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Design and FEA of Langevin Type Ultrasonic Vibrator
for Development of Rotary Motor
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Abstract - Piezoelectric ceramics can provide electro-mechanical transduction with high stresses but low
displacement. To obtain larger displacements, several mechanical amplifying structures have been used.
High altemating displacements can be obtained using resonant structure. In this paper, we designed a
bolt-tightened Langevin type ultrasonic vibrator whose resonant frequency is 50[kHz] and ceramics are
muitilayered. FEM(Finite Element Methode) was employed to calculate. the resonant frequencies and
maximum displacements of designed vibrators. The designed resonant frequency and computer calculated
frequencies were coincided. When input voltages were increased, the maximum displacements also rose.
As AC voltage was applied, the maximum displacement were shown sinusoidal changes. Terminal input
admittance over a frequency range spanning the resonant frequency were calculated. ANSYS was used to
find resonant frequencies and calculate displacements of vibrators
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Fig.1. The bolt-tightened Langevin type
vibrator
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Table 1. Material characteristics

Aluminum PZT
Young's modulus
e ] 76x10° | 76x10°
Density
o0 Ik o/m] 2700 7730
Pmssonﬂs ratio 03 033
Velocity
¢ [nvs) 5305 3162
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Fig.2. Structure of vibrator

Table 2. The size of vibrator [mm]

Frequency a b dy | d; I

50[kHzl 122.0685 3 5 48 |50.1170
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Fig. 3. Vibration mode at resonant frequency

Table 3. Resonant frequency and maximum

displacement
Number of
ceramics 2 4 6 8

Thickness{mm) 3 15 1 075

Resonant

frequency[Hz) 50322

50282 | 50382 | 50349

Maximum dis-
placement] pm]
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6.3398 { 16.2685 | 25,6310 { 45.3153
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Fig. 4. Maximum displacement near
resonant frequencies
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Fig. 5. Input admittance near resonant
frequencies

33 QAZFASH AN AdqAa e Wy

Fig. 6Mx A7bAsH-E 25[VIdlAa  125[VI7A
BVIY F7HAA ARANE ALY A3 dst
Astel F7tgel ma AQPNE FMEE & F
Ao

34 BFAG AN Adasel ast

VY DA E BRULFE Arhstel
AFAE donz AAA gl YolA BRAGE
Qrketnz ojmo) AR WshE Aot ¥
Qa7 A,



0.00006 4

—s— 2 Ceramics v
—o— & Ceramics

= 0.00005 1 —&— 6 Ceramics

g 0.0 ) —»— 8 Ceramics /

8 K

& o.00003 /

§ 0.000024 / o

©.00000.

20 5:0 SIO BIG 1(')0 11"0
Input Voitage V]

Fig. 6. Maximum displacement as functions of
input voltages
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Fig. 7. Maximum displacement when AC
voltage was applied
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