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Under the leadership of the Cabinet Office, 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.
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Program Director's Greeting

SIP (Cross-ministerial Strategic Innovation Promotion Pro-
gram) is a national program led by the Council for Science,
Technology and Innovation (CSTI) of the Government of
Japan to realize scientific and technological innovation in
Japan. SIP addresses 11 important science and technology
subjects that are essential to society and important for Japa-
nese economic and industrial competitiveness. Notably, the
Program is based on close foresighted cooperation among
industry, academia, and government agencies and covers
a wide spectrum of projects ranging from basic research to
practical application and commercialization.

One of the major subjects covered by SIP is “Structural
Materials for Innovation (SM41)”, which promotes research
and development in four research domains, mainly for the
components of aircraft engines and airframes.

(A) Development of polymers and CFRP

(B) Development of heat resistant alloys and intermetallic
compounds

(C) Development of ceramic matrix composites

(D) Materials integration

This SIP was launched in FY 2014 and has entered the
final year, leaving one more year before it ends.

In the case of "Structural Materials for Innovation", it is es-
sential to establish an exit strategy which enables Japanese
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Research and development of strong,
light and heat resistant innovative structural materials
is key for the future of Japanese aircraft industry
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Professor Emeritus, The University of Tokyo
Advisor Emeritus, National Institute for Materials Science (NIMS)
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industry to play a part in the global aircraft industry that is
currently dominated by the United States and Europe, and
to continue research and development even after SIP has
finished.

To achieve this and enable companies to lead research
and development with a view to commercialization, we have
introduced the “co-leader system”, by assigning two leaders
in each level of research group, including representatives
from companies. We have also been promoting the strategy
for intellectual properties and the establishment of the center
of excellence concurrently, aiming at the industrial applica-
tions.

Furthermore, in response to industrial trends, we have also
launched a new R&D unit on the processing technology of
ceramic matrix composites (CMC).

In FY 2017, an interim assessment was conducted by the
Governing Board of the Cabinet Office, and we received
a very high evaluation thanks to everyone’s support and
cooperation. | am grateful for all your support to-date and
appreciate your continued encouragement as we continue to
push forward until the end.

April 2018
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Expected outcome in aircraft industry
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1.82 trillion JPY (2015)

Aviation production
performance
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Source: Society of Japanese Aerospace Companies
(World market approximately 50 trillion JPY)
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Aim to realize 3 trillion JPY
scale of outcome by 2030
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Research Domain Theme (Application Components) Estimated Shipment Value in 2030
BA—NL—T (REEE) 1,8001&M
. Out of Autoclave (Tail etc.) 180 billion JPY
A 1 R
O AE Ll (e 1,608
Poymers and GFRp  T"ermoplastio Resin (Fan/Case)  160biliondPY
- CFRP (X#8i&) 1.13kM
: CFRP (Main Structure) i 1.1 trillion JPY
) i NI (B 5 71 X0 %) 4,800f&
e - 2EEEEY i_f‘.’f?‘?_‘?‘ff‘_"_‘_’?’?_’__'_“_'_'F’_?_S_“?‘_’_*_'!‘_’Y?f?‘_’_’?‘_’_r_‘???‘_’f_’_THT'?’!??_E_’_'?k__?_t?? _________________ 480 billon IPY
Heat Resistant Alloys / e
Intermetallic Compounds TIAIE & (BEEERE B -E2F) 3.1 QQTEH
. TiAl Alloys (High Pressure Compressor, Low Pressure Turbine etc) 310 billion JPY
(€) : = -
— - ' CMC (BE2—-E>%) 2,20018M
BIIVIREBEME o6 (High Pressure Turbines etc.) 220 billion JPY
Ceramic Matrix Composites
&t 2.4
Total § 2.4 trillion JPY
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Source: Survey on business strategy trends for Structural Materials for Innovation (2015)
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SIP “Structural Materials for Innovation (SM?#)” Projects
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Implementation of strong, light, and heat resistant innovative materials structures into aircraft in order to

realize improvement in energy efficiency. Nurture and expansion of Japan's aircraft industry and contribution
to the world by saving energy and reducing carbon dioxide emission.
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(A) Development of Polymers and CFRP
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(C) Ceramic Matrix Composites
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(B) Intermetallic Compounds
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TiAl Intermetallic compounds
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Development of Polymers,and,CERP
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B Development of materials and their manufacturing techniques for the realization of high quality, low cost, and high productiv-
ity of main structural parts (tail etc.) as an alternative to the existing autoclave method. And development of low cost, high
quality (toughness) prepreg for autoclave with application to main structural parts (main wings etc.)

B Development of thermoplastic prepreg for the impact resistance and heat resistance for aircraft engine parts and its molding
technology, and accomplishment of weight saving by development of technological applications of heat resistant PMC.

B Monitoring of molding process of composite structures, quality assurance technology, non-contact/non-destructive inspection
technology, and bonding technology.
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High Productivity and Tough CFRP (Airframe/Tail)

=EEN-BEHESMORR

Development of highly-productive and tough CFRP
cured by autoclave

CFRTP (Engine)
MZEL IS EERRT B 1ERAS - CFRPRR

Development of new thermoplastic polymers and CFRTP
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OoA CFRP (Airframe)
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Development of Smart manufacturing of highly-reliable
OoA cured CFRP

fHECFRP (T2 2Y)

Heat resistant CFRP (Engine)
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Development of heat resistant CFRP and their applications
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Academic Support and Material Evaluation Unit [TJCC + JAXA Structural/Composite Materials Technology Unit]
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Process and life-cycle monitoring Multi-scale process modeling Multi-scale process modeling

and quality assurance and simulation and simulation
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Fan blades using prepreg made of domestic thermoplastic resin and carbon fiber
composite material

BEHERE SmE EIA q
High impact strength, high quality, and low cost
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Prepreg Compression molding
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Tail and door by the out of autoclave molding

3y ¥ vy TRTMB RS F flin B As Conventional heater/oven
FRFCRRE: A — b L—Tt1/5 Vacuum molding —
technology

3D gap RTM (Resin Transfer Molding) technology
Molding time : 1/5 of molding by autoclave
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3D gap mold Out-of-Auto(O0A) processing
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Co-cure autoclave manufacturing of main wing and body structures

High pressure (~7 atm)

SRR SR DORR
Development of novel tough CFRP
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Necessity of integral molding of large and complicated aircraft structures

B TR EIR SRR\ DERFRF
Energy-saving and low cost manufacturing technology

F—r 7L —T(AQRH
Autoclave (AC) processing
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Construction of quality assurance
method for CFRP materials

BHRREMRB B DA D Z X LEEEAE TR
Quantitative elucidation and prediction of mechanism of
residual deformation of complex shaped parts

Residual deformation (Spring-in)
Curing process

Initial
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Residual deformation prediction based

on measurements of deformation and
internal strain

In-situ monitoring technology during molding with
optical fiber and Molding simulation software
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- Establish residual deformation prediction method applicable to
optimization of molding form and temperature cycle

Residual stress
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Development of Heat Resistant;Alloysiand
IntermetallicjCompounds

B ARES 3L —2(B21) $E T Ot 2 £ (B24) . S EANIET 127 (B26)
MEHETL D PREAZI-ELDOEEMATHITIELONIEESEFOERNLKE - R ERMN. RUZThEZ 252 3I2L—Y
SR DRFER T -2 N—-ADIEE

W L ——#MERAER (B22) MRS AT (B23)
Mzt 2—EBMADEAEBIEU /- T4 - £ E M ICEN L — MR BT O ~T AR E - THE F BN RS H R
BORRE

B Large-scale forging simulator (B21), Innovative forging process basis (B24), Ni-based wrought disk alloys for power generation (B26)
Innovative large and practical forging technology for Ti and Ni-base alloys which are the main materials for aircraft engines and
power generation turbines, and development of simulation technology and construction of database to support these materials.

B Laser Metal Deposition (B22), Metal Injection Molding (B23)

Development of laser metal deposition technology with exceptional workability and productivity aiming for the application to

aircraft and turbine components, and development of metal injection molding technology with outstanding dimensional accu-
racy and fatigue resistant characteristics.

[ %38 A 5567 )

Main application components
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* For aircraft engines: compressor components of Ti alloys and turbine discs of Ni-
based alloys

* For gas turbines for power generation: turbine discs of Ni-based alloys
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1500 tonne forging simulator' NIMS Forged texture prediction calculation (Ti alloys)

s Zal—4
Forging simulator N N _ . .
, \ Forging conditions/texture P AEZX BEHTIIE T O AELAFEH
characteristics
; I T—BN—R Development of innovative forging process technology that
Forecasting calculation tool Y Data base can be applied to actual production equipment with the
50,000 ton press machine of Japan Aeroforge Ltd.

Strength forecast (Ni based alloys)

HEH - TR
Texture characteristics
forecast

FREEY—IL
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Input parameter extraction
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; Laser metal deposition

E k. |
SRR ]z

Product shape Cladding

} B U (BEER)
WiE achining

- : .(Scrap)

M .
Base material
Cross section

BIETIEREmOBEICH T HFEERDEHE
Reduction of waste in manufacturing expensive Ti alloy parts

SHERETIAIS R OET - REFR DR

Development of design and production technology of novel TiAl alloys
B2 (NiEE20HES) TMeiE (~800C) 43 ET3TIAIEBELEMOM It RER £ ARIXNEERL, MBI
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Realization of low cost, improved workability and quality for TiAl alloys characterized by lightweight (approximately half of
Ni based alloys) and heat resistant (~ 800°C) and implementation on the aircraft engines.

(1) ¥ERE Z T RIRERDRTE
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Determination of precise

multi component phase diagrams
and construction of database
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Tokyo Institute of Technology

(2)7)-T EFBHER. LUBILEE
X BL Y B AR F DREEA
Elucidation of material factors

dominating creep, fatigue crack growth,
and oxidation behavior
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Effect of microstructure on creep

ZRERICHIE L B

Microstructure design based on our phase
diagram

SRS DM, BhE T O ARFHEERIBOEE
Construction of structure, manufacturing process design,
and guiding principles for high performance alloys

(¥%) #h = R AP

Kobe Steel, Ltd.

B B0 2 N FEA R
BLUBE(CRSE
High-grade, low-cost material manufacturing
technology and demonstration of mass production
(N BEAZEEDD EWEREFHROEE
Manufacture of high quality ingots with
less deviation in composition

CCIM(Cold Crucible Induction Melting)

2) SHBEHETOEXCLBEIZME
Cost reduction by high yield casting process

(8) 27 Zy TIETOEAICLBEIAME
Cost reduction by scrap utilization

_=rrmieam BEZ-CVEHR

(BBs%) (FREHELR)
HPC blades LPT blades
(forging) (precision casting)

(%) IHI

IHI Corporation

BHENE T O X BAR. ST REE
BLURAICAEIS=DBE &
Development of innovative manufacturing
processes and DB preparation for evaluation,
verification and practical application

(1) #H&. BERUHNIE O XFRRE

MEEETANDT =R/
Development of casting,
forging and heat treatment
process and the feedback
on materials design

(2) ERMEICE =M BERTA - AR 5L
Performance evaluation and verification
for practical application

(3) £A1EICAIT DB

DB preparation for practical application
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Development of Ceramic_ MatrixJaComposites

WRREI—7 17 (EBC)H LV —T 1 T HDFRR

Development of environmental barrier coating (EBC) and fiber coating technologies

W RERI YL ORERELCOBFHEIRICR TARZCER T 3EHFINAMM- - BE LIV ABMOERAICEI T SR
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B Development of EBC technology for protecting surfaces of heat resistant and light weight ceramic components from
high temperature oxygen and water vapor environments and for their long-term use. Development of EBC technology is
vital for the practical application for these components which are expected to contribute significantly to the improvement
of fuel consumption and the reduction of carbon dioxide emissions of aircraft engines.

B Development of environmental resistance coating technology that is applicable to the lightweight ceramics with high
toughness and heat resistance.

2T IVEFE—LPVDE

Double electron beam PVD method

W NFY—UM(ERCERBEM) DBERAL RE L= RBRIRE T COERERIREICT SEBCHEELRTE
B EBCMHEEDRB SRR REIBELE DWAME S £ S E L ICHIE ¢ 2514 2F %
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B XFURELEBEL-H LV EBCOMRM B F T MAEE R

B Developed EBC structure for the application of benchmark materials which are at commercialization stage,
under severe environment in high temperature.

B Developed processing technologies for the high performance EBC layers.

B Evaluated the performance of EBC by enabling thermal cycle test simulation of actual machine.

B Devised a new peeling resistance evaluation methods of EBC layers aiming for an industry standard.

EAREIER AT L\
Substrate rotation system

=RTTHAREAR
3-D shaped substrate

BAZML.BEZ—EY 27U R #BE FR) BFCE—L
Application parts: High pressure turbines Electron beam
(shroud, stator, moving blade)

L—+ — gk SN
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&> &= Evaporation source
CMCEM LIS RBIEEEBCETEM

Form EBC with multilayered structure
on CMC substrate

Yb-silicate A Yb-silicate B

ion layer T -
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= shielding]layer
U
|- Yb-silicate A
=R 7 (CMC) 50 ym
) htiweight ceramic
S — BB DYb-silicate A—Yb-silicate BIERHERE (KR TIERE)
ZiEEEER B I HEBC Dense Yb-silicate A —Yb-silicate B gradient texture
EBC with multilayered structure (water vapor shielding layer)

CVDEIC LB —T 17

Fiber coating by CVD

W N FY—U# (EREEREM) LOBMIREEICENSRMESICHM LICO—F1> L /N TILTOBRIEHE
MRIRIZHKTH.

B SiC fibers, coated with materials developed in this research, showed to have more environmentally resistance
and damage tolerance than benchmark materials (materials at commercialization stage).

0800040
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T-h‘e-rr.nal @&k reduction layer
EBC || B s
\Waterivapors
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i SiC fiber SiC matrix
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SN 1/ ¢ |@ga—T1>y
= T L Fiber coating
YA (CMC) 2
htiweight ceramic -SiCHit#E— < M I RREDEELE
— - ERUGREIRRREHIE
ZIEEEEA B I BHEBC *Prevention of stlicking between SiC fiber and matrix
EBC with multilayered structure -Crack propagation path control

SUAREIO EEY £ REF

Good rotation properties of gas materials

@ Yb-silicate layer
% " e /
° p s p '
S e, s AR RO HE /
oe % Control of microstructure Sic fiber
S Um
SICH
SiC fiber BB LY EEREEE T I I —
RE)YIZARECERGESEHTLITH
N b =~ Interface cotrol coating enabled crack propagation
CV.D’i(’LJ:.%)ﬁ“ﬁﬁj TAYY between fiber-matrix interface without lowering
Fiber coating by CVD method fiber strength.

EEREMRETOEAKBORRE

Development of Advanced Melt Infiltration for Ceramic Matrix Composites

RERMBHEI D ESLDEREILEBIET . L mEs#

ELT T3y REEEMB(CMC)NDEFEY L —BaE- W& SICFYTA—Ls
%2 T.CMCORREMZIL AT N ZDEMDEIXN - SE5EM SiC preform
TOERFEMORERICHICEFLEL

=R
In seeking to achieve even higher efficiencies for next-generation High temperature
aircraft engines, there are increasing expectations for Ceramic ™M@
Matrix Composites (CMC) as new heat-resistant materials. There- E—%—
fore, in order to expand the possibility of CMC, we have started to Heater
develop new Iow-cpst and high-reliability process technology for SEMIEIC £ BARSIS 2
the substrate materials. Molten Si impregnation method by

high-speed Ml method
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Materials Integration

( HEFAZFL ) (  HEEFEIZTL )
m Structure prediction system ~_/ \_ Performance prediction system @
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Deformation, embrittlement, and deterioration

B ChETOMBRZDORRCEBRMEFERTHEEHIC R, KR, V32 —2a2 T aN-2EDREHDBFARZMEMEL T #
HORBMKFOMREF AT IMENRARIE AT AIRTIT V(T3> (MI) |OREEEDS

) AN P = - .\ MR 7OtER Microstructure formation in material process ; ; ; d conditi o
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Operating: Destruction strengtH

i t
B Materials Integration (MI) is an infrastructure to pursue the development of MI system for predicting the time dependent enrenmen

performance of materials by utilizing accumulated result and empirical knowledge of materials science and by integrating
the most advanced technologies on theory, experiments, simulation, database and so on.

B Main subjects are to contribute to the development time shortening, efficiency, cost reduction and to optimization of the
materials selection and process

B The MI system a-version was completed in FY2016. The current aim is to accomplish its ver.1.0 by FY2018

HHEZEESTZATLA
Data assimilation system
T —ZERENEIODF R - HETE
T—REVZaL—Y3VDREHL
Data-driven prediction and estimation
Assimilation of data and simulations

| | | !
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Development of individual parts constituting the Mi

§ e e e e e e . WiE - . IR WiE £ . ]
gFYyy | [TTENSR 28Al EFYyy | [TTENTA DY
Numerical Database Theories Numerical Database Theories
modeling Empirical rules modelling Empirical rules
Pattern 1 (coarse
grain region HAZ)
st tomaorat - RRALGHERE. 7 —aN-F(ICE£ < Develop materials integration system for predicting
BERSIVVBOWMOMBELE 00 " Patter 2 (Fine grain region HAZ) %,\, BIRAF TS 1 — LA AL MEHER ®7O€2 microstructure and time-dependent performance of mate-

“ o g . . rials by integrating various kinds of modules based on
KIEANTZET MROIERER R AT O theories, empirical rules, computational simulations and

E—BFRATIHESXT LORARET, databases from the input parameters such as chemical
compositions of materials and processing conditions.

RBER(FATIIXTLERET D,

Heating temperature:1000°C

Cooling rate 30 10 *3 1 °C/s Coohng rate 30 10 3 1 C/s

NN

Development of a system to accu-
rately predict the microstructural

changes Of steels during Welding martensite Ferrite+b'ainite £ “Eerrne+Perlne
heat cycle.
YIIYIRA—TAVITMIIZARZ— ENFMITZRAZ—
Ceramics Coating MI Cluster Polymer MI Cluster
(AR EE] (BAFEE#E]
| D61 Microstructure prediction ” Steel, Al alloy, welded specimen, ... | [Development aims] [Development aims]
-~ -~ -~ <~ R i _ _ X o N . .
Simulation Database Validation MEEEEMR A3V Aa-T 1> T DRIEEH SR TFRMAOEERICBIEICET3 32—V
AR Fh A1) — = N = Physical model B =" L o | 31— il 7, S b - oo 44 EANFREAME
BRI ORE, 1) 7;:k$gfar¢ Bo | e e speed ol Smpon (11 BEFRT B3l —> 2 MORBRER S HLL SHEAMERREL MEEADE S FREEHMHOR
MR EDRFRERTFIEREE FRIT Y _data || data Fatigue test T IV RO-T AT MR DRI EA L, EREREHE FICEM TS,
ZB#E7,
Devglopment of a system to predict N A Development of simulation technology to predict Development of simulation technology related to
the time-dependent performance of Crack initiation Crack growth Empirical formulae Crack iniiation Crack growth life time peel off of ceramics coating for aircraft curing reaction processes of the polymeric materi-
structurhal materials SUC: 6:13 (fjahgue r “r r L structural materials. Aim to improve efficiency and als to contribute to the development of polymer-
strength, creep strength, hydrogen | g4 workfiow, Autumation, Database || D63 Machine learning, Bayesian inference, ... | shortening time for the development of new based composite materials for aircraft.

embrittlement and brittle fracture. ceramics coating materials.
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71 organizations in total (36 universities, 26 companies, 9 public institutions) are currently participating in SIP-SM*1.
They form networks based around “Centers of Excellence” to pursue collaborative research and development.
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Development of Polymers and CFRP Development of Ceramic Matrix Composites

m e DR

Tanaka D PD
anaka Deputy Co-Directors of Research Domain: Takata (JFCC) / Imanari (IHI)

Co-Directors of Research Domain: Takeda (UTokyo) / Iwahori (JAXA)

Ceramic Environmental Barrier Coating at JFCC

Innovative CFRP research center at UTokyo and JAXA

Co-Managers: Takata / Imanari
Co-Managers: Takeda / lwahori

Ca1 C42 C46
EBC technology Fiber-coating Advanced MI
materials

AO1
CFRTP (Engine)

A02
OoA CFRP (Airframe)

A03
High Temp
CFRP (Engine)

Al1
High Toughness CFRP

A10
CFRP
derived from

(Airframe)

biomass Kitaoka (JFCC) Goto (JAXA) Ushida Kagawa (TUT)
Arai (Nagoya U.) Yoshioka (TORAY) Ishida (JAXA) Abe (MHI) Kakisawa (NIMS) Nakamura (IHI) (MHIAEL) Fukushima
Moriya (IHI) Moriya (IHI) IHI, JUTEM, Yokohama National U. Nitivy (MHIAEL)
Mitsui Chemicals, Tokyo U.of Science, Tokyo U. of ART SUBARU ’
Gifu U., Indsutrial Ehime U. Shimadzu ' TORAY Insttute Ishikawa
Tech. Center of Fukui KANEKA Hokkaido U. Daicel

A04 _ Takeda (UTokyo)-Iwahori (JAXA)
LULL TSI IR Kochi U. of Tech., Tohoku U., Kyushu U.

D Materials Integration

Development of Ml System at UTokyo and NIMS
m Co-Managers: Koseki / Watanabe (NIMS)
[ D61 D62 D64 D65 D67 D66
Microstructure Performance Integration system Weld joint Interface Innovative
| measurement
' ' Koseki (UTokyo) Enoki (UTokyo) Watanabe (NIMS) Tsuzaki Okubo (AIST)
Hokkaido U. NIMS, Teikyo U. UTokyo, Toyo U. (Kyushu U.)
[ Tokyo U. of A&T JFE, Kobe Steel Aoyama Gakuin U., Nagoya U. Nlh}ggkUﬁikuba
| Nagoya U., NIMS IHI, UACJ NIMS, RIKEN, T AEA Kiatmi [T , Ulokyo
| | JFE, Kobe Steel Nagoya U. U Toyama | JAEA Kiatmi
IHI, UACJ
Mitarai (NIMS) lgashira Miura Takeyama (TIT) | Sakamoto Takahashi | Yasuda
Fuijita (J-Forge) (KHI) (Kyushu U.) :\;I":Sg (Kobe steel) (HI) | (OsakaU.)
i Kobe steel s .
Kobe Steel, Daido Steel NIMS Kugslgkngl) 'I('ohoku U) ¢ FH? o Tegﬂhet?)lo Ceramics coating MI Cluster Polymer MI Cluster
Hitachi Metals, Kagawa U. Titaniumtech. ' Hokkaido U. Y
Gifu U., Tohoku U, Osaka U., ranimiee NIMS oo NIMS D70 D71 D72 D75
UTokyo, Tokyo Denki U., Deterioration| Design of Mathematical Atomic/
Nagoya U., TIT, Mejo U. of Polymer polymer approach molecular
" level
Kuriyama Fujimoto Nishiura appr(:)vaeches
(YamagataU)| ~ ((Nippon Steell  |Tohoku U.) :
Kitashima (NIMS) ghsu"l""ln HKG | [Yamashita
Tohoku U., U. Tsukuba, emical) | Arrech, Gt U | Tohoku (UTokyo)
U. Hyogo, Kindai U. Nagoya U. il
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List of Research Projects

A Development of Polymers and CFRP
Co-Directors of Research Domain: Takeda (UTokyo) / Iwahori (JAXA)

Research Project Research Unit Unit Leader

AO1 Thermoplastic Polymers and CFRTP Masahiro Arai (U. Nagoya) / Katsuyoshi Moriya (IHI)
A02 . ) Smart Manufacturing of OoA CFRP Kenichi Yoshioka (Toray)

Development of High-Rate Production
A03 | Innovative Aircraft CFRP Products and High Temperature CFRPand Validation Yuichi Ishida (JAXA) / Katsuyoshi Moriya (IHI)

Quality Assurance Technology
A04 Process Monitoring/Modeling for Quality Assurance Nobuo Takeda (UTokyo) / Yutaka Iwahori (JAXA)
A11 | Managers Takeda (U. Tokyo) / lwahori (JAXA) High-rate Production/ High Toughness CFRP Abe Toshio (MHI)
A10 | Development of Carbon Fiber Reinforced Plastic Derived from Plant Biomass Kazuaki Ninomiya (U. Kanazawa)

B Development of Heat Resistant Alloys and Intermetallic Compounds
Co-Directors of Research Domain: Mitarai (NIMS) / Fuijita (J-Forge)

No. Research Project Research Unit Unit Leader
B21 Development of Innovative Forging Process Technology and Gonstruction of Material/Process Database with the Largescale and Precise Forging Simulator|  Yoko Mitarai (NIMS) / Yoichi Fujita (J-Forge)
B22 | process Innovation for Super Development of Innovative Production Technology Utilizing Laser Metal Deposition for Aero Engine Components | Kenichiro Igashira (KHI) / Yoko Mitarai (NIMS)
Heat-resistant Metals o . . . i o . X .
B23 Development of Metal Injection Molding Process Technique for Aero Engine Components Hideshi Miura (Kyushu U.) / Hiroshi Kuroki (IHI)
B24 | Managers Mitarai (NIMS) / Ishigai (J-Forge) | Development of Basic Technology for Innovative Forging Process Tomonori Kitashima (NIMS)
B26 | Development of Practical Forming Process Technology for High Strength Ni-Based Wrought Disk Alloys Shinya Imano (MHPS)
B29 Design Principle of Microstructure and Processing for Innovative TiAl Alloys Masao Takeyama (TIT)
Innovative Design and Production
B30 | Technology of Novel TiAl Alloys for| Development of New Manufacturing Process for High Quality and Low Cost TiAl Ingot Koichi Sakamoto (Kobe Steel)
Jet-engine Applications
B31 | Managers Takeyama (TIT) / Takahashi (IHI)| Development of Innovative Manufacturing Process for TiAl Blade Satoshi Takahashi (IHI)
B32 | Development of Manufacturing Technique for TiAl Turbine Blade with Oriented Lamellae Hiroyuki Yasuda (Osaka U.)

C Development of Ceramic Matrix Composites
Co-Directors of Research Domain: Takata (JFCC) / Imanari (IHI)

Research Project Research Unit Unit Leader
C41 | structural Optimization and Reliability Development of environmental barrior coating technology Satoshi Kitaoka (JFCC) / Hideki Kakisawa (NIMS)
C42 gr;;:rriz\:%rgzrt'litn;fsCeramic Environmental Development of fiber-coating materials Takeshi Nakamura (IHI) / Ken Goto (JAXA)
C46 | Managers Takada (JFCC) / Imanari (IHI) Development of Advanced Melt Infiltration for Ceramic Matrix Composites Yutaka Kagawa (TUT) / Akira Fukushima (MHIAEL)
C45 | Development of Oxide Ceramic Matrix Composites Masanori Ushida (MHIAEL)
D Materials Integration Co-Directors of Research Domain: Koseki (UTokyo) / Enoki (UTokyo)
Research Project Research Unit % Unit Leader
D61 Development of microstructure prediction system Toshihiko Koseki (UTokyo)
D62 Development of performance prediction system Manabu Enoki (UTokyo)
Materials Integration
D63 Development of a system for data assimilation and machine learning Vietal M Junya Inoue (UTokyo)
D64 | Managers Koseki (U. Tokyo) / Watanabe (NIMS) | Development of materials integration system Makoto Watanabe (NIMS)
D65 | Development of Simulation Technique for Performance Assurance of Weld Joints Akio Hirose (Osaka U.)
D67 | Fundamental Research Focusing on Interface for Overcoming Unsolved Issues in Structural Materials Kaneaki Tsuzaki (Kyushu U.)
D66 | Innovative Measurement and Analysis for Structural Materials Masataka Ohkubo (AIST)
D68 | Development of Simulation for Mass Transfer at High Temperature and Time Dependent Behavior of Microstructure Hideaki Matsubara (Tohoku U.)
D69 | Development of Computational Tools to Predict Time Dependent Phenomena in Structural Materials Ceramics Coating MI | Tetsuo Mohri (Tohoku. U.)
D73 | Establishment of Domestic Technology base for Computational Thermodynamics for Development of Advanced Structural Materials Kazuhisa Shobu (AIST)
D70 | Development of Prediction Tools for Long-term Properties of High Performance Engineering Plastics Takashi Kuriyama (Yamagata U.)
D71 | Development of Practical Optimal Design and Comprehensive Evaluation Support Tool for Advanced Structural Polymer Materials Shin-etsu Fujimoto (Nippon Steel & Sumikin Chemical)
D72 | Mathematical Approach Toward Materials Integration and its Applications Polymer MI Yasumasa Nishiura (Tohoku. U.)
D74 | Performance prediction for polymers by nonlinear analysis Kazuyuki Shizawa (Keio U.)
D75 | Atomic/molecular-level approaches for designing novel polymeric materials Takefumi Yamashita (UTokyo)




