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Fig. 1 Venus flower basket and its bionic lattice structure
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Fig. 2 Three dimensional structure model of Venus imitation
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Fig. 3 Three-dimensional model and section view of conventional

underwater vehicle shell structure
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Fig. 7 Application scheme of three loads axial pressure applied
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Lightweight underwater pressure-resistant structure design inspired
by the Venus’s flower basket

CHEN Wen-jiong”, MAOQO Jiang-yu
(School of Naval Architecture and Ocean Engineering,Dalian University of Technology,Dalian 116024 , China)

Abstract; The structure of a Venus flower basket,which lives in the deep sea,has characteristics such as
light weight,high strength, good pressure resistance, making it a kind of typical lightweight and high-
strength biological structure. In this paper, we propose a pressure-resistant shell structure design
inspired by the structure of a Venus Flower Basket and conduct a numerical simulation study on its
pressure resistance performance. Using the 240 mm compartment section as the standard, under the
condition of the same volume,length,outer diameter,and external water pressure,the pressure resistant
performance of conventional underwater vehicle shell structures, two diagonal reinforced shell
structures,and the Venus flower basket-inspired shell structure are compared and analyzed. The results
show that the Venus flower basket-inspired structure has the best strength performance, with the
smallest maximum stress and principal stress. The proposed biomimetic structure is of great significance

for innovative design of underwater vehicles.

Key words: underwater pressure-resistant structure; Venus basket structure; frinite element numerical

analysis;bionic design;light weight
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Multi-scale topology optimization for continuous fiber-reinforced

composite structures

YE Hong-ling”, DONG Yong-jia, XIAO Yang, WANG Wei-wei
(School of Mathematics, Statistics and Mechanics, Beijing University of Technology,Beijing 100124, China)

Abstract: Continuous fiber-reinforced composites are increasingly favored in high-end equipment
manufacturing fields such as aerospace engineering due to their lightweight, high specific strength,and
high specific modulus. Meanwhile,the development of continuous fiber 3D printing technology makes it
possible to fabricate structures with complex geometric configurations and fiber distribution. To
sufficiently utilize the multi-scale designability of composites and obtain better structural properties,a
multi-scale topology optimization method for continuous fiber-reinforced composite structures based on
independent continuous topology variables is proposed in this paper. This method introduces a fiber
orientation interpolation strategy based on principal stresses to determine local optima in the fiber angle
optimization process, and realizes the concurrent optimization design of macro-topology, micro-fiber
orientation and density of continuous fiber composite structures. Topology and fiber orientation design
variables are updated through the method of moving asymptotes ( MMA). Numerical examples are
provided to verify the effectiveness and stability of the proposed method, which has guiding significance

for the structural design and path planning of continuous fiber-reinforced composite structures.

Key words: continuous f{iber-reinforced composites; topology optimization; multi-scale optimization;

principal stress orientation



