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Abstract

This study systematically investigates a 50 kHz piezoelectric ultrasonic transducer
(PUT), using a PZT piezoelectric disk as the core element. Through finite element
simulation, theoretical modeling, and experimental verification, the impedance spectrum,
beam directivity, and axial sound pressure attenuation characteristics are thoroughly
analyzed.

The simulation and experimental results of impedance spectra show excellent
agreement, with an average error of only 1.19%. Additionally, the established compound
vibration-mode directivity model demonstrates improved accuracy compared to the
traditional piston vibration theory model. The axial sound pressure attenuation model fits
exceptionally well with theoretical attenuation curves (R2> 0.99), confirming that the
proposed model accurately represents ultrasonic attenuation in air.

Furthermore, this research conducts a simulation-based study on flexural ultrasonic
transducers (FUT). The accuracy of the FUT model in terms of impedance, vibration
modes, and directivity is successfully verified against existing literature. Based on this
validated model, a parametric study on FUT housing dimensions is conducted, indicating
that the fundamental resonance frequency is primarily governed by the radius and
thickness of its top plate, providing clear physical guidelines for frequency-oriented
design.

In summary, this thesis successfully integrates multiphysics simulation and
experimental verification, offering precise and systematic analytical frameworks for both

PUT and FUT. These results effectively reduce development time and experimental costs.

Keywords: Air-coupled ultrasonic transducer, Piezoelectric material, Finite element

simulation, Impedance spectrum, Vibration mode, Sound beam directivity
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2.2.2 3 A2 A B (FUT)
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3.3.2 b BB %
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2. %k
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% 4-1PZT % 2 jRubif & i
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Fr3 197 196 0.00
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