








Results and Discussion 

Figure 1: Crack initiation from defects (pore) for machined LB-PBF 17-4 PH SS after CA-H900 
heat treatment 

Figure 2: Crack initiation from the micro-notches of the boundary surface for as-built LB-PBF 
17-4 PH SS after CA-H900 heat treatment 

   
 Figure 1 and 2 demonstrate the crack initiation site of machined and as-built LB-PBF 17-
4 PH SS, respectively. The crack nucleation sites are marked with red arrows and, for machined 
specimens, the crack sources are marked with red circle. For machined specimens, the source of 
crack initiation is uniform round pores. According to the Murakami’s approach, size of the pores 
was analyzed to calculate the defect size [21]. On the other hand, as-built specimens have multiple 
micro-notches on the surface due to poor surface finish attributed to the additive manufacturing 
process, which might act as a source of crack initiation. These micro-notches make it challenging 
to measure defect size accurately. Hence, for AM parts, considering the post-contour process, a 
scanning strategy after melting the powder at the edge of the surface for better surface finish, a 
conservative approach may be followed to determine the crack size of as-built parts [34]: 
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=  10                                                                                                                                (7) 

Here, d is the width of the area covering the post-contour process on the circular fracture 
surface of the specimen, which is typically within the range of 60-80 μm for LB-PBF process 
employing EOS machine.  
 
 Figure 3 demonstrates the fatigue life correlations between the NASGRO predictions and 
experimental fatigue life of LB-PBF 17-4 PH SS in both as-built and machined conditions after 
CA-H900 heat treatment. In Figure 3, blue line demonstrates the perfect fit line and orange dashed 
lines demonstrate the scatter band of factor of 2. Scatter bands of a factor of 2 are also included 
for data comparison. Fatigue life was calculated according to the equation (6) and (7), utilizing 
fracture mechanics approach. Although CA-H900 procedure of LB-PBF 17-4 PH SS demonstrates 
superior mechanical properties (such as high strength), its fatigue performance is poor. Due to the 
high strength obtained after CA-H900 procedure, the material is highly sensitive to defects such 
as LoF, which decreases the fatigue resistance of the material specifically in high cycle fatigue 
regime [35].  From Figure 3, it is observed that 100% of the predicted fatigue data are within the 
scatter band of factor of 2 for both as-built and machined LB-PBF 17-4 PH SS specimens. For 
machined specimens, mostly a non-conservative prediction is observed for both low cycle fatigue 
and high cycle fatigue regime. For as-built specimens, mostly conservative predictions were 
observed.  
 
 

Figure 2:  NASGRO calculated fatigue life correlation to the experimental fatigue life of both 
as-built and machined LB-PBF 17-4 PH SS after CA-H900 heat treatment 
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Conclusions 
 
 In this study, the fatigue life prediction of LB-PBF 17-4 PH SS was investigated based on 
fracture mechanics approach employing Murakami’s  method. This investigation can be 
summarized as follows: 
 

••  NASGRO crack growth equation incorporating Murakami’s  approach is capable to 
predict the fatigue life behavior of both as-built and machined LB-PBF 17-4PH SS for CA-
H900 heat treatment conditions.   

•  Fatigue life predictions obtained using NASGRO, for both as-built and machined LB-PBF 
17-4 PH SS specimens, fall within scatter bands of factor of 2, which shows that the 
estimated fatigue life is in good agreement with the experimental fatigue life. 

•  A non-conservative fatigue life prediction is obtained for machined LB-PBF 17-4 PH SS 
for CA-H900 heat treatment conditions which might be attributed to the better surface 
finish of machined samples.   

•  A conservative fatigue life prediction is obtained for as-built LB-PBF 17-4 PH SS for CA-
H900 heat treatment conditions which is accounted to the conservative approach employed 
due to poor surface finish. 
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