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A Em X H Fracture mechanism of an aluminium cast alloy locally reinforced by SiC
particles and Al,O, whiskers under monotonic and cyclic load: boundary and
whisker orientation effect
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Metal matrix composites (MMCs) have been widely considered as possible substitute of traditional
materials (such as metals, plastics, ceramics etc.) for structural applications because of their high strength
and stiffness, low density, high temperature properties and excellent wear resistance. Despite their great
advantages, lower ductility and higher cost is the major limitation of this composite. Therefore, there is a
critical need to develop and design a new idea and concept in this material for structural applications. The
application of MMCs to the most important functional area of the mechanical component especially which are
the frictional surfaces may reduce the cost and improve the mechanical performances. For example, in the
brake disc application, ductile aluminium alloy which has high fracture toughness supports the whole disc
and the reinforced part by ceramic particles/whiskers is used in the area required (e.g. frictional area).

The aim of the present research is to clarify the effects of the boundary between the reinforced part
and the unreinforced part on the fracture mechanism, under monotonic and cyclic load, of aluminium cast
alloy locally reinforced by SiC particles and Al,O, whiskers. Also the effect of the whisker orientation on
the monotonic strength and fatigue strength and its effect on fracture mechanism of aluminium cast alloy
reinforced by SiC particles and Al,O, whiskers under monotonic and cyclic load are investigated. A three-
dimensional single whisker unit cell model of cylindrical shape whisker in the periodic boundary condition is
conducted using finite element method (FEM) to describe the overall behavior of the composite.

In chapter 1, an introduction of this research are discussed, which describes the back ground, the motivation, proposed
concepts, the objectives and the scopes of this research. In this chapter also reviews the past research on the MMC.

In chapter 2, Materials fabrication and its microstructure, the experimental set up and the experimental

procedures are discussed. Hybrid metal matrix composites were fabricated with 21 volume% SiC particles



and 9 volume% Al,O, whiskers as reinforcements and an aluminium alloy of JIS-AC4CH as matrix. The
locally reinforced part was fabricated with the squeeze casting method, with a 100 MPa maximum pressure,
using a hybrid preform which is made of SiC particles and Al,O, whiskers. Symmetric four-point bending
tests were performed using special bending fixtures. The fracture surface observations of the composites
were made by the SEM. The failure mechanisms of the composites were investigated by the composition
analysis of EDX. To investigate the boundary effect, whisker orientation effect and the fracture mechanism,
two types of specimens were prepared for the bending test. One is locally reinforced material(a =90°,
where is the angle between load and whisker orientation). The latter is homogeneous MMC(a =0°~90°).

In chapter 3 the experimental results of boundary effect on fracture mechanism and whisker orientation effect
on strength are presented. The fracture occurs in the reinforced part under both monotonic and cyclic loads.
Under cyclic load, the fracture is dominated by interfacial debonding of particle-matrix and whisker-matrix
interfaces, whereas, under monotonic load, the fracture is dominated by both particle fracture and particle/
whisker-matrix interfacial debonding. Under cyclic loading when the maximum stress is low and the matrix
alloy is deformed elastically in the reinforced part, the minimum distance of fracture location is far from the
boundary between the reinforced and unreinforced parts. In the monotonic bending test, the specimens are
broken very close to the boundary (i.e., at the first or second particle closest to the unreinforced part). In the
fatigue test, when the maximum stress is high, the specimens are also broken very close to the macroscopic
boundary and in the reinforced part. This occurs when the matrix alloy in the reinforced part is deformed
plastically within the elastically deformed reinforcement. The difference in the deformation state is the cause
of different fracture locations between the monotonic and cyclic loading. The fracture surface of locally
reinforced material(a@ =90°) is dominated by interfacial debonding of Al,O, whisker/matrix according to the
area fraction results. The transversely debonded whisker gives the lower strength and shorter fatigue life of
locally reinforced material( @ =90°) which is corresponding to the interface debonding between whisker-matrix
interfaces. Whisker fractures dominate the fracture mechanism of homogeneous MMC(a =0°~90°) and gives
higher strength and longer fatigue life of homogeneous MMC( « =0°~90°). This is one of the reasons why the
monotonic strength and fatigue strength of homogeneous MMC is higher than that of locally reinforced material.

In chapter 4, a numerical analysis of stress distributions around the boundary between reinforced part and
unreinforced part are conducted based on an inclusion array model considering the microscopic inhomogeneous
effects. Also a three-dimensional single whisker unit cell model of cylindrical shape whisker in the periodic
boundary condition is conducted using FEM to describe the overall behavior of the composite. The numerical
results based on inclusion array model, which shows the peak stress develops in the first inclusion from the
macroscopic boundary between the reinforced part and the unreinforced part under high nominal bending stress,
is consistent with the fracture location that was experimentally observed. On the other hand, under low nominal
bending stress, the peak stress develops at the interface between inclusion and matrix rather than in the inclusion
that also agrees with the fractographic results of fatigue fracture, thereby, providing further verification of
interfacial debonding between the reinforcing materials and the matrix alloy.The predicted strain amplitude is
much higher in the reinforced side compared to the unreinforced side, supports the experimental observation that
the fatigue fracture occurred in the reinforced part. The prediction results based on the 3-D single whisker unit
cell model is found to be in reasonable agreement with experimental observations which shows with respect to the
loading direction all perpendicular oriented whiskers are debonded and parallel orientated whisker are broken.

In chapter 5, the general conclusions and directions for future investigation are given.
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