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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 existing defects were identified. Tensile test results indicated
that larger samples have higher tensile strength than smaller ones. Moreover, samples produced in the
zero-degree orientation exhibited higher tensile strength and lower fracture strain. Shear test results
also showed that the shear stress strength for small and large samples produced in all orientations is
almost the same, and the highest shear strain of failure is related to the samples produced at 45-degree
orientation and independent of dimensions. Scanning Electron Microscopy results further demonstrated
that the quantity and distribution of spherical holes and incomplete fusion holes in large samples at
90-degree are greater than the samples at other orientations.
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1- Introduction

One of the advanced methods in additive manufacturing
is the selective laser melting (SLM) process, where metal
powder layers are melted by laser beam irradiation from a
laser source, leading to the fusion of powder particles. Dong
et al. (2018) investigated the influence of structure size on
microstructure, geometric defects, and mechanical properties
through experimental tests. They observed that as the
specimen size increased from a diameter of 1 millimeter to 5
millimeters, the porosity level decreased from 1.0% to 0.1%
[1]. Harchunian and colleagues (2018) studied the effect
of different build directions on the mechanical properties
and microstructure of TI-6Al-4V components produced by
the SLM process. They found that specimens built in the Z
direction exhibited the lowest tensile strength compared to
other directions[2]. Pan etal. (2020), in examining the physical
and mechanical properties of SLM-produced stainless steel
316 L, discovered that optimizing process parameters can
prevent the occurrence of defects [3]. This paper reviews the
mechanical properties of stainless steel 316L parts produced
using the selective laser melting process. Samples were
produced in three manufacturing directions: zero, 45, and
90 degrees, with two different sample sizes, large and small.
Then, the tensile test with the ASTM ES8 standard (2010) and
the shear test with the ASTM B831 standard method (2019)
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was performed on the samples. After completing the tests,
the fracture zone and the depth of the cut zone in the samples
were examined by using a scanning electron microscope, ,
and the existing defects were identified and analyzed.

2- Methodology

This article investigated the effect of zero, 45, and
90-degree manufacturing angles and the effect of size
variation of parts on mechanical properties of stainless steel
316L produced by the SLM method, including tensile and
shear strength, fracture strain, and number of defects. The
ASTM E8 standard was used for the tensile test, which was
made in large and small sizes shown in Figure 1{4]. Also, the
ASTM B831 standard was used for the shear test of samples
which was made in large and small sizes as illustrated in
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Fig. 1. Tensile test sample based on ASTM ES8 [4]
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Fig. 2. Shear test sample based on ASTM B831 [5]
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Fig. 4. The stress-strain curves of large and small
parts.

Figure 2 [5]. Figure 3 provides a visual representation of the
tensile and shear test samples. A tensile test was performed
with an extensometer.

3- Results and discussion

Figure 4 shows that the lower tensile strength observed
in the specimen constructed at the 90-degree direction can
be attributed to the weak bonding between its layers in that
direction and its alignment with the tensile direction. The
obtained results align with the observations made by Deng et
al. (2022) and Ratger et al. (2020) [6, 7].

The shear strain of larger parts is lower than smaller parts,
which can be attributed to the difference in grain size and
grain growth due to the more significant thermal gradient
of larger parts than smaller parts during manufacturing as
illustrated in Figure 5.

Due to the higher volume percentage of holes in the

258

T 2y o~ D
|
AN

,
RVO IS

N

Fig. 3. a) Tensile test with Extensometer; b) Shear test.
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Fig. 5. Shear strength and shear strain of large and
small shear samples.

sample produced at the 45-degree direction compared to the
sample manufactured at the zero-degree direction, the sample
produced in the 45-degree direction exhibits more shear
strain and more ductility. Also, the results of this research are
compatible with the findings of Yang et al. (2022)[8].

The Scanning Electron Microscope test was performed
on the fracture location, and the fracture zone of large parts
produced in three directions (zero, 45, and 90-degree). This
examination aimed to investigate the voids, morphology of
spherical holes, the incomplete fusion holes and distortions
of defects.

Figure 6 shows the scanning electron microscope images
of the fracture cross-sectional area of the large tensile test
specimen at the direction of 90 degrees. As can be seen, a
spherical hole with a diameter of 38.83 micrometers and a
deep gap with a length of 72.5 micrometers were created due
to the incomplete fusion hole.
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b

Fig. 6. The fracture zone of the large tensile test speci-
men, 90-degree building direction: a) Spherical hole; b)
Incomplete fusion hole.

4- Conclusion

In the tensile test, the results indicated that the highest
tensile strength corresponds to the large samples produced
at the zero-degree direction, while the lowest is related to
the 90-degree direction. Also, the highest tensile strength
is related to the small samples produced at the zero-degree
direction and the lowest is associated with the 90-degree
direction. In general, the tensile strength of large samples
produced in all directions is higher than small samples
produced in the same directions and the fracture strain of
small samples produced in all directions is higher than large
samples manufactured in the same directions. In the shear test
of samples with zero and 90-degree building angles, the shear
strength and failure strain values depend on the sample’s
dimensions and are independent of the building angle. The
shear strain and fracture toughness of samples manufactured
at 45-degree are higher than samples manufactured at zero
and 90-degree and are independent of dimensions. Also,
the shear strain of larger pieces is less compared to smaller
pieces. The SEM results also showed that the quantity and
distribution of spherical voids and gaps related to incomplete

fusion in large samples manufactured at a-90 degree degrees
direction is more compared to samples produced at zero and
45-degree direction.
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Fig. 1. The SLM500 machine used in this research.
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Fig. 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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Fig. 2. Large tensile test sample according to ASTM E8 (dimensions in mm).
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Fig. 4. Shear test sample based on ASTM BS831.
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Fig. S. Tensile test samples of 316L stainless steel produced by selective laser melting process in three directions.

i SBE Cod Wogy 4 bt lw 31OL (35 S5 5Yed i (yg05] diged £ JSWI

Fig. 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

(a2 ,3) 4+ (a2 ,3) €0 (42 53) youo Oladad
Y Y Y M o
Y s Y u“’)"

G Oge)l Lges
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Table 4. The dimensions of the region under tension and the stress and failure strain values of tensile test samples
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Fig. 8. Stress-strain of large and small parts.
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Fig. 9. Ultimate tensile strength changes based on sample manufacturing directions.
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Fig. 10. variation of fracture strain based on the directions of the specimen.
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Fig. 11. Shear strength and shear strain of large and small shear samples..
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Fig. 12. Image of porosity and spherical holes on the fracture zone of large tensile samples produced in
directions: a) zero degree; b) 45 degrees; c) 90 degrees.
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Fig. 13. Image of incomplete fusion holes of the fracture zone of large tensile samples produced in direc-
tions: a) zero degrees; b) 45 degrees; c¢) 90 degrees.
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Fig. 14. The fracture zone of the large tensile test specimen, 90-degree building direction: a) Spherical
hole; b) Incomplete fusion hole.
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Fig. 15. The cut area around the fracture surface of the tensile test specimen in the direction of 90 degrees
production.
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