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Abstract: Based on finite element simulation technology, the quality factor Q, total surface sound pressure and vibration mode
of piezoelectric ceramics with different thicknesses were analyzed. Ceramic sheets with thicknesses of 2.50 mm and 5.00 mm
were selected to fabricate 2-2 type multilayer piezoelectric composite with different stack structures. By testing electrical perfor-
mance and admittance curve, the impact of the stack model on the impedance (I1Z1), resonant frequency (fs) and bandwidth of
the transducer was studied. The impact of stepped and alternating stacked structures on multi-modal coupling was compared
systematically for the first time. The results showed that stepped stacks of piezoelectric ceramics with different thicknesses were
more likely to cause multi-mode coupling, while the multi-mode coupling effect of alternating stacks was not obvious. In addi-
tion, an excessively thick resin layer introduces damping, leading to a decrease in resonant frequency (fs) and an increase in
impedance (1Z1). The ladder-type stacking of ceramic sheets with appropriate thickness and epoxy resin glue would increase

the resonant frequency of the stacked transducer and maintain the bandwidth without attenuation. When 2.50 mm and 5.00 mm
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thick ceramic sheets were stacked in a stepped manner and the resin layer thickness was 0.15 mm, the resonant frequency of

the transducer increased to 446.24 kHz, and the bandwidth remained basically unchanged at 7.27 kHz. This provided a refer-

ence for the design and fabrication of high-frequency and broadband underwater acoustic transducers.

Keywords: finite element simulation ; stacked model; piezoelectric composites ; high-frequency ; broadband
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Fig. 2 Variation curves of the quality factor Q of ceramic sheets with different thicknesses with characteristic frequency
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