 67 63.144 66 63.038 02
95"max DS #57 6791174 91.737 43 93.590 59 65.546 97 64.462 09 64.244 93
FXFIR /% 7.66 0.97 0.24 1.78 2.09 1.91
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The coupling mechanisms of offshore wind turbines with
distributed spring boundaries under typical winds and waves

Wang Chunbo', Qi Lei', Qi Bo', Cao Baihan', Song Yuguo’, Wang Wenhua?, Li Xin?
(1.Clean Energy Branch, CNOOC Energy Technology & Services Limited, Tianjin 300451, China; 2.Dalian
University of Technology, Dalian 116024, China)

Abstract: Because of offshore wind turbine fully coupling calculation software FAST V8 can not
simulate pile soil interaction, the updated FAST V8 is introduced by distributed linear spring
boundary constraint condition and the coupled motion equation of substructure is derived. A
coupled numerical simulation model of rotor —nacelle —hub —tower —pile foundation structure with
distributed linear spring boundary condition is established. The dynamic characteristics of the base
fixed boundary and distributed linear coupled spring boundary model under the combined action of
wind and wave are analyzed. The results show that the time history and frequency domain
responses of the tower top displacement and the base bending moment change significantly,
especially for the second—order frequency of the structure. At the same time, it can be observed
that the distribution spring boundary constraint condition has a more obvious effect on low wind
speeds, while the fixed boundary constraint condition model has a more significant effect on high
wind speeds.

Keywords: offshore wind turbines; distributed spring; dynamic response; coupling mechanism
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