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Tensile Mean Strain Effects on the Fatigue Life of
SiC-Particulate-Reinforced Al-Si Cast Alloy Composites
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Abstract

The low-cycle fatigue behaviour of a SiC-particulate-reinforced Al-Si cast alloy with two different
volume fractions has been investigated from a series of strain-controlled fatigue tests with zero and
nonzero tensile mean strains. The composites including the unreinforced matrix alloy exhibited cyclic
hardening behaviour, with more pronounced strain-hardening for the composites with a higher volume
fraction of the SiC particles. For the tensile mean strain tests, the initial high tensile mean stress
relaxed to zero for the ductile Al-Si alloy, resulting in no influence of the tensile mean strain on the
fatigue life of the matrix alloy. However, tensile mean strain for the composite caused tensile mean
stresses and reduced fatigue life. The pronounced effects of mean strain on the low-cycle fatigue life
of the composite compared to the unreinforced matrix alloy were attributed to the initial large prestrain
and non-relaxing high tensile mean stress in the composite with very limited ductility and cyclic
plasticity. Fatigue damage parameter using strain energy density efficiently accounted for the mean
stress effects. Predicted fatigue life using the damage parameter correlated fairly well with the
experimental life within a factor of 3. Also, the fatigue damage parameter indicated the inferior life in
the low-cycle regime and superior life in the high-cycle regime for the composite, compared to the
unreinforced matrix alloy.
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Table 1 Mechanical properties of Al-Si cast alloys
SiCp/Al-Si composites.

SiCp (vol%)

0 10 20
Young's modulus, E(MPa) 699 864 991
0.1%offset yield strength, {MPa) | 1355 164.3 191.7
Ultimate tensile strength, 0(MPa) | 247.8 2464 218
Reduction in area, RA(%) 49 45 -
Elongation, EL(%) 6.5 5.8
Fracture strain, & 0.063 0.031 0.004
Strain hardening exponent, 0.182 0.155 0.186
Strength coefficient, K(MPa) 4355 479.9 7058
Hardness, Hv 108 122 147
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Table 2 Cyclic properties of Al-Si cast' alloys
SiCp/Al-Si composites.

SiCp (vol%)
0 10 20
Young's modultus, £(MPa) 67.0 82.7 969
0.1%offset yield strength, 05'(MPa)| 220 250 267
Cyclic strain hardening exponent, »' | 0.060 0.065 0.211
Cyclic stréngth coefficient, K'(MPa) | 335.7 395.6 1130.1
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Table 3 Low-cycle fatigue properties of Al-Si cast
alloys and SiCp/Al-Si composites.

SiCp (vol%)
0 10 20
Fatigue strength coefficient, g/(MPa)| 714.8 599.2 4284
Fatigue strength exponent, b'(MPa) -0.168 -0.143 -0.144

Fatigue ductility coefficient, &' 0.048 0.026 0.078
Fatigue ductility exponent, ¢ -0.555 -0.606 -1.028
&)
—— O Matrix
- - -0 siciow
G R —:— & sic20v
% “« o~ 3ic
2
5
=
=
o™ e
®
g
M L L - 1 1 "

10 to! 10° I 10 1o 1® i
Reversals to failure, 2N

Fig. 6 Stress amplitude at half-life versus reversals
to failure for Re=-1.
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Table 4 Material constants in total strain energy
density damage model from Re=-1 tests.

Material Ky a

Matrix 26.0 -0.5185
SiCp 10%vol 6.9 -0.3856
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