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Abstract

Laser powder bed fusion (PBF-LB) additive manufacturing gained popularity for the creation of
high mix, low volume parts for defense and commercial applications. Parts made via PBF-LB can
be difficult to qualify due to their variation in performance, even within the same build. During
the build process, regions of the PBF-LB recoater blade could be subject to damage by spatter or
superelevation in the powder bed. As a result, the worn recoater can potentially cause spreading
defects in the localized topography profile, which could in turn cause porosity or form deviations.
These process concerns are not well understood for their criticality and subsequent impact on part
quality. This study will investigate the mechanics of recoater damage through two experimental
builds. Post-mortem inspection of the failure region will be conducted with laser line profilometry
and will help propose a better understanding of the criticality of extreme recoater damage.

Introduction

Laser powder bed fusion presents an opportunity for parts to be made on demand, often a
significant time savings from the planning and logistics required to operate the conventional
factory casting process line. The qualification and certification of additively manufactured parts
can be difficult due to their stochastic behavior, especially in fatigue [1]. These parts can be
exposed to local changes in process conditions which can potentially affect part quality or even
lead to build failure. One such local processing condition is the exposure to recoater damage on
the blade. Recoater damage often occurs due to superelevations in the build process or spatter
colliding with the recoater and causing wear to occur [2], [3].

The geometry and material selection of the recoater is often tailored to the machine
constraints and parts to be manufactured. Many works have studied the spreading process through
discrete element method (DEM) simulations to understand how process parameters impact the
quality of the powder bed [4], [5], [6]. Such tests have even been done with different types of
recoaters to study the effect of different geometric profiles and materials with both DEM and in-
situ methods [7], [8], [9]. Hard recoater blades are often selected because their stiffness allows
them to remove spatter and superelevation that is above the layer height at the deposited layer,
yielding to more flatness in the powder bed, at the expense of being prone to collisions and
jamming. To date, prior studies have not investigated the impact of intentional recoater damage
induced within the hard recoater blade.

Mechanical properties and the porosity profile of the part can be significantly impacted by
recoater wear. Horizontal streaking often occurs in regions of the powder bed that are subjected to
a worn recoater [10], [11]. Excess porosity has been shown to have an impact on the mechanical
performance of tensile specimens [12]. In a study using intentionally damaged electron beam
powder bed fusion (PBF-EB) brush recoaters, the authors found that the porosity in regions
impacted by local recoater damage was much higher than non-affected regions [13]. The study
found that pores in worn recoater regions resembled that of lack of fusion porosity. Lack of fusion
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pores are especially detrimental to mechanical performance as they are larger than gas porosity,
are highly irregular, and can serve as initiation sites for failure [14].

Previous researchers have understood the detectability of recoater damage using machine
learning and computer vision techniques [11], [15], [16]. Others have attempted to simulate the
onset of recoater damage using parts that will cause intentional superelevation interactions with
the recoater [17]. These prior works have not addressed the criticality of the size of the wear profile
on the hard recoater blade. These works have also not studied the mechanics of how recoater
damage can cause build failure. The present work will address the mechanics of recoater damage
with extreme wear conditions through two investigational builds. The surface topography
deviations of the as-printed parts will be addressed as well as the deviations in a pre-spread sample
first layer. These form deviations will be evaluated with laser line profilometry.

Materials and Methods

This work used two builds to study the mechanics of spreading with a worn recoater. The
first experiment used a build plate layout consisting of a series of bar coupons. The second
experiment build plate had a series of bar coupons and parts based on the geometry of ASTM E8
specimens [18]. The build plate design for both experiments is shown in Figure 1. The first
experiment used Kennametal Stainless Steel 316L powders that had been sieved six times with a
D10 of 14.5 micron, D50 of 20.7 micron, and D90 of 31.6 micron. The second experiment used
one-time sieved Carpenter Additive 316L powders with a D10 of 21.3 micron, D50 of 29.5 micron,
and D90 of 43.4 micron. Both powder size distributions were measured on a Malvern Mastersizer
3000. The number density powder size distribution for both experiments is shown in Figure 2. All
prints were conducted on an EOS M280 using 928.1 mm/s speed, 214.2 W power, and a hatch
spacing of 0.10 mm with rotated and alternating hatch spacing. The dosing factor of the second
experiment was slightly larger to account for the larger D50 values.

b)

Figure 1: a) Set-up of the build plate in experiment 1 b) build plate design in experiment 2
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Figure 2: PSD Compositions of the 316L powders used in experiments 1 and 2

All recoaters used were purchased directly from the manufacturer and were made of high-
speed steel. The recoater used in experiment 1 had notch damage that was created via an electric
discharge machine (EDM)), the size of the damage based on the size of notch damage in previously
worn recoaters and EDM limits. The recoater used in the second experiment had notch wear that
was also created via EDM. The smallest notch in both experiments was the smallest notch feasible
with the EDM setup. Figure 3 shows the positioning of the recoater damage and the size of the
recoater damage is shown in Table 1. These images and measurements were captured on a Keyence
VR6000 Series optical profilometer in low magnification mode with a magnification of 12x.
Additional images of the recoater blade after failure were captured on a Dyno-lite digital
microscope.
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Figure 3: Recoater bar used in experiment 1 a) front view b) side view. Recoater bar used in
experiment 2 c) front view d) side view.

Table 1: Wear profile in experiments 1 and 2

Experiment Labeled Color Length (mm) Width (mm) Depth (mm)
Number

Experiment 1 Brown 0.394 0.439 1.063
Experiment 1 Blue 0.461 0.518 1.285
Experiment 2 Green 0.377 0.459 0.867
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The as printed parts were scanned with a Keyence LJ-X8080 laser line profiler using 8000
lines and a 12.5 micron X, y, and z resolution. The laser line profiler was affixed to the recoater
arm assembly by a custom mount and is shown in Figure 4 below. The laser line profiler was able
to capture a sample first layer profile of the spread powder in experiment 2. The output profile was
analyzed using modified MATLAB code that had been developed by previous researchers [8]. A
Dyno-lite digital microscope was used to capture images of the part surfaces.

e TKEYENCE

Figure 4: Keyence LJ-X8080 setup in EOS M280 capturing the part surfaces of experiment 1

Results and Discussion

In the first experiment, build failure occurred in the region of the largest recoater damage,
as shown in Figure 5 below. Hard recoater blades by their nature will work to shear any part
deviations above the layer thickness. In the worn region where significant notch damage is present,
any deviations will be allowed to pass until they form above the tallest section of the notch, or
spatter or other bed defects get caught in the notch opening. Based on inspection of the post-
mortem images, it appears that once spatter or superelevated debris got trapped in the notch, it at
some point interacted with the superelevated regions and appeared to roll and pick up molten
superelevated material or spatter, forming a bead. As the bead picks up material, it will leave the
previous region with a dimple formed from removed material. The bead will become so large that
it will collide with the recoater bar and cause failure.
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Figure 5: Location of build failure region in experiment 1

In the case of experiment 1, approximately 0.80 mm of the build was successfully lased
prior to failure. The laser line profilometry scan of the parts in the band of highest recoater damage
is shown in Figure 6. The part surfaces captured with a digital microscope are shown in Figure 7.
In the region subject to recoater damage and to the right of the part at failure (part C4), the
formation of the rolled ball bead caused a local topographical loss of 0.0705 mm relative to the
flat part of the fused surface. The difference is about 1.5 times the layer height so there is a potential
for porosity to form in this region as result of the difference in surface topography. The rolled bead
formed at the failure location caused a local topographical difference of 0.6534 mm above the
fused surface, which is larger than the length of the recoater notch that it would be able to pass
through (0.461 mm). To the left of the failure part section, the recoater damage caused about 0.1741
mm difference in height, which is about four times the layer height, but roughly a quarter of the
length of the notch (0.461 mm). Part C6, which is to the right of the failure region has a form
deviation of around .0992 mm, which is less than the region ahead of the damaged section. This
means that perhaps the spatter that was stuck in the recoater notch could have sheared parts of the
profile or there could also be deviations in the topography profile due to variability between parts.
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Figure 6: Topography profile of parts for experiment 1 in the region of highest recoater damage
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Figure 7: Parts along the larger recoater damaged section, locations corresponding with Figure 6

In the area subject to the smaller notch, the surface topology results are shown in Figure 8.
In the inspection of the recoater after failure, there was a bead stuck in the recoater notch section,
which is shown in Figure 9. This was likely spatter or superelevation that got caught in this section
of the damaged recoater. The topography deviation in the recoater damaged section averaged over
four parts in the region was 0.1388 mm, which is a bit smaller than the portion of the failure part
ahead of the failure region. This deviation is much less than the length of the notch (0.394 mm).
The topography deviation in the lased portion of the recoater damaged region is likely most
dependent on the dosing, layer thickness, and charge amount, since the size of the notch is
potentially greater than the largest forward moving front of the powder spreading profile.
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Figure 8: Topography profile in the smaller recoater damaged section of experiment 1
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Figure 9: Bead caught in damaged recoater in small notch section of experiment 1

For experiment 2, a sample scan of the bed topography of the first layer was taken prior to
starting the lasing process. The results of the powder bed in a sample 100 mm wide by 40 mm long
section of the powder bed in the section subject to recoater damage is shown in Figure 10 below.
Looking at the average height profile of the powder bed across the middle 60 mm of the spread
direction is shown in Figure 11 below. The results indicate that the largest average deviation
from the form-leveled baseline is .0328 mm which is less than one layer thickness of deviation.
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Figure 10: Sample first layer profile in recoater damaged section in experiment 2
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Figure 11: Average line profile in Z- direction captured at the middle 60 mm along the spread
direction

The build in experiment 2 failed around 0.17 mm of build height which is earlier in the
build process than experiment 1. This could be due to the different build plate configuration and
larger powder size. The location of build failure is shown in Figure 12 below. The build failed in
the recoater damaged region. The surface topography profile of experiment 2, subject to the
smallest size of recoater damage amongst the conditions tested is shown in Figure 13 below. Much
like the previous experiment, the failure region also showed the rolled ball formation at the failure
site. The rolled ball formation was 0.6746 taller than the level surface. This deviation is greater
than the length of the recoater notch, 0.377 mm. In this case, the parts to the right of the failure
site along the damaged region, showed significant hopping behavior. In the region to the left of the
failure region, the deviation in the form profile was 0.1233 mm. Since the length of damage is
likely much greater than the forward moving front of the powder, the dosing amount will have
more of an impact on determining the topography deviation.

Figure 12: Build failure location in experiment 2
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Figure 13: a) Parts to the right of the failure part along the damaged region that show hopping

behavior b) Failure part and part ahead of the failure region.

This work represents an analysis of extreme recoater damage. There could exist a size of
recoater damage that causes negligible difference to the spreading profile, which will be addressed
in future work. This work also suggests that the notch profile provides a containment spot for
spatter or removed superelevated beads to reside. These beads can fill in the gaps of the recoater
damage and could initially create a more level profile in the recoater damaged section. The
superelevated regions could also collide with the trapped beads and lead to shearing of the
superelevated region, jamming, and build failure. The modeling of recoater damage with the EDM
is imperfect as the depth must be deep due to set-up constraints. The impact of the overall shape

and distribution of volume of the notch profile is of potential interest for future work.

Conclusion
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The present work used two experimental builds to determine the underlying mechanics of
recoater damage with extreme recoater wear. Under EDM created wear conditions, the spatter and
sheared superelevation became trapped in the opening created by the worn recoater damage. These
beads can shear additional superelevated material or spatter in the recoating path to create a rolled
bead of material that causes the recoater arm to jam and the build to fail. The surface deviation in
the parts in the regions ahead of the failure region show that the deviation is more impacted by the
dosing factor and layer height, when the length of the notch is greater than the height of the spread
powder forward moving front.
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