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Trajectory of Resonant Displacement of Coupled Vibration Mode
Piezoelectric Devices for AE Sensor Application
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Abstract: In this study, coupled mode piezoelectric devices for AE sensor application with excellent
displacement and piezoelectric characteristics were simulated using ATILA FEM program, and then
fabricated. Displacements and electromechanical coupling factors of the piezoelectric devices were
investigated. The simulation results showed that excellent displacement and electromechanical coupling
factor were obtained when the ratio of diameter/thickness was 1.0. The piezoelectric device of ¢/T= 1.0
exhibited the optimum values of fr= 406 kHz, displacement= 6.11 x 1078[m], Kkerr= 0.648. The results show
that the coupled vibration mode piezoelectric device is a promising candidate for the application of AE
sensor piezoelectric device.
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Fig. 1. Specification of piezoelectric devices.

Table 1. Physical properties of PZT4.

Material constants PZTA4

Density (kg/cm?) 7500
s¥11 (107 N/m?) 12.3
s¥12(107* N/m?) -4.05
s®13(107"* N/m?) -5.31
s¥33(107"*N/m?) 15.5
sF44(107*N/m?) 39.0
d;s(107'2C/m?>) 496
d3, (107 2C/m?) -123
ds3(107'2C/m?>) 289
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Fig. 2. Simulation of coupled vibration mode piezoelectric

device.
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Table 2. Resonant frequency, displacement and k, of
coupled vibration mode piezoelectric device as a function
of ®/T (thickness= (a) 3.3, (b) 3.45, (¢) 3.7 mm).

Resonant Maximum
i It Vol
Dla[n;]eter THI[C,:,(]H s OIT  Frequency ;i isﬁ::‘ Displacement ks ky ke [f“ﬂ:;r
(a) [KHz] HEHZI Y )

1.6 33 05 455 602 amxit 0 061 06 7

1475 33 075 44 587 MSX10t 091 061 064 16
33 33 1 U 557 450010 0686 0669 0648 28
495 33 13 367 445 TNxI0* 0605 0594 0566 63
6.6 33 1 307 366 SO0 0584 0575 054 113

825 33 15 158 303 A0x10° 051 0564 053 176
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! . Resonant Maximum Volume
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(b jq;] m IKF] Frequency il
[KHz)

1752 345 05 436 576 40x10® 091 06 063 8

W85 345 05 4 S8 SHxlt 065 0678 0658 18
MM 1 406 S 6UxI0* 0685 0669 0648 R
55 35 1S 31 @1 6UxI0* 069 0598 0569 T
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Fig. 3. Displacement trajectory of the coupled
vibration mode piezoelectric device (thickness= (a) 3.3,
(b) 345 mm).
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Fig. 4. Displacement trajectory of the coupled vibration

mode piezoelectric device (thickness= 3.7 mm).
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Fig. 5. Impedance characteristic curve of simulated

specimen (thickness= 3.45 mm, rate= 1.0).
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Fig. 6. Impedance characteristic curve of fabricated

specimen (thickness= 3.45 mm, rate= 1.0).
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Table 3. Physical properties of fabricated specimen

(thickness= 3.45 mm, ¢/T= 1.0).

f.[kHz] falkHz] C[nF] Kefr
Piezoelectric
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