











cross section as compared to its surface as shokig.iB(b), crack will grow in a slower rate. On

the other hand, since the stress is uniform througthe gage section of the specimen under axial
loading, crack will grow at similar rate. This effeof stress gradient may be responsible for the
larger variation in the fatigue lives obtained from rotating bending and axial loading conditions
under identical stress levels at both high and low cycle fatigue regimes.
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Figure 3.Schematic showing distributiarf stress under (a) rotating bending and (b) axial loading.

To further investigate the failure mechangof LB-PBF 316L SS under different loading
conditions, fractography analysis was conduatedselected specimens subjected to rotating
bending and axial loading at identical stress levels. Fracture surfaces obtained for specimens
subjected to the stress amplitude of 350 MPa uralating bending and axial fatigue loading are
shown in Fig. 4(a), and 4(b), respectively. Irespre to the loading condition, cracks were always
observed to initiate from multiple location as a result of surface roughness in all specimens. Upon
further magnification, fatigue cracks were seeinttate from several micro notches located at
the surface of the specimen as indicated by the red arrows in the zoomed in images. Furthermore,
the fracture surfaces seen for LB-PBF 316L SS also resembled a typical failure mechanism
observed in notched specimens shown in Tlerefore, in as-built surface condition, micro
notches resulting from the layer wise fabricatioogass of AM technique may be the major factor
driving the fatigue failure in AM parts.
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Figure 4. Fracture surfaces showing differences in failure mechanism in as-built specimens (i.e.
non-machined) subjected to (a) rotating bending and (b) axial loadings.

Conclusions

In this study, the effect of stress distribution within the volume of the specimens’ gage
section on the fatigue lives of LB-PBF 316L SS in as built (non-machined) surface condition was
investigated. Based on the results obtained and discussions presented, the following conclusions
were drawn:

1. Some influence of stress gradient was observed on the fatigue behavior of LB-PBF 316L
SS. In general, higher fatigue resistance was observed for specimens subjected rotating
bending loading compared to those subjected to axial loading.

2. Larger difference in the fatigue lives resulting from the variation of fatigue loading was
seen at low cycle fatigue regime as compared to high cycle fatigue regime. This was
attributed to the influence of stress gradient on the crack growth behavior, which governs
the majority of fatigue lives at low cycle fatigue regime.

3. Fractography analysis revealed that the cracks always initiated from the micro-notches
present at the surface of the specimen irrespective to loading condition. This result was
also supported by the fracture surface that resembled those of notched specimen made of
wrought counterpart.
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