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The artifact is built like a staircase in that each 
column after the open-air defects has one more 
layer than the previous, and the final column is 
covered with eight layers (320 µm) (Figure 5). 
Four artifacts were printed at defect depths from 
two to ten layers (80 µm to 400 µm) deep to 
understand the size of seeded defect that could 
reliably be printed. All artifacts were made of 
nickel alloy 625 in an EOS M290 Direct Metal 
Laser Sintering (DMLS) machine.  
 

 
FIGURE 3. Microscope images of open-air 
defects A) Open hole B) Keyhole C) Lack of 
fusion. 

 

FIGURE 4. Grid pattern and size of defects in the 
artifact 

 
 
FIGURE 5. Final computer aided design model 
for defect artifact. 

Results and Discussion 
Once the artifacts were built, they were subject to 
X-ray computed tomography (XCT) analysis to 
ensure that the defects that have been printed 
over still exist within the part. Parts were sent to 
North Carolina Agricultural and Technical State 
University (NC A&T) for preliminary XCT 
analysis. It can be seen in Figure 6 that in the 
artifact with the deepest seeded defects (ten 
layers or 400 µm), all defect types are present 
within the surface and the largest diameter 
defects of each type persist throughout the entire 
build with up to eight layers on top.  
 

 

Figure 6. Defects propagating through build (0-8 
layers from left to right). A) Open hole B) Keyhole 
C) Lack of Fusion 

Areal surface data was obtained through a 
commercially available coherence scanning 
interferometer (CSI) and processed using the 
packaged software. To capture these defects, up 
to 100 sites of areal data with a field of view (FOV) 
of 418 µm x 418 µm were stitched together to 
encompass the area of the defect and outside 
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surrounding topography to view any lateral 
propagation that may take place as the layers are 
built on top of the defects. Figure 7 shows the 
evolution of the surface topography as the largest 
open hole defect goes from open air up to eight 
layers deep. One can see that a defect of this size 
takes a full three layers to fill over the defect itself. 
Additionally, there is a prominent sag in the spot 
of the defect throughout the build. At the center of 
this sag, it is apparent that the scan lines are 
losing their independence as seen in the SEM 
data from Figure 2. This correlates with the 
preliminary surface topography results found in 
the stochastic defect in the real-world part. The 
flattened scan lines are just half of the correlation 
between the defect artifacts and the first part 
analyzed. Applying a Fourier filter to the area map 
of the eighth layer reveals that the chevron 
pattern ceases to exist (Figure 8). It is theorized 
that the disappearance of the pattern has to do 
with the altered heat transfer properties of 
building over and around the seeded defect; 
however, in-depth microstructural analysis is 
needed to confirm this.  

 
FIGURE 8. Chevron pattern adjacent to seeded 
defect (left). Lack of chevron pattern on eighth 
layer above defect 

FUTURE WORK 
While preliminary analysis is promising, a lot of 
analysis is yet to be done to prove the correlation 
between subsurface defects and change in the 
scan lines and chevron pattern seen on the 
upward facing surfaces. Higher fidelity XCT of 
defects removed from the artifact via wire 
electrical discharge machining (EDM) will be 
used to estimate the size of the initial voids as 
well as investigate any micro-scale porosity that 
may propagate throughout the part. 
Microstructural analysis will be completed to 
understand how these defects affect the 
expected microstructure. Finally, another series 

 

FIGURE 7. Surface topography evolution of open hole defect from 0 to 8 
layers (2.25 mm x 2.25 mm FOV) 
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of builds is being completed to see if the pattern 
holds for deeper defects (up to 30 layers).  
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