(a)

1 poy

Figure 4. Porosity measurement results in the gagetion: (a) polishedection and porosity
size distribution for non-preheated, and (b) g section and porosity size distribution for
preheated build platform conditions. tddhe size classes for each condition.

Tensile properties

Monotonic tensile deformation behavior specimens fabricated with and without
preheating the build platform is shown in Figwb. The strain-controlled mode portion of the
tensile test is shown in Figure 5(a), and the stress-displacement curve from the beginning of the
tests to the fracture is shown in Figure 5(b). Mg, the tensile results are compared with [20]
and wrought material [21-23], listan Table 2. The ultimate tensi#rength and elongation to
failure (EI%) of the present alloy increased asipared to those of additively manufactured and
wrought counterparts. Interestingly, preheatingailéd plate increased thi&% and yield strength
(1) of the material by approximately 14% and 4%, respectively. This is attributed to the
microstructure and texture evolution. As seekigure 3(b) shown by white arrows, the cellular
structure has been developed in the P150 condilioese cellular structures, either dendritic- or
equiaxed-cellular structures, are made of high dislocation density as a result of the high cooling
rate during fabrication [18]. Heever, in P150 condition, disloiwan rearrangement and recovery
may occur and lead into the equiaxed-cellular structure, as the previously fused layers are still at
high temperature [24]. Accordingly, dislocation density is decreased, and the microstructure might
be considered similar to the annealed coaoditi Therefore, the material is capable of
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accommodating higher plastic deformation by generation of geometry necessary dislocations
(GND) during straining the material [25].
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Figure 5. Tensile deformation behavior of LB-PBF 316L SS fabricated both in non-preheated
and preheated build plate conditions: (a) stress-strain up to 0.045 strain, and (b) stress-
displacement to fracture

Table 2. Monotonic tensile properties of 316L SS fabricated under argon shielding gas in both
non-preheated and preheated build platform conditions.

Build platform o
conditions oy (MPa) ou (MPa) El1%
Non-preheated 448 617 72
Preheated 465 618 82
LB-PBF 316L
120] 485 594 58
Wrought
[21][22.23] 255-310 535-623 30-40
Fractography

Figure 6 shows the fracture surfaces of tensile specimens for the non-preheated and
preheated conditions. As seen, both fracture surfaces exhibited cup and cone type failure and
consisted of fibrous and shear region. These fracture features are consistent with the tensile results
obtained, showing ductile behavior of the material. As seen in Figure 6(a), NP specimen has larger
fibrous region than that of P150 specimen, however, tensile results show lower ductility for the
former condition. This is due to the lower structural integrity of NP condition resulted from higher
porosity level as compared to P150 condition. Moreover, although dimples exist in both conditions
(shown by red arrows), the specimens fabricated on the preheated build platform consist of deeper
dimples (~ 25-27 pm) as compared to those of the ones fabricated on the non-preheated build
platform (~ 15-21 um). Deeper dimples are the sign of higher ductility in the material, which can
be seen that the P150 specimens possess higher ductility than NP ones. Shallower dimples in NP
condition can also be due to less structural integrity in this condition due to the presence of more
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porosities and lack- of-fusion (LOF) defects as compared to the P150 condition (see Figure 4).
Shrestha et al. [20] also showed various LOF defects in the fracture surfaces of LB-PBF 316L SS
fabricated with non-preheated build platform condition.

Fibrous Fibrous

(@) | (b)
Figure 6. Tensile fracture surfaces of LB-PBF 316L SS specimens: (a) non-preheated, and (b)
preheated build platform conditions.

Conclusions and future study

The effect of preheating the build platform on the microstructure and mechanical properties of LB-
PBF 316L SS was investigated. The following conclusions can be drawn based on the results:

1.

2.

The cooling rate of P150 condition was decreased as compared to that of the NP condition.
This resulted into formation of equiaxed cellular structure.

Preheating the build platform to 150 °C increased the ductility of material by 14%. This is
attributed to the more homogenized microstructure as well as cellular structure with
geometry necessary dislocations (GNDs), thereby material accommodated more plastic
strains during deformation.

The porosity size and distribution were decreased by preheating the build platform. The
critical defect size for the NP condition was in the range of [32-39], while it was in the
range of [17-24] for the P150 condition.

Tensile fracture surfaces of P150 specimens were found to have less fibrous region as
compared to NP ones. However, due to the higher structural integrity of P150 (i.e. less
porosity and lack of fusion defects) than NP specimens, ductility increased without any
change in the material strength.

Due to the significant effect of preheating the build platform on reducing the porosity size and
distribution, fatigue performance of the material assumed to be enhanced as compared to the
condition without preheating the build platform. Therefore, in the next step of our study we are
investigating the fatigue behavior of LB-PBF 316L SS fabricated in both preheated and non-
preheated build platform conditions with as-built and machined surface conditions.
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