Accelerated Metallurgy
Data Management and Machine Learning
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Background

- 87 known metals B e e
- 61 are commercially available. e = 8= el
- Historically alloys developed by trial and error — T o s T i P
combined with experience and innovation. R TR M AT Y
- Typically 3-4 months for one compositional iteration and ca (8 " Pt 7o ['w [ 8o (00 "t (o1 [ g (1 [0 (51 0 " [
5-6 years to |dent|fy one promising a”oy_ _Fr | Ra "Rt [ Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn | Uut| Fi |Uup| Lv | Uus ‘Uuo}
“To create just one isothermal section of a ternary phase —_ e

diagram requires the effort of one master’s student”.

Of the ~32,000 potential ternary alloy systems, over 90%
never explored.

The production and use of alloys accounts for 46% of all EU
manufacturing value and 11% of the EU’s total GDP.

EU added value of over € 1.5 trillion annually, € 4Bn per
day (same as total GDP for Spain in 2008)
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Accelerated Metallurgy - Consortium

Six Technology Areas
— Lightweight Alloys (Aero & Auto)
— High Temperature Alloys (Rockets, turbines, nuclear fusion)
— High-Tc Superconductors (Electrical applications)
— Thermoelectric alloys (Heat scavenging)
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Magnetic alloys (Motors & refrlgeratlon) > esa mmm .. TLS%L%?&?&!: lggwg}qggﬁ 7
— Phase Change Alloys (Electronics) AN : s
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Accelerated Metallurgy - Approach

High Throughput Combinatorial Synthesis & Testing.

Computational screening & selection of candidates
Rapid manufacture (using technology adapted from
Additive Manufacturing)

Rapid characterisation — High throughput technique
development

Selective lower throughput testing

Pooling of Knowledge = Creation of a ‘Virtual Alloy
Library’
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Accelerated Metallurgy — Virtual Alloy Library

D VIEW OF PROJECT '
SHARED [ARDIZED FORNARATA: All data in a ‘sh.ared Granta M |
(% a database, a "Virtual Alloy Library

Ao " PROJECT o
MATERIALS
DATABASE

— Strong standardisation

— All data linked appropriately
and automatically.
— All data accessible by all

CONsoLIDAT\ON
€ CONTR SO DR partners.

— All compositions screened
“cc, O\N® .
£S5 VIA G\ @ for risk as part of R&D.

= Critical Materials
= Restricted Substances
COLLABORAT\ON = Eco Impacts
PARTNERS = Cost
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GRANTA:MI — Virtual Alloy Library
= e

Home Optimize Substitute Advanced Search
Contents L R Layout: All attributes ~ View  Tools  Units
MaterialUniverse v 3 E Stainless steel, austenitic, AlSI 316L, annealed
* [ ¥ Metals and alloys s Composition detail (metals, ceramics and glasses)
h ¥ Ferrous C (carbon) 010 0.03 %
» [ ¥ Aloy steels .
cr (chromium) 1610 18 %
» [ ¥ Carbon steels
» [ ¥ Castirons Fe (iron) 6191072 % (estimate)
» [ ¥ Coated steels Mn (manganese) Oto2 %
» [ ¥ Iron, commercial purity Mo (molybdenum) 2103 o
» ¥ Microalloy and high strength steels
D Y g g Ni (nickel) 10to 14 %
v [ v Stainless steels
~ [ ¥ Austenitic P (phosphorus) 0to 0.045 %
» [ v Cast S (sulfur) 010 0.03 %
~ [ v wiougnt si (silicon) Oto 1 %
4 D ¥ AISI 201 (Low nickel work
» [0 ¥ AISI202 (Low nickel gener Price
E ¥ AIS| 204-Cu, annealed Price 3.631t04.07 USD/kg (estimate)
Bl v Aisi205, annealed Price per unit volume 28600 to 32800 USD/Im"3  (estimate)
Bl v Aisi 216, annealed 5 ;
» [ ¥ AISI301 (Ductile, high wor AT LA
» [ ¥ AISI 302 (High carbon) Density 7870 to 8070 kg/m"3
» [O7 ¥ AISI 303 (Free machining) Mechanical properties
» [y ¥ AISI304 (18/8)
_ Young's modulus 1.9e11 to 2.05e11 Pa
Bl v Alsi 305, annealed
» D ¥ AISI 308 (Welding filler me l_.i Young's modulus with temperature Hide Graph
Bl v Aisi 309, annealed 990 —r—r—r I S
¥ AIS| 310, annealed ?
B v asl nneale 210 L
E ¥ AlISI 314, annealed :
) ) - 200 .
¥ [0 ¥ AISI 316 (Corrosion resists & :
Bl v 516, annealed e 1% ;
> & 180 : <
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Contents

Product Risk

*
¥ Products and paris
¥ Coatings
¥ Electricity mix

«

Critical Materials
End of life
Legislations and Lists

& K

«

Materials - in house
MaterialUniverse

€ K

ProcessUniverse
Producers

«

Reference
Resources

& «

Restricted Substances

«

Shape

«

Specifications

«

Transport

«

Use - mobile mode
Use - static mode
Suppliers

Y v vV vV VvV vV VvV VvV VvV VvV VvV VvV VvV Vv Vv v Vv vy
«

€ «
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Risk Data

Overview Map Restricted Substances

Product Risk

The Product Risk data module for GRANTA MI is a combined package of Materials, Restricted Substances, Critical Materials, Coatings, and Eco

a = &

—-—

A B

Home Optimize  Substitute Substances Reports

data providing enterprises with a single, integrated view of key engineering, environmental, and regulatory data.

Restricted Substances >

Search, browse and generate reports on
legislations and lists, substances,
materials, coatings, specifications, and
products and parts.

Search Product Risk

Critical Materials >

Assess supply risks based on factors such
as conflict minerals risk (Dodd-Frank Act),
geopolitical risk, physical scarcity, and price
volatility.

Engineering & Eco >

Find, select and compare materials
according to their material properties,
restricted substance risk, cost,
environmental impact and more.

Advanced Search

An integrated source of Materials, Restricted
Substances, Critical Materials and Eco data

Find Out More

About Granta's data products here

Learn

How to get the most from the GRANTA M
software.

Help

For Help and Support

WSSl GRANTA




Data Capture

= 1,800+ reference alloys (MaterialUniverse)

= 14,629 simulated alloys —— Significant Standardization Effort

= 2,162 physical specimens

Enabled by Remote Import Tool & Machine Integration (Auto-import) & API’s

Remote Import 110‘
MI:TOOLBOX r—k_,a»;\{é

This is the Remote Import tool. It imports data from appropriately formatted data files into GRANTA M

+ Create New Job 1job

~J Test data import
Created: 2012-07-12 14:48:28

Completed: 2013-07-12 14:48:30

B Log File
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MI:Explore — Visual Search & Selection

Combined: I St oy Sy
- Experimental data o '
- Simulation data T e
- Risk Data | — o e ey
- Critical Materials " 2000 .:.."._.:::_.f..'.;.f.‘."'..-:'.: -.,,,
- Restricted Substances e R S
- Eco Impacts — | s - ‘“ e
- Costs o o | e Gt
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Machine Learning

= Used extensively throughout. _
Train Extrapolate

= [terative approach -

= [Initially trained on MaterialUniverse dataset

MATERIALS
DATABASE

Capture Synthesize

: GRANTA Mi

38 UNIVERSITY OF ol Test

CAMBRIDGE
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Data Management for ICME
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Each of the nine Key Elements is divided into six
sections, described in Figure 3.

To help the Key Elemeants coalesce into the 2040
end state, the roadmap defines 10 common th

or crosscutting streams, to help organizg#® gaps
and recommended actions. Thy aim to

Detailed Vision
2040 Findings

Crosscutting themes

recommended
modes ing aj
ia, and govy
includas challenges
organizational inerti
to owercome them. ||
slow-moving systen]
companies and uni

Fing and

show similarities amon llenges facing the
wvarious discipli in the multiscale modeling work within them
and simulgiiefl community and the actions needed to
[ me them: 6

Benchmarking and
1 Data The Data

2 Data Analytics and Visualization: The Data
Analytics and Visualization stream addresses the
analysis and representation of data, including data
mining and I tion, arfificial

focuses on assassing
or amenging technol
Assessments—such]
detarmination, or ac|
using standards to
benchmarks or exar
raturn on investmen
datermination or eci

machine leaming, and uncertainty quantification.

2 Information Sharing and Reusability: The
Information Sharing and Reusability stream
focuses on the inter- and intra-organizational
fiow of informaticn along the supply chain and

the product lifecycle.

It also encompasses information security (e.g.,
intellactual property [IP] protection, export
controls) and availability (2.g., public databases,
‘open source codes). The taerm “information®
extands beyond data and metadata to

include codes, mathods, tools, i

7 ility and Comy
The Scalability and
encompasses aspeq
address computatiol
and demand. This in
HPC architectures,
and developing mot
computational meth

9 Linkage and Integra
and Integration stre:
racommended actiol
linkages of models,

uncertainties, and any other shareable knowledge.

and spaf
include compatibility

Fy

ultidisciplinary Collaboration: The

idisciplinary Collaboration stream covers

o3| nd recommended actions that explicitly

requira e convening of experts, stakeholders,

and dol {i.e., industry, government, and

academia) laboration can take the form

of consortia, W hops, or communication

pathways and pl s among disparate groups

that design, develop, sy deploy aerospace

materials and systems.

5 Institutional Paradigms: The Wgtitutional
Paradigms stream includes gaj d

*3CB0EMIE, QOVEMMENt, Bnd INOUsETy

ion. Although sir|
an: sability streq
focuses oi -hum

2 Input/Qutput Confi
Input/Output Confid)
addressas the accul
inputs and outputs.
«quantifying, or eluck
uncertainties, and of
and knowledge mary

0 Behavior of Material
Behavior of Material

**modelers; experimantalists; specializad pratitonars; esearcheraNgs/gn. materisis, and stuctural engineef

NASA/CR—2018-219771

22

1. Data Management
« Capture
e Storage
« Traceability

2. Data Analytics & Visualisation
« Data mining
« Uncertainty quantification
« Data representation

3. Information Sharing & Reusability
« Within organisations
« Between organisations
» Across product development
« Security and access control
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Granta Vision for ICME

Access Results Program Management Pre/Post-processing

I Data Visualisation & Processing
' — | (Experiment & simulation in one place)

Reference
Data

g MATERIALS Data Management
s (Big Data, Secure, Traceable & Consistent)

Validation Workflows

Automated .
Data Integration
Import (Automated import, equipment & codes)
Test Matrix
ﬁ Workflows
s (Experiment and Simulation management)

Initiate workflow
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I Questions

James.Goddin@ansys.com
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