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Sandia is interested in two types of powder-based AM processing: 3-D ) .
Laser Engineered Net Shaping (LENS) and Powder Bed Fusion (PBF)
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LENS and PBF Machines () feton

LENS Machine PBF Machine

Optomec MR-7 3D Systems ProX 300
Building 906/152 Building 979




Demonstrations of LENS and PBF metal processing

Starting 316L atomized
feedstock powders

3-D PBF printing




Example parts made by the LENS and PBF processes

Starting 316L atomized
feedstock powders
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3-D CAD drawings (STL file format) of AM test artifacts () =

LENS-Hexagon PBFE-coin




Scientists/engineers need to study the material properties using SEM () ==

Details of unsupported surfaces from the
coin made by Prox 300 PBF
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Coin Produced by ProX 300 PBF at SNL/CA Netonat
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The partially fused powders are also a problem with LENS
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Summary (i) feton

There are two powder-base AM processes, called LENS and PBF,
that produce the parts with different surface properties.

We observed dripping beads on PBF unsupported features and
unmelted feedstock powders on LENS part’s surface.

These surface properties can be revealed clearly by SEM images.
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Programmatic Background and Objective () ==

« Sandia is developing AM technology to build engineering components.

« For technology maturation, we need to understand how the feedstock
powder affects AM processing, i.e., tap density and flow rate.

Starting 316L atomized
feedstock powders




Overview ) =

o Compare LENS AR and Recycled Powder
* OM and SEM imaging
* Tap Density
* Flow Rate

o Compare PBF Dug and Recycled Powder
* SEM imaging
* Tap Density
* Flow Rate




Materials of Interest i) Mo

316L Stainless Steel is atomized into powder

o LENS printing, UCI (> 50 pm )
* Asreceived
* Recycled ~6-8 times
o PBF printing, SNL,CA (<40 um)
* Dug from 3D printer
* Recycled ~44 hours

316L Alloy Composition by EDS

Quantitative Besults for areal _large_pol| _S000:x_EQ
.Fe dnalysis: Bulk  Method: Standardless
] Acquired 22-Jan-2015, 15.0 KeV @10 &% /channel

Elernent  “weight %  Std. Dew. MDL  d&tor;ic %6

Cr 1686 0.2e 0.2 18.10
Fe T0.24 177 022 TOTT
Mo 1.84 o3 1.8 1.07
Mi 10.41 o700 022 289
o 0.05 0oz 2es o7

Total 100.00
? Thiz elerment is statistically inzignificant.




Experimental Procedures (i) Mssenat

Shape and Surface Roughness

Mount SEM Analyze

Powder Size and Distribution
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Experimental Procedures

Powder Feed Rate
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Experimental Data: Powder Shape and Surface Roughness  (rh)

18mm BEE




Experimental Data: Powder Size and Distribution () A

B UCI LENS AR-1 100x Average Size of Feedstock Powders (um)

., 200
2 150 NP RH  Average
£ 100
% 50 ™ UCILENS 100x 54152 51159  52.656
g 0 e AR-1
0 20 40 60 80 6(1);&3& rlﬁ(:ni)w 180 200 220 240 2OOX 47 47 4 43958
B UCI LENS Recycled -1 100x
E jzz UCILENS 100x 48847 48902 48.875
g Recydled-1
& 100 200x 50.088 64.936
g 50
§ o — T Mo Average Size of Feedstock Powders (um)
0 20 40 60 80 é(l)grjzt(z 1-1?3111)60 180 200 220 240
M PBF Recycled 500x e Al | Ao
500
§400 PBF Dug N/A
i pep 200x N/A 8141 "
2100 <<
£, Ll T — Recyded 500 10005 N/A
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. . . . . Sandia
Experimental Data: Powder Size and Distribution i) faes,
PBF Recycled Leica 200x PBF Recycled Leitz 500x
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Experimental Data: Powder Flow Rate (7 s

0.10” Orifice
Flow Rate (g/sec)

UCI LENS AR UCI LENS Recycled

Carney Meter
NP RH
13.42 14.69
13.65 14.83
13.42 15.02
13.54 15.26
13.65 14.98
14.25

Carney Meter
NP RH
14.84 15.59
14.57 15.40
14.43 15.55
14.06 15.60
14.26 15.56
14.99

5.2% increase
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Experimental Data: Tap density
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UCI LENS Recycled
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Tapped Tapped Dropped

UCI LENS AR -2

Tapped Dropped
Average
5mL 10mL 10mL
4.88 4.59 4.64 4.702
UCI LENS Recycled
Tapped Dropped
Average
5mL 10mL 10mL
4.83 4.45 4.61 4.629
PBF Dug
Tapped Dropped
Average
5mL 10mL 10mL
4.88 4.52 4.69 4.695
PBF Recycled
Tapped Dropped
Average
5mL 10mL 10mL
4.76 4.58 4.78 4.703

Minimal changes in tap density for both LENS and PBF




Summary and Conclusions ) 2.

Flow Rate Tap Density
« LENS AR vs Recycled: « LENS AR vs Recycled:
* 5.2% increase * 1.6% decrease
* More powder per second * Less particles fit in volume

« PBF Dug vs Recycled:
* <1% increase
 Insignificant change

Shape and Surface Roughness Particle Size
« LENS AR vs Recycled: « LENS AR vs Recycled:
* Both maintain spherical shape * ~7% decrease
* Recycled increases in roughness « Minimal differences

« PBF Dug vs Recycled:
* Recycled becomes more deformed
* Losing spherical shape, increasing roughness
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