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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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dinfelyt e S HAS E5] 23F AL X}o|ES E  Table 1. Properties of piezoelectric stack, head mass, tail mass
AP TH and stress bolt.
Properties Value
17.0x 107"

Elastic constant(.Sy; ) )

Piezoelectric coefficient 325.0 X 10~ 12

Piezoelectric ()
21 ELX EMARM 2 cerammic — m
(PZT-4) oupling factor( 3T3) 0.69
= Dielectri 1,480
a3l 12 oFF AET A S0{x K9a 2E D?e .ectrtllc constatnt(te(gtg/eg; 0,002
. _ issipation constant(tan .
A En EdgATE = a2l
A= _AFL o% L Ei —e\ﬂ;_‘l'l‘l\i = L}E‘}L\ﬂq —a ] —H’—}\] Mechanical Q 400
g O YRAE] HIEoliioln G SHEE s (S5 46.21 <1012
= = = - astic constant(.S;;
o] ZEZeololrolt) AWE, SWx, QYA Al & ¥ (m*/N)
F2 2ty M, M, Moltt, ELX EJPALXNS A Piesoeloctsi Piezoelectric coefficient 1979.0 X 1012
iezoelectric
18 g2e BASE I 20 Zol SRR UE g e (dsg) /v
%‘ —}F‘ 9\;1‘:‘} [3,4] (72PMN-28PT) Coupling faCtor(k'gg) 0.89~0.92
Dielectric constant(e‘g/ €) 4,745
Piezoelectric Stack | Head Mass Dissipationh constlarg(tan5) %‘0050
Mechanica 50~7
Stress bolt S
/ c | M, My, (SUS) Young’s modulus( ¥) 190 X 10°( Pa)
Weight in air(g) 19.0
H
— L— cad mass radius of radiation
(Aluminum) 11.75
surface(mm)
Fig. 1. Mechanical lumped-element Tonpilz transducer model. Tail mass ight in air(g) 26.0
(Brass) weight in air(g .
c, C.—M,/6 M/ /2 M, R,
b T A R
b2 o AIBF PZT-4Ade PCa2RRe Agstnh AR
+ T
Vi Ry TCo | E * AR AAfQl 72PMN-28PTE =WMHA L& (rhombohedral)
- ‘ M M, ol <001>F oz g Aot E2x ESH
LN : | ARNY 3R FmaE 7] HsiNE fE A
9% ZEafo|glas}t West} EWE EWARAO
98 FSefoldal N AU MY BEQ A=

Fig. 2. Lumped equivalent circuit for a Tonpilz transducer.
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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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Table 2. Test instruments for measuring the electrical

Rotator Measurement
Controller c°“t:r°"e' impedance, TVR, RVS, beam pattern.
Fun:tinn Name Model Manufacturer
Generator Current Probe
Impedance analyzer 4294A HP
A;uv;?i;r | Ba:ﬁté’: s | Function generator 33220A Agilent
! Power amplifier Type 2713 B&K
Pre-
Amplifier Pre-amplifier VP2000 RESON
_ Oscilloscope MSO9104A Agilent
L Band pass filter 3944 KROHN-HITE
Acoustic Signal
| Tonpilz Standard H
| Rotator |- —|_|_ral_'s R er N) |H ol hone| Current probe AMS503B Tektronix
Rotator AL-860 ORBIT/FR
Acoustic Tank Standard hydrophone TC-4040 RESON
"""" > Control signal
— Transmitting signal Projector D17 Neptune
—====* Receiving signal
— — Mechanical connect

Fig. 4. A experiment diagram for TVR and beam pattern of ©Of wa} th=27] A LEQct 7faye Edx EPAL
the Tonpilz transducer. Aol AL (pre-stress)S 7tst7] sl Zojwtsro 2
AHSIFL 713 F A3 BES olgslel sl
Measurement o----------~-"1 Oscilloscope o dAEAR EPx EHARAE 1,200 kefol
: i AFotES sltglon] YRty B EMARA

Function ’EE o= 320 kgfo] UEstES 7151l
mempE T AR ety EUA EMARAS GHHAA
Power Pre- %réi EE\BL%‘HOﬂ E‘H6H %“ﬂ?ji T'b_l“}:]|7]% 01%6}
Amplifier Amp:lifier 0:1 %7] % (‘):]Jj—]":ji\%‘ 7_5‘%]8]_93\‘:]_ lal %6012 }g%
APe E 5 SR EUx EMARA ofF 2
& 24 $ALE, FALE, ARES ZH5AC,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, w22 ERARAL JAYE, /IS 545 ¢
""""" pcoustic signal 17| 3} 3% 49 A1@ pywel met aYsigct 2
Projector ))) Tr:::gﬂ:er %S‘ 2@8}7] ‘CHEHHE‘ _JFJD 59‘] ;\]3‘:'4 __rL/\éEoﬂ E‘}E’}
[rroeer] - shetach. 9% A% S0 AE AFRuE &
|H;dro|;hone| 20] eIt SAAES e8sh] Hsl edldEaE
Acoustic Tank X Emx EMAEAQ QAAMIE EWXx EIPAC
L Smamiving signat | 101 9E AYNLSE 70,020 Vrmsol) 2 Y

—-—---» Receiving signal o]e} SE] Ato]Z& Z+7t 1.5 ms, 0.375%0]|t}.
Fig. 5. A experiment diagram for RVS of the Tonpilz

transducer. 3. 3 ¥ nz
532 AR £ FR0 ERx EMARNC i
T 5RO EWA EWARH BE 2L ] AT gH4Al 42 28T Adoltt 2 BA FiE
o AE, SR ol ZAXNES AHgsten A3 Mg of AT ARY EWX EMARAY A Zolrt
o geo] A9 AR RAY WA AHe] Lo] wsl  obuAlely Emx EMAGAMC oF 18% Tk Eal
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Table 3.

manufactured with piezoelectric ceramic and piezoelectric single

Measured properties of Tonpilz transducers

crystal.

Properties Value

Thickness of element(mm) 3.0

Number of element 6
Piezoelectric Total weight(g) 61.92
ceramic Capacitance(n.£) 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

Py 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
371 & 5F< YADGEY 2T ERARAY AA
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Fig. 6. Comparison of the magnitudes of electrical impedance
measured in air.
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Fig. 7. Comparison of the phases of electrical impedance
measured in air.
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Piezoelectric Ceramic
----- Piezoelectric Single Crystal
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140 ; / ---------------------
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130 -~ /
125

120

0.8 1.0 12 14 16
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Fig. 8. Comparison of the TVR measured in underwater.
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Fig. 9. Comparison of the RVS measured in underwater.
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Fig. 11. Measured beam patterns of piezoelectric single crystal
Tonpilz transducer.
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