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An Analytical Solution to Transient Temperature Field
in a Functionally Graded Material Plate by Piecewise-
Linear Nonhomogeneity Approximation Method

Yoshihiro SUGANO, Keiichi SATO and Naobumi SUMI

An analytical solution is presented to the transient temperature field in a functionally graded
material plate (FGM plate) heated at its surface. The FGM plate has arbitrary nonhomogeneities
of thermal properties and temperature variation only through the thickness. The transient tempera-
ture field is determined by solving the nonhomogeneous heat conduction problem in a multilayered
plate with piecewise-linear nonhomogeneous thermal conductivity, and different, homogeneous
specific heat and density in each layer. Numerical calculations in order to demonstrate the applicabil-
ity of the present analytical method are carried out for transient temperature distributions in PSZ/
SUS304 FGM plates with linear and ceramic-rich compositional distributions.

Key Words: Nonhomogeneous Heat Conduction, Functionally Graded Material (FGM), Non-
homogeneous Plate, Ceramics/Metal FGM Plate, Transient Temperature Field,
Piecewise-Linear Nonhomogeneity, Analytical Solution

1. #&

i

PHESBE SR b O L S YMEOBREEREE C &
D, REEEE 22 L\ ElD 6 TYBHKOBEER
FEIREDS, 1968 H 42 Dewey & Costello® Xk » TR F ~
Yy VI ANF RTINS, FOBAR—ZTS
v — » OETHEE BESEME & L TS TR ER
BRI 2 2BENFHF O I L > THRESN, 20
MEDSBEBI R TIEME TH 2 2 Lo o, FEEM
Kl & UMERHERERRL O BUS 1T ~ O B0 I TR
WRmE->TER, 30, ERHERERED & 70 2 4R,
FItR, P74 & ORISR % B8 U 72 BUG S 8T A3
NREINTVDED, Wb Z ORI S L THEFTO
R 2 EAHEREM B (ER O BT S % b - /-
HED ORERTHBLETH D, HEHREEM 28
OB THED~® 35 Z L 12 & 0 IEEE B
B3T3, HEFHEREM R O IEE ¥ B R BT I,
D& REROBBEROIEE T RES 2T+ 2 F
EERINCEAL DI, Araki 59 ThHY, 777

*1995 4 11 H 1T H  HAKRE SRS I8 254 M S
BV TR, FREZAT 1996 43 )7 26 H.

FOER, BT AETEE (8020 BRH EH43-5).

*2 AR, SFREREE (W SEE TR LB

*OIEH, BRACERE Y (@422 BRTTA T 836).

AEBFESHHEINTH S, EFLD® b ESHEEEN
FlEHRZ 25 EEBTAML, BaEBcHT 5
—HEOEIETEEBEICHEY T % Vodicka DFE % IEH
L CHERREZOMNMMER TV 5, ERIBEEEM
D& 5 B ENEEOBEE L TKRE<EHHT 2
BEE, FEOHEECENT 2 Fk T CE - L
LTHEROSEEELEE L, ERCHEBRHER
Bwashb,

Z 2T, KPR TIRRBIC BRI #E L a0
BRCLBELREROTHAEM Y b o HIERBHEMH O
RERIT WL T 5 720, EAHEAE TR 2 KB 47
FBEOTHEER L > L EBOFAIERTEMT 5. %
LT, THEVREROBRH RSB FREED—
DORSEPMTRINLIBEOBEERE® 2HFEL, K
SYENCIRI DR 5 2 TEEM % b - 7 BB DI
EHBCEREL BT HiEE2RET 2. &
7z, BRI PSZ/SUS 304 R ERHEREM BT ER L
REROBE L EHETCEI2REMEBLICLERE
BUZDOWLTRETL 72,

2. % i

M1D&S, B h OESBBEEE VAR (AT FGM
VAR LR OWRE A & il E b DEAER R L,

— 166 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

KRR EMIERUC & 2 {FRBREVR D IEE FR B O AT AR 379

EEORIEBRME % b D 20 FGM ¥l H3, ¥R
EE»o, FAIKREZEE Tocm#sh, BE TR
VIR OREF & R B35 E DFEE T IRE R & et &
%, FGM ¥R OIEEE BnBHEOERM D /e,
ILUESES ;£ ST & R A

Ti{/i(x)% } o(z)e(x) :‘? ................ (1)
T ==, ==0eeeerrerememnnnnoreesmnniiiniiennnnenn (2)
T =0, £=0 ceeererorermeereemmoniiniiianennnins (3)
To=ToH(1), 2= J wereeerereeeiereinininnnnn. (4)
T, ApcidZEhzh, VMEHE FE, LT

&D.H()d«t#4b®$uXT/7%&f@
%,

FEOBMEEME R BT REL o iz, RERIZK
2OERBD LD A HEABBHEEL S DR MR
EORBBESHRLLIBEE» > 5% EHHEETH
LU TR EAT LR MO0 = DRk TIFE
MBI ORIEREIC BV CEBOBEERE - it
B2, hOoREFRCET S, £/, ANOBE %
M3, SEBEBFARTH B0, ThTil
AR L U CIRIERE I B T 2 B EEROANEF M 13 %
HS kv, 22T, KEFH TR, FGM FIR % — &
RO L O KSR L 2 BB E M ER %
o e HIRORER L A% L, THYEBEEME L 7
., Z0BE, RERACB Y 2AGERIERD
FGM RO BRHERICFE L L,

F9, BMEIOREEAE & O BEEEROBREE
IBOWTHEZ L, b IIREEE @ BT 3ERE
DBEHEHETH 2, BEERS U BEERIT 24

Jo A/To

ao

ait -

‘\
.
i i\
™
0o
[
-

az r

&ai-1-
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Fig. 2 Piecewise-linear nonhomogeneity approximation
and multi- layer homogeneity approximation
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Fig.5 Nonhomogeneity of thermal conductivity
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Fig.6 Steady-state temperature distribution in FGM
plate
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Fig. 7 Transient temperature distribution in FGM plate
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