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A Development of Underwater Acoustic Tonpilz Transducer

with the Piezoelectric Single Crystal
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Abstract: In this paper, a underwater acoustic Tonpilz transducer with the piezoelectric single crystal(72PMN-28PT)

is developed. The thickness and the number of piezoelectric elements are theoretically designed with the equivalent

circuit analysis to have the desired resonance frequency. In order to compare the performances, a piezoelectric

ceramic transducer is also manufactured and their electrical impedance, TVR (transmitting voltage response), RVS

(receiving voltage response) and beam pattern are compared.
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Fig. 1. Mechanical lumped-element Tonpilz transducer model.
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Table 1. Properties of piezoelectric stack, head mass, tail mass

and stress bolt.

Properties Value
17.0x 107"
Elastic constant(Sf; ) )
m’/N)
. . Piezoelectric coefficient 325.0 < 1012
Piezoelectric ()
ceramic - ;3 - (C/N
(PZT-4) Coupling factor(ks3) 0.69
Dielectric constant(qg/ €) 1,480
Dissipation constant(tand) 0.002
Mechanical Q 400
46.21 < 10"
Elastic constant(.Sy; ) )
(m*/N)
. . Piezoelectric coefficient 1279.0 < 1012
Piezoelectric ()
single crystal % - (C/N)
(72PMN-28PT) Coupling factor(ks3) 0.89~0.92
Dielectric constant(e£/60) 4,745
Dissipation constant(tand) 0.005
Mechanical Q 50~70

1
Stress bolt Young’s modulus( Y;)

190 < 10°(Pa)

(SUS)
Head mass W?Ight mn a1'r('g) 19.0
radius of radiation
(Aluminum) 11.75
surface(mm)
Tail mass ] -
weight in air(g) 26.0
(Brass)

Ag3t PZT-4A €91 PCA22HS Atg3tRict
= =4 JL&(rhombohedral)
oltf <001>% wigro 2 AAe Axfo|ct.

A7) ARl 72PMN-28P
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Fig. 3. Tonpilz transducer(left) manufactured with piezoelectric

manufactured with

transducer(rignt)

ceramic

and Tonpilz

piezoelectric single crystal.
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Generator
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Amplifier Filter
1
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"""" > Control signal
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—====* Receiving signal

— — Mechanical connect

Fig. 4. A experiment diagram for TVR and beam pattern of

the Tonpilz transducer.
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Fig. 5. A experiment

transducer.
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Table 2. Test instruments for measuring the electrical

impedance, TVR, RVS, beam pattern.

Name Model Manufacturer

Impedance analyzer 4294A HP

Function generator 33220A Agilent

Power amplifier Type 2713 B&K

Pre-amplifier VP2000 RESON

Oscilloscope MSO9104A Agilent

Band pass filter 3944 KROHN-HITE

Current probe AMS03B Tektronix

Rotator AL-860 ORBIT/FR

Standard hydrophone TC-4040 RESON

Projector D17 Neptune
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Table 3. transducers

manufactured with piezoelectric ceramic and piezoelectric single

Measured  properties of  Tonpilz

crystal.

Properties Value

Thickness of element(mm) 3.0

Number of element 6
Piezoelectric Total weight(g) 61.92
ceramic Capacitance(n.F) 3.51
(PZT-4) Coupling factor(kss) 037

of element '

Mechanical Q of element 293

Thickness of element(mm) 2.5

Number of element 4

P lectri Total weight(g) 48.98

] lezoelectrie Capacitance(nF) 9.13

single crystal Coupling factor(ks;)

(72PMN-28PT) 0.58

of element
Mechanical
echanical Q 197
of element
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