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Three-Dimensional Analysis of Transient Thermal Stresses
in a Nonhomogeneous Plate

Y oshihiro SUGANO, Keiichi SATO,
Noritaka KIMURA and Naobumi SUMI

This paper is concerned with an approximate three-dimensional analysis of thermal stresses in
a nonhomogeneous plate with temperature variation and nonhomogeneous properties only in the
thickness direction. The nonhomogeneous plate is approximated as a laminated plate consisting of
different homogeneous and isotropic layers which are perfectly bonded to each neighboring layer.
The transient temperature field is analyzed by Vodicka's method for a heat conduction problem in
one dimensional composite regions. The nonhomogeneous thermal and elastic properties are
restricted to those symmetric with respect to the mid plane of the plate. The three dimensional
thermal stresses are analyzed using the solutions developed by Rogers and Spencer, which are
expressed in terms of the solutior of the approximate, two-dimensional, thin-plate, governing
equations for an equivalent homogeneous plate.
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Fig.2 S-shaped gradient compositions
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Fig.3 Gradient compositions of power type
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Fig.4 Temperature distributions in the non
homogeneous plate with gradient composition of
type (1-1)
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Fig.5 Thermal stresses in the nonhomogeneous plate
with gradient composition of type (1 1)

=001 Tix, X {=1DHBICB W TIKM4(a) &[4
—DBERMEBL T D0, MM EZ T 285G
EBECHEZY, r=1.0 B TEICEEIREEIC
U, AR KE B OREET 2 FicfoRk
Bama Rl Twd, [4(c)id, [4(a)x(b)%#m
ZELEL2EWOBESHTH Y, 1250 TIRITHIY
WEDDOXM ~1s¢<-05 —055¢<05, 05<¢
SIEZNEFNESORL D SERTEBLE O E
Lo Tw s, HEHIRS A (1D, EgIH1-2) &
FE® L T, B (C=1) ST TRMEERD/N X W T
Sy 7Yy FRGMHTH S, NBAERETIE LD
BEVCBEMM %2, 712, BRAN(E=-1)EFTESIC
LD SORESHEIRT,

Kiz, B5(a), (b), (¢)3EMHRSFHA-1) O
AEHEBOZZnH 4(a), (b), (¢)DEIEH
WX DBILT) (=G D3 H 0¥, M5(a),
(b)) OMBAFIA c=0.01 O 0= <1 OBISSI5M 41 1E
R —TH 545, MEAEMOEBNL 72 =510, B £
EHOBISI s Ba b, sFRingic & 2%
HWREODWIEST AL 4(a) D & D ISy K & 7%

03 r+———7+r— 7T
>
'o>a 021 —= t=10.0(Steady state)
—— T=5.0
< o1t XY
x
B
0.1} \ /,/
- x=1.0 \\//
R ~
— 1=0.01
o3l ey
-1 -0.5 0 0.5 1
[«

Fig.6 Thermal stresses in the nonhomogeneous plate
with gradient composition of type (1 -2)
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Fig. 7 Thermal stresses in the nonhomogeneous plate
with gradient composition of type (1-3)
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Fig.8 Temperature distributions in the non-
homogeneous plate with gradient composition of

type (2-1)
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Fig.9 Thermal stresses in the nonhomogeneous plate
with gradient composition of type (2 1)
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Fig. 10 Thermal stresses in the nonhomogeneous plate

with gradient composition of type (2-5)
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