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ABSTRACT

Underwater acoustic transducers are widely used for SONAR application, whose important design
parameters are shapes, materials, dimensions and supporting structures. Practical design method of
transducers consists of manufacturing, experiments and modifications so that it requires much time
and expenses. In this study, an analytical method was developed for the Tonpilz type transducers
using the commercial finite element analysis code ATILA which can solve the electro-mechanical
coupling problems. A finite element model was established including the transducer elements such as
ceramic stack, head mass, tail mass, tensile bolt, and molding layers. The proposed model was verified
and modified by comparing the in-air and in-water test results of prototypes. The developed analysis
method will be effectively used for the sensitivity analysis of design parameters in transducer design

process.
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Table 1 Modified material properties for ceramic
stack

Standard PZT4 Modified PZT4

S% | 15510 "2 m¥N | 190x10 ~'2 m¥%N

d 3 289x 10 ~ 2 C/N 300x 10 ~'? C/N

2&/4 154 A 10 2, 20053/1213



A - odw.-xa@

Ex
[¢]

54& ol&3dlo dMo] AL PZT49 BA
FAHSIH =Y, 3-3559 ZR Fakpd F=2
]

FHS TAE S #F I WA 2F4d o

100k &

£ 10k
r=
o
=]
(]
= ik
@
Q
S .
g 100 | ¥ 1 :'. —s— Prototype No. 1 3
g \ ok u' —e- Prototype No. 2
g ~-a-- Prototype No. 3
sl y —v— Prototype No. 4 i
~o- Prototype No. &
Length mode —a— Protatype No. 6
—e— ATILA(Standard PZT4)
1 P L I B W REPUUN VR T

Frequency
Fig.4 Impedance characteristic of ceramic stack
in air(major frequency span : 1kHz)

™
100k
T 1ok
=
[<]
o
I}
= ik
= R
o
o
c
8 100
.g L —=— Prototype Na. 1 3
E‘ —o— Prototype Nao. 2
——
0L ety E
~—<4— Prototype No. 6
—e— ATILA(Modified PZT4)
f i . 1 i L, | SN T B
Frequency
(a) Magnitude
120 —r—1— T T T T T T L
100 L 1
80 | : I i
3 4
60 - 1 ]
~ 40} ]
a2
s 20t .
S}
~ 0 N
@
€ 20 %
£ -
< b
2 40 - {{ —=— Prototype No. 1 T
§ -—e— Prototypa No. 2
-60 |- ~—&~ Prototype No. 3 [
—v— Prototype No. 4
-80 -9 Prototype No. 5 -
100 ~—a~— Prototype No. 6 .
—o— ATILA(Modified PZT4)
120 i 1 | I L 1 o
Frequency
(b) Phase

Fig.5 Impedance characteristic of ceramic stack
in air using modified PZT4 material
properties(major frequency span : 1 kHz)

&S HAE dy B2 Table 13 7o) 2A3Y T,
olg o] &3 |4 A= Fig. 59 72k
o|¢t o] ZHE EGXE o839 Tonpilzd &

Sk webd, EALFAE Rdsn 4A )
3 Aty 28E Hh DR s A9 ARE
ol A= o, HHA, 4= (pre-loading), Y&EH
o] X3 M=ty 2] BYXNE Y {35
2 Bd¥e g Zlo] edsitty wgEy, o
ugos 7t A4 249 34 # AR 59 ¥
e ERLFA AAC Yol AgFe s Bel &
d 5 ok AztEd,

¢, ERAFHE AFsl AHEY o 7 o
AEA B3E fel 98 F7hsA ol deA,
M =& Aty 2Ee] BAXE Fig 63 7]
=3 Tol £3¥ ERLFA Y 2o Abgsie
1 EAS sMsA Fig. 7& B9 Fol XEE &)
A Ede A A RS A Aygs vasty
Yehl 2 ik Fig. 13 22 A5A deielr= 8
Ast A9 A3t A dAEYAY, IHAM Be
At o] 9 Fol X3 & AY AEt 4
7t 500Hz Ax SA vEE, 0%E =4
Uetde 5 4 A9 29 dAHQ Aol i
SEA vepdn ol e Aol €A Fig 69 (b)
o 2 Fgor AFd AP AA ERAFAM
7 BEe 1A 93 24 &40 JAEA 2 A

i do

mi Fo ol o

‘
==
%

g

2 S AV e )
Sty ot e
it O
*.sna’guv-v.“ X AR
PN Ry 7a¥)
AVAY:
A n" AL Y‘A
SR, e, SO0
s ol
S S e
N A AN IO AR K 20

AV

Ay CWRAN A

X Y,\V&V\‘“' aYAY, vy g ATRAY vy v

.. A Ny
kTSRS R ORI IAIDNI Vory

SN LR ;‘A&m&v&ﬁ‘g‘.’vm e SR

K
0
Y. RIS
NG HRRIIOOCE I
KIS K

ATAYAN T\ Pt AYAS AYAYAT,
SR,
e e RN R R

e N
RRIAIHH

(a) Finite element modeling with fluid

Ist Molding

2nd Molding

(b) transducer with molding layers

Fig.6 Finite element modeling of transducer
with molding layers
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