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ABSTRACT

This paper describes the optimization of the hexagonal array transducer using finite element method.
The taransducer consists of the disc type sensors. Three dimensional beam patterns of each element and
the array transducer are analysed using the finite element code ATILA. Beam patterns were analyzed for
the disc type transducer. To optimize beam patterns of the array transducer, Chebyshev polynomial weight
is applied to each element. In case of applying optimized weight, 2 30 degree width beam pattern is
presented at 10kHz. This paper also includes the effect of rubber filling material instead of using the water
inside the transducer array.
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Magnetostrictive)

Elastic Domain

Closed Interior Fluid Domain

Fig. 1 ATILA solves PDEs with suitable geometric
BCs. Finite elements may be constructed for
elastic and active materialistic structures
surrounded with fluids.
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F : Applied mechanical force
L ! External electrical current

u ¢ Elastic displacement
9 . Electric potential

L . Incident pressure

(K ..] : Elastic stiffness matrix

124/ 28X SIS X /4 10 A Al 1 F, 20009

[K .0} : Piezoelectric stiffness matrix
[Kol=[K,0l"

[K 40} : Permittivity matrix

(M] : Mass matrix

[L] ¢ Coupling matrix at the fluid-structure interface
[H] : Fluid stiffness matrix

(M;] : Fluid mass matrix

[G] . Frequency-dependent complex linear operator
w : Angular frequency

e * Fluid density

c’ * Fluid sound speed
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Fig. 2 A kind of the finite element using ATILA

Table 1 Piezoelectric material properties of pzt4
(axially polarized properties)

Unit Unit
o 7500 ke/m’ C2 | 306E+10 | N/m”*
C:| 139E+11 | N/m® .1 -52 |N/Vm
Ci| 778E+10 | N/m® e, -52 |N/Vm
C*| 743E+10 | N/m® .| 151 {N/Vm
Cl 139E+11 | N/m* e, | 127 |N/Vm
C;| 7T43E+10 | N/m* e, | 127 |N/Vm

Ci| LI5E+11 | N/m® e; | 646E-9 | F/m
C% 256E+10 | N/m* e, | 646E-9 | F/m
CZ 256E+10 | N/m* €; | 562E-9 | F/m

Ky 0.69 K5 0.70
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Fig. 3 (a) A disc type transducer (b) The hexagonal
array transducer
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(c) 8 kHz (d) 10 kHz
Fig. 4 Directivity patterns at XZ plan
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Fig. 5 Different weights of Chebyshev polynomials
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Fig. 6 Directivity patterns of the sonar circular
transducer array appling weights(Fig.

5(a) ~ (D).
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“Table 2 Acoustic power at Z axis(90°)

No. Power(dB) No Power(dB)
(a) 135.46 (f) 117.95
(b) 113.64 (g) 120.33
(c) 114,70 (h) 122.43
(d) 115.64 (1 120.33
(e) 116.49 - -
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(b) Imaginary
Fig. 7 The displacement at 10 kHz

(a) Z-axis, -60 dB

(b) XZ plan, -60 dB

Fig. 8 Directivity patterns
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Fig. 9 The sonar circular transducer array coupled

with the rubber

Fig. 10 The directivity pattern at -30 dB
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