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Strength Evaluation of Aluminium Cast Alloy Locally Reinforced by SiC
Particles and Al,O3 Whiskers and Its Fractography

by
Rafiquzzaman MD.*, Yoshio ARAI** and Eiichiro TSUCHIDA**

In this paper, fracture mechanisms under monotonic and cyclic load and its stress distribution of an
aluminum cast alloy locally reinforced by SiC particles and Al,O3 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;O3 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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Table 1 Volume fraction and mechanical properties.

Parameters Al;O3 SiC  AC4CH alloy MMC
V, % 9 21 70 -
E, GPa 380 450 70.0 142

v 0.27  0.20 0.33 0.28
Oys, MPa - - 131 166

V: Volume content, E : Young’s modulus, v :

Poisson’s ratio and oy : Yield strength

Table 2 Chemical compositions of Al alloy (wt.%).
Si Fe Mg Ti Al
799 0.2 MAX 0.57 0.07 Bal
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Fig. 1 Specimen cut out from a disc (unit: mm).
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Fig. 2 Optical microscope photograph of the spec-
imen around the boundary betwee reinforced part

and unreinforced part.

"
300}
£
=
m.
2
Z 200
f=1]
£
E TP3 —
2
100 TP2 >
5 TPI >
z
% 0.25 0.5

Deflection, mm

Fig. 3 Nominal bending stress versus deflection

curves under monotonic loading.
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Fig. 4 Matching surface view of fractured specimen

(under monotonic loading, oy = 272 MPa).

Table 3 Fracture stresses and minimum distance
from the fracture location to macroscopic boundary
between reinforced part and unreinforced part under

monotonic loading.

Materials oy, MPa Boundary-fracture distance

TP1 318
TP2 306
TP3 272

2 particles (46 pm)
1 particle (23 pm)
1 particle (23 pm)

Fig. 5 Matching fracture surface of locally reinforced

material under monotonic loading, oy = 272 MPa.

Table 4 Area fraction of SiC particle and Al,O3
whisker fracture and interface debonding between
SiC particle-matrix and Al, O3 whisker-matrix under

monotonic and cyclic loading condition

SiC particle  AlyOs whisker
F,% D% F,% D,%
Monotonic 10.5 10.1 0.85 9.3

Cyclic 1.9 19.0 0.85 8.9
F' is fracture area and D is debonding area
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Fig. 6 Stress versus fatigue life behavior (stress ratio,
R=0.1).



Table 5 Distance from fatigue fracture location to

macroscopic boundary.

Specimen 044, Ny, Boundary-fracture
MPa cycle distance

CTP1 261 517 2 particles (46 pm)
CTP2 225 3781 0.11lmm
CTP3 200  1.08x10% 0.13 mm
CTP4 191 1.8x10% 0.34 mm
CTP5 156  5.73x10° 0.23 mm
CTP6 156  3.56x10° 0.26 mm
CTP7 156  2.02x10° 0.31 mm

Unreinforeed

Fig. 7 Matching surface view of fatigue fractured
specimen under cyclic loading, maximum stress
Omaz=156 MPa, Ny= 5.73x105.

30 mm

Fig. 8 Matching fracture surface after fatigue frac-
ture, 0yma;=156 MPa, Ny= 5.73x10°.
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Fig. 10 Inclusion array model.

Table 6 Yield strength predicted by the model.

Al MMC

€p oys, MPa €p oys, MPa

0.00 131 0.00 166
0.00025 133 0.00025 185
0.0005 137 0.0005 210
0.00075 139 0.00075 219
0.001 142 0.001 231
0.0015 148 0.0015 249
0.0017 150 0.0017 256

Table 7 Geometry of numerical model (unit: mm).

Model L, L; h, hg a d 2r 2b

Global  20.0 20 50 7.0 - -
Sub 148 0444 - - 0.023 0.037
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Fig. 13 Distribution of total strain in matrix along
normal to the boundary of inclusion array model un-

der cyclic loading at maximum stress 156 MPa.
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