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Abstract

The computational model of SNL-13.2 MW semi-submersible floating wind turbine published by
Sandia National Laboratories is used as the object of study, and the fully coupled “aero-hydro-
servo-elasto” time domain simulation of the floating wind turbine is carried out by Openfast soft-
ware. And the motion characteristics of the wind turbine system under normal, extreme and fault
conditions were studied and compared with those of a 10MW wind turbine under the same condi-
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tions. It is found that the surge, pitch, and heave of SNL 13.2 MW semi-submersible wind turbine
system are minor under the normal operating conditions of turbulent wind irregular waves, and
the difference between the motion response of SNL 13.2 MW semi-submersible wind turbine sys-
tem and that of 10 MW wind turbine under the same operating conditions is minor; the wind tur-
bine system can achieve a new equilibrium when the mooring system of the wind turbine fails
under the extreme operating conditions, which basically meets the specification requirements for
normal and safe operation of the wind turbine.
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KL —, W2 17%MHE TR BE XIS IF R IE N - TFRGE F 2 Mg it - XS ITFR,
BTG BRI, W R IEARML TAERES IR 44, ok, KALUR &5 R F IERE & B XL R BT
KWESEI, FUE3T 7 XSS R ER,  #o0t 70 RLE 52 A48T 138 SRR e GRAUE UL 22 4
BT R L E K.

HAr, E WM 2 585w AR 3 J 5 m BT T L. 357K BELL NERL 5 MW XUJHL AR T
TR, ST T & @ B AARER SURWL, 18 FAST 1 AQWA #f, StBl XIRIE & 1ER XL
S AL R R3]0 #R¥ LE PREEVRE (IEA) AT 15 MW 2R R 20 2 i 7 U XU FE 0 5, SR
OPENFAST At 017 AN UBEAT ARl A I 3007 JURERL, X & G IR AR 18 sh R EAT 0 90 40
Br, (HRX R RGHATZ )10 HT[4]. B2 RIEET FAST HRERIEBEAE MR T RIAL S EHE R
FRIIHL Spar T G122 BRI, R 2 BT R R IR BT, 53] T F RIS FIYARE 1)
HNITHMINL, M7 T R RG ST KRG VeI R[] i S535 HUHT B 4K i TR 4 - 45 # 0v 2UUX
M- G I TL, K ANSYS/AQWA 738 17 Bl KB BRI, B 581 & 17K 3 7)1 RE
[6]- Y.R. Alkarem 7 T ANHEI 9 s eh 27 3 1 R38R FEATL(FOWT) K B 5 Wi B (1 2, H 2R 25 58 K
WA ER[7]. REWFEILT I3 - K3 - #5H) - 91”7 SRS EAMT T DTU 10 MW XWLEAF L
DR BB S, 5 5 MW RWLIEAT X EL 8] .

KA RALTE e 5K B8 47 ) R FEL AR I RIS, BRI RGSH IR, 28 T S4B, msest ), H
B B TSRS R, A RWUALZ B RIRVER 71 5 S 8T A e R, HigghpiRasd
DR G 2 AP ANRNRES, n Bigok ., AR 45k (i R A& e . JEIIER, HIZaRASIR T ae
DRI £ M BB IR T 7= A KA, B IE AT % 4. [RILTT E RWLLE B IR e IR B A R AE D R 3
Wi R AE 5 B+ B L. ACH A ANSYS/AQWA. Openfast 25444, LA SNL13.2MW 3 30X
FURBE I &R, ARAEIREG OB TS BM TOL, JREET “R3h - K3l - #8 - 3”7 SR B,
BT XML G KB 1R R IF I 7T, BT LA KL R R AEA R O R 3l iR, R
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NP AR & 2 e R i 2% .
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2.1. RHLEzhAE
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Figure 1. Velocity triangle and force analysis of blade element section
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Figure 2. Visualization of turbulent wind models and wind field meshing
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Figure 3. SNL13.2 MW semi-submersible floating wind tur-bine diagram
[ 3. SNL13.2 MW F#EFRX XA EE

DOI: 10.12677/jsta.2023.111011 104 FRIEB AR 5 N H


https://doi.org/10.12677/jsta.2023.111011

LR %

3.1 RMANERSHY

SNL-13.2 MW 8 2037 20X AL 5 22 R T 53k J5 (1) NREL 5 MW XUZJHLISE S8, XS I TSR
Zt 7 [ 5% 9256 5 T & 6 100 m 2 A SNL100-02 [14]. M4 5#EE 258 205 m. 5m; #EhL
R 133.5 m; AE KGE A 11.3 m/s; KUAe. BEZRRIM &5 7l 422,131 kg 1,452,131 kg, TE4HNZ4L
B 5% SCHR[13].

13.2 MW KFLIT & 2t LR OC4 “F & [15145 8], WM HEREE SN TS =R S EFEH
HERRA ALY, FAS WS 5 BYMHER:, BN SWL B S, ARG 4RETEK T
e £ =AM R & — N EAR KRR A, ZE0ED TR ESZS. FarAikS
WAL 1.

Table 1. SNL13.2 MW wind turbine platform parameters
% 1. SNL13.2 MW XL EEEH
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Figure 4. Mooring system arrangement schematic
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AT TRIBE A A T 9 SNL-13.2 MW 2385 2 20 XU LR I 3l {7 BRI BE T T 0L KUBLSE P T 0L
REAL, HRHEHS JONSWAP 1 A s AN A /K S8 (RIS A SRR, I HL25 R i o KULIZ 3l
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NTAETOUERF S 5kbr, U7 B R T RERHR, TS5 1 1EC 61400 #riE[16] & # [ AH
SRUFH I IR G vt B4 [17] [18], Lt iy BARSE W4 2.

Table 2. Environmental parameters under different operating conditions
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HUE LHL(CLA 1) 10 3 11 NTM
PR B T (L 2) 14 9 24 EWM

4. (REEGRSE 7
4.1. FEIKFFISH

4.1.1. [EBEMRMMET

iId ANSYS/AQWA B THE NS 18 0° IR IRTER T OC4 i AR & B, “FENG . I
P2 TR 7 I RAO, THE AR ILE 5. MK 5 wlkn, ENSEIRN O°INEN T, OC4AFENG . PiE
Jiml b, P& RAO B IRATZE I gk N, S aiém T2, G m L, BkRmEE N, ¥4 RAO
BRI, B/NEE S RGN T, RN, YNSRI ET T 0 B, P65 07 M FIEE
e N IR T 2.4, 12 T K TE BRI IR T 75 /NE, ) T EBR K, OC4 ~F& B R~FAEEE
TRERBIRD, MY TR G2 T BIRMBIEL . IRT7R E, FERIRMZEEM, & RAO /M
g Bh G e K, FEAR N 0.04 Hz JbIERE(E, ARGV, fE/NERsh G T,

— 2.0 -
— ﬁ%’_ —— JFE
15 — WP 15 ~15
E .
~
1.0
o
0.5
0 0.04 008 o012 0 0.0 0.06  0.12 0.18
B (Hz) P (Hz)
a) % 5 U HRAO b) ZARERAO

Figure 5. Response amplitude operator of platform
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Figure 6. Degrees-of-freedom free decay curves of wind turbines and their natural frequencies
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Figure 7. Time domain dynamic response of the wind turbine under different operating conditions
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Table 3. System resulting data of standard experiments
3. NERIE ARG R
ianhknY T B i /m PRt 72 w/ME/m B KfE/m
T 1 16.39 3.66 0.13 25.05
PFiIm T2 2.25 2.01 -3.85 12.82
T 1 (10 mw) 15.42 491 3.47 24.55
TH1 -0.08 0.10 -0.32 0.28
T /m T2 0.10 1.22 -3.40 4.00
T4 1 (10 mw) —-0.15 0.12 -0.31 -0.01
TH 1 4.19 1.00 -0.25 7.96
PR T4 2 0.25 0.81 -2.62 3.23
T4 1 (10 mw) 4.06 0.92 3.36 5.75
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Figure 8. Power spectral density of 13.2 MW wind turblne system under different sea conditions
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Figure 9. Time domain motion response of wind turbine in surge, heave and pitch
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