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Coupled dynamic response characteristics of integrated system combining semi-
submersible wind turbine and fish farming cage under wind,
wave and current actions

XU Shijie"?, CHENG Zhengshun"’, YANG Lijun”', CAO Qun"

1 State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, China
2 SJTU Yazhou Bay Institute of Deepsea Science and Technology, Shanghai Jiao Tong University,
Sanya 572024, China

Abstract: [ Objective ] This paper aims to study the coupled dynamic response characteristics of an integ-
rated system of a semi-submersible wind turbine and fish farming cage under wind, wave and current
actions. [ Method ] Based on the self-designed semi-submersible wind turbine SJITU-SPIC, an integrated
floating wind turbine and fish farming cage concept is proposed and numerically modeled. The dynamic re-
sponse characteristics of the integrated concept under wind, wave and current actions are then studied using
coupled aero-hydro-servo-elastic-mooring analysis. [ Results ] The numerical simulations indicate that intro-
ducing the fish farming cage can induce slightly a larger surge motion but suppress the pitch, which is benefi-
cial for wind power production. [ Conclusion ] The dynamic behavior of the integrated system of a semi-
submersible wind turbine and fish farming cage proposed herein is similar to that of a floating wind turbine,
and the system is shown to be feasible.
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Fig. 1 Integrated system of SJTU-SPIC semi-submersible wind
turbine with fish farming cage
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Table 1 Main parameters of the SJTU-SPIC floater”
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Table 2 Main parameters of the fish farming cage

S8 HifE

R [ AT A 1R /m 11.0

_EEB R AT A B /m 78.8

AT A% 55 1 /m 20.0

TR AT AR 2 /m 61.5

R B 1) 4 E /m 26.0

FAFEA/m 12

FHF R /m 0.02

H SR PR A R KB S /m 455

Hh RS AERE RS T B KR B /m 355
FRIARAERY e 4.2x10*

N AR 3 A8 T SRR AT L, B4
T B TRY Hh SR 5 AP BT A R R o 10
K EZESHAUNE 3 PR,

®3 MREESH

Table 3 Material parameters of the mesh clothing
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Fig. 2 Layout of mooring system
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Table 4 Main parameters of the mooring system
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Fig. 3 Free attenuation curves of the SITU-SPIC semi-submersible
wind turbine in static water attenuation test and numerical
simulation
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Table 6 Statistics of natural period and dimensionless damp-

ing coefficients of the SJTU-SPIC semi-submersible

wind turbine obtained in static water attenuation test

and numerical simulation
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Table 7 Time-domain statistics of motion response of both the semi-submersible wind turbine and the integrated system of the

semi-submersible wind turbine with fish farming cage
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Fig. 5 Bar charts of mooring line tension response of both the
semi-submersible wind turbine and the integrated system of
the semi-submersible wind turbine with fish farming cage
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Table 8 Time domain statistics of mooring line tension response of both the semi-submersible wind turbine and the integrated

system of the semi-submersible wind turbine with fish farming cage
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Fig. 6 Time-domain curves of the power output from both the
semi-submersible wind turbine and the integrated system of
the semi-submersible wind turbine with fish farming cage
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Table 9 Satistics of the power output from both the semi-submersible wind turbine and the integrated system of semi-submersible

wind turbine with fish farming cage

_— KL HLZh 2 /MW RB+PIFEEE R G K )R /MW .
! e
SFHIME K ME PRz PHE SN bRk %
LC5 9.02 10.00 1.22 8.83 10.00 1.40 e R
LC6 5.41 7.87 1.13 5.53 8.58 1.16 R THE KU
LC7 9.38 10.00 1.05 9.18 10.00 1.00 1 T E R
15 A
— 4 4 it
---- KWML+HRIFE

TRIER E/(MW?-s-rad ")

0 0.5 1.0 1.5
Bi>R /(rad-s™)
IR S-S WA IR S-S WA IRSTEPE S8 BN w iRkt
Fig. 7 Spectral density of the power output from both the semi-
submersible wind turbine and the integrated system of semi-
submersible wind turbine with fish farming cage
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