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Mugs to Mirrors

An Array of Applications for
Additive Manufacturing




Plasma Transferred Arc Welding

(PTAW)
Powder or Wire Addition
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PTAW — Titanium AIy

e Robot arm inside argon
purge chamber




PTAW — Titanium Alloy

* Welding inside argon purge chamber

-Moly /'Rhenium

e Two torch PTA with CNC
* How big?




Gas Metal Arc Welding (GMAW)

Solid wire and Flux cored wire
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G_AW-‘P Solid Wire

ARC welding cell

Lawrence Livermore
Labs

6 Axis robot

2 Axis tilt & rotate
table




GMAW-P Solid Wi‘re

e 308LSS
e 0.035” wire

e 125 ipm wire feed
speed (WFS)

e 2.11lbs./hr.

308L




GI\/IAW — Flux Cored Wire

316L - SS flux cored wire
Longitudinal, stringer bead —
59.5 ksi YS, 80.8 ksi UTS

Transverse, stringer bead —
55.9 ksi YS, 81.6 ksi UTS

Transverse, weave bead —
47.2 ksi YS, 77.8 ksi UTS

316L - 25 ksi YS, 70 ksi UTS
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e Off-line programming
e Stringer bead —

— 360 ipm WEFS

— 6.5 Ibs./hr.
 Weave bead -

— 300 ipm WEFS
— 5.6 lbs./hr.




 Slicing program — Plastic to Stainless Steel
e 0.035”, 125 ipm WEFS, 2.1 Ibs./hr.

GMAW-P, 316L S5

High strength low alloy
carbon steel - test
coupon

135 ksi YS

148 ksi UTS

220 ipm WFS, 0.045”
wire

5.9 Ibs./hr.
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Twisted mixer blade
G48 corrosion test — Passed
Ferrite requirements — Passed
85 ksi YS

115 ksi UTS

0.035” wire

2.0 Ibs./hr.

AC GMAW-P, ER5356 Aluminum

300 ipm, 0.047”
2.8 Ibs./hr.

80 ipm travel speed]
19 ksi YS |
38 ksi UTS

6061 T6 —
35 ksi YS,
42 ksi UTS
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AC GMAW-P, ER2319 Aluminum

e 2319 heat treatable alloy
— Solution anneal with water quench
— Artificially aged
e 45 ksi YS, 63 ksi UTS
e 380 ipm WFS, 0.047”, 3.8 Ibs./hr. (AC GMAW-P)
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Gas Tungsten Arc Welding
(GTAW)

GTAW-CW & GTAW-HW
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Twelv’e Axis GTAW System

s

GTAW-CW _,
ER90S-B6 butter layer & =

ER410NiMo Build
1.9 lbs./hr.

GTAW-HW
ER120S-1

3.8 Ibs./hr.




- GTAW-CW.

Axial Base — A470 107,600 | 126,700
m) Axial - WM ER90S-B6 | 108,200 | 122,100 | 63
Axial - 121,300 | 136,100 | 134
B ER410NiIMo
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- GTAW-HW.

Axial Base — A470

107,000

126,200

B Axial WM — ER1205-1

121,300

136,100

42
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Submerged Arc Welding
(SAW)

Single and multi-wire

/A IR -

SAW —316L, 6" weld neck flange

3/32” wire
10 lbs./hr.

Transverse —
48 ksi YS, 74 ksi UTS

Radial —
61 ksi YS, 84 ksi UTS




SAW — 2 %Cr 1Mo |

* Twin Tandem, DC/AC SAW <A
e 4 wires /40 Ibs./hr. T— WA
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B Minimum

10 B Maximum
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Laser Powder Bed
GMAW Joining

Aluminum NASA Mirror
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Laser Powder Bed / GMAW

* Back structure




__NASA Mirror

Mirror on welding fixture
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Mirror on turning fixture







