


material where mismatches in Taylor fastacross the grain boundary resulted in elastic
incompatibilities and crack nucleation [4], the cracks in the 304L-SR material are occurring at
grain boundaries with similar Taylor factors. Inttnegly, both cracks developed in a region with
higher Taylor factors and are bounded by regions of lower Taylor factors.

Figure 7: IPF maps (left) and Taylor factoaps (right) for the two 304L-SR cracks shown in
Figure 6.

The increase in fatigue strength for LB-PBF 304L SS appears to be attributed to a
combination of differences in the as-fabricated microstructure. Most importantly the reduced
density of 3-TB and HAGB in the 304L-SR material results in much fewer optimal crack
initiation sites for this material. Secondly, theei microstructure restrietdislocation movement
as evident by comparing the 304L-SR and 304L-W SEM images in Figure 6. The wrought material
with much larger grains shows a much higher density of PSB on the surface leading to fewer
intrusion/extrusions which are also prime cracdkleation features. The PSBs can be observed in
relatively large grains with higher Taylor factors, while they are absent from smaller grains that
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have low Taylor factors and more efficient slip systems. This indicates that grain size plays a
greater role in crack initiation than crystal orientation for 304L-SR.

The effect of grain size on the crack initiation behavior was investigated further using the
304L-SA material which had larger grains as a result of the high temperature annealing procedure.
Figure 8 shows the IPF and Taylor factor map of a fatigue crack that has developed in the 304L-
SA specimen after only 20,000 cycles. Other than the larger grain size, it can be observed in the
Taylor factor map that the crack has occurred at a grain boundary that is approximately 45° from
the loading direction and has a significant mismatch in Taylor factor across the HAGB. In fact, all
cracks that were observed in the 304L-SA material occurred either at X 3-TB/HAGB with
mismatched Taylor factors or at discontinuities such as pores on the surface in the vicinity of grains
with large Taylor factor mismatches. This observation indicates that the larger grain size results in
a shift in the crack initiation mechanism back in line with what is typically observed in 304L-W
material.

Min Max
W 226927 367421

Figure 8: Representative IPF map (left) and Taylor factor map (right) for a crack observed in the
304L-SA conditions.

Conclusions

The aim of this study was to better understand the structure-property relationships of LB-
PBF 304L SS. Specifically, the failure mechanisms associated with fatigue crack initiation was
investigated through ex-situ experimental EBSD observations of crack initiation and the features
resulting in crack initiation. Results indicate that the as-fabricated microstructure in the stress
relieved condition has a much higher fatigue strength related to the avoidance of the typical crack
initiation mechanisms for wrought 304L SS. The fine microstructure and low X 3-TB/HAGB
density of the 304L-SR material leads to limited preferred crack initiation sites with cracks forming
mainly at HAGB separating grains that are much larger than the average grain size. These cracks
propagate until they reach smaller grains after which they slow significantly. This change in crack
initiation mechanisms directly leads to the higher strength observed for the 304L-SR condition.
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Furthermore, solution annealing the LB-PBF material results in some grain growth with
the average grain diameter increasing by approximately 12% from the average diameter of the
stress relieved condition. Observations of the crack initiation behavior for the 304L-SA condition
showed a shift in the mechanisms back to what is typically observed for wrought 304L SS.
Mismatches in Taylor factors along HAGB, leading to elastic incompatibilities and higher
localized stress states, were the most frequently observed causes of crack initiation in the 304L-
SA material. This resulted in crack formation much earlier in the fatigue life of the 304L-SA
condition compared to the 304L-SR material. Thus, by better understanding the feedstock-process-
structure-property relationships, additive manufacturing can be used to fabricate net-shaped/near
net-shaped parts with improved fatigue resistance.
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