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Abstract

The effect of porosity on the high-cycle fatigue properties of Al-Si-Mg casting aluminum alloys was investigated in
this study. Microstructure examination, tensile and high-cycle fatigue test were conducted on both Al-Si-Mg casted (F)
and heat-treated (T6) conditions. Porosity characteristics on the fracture surfaces of fatigue-tested samples were examined
using SEM and image analysis. The microstructure observation results showed that eutectic Si particles were
homogeneously dispersed in the matrix of the Al-Si-Mg casting alloys, but there were porosities formed as cast defects.
The high-cycle fatigue results indicated that the fatigue strength of the 356-T6 alloy was higher than that of the 356-F
alloys because of the significant reduction in volume fraction of pores by heat treatment. The SEM fractography results
showed that porosity affected detrimental effect on the fatigue life: 80% of all tested samples fractured as a result of
porosity which acted as the main crack initiation site. It was found that fatigue life decreased as the size of the surface
pore increased. A comparison was made between surface pore and inner pore for its effect on the fatigue behavior. The
results showed that the fatigue strength with the inner pores was higher than that of the surface pore.
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Table 1 Chemical compositions of the 356-F casting
alloy (wt.%0)

Al Si Mg | Fe | Mn | Zn | Cu Ti

Bal. | 7.11 | 0.35 | 0.24 | 0.19 | 0.02 | 0.095 | 0.130
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Fig. 1 Geometry and dimensions of the ASTM E466
standard specimen used for fatigue testing
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Fig. 2 lllustration of a casting defect and its dimensions
as measured on the fracture surface
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Fig. 3 Optical micrographs showing 356-F alloy ((a),
(c)) and 356-T6 alloy ((b), (d))
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Table 2 Vickers hardness and room-temperature
tensile test results of the 356-F and 356-T6
alloys

Vickers Yield Tensile
Specimen | Hardness | Strength | Strength
(Hv) (MPa) (MPa)

Elongation
(%)

356-F 66.64 174.60 | 237.48 2.88

356-T6 | 10155 | 296.75 | 403.72 9.1
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Fig. 5 SEM images of the fatigue fracture surfaces of
356-F alloy and 356-T6 alloy specimens taken
at : low magnification ((a) and (b)) showing the
bright area and the crack initiation site and
high magnification ((c) and (d)) showing the
surface pore associated with the crack
initiation site
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Table 3 Number of samples which fractured under
the effect of porosity in the alloys examined
for the present study

Number of Fatigue Other
fractures Avereage of
Alloy samples than . B
caused by .. |Pore Size (um®)
tested . porosity
porosity
356-F 22 20 2 1010.17
356-T6 18 13 5 972.80
Total 40 33 7 1032.65
Percentage
100 82,5 175
(%)
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Fig. 6 SEM images of the fatigue fracture of 356-F
alloy and 356-T6 alloy specimens, taken at
surface pores ((@) and (b)) and inner pores ((c)
and (d))
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Fig. 7 Effect of pore size on the fatigue life of 356-F
alloy and 356-T6 alloy at different crack
initiation site
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Fig. 9 Effect of surface pore size in the fatigue life of
(a) 356-F alloy and (b) 356-T6 alloy at different
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