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ABSTRACT

The reinforcement distribution of metal matrix composites (MMCs) plays an important role in low cycle fatigue. Thus,
it is essential to study the effect of reinforcement clustering on the crack initiation mechanism of MMCs, In this study,
the effect of reinforcement clustering on the microcrack initiation mechanism in a cast hybrid MMC reinforced with
SiC particles and Al,O; whiskers was investigated experimentally and numerically. Experimental results showed that
microcracks always initiated in the particle-matrix interface, located in the cluster of the reinforcements. The interface
debonding occurred in the fracture which created additional secondary microcracks due to continued fatigue cycling.
The microcrack coalesced with other nearby microcracks caused the final fracture. To validate the experimental results
on the microcrack initiation, three dimensional unit cell models using finite element method (FEM) were developed.
The stress distribution in both the reinforcement clustering and non-clustering regions was analyzed. The numerical
analysis showed that high stresses were developed on the reinforcements located in the clustering region and stress
concentration occurred on the particle-matrix interface. The high volume fraction reinforced hybrid clustering region
experienced greater stresses than that of the SiC particulate reinforced clustering region and low volume fraction rein-
forced hybrid clustering region. Besides, the stresses developed on the non-clustering region with particle-whisker se-
ries orientation were reasonably higher than that of the non-clustering region with particle-whisker parallel orientation.
The high volume fraction reinforced hybrid clustering region is found to be highly vulnerable to initiate crack in cast
hybrid MMC during low cycle fatigue.
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1. Introduction practice, it is often difficult to obtain a homogeneous
distribution of reinforced particles or whiskers. Further, it
has been found that the non-uniformity in the reinforce-
ment arrangement can have significant effects on the me-
chanical properties of the MMCs [6,7]. Existing experi-
mental and theoretical evidences suggest that the homo-

The metal matrix composites (MMCs) provide a combi-
nation of the metallic properties of the matrix (high
toughness) with the ceramic properties of the reinforce-
ment (high strength and high modulus) to give a material
greater strength and stiffness, higher temperature capa-

bilities and more excellent wear resistance than a similar
monolithic material [1-5]. Therefore, MMCs are particu-
larly attractive for structural applications such as aero-
space and automotive industries and wear applications,
especially in the frictional areca of braking system [1].
The production techniques of MMCs have been well
advanced in recent years, such as powder metallurgy, the
extrusion process and liquid infiltration. However in
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geneity of particles or whiskers spatial arrangement plays
a key role in controlling the yield strength, ductility, fa-
tigue and fracture behaviors of MMCs [8]. It is generally
agreed that the yield strength and the work hardening
increase with increased clustering of reinforcements [9].
However, the failure strain is significantly reduced in a
clustered microstructure [10]. This is often attributed to
the stress concentration in the reinforcement clusters [11],
which may lead to preferential nucleation and propaga-
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