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/7 Additive Manufacturing at SNL
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/ Sandia telescope Printed battery
Reduce Risk, Accelerate Development
* Simplify assembly & processing
« Prototypes, test hardware, tooling & fixturing
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Add Value

» Design & optimize for performance
« Complex freeforms, internal structures, integration
« Engineered materials

Continually Growing Interest Across Sandia Missions Full scale additive weapon mock-up



/ Wire Directed Energy Deposition (W-DED): Background
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Objective: Provide statistically validated material specs and design margins for W-DED Ti-6Al-4V products

o Balance need of rapid testing and establishing statistically AND structurally relevant data
o Provide guidance to stakeholders with clear pathway for process qualification cycle of W-DED products
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WAAM: Hybrid

Meltview monitoring camera

Pre-form Machined

Plasma Arc Tungsten Arc Metal Arc
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/" High Throughput Testing

MTS: 858 5-kip frame Specimen Geometry Rapid development of statistically relevant
tensile data

Wrought As-built WAAM As-built EBAM
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/ Orientation of Wrought and Additive Manufactured Tensile Samples

/4 Mill Annealed W-DED

Conventional Process AM Process

« Material formed from bulk « Near net-shaped from wire
feedstock feedstock

« Microstructure formed prior « Microstructure formed along |
to geometry with geometry

» Well documented post- « High uncertainty in post-
process effects and process effects and

properties properties
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Conventional vs. Additive Manufactured
Anisotropy
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/ Wrought: Temperature
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Temperature (°C)

Heat Treatments

@vertemp: 9f80°C

00:00:00 02:24:00 04:48:00 07:12:00 09:36:00 12:00:00

Elapsed Time (hr:min:sec)

Heat Treatment 1:

Beta anneal at 1050°C for 1 hour
Overage Anneal at 725°C in a 2 hour soak
Argon Quench

Heat Treatment 2:

Alpha/Beta anneal at 926°C for 1 hour
Overage Anneal at 725°C in a 2 hour soak
Argon Quench




Immersion Ultrasonic Inspection

* Immersion inspections were performed from
the etched surface

« ~50 um resolution and at a height of 50 mm
above side being scanned

« No observable defects discovered for wrought
material

« Low porosity observed for WAAM




/" Wrought & As-built WAAM Microstructures
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Ti-6Al-4V Compositions

Al 5.5-6%
Vv 3.5-4.5%
Fe <0.40%

Wire Feed Stock
Composition

Al 6.75%
V 4.50%
Fe 0.15%




T
o
=
=

wy

(]

@
=]
&
o
2
=

Wrought

1000

/" Wrought & As-built WAAM Tensile Properties
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/" WAAM: Microstructures

Titanium cubic
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HT1 & HT2 WAAM Tensile Property Results -z
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/" Fractography: WAAM
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WAAM-AB HT1: B HT2: o+

Ductile Intercrystalline Mix of Ductile/Brittle
Transcrystalline fracture along Transcrystalline &
fracture continuous o Intercrystalline fracture

g -

EHT = 4000 K\ WD = 289 mm Signal A=5E2  Width = 3.970 mm EHT =10.00 kv WD =257 mm Signal A=SE2  Width =4.100 mm EHT = 10.00kV WD =217 mm Signal A= SE2  Width = 4.100 mm
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/" Competing Failure Mechanisms

AB, HT1: B

Cooling rates affect the slip
length/colony size
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P Conclusions/Summary

B & (a + B) field heat treatments do not provide convincing benefits to WAAM tensile
properties

* Microstructure plays a greater role in failure than defects for both W-DED processes

* Initial microstructure plays a pivotal role in final grain size after heat treatment
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" Continuing the Experiment
r

« Complete testing on HIP specimens
* Investigate stress relief + aging heat treatments
 Finalize heat treatment schedule for bulk tensile testing
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Thank You!
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Heat Treatments Effects on Mechanical Properties of Electron Beam Additive Manufactured Ti-6Al-4V
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Create impactful presentations, reports, and visuals with Sandia branded PowerPoint templates.
FEATURES

o 16:9 HD widescreen format

o Embedded Sandia font & colors

o Professional photo and text layouts available in the Sample Layouts deck
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