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Thermo-electro-mechanical vibration analysis of piezoelectric nanobeams
embedded in viscoelastic medium based on nonlocal elasticity theory

ZHANG Dapeng, LEI Yongjun
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Based on the nonlocal elasticity theory and Hamilton’s principle, the model for thermo-electro-mechanical vibration analysis was
developed for a piezoelectric nanobeam embedded in viscoelastic medium. Governing equations of motion and boundary conditions for vibration
analysis were derived where thermo-electro-mechanical loadings, viscoelastic foundation, nonlocal effect and piezoelectric effect were considered
simultaneously. The transfer function method was employed to obtain the natural frequencies in closed form for the nanobeam with various boundary
conditions. A detailed parametric study was also carried out for the effects of nonlocal parameter, boundary conditions and viscoelastic foundation on

the vibration of nanobeams. The study demonstrates the accuracy and the efficiency of the developed model for vibration analysis of a complicated

multi-physics system comprising nonlocal piezoelectric nanobeams, viscoelastic foundation and thermo-electro-mechanical loadings.
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Tab.2 Comparison of the dimensionless fundamental frequencies for piezoelectric nanobeams in the absence of medium

oy ?
6 8 10 16 20 30
A TFM i 0.456 9 0.342 7 0.274 2 0.171 4 0.137 1 0.091 4
5- k[ 13] 0.457 0 0.342 8 0.274 2 0.171 4 0.137 1 0.091 4
A TFM i 0.707 6 0.530 8 0.424 9 0.265 6 0.2127 0.142 0
€-9 SCHk[13] 0.707 7 0.5310 0.4250 0.265 8 0.2127 0.142 0
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Tab.3 The natural frequencies of the piezoelectric nanobeam with different boundary conditions and «

AT . GHz
IR ToHe M S PE I visco-Pasternak Z 514 BLfA <7 FE

At a=0.0 a=0.1 a=0.2 a=0.0 a=0.1 a=0.2
9.470 0 9.521 4 9.6508  15.9999 +0.530 5i  16.0457+0.530 5i  16.190 8 +0.530 5i
C-F 59.4129 55.7609  47.3966  61.1338+0.5305i  57.666 3 +0.530 5i  49.767 9 +0.530 5i
166.3032  137.6441 99.2294 167.2122+0.530 5 138.8653 +0.530 5i 101.109 4 +0.530 5i
26.650 5 25.4253  22.5658  30.1269+0.5305i  29.048 9+0.530 51  26.582 7 +0.530 5i
S-S 106.5347 90.206 5  66.3367 107.8609 +0.530 5i 91.768 9 +0.530 5i  68.446 3 +0.530 5i
239.5231  174.3075 112.2525 240.4170+0.5305i 175.533 8 +0.530 5i 114.147 4 +0.530 5i
60.248 0 56.8477  43.8721  62.3012+0.5305i 58.698 7 +0.530 51  46.464 4 +0.530 5i
C-C 166.0604  137.2979 89.3509 167.4149 +0.5305i 138.5232+0.530 5i 91.285 1 +0.530 5i
325.4342  230.7514 134.896 1 326.684 6 +0.530 51 231.896 7 +0.530 5i 136.821 1 +0.530 5i
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