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Kinetic characteristics research of the 10 MW-level offshore floating wind turbine
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Abstract: In this paper, a numerical analysis is made on the DTU 10MW reference wind turbine supported by a spar-type platform,
through the using of FAST code. Kinetic characteristics of the 10 MW offshore floating wind turbine is investigated considering wind
only, wave only, and wind-and-wave cases. The results indicate that the oscillation of the system is synthetic motions of low frequency
oscillation induced by wind and wave frequency oscillation induced by wave. Aerodynamic damping weakens the wave frequency
oscillation of system. Surge and pitch motions have a strongly coupling effect with each other, but heave motion is independent. Motion
in yaw is induced by gyroscopic inertia moments derived from rotor spinning and platform pitch. Proportion of motions in low frequency
increases, while proportion of motions in wave frequency decreases with the upscaling of wind turbines.
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Tab. 1 Main parameters of the floating wind turbine
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BE D%/ MW 10 o] B 15 F) 5/ m 10.4
WA Fe# 4/ m 178.3, 5.6 TR EAZ S E/m 12.2, 140.4
K Tt/ ke 227 962 B B (SRR K ) ke 16 377 500
HLAR B i/ kg 446 036 B OIS T EOK R/ m 115.5
AT ke 628 442 HEARARFR (IEPRAT) /m’ 17 582
BB T S R 2
BB R, AR SIS 5 E] e £ 3,120°

2 A NRHLE S HERE RIS
RN R GBI iz s e .
MX +Cx + DX + DX|X|+ KX = g(1 X X) (1)
A M LS IR B BT R C AR BB AR B D, R B £ PR RS KR B, — e B 1L 56 15 21 5 D,
S 7 SR SR K K 1152 F R 5 X X X N BRGEA RS B HLtt Bt 18] 69— B 0 5 385 ¢ ok 7 gk, 76
ASCBESE A EEEAAE T RS IR R EE T
1) #EJ



46 ¥ & %35%

RGN S FE R S0 WU SEARRE G

2) [

B 7R T RIS 4, (0 2 S BRI (BEM) NP i 2K g P 2 R BRI A B B
ZIR AR ARG, MR LSRR KA AR A R4 8 T OGBE (2 |, &M B AR B b 7, BRI, ¥k
THESR AR R IR B A TR R A By IR R R TR R R AE KWL R BB A
i, Bl B R R S s AR T A i F Bl ) 5 D) 1) S R 3 e Sl R R e XU T 1T A
W P R AE M R ERE S, R R IE 2 s S T i R RS

1
oF, =C, - ?pvrelz *ceor (2)

1
8F0=CD'?PV.-e12'C'8r (3)

AP 8F, HMER BRI 8F, MM R LRSI €, A 53 ARMAMKK IR C, W 5HE
B AWUFAHSE BB 28 p s SO BE 5V, IR AR ;¢ R AY5R K 8r ATOTIREE

3) BRI

PR ATTE A EAR U, — et 22 25 8 2 "B gt BE 4, AR I PR AR L A IR 1A — B R il 7 A
AR

TEASCHIK B St S b ok A — Rl 1 , ioxt T Bt sURERE A9 P2 X RUL L2 5 B, BFSE
HARI T WAMIT S0 G005 80 14— A VIR Rl 3 Sl S b 450, AR08 o A0 A 5 v 0 e A — B D T
PR 71 o AU A A — B RO iR A S

S :piwofjs[(@[(f;: - ¢ é:;:j ds (4)

S, ML j 38 SRS I — B BRI 1 50 i K B BE s, PR FLIRIIR S, S R GEE T #K 1
MR IR o AASFBCE LS @, TR j iz SRS A H S 3

4) HikES)

7 FHERR S B B LAY TR BE R G ARLAE NI 52 7, F2 2875 JE A BE A K P i SRR AR R DL B
L5 TR AR RE SRR T I 22055 A AR R B 14 2t PO 8 A 5 2R e O ISR FIBELIE

3y B A P AR B R A S AR A o ARSI P ST RS e I ], e - 15 288 A0 548
FLOEE i Ry AR AL 2 P T R K ALRS X (F) FISE BLALRS Z (F) RIS HE L Ty fE i3 S 80 fL Ak
AR BE /T

VA S
Uo(l_a) %ﬁ)&’: | ‘H;
| X(F)
K2 RN K3 RiEER AR R R T
Fig. 2 Sketch of aerodynamic loads on a blade element Fig. 3 Coordinate system for a catenary mooring line
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Fig. 4 Time series of power in wind and wave Fig. 5 Time series of surge in wind
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Tab. 3 Time history statics of motions in 4 DOFs

FI H1 THS HRAH /ME T brifE 2
1 28.29 28.17 28.23 0.03
WP/ m 2 1.37 -1.69 -0.15 0.52
3 29.86 26.22 27.95 0.61
1 -0.68 -0.68 -0.68 0.00
TEH/m 2 0.28 -0.29 0.00 0.09
3 -0.39 -0.91 -0.67 0.09
1 4.50 4.49 4.49 0.00
HPHE/(°) 2 0.50 -0.71 -0.11 0.21
3 5.02 3.76 4.44 0.22
1 -0.07 -0.07 -0.07 0.00
B/ (°) 2 0.00 -0.00 0.00 0.00

3 0.12 -0.34 -0.08 0.07
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Tab. 4 Time series of 3 DOFs of a 5 MW floating wind turbine

A B TS FroNIE] e/ IMH T hrifEE
P/ m 3 26.41 18.37 22.79 1.22
T/ m 3 -0.06 -0.92 -0.49 0.12
Y/ (°) 3 5.78 3.28 4.60 0.38
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