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Motivation

OWF Demo Project
2 WFs, 238 MW, 2021 (C)

2 Taiwan Offshore Wind Potential L

Shallow Water (5-20 m)
* Area: 1,779.2 km?
* Potential: 9 GW
* Feasible: 1.2 GW

OWEF Potential Sites
11 WFs, 5.5 GW, 2025 (C?) B Deep Water (20-50 m)
* Area: 6,547 km?
OWF BD Phase 1 * Potential: 48 GW
7 WFs, 3000 MW, 2022/12/30 (A)  Feasible: 5 GW

5 WFs, 2335 MW, 2023/8/31 (S) ¥ Deeper Water (>50 m)
* Potential: 90 GW
OWF BD Phase 11 » Feasible: 9 GW
5 WFs, 2700 GW, 2024/8/5 (A)
5 WFs, 2700 GW, 2025/2 (S?)

Wind Power Density(W/m2)
B <100 [ J400-500 ] e00-900 [ 1,200- 1,300
B 100 - 200 [ 500 - 600 [ 900 - 1,000 [ 1,300 - 1,400
I 200 - 300 [ 600 - 700 [E 1,000 - 1,100 [_] 1,400 - 1,500

BOttom Fixed - Floatlng? (23 300 - 400 2] 700 - 800 [ 1,100 - 1,200 ] > 1,500 Contour simulated by NCAR WRF 3,0 mode :

IRBRNTHRR
' f ol e Ref. “Wind Resource Assessment Handbook,” ITRI, 2011
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Floating Platform Design

Platform Type
Platform Mass (t)
Displacement (m?)

=
8

Column-type ﬂ{( Draft (m)
. Overall CM above SWL (m)

;V Roll Inertia (1010 kg-m?)

Pitch Inertia (1010 kg-m?)
Yaw Inertia (10'° kg-m?)

s

Barge-type
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Mooring Line Design

Column-type

Barge-type

R fNidited

oY) 1 BB LR S

Mooring Pattern

Chain Diameter (mm)

' b ’ , Z Chain Grade

Clump Weight Number

802.0m

Weight of Clump Weight (t)

Mass Density (kg/m)

Break Load (MN)
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Wind Turbine Design

e 2.5°

1
i1
1l
i

u .
1 5

===

=
=
-
-
o
z
&
=
H
s
=
S
=
&

10 15
Wind Speed (m/s)

Wind Turbine Numeriom" Case Design Simulation Conclusion
System Design Methods Description Requirement Results

‘—-_‘!A‘-W_'.l \" L. s o) g'—'x ™~ . _l.
8 «’

G 7 Motivation
i 2 b




Numerical Framework

Equations of Motion
Control System (OrcaFlex) (OrcaFlex)

/ Aerodynamics (OrcaFlex) l

Motion Responses

Generator Power
(OrcaFlex)

. Hydrodynamic Properties
Mooring System (ANSYS-AQWA)
(Orca{c‘x) " smrcomy
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Cases Description

Pygr, (%)

0.65 0.95 1.25

5.73 3.67 0.59

8.90 9.33 8.21 4.04 0.08

Wave

2.57 3.61 5.63 1136 | 5.46

023 | 022 | 037 | 086 | 1.84 : . JONSWAP Spectrum
0.01 | 003 | 0.04 | 006 | 0.09 | 0. : agz 5(

f~oexp |-

S](f) = 4

Wind Direction = Wave Direction l6m* fm
Wind

H=Hpp ——> U API Spectrum

Wind Speed

- f
L"H = ljh.‘:l,-‘ [I ‘)”AI SA (f’ Z) = UZZIZpr 1 1 + 1.5 7
H)mh p

Gust Model

H=0 U =U,(1-K-g(t))

- NETTETT e n Wind Turbine Numeriom" Case Design Simulation
g LB EIERAE Motivation  system Design ~ Methods Description  Requirement Results
Yo x eta) .—--'-‘mfl" -.'\. e .xg‘—" . _l.

Conclusion




Cases Description
Py, (%) Rated Wind Speed Condition (RC)

0.95 1.25

3.67 0.59

Sea State: H, = 1.70m,T, = 5.50 s

9.33 8.21

3.61 5.63

Turbine Status: Operating

0.22 0.37

0.03

Wind Direction:
8, = 45° 135°,225° 315°

VP Method

; (10% N-m-s/°)

!

Mooring Line Arrangement:

P Method
0, = 15° 45°,75° 105°
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Cases Description

Py 1, (%) 50-Year Return Period Wind Speed
095 | 125 . . . . Condition (SOC)

3.67 0.59

933 | 821 | 4. : Sea State: H, = 12.72 m,T, = 8.83 s

361 | 563 Turbine Status: Parked

0.22 0.37

0.03 . . . . . va

VC Method
Wind Direction: - i

0, = 45°135° 225° 315° VP Method

14 (IOb N'ITI'S/O)

Mooring Line Arrangement: o5 0

0., = 15° 45°,75° 105°

B

P Method
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Cases Description
Py.1, (%) Long-Term Condition (LTC)

0.95 1.25

3.67 | 0.59 Sea State: All

9.33 8.21

3.61 5.63

Turbine Status: Operating

0.22 0.37

0.03

VC Method

Wind Direction:
8, = 45° 135°,225° 315°

; (10% N-m-s/°)

!

Mooring Line Arrangement:
0,, = 15°45°,75°105°

P Method
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Capacity Factor

CFs (Simulated Capacity Factor) CFr (Theoretical Capacity Factor)

> P™M xp xP P, . xP xP
CFS = g Hg,T, Ow CFT _ g,t Hg,T,
Pg,rated Pg,rated

Beaufort Scale Power Curve

Wind Profile

H
UH = Uhuh( )U'I

hub

H= Hyu, Unub

w — 0.4646
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Fatigue Damage Assessment
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Stress Stress
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Fatigue Damage Assessment

DI (25—year total fatigue damage) = 2 DX25%365%x24xPy_r XPg

S-N Curve Tension Time History

D=1.237x10"°
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Rated Wind Speed Condition Offset

FOWT
Disk Barge

PN
Ve NN NN

VP

01
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Rated Wind Speed Condition

20

FOWT
Disk Barge Column

PN T
Ve NN NN NN
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Tilt Angle

Rated Wind Speed Condition

)

FOWT
Disk Barge Column

PN T
SN NN
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Rated Wind Speed Condition

FOWT
Disk Barge

PN
Ve NN NN
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Rated Wind Speed Condition Generator Power

FOWT
Disk Barge Column

PN T
Ve NN NN NN

VP
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Rated Wind Speed Condition Mooring Line Tension

FOWT
Disk Barge Column

PN T
Ve NN NN NN

VP
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50-Year Return Period Wind Speed Condition Offset

FOWT
Disk Barge

PN T
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50-Year Return Period Wind Speed Condition Heave

0.12

FOWT
Disk Barge Column

PN T
Ve NN NN NN
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S0-Year Return Period Wind Speed Condition Tilt Angle
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50-Year Return Period Wind Speed Condition Yaw
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50-Year Return Period Wind Speed Condition Mooring Line Tension

NN

7

NS

o
~

FOWT
Disk Barge Column

PN T
NN

= NG Fov s, Wind Turbine Numerioﬁ?" Case Design Simulation
"\Q‘ IHMHBTSEIRRS Motivation  gystem Design  Methods Description  Requirement Results

.A ¥ b L T - .

Conclusion




Long-Term Condition Capacity Factor

FOWT 0.46
Disk Barge Column

p | N T
ve| NN NN NN

CFr; = 0.4646 Ner = CFs/CFr

FOWT P vC
CFq

Disk

CFq

Barge

CFq

Column
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Mooring Line Fatigue Damage

Long-Term Condition

FOWT 1.0
Disk Barge Column

e e o .'
0.2 D, <08 Zu 7 7
15 45 5

0.5

0.01
7

1
D, > 0.8 0:m(°)

54+ 15(D, — 0.8) 0
Mp = Dsz/ Dst
FOWT P VC
Disk 0.423-0.587 | 0.175-0.272
Barge 0.079-0.126 | 0.034-0.074
Column 0.066-0.109 | 0.043-0.066
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Long-Term Condition Mooring Line Fatigue Damage

FOWT 10

Disk Barge

HE B N

0.2 D, <0.8
1

5+ 15(D, — 0.8)

Np = Dsz/ Dst
FOWT P VC

Column 5

b .M.

ﬁh .'é
15 45

D, > 0.8

Disk

2.401-3.858

0.974-2.089

Barge

0.394-0.709

0.171-0.368

Column

0.446-0.746

0.270-0.411
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Rated Wind Speed Condition

Conclusion Least Impact — Greatest Impact

1. The Impact of Fluid Viscosity on Floating Wind Turbine

FOW'T-type

Column-type

Barge-type

Disk-type

Statistics

Mean Value

Maximum Value

Standard Deviation

50-Year Return Period Wind Speed Condition

FOWT-type

Disk-type

Column-type

Barge-type

Statistics

Mean Value

Maximum Value

Standard Deviation

Long-Term Condition

Generator

Barge-type

Column-type

Disk-type

Capacity Factor

0.004% ~ 0.007%

0.028% ~ 0.044%

0.176% ~ 0.227%

Mooring Line

Column-type

Barge-type

Disk-type

Fatigue Damage

-34.91% ~ -39.99%

-41.41% ~ -56.43%

-44.04% ~ -70.16%
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Conclusion

2. The Motion Response on Floating Wind Turbine

Rated Wind Speed Condition

Least — Greatest

50-Year Return Period Wind Speed Condition

Platform Type

<21lm
D," (m)

P

Column

Platform Type

Column

VC

VP

>21m
D,' (m)

P

6.980

VC

7.068

VP

6.765
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Conclusion Least ) G catcst

3. The Generator Performance on Floating Wind Turbine

Rated Wind Speed Condition Long-Term Condition

Platform Type Disk Barge Column Plf%tform Disk Barge Column
P 12.062 12.458 12.174 ype

P™ (MW . . .
m(MW) | VC 12080 | 12463 | 12.184 ner (%)
VP 12,110 | 12.466 | 12.199

94.31-94.41 | 98.02-98.08 | 95.90-95.95
94.53-94.58 | 98.03-98.08 | 95.93-95.98
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Conclusion Least ) G catcst

4. The Mooring Performance on Floating Wind Turbine

Rated Wind Speed Condition 50-Year Return Period Wind Speed Condition

Platform Type Column Platform Type i Column

< 15.29 MN P > 15.29 MN P 11.643
T™ (MN) VC T (MN) VC 11.461
VP VP 10.862

Long-Term Condition

Platform Type Barge Column

P 2.401-3.858 0.394-0.709 0.446-0.746

VC 0.974-2.089 0.171-0.368 0.270-0.411

Mp
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Thank you for listening.

chausw@ntu.edu.tw




