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SEFRRE
Evaluation of Strength Characteristics of Structural New Materials and
the Construction of New Materials Database
Hideaki Nakayama (Faculty of Junior College of Automobile Industry)

1. Main role of the database for traditional materials is to contribute toward
the establishment of reliability design standard. For example, JSMS
Database of Fatigue Strength of Metallic Materials was published at 1982
from such a point of view, and many efforts have been paid to the analysis
of this database. The database for new metallic materials has one more
important role; to offer the information to optimize the processing technique
for new materials under research and development (R&D). At present,
many sorts of new materials with peculiar function are developed
vigorously, but the knowledge on their long-term durability and reliability
are scarcely systematized yet. If there exists any large scale database for
new materials under R&D, the developer may pick up fruitful information
from this database. In order to overcome such a situation of new material
development, we planned to construct New Metallic Materials Database .
Among many sorts of new metallic materials, three sorts of materials; heat
resisting alloy, powder metallurgy (P/M) alloy and shape memory alloy,
are selected as targets by considering their wide spreading in engineering
markets.

2. Interim report is as follows:

ON THE CONSTRUCTION AND THE ANALYSES
OF THE NEW METALLIC MATERIALS DATABASE

CONSTRUCTION OF THE DATABASE

Logic to construct the new metallic materials database is as follows; technical papers on
new metallic materials are picked up from reference lists offered by on-line service from JICST
(Japan Information Center of Science and Technology), then data are written on the database
sheets in the form of numeral and letter by hands of task force of the committee members, and
finally these data on the database sheets are coding-treated to input the memory of computer as
database files together with a fundamental software to analyze the database. This database
system at this stage can be treated with a personal computer with a memory size of about 20
Mbites.

Database sheets have to possess logical story to avoid confusion, and to facilitate
computer aided analysis of the database. In our database construction, therefore, a concept of
experimental series is used as a tool to link the multi-layer database files reasonably and
logically. The data in one series consist of the fundamental data concerning to material
conditions (material, fabrication process and heat-treatment.) and the characteristic data
indispensable to respective new materials. Characteristics data items are selected as
representative ones for respective materials.

As mentioned above, together with these numerous fact data, this database system has
some tools to analyze material properties, which enable s to evaluate the physical and/or
mechanical properties of three sorts of new metallic materials by opening the window of
analyzing tools and by answering questions displayed on CRT. Some of these results will be
introduced in the following chapter.

ANALYSIS OF THE DATABASE
Heat Resisting Alloy

By searching the sub-domain of this database where the data of heat resisting alloys are
stored, at first, we can obtain the information on material sorts and the experimental series. At
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present, data of 744 series for heat resisting alloys are compiled in this database, and
furthermore, gives the substantial information such that Ni-base superalloys are most vigorously
researched and developed among many heat resisting alloys.

Then, by selecting appropriate data items from information lists displayed on CRT, we can
obtain physical and/or mechanical information easily and quickly. Furthermore, according to
individual investigator's demand, they can analyze the database by making a compact data file
from the large scale database.

Powder Metallurgy Alloy

For example, analysis for static strength distributions for nine sorts of Fe-base P/M alloys
gives the information as follows: (1) Addition of P which spheres the pores distributed in P/M
alloys increases the strength. (2) Addition of other elements such as C, Ni, and Cu increases
both the mean and the scatter of the strength. And (3) Fe-Si-Ni-C P/M alloy shows the excellent
static properties. Through such an analysis on statistical properties, we may get valuable
knowledge on the optimization of processing technique.

As another example, the analysis of fatigue strength distribution gives the information that

the O, /OB-N relationship much differs depending on additive elements, where G, /Op is the
normalized applied stress by the monotonic tensile strength. Then, the background data stored
as fundamental data indicate that the difference of of S-N behaviors of Fe P/M alloy is due to the
difference in the density.

hape Memory All

In the database are mainly compiled the iransformation temperature, Ty, for five sorts of
shape memory alloys. This gives a information on a overview of shape memory alloys under
R&D, and indicates that R&D of shape memory alloys are focused mainly on two types of
alloys; Ti-Ni and Cu-Zn-Al alloys, and the transformation temperature for Ti-Ni alloy is
concentrated near the room temperature. One of the major characteristics of shape memory alloy
is the transformation temperature Ty. Therefore, the database of shape memory alloys must
include the information on factors which affect the Ty comprehensively. All of the
indispensable factors can be recorded in our database sheet. And, we can investigate easily on
CRT which is a predominant factor to control the Ty by searching appropriate data items and
taking a correlation with the Tym.

CONCLUDING REMARKS

In order to optimize the processing technique, and furthermore to establish the appropriate
characteristic evaluation method, the database may play a role as a key tool. However, as a
common problem for new materials, there are insufficient published data on their long-term
durability, which are indispensable to establish a valid design standard. Especially from such a
point of view, many efforts must be paid to accomplish a high performance database.

PREEAHE (SHS) 12Xk5+15 3y 27 7084 OFER—1)EBENE
i 15 G&EEE)

WEROLEES L UHP

MEEHRT A TERLZRAL, (LAEROREHEFoRBRERFEICL) S TST R L
53y AREBMILEMDIERENDL L) 12k o7, (LFERIGHEBFMICFIH L -AKEI
BB IE BB TH LD, (LEMANIIE 63 INHEMS LV, 4El, SRRk
It+s 3y 7 2dsVIEEBHILAYEEEHEOSRFARFETILEHIE L, THRES
WiElc L BET Iy r 74O (CET 5 ERIELITo 72,

—240—



o

1. BREEEROEH

— R IRBE L IRIT N B AL RS, B LR TR T S LB v, LB EADH D,
BIZITARVBIEST DHEFORF THERFE (C) LERPTDOEE (0, #EL. TOK
WEBEOBRLEI AN F— 2 LA oMb ERIE EITS 5, 3zt
F—%FHT LI NS0, BEEZRICE—RILKE (CO) RTELRFE (CO2) HEMIN
BIElhB, COBAIEARELY ., BECKBT 7oKL LTEEOAZY, —7,
MBEERDOLEGH, S THEE, ZAHE, b LAERYY» LT, BEfe L TRFLEILTE
BREALERIER % 513, BRIALEMARFEL 2 e HifFs NG, Lo IE, — K
LZERIEA BB E N 2 LEGEMICET L, LELZAVF - IRADORKICHED 72D DE KL
INVE—DHRELR D, BELAWERIILELINEMENE 5> o LELVOBEENT
Sy, BREGHBEMNEERICTH 5 OB TEEMPEAR SN BFlmd Abei>, 20
IALAEMERE V) LED LA T, EBYPEHTHREO N BEEL, EROTME EK L
L7-Be L KAIT 5 ERT TRIBES L, RICEIFATW S,
TEERBMEROBERFOECIZIE, 7% (B) K% (C), 2F (N), ®H (S,
)Y (P), 447 (S) ENFHATYE, WEBLARICBIT2BELZNOOTHEICES
Wz 5E, ToRERERAREROMVWERRILTSH ), BBEREHIE T UTH 725 b BRI
PRBESUS & R CBRBERIEATRR I 2 L EXx b5, TORBICE S EMBEEREITRo/. &%
EFRRLRVEZONED, mORPKFE, EXRLHELIWE A7, rILY. 21t
MtIIvrALhd, INLOEMMAIERRILY LT I v 7 23, BiRiEEM L B
B E L LTHERYEVBECEINTVE, Zoftlicd, B TERLOBREAK
RO 5 NiTi IcR S W2 BKELEE SR HMEEME L L THE L TIALR NIALFOER
BbEW L ARTEETH %,

EBICE, LAWEBRTATEORAEM KL EMBEEL T, Wmils 7 -7 HESLL— % —
RRAVWTEKT R L, MBI L) ITHREE;EITL T LI, BRDLEYHE
EhTw<,

2. PREEGRLE DT
WEEONEIMEIC L AR E B L TERESHROFBEI LD LUTOLI LS,

(1) 2300KLL EOERSHBHES ICHEON, LIrOBBEMLTHEREICFET LI LN TE
%,

(2) BEEAKCTIIRABOERMAT TRET ZILFRCALFIAT 2720, KXBEEO T —&
rBRVWTH—REL RS,

(3) WEONIMBTII KA 28, Kifi &L PUORORELRAIKE { & ) skEE b KE
b9 225, BRAERTIEOFIC—FRERTIKRELHNL D, REORTF—VT v 758
BHTH5D,

(@ A== Tr¥—2a— M EDREEHVIILALEN O, BREERIESHTH S,

—241—



(5) MRBERIL O BRI WA S €2 BHNI, RERENFBA LB TERY I ERT
HEEDSHE, BBAIFEL L TOMH, HEERLER L~ -7 1 > 7 RIS L 2HY
HoamE, SREELV.

3. EBJik

RIieiz&E ST, EBHRBLUIERHREMERREL, LRIRE)F -V IVEEL
TR HEAB L Lz, ZOEBMRZHNEREIO~0% L %H L) ICHELZSILEY —
RUBRHL. BERICEHEACE Yy PL.EETALEAL THE (RELISOFRE) L7zk, 71—
K- —CBEEL TRAB L —me @A L, BREGERICEREL:, 28, WER
BFOFRIABBFRIHRTHIRELS, BREAKICBT LT AEDOERIIIERTE S,

4. EBRER

FERBERO—Hx ENXE, BREEIEHNICETT22Eh 24§ 5 HLISHREERETC
NHb, EBRERDS, REEEE Tc 27892000K A EDBEIE, (ZIZETICBRESBR G HE
Tl LAL, CORBUTOHEIFENKRES -7, BIZIE, Ni + Ti= NiTi DR
PRBEIRIE (21420K & LMKV ASBRBEA ST BETH o 72 LA L Ti + AID TIAI DB EZ
DIRBEILIS57K & NiTi L W EW I 2r b o THREBGHRIGIZET L2027, £hEhO
RUG R B B ILERHOECEOREWERICMZ T, AV 2 EEBEOKZERRE DA
WROEB LUTEEONMERICL > TREFLZANTOERLZ ANV F—BREDE S ITXA S
NTWBRLDLHMT L, BELZHMBEER AT IR TICHND &) ICBREERE Y LI
BIENROEMEFETH 72 RELHTITT, SHEMAICL VAR T 2B 52 5 F&
FHike, BREREOSWRICREZHMT 2L HETH 5,

SEmEo—Fl & L CTid, BREREOERCRICY BIiESi+C) DFbhICHRERED
BWRIEY BIZIETi+C) 2RLTETEHMOBBERICEZRE L, BETSCHRIZL -
THOHOBRBEGRL &2 FEL 2R, LaW (22 TRSiC) alans,

fEZEMHEL LTE, ODRTRENE L) 2 EBBIEWORTICHVWO TV Iy MEE
@2)~@RD L ) ICER L TBILETRIG & FARICERILY T I v 7 A& BEL AW AR
T&7, WThOBALREERE LAY OME L BRI TBY, ARSNLEBEILT I v
7 ARERELEM LB LT I v 7 AGHEDBECDS 2HICHBEL 2, /BT 24F
BEiE» L TAREZRICERTIIR LIAA, BEALEWHEET L LA HRL,

Fe203 + 2Al = 2Fe + Al203 (1)

Fe2O3 + 2Al1 + 2Al = 2FeAl + Al203 (2)
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Fe203 + 4Si + 2A1 = 2FeSiz + Al203 (4)
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Fig.1 Specimens showing four kinds of intermediate layers and alumina top coating.
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Fig.2 Hardness distribution on the section of sprayed layers and titanium base.
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Fig.3 X-ray diffraction pattern of the intermediate coating of alumina-titania mixture.
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