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Rapid 3D Modeling of Porous Metal Fiber Sintered Felt with Multi-Scale Morphology

XU Zhi-Jia, WANG Qing-Hui, LI Jing-Rong
(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Porous metal fiber sintered felt is a type of new functional materials. This paper focuses on implementing the digital design of
its multi-scale morphology. First, considering the self-affine fractal characteristics of the microtopography of machined metal surfaces, a
previously developed mathematical method combining Weierstrass-Mandelbrot fractal geometry and triply periodic minimal surface is
extended. In addition, the marching cubes algorithm is optimized according to the structure characteristics of sintered felt, so as to
improve the efficiency of establishing its geometrical model. Meanwhile, a parameter representation method is introduced to drive the
fractal TPMS model to adjust and control the morphology of sintered felt. The sample analyses warrant the higher efficiency of the
proposed method and the ability of modeling and controlling multi-scale morphology of sintered felt. The effectiveness of the proposed
model is also validated through numerical simulation and comparisons with other methods. The proposed approach can be directly used to
describe the multi-scale morphology of other functional materials, thus facilitating the development of the corresponding numeric
simulation technology.
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Fig.1 The morphology of PMFSF with porosity of 80%
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Fig.3 Reconstructed models of PMFSF based on the multi-scale F-TPMS model
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Fig.4 PMFSF models with different morphology parameters constructed based on F-TPMS
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Fig.5 Efficiency of the optimized MC algorithm at different resolutions for single fiber generation
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Table 1 Efficiency analyses of constructing single fiber at different resolutions

R AR A SR YR LB K 2R ) By

IR No to (s) Nn tn (s)
64 4004 0 3980 14
128 15 146 1 15112 112
256 64 976 7 65 140 903
512 358 236 40 357 242 7 560

Table 2 Efficiency analyses of constructing PMFSF with porosity of 70%
2 70%FLERH T A K PMFSE JL AR R () 2805 43

0 R = MR TSV SRR (s) TS AR E I (s)
e fe/128 471 813 8553 37 114
k1256 1987 447 2119 3786
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Fig.6 Permeability K of PMFSF with different
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