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Simulation of mechanical behaviors of SiC reinforced Al matrix
composites by finite element method
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Abstract: The effects of reinforcement shape, volume fraction and matrix type on the mechanical behaviors of Al matrix
composites were studied by finite element method based on the axisymmetric unit cell model. The simulation results
show that the addition of reinforcement particles can inhibit plastic flow of the ductile matrix and result in non-uniform
deformation of the matrix, with the stress concentration presenting around the particle corner. The truncated
cylinder-shaped SiC particles have the maximum inhibition on the plastic flow of the ductile matrix and result in higher
load transferring ability of the reinforcements. When the volume fraction of reinforcements is small, the interfacial area
between the SiC particles and the matrix increases with the volume fraction of the SiC particles increasing, and thus more
load can be transferred from the soft matrix to the hard SiC particles. At the same time, the dislocation strengthening
effect increases with the decrease of the particle interspacing. Different types of Al matrixes have different flow abilities.
During the tensile deformation process, the composite with Al-Zn-Mg matrix has the highest strength due to the higher
strength of Al-Zn-Mg matrix and more load transferred from the matrix to the reinforcement.
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Table 1 Volume fraction and size of SiC particles used in

present study

Specimen Volume fraction/% Size/pm
Pure Al matrix 0,5, 10, 15,20 16.7
Al-Cu matrix 0,5, 10, 15,20 70.7
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Fig. 1 Schematic diagrams of composites with different shaped SiC particles: (a) Spherical; (b) Cylinder; (c) Double-cone; (d)

Truncated cylinder
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Table 2 Material parameters for FEM simulation* '
. 4 BY/ ) Passi.on Elastic
Material n ratio, modulus,
MPa  MPa
v E/GPa
SiC - - - 0.19 431
Pure Al 124 131 0.31 0.33 67
Al-Cu 414 483 0.34 0.33 70
Al-Mg-Si 352 379 038 0.33 69
Al-Zn-Mg 503 572 041 0.33 72

1) Constants for equation (1).
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Fig. 2 Contour of equivalent stress for
composites with different shaped reinforcement
particles and pure Al: (a) Spherical; (b) Cylinder;
(c) Double-cone; (d) Truncated cylinder; (e) Pure

Al sample
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Fig. 3 Experimental and modeling values of stress—strain
curves of pure Al sample and composites with different shaped

reinforcement particles
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Fig. 4 Contour of equivalent stress for Al-Cu alloy matrix composites with different volume fractions of SiC particles: (a) 5%; (b)
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Fig. 5 Stress—strain curves of Al-Cu matrix composites with

different volume fractions of SiC particles
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Fig. 6 Contour of equivalent stress for composites with different matrix systems of pure Al(a), Al-Cu alloy(b), Al-Mg-Si alloy(c)

and Al-Zn-Mg alloy(d)
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