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ABSTRACT: Cymbal transducers are often used as an array rather than single because they have a high quality
factor and low energy conversion efficiency. When used as an array, there occurs a big change in the frequency
characteristics of the array due to the interaction between constituent transducers. In this study, we designed the
structure of a cymbal transducer array to have ultra-wideband characteristics using this property. First, cymbal
transducers with specific center frequencies were designed. Then, a 2x2 planar array was constructed with the
designed transducers, where the cymbal transducers were arranged to have same or opposite polarization
directions. For this structure, we analyzed the effect of the difference in the center frequency of and the spacing
between the constituent transducers on the acoustical characteristics of the array. Based on the analysis, we
designed the structure of the cymbal transducer array to have the widest possible bandwidth.

Keywords: Cymbal transducer array, Broadband, Fractional bandwidth, Optimal design
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Fig. 1. (Color available online) Schematic structure
of the individual cymbal transducer.
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Table 1. Structural parameters and dimensions of
the cymbal transducer Tx;.

Structural Parameter Symbol Dimension
(mm)
Diameter of the cavity apex da 5.1
Diameter of the cavity base dp 14.5
Diameter of the piezoceramic de 20.0
Thickness of the metal cap [ 0.5
Thickness of the piezoceramic te 1.0
Height of the cavity he 0.7
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Fig. 2. Underwater TVR spectrum of the cymbal
transducer Tx;.

Table 2. Acoustic characteristics of the cymbal trans-
ducer Tx;.

Peak TVR frequency fi
Peak TVR (TVRy) 130.9 dB
-3 dB Fractional bandwidth 15.9 %

2hu] t A3 Ash ol T4 A o] J AR 25 7HA]
=0, A Aleb B =0k 545 7Y Aol &f H2Rg-2
Y5 gFobA] afj A rllof| A= ARSI T o A=t
9] A = PZT-5A0) 3L, 545 78 A m= g oloh 7t
A 78] =/ Reference [15]2] k= ¢1-&-5Fich
Ay Al ERAFTAE A g
A A T TR 25 7= o Al
AFAE AT WA, T T A A
ERWATA(Tx) 8] 25 AAISH T A A 2
AA| Ak A3 A1 Reference [16]0]]4] =&
AVE AHESFG S, T1 GE-E Table 10f] Leby
th Fig. 2= Tx| 9] 2 TVR 28 EHo| 11, Tx, 9] &
FEA] 4k Table 20] FEAISHATE o714 A2 16
kHzo| ™ HL= F=ub 5442 fiofl A+t3tE] leh

¢

[

¥0 o oW uf 2 Jm

st o urote|x] H39E M3 (2020)

—_
'S
[~

—_

(98]

(=]
L

—

—

S
L

——038f,

— 12,
05 1.0 15

Normalized frequency (Xf;)

TVR (dB re 1pPa/V @ 1m)
)
(=]

—_
S
S
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Table 4. Result of the optimal design.

b CTC spacing

Optimal structure 0.92f, 03\
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Fig. 9. (Color available online) The TVR spectra of the
two cymbal transducers Tx; and Tx. derived from the
optimal design.
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Table 5. Comparison of the acoustic characteristics
of the initial and optimized cymbal transducer arrays.

Center frequency fi(Txy) 0.92f; (Tx)
Maximum TVR (dB) 130.9 130.6
Bandwidth (kHz) 2.6 2.7
-3 dB Fractional bandwidth (%) 15.9 18.5
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B
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Fig. 10. (Color available online) Comparison of the
TVR spectra of the initial and optimized cymbal
transducer arrays.

Table 6. Comparison of the acoustic characteristics
of the initial and optimized cymbal transducer arrays.

Center | Maximum Bandwidth Fractional
frequency TVR bandwidth
Initial 1.08f; | 1374dB | 50kHz | 289%
model
Optimized | e | 135048 | 92kHz | 52.0%
model
Difference | -0.01f; 24dB | +42kHz | +23.1%
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