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Abstract — This study aims to review a topology optimization based on finite element analysis (FEA) for concep-
tual design of platform in the 10MW class floating type wave-wind hybrid power generation system (WHPGS).
Two topology optimization theories, density method (DM) and homogenization design method (HDM) were used
to check which one is more effective for a simplified structural design problem prior to the topology optimization
of platform of WHPGS. From the results of the simplified design problem, the HDM was applied to the topology
optimization of platform of WHPGS. For the conceptual platform design of WHPGS, FEA model was created and
then the structural analysis was performed considering offshore environmental loads at installation site. Hydrody-
namics analysis was carried out to calculate pressure on platform and tension forces in mooring lines induced from
the offshore environmental loads such as design wave and current. Loading conditions for the structural analysis
included the analysis results from the hydrodynamic analysis and the weights of WHPGS. Boundary condition was
realized using inertia relief method. The topology optimization of WHPGS platform was performed using the
HDM, and then the conceptual arrangement of main structural members was suggested. From the results, it was
confirmed that the topology optimization might be a useful tool to design the conceptual arrangement of main
structural members for a newly developed offshore structure such as the floating type WHPGS.
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(a)
Fig. 1. Design domain; (a) rectangular microstructure, (b) hexago-
nal microstructure, (c) discretized element (Lim et al. [2006]).
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Table 1. Mechanical material properties and principal dimension of
cantilever solid structure

ial Young’s modulus Poisson’s Density
Materia (GN/m?) Ratio (ke/m’)

property
210.0 0.3 7.85E+3

Dimension Length x Height x Width =300 mm x 50 mm x 100 mm

All fixed

1000 N

Fig. 2. Finite element model of cantilever solid structure.
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Fig. 3. Topology optimum shapes of solid structures by HDM (upper)
and DM (lower).
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Table 2. Comparison of mass and strength performances

Topology optimum design

Contents Initial design
HDM DM
Mass [kg] 11.775 7.065 7.289
Max. vonMises stress [MPa] 12.8 13.2 13.1
Max. deformation [mm] 0.201 0.303 0.299
MOORING LINE
STUDLESS R4 CHAIN
OD: 5 3/8" (W/O CORROSION)
DRY WEIGHT : 0.374 MT/m
MWL EL 0.0

WET WEIGHT : 0.322 MT/m
MBL : 16894.3kN
TOTAL LENGTH : 500000
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Table 3. Principal dimensions of WHPGS platform and mechanical
properties of mooring line

Width x Length x Height

150m x 150 m x 27 m

Draft; Freeboard 15m; 12 m
Displacement 23,285 Ton
z\lfgfl‘:) ?nsl Center of mass (CM) above keel 13.42 m
Roll radius gyration 59m
Pitch radius gyration 59 m
Yaw radius gyration 79 m
Mooring Number of mooring lines and type ~ 4; Catenary type
line Line stiffness 1,377 MN
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Fig. 7. Optimum topology results from 2.5 m-sized solid element model
(upper) and 5.0 m (lower).
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