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Hydrodynamic force calculation and motion analysis of OC3 Hywind floating

offshore wind turbine platform
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Abstract: In this study, the analyzed turbine is a 5MW upwind-type wind turbine. This conceptual model was
made to compare the results of the numerical analysis program in the IEA Annex23 Subtask2 OC3 project.
The numerical analysis program used in this study is FAST developed by NREL and AQWA of ANSYS.
Motion characteristics, such as RAO, average motion, significant motion and average amplitude of 1/10 high-
est motion were obtained through the numerical analysis. The results of the numerical analysis were compared
with the results of other numerical analyses and the experimental results, and all the results agreed with one
another. The results will help resolve the fundamental design trade-offs between basic floating system
concepts.
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Figure 1: 5MW spar type floating offshore wind
turbine
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Table 1: Floating offshore wind turbine properties

Item Prototype | Model
Scale ratio 128
Draft [m] 120 0.9375
Total structure mass [Kg] 8066048 | 3.846
Location of center of mass
(from free surface) [m] -78.0013 | -0.6094
Roll & pitch inertia (about | 6.8026 1.9802
still water level) [kg-m?] e+10 '
Yaw inertia (about still water | 1.9157
level) [kg-m’] er10 | o83
Water depth [m] 320 25
Table 2: Mooring system properties
Item Prototype| Model
Number of mooring lines 3 3
Length [m] 902.2 7.05
Mooring line diameter [m] 0.09 0.001
Equivalent mooring line mass
density [kg/m] 77.7066 | 0.00468
Fairleader location (from bot- 50 0.3906
tom) [m]
22 &4 =4
sho] gk 003l g oh(Head sea)o]al £
= |EC61400-3 Annex B2] JONSWAP ~#HE 7S
Mgt 4 @) 2
i7 2
- wof 2
f exp| —0.5| p
SJs(f)—ﬂeXp(—l'%(f—) a (€
P
a=(1-0.287Inv)~
-5
520.3125H§Tp(i)
fr
c=0.07 for f < fp
o =0.09 for f> fp
S(f): JONSWAP
(Joint North Sea Wave Project) Spectrum
H : Significant wave height
Tp : Peak period
J : Wave frequency
fp : Peak frequency
~ : Peak-shape parameter
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Table 3: Condition of irregular wave

Sea state 5 6 7 8
Hs (Significant
wave height) [m] 3.66 5.49 9.14 | 15.24
Peak frequency | o 5476 | 0.5560 | 0.4620 | 0.3696
[rad/s]
Frequenc| from | 0.389 | 0.334 | 0.277 | 0.222
y range to 1.643 | 1.411 | 1.172 | 0.938
Gamma 3.3 33 3.3 3.3
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¢, incident wave potential

¢, diffracted wave potential
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Figure 2: Translation mode wave exciting force
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Figure 3: Rotation mode wave exciting force
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Figure 4: Force-Translation mode added mass
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Figure 5: Moment-Rotation mode added mass
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Figure 7: Force-Translation mode damping
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Figure 8: Moment-Rotation mode damping
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Figure 9: Force-Rotation & Moment-Translation

mode damping
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Table 4: Analysis condition

Case Wind | Hydro data
Model test(1, 2, 3) - -
AQWA 0 -
FAST(KR) 0 WAMIT
FASTWithAQWA(KR) 0 AQWA
FASTwithAQWA(winds,
11.4 mis) 8,11.4 AQWA
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Figure 12: Pitch RAO
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Heave Motion Spectrum(Seastate 5)
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Figure 14: Heave motion spectrum (Sea state 5)

Pitch Motion Spectrum(Seastate 5)
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Figure 15: Pitch motion spectrum (Sea state 5)

Heave Motion Spectrum(Seastate 6)
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Figure 16: Heave motion spectrum (Sea state 6)
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Figure 17: Pitch motion spectrum (Sea state 6)

Heave Motion Spectrum(Seastate 7)

* Modeltest] = Modeltest?
s Modeltest3 ACWA |
FAST = FASTIAQIWA) |
FASTIACIWA) (wind11.4m/s} FASTIAGWA) {wind@m/s) i
10
9
whe
B a® =
¥ =
? g *
g ; : .
| | *
B° .
g ? 2
- « .
3 1 x
2 ! x
. x
1 - o
o _j T 0 ¢ M
o 02 04 06 08 1
Frequency [rad/s)

Figure 18: Heave motion spectrum (Sea state 7)
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Figure 19: Pitch motion spectrum (Sea state 7)
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Heave Motion Spectrum(Seastate 8)
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Figure 20: Heave motion spectrum (Sea state 8)

Pitch Motion Spectrum(Seastate 8)
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Figure 21: Pitch motion spectrum (Sea state 8)

Table 5 Motion according to Sea State using mo-
tion spectrum

Average am- | Significant Avgrage am-
Sea plitude amplitude pI|tud_e of
state 1/10 highest
Heave| Pitch |Heave| Pitch |Heave| Pitch
(m) | (deg) | (m) | (deg) | (m) | (deg)
5 10.281|0.839|0.449 | 1.342 | 0.573 | 1.171
6 |0.602|1.554|0.962 | 2.486 | 1.227 | 3.169
7 |1.440|3.218 | 2.304 | 5.148 | 2.938 | 6.563
8 [3.282|7.082 | 5.251 | 11.332| 6.695 | 14.447
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