Damage process of additively manufactured stainless
steel 316L under tensile loading in the presence of
process-induced defects
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This study first investigates the damage process, including initiation and progression for as-
built stainless steel 316L components in the presence of internal and surface imperfections
during tensile loading in a temporal domain, using X-ray computed tomography (XCT). Then, a
numerical approach based on the coupled continuum damage mechanics (CDM) and plasticity
model is introduced to perform systematic investigations for assessing the strength of the AM

components in the presence of inevitable process-induced imperfections. The results of this Darmege parameter
study provide further information leading to distinguishing between imperfections and defects 1y

and defining acceptance limits for internal and surface defects. Defining acceptance limits for i & 00001
induced process-related defects during AM processes is crucial to paving the road for
replacing metal AM components with conventionally produced parts in different industries.
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e In metal AM components, internal defects and diameter in the presence of (a) sharp notch (b) smooth notch with different pore sizes.

surface roughness cause stress concentration.

region between the
surface notch and the
internal defect are higher
in the case of the smooth 0,
notch. Therefore, the
damage initiation happens
earlier than the sharp
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* The ] .|ntroduced .coqpled damage. and Fig. 5. The von-Mises stress distribution in the vicinity and away from the sharp and
plasticity model is implemented in the smooth notches (a) without the internal defect and (b) with the internal defect.
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Fig. 6. Detailed SEM images of the specimen’s cross-section of the fractured surface in the transverse direction
showing different failure mechanisms, intervoid necking, intervoid shearing, and void sheeting.
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CONCLUSION

* FE simulations with introduced coupled damage and plasticity model can accurately capture  * By increasing the edge distance, the effect of pore size on the initiation of damage in the

both the sites and the mechanism of ductile failure compared to experimentally observed. presence of the surface defect decreases, and this reduction is higher in the case of sharp

* In the presence of sharp and smooth notches as surface defects on the surface profile with notches.

for the smaller one for pores at short distances from the notch. defects and internal defects in close proximity. Therefore, this mechanism leads to damage

initiation, and the other mechanisms of intervoid sheeting and intervoid shearing are active
sequentially during the failure process.



	Slide 1

