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ABSTRACT: Typical underwater acoustic transducers detect only the magnitude of an acoustic pressure and they
have the limitation of not being able to recognize the direction of the sound signal. Hence, the authors of this paper
proposed a new vector sensor structure based on Tonpilz transducers that could detect both the magnitude and the
direction of a sound pressure. In the proposed structure, the piezoceramic ring was divided into four segments, and
proper combination of the output voltages of the segments in response to the external sound pressure could provide
the information on the orientation of the sound source. In this paper, a Tonpilz transducer has been fabricated to
have the proposed structure and its characteristics has been measured to confirm the validity of the proposed
structure.
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Fig. 1. Structure of the piezoceramic ring in the Tonpilz
vector sensor.
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Table 1. Properties of the materials composing the 1o | —o—Magnitude fl
Tonpilz vector sensor. —&—Magnitude #b | ' ' L60
—v—Magnitude #c 4
Young’s Poisson’s Density —o—Magnitude #d f -40
modulus [GPa] ratio [kg/m’] M3 | —e—Phase #a [0
Head mass 68.9 0.33 2,700 = ;Dg
Tail mass 104.0 0.28 8,800 2 100k 5 ]
Piezoceramic PZT-5H ‘2 E
%D 10k
=
1k . ; .
0 10k 20k 30k 40k

Frequency [Hz]|

Fig. 3. Impedance spectrum of the Tonpilz vector
sensor prototype (in air).
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Fig. 2. Prototype of the Tonpilz vector sensor.
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Fig. 4. Schematic diagram to measure the azimuthal angle of the incident wave with the Tonpilz vector sensor
prototype.
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Fig. 5. Measured output voltages of the ceramic pieces &, b, ¢, d according to the incident azimuthal angle of the

sound wave: (a) 0° (b) 45° (c) 90° (d) 135°.
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Fig. 6. Measured output voltages of the ceramic pieces a+d a+b, b+c, c+d according to the incident azimuthal angle

of the sound wave: (a) 0°, (b) 45°, (c) 90°, (d) 135°.
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Fig. 8. Measured output voltages of the ceramic pieces &, b, ¢, d according to the incident altitudinal angle of the
sound wave: (a) 30° (b) 50° (c) 70° (d) 90°.

Table 4. Estimation of the incident direction of the acoustic signal by the Tonpilz vector sensor.

Incident sound wave direction Measured sound wave direction
o . Estimation of the Estimation of the Vet resta
Altitudinal angle [°] Azimuthal angle [°] altitudinal angle [°] azimuthal angle [°] [Vl
10 11
40 30 41 31 17
45 46
10 11
45 30 46 30 20
45 44
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