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Unsteady Thermal Stresses in Plates
of Functionally Gradient Materials

Seinosuke SUMI and Masahiko MUROZONO

Abstract

The analyses of unsteady thermal stresses in plates of SiC/C Functionally Gradient Materials (FGM) are
presented with a special emphasis on the effects of the following factors ; distribution function of material
properties, mechanical boundary conditions and time. The material properties of the FGM plates are assumed
to vary only throughout the thickness and two mechanical boundary conditions, where one is a plate simply
supported along the edges and the other restrained in bending, are considered. The plates are suddenly exposed
to a constant ambient temperature through heat transfer over a surface and insulated over the other surface.

It is shown how various factors influenced the distributions of unsteady thermal stresses in the FGM plates
and it is clarified that the dominant factor is the distribution function of material properties. Then, it is found
that, although the temperature distribution approaches uniformity throughout the thickness as the time increases,
the stresses in FGM plates sometimes reverse from tensile or compressive to another and the stress-free state
is not always produced.

Finally, the stress reversal peculiar to FGM plates is briefly discussed in conjunction with the behaviors of

the non FGM plates.
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Fig. 1 Analytical models for the Functionally
Gradient Material plates and boundary
conditions.
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Table 1  Material properties.
Material C | SiC
Young's Modulus E(GPa) 30| 260
Poisson’s Ratio (=) 0.3] 0.3

a(x107%/K) | 4.0 |4.54
E(W/(m*K)) | 30| 57
e(J/(kg=K)) | 700 | 760

Coef. of Linear Expansion
Thermal Conductivity
Specific Heat

Mass Density o (kg/nt) 1800 | 3200
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