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Transient Temperature and Thermal Stresses in a Functionally
Graded Plate Subjected to Intermittent Heating

Yoshihiro SUGANO, Keiichi SATO and Naobumi SUMI

Analytical solutions are presented for temperature and thermal stresses in a functionally graded
plate subjected to intermittent heating on its surface. The nonhomogeneous thermal and elastic
properties of the functionally graded plate are assumed to be symmetric with respect to the mid-
plane. The transient temperature field is obtained from the solution for a transient heat conduction
problem in the same functionally graded plate heated continually on its surface that is analyzed by
Vodicka's method. Associated thermal stresses are analyzed based on Rogers and Spencer’s solu-
tions which are expressed in terms of the solution to the approximate, two dimensional, thin plate,
governing equations for an equivalent homogeneous plate. Numerical calculations are carried out
for the transient temperature and thermal stress distributions in PSZ/SUS 304/PSZ functionally
graded plates subjected to intermittent heating on both plate surfaces.
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Fig. 2 Compositional distribution of PSZ

(¢ ) Ceramic poor composition (7# = 4)

: / »
0 0.3 0.5 0.7 1.0 fra(l)

Fig. 4 Temperature histories for different compo-
Fig.3 Membership function sitional distributions (32 1.0, 7y =0.45, ¢ =0.45)

116 -

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

WIBER 2 BR L] & 2 1) 2 MERHBAE A O 1 B B 50 A & B 15

Ore= = 20l 2x + ([ = 2/0) 10, 4}
+21BU*G 2o~ 3* Ty

Ouy= — 2{({ =20) [T 2 + 110, 4y}
+2uBU? @, gy — 8% T,

022=0

Oy =24 — 200+ BO*iT). 1y

Oz ={L.1(2) — LA} i),

ove={1.(2) — LA(W)}(F*w).,

22T,

(a) Linear composition (7z, 7p=1)

11—
~~
2 — t=1.0
o 05- — z=08 7
A

2 -1 ] T l 1 I T T T
~ F
2 15F — z-10 -
< T :
X <
|O 0.5 — —
b /_\'/“\._,// 4
o P
s . n
[ Co:&f“V:rwz-
—-0.5}+ —— t=00 —
-1 1 1 ) 1 PR B l 4
o} 1 2 3 4
T

(¢)  Ceramic poor composition (7= 4)

Fig.5 Thermal stress histories for different compo-
sitional distributions (;32=1.0, tx =045, rc =0.45)

B(z)= *'/(:zs/(s)lﬂx(s)(/s +{1.(2)
= L)} Ro(2)+ No(2) - {N(2) + i} 2
D(2)= [H) Tols, 1)ds+ ke

R(,<z):[1f,z<s>(xs, L.(z):f\-us)ds

x\"'l(z):/(:zx?;(‘\')a’.\‘. x\‘g(z):v/n‘zszn(s)a’.\‘

2L, XK@ O B(2), D(2) O ki, ko 13, B O
BRSE L D RE s B,

4. WEFHE & EE

BUREHEIBI & U T, Gl % BIHER & 7 2 #E8% 20 <
2b, RIF 20 OXHIMERHERE VIR AR D K>, F L
T, SOVHROMRRE W, B REICE L THRT,
BACUAT IO, o HIIRE o O W ERY 2 B LT (B Nk
Qo CIRIE To 7 2 RIBHEEA) %23, Vot £k 1o
VLR (BAE R h) Db 285G O B IS S A
B R BT 5,

G T R 2 At = L, B8 R i A
RHEZX LTRSS h L0, K7V vt u=
const. & 3 HFBIL NI B, B6) 2B D «,
U WEENSERAFEBRACICLOREEINS
7z, BICHESR U0 »BEsh 2™,

Nez=0, Np=0, x=i(zl

) L e (38)
Nw=0, Nu=0, y==bl
Z 2T,
h
(Nrx, Nyy, A‘sz"'):‘/_.h(auy Oyy, Oxy=+)d2
............ (39)
e hTE oy @RE)
Ozr = Oyy = ]l(ll)b(z) 1=y Te(z, t)
Ory ™ Orz= Oyz = 022 =1
............ (40)
1.2 — %&=1.0"' I =05
L £=0.8 —— £=0.0 |

0 Uzt e T | J
(8] 0.5 1 1.5 2 2.5

T

Fig.6 Temperature histories for linear composition
(32:1,“. T =0.045, 7. =0.45)

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1416 WY 2o BA U faf %57 2 AR BE VB O 2 I or 0 & BUL)
1L, Z 2T, B id Biot 8, Qo IIBERENIZ T 5 HALEERH,
1(z)= UZE(S)(/S. 7‘ =(1 //,)A'hp)* Todz TR OBBETHY, FTRTFl1EnZFNF

N OB R & F n MOMBAREBICH T2
A 2 0 5, B S H U 72 AV

HHE B LT, KADERICH S Z i
BAEFF I 50 T, KADRIOUMEHAT 5. PSZ-SUS 304 PSZ FrtFRIMEFHERE NV & L, PSZ

o 2 }{]f o o /12/1 7’4: . T

SSge T AT (1.3 EALEAL S L 7 = 7) & SUS 304 (4 — 27 + 1 |
< Qb e FRAT YL A) OMKFEE L 1R

R %7, B ST ORRMAI 4, B L T -

------------ (42) A B B2 2 BT IS B KRR IR S IR T %

P BEROCHIF RS £ o) X R L L., A

PS7Z 0)§‘Jiil"}ﬂi frsa() BT Iy 2T ETTD
B arid T R TEE L
rw(s)rlf (1-%"™ (Ceramic rich)|
Jes2(£)=¢™  (Ceramic poor) |
............ (43)
CC?vmmHm&ﬁﬁﬂﬁx—7T%07~W
=IO 2R T, N ORI 51 2 B8,
YU ﬁ%ﬁﬁ&u PERH I BRAR KT 1 % ﬁ&*ﬁ
e

7288510 O » T Mori Tanaka O8O 2w,
7o, #IE, LRI AL TR L e, 38
. . W, R E SO DO H W F W X £ F OEHT
(a) Lincar composition (yx, zp - 1)
i, KO Fuzzy fiEGREECD & L) SAHEFRE & S
0.2 — T T T 1 Lt
~ - QZO'O 1 - )
2 e £=0.5 MM, Mp, ym, yo) =(Muye+ Mpyn) {(4n+ y»)
o 0-1F = L=08 T ‘
< — < (49
9 - S IIT, Ma, My (SEMCEE EIE R 80 B MR
ol o N e N -
WZowT, ZhFRRHZ P$75}ﬁﬂiésusm
] 55 L ORI £ SUS 304, 538K PSZ & L o850
—0.1+ .
| Mori Tanaka O, £ /73BN L D FIH S
; 1 I 1 ; N IR TH D, E72, ym e HEFRFHLPSZ D
2% 0.5 1 1.5 2 2.5 PRS00 K - THSE X405 SUS 304, PSZ o i 75
T
. . }x i) U ZZ )‘i[)‘(] 3 (])J: ’) @:lflflﬂ*u(..ggthlsz:
(b Ceramic rich composition (zx  4) ! -
0T WEBOWTERESMiE D A2y y 7R R
0.2~ T T T T T
f;‘ 1 1 T o T T T
> r —— B,=0.02 5]
9 0.1r B > o8k o
o0 A - £ ool - Poo1o0 /-
lof o G | e P ~ —— (:=10.0 j
O -f - %
[— 9 lt; 0.4} ., _J{""—
£=1.0 3 | |
—0.1}F - £=0.8 - 02 ]
------- £=0.5 ol ]
—— £=0.0 ]
~0.2 I 1 1 | | -0.2 -
0 0.5 1 1.5 2 2.5 L 4
T —0.4 L L Il I |
(¢} 1 2 3 4
(¢)  Ceramic poor composition (zp 4) T

Fig. 7 Thermal stress histories for different compo-
sitional  distributions  ( J2- 1.0, 7= 0.045, 7¢ =
0.45) linear composition (&=1.0. 7y = 045, 7c = 0.45)

Fig. 8 Effect of Biot number 3. on thermal stresses for
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sitional distributions (32 =0.1, 7 =045, o =0.45)
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