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Wave Propagation in Functionally Graded
Piezoelectric Nanoshells
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Abstract: The waves propagation characteristics in porous functionally graded piezoelectric nanoshells were in-
vestigated based on the nonlocal strain gradient theory. The governing equations were developed under Hamil-
ton’ s principle and the lst-order shear theory. The scale-dependent characteristic equations were obtained
through combination of the nonlocal strain gradient theory and the harmonic solutions. The effects of the scale
parameter, the wave number, the gradient index, the thickness, the porosity and the voltage on the wave prop-
agation characteristics were discussed numerically. The results show that, the influences of the nonlocal param-
eter and the strain gradient parameter on the wave propagation frequency are closely related to the wave num-
ber, and the larger the wave number is in a certain range, the greater the influence of scale parameters on the

frequency will be. In addition, the porosity and the gradient index have a coupling effect on the frequency.
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Table 1 Material properties of the FGPM

material unit PZT-4 PZT-5H
¢y =139, ¢, =778, ¢3 = 74, ¢y =126, ¢, = 79.1, ¢;3 = 83.9,
elastic modulus GPa ¢y = 139, ¢p3 = T4, ¢33 = 115, Cy = 126, cp3 = 83.9, ¢33 = 117,
ey = 25.6, c55 = 25.6, ¢ = 30.6 ey = 23, c55 = 23, coq = 23.5
e3 =52, e =-5.2, e = 151, e3 =~ 6.5, ey =— 6.5, 53 = 23.3,
piezoelectric modulus C/m?
es = 12.7, ey = 12.7 es = 17, e, = 17
dielectric modulus ~ C/(V+-m) s = 5.841 x 1077, 555 = 7.124 x 107° s = 1505 x 1078, 55, = 1.302 x 1078
mass density kg/m? p = 7500 p = 7500
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Fig. 2 Comparison of frequency dispersion results (9 = 1 nm?)
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Table 2 The 1st 3 orders of frequencies vs. longitudinal and circumferential wave numbers

n k/m™! S, /THz /> /THz /3 /THz
1x10% 0.727 8 1.407 4 23755
1 5x108 2.881 4 3.119 8 3.219 8
1x10° 6.448 6 7.129 6 7.5147
1x10% 0.773 5 1.330 0 2.242 17
10 5x108 2.929 7 3.175 6 3.275 2
1x10° 6.457 7 7.140 8 7.526 7
1x10% 2.973 8 3.235 4 3.336 7
100 5x108 4.301 9 4.838 0 4.916 2
1x10° 7.327 1 8.172 2 8.646 4
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Fig. 3 Frequencies vs. /i values for different wave numbers of the FGPM nanoshell
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