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As NIMS started a new mid-term plan for the
next 7 years in April 2016, the Research Center
for Structural Materials (RCSM), established in
Oct. 2014, has commenced its activities under
new program with six research fields covering
fundamental and practical aspects of structural
materials, and one platform to evaluate long
term reliability of structural materials. The ob-
jective of RCSM is to be a national hub for re-
search in structural materials through research
collaboration, sharing of information, shared
use of advanced research facilities, as well as
development of human resources. In April
2018, the original six research fields in RCSM
have been reorganized into three research
fields with the intention of enhancing progress
of research activity. We continue to be actively
involved in enhancement of research capability
and to strive to disseminate the results of the
research to society. Your support and under-
standing are greatly appreciated.
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Design and Producing Field (Field Director: Tadanobu INOUE) ®
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HE~DRTT

P RBRMZLHERZOBEREEICKY . HRCIRISUHEOHRARRAZHELE T,

We are striving to develop structural materials that overcome trade-offs such as
strength-ductility, strength-toughness, etc, through a combination of experi-

ments and numerical simulations.

REFEMEIIVL—F (BOFE GL
Vibration Control Materials Group

BEERE— RRIBIC K DHIR - IHRS - BRESEZRAELET.
Development of vibration-control / fatigue-resistant / high strength
alloys via plastic deformation mode control

itz . Slip
] uum&\. = i . L TR Expo
TR EERN \" i Twin
== Hlunnn'?hn:rlygmp N
= £ st
\ & Mechanical properties
ERAIODEIES) A R THE SRS > /\— A5 ATOWEICLSB-TiIE®
Dislocation collective motion  Development of a DERE— REIE
and material design fatigue-resistant seismic Deformation mode control
T. Sawaguchl et al., Scr. Mater. 99 damping alloy in B-Ti alloy via
(2015) 49-52. 1. Nikulin et al., Mater. Lett. 230 heterostructures
(2018) 257-260. X. H. Min et al., Scr. Mater. 102
(2015) 79-82.

Other topics: #8120 3D/4D 1 X—>~ % 3D/4D imaging of fatigue
processes (F. Yoshinaka et al., FFEMS 42 (2019) 2093-2105.) / N &8 EE 12 D

\_ MAR4ERAETM Microstructural characterization of internal friction )

BH#EEIIV— (IIFERT GL)

Superalloys and High Temperature Materials Group

| MEIERET /Material Design | | FOEADEE(L /Process Control |

EEUNTOSTL
Aty Bragn Program

BARAE
Powder Metallurgy

BRI V8T e
Rafted structure inhigh /¥’ Interface
temperature creep dislocation network
NI @ &S OFERARRIMEIC & SRRt
Strengthening of Ni-base superalloys by finer
interface dislocation network

PSR STHIRSNED/NS VR
[CEN-ERMEZRIM L %9,

Development of metallic and
ceramic materials with excel-
lent high-temperature strength

and environmental resistance.

M3C Papers

« T. Sugiyama et al. Oxidation Resistance Improvement of Ni-Base Single-Crystal Superalloy Melted in a CaO Crucible,
Metal. Mater. Trans. A 50 (2019) 3903-3911.

- Y. Mori et al.. Alloy Composition Screening for Ni-Base Turbine Disc Superalloys Using the Creep Property of Single

\__ Ciystal. Metal. Mater. Trans. A 51 (2020) 3035-2043. J

SEIOEAORE(L & AEHE
KD EREEDE EZRD E T,
Improvement of high-tempera-
ture properties by controlling
process and microstructure.

BESBRITERIRNIIL— (R)IIHEE GL)

Light-weight Metallic Materials Group

EHEERSEHRIORIN /Development of innovative Al and Mg alloys |

EREJ\CERG Al 2P Mg SRICIEELTVET, FNT S nRBEE
BRL. BENESRETELMEIT 3 LT, EOSEILCTRBEEZS
T35, HIKIREGRICEUVWRRNGEESEMEIOREZT > TLED,

We have engaged in research of Al and Mg alloys =
which are among the lowest density metallic ekt
materials. We have tried to develop ecological
and innovative light-weight metallic materials
via understanding of alloying element function
and multi-scale microstructural controls.
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\ [11 H. Somekawa et aL. Sci. Rep. 8 (2018) 656. [2] H. Somekawa et al.. Mater. Trans. 58 (2017) 1089-1092. )

BENTIFOCR T HLEREGL)

Plasticity Processing Group

BT CHEEBERELT, HEoBNcEERlZEIHT 3 LE
BiELES,

Creating metallic materials with excellent properties via microstructure
design by plasticity processing

| MBEIRZOE /Processing | eSO TERENE
B TORR/SX—5 (BE 07 NErolling structure at mIiCroscopic level
B OTHER PHARELS) O B TENICLIRACZOEEME

HIBSFRODEESE
Creating process
parameter maps
via a combination
of thermo-me-
chanical treatment
simulator and .
numerical TN a5
simulation T.Inoue, H. Qiu, R. Ueji. Metals. 10 [1]

Development of
strong, tough
steel and its
microstructure

Wt
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(2020) 91. Y. Kimura, T. Inoue. ISIJ Int. 60 [6] (2020) 1108-1126.

| XY URICREEZIE /Controlling structure at mesoscopic level | TR
BATEMEIRIC I DEBMDRIET S RIFENDREZHE

Studying effect of layer construction on tensile deformation
behavior of Japanese-Sword-Type steel sheet
K R. Ue]l, T. Inoue, Mater. Scl. Eng. A 764 (2019) 138217.

F /R - E-REEE - HFHHEE. TEMER
Nano-Scale : First-principles Calculation - Molecular Dynamics (VD).
TEM observation T

(1) MASAhBHEMORREN EHTHR(LIIERET . Thermodynamic stability and

precipitation strengthening mechanisms of carbides in high temperature steels © . St

(2) BCC &R 5 B ARADERMMERZET, BETREDEEER . Interaction between
screw dislocations and solute elements in bcc-V: Strain energy decreases by screw
dislocations binding to solute elements.

SEESEEIV—7 (ER5%_ GL)

4 Computational Structural Materials Group

AKIIW—TF. ZREEICHINUHEYZ 10— 3 VICKDBEMRIORFEFAIEREZBIELE T,
The aim of the group is to predict the properties of structural materials by performing multiscale simulations.

(2)1.0 (b) 20.0
(c) 40.0 (d) 60.0 sec

\ Refs. (i) M. Souissi et al., Scr. Mater. 178 (2020) 290-294. (i) M. Egami et al., Mater. Des. 188 (2020) 108452. /

IO —)b  EHEREE - 7 —ZXT =LK
Macro-Scale : CALPHAD - Phase-Field Simulation
Y

® Y
(a)7=523K /",

¥TATRNF—

Mg i n
(3) Al-CuF4 R kD)L RS . Prediction of Ostwald ripening in Cu-Au alloys
(4) CALPHAD &IC & B MFHREATFRAIE T ILOMBEL . Development of a
CALPHAD-based grain boundary segregation model (5) Mg-Zn-Y #R7Est BiAREE
I2& 3 LPSO #&TRiRMREA . Thermodynamic origin of solute-enriched
stacking-faults in dilute Mg-Zn-Y alloys ©.
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Bonding and Manufacturing Field (Field Director: Makoto WATANABE) °

WINERT =L SYTOBAT—ILE T, BiEMRIOMREZSECT SR ESZF—T—
RICHRIEETD SEMERIE T O EARTICERZET, FAEBERCHERLTWVET,
RREMR(EESHE. 5SSV IRBESHE. ESIv IR, &E. BE 0—FT,V7.

BEER ZNRE U KMREFECENLTVED,

We are striving to develop new high performance materials with emphasis on
process technology, interfacial phenomena and bonding mechanisms that domi-
nate the reliability and properties of structural materials. Carbon fiber reinforced
plastics, Ceramics matrix composites, Ceramics, Adhesion, Welding, Coating
and Additive Manufacturing are our main research targets.

BERFR(EYESSYIRTIV—T (BEREEZ GL)

Structural Non-oxide Ceramics Group

NEFEIBOMEAIEBREYPRES I v I ARCEEMHEZRIRUET,
Fabrication of heat-resistant non-oxide ceramics and non-oxide ceram-
ic-based composites for aerospace applications.
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Fig.l BEBRESI W RAZB2-ZrC-ZriB &M DS
(). BRERDROHE2OEHLICESH)
Microstructure of UHTC, ZrB2-ZrC-Zr composite (left).
Crack deflection contributes to high toughness
shown in Fig. 2 (right).

Fi%Z Zr OF S\ ERBE.
g

Zr addition is effective for
strengthening and toughening
of ZrB,-ZrC-Zr composite.
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BAFRNTUy FESHHI IV (RELE GL)
Polymer Matrix Hybrid Composite Materials Group

BAFRINATU v RESGHROME~ DR (B - ET0EX - RiEH
BG - Sl / BT /128 ICRET DR ZEHEELE T,

Our research targets range from material to application technologies;
raw materials, fabrication processes, joining and estimation/analysis/in-
spection.
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‘EEMHT VY3 r0y ROTWR T
Evaluation of fatigue performance
of composite tension rods
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MR RE A DRFE STE
Development/evaluation of
high performance adhesives

RSN TR ATV FEEMHIORREL MR M Z S 2R T

\_ Development/evaluation of novel polymer matrix hybrid composites )

€SSy IRBREMHIN—T (E=FHRE GL)

Ceramic Matrix Composites Group

TS v I REEEMH (CMC) RUZDMREI—T 7 (EBO OTOER
IR ERRELE T .

Development of processing and evaluation techniques for ceramic
Enatri>)< composites (CMCs) and their environmental barrier coatings
EBCs).

RE - BERNFIIV—T (MBS GL
Surface and Adhesion Science Group

EMIRIBIC KL DBNTABERE O RFEIREDTRABRILHIEIC K D AR A >~ T
TU—2 a VOHRMORES. BBV OBZBESILEHELR T,

We promote reversible & robust materials integration based on bio-mi-
metics and an easy-to-use hybrid bonding technology.
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gom-gimc (B
FeNLYVORIE
Tenent setae EBRHWMEZHIETE

on the ventral LIz#giE

FETA—tFrvoi8 PEEK-PHEDEAFHE
& Cross section of

WD CMC BE iR CMC Bhhif EBC DT RIS ik surface of the Biomimetic Auxetic structure PEEK-Pt interface
Fracture surface of New processing technique Newly proposed tarsi in G. attachment device. under load produced by low
CMC. of CMC. adhesion test for EBCs. viridula. ERMBEERVTIICH temperature
Eiéf&!&i / FEE L bonding.
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B - BERWIIL— (PHRE GL)
Welding and Joining Technology Group

RN OBEREMZREL. MARREMEOBETERE. BRSEZHEL
e 3 RTMEE MO REMELE T,

Development of new welding technology for new materials and study of
arc welding control systems for 3D additive manufacturing technology.

REXAY—MIEIT IV (E8H GL)
Integrated Smart Materials Group

ZRTREBER AR I—T 1 V0 & T O RIC K DM FIDRFEICDOWLT,
BT IR R M2 B L DDIELE I . Fy VAP v ILEEE.
MEAT—5 -« > I M OB BRI ERE LC DV TR LE T,
Thermal spraying, additive manufacturing, and high temperature forging
processes, have been investigated by combining experiments, numeri-
cal simulation, and NDE techniques.
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Analysis and Evaluation Field (Field Director: Hideki KATAYAMA) ®

BEMRIDSHERAERIIU—PES. R BRLEDREETMRMOREIE PIRRE
BAICEE BHARZITL. RETROBHTDBRICERMUE Y. 7/ RAT—ILTOEBYE
EOFETRMOFEFE. /B SvIORMZFATIVI 1L —YaryEMOBELZH#

EULET,

We will contribute to the realization of safe and secure society through methods that evaluate
characteristics such as creep, fatigue, failure and corrosion of structural materials, and
research to elucidate these phenomena. In addition, we will promote development of
nano-scale analysis technology for structure and properties, and advancement of a simulation
technique to predict macro-scale properties from these analyses.

MERRERAES )V —T (FHEEAX GL)
Materials Strength Standard and Technology Group

O U= - KRR FICHIT DS PRIEIFEE L. BEME DR
ERSICE T 2R OMEMRERNE - BEICRMRIDIEICLD. RETRD
TEDRESHIBRICERLET

+ Improvement of material specifications based on long-term materials
properties and materi-
als evaluation under
extreme environments
to apply them to the
code and standards.

+ Heat-to-heat variation
of long-term creep
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REHEIIL—T (B8EZ GL)
Fatigue Property Group

BY A LD 5FHY A J)LE TORBFamHERkM S, I\ ERESORSE
RERMARINZ BV T MEHEEMEICE T 2B DMRZRALE T
+ Development of new evaluation methods for low- frequency and giga-cycle

fatigue properties.
+ Application of original observation methods for micro cracks or micro-structures.

M TTER - {EEDBIR

TR HEARER

roperties.
\D perti

B HHEREAM

RISESFEIIL—T (BIEXGL)
Environmental Fatigue Property Group

BEE - M- Oy NIV IY - RETSY MR ESERER(CHT
DRI - AN ZZALZFHEL T SEFEICRIETRIEMNRZEAL.
HRREPCBIDMBDEVNCELZERD T T,

We will investigate the fatigue properties of advanced materials under severe

environments such as high-temperature, and improve the reliability of the materi-
als for automobile, aircraft, rocket engine and A-USC.
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BRIFEIIV—T (FILZEE GL)
Corrosion Property Group
ZLOBRFBERDICHICECDRETICEITDERMEDRESLESR

[COVWTHETDEEDIC, ENSORBRIAZEL CTEBMEIOERME®
MAMDELICEMI S EZBIELET,

We will investigate the corrosion deterioration behavior of metallic materials
under various environments to solve many corrosion issues, and contribute to the
improvement of reliability and durability of metallic materials.

3 i
—ulLEBEEDY U— .
T EHORRHERE i BRI
KRBRPCSIDNMEREDORE  BUIXRRE KFMIC &2 S45CHBD EBEBORREFTDINTEND BABERRE
\_ SHBERIR (| W DR ERRBEREDT BaTvyT )

e # I IL—T (BA##F GL)

Corrosion and Protection Group

ERMEOMRIEFIEDIH DREPE L . B DERIEHAIRIC K HERTE
PAAZZXLOFERZITOTCVE T INSZEEBL T, RLTEBHRIDOERAL
PEBEEOLEICEMISCEZBELET,

We carry out development of corrosion protection coatings, as well as evaluation
and elucidation of the corrosion behavior of metallic materials using our original
accelerated corrosion test method, with the aim of contributing to the practical
application and reliability of various metallic materials.

samnERE A BRREHIA
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BRI IL—T (SEHBES GL)

Steel Research Group

BRI Z T IEAFTRRE U HEREIC
KD UOBBEEPER - RIREEF)
ES O OEMOMER CE T 2 EREAR
RETO>TVFET.ZULT. B5NIA
RICEDZE. SEE - SN ZERELR
BRI ZBFR T DO DERRE -
SO OMMBEREHEH ZIERNEERD
SIEETDHTLZBELET .

Through microstructural and crystallo-
graphic characterizations, we will investi-
gate phase transformation and deforma-
tion / fracture behavior of steels. Based
on such fundamental research, we will
try to propose novel alloy design and
microstructure design concepts for

SRS/ EHRE R D3 IEE = NN developing advanced steels from theo-
SRREERERBREER )
| MESORRICELLHEMEBONE  TLSLERRHORBIE ) | retical background.
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Analysis and Evaluation Field (Field Director: Hideki KATAYAMA) ®
BRREAEI Y IL—T (KREZZ GL) BEHTEHBBIRIT IS )L— 7 (R i GL)

High Strength Materials Group Microstructure Analysis Technology Group
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SR OB SR & DRIRZEFME L . $cEiERE - It ZERDIBE
MEIDRFEICET 21t BICETEMRICKDER - SHAIFEOREELAZ

¥/ AT —ILDBRAFESER
TOEGRAENZEY 20— 3

e

VIT &> TERMBIDEFRIE L TVET,
Ny (= =
g;%‘]ﬁ;@;)%gggﬁ% 25\‘]@ e \\ i} \f We develop new microstructure characterization tools based on various electron
G, VQDEQE""'W)%E?JL\?; " microscopy techniques. The purpose of our R&D is to clarify the relationship
NILT YA hDBCC between properties and microstructure accurately and precisely.
BREEZBELE T, WP 1-2 nm
Microstructural and mechanical B e " DA XA (w)HH

characterization combined with TEM ZDBER
continuum mechanics simula-
tions are utilized for under-
standing nano-mechanical
behavior and relationships
between microstructure and
mechanical properties in high

Phase-Field;&T
STE UM RHER
D SDOFFIETHE

wes

strength materials. ﬁE’-’g"ﬁééﬁjjd) §l p— = : 2 3
\ FRFEREENT Mg S e ) \ )

BEMERROSY I3 —1A (FSw T2 —LE : ZHEX)

Structural Materials Testing Platform (Platform Director: Kota SAWADA) °

HHZEREN DURNICFIATBHICE. HRISFHDIERRIBERNNETCT, EIT. #
HOEHEE _ LE S - BEREICAERRAMET -9 2B LT, BEMET—9Y—
FEULTHREBLET,

For safe use of structural materials, it is important to understand clearly mechanical
behavior and properties of structural materials. We are evaluating long-term materi-
als properties for codes and standards and publishing structural materials data
sheets.

®
dU—TFF—=9I—p - BHRT—9Y—b
(NIMS creep data sheet) L (NIMS fatigue data sheet)
- RBFSY MR ETHRATNDHE - EERMAME
- REMIU—SHROEH - REBES7—9

- HEBERECER TAEORE « FHYASIWEHT—I

* FFEIL P ERHFHBRNDRER

BRBT—9Y—b

(NIMS corrosion data sheet)
-BoRAS. KEE. WREES
ATRERR (2E 3B X
- BEEREEBRSLUENVLREHR

FHEEMEEET -9 Y- b

.

(NIMS space use materials strength data sheet) ™=

- FHBEWRRE
(H-IA/B, H3 OY v b &§)
- BREETO5 3R, B,
RSEETE
- BERAFHE PR ET I RICRER

Recent data sheets

1. NIMS Creep Data Sheet No.52B, 2021, (KA-SUS410J3DTB, 12Cr-2W-0.4Mo-1Cu-Nb-V)
2. NIMS Creep Data Sheet No.M-13, 2021, (STB410, 0.2C)

3. NIMS Fatigue Data Sheet No.129, 2021, (SUS327L1, 25Cr-7Ni-4Mo)

4. NIMS Fatigue Data Sheet No.130, 2021, (A6061-T6, Al-1.0Mg-0.6Si)

5. NIMS Corrosion Data Sheet No.CoF-5, 2021, (Fe-Cr, Fe-Ni)

6. NIMS Space Use Materials Strength Data Sheet No.30, 2021, (Ti-6Al-4V ELI)



H BEHEHARDOKRT VY vib

HBRESENORESGHZERITT DR IFMSE T DT
Development of second-generation FMS alloys that attain a welded structure with a very long fatigue life
BEZEBRELRFESBEDENENTEU HEETEX
A=ZXLOEEMS (Cr/Nikk) KEFMZASHICL. HE
- FRELICEDREIENZZHZLELDD. BN

AHWAMERAT SFe-Mn-si (FMS) FAROBEHES - 0 .
EMELL. BRI, WENSBYETOAEMYY 5o T
R—[CEMR - B ZRRT 2. a1\
The design criteria for Fe-Mn-Si (FMS) alloys that exhibit improved — «| i 3= | 1 \, T8
solidification cracking susceptibility and excellent fatigue durability ' " onmms
was established by clarifying the dependence of the phase transfor- B REEE () SR S RSB () LB DIREEX N =X L
mation mechanisms that occur in each of the solidification process- anamizs enimL s : .
: . . 2 jo000f o'l
es during welding and the fatigue damage process on the alloy & w”,
components (Cr/Ni ratio). This criterion facilitates high fatigue :_
durability and allows welding of steel dampers which protect * P
buildings from earthquakes. o LM S OB
BEIAC © F. Yoshinaka, et al,, Scripta Mater,197 (2021) 113815 e

15FE2020-209933 [BEMWEAFERU CNICALSNSFe-Mn-Cr-Ni-SiRERE ] FMSER  FMSA®  FMSE®  SUSIIE

BRFBICLIEBERTFT Y VSN DEETH

Mechanical properties prediction of selective laser melted Titanium alloy

BESACRESNMEOEEEERR. TO0EAHR0
SREECAY A IIDIHHHMI OELGEZETTD. T
DK S MHRED EMANSEICEZ DREZHSHICT

fa) SEM images {b) Phase classification fe) Classified images

%r&w TI 6Al 4V ﬁ’éﬁ%t th\ SEME{%D\b;Etﬂ* .--. k 07 {)Eli a roeuﬂi::;B ;\‘) Calcul, d'
NI MBS OSSN S5 REREFATZET L E M e B ey, [ cnmmaws
WMEBICLO>THEEL, TOEFIVICKD. BFREEZ ; ; N AR
1.87%DEETT A 5o Te, R
The microstructure formed by the additive manufacturing method is : . N .
fine and anisotropic due to rapid solidification and thermal cycling SEMEHRD' S FRERO S B M
during the process. In order to clarify the influence of such micro- : 11300
structures on mechanical properties, a model to predict tensile ﬁgggﬁ:ﬁggl bGRE NS - o/,
properties of Ti-6Al-4V alloy from microstructural features extracted . §§ a 3 9/5%
from SEM images was constructed by machine learning. The model - § g 1100 2
was able to predict the yield strength with an error of 1.87%. g g‘ P oo

I b

i W

200 ‘:?:; 1100 ‘;ﬁ:}l‘] 1300
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