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USCAR Mg-Intensive Front End Project

44.3 kg mass reduction (44.5%)
63 part reduction (57.3%)

USCAR Integrated Computational Materials Engineering
(ICME) Task on Magnesium-Intensive Front End

0 USA-Canada-China Collaboration in ICME since 2007 (supported by DOE)
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Integrated Computational Materials
Engineering (ICME)

Integrated Computational Materials Engineering (ICME) is the integration

of materials information, captured in computational tools, with engineering

product performance analysis and manufacturing-process simulation.
“Integrated Computationa als Engineering: A Transformational

D e for r titiveness and National Security”, National
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Calculated Phase Equilibria & Diffusion

U Mg-Al based alloys
O New alloys (Mg-Zn-RE, Mg-Al-Sn)
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ESPEI: Extensible, Self-optimizing Phase Equilibrium
Infrastructure for Magnesium Alloys
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Import Excel PhaseEquilibrium Dats

Al-Cu-Mg-in System, alcumgzn.tdb
Last updatsd: 01-07-1997 by H. Liang
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Updates:
« Download database from Internet

+ Import database from Excel file (with detailed
template and manual)

* The needed thermodynamic data for automation ,,
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Need to model - Development/ Influence of
« Turbulent Flow & solidification

+ Eutectic Phases

* Precipitate Phases

Density Functional Theory & CALPHAD
Modeling of y-Mg,;Al;,
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Example: Automation by ThermoCalc
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SVDC Process Simulation and Optimization

0 Fatigue properties vs. porosity simulation
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Precipitation Simulation
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ICME for Extrusion

Mg Alloys: AM30 & AZ61
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Need to model - Development/ Influence of
* Texture

+ Twinning

+ Dynamic Recrystallization

* Precipitate Phases (Age Hardening)

ICME for Sheet

Mg Alloy: AZ31
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Warm forming and
Post-forming behavior
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Extrusion Process Modeling

Overview of Activities — Extrusion
Process Modeling (MFERD)

Mississippi State Univ. &
LehighUniv.
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Ongoing Work: ICME for “Demo” Testing

Diffusion Data: CALPHAD Approach

Thermodynamic Kinetic Parameters

Database Mobility Database

|

CompuTherm LLC

Opportunities: Advanced Manufacturing Initiative
(AMI) & Materials Genome Initiative (MGI)

SUMMARY OF RECOMMENDATIONS . P
Materials Genome Initiative

for Global Competitiveness

1: LAUNCH THE ADVANCI

Future (AMI]

June 2011

nated by the Executive Office of the President (EOP).

important needs for Federal investments,including:

nologies and design methodologies

consortia that tackle major-cross-cutting challenges
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Products to compete globally.
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Al and Mg Alloy Development Needs

mmperature alloys due to O High-strength alloys due to high static
ed horsepower, power

; & fatigue loading
BRIy Q Precipitation-hardening alloys

0O New high-temperature alloys containing Al, Zn, Sn, RE etc.

containing Si, Mg, Cu, etc.

Diffusivity Data Needed for Mg Alloys

O Chemical diffusivities of Mg-Al based alloys (such as Mg-Al-Sn, Mg-Al-Ca...)
0 Chemical diffusivities of Mg-Zn based alloys (such as Mg-Zn-Ce, Mg-Zn-Nd...)
ity diffusivity of REs (rare earth) in the pure Mg (such as Nd, Gd..)

0 Mg (HCP): atomic jump frequencies & diffusion kinetics maybe differentin [0001]
direction & [11-20f direction — need to consider texture effect in diffusion?

Mg-Zn-Ce-Nd

Mg-Zn-Ce Mg-Zn-Nd Mg-Ce-Nd

Mg-Zn Mg-Ce Mg-Nd

GM. Univ. of Wisconsin & CompuTherm

Summary: Take-Away Message

0 “Atoms to Autos” - Integrated Computational Materials
-“neering (ICME) & Materials Genome Initiative (MGI)
are great opportunities for the materials community.

O ICME and MGl require close industry-academia

collaboration and public-private partnerships: everyone
has arole to play...

U Diffusivity study and data are key to accelerated
development of materials, processes and engineering
products.




DOE/USAMP Disclaimer

“This material is based upon work supported by the Department of Energy National Energy
Technology Laboratory under Award Number DE-FC26-020R22910.
jort was prepared as an accountof work sponsored by an agency of the United States

ent. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would notinfringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade name
trademark, manufacturer, or otherwise does notnecessarily constitute orimply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof."
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