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Abstract

Materials Integration is the concept of accelerating materials development by linking
processing, structure, property, and performance (PSPP) on a computer using any types of
models such as theoretical, empirical, numerical-simulation, and machine learning models. In
the first and second phases of Cross-ministerial Strategic Innovation Promotion Program in
Cabinet Office, Japan, we have developed a system called MInt (Materials Integration for
Network Technology), which links PSPP with computational workflows that combine
modules implemented, in order to realize the concept of Materials Integration. MInt is
equipped with an application programming interface (API) that can be called from various
algorithms in the artificial intelligence (AI) field and one can use MInt-API together with the
Al algorithms to inversely design materials and processes from desired performance. The
target material systems have expanded to steel, aluminum alloys, nickel alloys, and titanium
alloys, and the target processes have also expanded to welding, heat treatment, 3D additive
manufacturing, and powder metallurgy. MInt is more than just software for materials design;
it is designed to serve as a digital platform for industry-academia collaboration. The Materials
Integration Consortium has been established with MlInt as its core technology, based on the
philosophy of sharing tools such as modules and workflows, while competing on how to use
them. In materials research and development, which has traditionally been regarded as a
competitive area, we hope that a digital collaborative area will be formed and that investment

efficiency will be drastically improved.

Keywords: Materials Integration, Processing-Structure-Property-Performance linkage,
Integrated computational materials engineering, Inverse design problem, Digital platform for

industry-academia collaboration, Structural materials
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Figure Captions

Figure 1. Concept of Materials Integration and its implementation, MInt. The Japanese
version of the figure was originally published in the author’s previous report?. After translated
into English, the figure has been modified with the additional description on the Materials

Integration.

Figure 2. History of Materials Integration’s development.

Figure 3. Project formation of “Materials Integration for Revolutionary Design System of
Structural Materials” in Cross-ministerial Strategic Innovation Promotion Program (SIP)

phase 2", the Cabinet Office, Japan.

Figure 4. Gap between the needs for materials from social issues and the materials science

and current situation of materials research and development.

Figure 5. Role of materials integration and its implementation, MInt (Materials Intgeration
by Network Technology), for the digital transformation of the industry-academia

collaboration in materials research and development.

Figure 6. Schematic illustration of the method to inversely design materials and process from
desired property/performance by the sequential optimization loop combined with the forward

prediction in MInt and the artificial intelligence algorithms.

Figure 7. Concept of Materials Integration Consortium in which the industry and the
academia performs collaborative research and development using MInt. At the mase time,

they contribute the development of MInt by sharing modules and workflows.



Table caption

Table 1. Materials issues treated in the project “Materials Integration for Revolutionary

Design System of Structural Materials” in SIP-II, the Cabinet Office, Japan.
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Figure 1. Concept of Materials Integration and its implementation, MInt. The Japanese
version of the figure was originally published in the author’s previous report". After
translated into English, the figure has been modified with the additional description on the

Materials Integration.
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Figure 2. History of Materials Integration’s development.
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Figure 3. Project formation of “Materials Integration for Revolutionary Design System of
Structural Materials” in Cross-ministerial Strategic Innovation Promotion Program (SIP)

phase 2", the Cabinet Office, Japan.
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Figure 4. Gap between the needs for materials from social issues and the materials science

and current situation of materials research and development.
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Figure 5. Role of materials integration and its implementation, MInt (Materials Intgeration

by Network Technology), for the digital transformation of the industry-academia

collaboration in materials research and development.

Materials
R&D

[ Social issues ]
e
Industry
Needs for materials
(S
( In-Silico Linking among processing, structure, property, and
performance
. oge . . >
+ Data-scientific approach to integrate experimental data, , [ .
- - o A Collaboration
database, theoretical & empirical rule, numerical simulation v Mlnt {
» Accumulate of problem-solving know-how as modules and
\ workflows
e
Materials science
Academia
N

Data science ]




Figure 6. Schematic illustration of the method to inversely design materials and process from
desired property/performance by the sequential optimization loop combined with the forward

prediction in MInt and the artificial intelligence algorithms.
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Figure 7. Concept of Materials Integration Consortium in which the industry and the
academia performs collaborative research and development using MInt. At the mase time,

they contribute the development of MInt by sharing modules and workflows.
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Thema # Process Property / Performance

Al-1 - Dual-phase Tensile strength, Elongation JFE steel, U. Tokyo, NII 14-16)
Ferrite, Perlite, Bainite, Martensite, Charpy absorbed energy, Tensile
AL-3 Steel Martensite-Austenite constituent strength KOBELCO, U. Tokyo 17-19)
eel
Al-4 Welding Ferrite, Bainite, Precipitated Creep rupture time !rH' U. Tokyo, NIMS, 20-12)
eikyo U.
AL-51 Dual-phase Hardness, Tensile strength, NISSAN, U. Tokyo
Toughness
Al-2 . Precipitated Tensile strength, Elongation UACJ, U. Tokyo, NIMS
— /:Illtgr;mum Heat treatment - -
AL-52 Solid solution, Precipitated Yield strength, Tensile strength, Showa Denko, U. Tokyo 22, 23)
Elongation
- . . . . NIMS, Osaka U., Tohoku
A2-1 Additive manufacturing Stress-strain curve, Cracking behavior U, Hyogo Pref. U, KHI 24-27)
A2-2 Heat treatment (TTT diagram) NIMS
A2-3 Nickel alloys Gas atomize y/y' two-phase (Powder diameter distribution) NIMS 28)
. Powder metallurgy, Heat Yield strength, Creep rupture time,
A4 treatment High-temperature fatigue NIMS, Nagoya U. 29,30
A2-5 Sintering (Sintering behavior) Kyushu U.
. . KOBELCO, Osaka U., Gifu
A2-6 Forging o/ two-phase Fatigure U, NIMS, U. Tokyo 31,32
— Tialloys

A2-8 Powder processes Near o Tensile strength Osaka U. 33)






