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Abstract

The effective elasticity and conduction of composite materials containing arbitrarily oriented
multiple phases has been analyzed using the concept of orientation-dependent average fields and
concentration factors. The analysis provided closed form expressions for the effective stiffnesses
and conductivities. Under the prescribed boundary conditions, the concentration factors were
evaluated by the equivalent inclusion principle, through which the interaction between various
phases is approximated by the Mori-Tanaka mean-field approximation. SiC particulate(SiCp)
reinforced aluminum(Al) matrix composites were fabricated and their elastic constants and
electrical conductivities were measured together with a careful study of their microstructure. The
measured properties showed a systematic anisotropy and this behavior could be attributed to the
preferred orientation of SiC,. The theoretical mode! developed was applied to the computation of
the anisotropic properties of these composites. Both two-phase and three-phase composites were
considered based on the microstructural information. The SiC, was modeled as an ellipsoid with
planar random orientation distribution in the extruded Al/SiC, composites. The effect of extrane-
ous phase such as intermetallic compounds was also investigated.
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Fig. 1 (a) A representative volume element for anal-
yzing the elasticity problem of a composite
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Fig.1 (b) The coordinate system for specifying a
general state of the orientation of an ellip-
soidal inclusion
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Table 1 Microstructural features of SiC, reinforced Al metal matrix composite extrusions

Base alloy Billet number SiC, (%) Intermetallics (%) Porosity (%)
2124 PE-2600 0 74 0
2124 PE-3025 20 7.6 0
2124 PE-2404 25 4.4 0
2124 PE-2229 25 10.0 0
2124 PE-2488 30 6.7 1.4
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Table 2 Stiffnesses and conductivities used in the theoretical calculations

Material C.; (GPa) C. (GPa) Conductivity (%IACS)
2124 Al alloy 1135 27.3 34
SiC, 4915 196 0.086
CuAl, - - 22.7
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