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Dynamic analysis of piezoelectric underwater acoustic transducer
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Abstract: Piezoelectric underwater acoustic transducer is a kind of device for underwater detection working as not only
an actuator but also a sensor. The technique of predicting acoustical characteristics of transducer is important to robust
design of transducer in harsh underwater environment. Finite element methods are very powerful to characteristic
analysis of transducers in different environments. Two dimensional axisymmetric finite element model of one type of
Tonpilz transducer is generated and the dynamic analysis of it is conducted through a developing program based on finite
element method. Some acoustic characteristics are obtained, and parts of them are compared with those from ANSYS.
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Fig.1 Schematic diagram of underwater acoustic transducer
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Fig.2 Practical model of Tonpilz
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Fig.3 2-D axisymmetric finite element model of Tonpilz
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Table 1 Dimensions of Tonpilz transducer
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Table 2 Material properties of the parts in the Tonpilz transducer

¥ G /Pa 5 B (kg/m?) WIRALE
Sk 70.3E9 2770 0.33
B 206.0E9 7955 0.30
AR 185.0E9 7920 0.30
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Table 3 Modal analysis result of Tonpilz (short circuit)

J~F/mm

KRR 19.4
SRR 18.0
LU L SR 8.0
kBSR4 13.2
RSN AR 9.0
JE LR AN AR 9.0
SRR 2.5,4.0
A 2.5
Ji PR B R AR 4.0
Y e 2.5,4.0

o3 MM/ Hz Wﬁ
USAP ANSYS R ZE1%

51 18833 18639 1.04

520 38050 36424 4.46

530 48739 48123 1.28

54 59326 58602 1.23

55 B 80681 77311 436
USAP ANSYS
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Fig.4 Mode shape comparison (short circuit)
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Fig.5 2-D axisymmetric finite element model of Tonpilz in water
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Fig.6 TVR (a) and pressure (b) of Tonpilz in water
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Fig.7 Pressure distribution in water (a) and deformed shape of Tonpilz
(b) at first natural frequency
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Fig.8 Conductance (a) and susceptance (b) of Tonpilz
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