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Abstract

The broadband ultrasonic transducers have been designed to use in obtaining the broadband
echo signals from fish schools in relation to the identification of fish species.

The broadening of bandwidth was achieved by attaching double acoustic matching layers on
the front face of a Tonpilz transducer consisted of an aluminum head, a piezoelectric ring, a
brass tail and a prestress bolt. A modified Mason' s model was used to optimize the design
parameters and to evaluate the performance characteristics, such as the transmitting voltage
response(TVR) of transducers. The constructed transducers were tested experimentally and
numerically by changing the parameters such as impedances and thicknesses of the head, tail
and matching layers, in the water tank. Also, the developed transducer was excited by a chirp
signal and the received chirp waveforms were analyzed.

According to the measured TVR results, the available 3 dB bandwidth of the transducer with
double matching layers of an Al,Os/epoxy composite of 7 mm thick and a polyurethane window of
18 mm thick was 7.3 kHz with a center frequency of 38.8 kHz, and the maximum and the
minimum values of the TVR in this frequency region were 135.7 dB and 132.7 dB re 1 pPa/V at 1
m, respectively. Also, the available 3 dB bandwidth of the transducer with double matching
layers of an Al,Oj/epoxy composite of 11 mm thick and a polyurethane window of 15 mm thick
was 6.2 £Hz with a center frequency of 38.6 kHz, and the maximum TVR value in the frequency
region was 136.3 dB re 1 #uPa/V at 1 m.

Reasonable agreement between the experimental results and the numerical results for the
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TVR of the developed transducers was achieved. The frequency dependant characteristics of

experimentally observed chirp signals closely matched to the measured TVR results

These results suggest that there is potential for increasing the bandwidth by varying other
parameters in the transducer design and the material of the acoustic matching layers.
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Fig. 1 Schematic diagram of a Tonpilz transducer
with double matching layers.
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Fig. 2 A modified Mason’ s model of a Tonpilz transducer with double matching layers. The left hand end,
in contact with air is short circuited(Z,=0). The other extremity is loaded by the radiation

impedance(Z, Jof water.
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(B) Spectrum of the linear frequency modulated chirp signal.
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Fig. 4 Measured and calculated impedance of the
transducer with double matching layers of
an Al,Oj/epoxy composite of 7 mm thick and
a polyurethane window of 18 mm thick in
water. (A) impedance magnitude, (B)
impedance phase.
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Fig. 7 Experimentally observed waveform in water
when the chirp signal was applied to the
transducer of Fig. 4.
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Fig.9 Measured and calculated transmitting

voltage responses for the transducer with
double matching layers of an Al,Oj/epoxy
composite of 10 mm thick and a polyurethane
window of 14.5 mm thick.
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Fig. 10 Experimentally observed waveform in
water when the chirp signal was applied to
the transducer of Fig. 9.
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Fig. 11 Measured and calculated transmitting
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double matching layers of an Al,O4/epoxy
composite of 11 mm thick and a poly-
urethane window of 15 mm thick.
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Fig. 12 Experimentally observed waveform in
water when the chirp signal was applied to
the transducer of Fig. 11.
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