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An Experimental Study on Dynamic Performance of Large Floating
Wave-Offshore Hybrid Power Generation Platform in Extreme Conditions

Kyong Hwan Kim, Jang Pyo Hong, Sewan Park, Kangsu Lee and Keyyong Hong'
Offshore Plant Research Division, Korea Research Institute of Ships & Ocean Engineering, Daejeon 34103, Korea
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Abstract — The present study experimentally considers dynamic performance of large floating wave-offshore hybrid
power generation platform in extreme conditions. In order to evaluate the motion performance of the large floating
hybrid power generation platform, 1/50 scaled model was manufactured. A mooring line was also manufactured,
and free-decay and static pull-out tests were carried out to check the mooring model. A mooring line table was
introduced to satisfy the water depth, and environmental conditions were checked. Motion responses in regular
waves were measured and complicated environmental conditions including wave, wind, and current were applied
to see the dynamic performance in extreme/survival conditions. Maximum motion and acceleration were judged
following the design criteria, and maximum offset and mooring tension were also checked based on the rule. The
characteristics of hybrid power generation platform are discussed based on these data.

Keywords: Hybrid Power Generation Platform(5% % -3 %), Motion Response(<-& -5 %), Mooring
Tension(ZA5+ “48), Model Test(Z- A1)
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(b) Setup of model
Fig. 1. Hybrid power generation platform model.
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Table 1. Principal dimension of hybrid power generation platform

SR8 9% Aol vk A A 9

Design cases Unit Prototype Model (target) Model (measured) Difference (%)
Water depth m 80 1.6 1.6 0
Displacement MT 26,766 0.21412 0.21478 0.30

Draft (design) m 15 0.3 0.3 0

Deck still water clearance m 9 0.18 0.18 0

Column span (center to center) m 150 3 3 0

Center of gravity above keel m 13.68 0.274 - -
Metacentric height (GM) m 101.3 2.026 2.031 0.25

Roll radius of gyration (Rxx) m 58.66 1.173 - -

Pitch radius of gyration (Ryy) m 58.73 1.174 - -

Yaw radius of gyration (Rzz) m 78.54 1.570 - -
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Table 2. Mooring system
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Fig. 2. One-line restoring curve including pretension.

Strength analysis model

Item Unit Uncorroded chain  Corroded chain
Prototype Model (target) Model (measured)

Chain type R4 Studless R4 Studless R4 Studless Studless Studless
Chain diameter mm 136.525 127.0 136.525 2.73 2.73
Dry mass kg/m 372.8 322.6 372.8 0.15 0.15
Wet mass kg/m 3243 280.6 3243 0.13 0.13

Minimum breaking load kN 16893 14955 14955 0.12 -

Length m 600 600 12.0 12.0
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Fig. 4. Total restoring curve w.r.t platform offset based on the static pull-out test (pretension is not included).
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Table 3. Measuring items & devices

018 25 Ad 5ol et A A+ 11

Measuring item Measuring device

No. of channel (UnitxNo.=Total) Location

6DOF motion
Wave elevation

Optical sensor (RODYM)
Wave probe
Relative wave elevation

Nacelle acceleration 2-axis accelerometer
Mooring load 1-axis load cell

Wind load 3-axis load cell

RBM (wave probe fixed on the platform)

6x1=6 Near the platform center

1x3=3 Platform front, left
1x19=19 Around of platform

2x4=8 Nacelle top
1x12=12 Fairlead
3x4=12 Tower top

Wave, Current, Wind Wave, Current, Wind
(22.5deg) (0deg)
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Fig. 5. Location of sensors.
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Table 4. Environmental conditions
Test condition Wave (Hs, Tp) Current (speed) Wind (speed*) Direction

Survival 100-yr (11.32 m, 15.1 sec)

Extreme 50-yr (9.72 m, 13.98 sec)

100-yr (1.52 m/s)
Rev. 50-yr** (1.00 m/s)

100-yr (48.41 m/s)
50-yr (43.41 m/s)

0.,22.5 deg (COD)***
0.,22.5 deg (COD)***

*Wind speed at 10m above from mean water level.

**Current speed for 50-yr condition was revised from the actual 50-yr condition considering the current speed of other locations e.g. Gulf of Mexico.

***COD : co-directional wave, current, and wind
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Table 6. Model test results

ek o35 - 5718

Headi
caqing - Max. Offset (m) Max. Heave (m) Max. Pitch (deg) Max. Acc. (m/s?) Max. Tension (kN)
Wave Current Wind
Odeg (COD
e (COD) 27.92 2.63 6.12 226 7320.9
100-yr 100-yr 100-yr
22.53deg (COD) 2773 311 5.25 2.07 11182
100-yr 100-yr 100-yr ’ ' ' ’ ’
Odeg (COD)
24.28 222 3.97 1.75 4582.6
50-yr 1 m/s 50-yr
22.5deg (COD)
23.29 2.71 3.76 1.59 6578.8
50-yr 1 m/s 50-yr
Table 7. Motion performances of other platforms
Model Max. Heave (m) Max. Pitch (deg) Environmental condition
Survival condition (100-yr)
WindFloat 4.93 5.77 Hs=13.5m, Tp=17 sec
Vw=25.9 m/s (10 m height), Vc=0.8 m/s
WindSea 10.3 6.2 Survival condition (100-yr) (Details are not presented)
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Item Model test result Criteria Satisfaction
Max. Rotational Motion 6.12deg < 10deg Yes
Max. Acceleration 0.23¢g <0.4g Yes
Max. Offset 34.9%WD <50%WD Yes
Safety Factor of Mooring Line 1.26 > 1.05 (Intact Survival) Yes
2.27 > 1.67 (Intact Extreme) Yes
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