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Structural optimization design of ship bow considering
uncertain loading effects
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(1. Dalian Naval Academy, Dalian 116018, China; 2. Qingdao Innovation and Development Base, Harbin Engineering
University, Qingdao 266000, China)

Abstract: High-speed vessels face significant challenges in optimizing bow structures under slamming loads
due to uncertainties in load magnitude and spatial distribution. This paper proposes a multi-stage topology
optimization method integrating load uncertainty analysis and manufacturing constraints to balance
lightweight design and engineering feasibility. Firstly, the uncertain loads are converted into multi-scenario
worst-case loading problems. Through an iterative "critical load scenario-topology optimization" process, the
critical load positions are dynamically updated. Then, a topology optimization strategy based on the Solid
Isotropic Material with Penalization (SIMP) method is employed, incorporating geometric/manufacturing
constraints to progressively derive an optimal stiffener layout that meets strength and stiffness requirements.
Each iteration retains prior design outcomes and updates worst-case load scenarios to achieve progressive
adaptation to uncertain loads. Finally, multiple iterations and geometric reconstruction convert high-density
element clusters into manufacturable stiffener configurations. Finite element verification demonstrates that
the optimized bow structure exhibits significantly reduced maximum displacement, more uniform multi-

scenario responses, and compliance with lightweight and safety requirements. This method effectively
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addresses the computational burden of double-layer nested optimization, offering a novel approach for
structural optimization of high-speed vessel bows under stochastic slamming loads.
Key words: bow slamming; uncertain loading effect; structural optimization; stiffend structure; lightweight
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Fig.3 Displacement amplitudes of bow bottom under 10 possible load conditions
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Tab.1 Values of objective function in last ten steps of iteration history

Iter.Num Obj.(x10%) Iter.Num Obj.(x10°)
27 2.594 32 2.482
28 2.574 33 2.463
29 2.552 34 2.447
30 2.528 35 2.434
31 2.504 36 2.422
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Fig.6 Initial bow design and initial maximum load condition for the second optimization stage
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Tab.2 Comparison of displacement values before and after reinforcement

TH eRTECRA A /mm ERASE/mm || T AR /mm R RO /mm
1 21.03 14.26 6 26.08 17.79
2 23.12 15.84 7 23.29 16.82
3 26.56 17.46 8 21.46 15.72
4 28.55 18.46 9 21.45 14.70
5 27.64 18.36 10 21.34 13.62
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