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Abstract: As a kind of lightweight porous metal with both structural and functional performances, aluminum foam presents
excellent damping, energy absorption protection, electromagnetic shielding, and other characteristics. Hence, aluminum
foam shows broad application prospects. To improve and expand the application of aluminum foam in various industrial
fields, the finite element simulation of aluminum foam emerges, and the simulation models are constantly improved. This pa-
per focuses on the bubble modeling in aluminum foam simulation, summarizing the construction methods, research results,
and the advantage and disadvantage of each model. Additionally, the development trend of aluminum foam simulation model-
ing is prospected, such as incorporating 3D reverse reconstruction technology into the modeling process and integrating theo-
retical analysis, simulation modeling, and experimental research.
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Table 1 Cubic cell structure parameters and relationships with relative density

Cell type Cell structure Ratio of sphere radius Equations of relative density
Prs 8m T
. Open-cell 1/2 < r./a < N2/2 — = —(r/a)’ = 3m(r/a)’ + — + 1
Single-centered Ps 3 4
cubic cell model o 4
Closed-cell 0<r/a<1/2 — =1 —T(rs/ll)3
Ps
p 80 2
Open-cell N2/4 < ri/a < 6/6 AL —ﬂ(rl-/a)3 - 12«/§1T(r1»/a)2 + £’n’ +1
Face-centered P, 3 2
cubic cell model p 16
Closed-cell 0 < r/a<2/4 Z-1- ;(rf/a)3
Ps
Py 52w J3007
Open-cell 1/2 < ry/a < 342/8 b T3 (ry/a)® = (7 +4Bm)w(r,/a)* + (T + E) ™+ 1

Body-centered
ody-centere Partial open-cell J3/4 < n/a < 1/2

cubic cell model

Closed-cell 0 < r/a<-3/4

p 3
2 = 8w(ry/a)’ - 4SB3w(ry/a)? +§1‘r +1
P,

P 8
™oy —TF‘T(rb/a)3
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Unit cells Arrays

Bravais Lattices 3D-printed samples Numerical models with manufacturing-induced defects
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Fig. 1 Single cells and the three-dimensional solid models of three cubic cell models! !
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Fig.2  Simulated deformation failure modes of three cubic cell models under quasi-static compression and comparisons with experimental results
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Fig. 3 Gibson-Ashby model ¥ . (a) single cell model, (b) tensile displacement and stress contour
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Fig. 4 Modeling steps for Kelvin modeled structure >
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Fig. 5 Modeling steps for three-dimensional random polyhedral aluminum foam model (a) and simulated stress-strain curve during quasi static

compression (b) (31, 32]
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Fig. 6 Voronoi model: (a) 2D Voronoi > ; (b) external wall of the building Water Cube and (c¢) 3D Voronoi'**)
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Fig. 7 Simulation for compression test based on Voronoi model (a) and simulated stress-strain curve and comparison with experiment result (b)
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Fig. 8 Flow chart of three-dimensional reconstruction model construction
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