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Design, fabrication and performance characteristics of a 50kHz
tonpilz type transducer with a half-wavelength diameter

Dae-Jae LEE* and Won-Sub LEE1

Division of Marine Production System Management,
Pukyong National University, Busan 608-737, Korea

1Dept. of Harbor and Marine Products, Gangseo District Office, Busan Metropolitan,
Busan 618-701, Korea

In a split beam echo sounder, the transducer design needs to have minimal side lobes because the angular
position and level of the side lobes establishes the usable signal level and phase angle limits for determining
target strength. In order to suppress effectively the generation of unwanted side lobes in the directivity
pattern of split beam transducer, the spacing and size of the transducer elements need to be controlled less
than half of a wavelength. With this purpose, a 50 kHz tonpilz type transducer with a half-wavelength
diameter in relation to the development of a split beam transducer was designed using the equivalent circuit
model, and the underwater performance characteristics were measured and analyzed. From the in-air and in-
water impedance responses, the measured value of the electro-acoustic conversion efficiency for the
designed transducer was 51.6%. A maximum transmitting voltage response (TVR) value of 172.25dB re 1
μPa/V at 1m was achieved at 52.92kHz with a specially designed matching network and the quality factor
was 10.3 with the transmitting bandwidth of 5.14kHz. A maximum receiving sensitivity (SRT) of 
183.57dB re 1V/ μPa was measured at 51.45kHz and the receiving bandwidth at 3dB was 1.71kHz. These
results suggest that the designed tonpilz type transducer can be effectively used in the development of a split
beam transducer for a 50kHz fish sizing echo sounder.
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Fig. 1. Equivalent circuit for the longitudinal mode of a
50kHz tonpilz type transducer.
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Fig. 2. Structure and schematic diagram of a 50 kHz
tonpilz type transducer developed in this study. 
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Fig. 4. Schematic diagram of the experimental setup for
measuring the underwater performance characteristics
of a developed 50kHz tonpilz type transducer. (a):
diagram of time and frequency, (b): transmitted chirp
pulse, (c): received chirp response, (d): distance between
projector and receiver.
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Fig. 5. Measured electrical impedance magnitude (a) and
phase (b) characteristics for the PZT4 ceramic tube used
in designing the a 50kHz tonpilz type transducer.
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Fig. 6. Comparison of calculated and measured electrical
impedance magnitude (a) and phase angle (b) char-
acteristics for a 50kHz tonpilz type transducer in air. 
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Fig. 7. Comparison of measured electrical impedance
magnitude curves for a 50kHz tonpilz type transducer in
air (solid line) and in water (circle).
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Fig. 9. Comparison of conductance (a) and susceptance
(b) curves versus the frequency for a 50kHz tonpilz type
transducer without (circle) and with matching network
(solid line).
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Fig. 10. Measured frequency spectrums of input chirp
signal at matching network terminal (a), transmitting
chirp signal received by hydrophone (b) for a developed
50kHz tonpilz type transducer.
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Fig. 13. Measured receiving sensitivity (SRT) for a devel-
oped 50kHz tonpilz type transducer.
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