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A Study on Relaxation of Thermal Stresses
of Heat-Resistant Systems
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Abstract

This paper addresses a method which can be used for analyzing thermal stresses of a function-

ally graded material (FGM) using semi-analytical approach. FGM is a nonhomogeneous material

whose composition is changed continuously from a metal surface to a ceramic surface. An infinite

one dimensional FGM plate is considered. The temperature distribution in the FGM is obtained

by approximate Green's function solution. To expedite the convergence of the solutions, alterna-

tive Green's function solution is derived and shows good agreement with results from finite

difference method. Thermal stresses are calculated using temperature distribution of the plate.

e
o2k
o}ﬂ
—o

2
2
2
T
i

R

)-
=
=1

A v 3} 7]
7.¢)
)},

ot R

LT
o
s

ot o s 30 o fo
rlo

rE
e
2
2

AR 2ol ol WA ake] AAA & 4 Qe FA
o]

LM 2 & gl Wbt AN SAEE AFTomA of
AR B atolol 419 2ol SabEl A g whahe,©

Z o A Yool F& w /1A Obata 59 Hababdlel gleldel A SAlE
3218 Fol7] Ug Aa2A s o Adeld Fo@ alxel FHe] AHLE 7]

2 (functionally graded materials) 7} 7§4kx] 2 5o oeka EF Alvio]] glojAle &= A A
AAZI A S v A A R R e R R i+

dstol ulE Bhow sw b 919d oy Anel AAslsAnel WA4a
AstES Aehs] el Aeto o] @ AEAR ) A ol ol A%
ofefgt At FaAlel qlole] Wi o[£ Laplace gy ol &8 a4 o] AT
s, haAe] AlAg wolsl $1sh solom,? m o sj4d whyezt 4%elE
of VL A Wk Aich asing o ol 4 oduel elA el odE WAL

WAE BAAE A6 wet ddoz W 2 fralof

s FAaAe) At el os) deHe % =

st 7l Aol sbsEheh 00 ofrla) g stsh wgwe

@5 ool ojdARE FAE FaHA wlF  uh ol¥
"5SSt 7] gt A
ekl ot ekl HEE 4]

(o]
S EAHS Adelr] sla e

#2312 d (laminated plate model) 2} Laplace

B3 s Auhtol Mo glch &0 ae
& Laplace W &g FafoF st
sheh whebal o Eitell 44 Laplace

Heart gl Green shg4 ALE-3lod

ok



odahgk A Holl Qloi4le]

AN SR S5 Y Az BE d3HS

Fopid) Al e AAsknd s,
AAE EAle] dldol 2ol Green GHoe] A

Fol olg AR ofelsbAlo) aleh AM, L

T
) 9 AAZAE L A EA Slo

A efwbs] ZaAolet, EA, L& FFo W
7b AlA A o % vori%ﬂh A, w2 Az

7d9-oll 2ol A Alternative Green 3% AF4-35}od
FHEES W@l 2 o4 Adch JA, 25 2

ok el Weha fmsl Aol Aok A0

b oatdo] sl A o g oHgintb sk zhghe] #

gk el row %Ei% T & gk °]7é°l
W Aol gAlRl, A eAEsl A v A
A zoll whate] a4 A<l Green 342 F5dhrh=
A2 E7bssteh, wdeba] ZAbH el Green g

Fahzel, AFAA vl EA Bol) hsto] A &5igf
W20 AL getel Al S et e
A FHA AR RS FEE FolHe

ol
date] FARH EALAQ

of -3} ghof| Green
T4 AL ee e
o] FAAE 2 A

2 oo ool
Ayt
)
“‘E
T
.Qm
—|—'
::’4
o
N

S Azl %%OLI

2
o
ot
~
>
o~

by
Ol
[
o
m‘l’ OW
X
mio

e oM

.

f

N

N
v

)

.
-
N

!

l

N
I4

i

‘.

)~

o=

N

,d
‘V_‘

o3
.

el
=

Ni
-

\I
2

N o

)

o
o
o T |
o 2
32
o
L
_>L
o
Ei
o
)
=
S
o
ja s
<
I
o)
-
I
<
=
53~
-1}~
i
>
>

“q‘ﬁ]'oq T 2 EH? Tke] ekl e %9] Hl
ws s, ofelsbal ek A zAel e g
2 BZE AAsked Qofa] a4 A ubhe] 23l
W& sbstd Aael AAIEARE o dshleh

2. O|& afiM

=~

oh

Fig. lollA H&

FHEo A ey

& Aol A
Zveff Rl 2 3o},

o] F-24413t et

vpe} o] e i, ThE
Fofoll= aEa Al

FA LS kA Fasaks A
ek A 7kel e A

T

pel

m _1,\_ rui

==
L

A5 shatel] g o+ 17
¥
Sl k@ e |5
Cp(z)
0 L z
3| E@ e |3
Ew v(z) S
Fig. 1 An infinite plate with the location dependent
material properties.
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Table 1 The properties of the materials.

k W/ (mk) CoJ/ (kg K) o kg/m? EGPa a 1/K v
ZrO;, 2.09 456.7 5331 151.0 10.0x10°° 1/3
Ti-6Al-4V 7.50 537.0 4420 116.7 9.5x107° 1/3

k . Thermal conductivity C, :

SPecific heat o . Density

E : Young’s modulus

v . Poisson’s ratio « . Coefficient of linear thermal expansion
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Fig. 2 The convergence of temperature solutions on
the number of trial functions at t =0.01.
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The convergence of temperature solutions on
the number of trial functions at t=0.1.
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Fig. 4 The convergence of temperature solutions on
the number of trial functions at t =0.01.
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Table 2 The comparison of the temperatures
obtained by the finite difference method
and the alternative Green’s function

solution at t =0.01.

X FDM AGFS
0.0 770.0 770.0
0.1 524.9 524.6
0.2 368.2 369 .4
0.3 311.6 311.2
0.4 300.9 300.8
0.5 300.9 301.0
0.6 300.0 298.8
0.7 300.5 301.2
0.8 318.4 318.3
0.9 561.4 562.0
1.0 1680.0 1680.0
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Fig. 5 The temperature variations obtained by alter-

native Green’s function solution.
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