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New TMS Study Tackles the 
Challenge of Integrating 
Materials Simulations Across 
Length Scales
Lynne Robinson

 TMS is leading a new roadmapping study on behalf 
of the Material Measurement Laboratory of the U.S. 
National Institute of Standards and Technology (NIST) to 
develop recommendations for critical steps and pathways 
needed to link computational materials models and 
simulations across various length scales in an accurate, 
automated fashion. Building on its previous work and 
reputation in advancing the implementation of integrated 
computational materials engineering (ICME), TMS has 
already convened a core team of internationally recognized 
experts and will be reaching out to others over the next 
several months to develop and review study content. The 
formal title of the project is “Modeling Across Length 
Scales: A Roadmapping Study for Development of Models, 
Computer Codes, and Personnel Integration for Connecting 
Materials Simulations Across Length Scales.”
 The need for quantitative, accurate models and codes 
that link existing simulation codes across different 
length scales and stages of ICME-accelerated product 

to broader ICME implementation in the 2013 TMS study, 
Implementing ICME in the Aerospace, Automotive, and 
Maritime Industries. A number of other studies and texts 
have also highlighted the value of “multiscale” materials 
modeling in accelerating the development of new materials. 
However, linking materials models and passing materials-
related data and information across length scales is critical 
for enhanced, quantitative multiscale modeling.
 “One of the major shortcomings with existing 
computational tools is the inability of a single tool to 
span the wide range of length and time scales that are of 
relevance to materials design,” said Peter W. Voorhees, 
Frank C. Engelhart Professor of Materials Science and 
Engineering, Northwestern University, and chair of the lead 
TMS multiscale roadmapping team. “This study is focused 
on identifying the gaps in our ability to bridge these 

Figure 1: A schematic of modeling scales, with interfaces/linkages highlighted by 
the dashed red lines. This was created to provide the subject matter experts as-
sembled for the study a starting point for developing frameworks on which to base 
their recommendations. As indicated, the study process will place a strong emphasis 
on the interfaces between length scales, as well as integration of models across the 
interfaces.

accurate, and automated integration of 
codes that are used at various length and 
time scales.”
 The overarching goal of the 
TMS study is to provide concrete 
recommendations for building fully 
developed frameworks to advance 
the state of the art in model and code 
linkages in the near term, with an 
emphasis on the boundaries between 
individual fundamental models and 
computer codes (Figure 1). “Given the 
longstanding nature of this problem, a 
key challenge will be to identify new 
approaches that will allow the output of 
a code to be used as the input of another 
in an automated fashion,” said Voorhees. 
Structural materials, including metals, 
non-metals, and composites, will be the 
particular focus of the study, although 
the strategies that will be developed 
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(Image credits, from left:  Alexis C. Lewis, U.S. Naval Research Laboratory;  National Science Foundation, Kazuhiro Fujita, Cornell University; Offi ce of Science and Technology Policy, Materials Genome Initiative for Global Competitiveness)
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John Ågren
Professor, Materials Science 
and Engineering/Physical 
Metallurgy
Royal Institute of Technology 
(KTH), Sweden
John Ågren’s distinguished 
career at KTH includes serving 
as director for both the Brinell 
Center for Inorganic Interfacial 
Engineering and the Hero-M 

Excellence Center focused on the performance of 
industrial materials as determined through engineering 
design on different length scales. He is one of the 
developers of the Thermo-Calc and DICTRA software 
programs, as well as a founder of the Thermo-Calc 
Software company. Ågren is a member of the TMS ICME 
Committee and received the Hume-Rothery Award from 
TMS in 2011. He is also a member of the Royal Swedish 
Academy of Engineering Sciences and a recipient of 
the Sefström Medal and Jacob Wallenberg Foundation 
Award. 

Raymundo Arróyave
Associate Professor
Department of Materials 
Science and Engineering /
Department of Mechanical 
Engineering 
Texas A&M University
Raymundo Arróyave’s area 
of expertise is computational 
materials science, with an 

emphasis in computational thermodynamics and kinetics 
of materials. He and his group use different techniques 
across multiple scales to predict and understand the 
behavior of inorganic materials including ab initio 
methods, classical molecular dynamics, computational 

he was awarded a National Science Foundation (NSF) 
CAREER Award and was the 2014 recipient of the TMS 
Functional Materials Division (formerly EMPMD) 
Distinguished Service Award, and was TMS Alloy Phases 
Committee chair. 

Mark Asta
Professor and Chair, Materials 
Science and Engineering
University of California,
Berkeley
Faculty Scientist, 
Lawrence Berkeley National 
Laboratory
Mark Asta’s research is in the 

science and focuses on the 

principles methods for simulating thermodynamic and 
kinetic properties of multiphase bulk materials, surfaces, 
and interfaces. Asta served a three-year term as a member 
of the NSF’s Partnership for Advanced Computational 

board for the Max-Planck-Institut für Eisenforschung. 
Among his many professional recognitions, he received 
the Distinguished Scientist/Engineer Award from the TMS 
Functional Materials Division (formerly EMPMD). 
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are intended to provide the basis for applying similar 
recommendations to functional or soft materials. 
 NIST awarded the grant to TMS in April and the study is 
on track to be unveiled at the 3rd World Congress on ICME 
(ICME 2015), May 31–June 4, 2015, in Colorado Springs. 
The study will then be made available for free download 
on the TMS website. “Developing an integrated simulation 
of materials evolution and properties over multiple length 
and time scales is one of the major challenges to the 
community,” said Voorhees. “If we succeed in outlining 
approaches that meet this goal, the work of the multiscale 
roadmapping team will be long-lasting and impact a wide 
range of stakeholders, from industry to academia.”

“In recent years, TMS has demonstrated an exceptional 

capacity for convening constituent segments of the 
materials community, helping them articulate the practical 
possibilities of emergent technologies and then suggesting 
impactful paths forward,” he said. “The enthusiastically 
received ICME implementation study in 2013 is the 
most recent example of this collaborative effort. In 2015, 

modeling study as yet another set of groundbreaking 
recommendations, thanks in no small part to the work of 
the incredible team of volunteers that has been assembled 
to conduct this work.”

Editor’s Note: To download a free copy of Implementing ICME in 
the Aerospace, Automotive, and Maritime Industries, go to 
www.tms.org/icmestudy. To learn more about ICME 2015, visit the 
meeting website at www.tms.org/meetings/icme2015.
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Corbett C. Battaile
Principal Member, 
Technical Staff
Sandia National Laboratories
Corbett Battaile’s research 
primarily involves the use 
of computer modeling 
and simulation to study 
microstructure-to-properties 
relationships and multi-scale 

including shock physics, materials aging, and component 
reliability. He is an active volunteer with TMS and ASM 
International and is currently serving as the vice-chair of 
the TMS Materials Processing & Manufacturing Division 
Council, as well as as vice-chair of the ASM Materials 
Properties Databases Committee. 

Carelyn E. Campbell
Group Leader, Thermodynamics 
and Kinetics Group
Materials Science and 
Engineering Division
National Institute of Standards 
and Technology (NIST)
Carelyn E. Campbell’s research 
is focused on diffusion in 
multicomponent multiphase 
systems and the development 

of data and informatics tools for phase-based data. For 
more than a decade, she has sponsored the National 
Institute of Standards and Technology (NIST) Diffusion 
Workshop series, which brings together experimentalists 
and theorists to improve the development of diffusion 
mobility databases and the prediction of diffusion 
controlled microstructure evolution in multicomponent 
multiphase systems. In 2010, she received a Bronze 
Medal from the U.S. Department of Commerce for 
superior federal service in leading that workshop series.  

James K. Guest
Associate Professor
Department of Civil 
Engineering
Johns Hopkins University
The Topology Optimization 
Group that James Guest leads 
at Johns Hopkins develops 
topology optimization algorithms 

range of length scales, from 
microns to decameters. This includes design optimization 
of multi-functional material architectures, energy 
absorbing cellular materials, compliant mechanisms, 

systems. Guest is also a visiting associate professor of 

mechanical engineering at the Technical University of 
Denmark, senior advisor and associate editor for the 
Journal of Structural and Multidisciplinary Optimization, 
and chair of the American Society of Civil Engineers 
Structural Engineering Institute Technical Committee on 
Optimal Structural Design. 

Paul E. Krajewski
Engineering Group Manager/
Global Mass Strategy
General Motors (GM) 
Company
Paul Krajewski leads a team 
responsible for developing the 
lightweight strategy and mass 
reduction technology plan for 
future GM vehicles. He was 
previously an engineering 

group manager and technical fellow for GM Product 
Engineering, where he was responsible for Advanced 
Technology Body and Exteriors, as well as the Global 
Body Structures Leadership Team. Krajewski has been 
recognized by Fortune Magazine and the Technology 
Review of the Massachusetts Institute of Technology 
as a leading innovator, and has appeared as a subject 
matter expert on the History Channel’s Modern Marvels 

TMS 2012 Brimacombe Medal and won the American 
Institute of Mining, Metallurgical, and Petroleum 
Engineers Champion H. Mathewson Award in 2013. 

Alexis C. Lewis
Program Director, Materials 
Engineering and Processing
Division of Civil, Mechanical. 
and Manufacturing Innovation
National Science Foundation 
(NSF)
At NSF, Alexis Lewis is 
responsible for the management 
and oversight of funding 

for programs related to materials engineering and 
processing, including structural materials, surface 
engineering, and manufacturing processes. She also 
participates in the Designing Materials to Engineer 
and Revolutionize our Future (DMREF) program. 
Prior to joining NSF, Lewis was a staff scientist at the 
Naval Research Laboratory (NRL), where her research 
focused on materials characterization, microstructural 

of materials response, with the aim of advancing 
materials design through integration of experimental 
and computational approaches. She served as the lead 
organizer of TMS’s First International Conference on 3D 
Materials Science and was a member of the review team 
for the 2013 TMS ICME implementation study.
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Wing Kam Liu
Walter P. Murphy Professor
of Mechanical Engineering
Northwestern University
Wing Kam Liu has made 
fundamental contributions to 
the theory and methodologies 
of simulation-driven science 
and engineering for design of 
nanomaterials and the use of 
organic and inorganic materials 

for drug delivery and nano-medicine applications. He 
is currently chair of the U.S. National Committee on 
Theoretical and Applied Mechanics (TAM) within the 
National Academies, founding director of the NSF 
Summer Institute on Nano Mechanics and Materials, 
and co-founding director of the Northwestern Predictive 
Science and Engineering Design Program. Liu has earned 
a number of professional honors, including the 2014 
Japan Society for Computational Engineering and Science 
Grand Prize, in recognition of outstanding contributions in 

David L. McDowell
Regents’ Professor and Carter 
N. Paden, Jr. Distinguished 
Chair in Metals Processing
Georgia Institute of Technology 
(Georgia Tech)
In addition to his faculty 
appointments, David McDowell 
also serves as the executive 
director for the Institute of 
Materials at Georgia Tech. 

His research interests encompass multi-scale modeling; 

generalized continuum models; constitutive relations 
and microstructure-sensitive computational approaches 
to deformation and fatigue of heterogeneous alloys; 
hierarchical multiscale modeling of dislocation plasticity; 
and atomistic simulations of dislocation nucleation and 
mediation at grain boundaries. His many awards and 
honors include the American Society of Mechanical 
Engineers Nadai Medal and the Khan International Medal.

Anthony (Tony) Rollett
Professor, Materials Science 
and Engineering
Carnegie Mellon University 
(CMU)
Prior to joining the faculty of  
CMU, Anthony Rollett worked 
at the Los Alamos National 
Laboratory, where he served as 
a group leader and then deputy 
division director. His current 

research focuses on the measurement and computational 
prediction of microstructural evolution, especially in three 
dimensions. A 2011 TMS Fellow, Rollett’s professional 
honors include an award for technology transfer from 
the Federal Laboratories Consortium in 1989, the 
Howe Medal, the Chercheur d’Excellence (Outstanding 
Researcher) at the University of Lorraine, Metz, France, 
and the TMS Cyril Stanley Smith Award. Rollett is also a 
co-author of the texture analysis package, popLA, and the 
polycrystal plasticity code, Lapp.

Dallas R. Trinkle
Associate Professor, Materials 
Science and Engineering
University of Illinois, Urbana-
Champaign
Dallas Trinkle joined the faculty 
at the University of Illinois, 
Urbana-Champaign after 
completing his appointment as 
a National Research Council 
postdoctoral researcher at the 

U.S. Air Force Research Laboratory. He was named a 
TMS Young Leader International Scholar in 2008 and 
chaired the 2011 Physical Metallurgy Gordon Research 
conference. His awards and honors include a 2009 NSF/
CAREER award, the 2011 Xerox Award for Faculty 
Research at Illinois, and the 2014 AIME (American 
Institute of Mining, Metallurgical, and Petroleum 
Engineers) Robert Lansing Hardy Award. His research 
focuses on defects in materials using density-functional 
theory, and novel techniques to understand problems in 
mechanical behavior and transport. 

Peter W. Voorhees 
(Team Chair)
Frank C. Engelhart Professor 
of Materials Science and 
Engineering
Northwestern University
Peter Voorhees is co-director 
of the Northwestern-Argonne 
Institute of Science and 
Engineering as well as co-
director of the NIST-sponsored 

Center for Hierarchical Materials Design. Prior to joining 
Northwestern, he was a member of the NIST Metallurgy 
Division. A 2013 TMS Fellow, Voorhees has received 
numerous awards, including the NSF Presidential Young 
Investigator Award, the ASM International Materials 
Science Division Research Award (Silver Medal) and J. 
Willard Gibbs Phase Equilibria Award, as 
well as the TMS Bruce Chalmers Award. He 
has published more than 200 papers in the 
area of thermodynamics and kinetics of phase 
transformations. 

JO
themagazine


	New TMS Study Tackles the Challenge of Integrating Materials Simulations Across Length Scales
	Modeling Across Length Scales: The Lead TMS Roadmapping Study Team


