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 Laser-powder interactions for 316L in LPBF

* Powder Reuse Effects on 316L Parts for Varying Lots

* Coupling Powder’s Influence on Part Mechanical Properties
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Coupling Powder & Mechanical Properties

Powder Sample High Throughput Charpy Test Coupon
Tensile Sample

Types of 316L powder tested:

1. How much do part Machine parameters:

. : >
properties change with Fowaer A > Power: 110 W
extensive powder » Powder B > Mark Speed: 1400 mm/s
reuse? » Hatch Spacing: 50 ym
Properties tracked for each build: > Focus offset: 1.5 mm
2. Do any powder » Powder Morphology > Style: Hexagon
characteristics indicate » Powder Bulk Chemistry g ‘
a “bad” quality part? » Part Tensile Properties, Density,

Hardness, Fracture Toughness
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»No significant
morphological
differences

»Powder B had

visibly larger
particle sizes
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» Powder A and B have distinct distributions

» With reuse, powder can increase or not change much
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Surface Area
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v 50 > Both powder sizes
e » El increase with reuse
‘; . I I I £ » Aspect ratio increases
: 1 B | I I or remains similar with
Dn10 (um) Dn50 (um) Dn90 (um) ’ Dv10 (um) Dv50 (pm) Dv90 (um) reuse
W Virgin A MReused A MVirginB mReusedB BVirgih A MReused A ®VirginB m Reused B

» Specific surface area
L6 >0 decreases or remains
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mVirgin A mReused A W VirginB m Reused B 'rein euse 'rein A
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” > Powder size measurements
50 can vary substantially
» » Different lots still follow the

same increasing trend with
reuse

Diameter (um)
w
o

N
o

10

0
O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 S—
Reuses ok
—e—A (1) Dv10 —e—A (1) DV50 A (1) Dv90

—e— A (2)Dv10 —e— A (2) Dv50 A (2) Dv90
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Oxygen Carbon
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Conditioned (Aerated) Bulk Density Compressibility Shear Stress

Normal Stress
Air Out

K Normal Stress
P

E ) )_) o J’{J -\-f_l
-a-; 7 A ) , 1 Ci;?gl: " Basic Flow Energy
e = A - ‘)J Pressure 32 JJJ T 'Jjjj (Blade moves up)
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J b fJ)J I ‘S j_), o= “ 4 (Blade moves down)

X D0 22 ) A

- : ' 2 = JJ)')

Prior to Avalanche (Peak) After Avalanche Powder Packing

3 Avalanche
", Angle
/ Surface

Fractal

Density
Post-Vibration

Avalanche Drum
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800

- > 316L powders can have

65 different charge signs, but
s generally decrease in charge
2 200 (near zero) with reuse
g 0

-200

-400

-600

Revolution Time (s)

—Virgin A Reused A ——Virgin B Reused B
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> Very little
change to
properties with

30 ym layer thickness 40 pm layer thickness
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_ » Possible
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» Very little change to properties with reuse

» Possible reduction in ductility with reuse

» Top roughness increases with reuse

14 © ASTM International



316L Mechanical Properties Relatively\\| | | @ |CAM 2020

Insensitive to Powder Reuse
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» Lots of powder characteristics change with reuse, but properties don't reflect that change for 316L
stainless steel parts, as long as Dv50 remains below machine layer thickness

» When the process parameters don'’t vary, mechanical property variability is primarily== 2
due to slight process fluctuations and build location, rather than powder of 316L
stainless steel
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