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Strength Evaluation of Aluminium Cast Alloy Locally Reinforced by SiC
Particles and Al,O; Whiskers and Its Fractography
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Abstract

In this paper, fracture mechanisms under monotonic and cyclic load and its stress distribution of an
aluminumcast alloy locally reinforced by SiC particles and Al,Os; whiskers are investigated experimentally
and numerically. The material is monotonically and cyclically deformed to failure at room temperature. The
fracture origin and the fracture path are investigated on the fracture surfaces. The fracture occurs in the
reinforced part under both monotonic and cyclic loads. SEM analysis of the fracture surface shows that the
fatigue fracture is controlled by the fracture of coarse Al,Oz; whiskers. On the other hand the static fracture
(monotonic loading) shows that the fracture mechanism is the combination of reinforcing particle fracture and
interfacial debonding between reinforcing ceramics and matrix metal. The stress distributions around the
boundary between the reinforced part and unreinforced part are calculated based on an inclusion array model
considering the microscopic inhomogeneous effects. Both the experimental results and the finite element
simulation results show that the critical location for fracture is changed by the external stress level which
controls the local stress distribution through plastic constraint between reinforcing particle and matrix alloy.
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Fig. 1 Optical microscope photograph of the specimen
around the boundary betwee reinforced part and
unreinforced part.
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Fig. 2 Nominal bending stress versus deflection curves
under monotonic loading.
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Fig. 3 Matching surface view of fractured specimen
(under monotonic loading, o f=272 MPa).
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Fig. 4 Matching fracture surface of locally reinforced
material under monotonic loading, o f=272 MPa.
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Fig. 5 Stress versus fatigue life behavior (stress ratio, R=0.1).
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Fig. 6 Matching surface view of fatigue fractured
specimen under cyclic Ioadlng, maximum stress
0 max=156 MPa, Nf=5.73 X 10°.

Fig. 7 Matching fracture surface aftgr fatigue fracture,
0 max=156 MPa, Nf=5.73 X 10°.
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Fig. 8 Stress distribution along y direction of inclusion array
model under nominal bending stress 300 MPa.
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Fig. 9 Stress distribution along y direction of inclusion array
model under nominal bending stress 156 MPa.
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Fig. 10 Distribution of total strain in matrix along normal
to the boundary of inclusion array model under
cyclic loading at maximum stress 156 MPa.





