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Dynamic response of thin plates under thermal loadings
with temperature gradient and acoustic loadings
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Abstract;  With the improvement of the advanced aircraft performance, they are facing increasingly severe
aerodynamic heating, noise, mechanical load and so on, under the action of those complex loads, the aircrafts reveal
nonlinear vibration characteristics. The aerodynamic heating from supersonic flight induces elevated temperatures that
affect material selection and significantly alter structural design practices. Thermal gradients and internal thermal
expansion also introduce thermal buckling phenomenon. Here, considering the influence of thermo-acoustic loadings,
vibration characteristics of a simply supported plate under thermal loadings with temperature gradient and random acoustic
loadings were investigated. According to nonlinear large deflection governing equations for isotropic thin-walled structures
undergoing thermo-acoustic loadings, the modal frequencies of the simply supported plate, and its thermal buckling
temperature difference with temperature gradient were derived. The dynamic stress response of the simply supported plate
under thermo-acoustic loadings were calculated before and after thermal buckling using the FE numerical calculation
method, Probability density, power spectral density, and root mean square of the stress were statistically analyzed in
details.
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Tab.1 The dimensions and material properties

a/m  b/m h/mp/(kg-m’) wu o/ (K-1)E/GPa

0.3 0.3 0.005 4 370 0.3 8.5x107° 113
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Tab. 2 The modal frequencies of simply-supported
plate( Hz) (No thermal prestress)
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Tab. 3The critical buckling temperature of

simply-supported pate ( Uniform temperature)
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Tab. 4 The modal frequencies of simply-supported
plate(Hz) (AT =30C)

SR/ H
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2 3 4 5 6
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4.0 109.6 542.9 692.6 693.1

1025.0 1456.41457.0
1005.5 1437.41437.9
1021.1 1453.71460.6
1016.0 1448.61458.3
1010.1 1442.41458.2
1007.1 1439.11460.9
1008.4 1436.31484.4
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