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A Study on the Frequency Characteristics of a Class IV
Flextensional Transducer
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ABSTRACT

We constructed a class IV Flextensional transducer, and analyzed the effects of the variation in its material properties
and structure on the resonance frequency of the transducer. We used the FEM for the analysis. Major axis length, minor
axis length, thickness and material properties of the shell wmed out to have large effects, while volume of the insert
material, material properties and thickness of the ceramic bar have little, Thickness of the nodal-plate has no effect on the
resonance frequency.

Results of the present work can be utilized to design Class IV Flextensional transducers of various resonance frequency.
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Fig. 1. Schematic cross section of the Class [V Flextensional

trapsducer.
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Table 1. Stuctural and material variables of a flextensional

transducer.
[~ Variables Variation range
$:mi major axis length (a) 150 ~ 300 mm
Shell thickness (c) 10 ~ 40 mm

Aluminum, GRP, Graphite,
S-Glass, Steel, Titanium

03 ~ 1O

Shell materials

Mlinotfmajor axis length ratio
(xfa)
Ceramic bar thickness (df2)

120 — 160 mm
PZT-4, PZT-5A, PZT-5H;]

C'eramic bar materials

PZI-8

Sheli height 45 ~ 150 mm
. Alaminum, GRP, Rubber
Isett materials
N Steel
Jasert shape 5
MNodal-plate thickness 0 ~ 12 mm
Iv. 2% @ Dat
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3%l 3. 2] A1 Flextensional AFRE (A F3l4 : 519 Hz)
Fig. 3. The first Flextensional mode shape of the Shell.

73] 4. 4°] AR Flextensional AFR= (T2 Fol4- ; 2806 Hz)
Fig. 4. The second Flextensional mode shape of the Shell.

12| 6. 44 Breathing AFTEE (FA Tl : 5419 Hz)
Fig. 5. Breathing mode shape of the Shell.

38 6. A& H3g SR AFRE (FA Fo4 @ 6531 Hz)
Fig. 6, Thickness mode shape of the Ceramic bar.
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Fig. 7. Overall mode shape of the Class IV Flextensional
transducer.
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Fig, 8. Resonance frequency vs semi major axis length.
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Fig. 9. Resonant frequency vs Shell thickness.
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Table 2. Properties of the Shell materials.

> plus | Densi . N
¥£§ s mod (kg)‘mg; Poisson’s ratio

Aluminum 638.9 2710 0.3

Graphite 110 1500 041
GRP 27.4 1920 0.25
S-Glass 48 2000 0.26
Steel 210 7500 0.31
Titanium 110 4400 0.33
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Table 3. Resonance frequency vs Insert materials.

Young's Density | Poisson’s | Resonant
modulus (Pa) | (kg/im3) | ratio Freq. (Hz)
Aluminum | 68.9E9 2710 0.3 1235
GRP 274E9 1920 0.25 1172
Rubber 3.02E7 1150 0.475 523
Steet 192E9 7900 031 1261

(a). Model 1

{c). Model 3

RETELRE FI18E HTRA99)

(e). Model §

% 14. Insert g4loll BE Model
Fig. 14, Models with Insest shape.
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Table 4. Resonance frequency vs Insert shapes.
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