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Abstract

The low-cycle fatigue behaviors of cast Al-Si alloy and composite with reinforcement of SiC
particles were compared with those of extruded unreinforced matrix alloy and composite in order to
investigate the influence of cast and extrusion processes on the cyclic deformation and fatigue life.
Generally, both cast and extruded composites including the unreinforced alloy exhibited cyclic hardening
behaviour, with more pronounced strain-hardening for the composites with a higher volume fraction of
the SiC particles. However, cast composite under a low applied cyclic strain showing no observable
plastic strain exhibited cyclic softening behavior due to the cast porosities. The elastic modulus and
yield strength of the cast composite were found to be quite comparable to those of the extruded
composite, however, the extrusion process considerably improved the ductility and fracture strength of
the composite by effectively eliminating the cast porosities. Low-cycle fatigue lives of the cast alloy
and composite were shorter than those of the extruded counterparts. Large difference in life between
cast and extruded composites was attributed to the higher influence of the cast porosities on the fatigue
life of the composite than that of the unreinforced alloy material. A fatigue damage parameter using
strain energy density effectively represented the inferior life in the low-cycle regime and superior life
in the high-cycle regime for the composite, compared to the unreinforced alloy.
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Fig. 1  Microstructures of cast(a) and extruded(b)
composite reinforced with SiCp 20%
volume fraction
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Table 1 Mechanical properties of cast or extruded
alloys and composites

7

. Extruded alloy and
Cast alloy and composits
(SsiCp vgl‘ fract?on],:’[z’/o)e compf(::étg 01(151‘(’;0}; vol.
0 10 20 0 20
Young’s modulus,
F(GPa) 69.9 86.4 99.1 76.4 113.0
0.1% offset yield | .
strength, ,(MPa) 1245 | 1643 | 191.7 126.2 230.0
Ultimate tensile
strength, 0,(MPa) 247.8 | 2464 | 218.0 | 340.7 350.5
2;?;:;10“ in area, 49 45 X 352 62
Fracture strain, & 0.063 | 0.031 | 0.004 | 0.591 0.028
Strain hardening
exponent, 1 0.182 | 0.155 | 0.186 | 0.18! 0.137
f;(r;ﬁ,g;;' coefficient,| 4155 | 4799 | 705.8 | 4326 | 5944
Hardness, Hv 108 122 147 76 112
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Table 2 Cyclic properties of cast or extruded
alloys and composites

Cast alloy and composite Extruded alloy and

fraction, %)

{SiCp vol. fraction, %) | Composite (SiCp vol.

0 10 | 20 0 20
01.% offset cyclic
yield strength, 220 | 250 | 267 262 298
0s'(MPa)
Strain hardening 0.060 | 0.0654| 0210 | 0.102 | 0.110
exponent, n
Strength coefficient,
! 3357 | 395.6 | 1130.1| 5269 | 637.0
K' (MPa)
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Fig. 5 Cyclic stress-strain curves of Al-Si alloys
and SiCp/Al-Si composites
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Table 3 Low-cycle fatigue properties of cast or
extruded alloys and composites from

=-1 tests

Extruded alloy and
composite(SiCp vol.
fraction, %)

0 10 20 0 20

Cast alloy and composite
(SiCp vol. fraction, %)

o (MPa) | 7148 | 5992 | 4284 | 600.1 | 5713

b -0.168 | -0.143 | -0.144 ( -0.117 | -0.107
& 0.0477 | 0.0260 { 0.0776 { 0.5254 | 0.0382
c -0.555 | -0.606 | -1.028 | -0.813 -0.640
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Table 4 Material constants in total strain energy
density damage model of cast or
extruded alloys and composites

Extruded alloy and
composite (SiCp vol.
fraction, %)

Cast alloy and composite
(SiCp vol. fraction, %)

0 10 20 0 20
£y 26.0 6.9 2.6 1142 21.6
a -0.519 -0.386 | -0.396 -0.612 -0.515

Cast alloy

Extruded afloy
Cast composite(SICpI0%)
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Fig. 11 Photomicrography of fatigue crack initiation
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