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F1 HAETCAEES MWEES R A RUS BT S E R R R AT R )

Bl A5 HHEDIZR(MW) R aa TR
Vestas V164-9.5 9.5 2018 S(IB)
Vestas V164-8.0 8.0 2015 S(IB)
Siemens SWT-8.0-154 8.0 2018 1B
Siemens SWT-7.0-154 7.0 2015 1B
Siemens SWT-6.0-154 6.0 2015 1B
Siemens SG 8.0-167 8.0 2019 1B

GE Haliade 150-6 6.0 2015 IB

GE Haliade-X 12.0 2020 1B
Adwen AD-180 8.0 2018 1B
Senvion 6.2M-152 6.2 2016 S(I)
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(Jonkman et al., 2009) > & At FE 48575 0 BT
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SRR - G BRI ] DU E3.57T
WEWLLTY - BREIEERIEERA -

B35 b i PR R e = LA R BRI A B T 2
B IR R E R S TR R ROlr - R SR sME
5 HE R trm R &kt - ks TeELl—&
B P e o R oy S Gl DA 5 R 1 77 =V
TR AL - X A B B B B [ s K
B R gERTZE 0N (SWE, University of Stuttgart)
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%2 DTU 10 MWEEINREL 5 MW [EEAIE S IRCARTTEEEH)

Parameter DTU 10 MW NREL 5§ MW
Wind Regime IEC Class 1A IEC Class 1B
Rotor Orientation Clockwise, Upwind Clockwise, Upwind
Control Variable Speed, Collective Pitch | Variable Speed, Collective Pitch
Rated Power 10 MW 5 MW
Number of Blades 3 3
Rotor Diameter 178.3 m 126 m
Cut-In, Rated, Cut-Out Wind Speeds 4 m/s, 11.4 m/s, 25 m/s 3m/s, 11.4 m/s, 25 m/s
Rotational Speed Range 6 - 9.6 RPM 6.9 -12.1 RPM
Maximum tip speed 90 m/s 80 m/s
Hub Diameter 5.6m 3m
Hub Height 119 m 90 m
Rotor mass 228,962 kg 110,000 kg
Nacelle mass 446,036 kg 240,000 kg
Tower mass 628,442 kg 347,500 kg

IR B E S BZEREAL 2 — - DTU 10 MW iz
NREL 5 MW 2% i = B &y B Ril Pl ATA B GH
1g(Public Domain)FfT 7] DUEAS-H 1l RS e o2
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B E R T E FTIf 2E I E A RE S = U >
S EEFNREL 5 MWK 248 2 8010
Y EF R R BALEE 10 MWAEE TR DR & I
WFFEfE > BUEET SRR B 5t /2DTU 10
MW 2 B o PRIIE - S 37 35 ZEHE Hh i b ) 1
SEETE > $TETHINREL 5 MW T B2 2 Rl
(FOWT) R 2E 78 A RIDTURE RV 10 MWIEE
WSEEMETHARE SRR > W
4iheE B A FHER ¥ (Robertson ef al., 2014 5 Bak et
al., 2013b) » DIESR&{EEHE CEE - JT77EK
FRAZFA AV IEREME BRI - $R LB 5 REIE
10 MW 8=k 7 U 5 B aiet 2 2
% o
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ANEf T ZEBHA HIFAST (Fatigue, Aerodynamics,
Structures and Turbulence) (1[E2)%# T7NREL 5
MW i g 2 e 2 U R ~F VB =01 & BUE R A
W EA ST gk (Robertson et al., 2014) 1 ik B 2245
(Load Case) 2.1 j¢3.28g58 bL ¥ AT s it =~ BhRELEE
JE4S R o ARIFASTREZAVERH ~ S8GLE K
NREL 5 MWJE{#%f5 /7] 27 (Jonkman & Buhl,
2005 ; FEHEEE 0 2019) -

Load Case 2. 1 HER {4 © 5 Eh =k = %
R MRS 224 - SRS A Tt /K Eh )7 &k
(7K7£200 m 5 FRAPK - =6 m > FHHAL0 sec) »
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performance

Turbulent
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Field grids g: Wind field
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Load Case 3.2 & & Ky R MERG 248 - 1
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(y=2.87) > Hi=6 m > FHEAL0 sec) 52 NHVIEER
fRSE o HlES AT R AR ZEBIEL $H4E TR EROCABH ST E]
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FREBE T 52 - TREE ] 228 7 6 - i
S L SHIEEE LA S 2 TR - (EEIS MR
FE R T B B R B 2 PRe& V&R - A
¥R - I > A& E/EFIHEIZNDTU 10 MW
Pdah U F5 i 44 Hh 408 KUE (S caling Law) (Jain
et al., 2012)f40C4 Phase IIEEEETIAZELO
MWELR BT TR R 2 & > WEEES MW
EL10 MW B G SRR S £ B B
TR R R R R0 T & B R e e
3 T-(Response Amplitude Operator, RAO) Fz %%
R TI0 AT o FEHEERGTE R - LRSI
fla > FEMEEL KBRS - HIRKEE T B A R kR
IR B (140 + e el T B E AL B =0k
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3.1 FEAFESLZRIMK

FECCEEE A (2018) L35 R A FHFASTRE (/2
I =R FE SO B (ERE  MT AR R
R BV 2R S e B E A -

Step I )
Full-scale

B EREI109F9H

KAE 1+ (Froude number)fH{Ll 2~ Scaling Law#4f
[ ENRE B B 1% P B [ A S MW Bl =2 JEU i 228
TEERYT - B8 4 T 45 S A S M CRE S B S -
2018) -

REFFENREL 5 MW JE T2 4= Y e K
71790.6 KNFCR 1.9 EDTU 10 MW E T
FEAE Z B RHETT(491,507.4 kN) - (K HETTEE
BINREL 5 MW Ef#% K, OC4 phase I1>}-7& 28
5 BIEE R SRR 2 1.9 (JIE6) - 4K
Scaling Law#fi/NEREEET% FT B[R K~ 2 B
TEELE K BBeE o &8 H2i 88 2 (& 1E B B (el Ui
RHBARSHUENEE » SRR % 2 AT Bl
JFIER B B — BRI (S -

S EFERFEF S EBHFRELY - full
model % BRI By ¢ 27 B (Kaimal model :
Vi =V, = 11.4 m/s) ~ EFGIHAZEE(O rpm)pR{H
(0 degree) ; FERIIFRANE - H=6m, T =10
sec) » #EHIFNREL 5 MW U2 il 25 22 il 1
HEFREEA  Mdown-scaled model#% EHI4X1.9
R Z R Ry © Z0JEZ#E (Kaimal model :
Viw =V, = 15.71 m/s) ~ EET-FJ4EHE(6.529 rpm)
EFWE@(O degree) ; JFERSJHRATE : H=11.4 m,

= 13.784 sec) » JRFEHIScaling Law{&4{& >~
PEf e T R BRI A o TR hN R B

Step 2:
Convert full-scale to

FAST offshore wind
turbine model

L 4
Step 5:
Full-scale
simulation for
forces, deflections

etc. q

y
Step 6:
Comparison

enlarge-scale
with scaling factor
of 1.9

Y

Step 3:
Enlarge-scale
simulation for

forces, deflections
etc.

Y

Step 4:
Convert

regenerated full

of original and <+
scale J

enlarge-scale results
to full-scale results

[E6 BURMARIEL AL B (AT Te 4 %)
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— full model
— down-scaled model
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FORRITT » (eE 7L ¥&E R A0 - JRNREL 5
MW EH% K B =UF BV & 2 BRR B E B AL
RIIBERHVBIRETT R4/ N E R B2 ZEEMH]
FYELSS - H U ] TR 2 A 2500 R Ty 2
BT ZHeflestyThA B HE dh 4R AT (L S8 DL
ZHTE R (Towertop) ~ & (Platform) R HE 1248
fL5RII4R 52 (Fairlead 2 Tension)” SRR EHE
A RIF—20E - s e e U E)

& down-scaled model B {H fE R4S 4% Scaling
Law#ffi/ [Nz B2 )5 full modelEHREEENE 7 TERENM: K
10 MWEEEREE B & RSTHI 9P 8%ET

3.2 DTU 10 MWpEID) @ #4218

Ry 10 MWEEER S5 il RS A8 1158
BEpoEeEES S SERENFEIE AR
stHctBa g - EL KRB BB AR A R
PSR - DIRFERI AR 2K 8~10 MW EUI S
Wry T Eh B B E A A R TR T RE 1T
RS SN EEAEEE >
][] R S R e o R A o S P 4 R Y R A 208 i B
2 DR AT A A e R 5 e s T BRas Rl -
i BIETAL 5 ERT A 8~10 MW S 4R il == Ui 2 45
TEVERE » MECREZ MR TSE - NIt > AN
iR ADTU 10 MW I3 22 JEl M By o A ¥ 52
(LLEER - B2 R R L ih 47 Ry i) - I Bk
Wt E 2 Blr R 4 R L B BB - T R
BRI S &A= WA

TR DTU 10 MW2B R =15
HYRIEC - TER AT PR B RS I Ry AR T
Fr &EREER I E 55275 (Bak et al., 2013b) - &3
RIER 4SRES > MRAF A FIDTUE GR6{E R
[E B AIERHFFA-W3-xxx) I A T7DTU 10 MW
PSR R o RNERIEEEIE IR

R3 R EESBORTES)

Blade length 89.15m

Blade mass 41,692.855 kg

CM location (w.r.t Root

along Preconed Axis) 26.147 m

First mass moment of

*
o 1,090,124.250 kg*m

Second mass moment

fan2
of inertia 45,639,992 kg*m

AEUR0.6 HLfET S [EIRERAY -

FH2 5 T AIFAS TAZ R IEE4S FL R SRk (Bak
et al., 2013b) HAWC?2 (Horizontal Axis Wind
turbine simulation Code 2nd generation)fH k45 5

HEE - BAZEFIE AR Fy1.44% > ABRREIEEE R
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Node (-) RNodes (m) Aero Twist (0) | DRNodes (m) Chord (m) Airfoil Table (-)
1 4.800 14.491 4.000 5.380 Cylinder
2 7.512 14.424 1.424 5.423 Cylinder
3 9.119 14.260 1.790 5.503 Cylinder
4 10.275 14.044 0.522 5.577 FFA_ W3 600
5 11.658 13.581 2.244 5.679 FFA_ W3 600
6 13.258 12.909 0.956 5.802 FFA_W3 600
7 15.068 11.909 2.664 5.937 FFA_W3 600
8 17.075 10.680 1.350 6.064 FFA_ W3 480
9 19.267 9.480 3.034 6.157 FFA_ W3 480
10 21.633 8.385 1.698 6.201 FFA_ W3 360
11 24.156 7.607 3.348 6.192 FFA_ W3 360
12 26.823 6.958 1.986 6.129 FFA_ W3 360
13 29.617 6.369 3.602 6.014 FFA W3 301
14 32.521 5.809 2.206 5.854 FFA W3 301
15 35.519 5.255 3.790 5.658 FFA W3 301
16 38.591 4.691 2.354 5.435 FFA W3 301
17 41.720 4.088 3.904 5.190 FFA W3 241
18 44.886 3.445 2.428 4.929 FFA W3 241
19 48.072 2.790 3.944 4.658 FFA W3 241
20 51.257 2.125 2426 4.384 FFA W3 241
21 54.423 1.482 3.906 4.111 FFA W3 241
22 57.550 0.868 2.348 3.845 FFA W3 241
23 60.620 0.295 3.792 3.589 FFA W3 241
24 63.615 -0.221 2.198 3.345 FFA W3 241
25 66.516 -0.705 3.604 3.115 FFA W3 241
26 69.306 -1.121 1.976 2.903 FFA W3 241
27 71.968 -1.517 3.348 2.707 FFA W3 241
28 74.487 -1.876 1.690 2.529 FFA W3 241
29 76.847 -2.210 3.030 2.365 FFA W3 241
30 79.034 -2.520 1.344 2.200 FFA W3 241
31 81.034 -2.798 2.656 2.018 FFA W3 241
32 82.837 -3.033 0.950 1.812 FFA W3 241
33 84.431 -3.221 2.238 1.536 FFA W3 241
34 85.806 -3.370 0.512 1.138 FFA W3 241
35 86.955 -3.428 1.786 1.138 FFA W3 241
36 87.870 -3.428 0.044 1.138 FFA W3 241
37 88.546 -3.428 1.308 1.138 FFA W3 241
xS HERHRRLEE AT E)
Mode description HAWC?2 (Hz) FAST (Hz) Difference (%)
1* flap mode 0.610 0.618 1.31
1* edge mode 0.930 0.922 -0.86
2" flap mode 1.740 1.765 1.44
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HEHASIEA RIFHYAEE -

FEORGERN - SRR A F Oy R
{IE[ER 77 » AN0E 873 Al /& 3 42 (Tower) LA R 8- 14%
fig4H(Rotor Nacelle Assembly, RNAYE =55 » £
LA B R 115.63 m » RNAFEEETower Top £52.75
m ° {1764 > DTU 10 MW Tower TopHY B & By
5.5 mELEE £0.02 m > Tower Basefy B4 8.3
mELE R £50.038 m - A FTERE A SR 45 I (5
k2. 1E+11 N/m® » 58 58,500 kg/m’ » Fr {414
JHEE § f5628,442 kg o FHERT AT AHIFASTRZ U5 H5¢
4L BRI ER(Bak et al., 2013b) HAWC2FE =05 ¢
GEERAALE > 3R A-1.12% 0 AI{SRILEA EA
HHE HIAERE:

-
Tower Base I

B8 FERFHAUREIE (A 7EE )

"

TEFEME BB R E L ¥ 2 S5 5 A0[89 (Bak et
al., 2013b)ELIE 10FF5T » ATAIFEEUEAZE24 (m)s)
JEVHER(L TS > A (pitch angle) & IRE (LA
B RIFN—EE > o5 R S A A
T A2 SRR R AR

3.3 DTU 10 MW;ZEh T Bt = @18 2
BT EENREERLL Y
A/NEEEEENREL 5 MWEIDTU 10 MW

ST B R T A B R

(free-decay test) Sz {78 78 #5 HIDR (R 2 T B9 S e

HRIR 1 B T-(RAO) R 4855 /153477 » BIDTU 10

R6 ERMRRSEORIITEEH)

Height Outer diameter | Wall thickness
(m) (m) (mm)
0.000 8.3000 38
11.500 8.0215 38
11.501 8.0215 36
23.000 7.7431 36
23.001 7.7430 34
34.500 7.4646 34
34.501 7.4646 32
46.000 7.1861 32
46.001 7.1861 30
57.500 6.9076 30
57.501 6.9076 28
69.000 6.6292 28
69.001 6.6291 26
80.500 6.3507 26
80.501 6.3507 24
92.000 6.0722 24
92.001 6.0722 22
103.500 5.7937 22
103.501 5.7937 20
115.630 5.5000 20

KT EEAERREEE (AT e i)

Mode HAWC2 FAST Difference
description (Hz) (Hz) (%)
1" tower
toroagt | 0251 0.248 112
st
I tower | 554 0.248 112
side-side

MWIEHL G L B ERINREL 5 MW AHES]
JEOR1.91% 210 MWIK; 2 B80S » SUEIIHOR
% PEER 0 (HDTU 10 MW FBz(HER i
HEpG B SyNREL 5 MWHLHG B 8 H6.86 (R4
RUERE - ERTHAS1.9M) -

H RN SRS RS © 7 B
BREIEE 240 > SEEURCKA200 m) - EEEE fE
AEFFEEANETT B HE 2P 5 4EREETE A
PRARE - HRR8 A HIEE A sV S RV E E T
B (51510 MWFEh =R B (E T R B
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Wind speed (mvs)
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Study on a Giant Floating Offshore Wind Turbine with
Semi-submersible Platform Simulation

Wen-Jeng Lai'"  Ting-Jiun Wu®  Chin-Cheng Huang’

ABSTRACT

To develop the dynamic load analysis technology for a giant floating offshore wind turbine (FOWT),
the numerical model of the semi-submersible platform of NREL 5 MW FOWT is built in this paper, and
the corresponding semi-submersible platform model is also enlarged to 10 MW wind turbine class with
maximum thrust and scaling law. Besides, the DTU 10 MW onshore wind turbine is further combined with
the up-scaled platform to perform the integrated dynamic load analysis of FOWT with semi-submersible
platform. The results of this paper compare the free-decay test, response amplitude operators (RAOs),
and mooring-line tension analysis of 5 MW and 10 MW FOWT under the regular wave condition. The
developed FOWT with semi-submersible platform integrated dynamic load calculation could provide the
reference of FOWT with platform integrated dynamic load design and analysis in Taiwan.

Keywords: Floating Offshore Wind Turbines, Semi-submersible Platform, Dynamic Load Analysis.
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