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Figure 1: The SLM500 machine used in this research.
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Figure 2: Metal samples model to be made in three directions of zero, 45, and 90 degrees on the bed of the selective laser
melting machine.
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Table 1: Parameters of selective laser melting machine
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Table 2: Weight percentage of the chemical composition in 316L stainless steel built sample
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Figure 3: Large tensile test sample according to ASTM E8 (dimensions in mm).
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Figure 2: Shear test sample based on ASTM B831.
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Figure 5: Tensile test samples of 3161 stainless steel produced by selective laser melting process in three directions.
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Figure 6: Shear test sample of 316L stainless steel made.by selective laser melting process.
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Table 3: The number of tensile and shear samples/built for'the test
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Figure 9: Ultimate tensile strength changes based on sample manufacturing directions.
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Figure 10 : variation of fracture strain based on the directions of the specimen.
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Figure 11: Shear strength and shear.strain of large and small shear samples.
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Figure 12: Image of porosity and spherical holes on the fracture zone le samples produced in directions: a) zero

degree; b) 45 degrees; c)
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Figure 13: Image of incomplete fusion holes of the fracture zone of large tensile samples produced in directions:
degrees; b) 45 degrees; c) 90 degrees.
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Figure 15: The cut area around the fracture surface of the tensile test specimen in the direction of 90 degrees production.
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Abstract

The correct and optimal selection of selective laser melting process parameters prevents defects such as porosity,
incomplete fusion holes, and cracks in the parts. This research focuses on the impact of zero-, 45, and 90-degree build
orientations, the effect of changing the size of the parts’on mechanical properties such as tensile and shear strength,
fracture strain, and the number of defects investigated. The built'parts were subjected to tensile and shear tests. The
fracture zone was investigated using Scanning Electron Microscopy, and the existing defects were identified. The tensile
test results showed that larger samples have higher tensile strengththan smaller ones. Moreover, samples produced in
zero-degree orientation observed higher tensile strength and lower fracture strain. The shear test results also showed that
the strength of the shear stress for the small and large samples producedsin all orientations is almost the same, and the
highest shear strain of failure is related to the samples produced in the orientation of 45 degrees independent of the
dimensions. The Scanning Electron Microscopy results also showed that the.amountand distribution of spherical holes

and incomplete fusion holes in large samples at 90 degrees are more than in other samples' degrees.
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