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Motivation

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

OWF BD Phase I
7 WFs, 3000 MW, 2022/12/30 (A)
5 WFs, 2335 MW, 2023/8/31 (S)

OWF BD Phase II
5 WFs, 2700 GW, 2024/8/5 (A)
5 WFs, 2700 GW, 2025/2 (S?)

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

OWF Potential Sites
11 WFs, 5.5 GW, 2025 (C?)

Bottom Fixed → Floating? 
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Platform Type Disk Column Barge
Platform Mass (t) 33869
Displacement (m3) 35000

Draft (m) 39.9 27.19 7.24
Overall CM above SWL (m) -23.46 -10.91 5.90

Roll Inertia (1010 kg‧m2) 6.49 6.75 3.99
Pitch Inertia (1010 kg‧m2) 6.49 6.75 4.07
Yaw Inertia (1010 kg‧m2) 3.27 5.70 2.58

3

Disk-type

Column-type

Barge-type

Floating Platform Design

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement
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Disk-type

Column-type

Barge-type

Mooring Pattern 3x3

Chain Grade R4s

Chain Diameter (mm) 165

Clump Weight Number 10

Weight  of Clump Weight (t) 5

Mass Density (kg/m) 545

Break Load (MN) 25.49

Mooring Line Design

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement
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5°

2.5°

20
5 m

3 m/s 11.3 m/s 25 m/s

13
3.

5 
m

Wind Turbine Design

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement
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Mooring System
(OrcaFlex)

Control System (OrcaFlex)
Aerodynamics (OrcaFlex)

Equations of Motion
(OrcaFlex)

Motion Responses
Generator Power

(OrcaFlex)
Hydrodynamic Properties

(ANSYS-AQWA)
(STAR-CCM+)

Numerical Framework

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement
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Wind Direction = Wave Direction

Wind Speed

H = Hhub Uhub

H = 0

Wave

Wind

0.30 0.40 0.65 0.95 1.25 1.70 2.50 3.50 4.50

3.50 4.14 5.56 5.73 3.67 0.59

4.50 5.48 8.65 8.90 9.33 8.21 4.04 0.08

5.50 0.49 1.86 2.57 3.61 5.63 11.36 5.46 0.06

6.50 0.11 0.23 0.22 0.37 0.86 1.84 0.63 0.02

7.50 0.01 0.03 0.04 0.06 0.09 0.07 0.05

𝐻! (m) 
𝑇" (s) 

𝑃!!,#" (%)

Cases Description

𝑆! 𝑓 =
𝛼𝑔"

16𝜋#
𝑓$%exp −

5
4

𝑓
𝑓&

$#

𝛾'

𝑆( 𝑓, 𝑧 = 𝑈)"𝐼)"𝑓*$+ 1 + 1.5
𝑓
𝑓*

$%/-

𝜃# (°) 45 135 225 315

𝑃 (%) 13 22 13 52

𝑃$#(%)

JONSWAP Spectrum

API Spectrum

Gust Model
𝑈. = 𝑈) 1 − 𝐾 7 𝑔(𝑡)

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

𝛾＝2.08
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0.30 0.40 0.65 0.95 1.25 1.70 2.50 3.50 4.50

3.50 4.14 5.56 5.73 3.67 0.59

4.50 5.48 8.65 8.90 9.33 8.21 4.04 0.08

5.50 0.49 1.86 2.57 3.61 5.63 11.36 5.46 0.06

6.50 0.11 0.23 0.22 0.37 0.86 1.84 0.63 0.02

7.50 0.01 0.03 0.04 0.06 0.09 0.07 0.05

𝐻! (m) 
𝑇" (s) 

𝑃!!,#" (%)

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Wind	Direction:
𝜃/ = 45°, 135°, 225°, 315°

Mooring	Line	Arrangement:
𝜃& = 15°, 45°, 75°, 105°

Sea	State:	𝐻! = 1.70 m, 𝑇" = 5.50 s

Rated Wind Speed Condition (RC)

Turbine Status: Operating

Cases Description

VP Method

P Method

VC Method

𝑓"
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0.30 0.40 0.65 0.95 1.25 1.70 2.50 3.50 4.50

3.50 4.14 5.56 5.73 3.67 0.59

4.50 5.48 8.65 8.90 9.33 8.21 4.04 0.08

5.50 0.49 1.86 2.57 3.61 5.63 11.36 5.46 0.06

6.50 0.11 0.23 0.22 0.37 0.86 1.84 0.63 0.02

7.50 0.01 0.03 0.04 0.06 0.09 0.07 0.05

𝐻! (m) 
𝑇" (s) 

𝑃!!,#" (%)

Sea	State:	𝐻! = 12.72 m, 𝑇" = 8.83 s

50-Year Return Period Wind Speed 
Condition (50C)

Turbine Status: Parked

Wind	Direction:
𝜃/ = 45°, 135°, 225°, 315°

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Mooring	Line	Arrangement:
𝜃& = 15°, 45°, 75°, 105°

Cases Description

VP Method

P Method

VC Method

𝑓"
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0.30 0.40 0.65 0.95 1.25 1.70 2.50 3.50 4.50

3.50 4.14 5.56 5.73 3.67 0.59

4.50 5.48 8.65 8.90 9.33 8.21 4.04 0.08

5.50 0.49 1.86 2.57 3.61 5.63 11.36 5.46 0.06

6.50 0.11 0.23 0.22 0.37 0.86 1.84 0.63 0.02

7.50 0.01 0.03 0.04 0.06 0.09 0.07 0.05

𝐻! (m) 
𝑇" (s) 

𝑃!!,#" (%)

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Wind	Direction:
𝜃/ = 45°, 135°, 225°, 315°

Mooring	Line	Arrangement:
𝜃& = 15°, 45°, 75°, 105°

Sea	State:	All

Long-Term Condition (LTC)

Turbine Status: Operating

Cases Description

P Method

VC Method
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11Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Capacity Factor

Wind Profile

H = Hhub Uhub

H = 0

Beaufort Scale Power Curve

𝐶𝐹R (Simulated Capacity Factor)

𝐶𝐹# =
∑𝑃$,& 	x𝑃'%,#&x𝑃('

𝑃$,)*&+,

𝐶𝐹S (Theoretical Capacity Factor)

𝐶𝐹- =
∑𝑃$. 	x𝑃'%,#&x𝑃('

𝑃$,)*&+,
= 0.4646

𝑃0,23.45
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Stress

𝑡

StressStress

𝑡

12Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Fatigue Damage Assessment

Stress

𝑡 𝑡

Stress
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Tension Time History

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

S-N Curve

𝐷UVS (25−year total fatigue damage) = >𝐷×25×365×24×𝑃'%,#&×𝑃('

Fatigue Damage Assessment
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Rated Wind Speed Condition Offset

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement
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Heave

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Rated Wind Speed Condition

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d
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Tilt Angle

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Rated Wind Speed Condition

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d
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Yaw

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Rated Wind Speed Condition

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d
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Generator Power

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Rated Wind Speed Condition

18

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d
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Mooring Line Tension

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Rated Wind Speed Condition

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d



` `1

20

Offset

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

50-Year Return Period Wind Speed Condition

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d
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Heave

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

50-Year Return Period Wind Speed Condition

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d
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Tilt Angle

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

50-Year Return Period Wind Speed Condition

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d
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Yaw

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

50-Year Return Period Wind Speed Condition

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d



` `1

24

Mooring Line Tension

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

50-Year Return Period Wind Speed Condition

FOWT

VC

P

Disk Barge Column

VPM
et

ho
d
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Capacity Factor
FOWT

VC

P

Disk Barge Column

M
et

ho
d

Long-Term Condition

𝐶𝐹# = 0.4646

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

FOWT P VC

Disk
𝐶𝐹6 0.438 0.439
𝜂78 94.4% 94.6%

Barge
𝐶𝐹6 0.456 0.456
𝜂78 98.0% 98.0%

Column
𝐶𝐹6 0.446 0.446
𝜂78 95.9% 96.0%

𝜂/0 = 𝐶𝐹-/𝐶𝐹#
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Mooring Line Fatigue Damage

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Long-Term Condition
FOWT

VC

P

Disk Barge Column

M
et

ho
d

𝐷123 =
0.2 𝐷) ≤ 0.8
1

5 + 15 𝐷) − 0.8
𝐷) > 0.8

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

𝜂4 = 𝐷12# /𝐷123
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Mooring Line Fatigue Damage

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Long-Term Condition
FOWT

VC

P

Disk Barge Column

M
et

ho
d

𝐷123 =
0.2 𝐷) ≤ 0.8
1

5 + 15 𝐷) − 0.8
𝐷) > 0.8

FOWT P VC
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

𝜂4 = 𝐷12# /𝐷123
𝜂 4



` `1

28

1. The Impact of Fluid Viscosity on Floating Wind Turbine
Conclusion

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Greatest ImpactLeast Impact

FOWT-type Column-type Barge-type Disk-type

Statistics Mean Value Maximum Value Standard Deviation

FOWT-type Disk-type Column-type Barge-type

Statistics Mean Value Maximum Value Standard Deviation

Generator
Capacity Factor

Barge-type Column-type Disk-type
0.004% ~ 0.007% 0.028% ~ 0.044% 0.176% ~ 0.227%

Mooring Line
Fatigue Damage

Column-type Barge-type Disk-type

-34.91% ~ -39.99% -41.41% ~ -56.43% -44.04% ~ -70.16%

Long-Term Condition

Rated Wind Speed Condition

50-Year Return Period Wind Speed Condition
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2. The Motion Response on Floating Wind Turbine

Conclusion

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Platform Type Disk Barge Column

𝐷9: (m)
P 2.822 3.640 2.646

VC 2.628 2.654 2.061

VP 2.128 2.026 2.462

𝜃.: (°)
P 11.095 1.117 6.696

VC 10.494 1.074 6.716

VP 9.311 1.027 6.208

𝜃.& (°)
P 6.646 0.700 4.434

VC 6.497 0.700 4.442
VP 6.520 0.701 4.452

Rated Wind Speed Condition

Platform Type Disk Barge Column

𝐷9: (m)
P 5.697 23.193 6.980

VC 5.423 21.102 7.068

VP 5.389 21.126 6.765

𝜃.: (°)
P 8.136 21.218 5.681

VC 8.149 10.453 5.128

VP 7.344 7.307 5.199

50-Year Return Period Wind Speed Condition

< 21 m

> 10°

< 10°
> 5°

> 21 m

> 15°

< 15°

GreatestLeast
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3. The Generator Performance on Floating Wind Turbine

Conclusion

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Platform Type Disk Barge Column

𝑃0& (MW)
P 12.062 12.458 12.174

VC 12.080 12.463 12.184

VP 12.110 12.466 12.199

Platform 
Type Disk Barge Column

𝜂78 (%)
P 94.31-94.41 98.02-98.08 95.90-95.95

VC 94.53-94.58 98.03-98.08 95.93-95.98

Rated Wind Speed Condition Long-Term Condition

GreatestLeast
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4. The Mooring Performance on Floating Wind Turbine

Conclusion

Motivation Numerical
Methods

Simulation
Results ConclusionWind Turbine 

System Design
Case

Description
Design

Requirement

Platform Type Disk Barge Column

𝑇: (MN)
P 3.340 2.649 2.822

VC 3.091 2.527 2.767

VP 2.828 2.458 2.744

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

Platform Type Disk Barge Column

𝑇: (MN)
P 5.596 48.609 11.643

VC 5.958 35.226 11.461
VP 5.612 34.085 10.862

Long-Term Condition

Platform Type Disk Barge Column

𝜂;
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

< 15.29 MN > 15.29 MN

> 1

< 1

GreatestLeast
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