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Materials Researchcross-c ut s ARLO6s four focused S&T

ubiquitous and underpinning for enhancing existing capabilities, developing new
capabilities, and mitigating emerging threats.

Example Army Needs*: Example Technology Gaps:
A Operate in contested, congested, A Lightweight Materials
and competitive environments AR On Dedmaand i Malesiig
A Unburden the Soldier A Disruptive Energetics
A Expeditionary Maneuver A Adaptable and Reconfigurable RF
A Lighter, more effective protection electronics
A Improved Lethality and Effects A Ultra-low power, flexible electronics &

. communications_ . .
*AThe U.S. Army Operating Concept: Win in a

Compl e x TRADACdPanphlet 525-3-1, 07 A High energy dense Soldier Power
October 2014

Revolutionary Materials for Army Capabilities Beyond 2030

i
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Materials Research T Fundamental research for scientific discovery and
innovation to provide superior materials and devices needed for lasting strategic

land power dominance.

Photonics
Almaging Sensors & Optics

AChemical Specific Sensing
ASensor Protection

AUV Optoelectronic

AHigh Energy & Tactical Laser

AQuantum Information
Science

Electronics
ANano & 2D

AMEMS

AFlexible & Conformable
AEnergy Efficient

ARF Active & Passive

Manufacturing Science
AAdvanced & Additive
Manufacturing

APolymer Coatings
ACorrosion & Fatigue
AEnergy Coupled-to-Matter

Biological and Bio -inspired
AMaterials from Biology

ATechnology from Biological
Systems

ACharacterization and Sensors

Structural
AAdvanced Platform

Alntegrated Structural & Energy

High Strain Rate & Ballistics
ALightweight & Specialty Metals

ACeramics & Transparent
AFabrics & Wearables
AEnergy Absorbing
AComposites & Hybrid
APenetrator & Warhead

AAdvanced Mechanics of
Materials

Energy & Power
AEnergy Storage

APower Generation & Energy
Harvesting

AFuel Cell
AThermal Science
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Key Campaign Initiatives:

A Energy Coupled to Matter for Responsive Materials i materials modified by application of
high-energy fields

A Lightweight Materials for Army Platforms i hybridized ceramics, composites, holistic system
weight reduction

A Materials for Soldier and Platform Power Systems i tactical energy independence
A Agile Expedient Manufacturing i materials on demand and by design

A Energy Efficient Electronics and Photonics i lead-based topological materials, wideband gap
materials, active heterogeneous interfaces, 2D materials

A Quantum Sciences i multi-site, multi-node, distributed quantum information using modular
guantum networks, communications, and sensing

Core Campaign Enablers:
A Multiscale Research of Materials i modeling and experimentation to bridge the scales

A Living Material Interfaces i microbial consortia, bacterial-metal binding, materials precursor
generation

UNCLASSIFIED Nati onds Premier L aboc



UNCLASSIFIED
Materials Research Campaign r w-7 i
Energy Coupled to Matter for Responsive Materials ARL
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Access to Denied Environment

On
Command

A Exosuite
A Active Eye Protection
A Conformal Stealth

il o AYVOFAY hOSNXYIFUTOKXXXPP | dza i SNE Séldian
NEW MATERIAL

CURRENT RESEARCH FUTURE TECHNOLOGY
A Coherent Grain Alignment - Responsive Mobility Actuation
A Field Susceptibility ‘ Structural & Flexible Power Smart Protection Materials
A Active Phase Transformation Active Membranes Smart Lethality Materials
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Densification
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Materials Research Campaign
Energy Coupled to Matter for Responsive Materials

Numerical analysis to
understand and optimize
complex thermal-electric
field distributions within the

system and compact

Non-uniform current & temp

RE:Al,O,

Functional Alignment

powder in

compact densification

distribution; predict net-shape

Micromechanical

modeling of
conductivity

sintering

evolution during

Responsive
Pulverization

Physical Property
(Magnetic, Thermal,
Electrical)
Measurement System

ARL
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US. ARMIY Materials Research Campaign Y %> 7 i
RDECOM Lightweight Materials for Army Platforms ARL

Combaswns Commander Joins Forcille Emtry Operation §hiiseg Ot DZ Enaiiled &
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) Mobile Protected Firepower (MPF) i v
Low Velocity Air Drop

N

?uture Vertical Lift (FVL) :

[
[
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e . -
EA 3 I A 2 ] 1660 ¥ 1560 o e 010 ) 030 2 L
& Self-Deployable | fi I
£ : Enabling Requirements- for- Future Operational Capabilities B
X NS N |
D : : : : 3D structural device concept using trusses
Multi-functional Materials B e B cisciiciia

(e.g. Structural Batteries)

B clactrolyte

T

PN electrode

Ultra-strong Magnesium Alloys

(e.g. Long Periodic Stacking Order via Equal-Channel
Angular Work Hardening)

I DA | A2y XXXoobaRAONME L2 UnBwedixEeEsolddr
CURRENT RESEARCH FUTURE TECHNOLOGY

A Multi-Functional (Structural +Materials )
A Hybrid Composites ‘ Holistic Design Approach Enabling0%

A StructuralMagnesium
A Boron BasedStructural Armor Ceramics

Structural Weight Reduction

b . . _
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Lightweight Materials for Army PlatformsARL
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Design Domain Conventional low-weight design
driven by traditional manufacturing

BT clcctrolyte

S clectrode

o A -y AN
Topology optimized design: Topology optimized design:
~ 42% stiffer for same weight ~ 48% lighter for same (elastic) stiffness

Fabrication
e Design & Optimization =
Current Lata '

500

What could you do with a

Conpplion I Ul N\ Weight & Performance

and 10x more ductile than

what’s currently svaitable? Optl m |Zat|0n

Strength (ksi)

Y CurrentData

Ductility 5
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Materials Research Campaign
Agile Expedient Manufacturlng

Factory of 'ig
Battle for the Future

AFFORDABILITY
w/ Agility; Flexibility &
Readiness

Adaptive Materials On-Demand &
By-Design for an Expeditionary
Force

I FF2NRIOATAGEXXXPDP[ 2FAA0A0 hLIGAYAT |
Indigenous Resourcing 3D Flexible Electronics 3D Additive Manufacturing 3D Sensors
Accelerated Certlflcatlon Low Cost NeaNet-Shape Alternative Water & Fuel
i — = . A .
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Agile Expedient Manufacturing

Manufacturing Science:

Synthesis Science: Precursors Processing-Microstructure Design
(e.g. Polym_er, Metal,,. Ceramic Nano- (e.g. Non-equilibrium Solidification; Hydrodynamic
morphologically designed) Phase Stabilization; Thermomechanical Hardening)
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Microstructure -
Performance (e.g.
Probabilistic i
based) Prediction

Gas .‘

Heater

¥ Powder
. Feeder

3D Printing/ Additive S Standards:
=l Manufacturing(AM): S —— Expedient
Solution: Materiel on Demand - |

By-Design

e.g. CRADA on AM

g . BDSYSTEMS
The Unknown T i P S g

___Challenge
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Multiscale Research of Materials ARL
ope

p_— . Os
3 '.' D Continuum: 1 m CE"EF
,j' Mesoscale: 2 mm
4 — ¥ = U(E®. 0.0, .0r) 1,220 polycrystals 5
()] < L Microscale: 200 ¢m P 4
— : : A
single crystal ; ’
S y = S -
7))
q) ms
'I: - -~ n-body contact
. QM:7.95A problem
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Shear resistances forinelastic & cleavage
mechanisms not known uniquely: 1
e FIB expts./atomic simulations
Resonant Ultrasound 2
spectroscopy B
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5 Electrochemical Continuum
() , i IO Modeling: transport in
— Model potentials & Simulate bulk electrolyte and M : :
odel Solid Electrolyte Interphase
LU reactions SEI component transport yt p composite electrodes and

(SEI) formation & properties electrochemical cells
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