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%2 DTU 10 MWEINREL 5 MW £ i fhH #% £ g

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

sTHffraE ST > FEHE B & A & 5 Uk [F)
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AYERA G 2 B e 4 > DA R iR AR R 5 T e
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Blade length 89.15m
Blade mass 41692.86 kg
CM location (w.r.t Root along Preconed Axis) 26.15m
First mass moment of inertia 1090124.25 kg*m
Second mass moment of inertia 45639992 kg*m’
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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 2.426 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
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Mode description HAWC2 (Hz) Bladed (Hz) Difference (%)
1* flap mode 0.61 0.62 1.64
1* edge mode 0.93 0.91 -2.15
2" flap mode 1.74 1.77 1.72

FH725T] #1Bladedpg 2£#E4(DNV GL, 2015)
THEES IR ST B(Bak et al., 2013a) HAWC2FE R,
PEEGERAHLE - SRZEZFER A fy-2.15% > 7l
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R4S B R ST BR(Bak et al., 2013a) HAWC2FZ=,
PLEEAERARLL » 3R B-1.12% > A[EAILE 2
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Height (m) Outer diameter (m) Wall thickness (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 BEIRTERELEE

Mode description HAWC?2 (Hz) Bladed (Hz) Difference (%)
1* tower fore-aft 0.251 0.248 -1.12
1" tower side-side 0.251 0.248 -1.12

758  Monopilefi & 285

Parameter Values
Monopile diameter 7.5m
Monopile thickness 0.085 m
1* Natural frequency 0.21 Hz
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EFACHFER (Jacke) BHRI(HTA0 : K5F
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A/NETHES T BAE U R B BB A A B
& HAAERBUUREL B (Wang e al., 2021)24
WIS HESD I A AR - LEEAE R - REEE
R7E0.16% » 1FE H AR E-4.76% (FERI)
PHEE T IEE B EGEETEE R Ldesign load
case, DLC 1.1 ~ DLC 1.6) & {E##(DLC 6.1) > 4l
10 - GEH486[E BB BT - [ 6 f & 751
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%9 DTU 10 MW EL#E Rl = [V B 8 R S 2R &t | AR EE

EHELLE
RzEX A INER Reference | Deviation (%)
- e 4E R [t] 677 677 0
JoEEE [t] 481 476 1.05
B IEGEE [t] 700 702 -0.28
HgEE [t] 1,858 1,855 0.16
SRS EGR ]
SPAYES INER Reference | Deviation (%)
st .
I” Bending 0.20 0.21 -4.76
side-side
[Hz]
1* Bending

%10 DLC 1.1~ 1.6%6. #5525 (Wang ef al., 2021)

Wind Wave
DLC Design situation
Model Speed Yaw Model Height Direction
1.1 Power production NTM | V,,:2:V,, | 0°«£10° NSS E[H,| Vil 0°
1.6 Power production NTM | V,,:2:V,, | 0°«£10° SSS 1.09%H; 0°
6.1 Idling NTM 095*Vg | 0°,£8° SSS 1.09%H5, | 0°, £30°

NTM : IEFEERIER

Vit GIAJEEE 5V, ¢ GJHEE

Vi + LT iR = 18 2 JUR

Vo & [EEFHA R S0E 2 105 g S JEl 2 5
NSS : IE# 0 © SSS © BRHIE ;

H, Rt S

H, @ BeEILIR IR &

H,so * BRI RSO Z m MR =

SCRRECET TR - Fe KRR 723 4EAEDLC 6. 1E4R
(Mudline)4J14.77% - [f:5h » DLC 6.1 By i3
AT - BB RFRORRT - AL S84
R -

3.3 DTU 10 MWER Bt = a1
I=EEEEEA L ¥

A/NEHETT E R U R B R E A
HE - BASHRBCREE (Borstel, 2013) »
W10 e A A AR - LA SR - AR E
BRAE1.52% & EH AR R RRAE R AAE
2nd Bending fore-aft&y14.03% (G£311) > [EA
Fo oy M5 AR ASCER S YIREE 2875
RIS ZRHIRRE - SO AE AR TR A
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F11 DTU 10 MWER U RS E B R 20450 B 2R L
HEEY
BT INER Reference
- TERE AR [t] 677 677
B2 [t] 429
ERFCUEEHE [t] 1,210
2,395
WEREEL [t] 330
f&*4 [t] 380
BREE [t] 3,072 3,026
SRAVEESna
. 1" Bending | 1% Bending | 2" Bending | 2" Bending
AR
SRR side-side fore-aft side-side fore-aft
INER 0.2869 0.2895 1.2550 1.2695
DTU 10 MW EET [Hz]
o Reft 0.2867 0.2885 1.1003 1.1133
ﬁﬁﬂmﬁﬁ eference
2212 DLC 1.2 572 315k E % & (Borstel, 2013)
Wind Wave
DLC Design situation
Model Speed Yaw Model Height Direction
1.2 Power production NTM | V,,:2:V,, -8° NSS E[H,| Vil 0°
Power production
23 |plus loss of electrical | EOG |7+ %,m/ SR g NSS | E[H,|V,,] 0°
grid connection out

NTM : [EE#EREL
EOG * /il 3 it e i, 5
Vi, P UIABEZR 5V, UTHEEER 5V, B R
Vi L7 = 2 JER
NSS @ IEFE&EN

H, : MRS

KfE o BEEEETTIER 33 5(DLC 1.2) ~ #FER

W E(DLC 2.3) B 5BEE > 413R12 > &3

336 TR 1T o 1818 K B 9B SRR EL ¥ o]
1B RERFZESEAIEDLC 2.3 72 ES (Transition
Piece) Bending MomentiE414.15% - DLC 2.3 5

DU TR AN R B EE Sy - R EE AR

RETEEGEEE - BUERINDLC 1.2 - [LiIFH5is

o

Tk 228 i | (Extreme Operating Gust, EOG) |

FTEAREES R mE - IHh > AEEEEE S
SRR B R PR 1 Z BE 22 N G S AR = Y EE
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P ¥ R e U A DL R R s e i
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Study on a Giant Fixed-bottom Offshore Wind Turbine
with Support Structure Simulation

Wen-Jeng Lai'"  Yu-ChuLin'  Chin-Cheng Huang’

ABSTRACT

With the special geology of Taiwan, environmental extreme conditions as typhoon, wave/current, and
earthquake are crucial for the performance and structural integrity of offshore wind turbines. Therefore, it is
necessary to particularly consider the dynamic load under these extreme environmental conditions for the
offshore wind turbines and wind farm layout. At present, most offshore wind turbine system manufacturers
abroad have no practical experience for the Taiwanese special geographical environment with multiple
typhoons and earthquakes. In view of the technical data and design verification technology of foreign
offshore wind turbines, all of them keep confidential technical data for the manufacturers. It’s not easy to
obtain from abroad. This paper mainly refers to the technical data completed by the DTU 10 MW offshore
wind turbine European project, digests the relevant technology with reverse engineering, establishes the
model, and validates the analysis results. Establishing the autonomous offshore wind turbine and support
structure design verification technology, this paper hopes to improve the safety, performance, and reliability
of domestic offshore wind turbines in the near future.

Keywords: Offshore Wind Turbine, Support Structure, Dynamic Load Analysis.
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