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METALS AM FOR ARMY READINESS AND MODERNIZATION Z ODEvVCOM
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INTERNATIONAL

Standard Specification for
Additive Manufacturing Titanj
yjith Powder Bed Fusiop

1

Goal : Maintain
readiness of current
platforms

CRITICAL GAP

Qualification and
certification

Goal : Insert new
technologies and
materials in future
systems
(modernization)

Army 0 Academia 0 Industry teaming
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75 ARL Metals AM Research portfolio overview Ee’svccnw

Goal: Use metal AM to make the Army more agile,
expeditionary, support mission readiness, and
develop advanced materials and designs to
achieve weight and cost savings while increasing
performance

Challenges:

A Current commercially available feedstocks for
metal AM do not meet Army mission
requirements (poor toughness, compatibility with _
legacy systems, need lighter weight, too Replacement parts to support
eXp ens iV e) mission readiness

Modeling tools for metal AM not mature

Linkages between process data, microstructure,
and properties need to be developed to enable
quantification and qualification of AM
components
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Advanced materials and designs
to meet future demands
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METAL AM SCIENCE @ ARL [oEveom

Pre -process In -process Post -process

Defining requirements Process optimization Processing/structure/pr
and part design (Modeling) operty relations
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Concentric
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Hexagon

Material Design (Feedstock Process monitoring and
development) control

Meltpool/Heat Affected Zone
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AM ENABLES MISSION READINESS

Impeller blade tips erode in desert
environment due to sand entrainment
Fans fail at rate of 1 per vehicle per year
Item is in short supply and long lead time
which results in significant delays and
degradation of mission readiness
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ARL 3D printed SS replacements
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Worn impeller fan
Photo courtesy Capt. Otto, USMC, Camp
Pendleton, CA

Short term solution: Collaboration with
USMC, TARDEC, ECBC to demonstrate
feasibility of AM DMLS replacements i
Provided to USMC within 4 days of visit =

nspeed of rel evanc

Long term vision: Develop and
transition ARL high strength steel
feedstock to provide gqualified solution
for rapid part replacement with
increased performance and reduced
failure rates
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Q Modernization value proposition En’svccnw
Oom Example: Threat Responsive Fragmentation
A Goal: Enhance lethality of munitions and Long s POV 2009 _morsom
Range Precision Fires : ] / :
A So what? Custom lethality to be threat R e
responsive to any adversary S me o
800 indow of properties
A E.g. soft vs. hard targets, masonry, ':/— current commercially
swarms, etc feedsocks
A CompleX/Optimized designs Material deveTglz)m‘gnt of high
A Control of Ve|0city, size, Shape, strength steels for AM is critical for

military applications

distributions, etc. of fragments

. Rapid executions of concept
A Challenges to be addressed: to demonstration= 0 Speed o

A Materials selection i higher strength relevanceo
alloys would enable more lethal designs

A Repeatability of material properties

A Designers desire range of ductility for
controlled fracture i achievable through
design of processing and/or materials

A Quantification of AM material properties
and development of constitutive models to

feed designers Notional proof of concept ~ Coupon testing
(M. Minnicino) at ARL
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. 75 METAL AM TECHNOLOGIES AT ARL E’EVCOM

Recoating Energy
Blade Beam

Laser/e-beam powder bed

mat
M = Supports
L.
Porder i latom
Directed energy deposition
(LENS/powder fed) Fserostonnn [ | Lose Beom
Powder fed coaxially with laser. s L
Powder is melted and deposited on S [
substrate. Suitable for Seampouae ] M
cladding/repairs and freeform i
fabrication < TN st Soee
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7AN CAPABILITIES AND MATERIALS [GEveom
I
Laser powder bed:

ProX 300 (Stainless steel, aluminum, Ti64, inconel)
9.25 x 9.25 x 120 (235 x 235 x 300 mm)
ProX 320 (Ti64)
10.82x10.82x1 6 . 53 & 2452 426 mm)
ProX 100 (steels, tungsten, non-reactive materials)
Can work with experimental quantities of powder
4 x 4 x 40 (100 x 100 x 100* mm)
EOS M100 (steels, aluminum, Mg, Ti64, ...)
Can work with experimental quantities of powder

40 diameter x 2.950 height (100 75 mm

E-Beam powder bed:
Arcam A2X (IN718, Ti64)

200 x 200 x 380 mm (Ti64)
160 x 160 x 380 mm (IN718)

Directed energy deposition:
RPM 222 (Inconel, Titanium, steels)
24 x 24 x 240 (609 x 609 x 609 mm)

Powder production: Gas atomization
Cold Spray
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(v5.4m01) STEEL FEEDSTOCKS

DEVELOPMENT OF ULTRA HIGH STRENGTH

3200

Z DEVCOM

Motivation: Existing steel AM feedstocks expensive and
properties not adequate for Army applications (Army uses
a lot of steel), e.g. combat vehicle and munition
applications
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Window of properties
current commercially
available metal AM

Need: High strength and high toughness Trucsrain
Want: Ability to tailor properties part to part or within a
art verage
i h Material Ma;L:cf)e(l:cet:sring Ten:\I/:l"JrjIZ\jPa) T'::nsilegz’m Elongation (%
pproach: (vPa)
. . Forged and Heat
A Near term risk reduction: Adapt government =t | et . B B
(AF) developed alloy to AM processing T e 198 ot | 158
A Develop integrated experimental and o e 640 760 2
computational (physics based and data driven — ©Qay | 1303 1372 16

machine learning tools) framework for AM
specific alloy design
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ULTRA HIGH STRENGTH STEEL FEEDSTOCK DEVCOM

A Recently developed L-PBF process for high strength/ high
toughness steel feedstock
A Air Force alloy AF96 low alloy/low cost martensitic steel
A Achieved 99.97% of theoretical density
A As-printed AM strength AND elongation exceed that of rolled/HT
plate
A AM yield strength > 1600 MPa (230 ksi)
A AM ultimate tensile strength > 1900 MPa (275 ksi)
A Ductility limit not reached out to 40% in compression

A Results repeatable on 2 different L-PBF machines: T
A 3DS ProX100 and EOS M100 AM AF96 microstructure
A Can be processed in N2 (reduces cost) or Ar
m Yield strength  m Ult. strength Elongation
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