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An experimental study on the motion response characteristics
of a new 12 MW semi-submersible floating wind turbine
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Abstract: Reliable experimental data are crucial for understanding the performance of Floating Wind Turbine
(FWT) systems in complex wind-wave-current marine environments. This paper presents the results from
1 : 70 scale model tests conducted in a wave basin to investigate the motion response characteristics of a new
12 MW semi-submersible FWT. The experimental design incorporated improvements, including a large-scale
wind generation system with a rectifier network, aiming to provide a stable wind field for the experiment. The
experimental results indicate that wind loads primarily exert static effects, as reflected by changes in response
mean values. On the other hand, increased wave parameters predominantly contribute to dynamic effects,
which are demonstrated through changes in response standard deviations. Aerodynamic damping effect is
primarily manifested in the coupling responses of pitch and surge, as well as at the natural frequency of pitch
motion. The action of current significantly reduces response at the natural frequency of pitch, although it
concurrently amplifies platform’s surge and yaw responses. This study contributes valuable insights into the

dynamic behavior of large-scale semi-submersible FWTs under combined wind, wave and current conditions.
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Tab.1 Main parameters of semi-submersible platform ( prototype value )

LRI BE VA VLS ¢l

S /m 7.98 TR B /m 54.18

SLFE R /m 23.00 T BB 45 T EE /m 6.65

SLAE UL /m 68.00 T BB R /m 3.99

T /m 11.97 HIH/m 27.00

T IEAE R /m 4.00 z7K/m 15.00

K /m 54.18 T#Z/m 12.00
- ERE A B /m 2.40 Hekim (B 1t 12 035.70

®2 BERESHATENNEES BirE ($#IRRSERM )
Tab.2 Comparison of measured and target parameters of the global system
( excluding the mooring system )

SR BRI HARME = fE AR 22
O (X TFEEIEE) /m 19.155 19.052 -0.54%
TR 2 /m 0.676 0.665 ~1.63%

PFEARME LA /m 0.679 0.664 —221%
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Tab.3 Parameters of mooring lines (prototype value)
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SR B - RN BE 322 0.237 346.740 68.415 1.488x10°
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Fig.6 Physical model of a single mooring line Fig.5 Layout of mooring system
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Tab.5 Parameters of wind, (irregular) wave and current for test cases
53V e R/ (ms ) H/m T,/s y W/ (ms') #1E
LCl — 2.4 7.8 1 — IR1
LC2 — 2.75 8.2 1 — IR2
LC3 — 3.1 9.5 2 — IR3
LC4 — 10.8 14.9 2.75 — R4
LC5 8.6 24 7.8 1 — WI&IRI
LC6 10.6 2.75 8.2 1 — W2&IR2
LC7 12.6 3.1 9.5 2 — W3&IR3
LC8 10.6 10.8 14.9 2.75 — W2&IR4
LC9 — 2.75 8.2 1 0.7 IR2&C1
LC10 — 10.8 14.9 2.75 0.7 IR4&C1
LCI1 — 10.8 14.9 2.75 1.5 IR4&C2
LCI2 10.6 2.75 8.2 1 0.7 W2&IR2&C1
LC13 10.6 10.8 14.9 2.75 0.7 W2&IR4&C1
2 ZERE55H
2.1 FKERIA I
I I R XL R G RIARY7S A B EE K805, 7] LASRAS 2R 400 [ 3l 0] X BE e &
B, S5k 6 i .
F 6 NEHERKERIIKEER
Tab.6 Results of free decay tests in calm water
N K &Y iiEea Pz HEE
14 32 3l i W /s 86.52 86.30 15.72 25.10 25.60 80.47
A8 3%/ (rad-s ) 0.073 0.073 0.400 0.250 0.245 0.078
TR BH e & 5L 0.118 0.145 0.053 0.048 0.039 0.107
2.2 BRI

TEBCE AN . Tl IR 2 S W1~W5 BOiUXC TR B R S8 HE an s 7 Frdl, 428 i
N B KAE ARE 2SI . FE80 e XGE (R W2 i, W OVEFT, 5. T5 . AR ME FENs
B AAESTH 10.76 m, 0.54 m, 4.56°H1 1.34°, 1£ & KUAGE (XF R WS MO /ERT, . E .
WA G FEIs s AR RME 91 22.92 m, 0.71 m., 3.05°F1 4.79°, H W1 & W5, XU ZWi K, 3 7
AL, DUAS A B Sl N B e A Y A A A A CR R AR TR 35 SR, M) Iy A 25 1) A8 e i 34
g s HIEZES . T N B R A B XU T XS 5 3 Sh 07 SN, P11 25 T B KA
FbnifE 2 r AR e 2k
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Tab.7 Statistical values of motions under wind-alone conditions

B3 M )37 478 11 w1 w2 W3 W4 W5
BRAE 10.00 10.76 9.89 7.49 22.92

W Fi/m b2 0.17 0.17 0.16 0.53 0.85
EEH 9.59 10.30 9.37 6.38 20.14

PN ] 0.46 0.54 0.40 0.16 0.71

TEY/m PRz 0.04 0.04 0.04 0.04 0.08
FEE -0.34 —0.42 -0.29 -0.05 -0.40
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Fig.11 Maximum values and standard deviations of motions under wind-alone conditions

H T HXHLR GG s shPEREOL B, Homa W ARXT RN, B, GnEl 11 Fos, hEE— s A R XGE T~
5418 B W R R AE AR, [ 11 (@) AR R X B PRIE . B 11 AT RUE , A . 5
T FIONFE M 7 S 80 HH AR5, L0 W 2 WS A3l X R TFAUE . BUE | & THUE . U1 ATS XUXL
P o MR T G 22 1 T80 G, 90355 . T35 R M 7 e B FE A 22 et 32, 1 i 7 o o 25 12
FEAEXIARRE o FE U RGEHAE T, Wi R e KB R ™ I, X R 9 22 85 A DADC RGN B At 71 B 30
() o BRI ER T SR SRR XN, R 5, 3 Bl 1 B 25 o 1 0 20, S 350 B A i 2 15 K o Bl XU ik 3]
5 KU o B, A IS Bl RS XUz AN Y47 5 XoT o 17 F4) 52 e ik 3810 e K, DRI e ¥ RGN B ) o7 e K
(HFIPRE2ZEH B . 30h, X T E %z gh, H#0E X 2 5 UG, i) 1 e (R R I 22 Bl
G N S v a3, h T R Z AR I X & 12 shREvE 52 AR AEE, 1z sl by 3 it 2 78
Bl 12 hER.

0.030

. —W W | o ~W | W
:\ - - - X - 7 -
R — w3 0025} w3 | b e W3 N e w3
g 4 - W4 \ - W4 0351 - W4 61\ - W4
e ) - W5 0.020 p - W5 030 i - WS sh == W5
o 1 H 1
g 4I 1 !,\ 1
- 0.015 " 0251 41 00
g \ o020l t 10020
w3 LA et 3lit 0015
L 00101, 0.15}1 ) PhO0010A
= Vi 0101 ! m—— 2100 0005 R
ﬁ 1 0.005F s 0051 /%.60470.80491.0 1hin 081216
ok R i > L 0 A\
0.5 1 1.5 2 0.5 1 1.5 2 0 0.5 1 1.5 2 0.5 1.0 1.5 2.0
W%/ (rad-s) PR/ (rad-s™) B/ (rad-s™) %/ (rad-s™)
(a) Y% (b) M (c) Y% (d) B4

P12 BRI 1 £ Sl 17 23 o B 2
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Fig.13 Platform motion statistics under wave-alone and combined wind-wave conditions
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Fig.18 Motion PSD curves under different wind, wave and current conditions
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