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Abstract: This paper focuses on the study of the natural vibration characteristics and dynamic response of an
orthotropic plate under thermal environment by means of experiment and numerical calculation. The variation of
natural frequency as well as the interchange of the mode shape and response under excitation during thermal
environment are the key points in this research. The result shows that the thermal stresses and thermal
deformation due to thermal loading will change the dynamic characteristics of an orthotropic plate. The thermal
stresses and thermal deformation are of different effects on the stiffness of the plate, will result in a trend that the
fundamental frequency firstly lowers and then rises, and whose slight variation leads to a mode-shape interchange
of the plate. The dynamic response curve shifts to the low frequency range with temperature rising.
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Table 1 Geometrical size and material parameter of specimen
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Fig.4 Sketch of thermal load and acoustic excitation
experiment
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Table 2 Frequency of 3 mm experimental plate with central

temperature variation

HULIREE(C) 23.2 35.8 49.2 63.3
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R EI(C) 75.4 87.2 101.4
—Fr (1, 1) AR 452,52 444,25 438.61
ZHr (1) AR 674.07 662.79 653.99
=M (L2)FEAME 119348 118475  1173.49
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Fig. 6 Frequency Decrease with Temperature Variation
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Table 3 Frequency of 1 mm experimental plate with
temperature variation
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Fig.9 Mode shape of 1 mm experimental plate at 87.2°C and
101.4C
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Table 4 Damping ratio of 3 mm experimental plate with
temperature variation
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Fig.12 Frequency contrast between the test and numerical
value of 3 mm orthotropic plate with temperature variation
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Table 5 Geometrical dimensions and material parameter of
orthotropic plate
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Table 7 Frequency of orthotropic plate with temperature

variation
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Table 8 Eigenvalues and eigenvectors of the system before
the turbulence

Bk FRAL(E RHE )
4 16.0020 0.8301 -0.5564 0.0340 0.0008 —0.0160
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Table 9 Eigenvalues and eigenvectors of the system after the
turbulence

Brix  FHIEE RHE )
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Table 10 Checkout on the relativity of eigenvectors of system
between the turbulence
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Fig.23 Response of orthotropic plate under thermal load and

acoustic excitation contrast between the numerical and test
result
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