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Analysis of 3D Geometry and Compressive Behavior of
Aluminum Open Cell Foam Using X-ray Micro CT
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Abstract

The three dimensional geometries of an aluminum open cell foam before and after uniaxial compressive loading were
investigated using the X-ray micro CT(computed tomography). Aluminum 6101-T6 open cell foams of 10, 20, 40 ppi
(pore per inch) were considered in this work. After the serial sectioning CT images of aluminum foams were obtained
from non-destructive X-ray images, the exact 3D structure were reproduced and visualized with commercial image
processing program. The relative density ratio was around the 7.0 to 9.0 range, the unit cells showed anisotropic shapes
having the different dimensional ratios of 1.1 to 1.3 between the rise and the transverse directions. The yield stress
increased with the relative density ratio and the volumetric strain increased proportionally with compressive strain. The
plateau stress in the compressive stress-strain curve was caused by the buckling of ligaments.
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Fig. 1 Main automotive application fields of structural
metal foams[1]

28 =), Jangd} Kyriakideso 71& Fe] v
A Tz T W] A4S £A8H3 e m[5],

P TS L S/ RAg HHw oo Y

1217 &4 (analytical analysis)<

V% Aol he
5 e

Aizoll= vholAR CTE o) 8she] Wejale]
25 #9std ol& AAREstste] FIa A
of gtz sh= A7k AL Uk Jeonsh

AAE F5 Fo detel 35 Fo
3% A ge-wg

Asahina[7]

ol H
¥ AeS v B850, A el Aol o4
Aol mA= JFS BASAT ob2# Jeon
8] mlelaZ CTE &8sty #HA8 &Fvg
o w9l AAYS AL {38 AdE A
= F3 A H(cell wal)®] 71A% EA4E& F43t
i, dEATE UA}O} Q). 3 Takano T& wf
olZ2 CT9 fdtes si4s olgsto 7MWy
ElolElg 9 7& % E‘:é o &3l 9], e
Duocel FEje] 7Mad w4 Fod gk {3243
A 740l 3t 04%1% 2 A3 Adejolt

2 dAqe mlola® CTE &83 /Iy 4%
g Fo HE2AY %"&&i‘ﬂ*—i 7le MEE
Exoz AzE) ol & = 1=

Mo

SOLIDIFICATION IN OPEN CELL MOLD

1. Preform 2. Burnout

@ Casting slurry (sand) HO co
Polymer n [ X7
l 1S od
igaments = J Open i
channels 1" ,,J
Mold - A SES
material Y]
Pressure
3. Infiltrate ‘ Molten metal

4. Remove Metal
mold , G e ligaments
material - -

Fig. 2 Investment casting method used to manufacture
open cell foams (DUOCEL process)[3]
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Table 1 Chemical composition of 6101-T6 (wt %)[2]
Al B Cr Cu Fe Mg Mn Si Zn
Bal. <0.060 <0.030 <0.10 <0.50 0.35-0.80 <0.030 0.30-0.70 <0.10
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Table 2 Geometric parameters of 6101-T6 foams

Exp.No. | £-(%) (mrgn) A= :}—2 (mem)
(a) 10 ppi
10-1 8.75 5.99 1.32 1.73
10-2 8.66 6.77 1.17 1.70
Ui - 10-3 8.82 6.19 1.29 1.61
Fig. 3 The representative specimens of Al open cell Ref. [7] 8.23 4.68 1.27 1.78
foam with different pore density Ref. [10] 7.60 292 1.54 1.3640.42
(b) 20ppi
20-1 7.28 4.31 1.05 1.51
20-2 7.35 4.37 1.37 1.32
20-3 7.11 4.53 1.36 1.32
Ref. [7] 7.50 3.57 1.24 1.22
Ref. [10] 7.50 1.88 159 | 0.94+0.41
(c) 40ppi
40-1 7.45 3.71 1.32 1.09
40-2 7.30 3.37 1.13 1.07
40-3 7.42 4.36 1.34 1.05
Ref. [7] 7.54 2.93 1.18 1.04
Ref. [10] 7.80 151 1.58 0.69+0.22

Relative density ratio = %*, p =2,690kg/m®
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Fig. 5 Typical compressive yielding behavior of 10ppi
open cell aluminum foam
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Fig. 8 Deformed configurations at 40% compression
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Fig. 9 Compressive response for 40 ppi specimens

Fig.10 Deformed configurations of 40 ppi specimen
with respect to different compressive strains:
(a) 20, (b) 40 and (c) 60%
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