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Abstract: This study proposes finite element modeling of dislocation punching at cooling after consolidation in order to
calculate the strength of particle-reinforced aluminum composites. The Taylor dislocation model combined with strain
gradient plasticity around the reinforced particle is adopted to take into account the size-dependency of different volume
fractions of the particle. The strain gradients were obtained from the equivalent plastic strain calculated during the cooling of
the spherical unit cell, when the dislocation punching due to CTE (Coefficient of Thermal Expansion) mismatch is activated.
The enhanced yield stress was observed by including the strain gradients, in an average sense, over the punched zone. The
tensile strength of the SiC/Al 356-T6 composite was predicted through the finite element analysis of an axisymmetric unit
cell for various sizes and volume fractions of the particle. The predicted strengths were found to be in good agreement with
the experimental data. Further, the particle-size dependency was clearly established.
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Fig. 1 Spherical unit cell model for the elastic-plastic
cooling simulation
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Table 1 Material properties of SiC and Al 356-T6

Material E Poisson’s CTE Flow stress
(GPa) ratio (1 /oC) (MPa)
SiC 427 0.17 43x10°
AL336- 76 0.33 2.36x107 o = 46451
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€
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r
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Fig. 3 Typical plastic strain distribution around a particle
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Fig.4 Finite element meshes of an axisymmetric unit cell
model for 2a=7.5 yum and f=15%
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Table 2 Calculated plastic strain, plastic strain gradient and punching zone size due to cooling

1 (e
s 2 Fo | =] B0 . N PR
(%) (pm) (x107) R (x107 / pm) (4m) *
(x107™)
5 2 16.45 6.12 18.90 0.66 1.66 1.18
5 7.5 15.51 5.90 5.00 2.33 1.62 1.18
5 16 15.60 5.86 2.30 5.02 1.63 1.18
15 2 15.13 5.79 18.40 0.61 1.61 1.17
15 7.5 15.20 5.72 4.80 2.34 1.62 1.17
15 16 15.19 5.78 2.30 4.92 1.62 1.17
25 2 14.76 5.69 18.30 0.60 1.60 1.15
25 7.5 14.87 5.60 4.70 2.32 1.62 1.15
25 16 17.05 5.99 2.30 5.30 1.66 1.15
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