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Materials Research Campaign

Revolutionary Materials for Army Capabilities Beyond 2030

Example Army Needs*:

ÅOperate in contested, congested, 

and competitive environments

ÅUnburden the Soldier

ÅExpeditionary Maneuver

ÅLighter, more effective protection

ÅImproved Lethality and Effects

Example Technology Gaps:

ÅLightweight Materials

ÅñOn Demandò and ñMaterials-by-Designò

ÅDisruptive Energetics

ÅAdaptable and Reconfigurable RF 

electronics

ÅUltra-low power, flexible electronics & 

communications

ÅHigh energy dense Soldier Power

Materials Research cross-cuts ARLôs four focused S&T campaigns.   Materials are 

ubiquitous and underpinning for enhancing existing capabilities, developing new 

capabilities, and mitigating emerging threats.

*ñThe U.S. Army Operating Concept: Win in a 

Complex World,ò TRADOC Pamphlet 525-3-1, 07 

October 2014
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Materials Research Taxonomy

ÅLightweight & Specialty Metals

ÅCeramics & Transparent

ÅFabrics & Wearables

ÅEnergy Absorbing

ÅComposites & Hybrid

ÅPenetrator & Warhead

ÅAdvanced Mechanics of 

Materials

High Strain Rate & Ballistics

ÅEnergy Storage

ÅPower Generation & Energy 

Harvesting

ÅFuel Cell

ÅThermal Science

Energy & Power

ÅAdvanced Platform

ÅIntegrated Structural & Energy

Structural

ÅImaging Sensors & Optics

ÅChemical Specific Sensing

ÅSensor Protection

ÅUV Optoelectronic

ÅHigh Energy & Tactical Laser

ÅQuantum Information 

Science

Photonics

ÅNano & 2D

ÅMEMS

ÅFlexible & Conformable

ÅEnergy Efficient

ÅRF Active & Passive

Electronics

ÅMaterials from Biology

ÅTechnology from Biological 

Systems

ÅCharacterization and Sensors

Biological and Bio -inspired

ÅAdvanced & Additive 

Manufacturing

ÅPolymer Coatings

ÅCorrosion & Fatigue

ÅEnergy Coupled-to-Matter

Manufacturing Science

Materials Research ïFundamental research for scientific discovery and 

innovation to provide superior materials and devices needed for lasting strategic 

land power dominance. 
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Materials Research Campaign

Key Campaign Initiatives:

ÁEnergy Coupled to Matter for Responsive Materials ïmaterials modified by application of 

high-energy fields

ÁLightweight Materials for Army Platforms ïhybridized ceramics, composites, holistic system 

weight reduction

ÁMaterials for Soldier and Platform Power Systemsïtactical energy independence

ÁAgile Expedient Manufacturing ïmaterials on demand and by design

ÁEnergy Efficient Electronics and Photonicsïlead-based topological materials, wideband gap 

materials, active heterogeneous interfaces, 2D materials

ÁQuantum Sciencesïmulti-site, multi-node, distributed quantum information using modular 

quantum networks, communications, and sensing

Core Campaign Enablers:

ÁMultiscale Research of Materials ïmodeling and experimentation to bridge the scales

ÁLiving Material Interfaces ïmicrobial consortia, bacterial-metal binding, materials precursor 

generation
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Smart Protection Materials

Smart Lethality Materials

Access to Denied Environment

Responsive Mobility Actuation

Structural & Flexible Power

Active Membranes 

aŀƛƴǘŀƛƴ hǾŜǊƳŀǘŎƘΧΧΧΦΦ !ǳǎǘŜǊŜ 9ƴǘǊȅ ŀƴŘ aŀƴŜǳǾŜǊ ΧΧΦ¦ƴōǳǊŘŜƴ ǘƘŜ Soldier

On 

Command

Å Exosuite

Å Active Eye Protection

Å Conformal Stealth

Catch Launch

Energy Field

NEW MATERIAL

CURRENT RESEARCH FUTURE TECHNOLOGY

Å Coherent Grain Alignment

Å Field Susceptibility

Å Active Phase Transformation

Materials Research Campaign

Energy Coupled to Matter for Responsive Materials
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Materials Research Campaign

Energy Coupled to Matter for Responsive Materials

Physical Property 

(Magnetic, Thermal, 

Electrical) 

Measurement System

Functional Alignment

Textured 

Densification

Responsive 

Pulverization~2 Tesla Magnet 

RE:Al2O3

powder in 

epoxy

N S
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Future Vertical Lift (FVL)

Self-Deployable

Mobile Protected Firepower (MPF)

Low Velocity Air Drop

!ǾƛŀǘƛƻƴΧΧΧΦΦaƻōƛƭŜ tǊƻǘŜŎǘŜŘ CƛǊŜǇƻǿŜǊΧΧΦUnburden the Soldier

Holistic Design Approach Enabling >50% 
Structural Weight Reduction

Enabling Requirements- for- Future Operational Capabilities

Efficient Lightweight Hybrid Composites

Ultra-strong Magnesium Alloys
(e.g. Long Periodic Stacking Order via Equal-Channel 

Angular Work Hardening)

Multi-functional Materials 

(e.g. Structural Batteries)

Unburden the Soldier

ÅMulti -Functional (Structural +) Materials

ÅHybrid Composites 

ÅStructural Magnesium

ÅBoron Based Structural Armor Ceramics

CURRENT RESEARCH FUTURE TECHNOLOGY

Materials Research Campaign
Lightweight Materials for Army Platforms
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Materials Research Campaign
Lightweight Materials for Army Platforms

Increase Fault Area= More 

Slips= More Ductility + 

Greater Strength

Mg + Extreme Work Hardening 

14H

Design & Optimization

Weight & Performance 

Optimization

Fabrication

18R

e.g. CRADA on TBI
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Model 

Based 

Enterprise

Factory of 

the Future

Materiel on 

Demand

Adaptive Materials On-Demand & 

By-Design for an Expeditionary 

Force

!ŦŦƻǊŘŀōƛƭƛǘȅΧΧΧΦΦ[ƻƎƛǎǘƛŎ hǇǘƛƳƛȊŀǘƛƻƴΧΧΦ[ƻƎƛǎǘƛŎ 5ŜƳŀƴŘ
Indigenous Resourcing 3D Flexible Electronics 3D Additive Manufacturing 3D Sensors

Accelerated Certification Low Cost Near-Net-Shape Alternative Water & Fuel

Battle for 

AFFORDABILITY

w/ Agility; Flexibility & 

Readiness

New Materials by 

Design

Materials Research Campaign
Agile Expedient Manufacturing
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Materials Research Campaign

Agile Expedient Manufacturing

Solution: 

By-Design

Heater

Fume Hood

Robot

Gas 

Heater

Fume Hood

Powder 

Feeder

Spray Nozzle

3D Printing/ Additive 

Manufacturing(AM): 

Materiel on Demand

Standards: 

Expedient

Manufacturing Science: 

Processing-Microstructure Design 
(e.g. Non-equilibrium Solidification; Hydrodynamic 

Phase Stabilization; Thermomechanical Hardening)

Synthesis Science: Precursors 
(e.g. Polymer, Metal,, Ceramic Nano-

morphologically designed)
Metal

On

Composites

Microstructure -

Performance (e.g. 

Probabilistic ï

based) Prediction

The Unknown 

Challenge

e.g. CRADA on AM



UNCLASSIFIED

UNCLASSIFIED The Nationôs Premier Laboratory for Land Forces11

electronic molecular mesoscale continuum

30-50nm

E
le

c
tr

o
c
h
e
m

is
tr

y

Model potentials & 

reactions

Simulate bulk electrolyte and 

SEI component transport
Model Solid Electrolyte Interphase 

(SEI) formation & properties

Electrochemical  Continuum 

Modeling: transport in 

composite electrodes and 

electrochemical cells

Core Campaign Enabler
Multiscale Research of Materials
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Length Scale


