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s Harnessing the Materials Genome

Aim of the MGil:

- Rapid development and insertion of new materials?

Essential components of the solution:

- Material structure and property prediction software
- Material design methodologies and tools

Analogy — Mechanical Product Development...

« Developed since 1960s, $20b per year industry

- Computer Aided Design (CAD):
» Pro/Engineer (PTC); CATIA (Dassault); NX (Siemens); Inventor (Autodesk)...

* Product Lifecycle Management (PLM):
» Windchill (PTC); ENOVIA (Dassault); Teamcenter (Siemens); PLM360 (Autodesk)...

What are the equivalents of CAD and PLM for Materials Development?
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SRANTA Multiscale Modelling

Information Management:
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e Proposed Architecture
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NIST Demo Atomistics Database
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NIST Demo Atomistics Database
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Reference
. Mishin, D. Farkas, M.J. Mehl, and D.A. Papaconstantopoulos, "Interatomic potentials for monoatomic metals from experimental data and ab
initio calculations,” Phys. Rev. B 59, 33593 (15999).

Reference (Link) Al page, NIST Interatomic Potentialz Repository

Model Theory

In computational chemistry and computational physics, the embedded atom model, embedded-atom method or EAM, is
an approximation descricing the energy between two atoms. The energy is a function of a sum of functions of the
separation between an atom and itz neighbors. In the original medel, by Murray Daw and Mike Baskes, the latter
functions represent the electron density. EAM is related to the =econd moment approximation to tight kinding theory,
alzo known as the Finnis-Sinclair model. Theze models are particularty appropriate for metallic systems.
Embedded-atom methods are widely used in molecular dynamics simulations. (Source: Wikipedia,
hitp:i'en.wikipedia.org/wikiEmbedded_atom_model, 10 Sept. 2012)

Model Parameters
Note: This potential is available in the 'plt’ format for use with IMD and the "setfl format used with LAMKMPS.
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Validating models with experimental data

EREINAAE H O I [ = \ | tep
- ' Edit Mode Home Optimize  Substitute Substances  Reports Advanced Search Settings
| Contents *= Aluminum
g (= Experimental Values
+ i = Aluminum | 25 T T T T T T T T T T
2+ Nickel ¥ ' _ _ : :
/24~ Titanium {ﬁ'zﬁi _:_ t 4
=% = Model Predictions Sai oot el B :
&8+ Aluminum E : 1
424+ MFMP33 E 21 g .
[l =) MFMPS9_AL-0001 &t ]
— Il = MFMP39-AL-0002 g &
-l ® MFMPg9-AL-0003 e 20 + e M 3
= MFWMPSO-AL-0004 £ ] .
-l (= MFMP99-AL-0005 2 9T E L
[l = MFMPg3-AL-0008 P § E I
-~ = MFMPSS-AL-0007 ﬁ
£ = MSAHOS | E 17T+ .
+ = SBFT12 1 2 ok ;
g~ Nickel il ;
il = Titanium 15 F——
B+ Models =200 -100 0 100 200 300 400 S00 6&O0 700 BOO 900
- 9 Subset: No Subset Temperature [*C)
(&= EAM
[ = MFMP39 View The Data| Graph Tools | Copy Chart To Clipboard [
-« = SBFT12 Data Type
+{Jll = FS = Tex=t Data
A r'ﬂ  MEAR = Fitted Data
=l - Curve Fits MFMPSS
- ¥ Subset: Mo Subset = GHFT12
B - Aluminum LS =— MSAHO5
< | 1. b €[ e ]t




GRENTE

A Framework for Materials Design

© D Cebon, MF Ashby 9/2012



“wmniio Systematic Materials Design (CAD)
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Specify material performance requirements
=>» ‘Hole in property space’

Material property synthesis
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Research Framework:
Material Property Synthesis
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Systematic Material Selection:

Electrical...
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GRANTH Modulus and Density
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GRANTH Configurations
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Expand material property space:
Lattices

GRENTE
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GRENTE

Expand material property space:
Sandwiches
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Expand material property space:
Structures
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GRANTA Conclusions

1. Multiscale modelling:

« Is necessary to predict macro-scale properties

 |Is achievable in some areas, distant future in others

- Co-managing simulation and test data is a good way forward
- = ‘Materials Lifecycle Management’ (MLM)

2. Materials design:

« Individual software components exist, but not integrated
- Proposed framework for ‘Materials CAD’: demonstrated for hybrid materials

3. Research and Technology Development Needs:

« Development of a rich, open framework for integrating multiscale modelling tools
and sharing of test data and virtual data

« Data, interface and communications standards
 Development of multiscale modelling ‘recipes’ for key material classes
- Development materials design tools

= A Grand Challenge...



SIREINTIE




e Example of hybrid synthesis
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GRANTH

Hybrid materials

Steels
Cast Irons
Al-alloys

Metals

Cu-alloys
Zn-alloys
Ti-alloys

PE, PP, PET,

Epoxies

Zirconias H)fb Il d S
Cellular structures

Segmented

structuras,

Soda glass
Borosllicate glass

Glasses

Silica glass
Glass-ceramics

Isoprene
Neoprene
Butyl rubber

Elastomers

Matural rubber
Sllicones
EVA

Aluminas PC, PS,PEEK
Silicon carbides PA (nylons)
' Composites Polymers
Ceramics e y
Silicon nitrides Polyesters
Phenolics

Design variables:

= Choice of materials
Volume fractions
Configuration
Connectivity

Scale

The hybrid synthesizer
= Explore configurations, with
free material choice
= Explore structured-structures
= A shell: insert models for
other configurations
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