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Challenge: US losing market lead 
in Advanced Technology Products 

U.S. Trade Balance for Advanced Technology Products 
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Å11% of U.S. GDP 
Å12 million U.S. jobs 
Å57% of U.S. Exports 



A Widening Valley of Death? 
For Materials Transition 

Typical Development Times for New Materials (& Processes) for Jet Engines 

I. Modification of an existing material for a non-critical component 

 ς Approximately 2-3 years 

II. Modification of an existing material for a critical structural component 

 ς Up to 4 years 

III. New material within a system that we already have experience 

 ς Up to 10 years 

IV. New material class 

 ς Up to 20 years, and beyond 
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However, the jet engine design cycle has 
decreased by 50% over the past ~10 years 

Courtesy C. Haubert & J.C. Williams, GE Aviation, circa 2009 



Engineered Materials as a Commodity 
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Source: Globalization of Materials R&D: Time for a National Strategy , NRC, 2004 

Materials Engineers engaged in R&D in US Primary Metal Industry 



Increased System Expectations 
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Source: Air Force Magazine, May 2013 

Average USAF Aircraft Age in 2013 

Reduce maintenance costs now; prognostics for future systems 



Growth in Materials Information 
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162,000 materials science & engineering journal articles published in 2012 



Imperatives & Opportunities 

Strengthen US Industrial base by: 

ÅImprove cost, schedule & materials solutions for system design 

ÅEnhance capability to develop, manufacture & design systems 

ÅIncrease fidelity of system life-cycle performance predictions 

ÅLeverage global investment in creating materials knowledge 
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Ad Hoc 

Fragmented Data (in a drawer) 
Disjoint Processes 

Material & Process Specifications 

Changing the Materials Life Cycle 
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Integrated Approach 
Digital Data & Processes 
Flexible Interfaces across Engineering 
Shared Knowledge 
Retained Knowledge 
Plug & Play Modularity for tools and data 

M&P Discovery 

M&P Development 

Component Design 

Component Testing 

Certification Qualification 

Manufacturing 

Sustainment 



Materials Genome Initiative & Integrated  
Computational Materials Science and Engineering 

άLƴǘŜƎǊŀǘŜŘ /ƻƳǇǳǘŀǘƛƻƴŀƭ aŀǘŜǊƛŀƭǎ 9ƴƎƛƴŜŜǊƛƴƎ 
(ICME) is the integration of materials information, 
captured in computational tools, with engineering 
product performance analysis and manufacturing-
process simulationΦέ Χbw/ όнллуύ 

 

ÅMGI and ICMSE are a paradigm shift in 
capability and culture: 

ïQuantitative & Predictive Tools 

ïCombined Computation and Experiment 

ïAddresses complete materials life cycle 

ïIntegrated with system design framework 
 

 

Goal: A model-based definition of materials & processes 
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1. Develop a Materials 
Innovation Infrastructure 
 

2. Achieve National goals in 
energy, security, and 
human welfare with 
advanced materials 
 

2. Equipping the next 
generation materials 
workforce 

The Materials Genome Initiative 
Goal: to decrease the time-to-market by over 50% 
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MGI Strategic Plan 

1. Enable a Paradigm Shift in 
Culture 

2. Integrate Experiments, 
Computation, and Theory 

3. Facilitate Access to Materials 
Data 

4. Equip the Next-Generation 
Materials Workforce 
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http://www.whitehouse.gov/sites/default/files/microsites/ostp/NSTC/mgi_strategic_plan_-_dec_2014.pdf 



Elements of the Materials  
Innovation Infrastructure (MGI) 

Expanded by D.L. McDowell, Georgia Tech, from OSTP MGI White Paper 

Digital Data 

Computational 
Tools 

Experimental 
Tools 

Multiscale Modeling 
Åprocess-structure 
Åstructure-property 

Materials discovery - first 
principles and atomistics 

Process models for 
manufacturing and scale-up 

Synthesis and processing, 
including high throughput 
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Systems design and MDO 
ω Design exploration 
ω Detail design 

Designer materials 
knowledge systems 
and representation 

Verification and Validation -
Experiment/Model coupling 

Distributed collaborative networks 

Sensors and in situ 
measurements; 

automation 

UQ and uncertainty 
management 

Materials 
characterization and 

microstructure 
representation 

Databases, data 
sciences and 

material informatics 

High throughput computation 



AFRL ICMSE Approach 
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Foundational 
Engineering 
Problem 1 

Foundational 
Engineering 
Problem 2 

Invention/ 
Development 1 

Invention/ 
Development 2 
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