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Abstract

In order to investigate the feasibility of using temperature rise and vibration measurements to
characterize the high-field mechanical quality factor Q. of a thin rectangular piezoelectric reso-
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nators, a finite difference solution method of the heat conduction equation of a thin rectangular
piezoelectric resonators operating in the transverse length extensional vibration mode is firstly
presented, and the relationship between the self-heating parameter hy, the edge vibration velocity
amplitude Vnq and the mechanical quality factor Q. of the piezoelectric oscillator is derived. Se-
condly, the vibration and the temperature-rise distribution of the thin rectangular plate piezoe-
lectric oscillator under different material parameters are studied by using finite element simula-
tion and numerical solution, and the accuracy of using temperature rise and vibration measure-
ment methods to characterize the Q,, value of the piezoelectric resonators is verified. Finally, an
experimental test system is built to characterize the Q,, value of PZT-4 and PZT-8 piezoelectric
materials under different electric fields. The results show that the Q,, values of the PZT-8 piezoe-
lectric resonator are higher than those of the PZT-4 piezoelectric resonator under different elec-
tric fields, and the Q,, values of both piezoelectric resonators decrease sharply with the increase of
electric field amplitude, which can provide a reference for the design and performance characte-
rization of high-power piezoelectric devices.
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Figure 1. Model of the thin piezoelectric plate and heat distribution in the length direction
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Figure 2. The relationship between the ratio of convection and radiation power and the temperature of the material
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Table 1. The parameters of PZT-4 thin plate under numerical simulation

F 1 BEEMRHERN PZT-4 BKEEBRMARSH

SRR il LR 1A
1 (p) 7500 kg/m®
MFE\) 2.1 W/m-K
EE RS (cp) 420 Jkg-K
XA R B (hy) 20 W/m?.K
K x % x @i(Lxbxa) 40 x6x2 mm®
il 300 K

T R A B IG B COMSOL Multiphysics 5.6 @237 T ¥4 Ik HUAR FRL8Y, 7EE iR+ BT
PN Y7, BN B ISR AR, SRHEAR TS, AR B AR MRS R O 41.106 kHz,
BRI B 3 Fis. W 5 4 MATLAB S 51t 4 E AT 3R Ny 40.884 kHz, X 5ilid
A7 BRI A B AR AL AR H AR — B 38 105 5 B T 5SS AR AR AR (R U 2 TR N iR 2
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Figure 3. Radial vibration mode diagram of PZT-4 thin piezoelectricvibrator
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Figure 4. (a) strain distribution and (b) strain power loss distribution of the thin piezoelectric vibrator
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Figure 5. Influence of different thermal conductivity on temperature rise distribution of the thin piezoelectric vibrator
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Table 2. Comparison of theoretical value with simulated value of mechanical quality factor with different loss factors
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Figure 6. Simulation results of temperature distribution of the thin piezoelectric vibrator with different loss factors
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Figure 8. Impedance spectra of PZT-4 and PZT-8 thin piezoelectric vibrators
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Figure 9. Simulation results of convective heat transfer coefficients of (a) PZT-4 and (b) PZT-8 piezoelectric vibrators
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Figure 10. Schematic diagram of mechanical quality factor variation with electric field
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