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Abstract: Floating offshore wind turbines (FOWTSs) are affected by various factors in the marine environment,

which can signif

icantly alter their motion states and thereby affect their power generation performance. The

influences of ocean currents on motion response of the FOWTs under different wind and wave conditions are

investigated, and

their impacts on power output are also studied. A semi-submersible floating platform equipped

with a5 MW wind turbine is selected as the research object, and simulations are conducted using OpenFAST, FAST

to AQWA (F2A),
well as the power

and AQWA software. The surge, heave, and pitch motion responses of the floating platform, as
generation output, are calculated under three environmental conditions: steady wind with regular

waves, steady wind with irregular waves, and turbulent wind with irregular waves. The motion responses and power
generation output are then recalculated after the incorporation of ocean currents. The results indicate that ocean
currents primarily have a significant impact on surge motion, with a maximum difference of up to 13%, while their
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effects on heave and pitch motions are relatively minor. In the calculation of power output under the three
environmental conditions, ocean currents show no influence on the average or maximum power generation output
of the wind turbine, with differences of less than 1% between cases. Additionally, under more complex conditions,
the standard deviation of power generation output exhibits minimal variation, suggesting that ocean currents do not

affect the fluctuation intensity of power output.

Key words: floating offshore wind turbine; semi-submersible; ocean current; power generation output
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Tab.4 Average values of surge, heave and pitch motions under condition 3 and condition 4 using three calculation methods
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Tab.6 Maximum values of surge, heave and pitch motions under condition 3 and condition 4 using three calculation methods

- OpenFAST F2A AQWA
I
TH3 T4 4 i 25 T3 T 4 i 2 T3 T4 2
WFIE IR /m 10.750 11.797 9.734% 10.750 11.850 10.233% 1.766 1.897 7.410%
IS5 IEEIm 1.080 1.078 -0.161% 0.996 0.913 -0.083% 1.266 1.140 -9.941%
WIZIZB)IEFENC) 4.641 4.589 —-1.114% 3.554 3.495 -1.660% 0.205 0.185 -9.799%
, - TS — L6 - W ---- M
lﬁﬁuu,ﬂfu;r;i)n']/& 1¢T/§/}|LE’]E’H|‘] 2 8 . N
_ £ MM
331 UHiEFH AL 2 (') M‘“’Hxﬂfwlfm.ﬂwm\ﬂfqlZ\Win U‘TA\f\)ﬁm?%\‘”ﬁ\ﬁ‘*,
- DRI Vg )Y
B 1L BT 5 AITIL 6 FERSANSGE 2 i e
ZEME. M 10 FTRLE B, TR R B o o
. - v . o 2000 2100 2200 2300 2400 2500
T, T 6 R s UL 12 5 i S {2 K -
¢) AQWA

T L5 Mg shiEfE, [FIFEE XN E Sl AR
PRI YR (P RE A N BN 4 45 A I 11 2 A
THCFEEIERE, M 2 41 THR AR
—5, B AQWA HAFFTIHE T XML G IE3)
i A IR IR S AR K, g F2A Fﬁﬁrﬁ
Kz BN 2 5, B OpenFAST #F i) 2 7
/No FRIRULEA Tmuﬁ/%ﬁﬂmﬂ‘]%?%iiﬂﬁa/
i, JFH AQWA HAFTETHH/KB) JB ey B —
SE AR

S LS —— T —-- g -l
e
9
Y
=
4
2000 2100 2200 2300 2400 2500
I 5 /s
a) OpenFAST
--T.#s — 1.6 ""‘JHH ----{H
12
£ “$ "\ "( 'V‘ “
= \f \i I,
= . AR -l el
:% I ‘v“j M\MMJ ) it
4 i
2000 2100 2200 2300 2400 2500
INf [6]/s
b) F2A

http://rlfd.cbpt.cnki.net

11 TR 5 FTR 6 TFR AL HIT B L
Fig.11 Surge motion responses of the FOWT under
condition 5 and condition 6
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Tab.7 Average values of surge, heave and pitch motions under condition 5 and condition 6 using three calculation methods

. OpenFAST F2A AQWA

o TS5 TH6 iz TS5 L6 iz THS5 L6 T2
PG IETEEE/m 7.451 8.201 10.066% 7.937 8.954 12.813% -0.531 0.569 —207.156%
% 1E 5 R EE/m -0.028 -0.030 7.143% -0.225 -0.227 0.889% -0.386 -0.395 2.332%
PIRIZENMEENC) 3.018 2.982 -1.193% 2613 2.554 ~2.258% -0.001 -0.018 1 700.000%
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Tab.8 Standard deviations of surge, heave and pitch motions under condition 5 and condition 6 using three calculation methods

5 OpenFAST F2A AQWA

TH5  TH6 22 TH5  TH6 2 THS5  TH6 (LB
WIS IR EE/m 1.174 1.078 -8.177% 1.456 1.188 ~18.407% 0.402 0.384 —4.478%
FEGIZ IR Im 0.270 0.270 0.000% 0.252 0.222 —11.905% 0.460 0.402 ~12.609%
YRR IZ BRI ) 0.861 0.859 -0.232% 0.487 0.473 —2.875% 0.058 0.052 ~10.345%
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Tab.9 Maximum values of surge, heave and pitch motions under

condition 3 and condition 4 using three calculation methods

. OpenFAST F2A AQWA
TH5  TH6 fii 2 TH5  TH6 fhi 2 TH5  TH6 fzs
YPGHZ R/ 10967 11772 7.340% 10750  11.850 10.233% 1.766 1.897 7.418%
B F R /m 1.076 1.074 -0.186% 1.086 0.940 ~13.444% 1.266 1.140 -9.953%
YIRIZ BRI 5.442 5.406 ~0.662% 4.080 3.975 ~2.574% 0.205 0.185 ~0.756%
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Fig.14 Power generation of the FOWT under various
working conditions
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Tab.10 Statistics on the power generation capacity of the FOWT

. 5 LI R AR
K EI R A e e o
B bt 2 Rkl
Y] A it/ A i/ A
i = Ny
T/ 149735 112.4 5077.0
0.131% —-15.093% -0.079%
T 2 4980.0 95.5 5073.0
T 3 4995.2 51.7 5131.0
0.001% -2.036% -0.468%
T 4 4995.3 50.6 5107.0
T/ 5 4635.6 675.7 5646.0
-0.061% —0.280% -0.584%
T/ 6 4632.8 673.9 5613.0
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