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Tensile Behaviour of Foamed Metal Matrix Composite Using Stochastic FE Model

Seong-Sik Cheon ™

ABSTRACT

In this paper, a modified and representative unit cell model was employed to stady the tensile behaviour of
closed-cell metallic foams with varying spatial density distribution as well as material imperfections. The density
variation was assumed to follow a statistical probability distribution of the Gaussian type. A multiple cell finite
element model, utilising the modified unit cell, was developed. The model exhibits deformation patterns similar
to those observed in tensile testing. The nominal stress-strain curve obtained from quasistatic tensile of the
foam was compared with experimental findings and was found to be in good agreement in the scheme of
maximum strength only if the appropriate density distribution and volume fraction of internal imperfections are
taken into account. Moreover, maximum tensile strength of the aluminium foam was found to be more sensitive
to the volume fraction of imperfection than standard deviation of the density.
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Fig. 1 Suiface of closed-cell aluminium foam.

Table 1 Ingredients in aluminium foam

Ingredients Weight ratio(%)
Si 8.5-9.5
Fe 0.2
Cu 0.2
Mg 0.45-0.65
Ti 0.2
Miscellaneous 0.02
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Fig. 2 Modified unit cell meodel: (a) orthogonal view, (b) oblique

view.
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Table 2 Material properties of shell elements[2,12]

Properties Modified unit cell :}];‘c’[’i
Specific gravity 2.77 7.8
Young's modulus 69 GPa 200 GPa

Yield stress 87 MPa n/a
Poisson's ratio 0.3 0.33

(a) (b) () (d)

Aefy -

Fig. 3

Comy iv ion of diried unit cell FE medel: (a)
£=0.1%, (b) 25%, (¢) 50% and (d) 75%.
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Fig. 4 Nominal stress-strain curve of modified unit cell.
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Table 3 Number of finite elements

Relative density(%) Probability(%) Number of elements

less than 1.4 0.0009 -
1.5- 2.4 0.0064 1
2.5- 34 0.0412 5
3.5- 44 0.2075 24
45- 54 0.8178 94
5.5- 6.4 2.5222 290
6.5- 7.4 6.0887 700
7.5- 84 11.5057 1,323
8.5- 94 17.0209 1,957
9.5-10.4 19.7131 2,267
10.5-11.4 17.8747 2,056
11.5-12.4 12.6891 1,459
12.5-13.4 7.0519 811
13.5-14.4 3.0679 353
14.5-15.4 1.0447 120
15.5-16.4 0.2784 32
16.5-17.4 0.0581 7
17.5-18.4 0.0095 1
more than 18.5 0.0011 -
Total 99.9998 11,500
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Fig. 5 FE model for aluminium foam using modified unit cell.
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Fig. 6 Tensile deformation of aluminium foam: (a) FE amalysis, (b)
experiment.
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Fig. 7 Tensile strength distribution of aluminium foam.
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Fig. 8 Nominal stress-strain curve from the FE result.
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