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ABSTRACT

To analyze the mechanical property and the residual stress in functionally gradient materials(FGMs), disc-
type TZP/Ni- and TZP/5US304-FGM were hot pressed using powder metallurgy compared with directly bonded
materials which were fabricated by the same method. The continuous interface and the microstructure of FGMs
were characterized by EPMA, WDS, optical microscope and SEM. By fractograpy, the fraciure behavior of
FGMs was mainly influenced by the defects which originated from the fabrication process. And the defect-
like cracks in the FGMs induced by the residual stress have been shown to cause failure. This fact has well
corresponded to the analysis of the residual stress distribution by Fmite Element Method (FEM). The residual
stress generated on the interface (between each layer, and matrix and second phase, respectively) were domina-
ntly influenced on the sintering temperature and the material constants. As a consequence, the interfacial
stability and the relaxation of residual stress could be obtained through compositional gradient.

Key words: Mechanical property, Residual stress, Functionally Gradient Materials (FGMs), Finite Element
Method (FEM), Interfacial stability
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Fig. 1. Effect of thermal expansion coefficient misma-
teh on critical defect size in ZrQe.-metal and ZrQ,
-ceramic joining at 12507 7.
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Table 1. Properties of Raw Materials
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Properties| Density |Melting point Thermal Average Modulus of | Poisson’s
{10* Kg/cm®™ () conductivity coefficient of elasticity ratio
W/mK) thermal expansions (GPal
Materials {107%7T)
3.3(20C) _
TZP* 6.05 715 29(600C ) 98(20~400C) ) g geant)
. o 11.8{20~-100QC )
1 2.3(1000C )
16.2(20—-100T ) | 17.2¢20~ 100T) .
®k —

SUS304 806 | 100~1450 | pio0” oy | jgamosase) | 9IRS

1450 88(20T ) 13.3(20~ 1007 } o
(1425 1450) | 6220—500C) | 163@20~-g0or) | OHAE)

*3 mol% Y:0,doped Tetragonal Zirconia Polycrystal **Stainless and 304. ***Nickel
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Fig. 2. Schematic diagram of experimental procedure.
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Fig. 3. Particle size disiribution of starting materials;
(ay TZP, (b) Ni, and (c} SUS304.
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Fig. 5. Eifect of metal volume {raction on Vicker's har-
dness in TZP-metal system.
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Fig. 6. Multilayer structure and Ni distribution of the
TZP/Ni-FGM with 10 vol% variation.

&, Shructine Change !

Fig. 7. Multilayer structure and SUS304(Fe) distribu-
tion of the TZP/SUS304+FGM with 10 vel% va-
riation.
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Fig. 9. Scanning electron micrographs of fracture surface in TZP/M-FGM with 10 vol% variation;
(a) TZP/Ni-FGM and () TZP/SUS304-FGM.

Fig, 10. Fracture surface micrographs showing failure origins such as agglomeration (a, <) pore (a, ¢} and
machimng damage (b, dJ; (a) and (b) TZP/Ni-FGM, {c) and {d) TZP/SUS304-FGM.
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Fig. 11. Mesh dwision and analytical model for finite element method.
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Fig. 13, Comparision of residual stress distribution.
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() compositionally graded TZP/Ni, (b} directly bonded TZFP/Ni

e, B, o 2BaL wis G 2] g, ds
HAlp, Folen] & feblnh ZF 2448 Eeliu)=
TR EaE d%E 77 G2mg AYEFR
EAsgr AAY E§Hd e pored FHEtn 3l
L} 5384 4o E poredd 3 EA ko] WEs
x#elA] @il 2w BEEE e Ydd 47 o
e s =l 2 A A 2 QA S 2 £ T
) o|EAog A g8 vlasle] Fig 12¢4 o
el gieh Fig 12e04 vepd Zla el Aldg g
A4k gL o9 Akl e, Foghell A Aolsf vk
2 Al el weslial & pores) olAFxd o
e g Aztw ezl vteby e]Z o Audel 43

A zg AGSels 2 93 e g e
7o e} Alrt.

279 ede] g fgha s MHORE oJ(AF
wrEF 54), o,(Eubet 4, say(ul SR 32 3
7% 2¥e] LEhbA Bvk Fig 139 Fig UejAE &
gz A Y27AAT=1230T) P28 o, &3
A e dEe] dejuA gethe Al
A fgkes Moz TIP/NiA2 TZP/SUS304# 2)
ARAR P FGMsellA #7|5€ 74 Fx& o}

A 32 M 1E(1995)

gligdel HHaAEY AL a 0,7 T ARE 79

7Rz e A Al 24 AEE veblidan, o o,
o5 PR deldr g FAF tashe A4S

vhebligiet 22l o FHERRR A S S
elflel. T, ouE Fobie] HES opfFelA A
ek ARSHE dEhgslen, ojge rPylelR 2
% Zaatgle =3 AW 2R A5 §8) 4
FHE #84% 7 Ak 4%, AR F A
gake] AR gl Fpabeela s ARk £l Fel
A=, olee 3o APE A HAE il
AglE giale] ek 9, AxAFEAd FhEe BT
FGMe] 483¥2 %9 Fig 13(a), (@4 & 5 9lEe]
AAH o2 FeAse) vid 48 AT 8=l
o, fellAl qE% Zlah o] AdFAS At AL
TZP/Ni-FGMe] TZP/SUS304-FGM 2t} =h2 2h5-5%
o] Rz en], o2 TZP/Ni-FGMe] 4Hi-3-3 o]
43 Tgs BAdel WA TZP/SUSI04-FGM Mot ¢
Asloke g ¢ F dodvk
AR e e ARHe Hubael
VeRdE owst T2 F A
Hell 43 =2 dog)=

>

—127—



A7 - 144

I= B 585 i
_________________ e, e g .:
e LE Sy UUWIFTT NI
Oyy

11

{ 20
Oy -43

17

i
A
x Unit ; MPa

(a)

Fig. 14. Comparision of residual stress distribution.

a1 -1z
o 753
00 —a
190 444
21 5
_s 20
iy
= Al 2
wz ...
130

(b)
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