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Sensitivity Evaluation and Approximate Optimization
Analysis for Structure Design of Module Hull Type
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{Abstract)

Recently, domestic leisure boats have been actively researching eco-friendly product
development to enter the global market. Since the hulls of existing leisure boats are
mainly made of fiber reinforced plastic (FRP) or aluminum, design techniques for
securing structural safety by applying related materials have been mainly studied. In
this study, an initial structural design safety assessment of a trimaran pontoon leisure
boat with a modular hull structure and eco-friendly high-density polyethylene (HDPE)
material was conducted, and sensitivity evaluation and optimization analysis for
lightweight design were performed. The initial structural design safety assessment was
carried out by creating a finite element analysis model and applying the loading
conditions specified in the ship classification regulation to check whether the specified
allowable stresses are satisfied. For the sensitivity evaluation, the influence of stress
and weight of each hull structural member was evaluated using the orthogonal array
design of experiments method, and an approximate model based on the response
surface method was generated using the results of the design of experiments. The
optimization analysis set the thickness of the hull structural members as the design
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variable and considered the optimal design formulation to minimize the weight while
satisfying the allowable stress. The algorithm of the optimization analysis applied the
Gradient-population Based Optimizer (GBO) to improve the accuracy of the optimal
solution convergence while reducing the numerical cost. Through this study, the

optimal design of a newly developed eco-friendly trimaran pontoon leisure boat with

a weight reduction of 10% was presented.

Keywords  Trimaran Pontoon Leisure Boat, Modular Hull Structure, Structural
Design Safety Assessment, Sensitivity Evaluation, Weight Reduction
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Table 1. Material properties of HDPE and 5083

aluminum
Mechanical property HDPE Al-5083
Density (g/cm?) 0.97 2.7
Tensile strength (MPa) 52 275
Yield strength (MPa) 37 125
Elastic modulus (MPa) 1,200 7,200
Table 2. Principal dimensions
Mechanical property Value
Length Over All (LOA) 8.80m
Length Between Perpendicular (LBP) 8.63m
Moulded Breadth 3.00m
Moulded Depth 0.82m
Draft 0.36m
Hull weight 0.69ton
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Fig. 2 Finite element modeling
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Table 3. Definition and level for design variables
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Table 4. Design sensitivity evaluation results

Design Response effect value

variables W(IX_]‘D%ESS N(ﬁlx: S{S)g;;s Weight | Average
dg, 0.741 0.324 0.087 | 0.384
dp, 0.643 0.111 0.136 | 0.297
dp 0.032 0.015 0.025 | 0.024
dag, 0.022 0.087 0.300 | 0.136
dyg 0.006 0.142 0.583 | 0.244
dy 0.022 0.063 0289 | 0.125
dp, 0.022 0.027 0.041 | 0.030
dps 0.009 0.023 0.064 | 0.032
dp, 0.005 0.014 0.024 | 0.014
dyp, 0.178 0.913 0.643 | 0.578
d 4, 0.057 0.042 0202 | 0.100
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Table 5. Optimization results for population size variation

Lo dan dp, dp, drs 9oy 9,, Ifw
Population size (m) (mm) (cam) (cum) MPa) MPD) (om)
50 4.09 5.64 5.02 5.04 18.01 32.90 0.627
60 4.15 6.14 5.02 5.08 17.00 31.48 0.635
70 4.04 5.22 5.51 5.62 17.69 35.09 0.649
80 4.38 5.14 6.13 5.07 16.74 34.65 0.643
90 4.49 5.07 5.34 5.02 18.78 30.25 0.642
100 4.04 5.00 5.03 5.72 19.45 32.94 0.650
110 4.35 5.11 6.14 5.01 16.74 35.30 0.641
120 4.19 5.32 5.87 5.01 16.73 35.93 0.632
130 4.01 5.00 5.00 5.65 19.50 33.37 0.645
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