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Functmnally graded rnatemals (FGMS) refer to the composite materials Where the
compositions or the. microstructures are locally varied so that a certain var1at1on of the
local material properties is achieved. Determmatmn of compositional gradient and the
process of making an FGM is dependent on its intended uée. In this study, new possible
applications of FGM and its production process were investigated. Three possible
application of FGM were prdposed;

First, the ﬁovel technique in producing ultra fine grain of difficult-to-work materials
by equal-channel angular pressing (ECAP) process at ambient temperature was
developed by using FGM. For this study, Ti as the difficult-to-work material was tightly
encapsulated in a hollow host material miade of Al'based FGM matrix. The Al-based
FGM as a host material assists the deformation of Ti. The ECAP process was simulated

by the finite element method (FEM) to determine the appropriate compositional
gradient of Al-based FGM and the position to embed Ti wire. FEM was conducted with
Ti embedded into a different host material type as well as a different die channel
geometry. The strain distribution of the specimen after a single ECAP pass was |

analyzed. From the obtained results, it is found that the strain distribution in Ti is

29




'strongly influenced by the host material and the shape of the die channel. An
experimental work was carried out to confirm the ability of the proposed féehnique in
producing ultra fine gram of Ti. The host material was prepared by embedding Al-AlsTi
alloy into Al. Three types of the Al-AlsTi alloys with different AlsTi volume fractions
were used to prepare the host materials. ECAP for specimens was carried out for up to
eight passes by route A. The microstructure and hardness of ECAPed specimens were
investigatea. The changes in microstructure and the increese in the hardness value of
Ti with increased number of ECAP paeses are evidences ehowing that Ti is successfully
deformed by this technique. | |

Second, . new types of FGM crash boxes with stepwise strepgth gradient in
| longitudinal directions were proposed. The property of the proposed FGM crash boxes
were analyzed using FEM. Crash behavior of the crash boxgunder'axial quasi-sfatic and
dynamic impact loads were studied. The obtained load-displacement curves and the
crash failure patterns then were evaluated to assess the effect of the stepwise strength
gradient of the crash-box. Moreover, four different shapes of cross-sectional i.e. square,
circle, pentag()n and hexagon were considered. The results show that the FGM crash
box is superior to tﬁan the homogeneous crash box in overall crashworthiness. Although
there are no trigger mechanism mtroduced the FGM crash boxes expemence the
progressive crushlng initiated at the impact side.

Third, the FGMs were applied in cyhnder tube and pressure vessel field. The thick
‘cylinder‘ivs a pressure vessel commonly used in industry. From the strength analysis, if
the homogeneous-mate‘riale are used, it is seen that the most dangerous point is located
at the inner portion of the cylinder. However, if the FGMs are used, this situation can be
changed. In this study, the analysis of thermo-visco-plasticity and creep characteristics
of the FGM thick-walled cylinders and pressure vessels were carried out using FEM.
The thick-walled FGM cylinder under mechanical and thermal loadings was replaced
by e system of discrete rectangular cross-section ring elements interconnected along
circumferential nodal circles. The maferi‘al properties of FGMs were continueus '
fqnctions of volume fraction of material composition. The thermo-visco-plasticity and
_creep behavior of the structures were obtained by the use of an incremental approach.

The obtained results show that the material composition significantly affects the
| effective stress as a function of time at the inside and outside surface of thick-wa]led
cylinder. The use of FGMs can adJust the stress distribution in the structure even

though some portion of the structure is subjected to a lower 1evel of stress. -
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Moreover one of the promlsmg mass manufacturlng of FGMs; centrifugal casting, was
mvestlgated As subJect of study, the fabrications of Al/SiC FGM using two types of
centrlfugal castmg method namely, centnfugal solid- part1c1e method. (CSPM) and
centr:fugal mixed- powder method -(CMPM), were carried out. During solidification, a
centrifugal force was applied to disperse SiC particles in molten Al In this study, the |
formation of graded distribuﬁon of SiC particles within molten Al by centrifugal
solid-particle method and centrifugal mixed-powder method under several casting
conditions were examined and simulated. The cylindrical area of casting was divided |
into a number of cylindrical sub areas. During the solidification, the change of particle
~volume fraction in each sub area Was calculat‘ed' The movement of SiC particles in
viscous liquid under centrifugal force was explained theoretically by Stoke’ s law. The
effect of composition gradlent of particles on viscosity was taken into account. Also, the
effect of temperature distribution on viscosity and density were considered. The graded
| distribution in AVSiC FGM Was inﬂuonced by the difference in density betWeen SiC and
' molten Al, the aoplied centrifugal foroe, the particle size, theviscoéity o’kf the molten Al,
the mean volume fractioo of particles, the solidification time and casting atmosphere. A
computer code to simulate the formation of compositional gradient in an AUSiC FGM
manufactured by centrifugal casting was developed. From the obtained results, it is
found that the SiC particles can be dlspersed on the surface or graded from inner to
outer surface of AUSiC FGM. by CMPM or CSPM,; respectively. Moreover, the graded
distribution in A]/S;C FGM under huge centrifugal force is not strongly affected by the

“initial temperature of molten Al and casting atmosphere.

31




RYBERROES

FGM (fEfssresthl) & idsislomgE t&i{%&%ﬂ%m%ﬁﬂé%é c‘: & ‘9%&03@%}%:%
BHZLDVTEBEAMBTHS, HRDIEREL FGM DYEBLIFIEIIFI B B &Iz LY B %,
ARFFE T, FGM £ 058 LV g3k h%‘%f:}faﬁa#& & %@1’5%ﬁ&komf5ﬁ% L. Bl T 3
; @ﬁwmﬁkowfwﬁﬁ%ﬁoto
C FIRIT, EIR TOBSE LIFH LN T (Equal-Channel Angular Pressing (ECAP) )iz k 5%@1]
TH OMIEMH % FGM £407 218 LTRE L, AFRTIE, BNTIHO T 2 EHIE520
Al E FGM B#f B -7, ECAP ﬁ%%ﬁﬁ&%ﬁ{ﬁ (FEM) i2koTyIab—a UL,
Al £ FGM OBEZMERER & Ti U1 ¥ — OB DA E 2 BE L7, FEM TiZBR ot s 4
 TOBMWERIC T 2EDRL, RRDEAEDF % XNHREBE L=, —EE®D ECAP /2
fé@?ﬁﬂ@r{;ﬁ/\?ﬁ@ﬁﬁﬁﬁ% Ti 2B BIENHAAIBHE & &5 DF ¥ FVOFFRICHR <
EETBZ L Nbhotr, AlsTi DEBIREEX T STEEOF A 7D Al-AlsTi A&%‘rﬁﬁ%%@
& LTHWE, ECAP EBHIR LT, = A T8 /RETIFo 7. BCAP /SR ES OB
LY BRHEEDRIL L Ti DBEQEMABLN, 2 OFETO T DEXOTLER SCRE LT,

I & E M BEREa uéé}ﬁ’jﬁaOD%E%?u\&/r?’@FGM 77 vvaRy s AEREL,
FEM &R CRERT LTc, B 5 D R 3 iU@J%fﬁ?ﬁﬁﬁ@‘F'@@& Tyo¥alRy s ROkE
DIRFERz, BON-HE - %’E{itﬁﬁ&ﬁ&:ﬁ/\ﬁw/%ﬁm L. By uﬁéﬁﬁﬁa@&)éﬂ
TyValy 7 ADHREFME L, Sbic, 4 BEORER - TR OBEIE. BbHNER., =N

oo BAR. AARIZOVTLER Uik, HEHD Db 3 HESmEE| KRLTFGM 7 5 4
./nT/ﬁXmﬁ~ﬁ&%@LT@6mkEﬂT%5 Ebhots,

I%B‘Jkﬁﬁb\&h“(b\éf“jj@%s’C%Zo MEROEW Y ¥zt FGM 2588 UTc, TREERR
A SH—kE AV EBE, LY Ly DNEBICR bR NEETE D & BNbnd, Lnl
FGM.O%E Z ORIIT—E T 5, KHFETIE. FGM TCERERESY V¥ L EHRBOBEE
PEAEIE L 7 —7 % FEM 2B \OCHENT Ui, Mty BHRHOL Lo dh B EEE FGM o
YU X e BEERES L 2D Y LS KEEIL, E#4xDY U P2 EBIER-TE S WD NE B
RSB LT ERITo72, FGM @*/Tﬂlﬁmi%ﬁﬁi@{zt@%—ﬁ@@ﬁﬁg%{& LT Hb bEns,
RS OHKEEMSEM L 7 ) — 2R 3 TEDIBIIEE AV, BOREREN b, BEILE
BOVY VE ORI LIBORE CHEOBE : LTaESSH DEBERE L ZIT B, FGM # B
WD Z & TSI DI TTREIC 2 5, ‘

FGM % KRMEEIE S w4k f;:alu%f‘:—{ﬁkomfﬁﬁ Uiz, ABFZED BHIE, B Bk

(CSPM) L#ELIBEA¥KE (CMPM) % FViEx f:%m%ﬂ#’t EBL Uz AUSIC FGM k2o
T\ -8 AL NTO SiC RFOERSHETHS, v Ial—a Y EIToT, BELERBON
RS & R F I EROERIZ ST L, BEE P DR F DEFES iwa’”{t%%ﬁ U7, FEMERE
EHRTOR b= ADEBEFVE LA R SiC BT OB = PRIk, BE
LORFOBRNT~DOEBERE L, $EL BECRETERESTOMEL 2R L,
AUSIC 2B 64@?«}/ DAL SiC L AR Al BIOEESE, Blh. BF¥4 X ERE Al DR5EE.
RLFOFEEFESE, GESH., SEEESICEESh S, L% Ve AUSIC OMERERE
RBRYPYIalL— g /@‘57‘_&502 YPEa—Fa—FEPHERLE, BONEREND
CMPM %71 CSPM Ny ) ERL L =3 phii e eh Sic mrean M BRE RcasT 5 75>
E 72X AUSIC DN HAMAIDEREIC r‘]73>b\{§a“~4 XA LTz, EHIRERRELAG T TEMSH
72 AUSIC FGM iz 3815 Z)@%bﬁﬁ IR AL DRIEI DI B o BB AT IT8A < %%“éﬂfxb\ s
75>7b7f)>o 7o

32




