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‘Materials Integration for Revolutionary Design
System of Structural Materials’, one of the subjects
of the Cross-ministerial Strategic Innovation
Promotion Program (SIP)* was started in FY2018
and is now in its final fiscal year. To strengthen
the global competitiveness of Japan's materials
and related industries, world-first materials
integration (MI) system are being developed
which combine materials engineering methods,
experiments, theoretical computations, and data
science to connect processing, structure, property,
and performance on computers to accelerate R&D.
‘MInt’ for structural metallic materials and ‘CoSMIC'
for carbon fiber reinforced plastics (CFRP) are our
two main Ml system, and systems for intermetallic
compounds and ceramic matrix composites are also
being developed. These systems contain inverse
design functionality, which can form the conditions of
materials and manufacturing processes necessary
to realize a material’s desired performance.

Regarding practical results application, our goal is
to have our Ml system be broadly utilized by industry,
academia and government to support their materials
R&D. In the final fiscal year, we are installing
computational modules and databases in the Ml
systems, verifying and validating them, and are also
proactive in consortium activities. We strongly hope
that the products and technologies developed using
our MI system will be commercialized for real-world
application. We appreciate your continued support
for our endeavors.

July 2022

* SIP(Cross-ministerial Strategic Innovation Promotion
Program) &(d. ARBERFRERIZRAN - 1/ R—>3 >R (CSTI) HE
PEREZREL T NEOBRPIERODBFZBRILIRIANILY,
BERATA /R—> 3> RROZH(CAIRRLEER 7OV TV M T,

SHBE AT SIP HP = 2B <f2E L,
https://www8.cao.go.jp/cstp/gaiyo/sip/

*SIP is a national program led by the Council for Science,
Technology and Innovation (CSTI) of the Government of Japan,
using interdisciplinary management to realize scientific and
technological innovation.

Visit the Cabinet Office website
https://www8.cao.go.jp/cstp/panhu/sip_english/sip_en.html
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Materials Integration System

ITVTINZAATI =23y (M) Y RATLEE #
BIZFECERROBHRABCEDVZT —9RIEFE
ZERUTC STE# LT/ Ow R -85 1 HaEx D
WTHMRBERZINRT SHEREMRRAFKS AT LTHY.,
SHEM ETHROEBERE/N—FVILICBIRTBIET.
MRIFIROBREEMRE - JAMERE EBMNELTVET,

CCTHEOWR(E. REHBEMK - TOLRTT,
BEM R AR ER(E. ZOEAB-EIIEEVE
DOTRIBTELCERY., ZNICHBUTHERECESZ KR
B - JRMNEEL. MI S ZT AICEBRERDRENE
FTEBHNH5TY,

REFAROEKS|S. FREE M BEEZEETS A FEE
(AT~A5F—L) & CFRPAFHIBAIF(CEWART B 7815 (B1
~B3F—L). RU\ ¥5-3D BESK (CEVUAT C s
(C1,C2,C4,C5) M 3M\IHN2 F—LTY (HEt43 1#E).

B,C MBI A B (CERT — 9% T4 —R/N\v I LAH
5 ABETHEBEINEZY T LEEROME - 70T
[CHEAL. ZOBWMZIRIE - EIELTWEET,

MI SR T L

(MI) 25 L

The major purpose of our M| system is to reduce
costs and shorten development periods utilizing
material engineering methods and data science
that combine computational science, theory and
experimentation, primarily by virtually reproducing
materials events on a computer.

The Ml system deals with cutting-edge structural
materials and manufacturing processes. The main
reasons for choosing structural materials are
that their life time can be several decades long
and accordingly their highly-precise R&D is time-
consuming and expensive. We aim to get benefits
in shortening development periods and reducing
costs from using the Ml system.

Our R&D system is composed of three domains
with 12 teams (43 organizations in total). Domain
A (A1 to A5) - establishment of the Inverse Design
MI Basis; Domain B (B1 to B3) - applications to
CFRP: Domain C (C1,C2,C4,C5) - application to 3D
Powder Processing.

Domains B and C feed back physical data to
Domain A and use the knowledge acquired by
Domain A for actual materials and processing
development, in order to verify and validate its
effectiveness.

Ml system =

~ BERAEERME Structural Metallic Materials

— EERAEASHE  Structural Composite Materials

Ni, Ti, AL Fe,... s e |jovc CFRP
EL TR TR TR TN T
NIMS, A% &  mTAmE éif?'tlﬂjcfst“; FALA.JAXALE
NIMS, UTokyo ; TIT ’ ; TUT i Tohoku.U, JAXA
U¢ 3 3 :
sers
(MI3>y MI Consortium) Users Users Users
A1, A2, A4, A5 A3
C1, C2 C4 C5 B1, B2, B3

* Mint : Materials Integration by network technology
** CoSMIC : Comprehensive System for Materials Integration of CFRP
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M 1INt (Materials Integration by network technology) (D 1B} 2=

Overview of MInt (Materials Integration by network technology)
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EIBZEEREEERVET, Digitalizing as modules and workflows
Based at the National Institute for Materials Science (NIMS), Calculation: 1condition, half a day
we are developing ‘MInt’ for structural metallic materials in e
ping | . D s
cyberspace. By creating a workflow that connects computational “COTD €T —
il BitiR ~

tools called modules, we can predict processing, structure, Csarnnn N
property and performance in quick succession. As an example, S ey
an experiment that normally takes half a month can be R,
shortened to half a day in cyberspace. Furthermore, we can Preciction by a workfiow thoroughly
combine Mint with other kinds of optimization methods in order
to propose the optimal processing and structure considering
the desired performance.
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Mint user Mint Server in NIMS

MInt FDEGETEDEE# ERATHY. &b o@ Input workflow
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Mint has distributed computation functionality,
through which a workflow can be computed in confidentiality. Each company can locally run a part of workflow in its
own computing environment ensuring security when using its confidential data, and only the computed results are
fed back outside to complete the computation of the workflow. We aim to make a user friendly system, available from
distant locations via the Internet and supported with multimedia tutorials (MIntMedia).
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Overview of Materials Integration Consortium (MI Consortium)
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Functional enhancement

In order to make Mint useful for society, NIMS manages the M
‘Materials Integration Consortium (MI Consortium)' established iy Y stional
through industry-academia-government collaboration. The MI N 3 ——— institute
Consortium promotes material innovation through collaborative et improvement i
research based on Mint. And it is continually improving Mint o
by implementing modules and workflows developed through company scademia

supported and operated by NIMS N

collaborative research, enhancing the R&D capacity of industry
and academia members that use Mint.
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Overview of CoSMIC (Comprehensive System for Materials Integration of CFRP)

‘CoSMIC" is being developed at Tohoku
University as an MI system for carbon fiber
reinforced plastics (CFRP). 12 modules aimed at
CFRP design for aircraft structures have been
developed so far, and multi-physics/multiscale
simulations from atom to structure scale can
be performed. In the future, in response to
growing user needs, developing modules to
support product development outside the aircraft
industry is also planned.

\

Bottom-up
approach
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approach
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User PC GUI
e.g. Module selection

Materials Integration System

Job input

01_MD_simulation_for_curing_reaction Environments

02_DPD_simulation_for_curing_reaction Environments ﬁ

03_Mesoscopic_GL_simulation_with_crosslinking_network Environments

Program List

Programs Operations

v Project selection

v Module selection

v Parameter input
file preparation
& selection

04_Multiscale_simulation_for_residual_deformation  Environments

05_Self-organizing_map Environments

06_Qnen hole fractuce simulation for tailoring desion
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The consortium for CoSMIC

Mint £EEER(C. COSMIC TEZLDEX(CIBMAIREDTE
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Supercomputer

v Calculation

Users can access the system remotely and
use the supercomputer at Tohoku University to
perform large-scale and high-speed calculations.
The system can be operated via a GUl and together
with the easy-to-understand manual offers a user-
friendly experience.

User PC

Result
output

»

=

v Result file downloading
v Visualization application running
v Calculation result checking

As with Mint, in order to promote the utilization
of CoSMIC by many companies, the consortium
was established in May 2022, and the system
operation was started in earnest. 25 companies
including non-participants of SIP attended the
kick-off ceremony.

Cosmic /4
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WEE M| Establishment of the Inverse Design MI Basis for Advanced Structural

Domain

Inverse Design M Materials and Processing

A BRI DT — LB H S URE

Research teams and their roles in the domain A

A3
SR - TOEIADOEDS A2 Structure Design
Application for Advanced Structural P7 Processing Design of Atoms and
Materials and Processing P8 Molecules

.

B E MI
HEHEE A1
Establishment of the Inverse Design NV, MI Integrated \ & Structural Materials

Inverse Design MI Basis Approach
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Inverse Design Approach

Model and Data- Materials Development
N C N Driven Approach
MRS Rt ERERE. ki for Inverse Analysis
- KE®RE A &%) 7Ot 2&#Et (&
< o .
BEMOBE/OTR, MEAFEDOARE Descriptor
JOtR)) T®’RER (EREHEHRO (mate”al]
. arameters
BARE. Al ASOBERE) ) 0% .
. 7_—_7(‘——3(’\(‘ E1$B’9(:i¥?ﬂﬁ%ﬁq7 High TS(Tensile Strength) & High TS(Tensile Strength) &
B 7°|:| _}@%fﬁ;& E ?Eg—o EL(Elongation) Steels EL(Elongation) Al Alloys
Inverse Design Approach
We aim to realize the ?nverse design Forward An_alysis Processing Optimization
approach on the following themes of (prediction)
"Materials Development""","Processing
Optimization®?", and "Product Application®",
[ep]
- *1 : for next generation high strength
steels and Al alloys .
*2 - for joining processing of high Inver[sde Anal)y5|s
strength steels and heat- esign
resistant steels Joining Processing of Heat-Affected Zone* Shape
o *3: for Welding Strength of hlgh High Strength Steels of a Heat-Resistant Steel
- strength steels and high- Product Application
temperature strength of Al
alloys Implementation
(Mint)
Lo
<t
Welding Temperature TS(Tensile Strength) above
of a High Strength Steel 200°C of Al Alloys
*Heat Affected Zone is a non-melted area of metal as a result of welding

5 /A Domain
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The establishment of an integrated materials development system aiming to realize Society 5.0, which proposes required structure and
properties of materials to fulfill desired performance and also enables presentation of its potential processing. We will also further
develop advanced structural materials and processing, in which Japan has strength and the importance of which will increase in future.
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MI Integrated System
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By improving the M| System ver.1.0 (Mint),

a system that will be able to treat difficult

inverse design will be developed. Following,
three themes will be taken account.

@ Generalization of Inverse Design

@ Development of Infrastructure
for Inverse Design

@ Verification for Actual Issues

A 5 BEMRT —FI =2

Structural Materials DB

HERIC B 137 — 5 R F kb
SR, APRHERICEB LT, ShisT —
2 ICRWARD.
® 7yt AR DR
® 3D MR EDBIF
® HHMBA T BT DLIBF AR

In order to establish data utilization
methods in structural materials, we will
address challenging themes regarding
materials structure.

@ Design of Data Structure for Structural
Materials

@ Development of 3D microstructure
analysis

@ Development of Mathematical Methods
for feature extraction

/Workflow Management System
(Ml System ver.1.0, Mint),
developed in the
SIP 1st phase.

| LT

I I bl L I I

creep_rupture 01

\ T T T

Development of workflow
generation functions by

understanding relations among

vocabulary and data linkages.

$

- Suggest Better Workflow
- Data Accumulation and
Utilization of Knowledge

Workflow manipulation for
dealing with Inverse Problems

A4:

Output data

Evaluation of Creep rupture time g WF
‘ ‘ l ‘ ‘ AP Manipulation Ui s

Applications

Ml Integrated
System

Analysis

AS: Structural
Materials DB

Conditions
= g Py
‘ WRE M| BEEEE
Data Structure Design
Material -~ Piece -~ Grain Boundary
Creep Property Dislocation
Creep Test Creep Curve Rupture Time
Elongation
Temperature  Primary creep
Stress Secondary creep  Reduction of area
Tertiary creep
Materials Ontology Minimum creep rate
Z um 100
50
50
Y um
100
50
100
X um

Mathematical Feature Extraction

Al Inverse

Design Approach

A2: Processing
Design

A3: Structure

Design of Atoms

and Molecules

150

- Parameters Optimization
by Utilizing Inverse

- Performance Evaluation
under Various Process

3D Microstructure Analysis

A Domain /ﬁ
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Domain

A3
Structure Design

of Atoms and
Molecules
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Materials and Processing
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Processing Design

A2
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We will develop MI system technologies to accelerate the development of nickel super alloys and titanium alloys,

which are of crucial importance for the aerospace and energy fields. We will develop the modules and workflows
necessary for predicting the performances of target materials and processing. By utilizing the inverse problem

analyses, we aim to establish a method to suggest appropriate materials and optimal processing conditions for
the performances desired by users.

2

@ Powder Additive Manufacturing for Heat Resistant Alloys
@ Powder Manufacturing Processing for Heat Resistant Alloys
@ Powder Metal Forging for Heat Resistant Alloys

@ Powder Sintering Processing for High Strength Alloys

@ Ingot Metal Forging for Heat Resistant Alloys

Macroscopic Local Microstructure Mechanical Properties
Temperature Field Temperature Field Prediction & Cracking Prediction
( ) (. ) ‘ ) ( )
Temperature and Solidification Stress-Strain Curves
Cooling Rate Microstructure 1200
by CFD-PF** £ o
Coupling i
Analysis g
Melting & Solidification "1PF:phase field 2w
* ' s B 00000 0005 0010 0015 0020 002t
Temperature Variation » ixrzaClFEis » Y’ Precipitation Based on » Nornal Sain
during LPBF Process Y Micro-Segregation Solidification
With Segregation Cracking 700 0,004
Predictiong :ZZ Cracking
Map 5400
R . . Tempera.ture Without Segregation 0.5um ) 1550 1000 1500 2000 2500 3000°
\_ ) \_ CFD:computational fluid dynamics ) \_ greg y, \_ Scan speed (mme)

Modules and Workflows for LPBF (Laser Powder Bed Fusion) Process
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Establishment of the Inverse Design Mi
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Structure Design of Atoms and Molecules
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We will develop an integrated simulation tool which enables us to improve the thermomechanical properties of
carbon fiber reinforced plastic (CFRP). This simulation tool includes the multi-physics/multiscale simulation code,
which can handle the wide scale from atomistic to structure level. Moreover, the algorithm of inverse analysis will

be implemented in the simulation tool.
To do this, following four themes will be addressed.
Atomistic Modeling

(
Mesoscopic Modeling

1)

(2)

(3) Multiscale Modeling

(4) Inverse Design Approach

Bottom-up T

approach
[Structural
(Structural

f Analysis)
o O
et O
[Dynamics] \ P Caminate)
[ ) G 4
8 \VIatrix] Properties Top-down
approach
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Applications of the Inverse Design Ml to Actual Structural Materials
(CFRP)

A 7815, (A3) & MDEHE  Cooperation with Domain A(A3)

ATEIE THEE Ml > 27 AZFRAFELUGH S, We will develop inverse design MI system in domain A, and
B 4B1E CLEMMEEHE - 7Ot (CH L TCEA by applying it to advanced structural materials and processes

— L wepEs . o= ny in domain B the effectiveness of inverse design MI system is
BT, HHEMI /7\7‘/'\*0)7%”] EZeS S made known to the industry and leads to social implementation.
FICERU. HEREICDRTS,

) ) (1) Transverse tension (I) Out-of-plane shear
Before reaction After reaction

Damage behaviors under each loading conditions.
Function prediction of composite by analysis of epoxy polymer reaction Microscale strength analysis
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We will develop CFRP with more then one functional domain by blending functional particles or polymers into
prepregs in order to obtain required functionality for new-generation aircrafts and vehicles, such as mechanical
properties as well as flammability, thermal conductivity and damping properties. To fulfil this, we will obtain data
set of basic mechanical properties and functionality of CFRP structure, prepreg and matrix formulation, and then

will establish databases for mechanical / functional properties, a methodology of material developments in the
short term by Ml system and Large Scale Ml system(CoSMIC). The user Interface for Ml system will be constructed.

ZiKAER MBI DR (C LB e IMEE L

Add value with Multi-Functional CFRP

Multi-Functionality of Structural CFRPs Real Issue Test Method Development
Safe Comfort Efficient Fuselage CFRP
Mechanical Functionality
-Strength + -Conductivity - -
-Stiffness -Damping
‘Toughness -Flammability
+ Burner
J
Material Development Supported by MI System : Flame Retardancy CoSMIC
Material Development CFRP Design Multi-Physics/Multi-Scale Modeling
Matrix resin design Low-flammable domain Combustion Resin chemical reaction/structure
Combustion .
retardancy by . Product
char formation . : approagh
Base resin
I Carbon fiber bed Ouring agent
(Mechanical domain) L Cure reaction

Q/B Domain
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Al-assisted CFRP Design / Manufacturing Automation

B2

EHHMZEHORE(ICEVT. CFRP OER - aBHEREZBEL/CEBEEEREEANEH D DH B, TOD
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The automated CFRP layered machines have been widely deployed in the latest aircraft production, and thus
the international competitiveness is heavily dependent on each country's capital investment capability. We will
improve Japanese aerospace industries competitiveness by innovative design, arrangement and products which
fully utilize domestic materials industries’ competitiveness and advanced technologies, such as M| system for
challenged CFRP auto-layered products.

4 N\ 4 N\
Visualization = SOM

(Self-organizing Maps)
Warp & Distortion

. . |» »

Laminate design ki) design select

candidates
Strength & Rigidit: supported by SOM
’ e \. J AFP Fabrication

\_

Multi-purposed optimized design
Envelope is analyzed by Establishing modules.
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Improvement of CFRP design freedom in 3D with thin ply

R FE<FMUITSEBMZAVT, 1BRE—ERLR - BESZAZTESZL(CL. 3 RTO—HiE
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We will develop an optimum design technology for high degree of freedom thin-ply CFRP which is manufactured
by spreading carbon fiber bundle widely and enable it to stack up on 3D complex shapes eliminating gaps or
overlapping between CFRP tapes. This is achieved by introducing a mechanism which has can control width or
thickness of towing CFRP tape during a lay-up. Applying multi scale modeling techniques, we will induce true
performance of CFRP by model based design optimization. This will lead to further reduction in weight and cost and
improvement in manufacturing technology. As a result, this technology will improve industrial competitiveness in
Japan, including not only aviation but automobiles and other industrie.
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(crack propagation analysis in the layer) ~ (Open hole tension) Variable Width Steering Layup
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BAR - 3D &KE Applications of the Inverse Design MI to Actual Structural Materials
3D Powder Processing (3D Powder Processing)
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Development of Additive Manufacturing Process for Ni-based Alloys

1

Cl

NiZE&&0 3D BEER 7Ot (L. FRER - R T
MCEHZTEOIRHE/OERTHY., KERSHRY—E Eognl:bs[jdsr;?g:n
A HRBEN—F =T EADBERIHFINTNS, LHL
o BOS, RTOTINERTDEMLINITED/NTA—Y DR
B IER (CHLVDAIRRTH D, AR T, 3D EE
B 7O MY RAFAICEWRBVESNZHE N ZEEad
74D NIEBICTEERAT D@l M/ NN —F—
DEMALEBIET. S >

Additive Manufacturing (AM) process for Ni-based alloys Ni-Alloys Composition | AM Process Parameter
is an advanced process that can lead to innovations in parts Candidate (Ml system) .
shape and materials properties, and it is expected to be e
applied to combustion burners for hydrogen gas turbines. S
However, the AM process requires a complex and wide-
range parameter optimization. In this research, we are
o aiming to improve durability of the combustion burners
o through demonstrating the actual fabrication of new Ni-

based alloys being found by Ml system for the AM process.

Alloy A

Precipitation <Output>
JORRN - Curves Microstructure
ShEea T Crystal orientation
Defects
""" etc

Alloy B,

Temperature

- C 2 SMEREDTZHD Ni #REBE 7 O X DFEF

o Development of Ni-based Powder Metallurgy Processing for High Performance Aircraft Engine Disk
REBMZEEI D> DT« RUMICIE AET7OCRCLEE8E Ni BEBEMHDAVSNTEA. MERE

m L CHEUERRENBLVEEY —E> T X7 [CEMERZRBIELE NI BT« ZUMAEAINTEY. S

CEABANECRIAHTH B, AR, BNCEERMNZERUICRORBK T Ot R ERZEU EOMMIEE

(9]
o HNRONBEIRNGFRTOCRZHERIBLEEICEEIETTREET S,
High-strength Ni-based forged materials ' Sub scale disk
by melting process have been used for
. . . . -1 N
disk materials for commercial aircraft 10 lf'llgh-SPeed
engines, but Ni- based disk materials made = D?Es'ﬁrlgequipmem
. -2 |-
< from powder as a raw material are now £ 10 Q@ e
: . . . [ e
& being applied to high-pressure turbine o
) : ) - . Ml data % 10k : ,’@o*
disks which are in a severe environment, in o ! %,
. . . 0 H ‘0, | Conventional
order to manage an increase in combustion | I Moldlife !

. . . . -4l . ! .
temperature, and this application is expected 10 'Feolgmggitmyi Tjjp’g:;;‘;‘if
to expand in the future. We will develop a <57 improvement . fo"f:mg

< -5 L
o new process that will be low-cost and enable Y %00 1000 1100 1200
o us to obtain higher mechanical behaviors than 60ke Gas g z I \ Processing Temperature C
conventional western processes, utilizing Atomizer oowder size(n®

superior domestic technology.
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The realization of innovative materials and processes utilizing integrated materials development for 3D powder process of heat-
resistant alloys with intense development competition and CMCs which are super high temperature heat-resistant materials for
next-generation transportation and energy equipment, and this development will strengthen industrial competitiveness in Japan.

Ca

SHEE TIAI ARG EBREOMRET 7 Ot AFEFHEEERIMBR

Development of Powder Manufacturing Process and Basic Technologies for High Performance TiAl based Alloy Turbine Blades

TIA| BERESBICARINZZLDI v NI VIV ICBEIND, AARTIEZOFEICEZADZH. 1D
D TIAl GEH5 2 FBEDMAR 7Ot (MIM: Metal Injection Molding, AM: Additive Manufacturing) (&
WEIFED G S ZETBEESY—L > (LPT: Low Pressure Turbine) EhE% G TR &Ed 3% BIEZIC,
ERFMZT BT AERRETE TRy MNERG SR FREC TR FRICED W LPT BEIR(CE T2 RRE M| & EFE
EICTHEEL VWS, INETICENCAERETEEFRSFEZEIEL. ZTORREEREDOEERS HRLICRIID,

In order to develop superior LPT(Low Pressure
Turbine) blades made by powder processes of Metal
Injection Molding (MIM) and Additive Manufacturing
(AM), a sophisticated Materials Integration (MI) system
for inverse problems is being built in cooperation with
university/industry collaborations. The M| system,
consisting of three modules of property prediction (MPM),
microstructure design (MDM) and process design (PDM)
based on experiments and theoretical calculations,
successfully allows us to design a novel alloy to meet the
required mechanical properties and geometries for both
MIM and AM processes. The outcomes of this project will
help enhance industrial strength in Japan.

CS

Integrated Inverse Design Systems
Powder processed LPT (2021)
MIM AM

Required Properties

Database —»

« Physical/Dyna

* Microstructure

Microstructure
Factors

mic properties

Neural
network
Database —»

- Phase diagrams
« Transformation

Required
geometry

kinetics

Alloy comp.
Heat Treatments

*1 MPM : Mechanical property Prediction Module
*2 MDM : Microstructure Design Module *3 PDM : Process Design Module

T oIVvIREEEMHOMZER T > 2 B R DFRFE

Realistic Simulation of Ceramic Matrix Composites Targeted for High Temperature Components in Jet Engines

TSIV REEEME (CMC: Ceramic Matrix Composite) (388 - iEWRE LT, Ml T > ToF|
BRI NZH. BMERCEZDRNMEHECIRAZ. EREERNAKE THD, AHRTE, EEEERD
FEFEX O -EBE-FECHBL. B > Ial—ay FHBORMESTORRZEIET., BSoNARE
BEL, BEELQEECALTIMC OERFRARETCOIRSZEVEEETS [N—Fr)LT7 AN ZBEEL. CMC B

MEAFEDOERIEHERE KR T 5.

A reliability assurance scheme accounting
for  specificity of Ceramic  Matrix
Composites (CMCs) is imperative for the i
deployment of CMCs in high temperature
components in jet engines in the near future.
We will categorize major issues in reliability

Module 1: Process

Turbine Blades

»
Si melt
Simulation of Melt-Infiltration Process ~ Process Optimized CMCs

Module 2: Structure

C *

assurance into processes, structures 3D-XCTH » . X;ré;'daé;r?::
and properties, and will overcome these SrgmEEE AT Safety
issues by strategic combination of theories, FoeETe Sinn e (SEUET ) SEEEss Evaluation
numerical simulations and tests. A virtual Module 3: Property ‘
test environment will be built to assess the FalgueCack ols - LLs ’
reliability of CMCs hot components of jet 5 » -°‘°-5-‘
engines. fime & N

Simulation of Fatigue Damage Life Prediction Combustors
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TRABMBBER AT LICEBYTITIVER )
PD:=E RE %7 PD:EHETX

Domain A (Inverse Design MI)
Co-Directors of Research Domain:
Masahiko Demura (NIMS)

Manabu Enoki (UTokyo)

A fEig (ERIRE M1 E48)

AR | HH HEE (NIMS)
18 2 (FEmAY)

B %8 (CFRP)

TR : FER ARK (Rdek)
AT B3 (1AXA)

T

AT

Enoki (UTokyo)

(10 organizations)

A2

Watanabe (NIMS)

(11 organizations)

A3

Okabe (Tohoku U.)

(10 organizations)

A4

Minamoto (NIMS)

(2 organizations)

A5

T R A AR A 7O0ERTHIY | | BFOP) BEEK | | MIRESRATL | | BEHRT-IR-2 ZIREERE M
Inverse Design Processing Atoms and MI Integrated Structural Multi-Functional
Approach Design Molecules-Structure System Materials DB CFRP
18 % (k) 32 3 (NIMS) WIS AR (it ) 3 BS (Nims) :Qéﬁg;””‘f’ = f#— cxL)
s . . (REKHE)
EE & grezF-0) Bl BA (kH) Pk BARZ (RL) H E BiE (smmas) FEER RRZK (stk)

g S (mmasmr)

Demura (NIMS)

Kazama (JFE Steel) Iwasaki (KHI) Ito (TORAY) Inoue (UTokyo) Ashino (Toyo U.) Okabe (Tohoku U.)
Okazaki (Kobe Steel)
(10 14E3) (11 #E9) (10 #89) (2 #E9) (9 #EH) (7 #E9)
RRAH NIMS RILKZE NIMS NIMS L
JFE RF—)L NNEET S =L HRAY REAY o
e RBAE SUBARU e RERITAY
IHI ;i;:ag;s: AL LT A
UAC) ZEEA JAXA Eifriip e SRTHEXEF
HEBEE R A EBILERKRF RiLkZ NIMS
PRfET b y=E At ZHEXRF JFE ZF—IL HAESR
EIT1BERFRFR R RRKE NIMS IHI
WRASH 5 B2 K5 RRERAZ UAC)
NIMS KEFH=ILT49/09=- Rk

(9 organizations)

UTokyo NIMS Tohoku U. NIMS NIMS TORAY
JFE Steel KHI TORAY UTokyo Toyo U. Tohoku U.
Kobe Steel Osaka U. SUBARU Kobe Steel U. Hyogo

IHI Tohoku U. UTokyo RIKEN Kyoto U.
UACJ U. Hyogo JAXA Kansai U. KIT
Nagoya U.
NISSAN Kyushu U. Keio U. Tohoku U. NIMS
Showa Denko Kobe Steel Nagoya U. JFE Steel NEC
NIl UTokyo NIMS IHI
Teikyo U. Gifu U. Tokyo U. of Science UACJ
NIMS Osaka Titanium Tech. Sophia U.

B1i

Yoshioka (TORAY)

(7 organizations)

A3 B (=15, ¥:24°, B (260E) : 4) () mEELZAFMEOAZ @AY 43 organizations in Total (15 companies, 24 universities, 4 public institutions)
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Program Director

“Materials Intergration” for Revolutionary Yoshinao Mishima

Design System of Structural Materials
Tetsuo Mohri

Tomonaga Okabe (Tohoku U.)
hE HH (KRAZ) Takayoshi Nakano (Osaka U.)

Co-Directors of Research Domain:
AE@E 3R B (NIMS) Makoto Watanabe (NIMS) /
Toshiya Nakamura (JAXA) /

Domain B (CFRP) / C4als (M- 3p#&E) Domain C (3D Powder Processmg)\
Co-Directors of Research Domain: ‘

\
B2 B3 CT C2 C4 C5
Al BENfEfE EREAMT Ni f&/EiEH Ni #¥37R & TiAl 7R IER F3Iv) AEEEM
Al-AFP Thin-Layer Ni Additive Ni Powder Forging TiAl Powder CMC
CFRP Manufacturing Manufacturing
[
BIER 2R (=zET%) | | P R (SUBARU) Sl BA (kH) SH Bt ==arx) | | TLHX @RIy EQ-E;{\T;;;;:)
T #Ek0AxA) T RE 0AxA) TEF HER (kA R &EB (Nims) 8BS BA(MHIAEL) BaI &%
(MHIAEL{MHI})
Abe (MHI) Uchiyama (SUBARU) Iwasaki (KHI) Imano Takeyama (TIT) g;;‘:;vi;z gﬂg
Nakamura (JAXA) Nakamura (JAXA) Nakano (Osaka U.) (Mitsubishi Power) Fukushima(MHIAEL) Sekigawa
Osada (NIMS) (MHIAEL{MHI})
(10 #84) (6 1#B9) (3 #B9) (9 #F9) (5 #E9) (6 159)
=FETE SUBARU JIGETE =EETE RERIEXZ RERIFKE
JAXA JAXA KIRAZE NIMS SESEIMEIVYY | | ZEEIMEIVYY
BIXNE-IESHAME | | BHRIZERtY Y- NIMS ARELAMTEHTFR PR IHI
R RREIXE =EETMEIVYY KERaEHEE JNNFETZE
ZHEBKRE RRAE timEAE KIRKZE RWRAZ
AR RRIERIAE RILKZE JAXA
RRKZE JAXA
LiBExRE IHI
PN YN - NigETE
EMAzE
(10 organizations) (6 organizations) (8 organizations) (9 organizations) (5 organizations) (6 organizations)
MHI SUBARU KHI MHI TIT TUT
JAXA JAXA Osaka U. NIMS MHIAEL MHIAEL
KEK Industrial Tech. NIMS HONDA Kobe Steel IHI
Kobe U. Center of Fukui Pref. MHIAEL Osaka Yakin Kogyo KHI
Nagoya U. Tokyo U. of A&T Hokkaido U. Osaka U. UTokyo
Kyushu U. UTokyo Tohoku U. JAXA
UTokyo Tokyo U. of Science JAXA
Hokkaido U. IHI
Osaka Metropolitan U. KHI
Shinshu U.
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7, Gobancho, Chiyoda-ku, Tokyo 102-0076, JAPAN

https://www.jst.go.jp/sip/p05/index.html
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J Cross-ministerial Strategic Innovation Promotion Program

SIP &3, REFEEDT. FEOHRCIRROAHF 2B HEINAEHEAS THY . EEFEE
[CEWERMIAN SR - FRMEXTREA T —EHE THIRRREZHEL TVET,

Under the leadership of the Cabinet Offce, the Cross-ministerial Strategic Innovation
Promotion Program (SIP) promotes interdisciplinary research and development
covering from fundamental study to industrial application with industry-academia-
government cooperation.




