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Abstract

The performance of an acoustic transducer is determined by the effects of many design variables,
and mostly the influences of these design variables are not linearly independent of each other. To
achieve the optimal performance of an acoustic transducer, we must consider the cross-coupled effects
of the design variables. In this study, the variation of the performances of underwater acoustic
transducer in relation to its structural variables was analyzed. In addition, the new optimal design
scheme of an acoustic transducer that could reflect not only individual but also all the cross—coupled
effects of multiple structural variables, and could determine the detailed geometry of the transducer
with great efficiency and rapidity was developed. The validation of the new optimal design scheme
was verified by applying the optimal structure design of a flextensional transducer which are the most
common use for high power underwater acoustic transducer. With the finite element analysis(FEA), we
analyzed the variation of the resonance frequency, sound pressure, and working depth of a flextensional
transducer in relation to its design variables. Through statistical multiple regression analysis of the
results, we derived functional forms of the resonance frequency, sound pressure, and working depth in
terms of the design variables. By applying the constrained optimization technique, Sequential Quadratic
Programming Method of Phenichny and Danilin(SQP-PD), to the derived function, we designed and
verified the optimal structure of the Class IV flextensional transducer that could provide the highest

sound pressure level and highest working depth at a given operation frequency of 1 kHz.
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Fig. 1. Classification of the flextensional
transducer.
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Fig. 2. 3 dimensional model of the flextensional
transducer.
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Table 1. Design variables of the flextensional

transducer.

Design variables Variation range

Semi major axis length (x) 150 ~ 250 mm

Shell thickness (x2 20 ~ 60 mm

Shell height (x9 1425 ~ 205.0 mm

Minor axis length/major axis

thickness 03 ~ 05
Semi major axis lengt Insert length (x4
Ceramic stack length/semi
) ) 05 ~ 07
Inqumrs major axis length (xg
32 3. Flextensional ¥3$t7] HH =,
Fig. 3. Plane view of the flextensional transducer. 400 mm Wold wEurake] oA A =450l
Hlaskdvk, e i el ogk AR zlo] s
S8 A AE] AANS FolA Aol we Aol Bol gl FaRAWS B A,
FEFS H A= 579 AAWMFE AAs AT gl 19 48 o] By H o Fo AL zlo]of 3
of BYF FAL BAHOR AgE 5 mmE ot wWaFS Asem AN Astd
E 2 3AR WY 7 FEEY 4 2 4.
Table 2. Fixed dimensions and material properties of the parts in the transducer.
Young’s modulus Density Poisson’s ratio Thickness Yield stress
(Pa) (kg/m®) (mm) (MPa)
Shell, Insert,
68.9E9 2,710 0.30 270.0
Nodal plate
Rubber mold 3.0E7 1,100 0.49 5 40
Insulator 80.0E9 2,900 0.25 517.2
End plate 210.0E9 7,500 0.30 40 490.0
Ceramic stack pPZT-8 5172
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Fig. 4. Finite element model of an analysis of

plastic strain.
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Fig. 5. Plastic strain occurrence point.
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Optimize the performance with constraints
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Verify the optimal geometry (FEA)

v

Optimal geometry of the transducer
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Fig. 6. Optimal design algorithm for

flextensional transducer.
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Table 3. Dimensions, material properties, and
resonance frequency of the flextensional
transducer in reference (11).
Shell material Aluminum
Semi major axis length 75 mm
Semi minor axis length 28 mm
Shell thickness 16 mm
Shell height 100 mm
Ceramic stack material PZT-8

Ceramic stack dimensions |(100 mm x 20 mm x 40 mm)x2

Minor axis length

) ) 28/75=0.373
/major axis length
Cer.amlc. stack length/ 50/75-0.667
semi major axis length
Ceramic stack height/ g
shell height 80/100-08
Resonance frequency (air) 4260 Hz
Resonance frequency (water) 2,990 Hz

FHEQ=424%
usIM
RSYS—0

(R

(b) In water

(11) flextensional ¥ g71e] A

Mode shape of a flextensional transducer
in reference (11).
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Table 4. Variation of the transducer performance
in relation to design variables.

X7 Xo X3 Xq X5

increase of f J 1 ! 1 !

increase of P, | ) 1 1 l

increase of Py | | 1 ! 1 !

f=resonance frequency, F~sound pressure,
Prar=working depth.
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X1 Xo X3 X X fr Pr Phya’/o
(mm) | (mm) | mm) | 7| 7| H2) | (Pa) | (m)
224.12| 40.16 | 205.0 | 0.5 | 0.7 |[1,050|341.2| 475
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