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Research on Dynamic Response of Floating Wind Farm
Platform under Wind-wave Misalignment
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Abstract: In order to study the motion response of offshore floating wind farm platform under wind-wave
misalignment, a floating wind turbine based on ITI Energy Barge platform and a second-order array float-
ing wind farm model with shared mooring were established. The hydrodynamic and aerodynamic loads
were calculated by using hydrodynamic software AQWA and wind turbine simulation software OpenFAST
respectively, and the time-frequency response characteristics of the Barge platform of the second-order ar-
ray floating wind farm were analyzed under wind-wave misalignment. The results show that in the frequen-
cy domain, the response of the Barge platform is mainly concentrated in the low-frequency area, and the
wave direction has great influence on the pitching and surging responses, but has little influence on the
heaving response. In the time domain, the response amplitudes of the leeward platform is significantly
greater than that of the windward platform in the degree of freedom of pitching and yawing. The response
amplitudes of each wind farm platform on swaying and rolling increase with the increase of wave incidence
angle, while the degrees of freedom of surging and heaving are almost unaffected.
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Tab. 1 Parameters of NREL 5 MW wind turbine

BH B
)%/ MW 5
R 3
KA ERZ/m 126
WU /v - min ™! 12.1
PIARGE/m - 57! 3
WiE K /m -+ s ™! 11.4
YIH RE/m - s 7! 25
BBEAR/m 3
BB/ m 87.6
WA B/ kg 1.1x10°
IR kg 3.5x10°
HUAE BTt/ kg 2.4 x10°
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Fig. 1 Second-order floating wind farm
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Tab. 2 Parameters of Barge platform

2 Hufl
Rf/m 40

Wz KRB/ m 4
HeK AL/ m? 6 000
J 0 3/ m -0.28
HRKE/m 966.2
HBRER/m 0.08
-1 it/ kg 5.45 x10°
MRS BB kg - m? 7.27 x10®
PIEEE BB/ kg + m? 7.27 x 108
fsERE SR kg - m? 1.45 x10°
BERPLRIEE/N 5.89 x10°
SAFLIRE/m 4
Pp KGR F A kg - m ! 130.4
S BT A OLEEE/ m 28.3
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Fig. 2 Diagram of wind and wave incidence
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Fig. 3 Wind speed distribution at the hub height
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Fig. 4 Movements of platform in six degrees of freedom
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Fig. 7 Time-domain response of swaying and surging
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Tab. 3 Swaying statistics under different wave incidence

angles

W Bl iR A/ m G FR R /m
PL P2 P3 P4 Pl P2 P3 P4

/()

0 7.83 7.06 7.37 6.94 0.55 0.60 0.76 0.64
15 8.08 7.24 7.42 7.67 0.59 0.62 0.79 0.71
30 8.13 7.55 7.57 7.87 0.69 0.67 0.88 0.74
45 8.36 7.86 8.08 8.01 0.80 0.88 0.98 0.87
60 8.36 8.21 8.22 8.41 0.88 0.91 1.03 0.89

75 8.39 8.94 8.42 8.52 0.94 0.96 1.12 1.11

90 8.54 9.20 8.87 8.77 0.96 0.97 1.15 1.13
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Tab. 4 Surging statistics under different wave incidence

angles
WG BIR{E/ m PG b2/ m
/()
P1 P2 P3 P4 P1 P2 P3 P4
0 12.26 12.95 18.39 18.90 2.23 2.25 3.62 3.68

15 12.20 13.58 18.86 18.11 2.22 2.27 3.61 3.72
30 12.08 13.36 18.94 18.53 2.20 2.23 3.70 3.68
45 12.37 13.84 18.02 18.00 2.19 2.23 3.70 3.74
60 12.43 13.62 18.35 18.36 2.14 2.21 3.66 3.75
75 12.27 13.76 17.92 17.98 2.10 2.17 3.65 3.78

90 12.38 13.09 18.73 17.88 2.11 2.15 3.71 3.75
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Fig. 8 Time-domain response of rolling and pitching
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Tab. 5 Rolling statistics under different wave incidence

angles

BERE S BIRIE/ () BiFERRHERR/ ()
P3 P4 Pl P2 P3 P4

B/ (°)

0 0.82 0.91 0.81 0.89 0.07 0.07 0.06 0.06
15 1.11 0.94 0.99 0.8 0.17 0.16 0.17 0.15
30 1.98 1.78 1.96 1.82 0.32 0.31 0.33 0.30
45 2.57 2.50 2.53 2.59 0.41 0.44 0.43 0.43
60 3.06 2.95 3.06 3.08 0.59 0.52 0.57 0.54
75 3.47 3.45 3.55 3.41 0.61 0.63 0.65 0.6l
90 3.88 3.82 3.91 3.80 0.63 0.65 0.67 0.66

RS 53R 6 Al % 594 H i L X
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1 3.85° 1 0. 96°, Fif & KA 4. 48 1M J5 /)
4.38f%,

0 3.98 3.98 4.41 4.41 0.64 0.64 0.68 0.69
15 4.03 3.95 3.77 3.80 0.67 0.69 0.66 0.64
30 3.57 3.22 3.29 3.24 0.60 0.58 0.54 0.57
45 2.65 2.51 2.65 2.71 0.43 0.44 0.46 0.46
60 2.15 2.03 2.11 1.97 0.35 0.35 0.34 0.34
75 1.31 1.36 1.33 1.21 0.21 0.21 0.20 0.19
90 1.05 1.04 0.92 0.82 0.15 0.14 0.14 0.13
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Fig. 9 Time-domain response of heaving and yawing
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Tab. 7 Heave statistics under different wave incidence

angles

e 5 % Sl R E/ m T bt 22 /m
PL. P2 P3 P4 Pl P2 P3 P4

/()

0 4.48 4.48 4.37 4.38 0.73 0.73 0.74 0.74

15 4.54 4.50 4.46 4.30 73 0.73 0.73 0.72

30 4.51 4.33 4.32 4.71 74 0.74 0.73 0.73

73 0.73 0.73 0.75

60 4.58 4.31 4.30 4.75 74 0.73 0.74 0.73

75 4.53 4.48 4.57 4.30

4
4
4

45 4.42 4.09 4.08 4.53
4
4 .73 0.73 0.73 0.72
4

S 2 o 2 2 2 ©°

90 4.47 4.34 4.47 4.36 0.73 0.74 0.73 0.74

x8 AREIKRANHATHEELRIT

Tab. 8 Yaw statistics under different wave incidence

angles
REE BN IREE/ () Al bR 2/ ()
A/ (°)

P1 P2 P3 P4 P1 P2 P3 P4
0 0.64 0.65 1.08 0.97 0.06 0.08 0.12 0.1
15 0.68 0.70 1.11 0.94 0.07 0.10 0.13 0.12
30 0.66 0.88 1.20 0.99 0.08 0.11 0.13 0.12
45 0.63 0.68 1.21 1.00 0.08 0.09 0.13 0.11
60 0.80 0.72 1.28 1.02 0.11 0.11 0.15 0.12
75 0.72 0.70 1.17 1.1 0.09 0.10 0.13 0.13
90 0.66 0.65 1.10 0.95 0.09 0.11 0.14 0.11
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