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Research on broadband matching performance of piezoelectric
underwater acoustic transducer

1,3 e oee 1 1 . 2
ZHOU Yu”, TU Qi+jie, YANG Rong-yao , TANG Jian-sheng
(1. The Third Research Institute of China Electronics Technology Group Corporation, Beijing 100015, China; 2. Science and Technology on Underwater
Acoustic Antagonizing Laboratory, Beijing 100094, China; 3. Harbin Engineering University, Harbin 150001, Heilongjiang, China)

Abstract: In this paper the equivalent circuit transformation and multi-physics field finite element simulation is used to
research the characteristics of piezoelectric acoustic transducer with broadband matching performance, and the variation
of electro-acoustic characteristics of the transducer with different matching circuits is obtained. By reasonably choosing
the values of inductance and capacitance as well as the way of series-parallel connection, the double-humped response is
achieved to broaden the working frequency range, and to improve the transmitting voltage response (TVR) and reduce
the fluctuation in the working frequency range. According to the simulation data, a transducer is designed with the tuned
matching using series inductance. The performance difference of the transducer before and after matching is tested. The
test results are in agreement with the simulation calculation. It means that the multi-physics field simulation calculation

has good guiding significance for predicting and analyzing the performance of underwater acoustic transducer.
Key words: broadband matching; multi-physics; piezoelectric underwater acoustic transducer
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Fig.1 Equivalent circuit of the underwater acoustic piezoelectric
transducer
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Fig.2 The matching circuit with parallel inductor tuning
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Fig.3 The matching circuit with series inductor tuning
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Fig.7 Admittance curves of the transducer in water
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Fig.8 TVR curve of the transducer in water
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Fig.9 Receiving sensitivity curve of the transducer in water
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Fig.10 Admittance curves of the transducer with parallel inductor L,
turning in water
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Table 1 The influence of series inductor L on system performance

Lg/mH f/kHz  f/kHz  fo/kHz ket
0 17 23 - 0.673
0.54 16 22 35 0.686
1 15 21 29 0.699
2 12 21 25 0.820
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Fig.12 TVR curves of the transducer with series inductor L
tuning in water
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Fig.13 Impedance curves of the transducer with parallel capacitor
C, tuning in water
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Table 2 The influence of parallel capacitor G, on system performance

LymH CpnF  f/kHz [f/kHz fo/kHz kg
1 8 150 210 270  0.699
1 16 145 205 255  0.706
1 24 145 200 245  0.688
1 32 14.0 195 235 0.69
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Fig.14 TVR curves of the transducer with C, tuning
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Table 3 The influence of Ly and C; on system performance

LymH CpnF  f/kHz f/kHz folkHz kg
12 0.001 14 21 27 0.745
1 8 15 21 27 0.699
0.75 36 15 20 24 0.661
0.54 78 15 19 23 0.614
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Table 4 The influence of Cg on system performance

LymH CynF  f/kHz f/kHz fo/kHz kg
1 60 18 22 32 0.575
1 100 17 22 30 0.635
1 500 15 21 27 0.731
1 1000 15 21 27 0.731
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Fig.17 TVR curves of the transducer with Cg tuning
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Fig.18 Impedance curves of the transducer with Lg, C;, and C tuning
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Table 5 The influence of Ly, C, and C on system performqnce

HEHR LymH ConF CynF  f/kHz f/kHz ke

HE1 054 140 480 17 19 0.446
HE2 1.0 60 180 16 19 0.539
HE3 1.3 30 120 16 20 0.600
HE 4 25 4.5 37 18 21 0.515

#3% HA ) 8 /d B

3 10 15 20 25 30 35 40
Skt z
BI19 Ly Cpe CgULBLIRTE K15 R 1 B2 1t 25
Fig.19 TVR curves of the transducer with L, C,, and Cg tuning
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Fig.20 Comparison between simulated and measured TVRs without
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