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for two cases
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Tab. 3 Effects of internal scale parameters on the first

critical radial uniform load for the clamped case

ea/nm
//nm
0.5 1 1.5
0.5 2.554 2.518 2.458
1 2.590 2.552 2.492
1.5 2.652 2.613 2.550
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T

Tab. 4 Effects of internal scale parameters on the first

critical radial uniform load for the simply sup-

ported case

ea/nm
//nm
0.5 1 1.5
0.5 1.552 1.541 1.519
1 1.565 1.552 1.530
1.5 1.585 1.572 1.549
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Fig.6 Effects of electric voltage on natural frequencies for

two cases
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Tab.5 Effects of internal scale parameters on the first

critical electric voltage for the clamped case/V

ea/nm
//nm
0.5 1 1.5
0.5 0.0979 0.0965 0.0942
1 0.0993 0.0978 0.0955
1.5 0.1016 0.1002 0.0978
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Tab. 6 Effects of internal scale parameters on the first

critical electric voltage for the simply supported

case/V
ea/nm
//nm
0.5 1 1.5
0.5 0.0596 0.0591 0.0582
1 0.0600 0.0595 0.0586
1.5 0.0608 0.0602 0.0594
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Fig.7 Effects of temperature changes on natural frequencies

for two cases
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Fig. 8 Effects of radial uniform loads on natural frequencies
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Fig. 9 Effects of electric voltage on natural frequencies
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Fig. 10 Effects of temperature changes on natural frequencies
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Thermal-mechanical-electrical coupling vibration of axisymmetric
piezoelectric circular nanoplates accounting for
nonlocal strain gradient effects

LUO Qiuyang', L1 Cheng"*
(1.Department of Vehicle Engineering, School of Rail Transportation, Soochow University, Suzhou 215131, China;
2.School of Automotive Engineering, Changzhou Institute of Technology, Changzhou 213032, China)

Abstract: The coupling vibration performances of axisymmetric piezoelectric circular nanoplates under thermo-electro-mechanical
fields are studied based on the nonlocal strain gradient theory and Mindlin plate theory. Hamilton’ s principle is used to develop the
equations of motion in the framework of nonlocal strain gradient constitutive relations, and the differential quadrature method is ad-
opted to solve differential equations describing the theoretical model. The influences of internal scale parameters and external field
parameters on natural frequencies of piezoelectric circular nanoplates are analyzed. It shows that the natural {requency of piezoelec-
tric circular nanoplate decreases with an increase of the nonlocal parameter, and increases with an increase of the strain gradient
characteristic parameter. When the nonlocal parameter is less than the strain gradient characteristic parameter, the circular nano-
plate demonstrates a hardening behavior. When the nonlocal parameter is greater than the strain gradient characteristic parameter,
it demonstrates a softening behavior. When the nonlocal parameter is equal to the strain gradient characteristic parameter, the stiff-
ness degenerates into the corresponding result of classical continuum theory. Additionally, it indicates that the natural frequencies
decrease with an increase of the radial compressive load and positive voltage, and increase with an increase of the radial tensile load
and negative voltage. The natural frequency decreases slightly with an increase of the temperature. In particular, it is found that
while increasing the radial load and voltage to a certain value, the vibration instability occurs. The effects of the nonlocal parameter

and strain gradient characteristic parameter on the critical radial load and critical voltage are analyzed accordingly.
Key words: coupling vibration; piezoelectric circular nanoplate ; nonlocal strain gradient; Mindlin plate theory; axisymmetric
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