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Abstract

We constructed a Class | flextensional transducer, and analyzed the variation of the resonance
frequency of the transducer in relation to its structural and material variables. We used the FEM for
the analysis. Total length of the transducer, thickness and material properties of the shell have large
effects on the resonance frequency. While outer radius of the ceramic stack and material properties of
the ceramic stack have no effect on the resonance frequency. In addition, the validation of the FE
model was verified by manufacturing and comparison of the impedance analysis. Results of the present
work can be utilized to design a Class I flextensional transducers of various resonance frequency.
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Fig. 1. Structure of a Class [ flextensional
transducer.
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Table 1. Material properties of the parts in the

transducer.
Young's modulus|Density Poisson'sl
(Pa) (kg/m)| ratio
Shell (Al) 70.3E9 2770 | 033
Endplate(S45C) 206.0E9 7,955 | 030
Insulator 80.0E9 7,500 | 0.30
Ceramic stack PZT-4
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The first flextensional vibration mode of
the transducer.
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Fig. 3. The second flextensional vibration mode
of the transducer.
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Fig. 4. The breathing vibration mode of the
transducer.
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Fig. 5. Impedance characteristics of the basic
model.
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Fig. 6. Resonance frequency vs. total length of
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Fig. 8. Resonance frequency vs. material
properties of the shell.
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Table 2. Variation of resonance frequency in
relation to material properties of the
shell.
Young's Density |[Poisson's| Resonance
modulus (GPa)| (ka/m’}| ratio |frequency (kHz)
IAluminum 70.3 2770 0.33 21.7
Graphite 1100 1500 0.41 242
GRP 27.4 1920 0.25 18.5
S-Glass 48.0 2000 0.26 21.3
Steel 210.0 7500 | 0.30 232
Titanium 110.0 4400 | 033 220
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Unit Value
ks 0.70
Coupling factors % 048
, ;
Frequency
. N 2
conslants me Hz $ 0
- eh/eqy 159
Dielectric constants
eh/ey 1470
dal _135
Piezoelectric charge| = 12
constants 1075(C/M) dy il
Y =1/sE| 82
Young's modulus | 10 ( N/m?)| Y5 = 1/s5| 66
YE =1/s§| 26
Poisson's ratio v 0.29
Density kg m® p 7,800
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Table 4. Material properties of the ceramic stack.

PZT-4 |PZT-5A| PZT-5H| PZT-8 | C-213
ch | 139 | 121 | 126 | 149 | 1458
ch | 115 | 11 | 117 | 132 | 1303
ck | 256 | 211 | 230 | 313 | 26
ck | 306 | 226 | 235 | 340 | 3.147
ch | 778 | 754 | 795 | 811 | 822
chh | 743 | 752 | 841 | 811 | 856
es,/e,| 635 | 830 | 1470 | 600 | 736
e /eg| 730 | 916 | 1700 | 900 | 826
ey | 52 | 54 | -655 | -4.1 | -424
ey | 151 | 158 [ 283 | 140 | 17.28
e | 127 | 123 | 170 | 103 | 1326
p | 7500 | 7750 | 7,500 | 7,600 | 7,800
e3¢, : relative dielectric constant, clamped.

£o= 8.854x10 "*[C?/Nm?]

e ' piezoelectric stress constants at constant
electric field [C/nf]

¢® : elastic stiffness at constant electric field
(10" N/mf]

p : density [kg/m’)
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Fig. 12. Prototype of the Class I flextensional
transducer.
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