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Abstract
In the simulation study of closed-cell aluminum foam, the internal structure is random and complex,
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and the construction of the simulation model needs breakthroughs. To obtain accurate simulation
results of the aluminum foam, a series of studies were conducted. This research proposes a Voronoi-
based homogenization random point algorithm to establish a high-quality solid model of closed-cell
aluminum foam using the secondary development interface of ABAQUS software. Next, based on the
COMSOL multiphysics simulation platform, the sound absorption coefficient of the perforated closed-
cell aluminum foam is calculated. It was found that for aluminum foam with a porosity of 86%, un-
der the same thickness and hole ratio, when the hole diameters are 0.4 mm, 1 mm, and 1.6 mm, the
model with a hole diameter of 1.0 mm achieves a peak sound absorption coefficient of 0.78. Finally,
a sample with parameters consistent with the simulation model was processed using a high-speed
electrical discharge machine, and the sound absorption coefficient was tested in an impedance tube.
The experimental results were compared with the simulation data, and the results showed that the
simulation closely matched the experimental values.
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Figure 1. (a) 2D Voronoi diagram; (b) 3D Voronoi diagram; (c) 3D Voronoi housing model
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Figure 2. Model comparison diagram

B 2. BB REE

AL ARSI FLBR A e ML TH 5720 SRR U148 07 30, AR IR ) P AL R iR B —
BRA G ILARRR IR, BRI, T, SR ER SR RIS, hAK
A RTZ LR R I ALBR R S Y-

3
S=|1--—|x100% 6
( Paj ©
K p, RAERR)E . dlid Voronoi = 4ERLTY R 1) PFLIGHAR R LR 2 o] F R 2U5R0R
Y w1000
S:@—;J 100% (7

DOI: 10.12677/ms.2026.166145 134 ey PR


https://doi.org/10.12677/ms.2026.166145

Fips 5%

ZH S =4k Voronoi BRI FLERZE, v, A 2L BT AR, VO Voronoi R FLEAR, Sk
BRI SLRR AR TSR TV (a1 B, T Py A28 T 5 A0 Y 1 JEE R S HLAb R A, T D AR ) L B

HEWR:
S:(l—%]xloo% ®)

Xrh D NBCEMEEE, A, BRI, ZAXOERAN, WA Yy 4 RKELRH 7, .

B 3 s B AR SCAARE Y AL AR R Z R L BT A B 3(a) il S
H BhHE N R B R 2 B AR, X LR AT SIE R 22, P S O A% (R 7 B
Fi RS A AR B e 3 R ) PR I B, AR T S AE SR AR, eIk IR 0 30 P LI IR AR
FEEEVERE, ] 3(b) F SEARBE R (KA AR R 1 R R, (A A A SR A R S R

(a) AR R E R (b) SEHBARE A

Figure 3. Schematic diagram of error causes
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Figure 4. Unoptimized model and closed-cell foam aluminum
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Figure 5. (a) Optimization flowchart based on random point homogenization algorithm; (b) Optimized model
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Figure 6. Comparison of Voronoi closed-cell aluminum foam models with different pore sizes and actual materials
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Table 1. Parameters of perforated foam aluminum
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1 15 4~6 0.4 0.8 15 4
2 15 4~6 1.0 0.8 15 10
3 15 4~6 1.6 0.8 15 18
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Figure 7. (a) Perforated closed-cell aluminum foam mesh division model; (b) Simulation Comparison of Sound
Absorption Coefficients for Different Hole Diameters
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Figure 8. Simulated comparison diagram of sound insulation coefficients for closed-cell foam aluminum with different pore sizes
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Figure 9. Actual images of high-speed EDM drilling equipment and closed-cell aluminum foam with different hole sizes:
(a) EDM drilling; (b) 0.4 mm; (c) 1.0 mm; (d) 1.6 mm
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Figure 10. Physical diagram of closed-cell foam aluminum with different pore sizes
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Figure 11. (a) Comparison of sound absorption coefficients of different apertures in the test; (b) Comparison of sound
insulation curves of different apertures in the test
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