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Fig. 1 Schematic diagram of piezoelectric quasi-crystal discs
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Table 1 Material constants of one-dimensional hexagonal piezoelectric quasi-crystal
Cn Ci Cis Cs; Cu Cs K, K, R, R,
234.33 57.41 66.63 232.22 70.19 88. 46 12.2 2.4 0. 8846 0. 8846
R; €31 €33 s dis dss €1l €33 o
0. 8846 —4.4 18. 6 11.6 1.16 1. 86 5 10 4.186

B Cy (GPa) K (1010 N/m?) o Ry (10° N/m?) ey (C/m?) el (C/m?) v (1077 C2/(N » m?) ,o(10% kg/m?).
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Fig. 2 Finite element software axisymmetric modelling of piezoelectric quasi-crystal discs
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Table 2

and phason modes

The resonant frequency of the first four phonon

P IHAR A RRIC 5 WmEIHE
L1 224573 224494, 0372 0.035%
o2 609477 610173.8385  —0.114%
’;3':; 3 962919 962880. 0719 0.004%
Ty 1289290 1290164. 222 —0.068%
o1 1349860 1351020. 178 —0.086%
fi 2 1357750 1357452. 073 0.022%
;?ﬁ 3 1376120 1376893.512 —0.056%
& 4 1404520 1405564, 604 —0.074%
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Table 3 Normalized frequencies of the first four orders of phonon modes as M and N vary

H—br gy =B 55 4 By
M=N=3 0.21936486 0. 59495032 1.07453861 1. 31854325
M=N=4 0.21936291 0. 59569855 0.94468868 1. 31854325
M=N=5 0.21936291 0.59533127 0. 94420809 1. 28311471
M=N=6 0.21936291 0.59533811 0.94057147 1.27289738
M=N=7 0.21936291 0.59533713 0.94061151 1. 25995478
M=N=38 0.21936291 0.59533713 0.94057928 1. 25969105
M=N=9 0.21936291 0.59533713 0.94057928 1. 25938824
M=N=10 0.21936291 0.59533713 0.94057928 1. 25937847
M=N=11 0.21936291 0.59533713 0.94057928 1. 25937847
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Table 4 Normalized frequencies of the first four orders of phason modes as M and N vary

H—br gy =B 55 4 By
M=N=3 1.32625997 1.35082649 1.41658466 1.51686295
M=N=4 1.32625020 1. 34446752 1. 39571045 1. 48692403
M=N=5 1. 31854325 1. 32625020 1.34432100 1. 37358593
M=N=6 1. 31854325 1. 32625020 1.34420378 1.37290217
M=N=7 1. 31854325 1. 32625020 1.34419402 1.37197421
M=N=8 1. 31854325 1.32625020 1. 34419402 1. 37194490
M=N=9 1. 31854325 1. 32625020 1. 34419402 1.37193514
M=N=10 1. 31854325 1. 32625020 1. 34419402 1.37193514
M=N=11 1. 31854325 1. 32625020 1. 34419402 1.37193514
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Table 5 Comparison of computation time between analytic ERE. B, /\ D=20 mm 1%%]*/};: JH B
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Table 6 Normalized frequencies of the first four orders of phonon modes as diameter-to-height ratio vary

B o) BB S I By
o 0. 16224160 0.20367061 0. 24245250 0.31762801
D/H=1
7 0 0 0 0
Q 0.21715338 0.45111261 0.49635115 0. 55282680
D/H=3
7 33.846 % 121.491% 104.721% 74.049%
Qs 0. 21877390 0. 58139820 0. 76046908 0. 81278160
D/H=
s 34.845% 185. 460 % 213.657% 155.891%
ol 0.21916462 0.59164971 0.91345843 1. 05821628
D/H=7
7 35.085% 190.493% 276. 758 % 233.162%
Q 0.21931895 0. 59458402 0.93603130 1. 23689254
D/H=9
7 35.180% 191.934% 286. 068 % 289.415%
®7 HESL(D/H)ZWER,BTHEMECFESHA—LmE
Table 7 Normalized frequencies of the first four orders of phason modes as diameter-to-height ratio vary
F—Br 5B =B 55 I By
ol 0.13185335 0.19424352 0. 29282120 0. 39583550
D/H=1
m 0 0 0 0
Q 0. 39556200 0. 42052901 0.47409476 0. 54782949
D/H=3
7 200.001% 116.496 % 61.906% 38.398%
, Qs 0.65927162 0. 67454682 0.70918610 0. 76046908
D/H=5
s 400. 004 % 247.269% 142.191% 92.117%
Q 0.92298223 0.93395364 0.95927035 0.99776213
D/H=7
7 600. 007 % 380. 816 % 227.596 % 152.065%
Q 1. 18669478 1.19524178 1.21512943 1. 24575211
D/H=9
) 800.011% 515.332% 314.973% 214.715%
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Free Vibration of One-Dimensional Hexagonal

Piezoelectric Quasi-Crystal Discs

Bo Zhang' He Ping' Liangjuan Li* Xinxin Wang' Jiangong Yu' Kangle Han'
(! School o f Mechanical and Power Engineering , Henan Polytechnic University . Jiaozuo, 454000)

(*School o f Mathematics and Information Science , Henan Polytechnic University , Jiaozuo, 454000)

Abstract Piezoelectric quasi-crystal materials possess excellent piezoelectric and phonon-phason cou-
pling effects, ensuring their promising applications in piezoelectric devices, such as sensors and transduc-
ers. The performance of piezoelectric devices is closely related to the vibration characteristics. Therefore,
the free vibration characteristics of one-dimensional hexagonal piezoelectric quasi-crystal discs are investi-
gated. First, the dynamic equations of one-dimensional hexagonal piezoelectric quasi-crystal discs are de-
rived in the context of three-dimensional phonon-phason-electro-elastic multifield couplings. The traction-
free and short-circuit boundary conditions at the upper and bottom surfaces are incorporated into the con-
stitutive equations by introducing the rectangular window function. The double Legendre orthogonal poly-
nomial method is employed to obtain the solutions. To improve the computational efficiency, the analytical
expressions of numerical integrations are derived. The influence of the diameter-height ratio and phonon-
phason coupling effect on the resonance frequency is then analyzed. Subsequently, based on the finite ele-
ment method, a simulation program for the free vibration characteristics of one-dimensional hexagonal pie-
zoelectric quasi-crystal discs is developed for the first time to verify the theoretical calculation results. The
partial differential equation (PDE) module in the COMSOL software is utilized to conduct the simulation.
It is found that, compared with the traditional double orthogonal polynomial method, the analytical double
orthogonal polynomial method significantly improves the computational efficiency, with an improvement
rate of up to 99%. Changing the diameter-to-height ratio significantly influences the normalized frequency
of the phason modes, and the higher-order modes are more sensitive to the change of the diameter-to-
height ratio. The normalized frequencies of phonon modes and phason modes increase with the diameter-to-
height ratio (D/H). The increase of phonon-phason coupling coefficients leads to a decrease in the normal-
ized frequencies of phonon modes and phason modes, and its influence on the phason modes is more signifi-
cant. The obtained results lay a basis for designing and optimizing the piezoelectric quasi-crystal sensors
and transducers with excellent performance.

Key words piezoelectric quasi-crystal, analytical integration, double Legendre orthogonal polynomial

method, free vibration, phonon-phason coupling
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