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A Study on the Global Motion Performance of Floater and
Mooring Due to Arrangement of Detachable Mooring System

Kangsu Lee, Hyun-Sung Kim~ and Byoung Wan Kim™

Key Words : Floating offshore wind turbineFOWI) (774 3§55 E/E/¥]), Detachable mooring system (Z-37A/77AI228),
Mooring tension (774} 3E)), Motion analysis (2&3)4]), High order boundary element method
(ZAFAL2H), Finite element method (%324 %)

ABSTRACT

In this study, the global response characteristics of floater and mooring for floating offshore wind turbine with
a detachable mooring system are performed. Global motion and structural response result extracted from the
coupled motion analysis of 10MW DTU floating offshore wind turbine with detachable mooring system modeled
by high-order boundary element model and finite element mesh, were used to study the characteristics of tension
on mooring lines subjected to three different types of ocean loads. Breaking limit of mooring line characterized
by wind, current and wave load has a major effect on the distribution of mooring tension found in time domain
analysis. Based on the numerical results of coupled motion analysis, governing equation for calculating the motion
response of a floater under ocean loads, and excitation force and surge motion and tension respectively are
presented using excursion curve. It is found that the response of floater is reliable and accurate for calculating
the tension distributions along the mooring lines under complex loadings. This means that the minimun breaking
limit of mooring system satisfied a design criteria at ultimate ocean environmental loading condtions.
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Table 1 Ocean environmental conditions of installation site

Significant height (Hs) 812 m

Wave Modal period (Tp) 13 s

Shape parameter (g) 1.655

Heading angle (b) 180 deg
Wind speed 41.09 m/s

Wind Heading angle 180 deg
Current Current speed 169 m/s
Heading angle 180 deg

Table 2 Specification of floating offshore wind turbine with
detachable mooring system

Tipe DY.‘U(D.enmark Technical
University) 10MW Model
Water depth 150 m
LengthxBreadth 86.3x97.903 m
Height
(bottom to hub) 158 m
Draft 2315 m
Wind Turbine System 12058 ton
KG'GM 19.796/21.954 m
Ixx/Iyy/ 12z 2384el10/2.568¢10/1.681e10 kg-m2
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Table 3 Specification of Detachable mooring and Chain

system
Tipe DY'U(D.cmznark Technical
University) 10MW Model

Tipe Chain (R4S)

No of lines 3 (in-between angle=120 deg)

Diameter (d) 132 mm
MBL 1771282 kN

Axial stifihess (EA) 1.760e9 N

Mass per length

(dry/wet) 381586/ 331761 kg/m

Total length (1 line) 942406 m
Total mass (1 line) 393529559 kg
Fairlead 1‘?0177 12 m
water—line
From anchor to firlead 900 m
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Table 4 Result of mooring line tensions

Environment Tensions at FCS [tonf]
Initial layout 236
Initial+wind+current 800
Initial+wind+current+wave 1,430

At YZHE AT 204 In-house codeS AH-&3}
of BAAALALY, AFAS FHearyes B8 A4
(coupling)ate E2AIF7E 4858 F-HrAlel sl Azt
49 53 A& (surge, heave, pitch) =4S
ol SHEAY AR e 54s uHE
T3 AFALE SIA YRR, SAIAANE A5
o] Z7Fe AdAdl B HNE FIYsA
2 A8 T3 ve, 2/, ggeEo® Uro] 77t
o] g EE AFSHEHA AAsE HFESE 43
A gEstgol HAY AwWAAS & F ATk F
T orhekst slatEet FEUvY SAGEHE 1Y
ate] 244 SdEE gEAFA A" Ao vA =
gaky} AR gy RHAe A4ES wesle] o
At st AgsiAe]l ed "ol vk
3, Bol= 3 uwep wAsE duwoldS
st AA9 djje] aEojxfof & o]t}

32

=7

B ATE ALY AN 71400
WA (RFAV A1 E B - FRope APoR

FORA AYEE 2RY ARNSY A%EH)
W3 20213000000030, 74 A4S PNS4560) ZhA ol A
SR8 ATAd F ARPL wale, A7l A9
GRS R

{2

]

[1] Hong SY, Kim JH, Cho SK, Choi YR, and Kim
YS, 2005, “Numerical and experimental study
on hydrodynamic interaction of side-by-side

moored multiple vessels”. Ocean Engineering
Vol. 32, pp 783-801

[2] Bak, Christian, 2013, "The DTU 10-MW Reference
Wind Turbine”, Denmark Technical University

[3] Kim BW, Sung HG, Kim JH, and Hong SY, 2013,
“Comparison of linear spring and nonlinear
FEM methods in dynamic coupled analysis of
floating structure and mooring system”. Journal
of Fluids and Structures Vol. 42, pp 205-227.

[4] Newman JN, 1985, "Algorithms for the free-
surface Green function”, Journal of Engineering
Mathematics Vol. 19, 57-67.

[5] Choi YR, Hong SY, and Choi HS, 2005, "An

of

floating  bodies

analysis second-order wave forces on

by wusing a higher-order

boundary element method”, Ocean Engineering
Vol. 32, 117-138

[6] Park HJ, Kim JS, and Nam BW, 2023, “Numerical
Analysis for Motion Response of Modular
Floating Island in Waves”, Journal of Ocean
Engineering and Technology Vol. 37(1), pp.8-19

[7] IEC, 2019, Design Requirements for Floating
Offshore Wind Turbines, p. 26~27.

[8] DNV-GL, 2018, Floating wind turhine structures,
p. 126~136.

[9]1 Kim MJ and Shin HK, 2020, “A Study on
Environmental Conditions for the Estimation of

Stability of Floating Offshore Wind Turbine

SEMEUXNE - M143, M2=, 2023



SR HRAIAY BiROl G2 RRA HYTIEC 25 Y ARLSO Bet 47

Systems”, Journal of Wind Energy Vol.11(4) Around Semi-submersible Platform Through
pp.o-11 Model Test: Focusing on Comparison of Wave
[10] Nam HS, Park DM, Cho SK, and Hong SY, Probe Characteristics”, Journal of Ocean
2022, “Analysis of Relative Wave Elevation Engineering and Technology Vol. 36(1), pp.1-10

SFENUXNNE: M14A, M2=, 2023 33



