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Abstract: Recently, piezoelectric devices, such as ultrasonic surgery, ultrasonic atomizer, and ultrasonic speaker, are analyzed

and designed by finite element simulation methods. However, the discrepancy between the design and the experiment results of

the device typically occurs due to the inaccuracy of the piezoelectric material properties. To improve the simulation accuracy,

the material properties of the PZT ceramics were better refined using parameter estimation method. The material parameters are

elastic stiffness cif and piezoelectric constant ej; of PZT ceramics. The impedance curve characteristics for the LTE mode of

PZT ceramics were calculated. The mismatch between the simulation and the experimental data were compared and minimized

by a least square method. Finally, the simulated impedance data were compared with the experimental data for the various
vibration modes of PZT ceramics and the optimized material properties of PZT ceramics were verified. To further verify the

accuracy, this method was also applied to piezoelectric PMN-PT single crystals.
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Fig. 1. Geometry of the resonator used to measure the piezoelectric
material constant.
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Fig. 2. Optimization process diagram for the piezoelectric property of the PZT ceramics.

Table 1. Material property ranges of the representative commercial PZT ceramic.

; : : Ranges
Material properties Min. Max. Min-(10% - Min) ~ Max-+(10% - Max)
ck 12.1% 1493 10.89~16.39
2 8 ~
Elastic stiffness constants ct 6.79 8.11 6.11~8.92
10 2
(107N/m) 5, 6.812 841 6.12-9.25
ck, 11.1% 13.28 9.99~14.52
5h 2 - ~—
Piezoelectric es; -6.55 -1.86 7.21~-1.75
constants (C/r) ens 92 233 7.20-27.96
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Fig. 4. Simulated impedance spectrum with the elastic stiffness modulus of the PZT ceramics. (a)cZ;, (b) cZ, (c) c&,, and (d) ¢5;.

Table 2. Analysis results of the resonance and anti-resonance frequency characteristics with the elastic stiffness constants of the PZT ceramic.

Parameter (10"’ N/m) 12.76 13.1 13.43 13.77 14.1
ck fir (kHz) 160.3 160.9 161.4 161.9 162.3
AMfr-fa) 7.6 7.2 6.9 6.6 6.4
Parameter (10" N/m) 11.59 11.9 12.2 12.51 12.81
ck, fr (kHz) 160.3 160.9 161.4 161.9 162.3
Afifr-fa) 7.6 7.2 6.9 6.6 6.4
Parameter (10" N/m) 6.84 7.02 7.2 7.38 7.56
ck, fir (kHz) 162.7 162.1 161.4 160.7 159.8
AMfr-fa) 7.9 7.4 6.9 6.4 6
Parameter (10" N/m) 6.935 7.118 73 7.483 7.665
ck fr (kHz) 164.1 162.8 161.4 159.9 158.3
Afifr-fa) 5.8 6.3 6.9 7.6 8.2
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Table 3. Analysis results of the resonance and anti-resonance frequency characteristics with the piezoelctric constants of the PZT ceramic.

Parameter (C/mm) -6.71 -6.21 -5.71 -5.21 -4.71
fa (kHz) 169 168.7 168.3 168 167.6
f1 Afififa) 7.6 73 6.9 6.6 6.2
Parameter (C/m) 9.20 9.71 10.20 10.70 11.20
€33 fa (kHz) 168.1 168.2 168.3 168.5 168.6
Aftfr-fa) 6.7 6.8 6.9 7.1 7.2

Table 4. Comparisons of the optimized material properties with the measured values of the KICET-PZTS ceramics.

Material properties Optimized Measured Discrepancy
Density ke/m p 7750 7750 -
ck 13.50 13.43 0.07
£, 7.27 7.30 -0.03
Elastic stiffness constants 10'N/mri C% 7.30 725 0.05
C33 12.00 11.92 0.08
ck, 3.53 3.53 -
cE, 3.12 3.07 0.05
s, 12.35 12.35 -
sE, -3.82 -3.95 0.13
Elastic compliance constants 10"°mi/N S£3 .12 > 001
s, 14.46 14.61 -0.15
s, 28.32 28.32 -
sk, 32.10 32.61 -0.51
ers 10.20 10.20 -
C/ri e -5.77 571 -0.06
. . €33 16.60 14.50 2.1
Piezoelectric constants
dys 289 289 -
102 C/N ds; -133 -133 -
das 300 283 17
&5/g, 725 725 -
o £3./g0 683 683 -
Dielectric constant - T
el /g, 1417 1417 -
ela/gg 1058 1058 -
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