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ABSTRACT: This paper reports the conceptual design process for a floating metocean data measurement system (EMDMS) for measuring wind
information at sea. The FMDMS consists of three circular pontoons, columns, and a deck, which the LiDAR (lighting detection and ranging) is
installed on. The dynamics of the mooring lines and motion responses of the FMDMS were analyzed using commercial codes such as WAMIT and
OrcaFlex. One design criterion of the developed FMDMS was to maintain the motion responses as small as possible to enhance the LiDAR's accuracy.
Starting with the preliminary design parameters such as the FMDMS'’s principal dimensions, weight, and important parameters of mooring system,
we checked whether the FMDMS met the design requirements at each design stage, and then made modifications as necessary. The developed FMDMS

showed a large pitch behavior for a small heave motion.
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Fig. 1 Design procedure of a floating offshore structure
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Fig. 2 Conceptual design of a FMDMS

Table 1 Specifications of the FMDMS

Item Unit Value
Mass [ke] 15,705
Draft of main column [m] 4375
Column spacing [m] 5.5
Diameter of main column [m] 0.609
Diameter of pontoon [m] 3.0
Moment of inertia (about center of gravity) [kg - m*] 161,150.74
Center of gravity from SWL (z.) [m] -0.9928
Metacentric height GM [m] 6.35
Heave natural period [s] 2.73
Pitch natural period [s] 3.07
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Fig. 3 Wave conditions at Waljeong sea
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Table 2 Design wave conditions for mooring system

Wave (JONSWAP spectrum)

Current speed Wind speed

Condition
Hs [m] Tpe [s]

¥ at surface [mv/s] (10m above SWL) [nvs]

Extreme (1 year return period) 5.74 10.81

22 1.140 18.36
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Fig. 4 Numerical model of FMDMS for WAMIT commercial code
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Table 3 Specifications of mooring line
Item Unit Value

Chain type — Grade R3 Studlink
Chain diameter [mm] 40

Dry weight [kgF/m] 35.04

Wet weight [kgZ/m] 30.47
Minimum breaking load (MBL) [kN] 1,280

Axial stiffness (EA) [kN] 161,600
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Wave ML1
ML3
(a) Side view (b) Top view
z z
X
Arclength =40 m
Arclength=34m
- KA7614m N\83.635m
< N 48.286m
(c) ML1(110m) (d) ML3(110m)
Fig. 6 Mooring system of FMDMS
Table 4 Mooring coordinate
) . ) ) Fairlead Anchor
Mooring line length Mooring line number
x [m] y [m] z [m] x [m] y [m] z [m]
MLI1 -3.175 0.0 -4.52 -44.784 0.0 -30
55m ML2 1.585 29 -4.52 22.371 38.903 -30
ML3 1.585 2.9 -4.52 22.371 -38.903 -30
ML1 -3.175 0.0 -4.52 -99.748 0.0 -30
110m ML2 1.585 2.9 -4.52 49.871 86.535 -30
ML3 1.585 2.9 -4.52 49.871 -86.535 -30
MLI1 -3.175 0.0 -4.52 -142.598 0.0 -30
150m ML2 1.585 2.9 -4.52 71.297 123.644 -30
ML3 1.585 2.9 -4.52 71.297 -123.644 -30
Fig. 6d°l ML13} ML3(=ML2)°ll tfsiA YepAtt. 28]a A 300 . e
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ZF AR Aololl whE By 548 AWRua QxAl |
1 :
X AlF(Offset numerical test)= AAI3FS 3, 11 AAE Fig. 790 200 v
eI drbd oz Holo] =3 ol g E|7t SVl wht z -
AP o g ZHo] Frletthrt 44 78] olF e g Folrt olF g 150 foa
S ARl WA FAA AF ol vidYHew g4 ¢ S
100 A

3| F7kehe AFS HAth E39 olFATS e o] 49
BAE Bole 732 AT Zol7t Aold45 F7lstinh

LR AFA = BAE A= AR AEe HYgte] Al
T AL E(MBL) R} Yot afm AA|7] ol A
BAAFE Frefojof Atk B ATolAE ABS(American
Bureau of Shipping)®] A7 7]%-& WHITHAPL 2005; ABS, 2013).
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Fig. 7 Results of offset test for each mooring line
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Fig. 9 (a) 3D CAD drawing, (b) Experimental model

Tension . .
Mooring line length [m] ML1 : Anchor block weight in
Tax [KN] Safety factor ~ ABS compliance (Y/N) air [ton]
Fairlead 315 4.06 Y
55 77.11
Anchor 252 5.06 Y
Fairlead 234 5.46 Y
110 51.22
Anchor 192 6.66 Y
Fairlead 224 5.70 Y
150 44.44
Anchor 170 7.49 Y
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Table 6 Specifications of experimental model and mooring line

Item Unit Value
Mass [ke] 15.92
Draft [m] 0.4382
CoG from SWL(z.) [m] -0.099
Pitch moment of inertia (about CoG) [kg'm?] 1.6832
GM [m] 0.6309
Depth [m] 2
Mooring length [m] 11
Mooring weight in water per unit length [kgZ/m] 0.3
Heave natural frequency [rad/s] 8.267
Pitch natural frequency [rad/s] 5.764
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Fig. 10 (a) Configuration of model and mooring lines, (b) Experimental

model in wave tank
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Table 7 Regular wave conditions

Jeongrok Kim et al.

Case 01 02 03 04 05 06 07
w [rad/s] 8.98 8.38 7.85 7.39 6.98 6.61 6.28
H [m] 0.023 0.026 0.030 0.023 0.025 0.028 0.031
HI\ - 0.03 0.03 0.03 0.02 0.02 0.02 0.02
Case 08 09 10 11 12 13
w [rad/s] 5.98 5.71 5.46 5.24 4.83 449
H [m] 0.034 0.038 0.041 0.045 0.053 0.061
H/\ - 0.02 0.02 0.02 0.02 0.02 0.02
Table 8 Irregular wave conditions (JONSWAP spectrum)
Case 101 102 103 104 105
H, [m] 0.1 0.1 0.102 0.107 0.055
W, [rad/s] 2.61 3.24 224 3.07 3.29
vy - 1.0
1.6 23709 EEOR Qe WA 9 HA o] HA 27151
14 || o T 7] WFog AlEEch
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Table 9 Experimental results for irregular wave

Case Hs (253)1/3 (255)1/3

[m] [m] [deg ]

101 0.1197 0.0568 20.5875

102 0.1107 0.0637 242575

103 0.1047 0.0477 17.0323

104 0.1152 0.0638 23.5961

105 0.0574 0.0356 16.0076
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