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Materials Genome Initiative
for Global Competitiveness

June 2011

Fundamental
databases and
tools enabling
reduction of the
10-20 year
materials
creation and
deployment
cycle by 50% or
more.

National Science and Technology Council (NSTC)/ Office of Science and Technology Policy (OSTP)



ACCELERATING

L NRC 2004

for Ma

ACCELERATING TECHNOLOGY TRANSITION:
Bridging the Valley of Death for Materials
and Processes in Defense Systems

Chapter 3, p. 42:

A productive model may be the health-driven research system operated by the National Institutes

of Health, spanning the full range from molecular biology to medicine. While the academic value system
of the physical sciences has generally suppressed the creation of engineering databases, the life
sciences have forged ahead with the Human Genome project representing the greatest engineering
database in history. A parallel fundamental database initiative in support of computational materials
engineering could build a physical science/engineering link as effective as the productive life
science/medicine model.

Recommendation : The Office of Science and Technology Policy should lead a national, multiagency
initiative in computational materials engineering to address three broad areas: methods and tools,
databases, and dissemination and infrastructure.



First Flight: QuesTek Ferrium S53°®
T-38 main landing gear piston
December 17, 2010

Material approval: November 2009
Component approval: August 2010

Component installation: November 2010
First flight: December 2010
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A) Cybersteels (ONR,DARPA D3D; AM)
B) HT Carburizing Steels (DOE-OIT; GM)
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D) Bulk Metallic Glasses (DARPA-SAM, ONR)
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STRUCTURE- C.S. Smith

INTERACTIVE HIERARCHY

-Space-Filling Aggregates: materials science,
biology, geology

-Perfection/Imperfecton duality of
-Entity/Identity description
-"Mesoscopic” Regime

ReAaL CoMPLEXITY vs. IDEALIZED SIMPLICITY.

-Cartesian Corpuscular Philosophy
-Atom/Continuum

DyNAMICS

-Spatial and Temporal Hierarchy: Smith/Zener
-Nonequilibrium
-Path (History) Dependence
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Hierarchy of Design Models
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M2C Precipitation

+ & { 3 4 + +
r«‘l UMBE R ' - PRECHPITATION "L_COARSENING* . L
Nvi  peENnSITY < 2
20k 1 M WOLUME FRACTION —2.0
22 \\ 1 . f
% : v
10}~ ! —Lo
H 1 (%)
Of—=F—— — 4+ —f—t * 0.0
LATTICE : L _
455 PARAMETERS 3 ;
452 Cc —_——— i e INCOHEREMT _'F
£ 1 ' I 4
2.9 COMERENT-w4 L -1
289 9¢ : -
) . — — — ]
287 } + — 4 t—— § + —
| MC G e ' ¢
08~ cOMPOSITION or o

M2C carbide precipitation behavior in.
AF1410 steel vs. tempering time at
510C following 1 hour solution
treatment at 830C

20 OT I T

d O TEM
5 psnus

S0

PARTICLE SIZE
IEQUIVALENT SPHERE DIAMETER)

¥ 'I T T

- 20 Jl_=_

A ASPECT RATO

s e o | et . -.-.—-.—|

n

i
[

TEMPERING TIME (HOURS)

0.6 1
- APF I STEM —w=-
¥ - i é
! Mo
o2 ;
OO 4t ; e = 5
&0 HARDMESS : : | 5
20kg ! ! R
VHN [ I =50
A t |
500 : W
- b 1 —45
1 t
400 i i} _l l ] i i — L
[a 1. LO [1e] 00 100G



Grain Boundary Embrittlement
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Potency of Embriitlement (eV/atom)
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Example: Design Integration with CMD
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TABLE 3.1 Some Computational Materials Engineering Tools

Type Tool Company Function
Design ISIGHT Engineous Software (Salt Lake Multidisciplinary design
integration City, Utah) optimization (MDQO)

CMD QuesTek Innovations LLC Parametric materials design

(Evanston, lllinois)

Macroscopic ProCAST ESI Group Solidification processing
process (Paris, France)
modeling
DEFORM-HT Scientific Forming Deformation processing and heat
Technologies Corporation transfer (finite-element method)

(Columbus, Ohio)

Microstructural PrecipiCalc QuesTek Innovations LLC High-fidelity precipitation
simulation (Evanston, lllinois) simulation
DICTRA ThermoCalc AB Multicomponent diffusion

(Stockholm, Sweden)

J MatPro Thermotech Ltd. Phase relations and basic
(Surrey, United Kingdom) microstructural modeling
Thermodynamics ThermoCalc ThermoCalc AB Multicomponent thermodynamics
(Stockholm, Sweden) and phase diagrams

Multicomponent thermodynamics

Pandat CompuTherm LLC and phase diagrams

(Madison, Wisconsin)
Multicomponent
FactSage Thermfact CRCT thermodynamics and
(Montreal, Canada) phase diagrams
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S53 Robust Design Sensitivity Analysis

Compositional Variations
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S53 AIM Analysis for UTS
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Computational Materials Qualification Acceleration
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Materials by Design

* Design Exploration
and Optimization
* Robust Analysis

6 QuesTek CMD/MabDe,
© iSIGHT

Accelerated Insertion
of Materials

* Probability-Based
Variational Analysis
and Data Development

6 QuesTek Proprietary
2 Software, iSIGHT, JMP

Mechanistic Models

* Process-Structure Models
 Structure-Property Models

QuesTek Proprietary Software, PrecipiCalc,
ThermocCalc, DICTRA, ABAQUS, DEFORM, etc.

Fundamental Material Databases

* Thermo-Chemical Data
* Physical Parameters

5 CALPHAD (ThermocCalc, DICTRA databases),
2 First-principle (FLAPW, VASP), etc.
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MSc390 Materials Design

Civil Shield (EDC)

Client: ONR, DHS, Trinity R
Advisor: Dr. Zack Feinberg
Team: Ma, Maethasith,
Richardson, Schwenker,
Zhao

Earthquake Steel

Client: ArcelorMittal
Advisor: George Fraley
Team: Cool, Gross, Rawlings,
Tran

FSW Joinable Aluminum

Client: Boeing, Ford

Advisor: Ricardo Komai

Team: Brodnik, McGinnis, Pai, Ricks

IV. HP Magnesium

VL.

Client: ARO, GM, DOE
Advisor: Dr. Dennis Zhang
Team: Han, Na, Park

TRIP Titanium

Client: ONR

Advisor: Jiayi Yan

Team: Savoie, Wengrenovich

HP Shape Memory Alloy (EDC)
Client: Medtronic, GM

Advisor: Dana Frankel

Team: Jin, Kadleck, Poupard, Yoo
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UHS Stainless Steels for Landing Gear
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Issues:

Over 5200M spent in LG per year

80% corrosion related SCC failures

Cad plating used to protect current steel
Known carcinogen (AF 2000 Ib/yr)

SCC failure

HE failure

Stainless Benefits:

Dramatic reduction in LG cost (60%=
$120M per year)

Significant reduction in SCC failures
Cadmium plating not required
General corrosion mitigated

80% of Steel Condemnations Avoided



M54: NAVAIR SBIR program goals for LG steels

e Enhanced landing gear life

e Navy replacement for
AMS 6532 (Aermet®100)
— Equivalent-to-better
properties

e Tensile (including
ductility)

e Fracture toughness

e SCCresistance

— Significantly lower cost
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