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FEA of Langevin Type Ultrasonic Vibrator
and Comparison of Stacking Characteristic of Ceramics
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Abstract

In this paper, we calculated equivalent circuit of Langevin type ultrasonic vibrator and designed a
vibrator whose resonant frequency is 50[kHz]. FEA (Finite Element Analysis) was employed to
calculate the resonant frequencies and maximum displacements of designed vibrators. The computer
calculated resonant frequencies were approached to the designed one. As AC voltage input, the
maximum displacements were shown sinusoidal changes. Terminal input admittance over a frequency
range spanning the resonant frequency were calculated ANSYS was employed to calculate resonant

frequencies, displacements and terminal input admittance of vibrators
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Fig. 1. Equivalent circuit of vibrator
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Fig. 2. Simplified equivalent circuit
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Table 1. Material characteristics
Characteristics Aluminum PZT
Young’s modulus E [N/m®l| 76x10° 76%10°
Density © [kg/m’] 2700 7730
Poisson’s ratio [ 03 0.33
Velocity ¢ [my/s] 5305 3162
Table 2. The size of vibrator [mm]
Frequency a b d, dy /
40[kHz] 22.058 3 5 28 | 50.117
Table 3. Resonant frequency and maximum
displacement
Number of 2 4 6 8
Thickness{mm] 3 15 1 0.75
fregjzg‘c‘;’[‘glzl 50322 | 50282 | 50382 | 50349
Maximum dis" | 6.3308 | 162685 | 266310 | 453153
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Fig. 4. Vibration mode at resonant
frequency
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resonant frequencies
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Fig. 6. Input admittance near resonant
frequencies
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Fig. 7. Maximum displacement as
functions of input voltages
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Fig. 8. Maximum displacement when AC
voltage was applied
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