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ABSTRACT

A novel linear ultrasonic motor for precision position control was designed and fabricated. It was composed of two piezoelectric
actuators with longitudinal ultrasonic fluctuations and shaking beam. When two AC electric fields (Usinwt, Ucoswt) were applied to
piezoelectric actuators respectively, the middle part of shaking beam had an elliptical trajectory. According to experimental results, the
generative force was proportional to pre-load force but the speed of slider was in inverse proportion. And the bar of shaking beam
had a same trajectory with simulation result.
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Elastic material

Piezoelectric ceramic
Electrode

Langevin vibrator+Horn

Fig. 1. Half-wave vibrator composed of langevin vibrator and
horn.
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Fig. 2. Mechanical structure of linear motor.
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Fig. 3. Position of the beam through every quarter of the vibrations period.
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Fig. 4. Structure of half-wave vibrator.

Table 1. Material Properties of Metal and Piezoelectric Materials
Metal

Density 7800 Kg/m’
Poisson's ratio 0.285
Young's modulus 2.1E+11 N/m’
Piezoelectric material
Density 7500 Kg/m’
sE, 123E-12 m*/N
SE, —4.05E-12 m’/N
sE, -5.31 E-12 m’/N
S5 15.5 E-12 m*/N
SEy 39.0 E-12 m’/N
dis 496 E-12 CN
ds; ~123 E-12 CN
dss 289 E-12 C/N
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(a) Displacement of linear motor (61 kHz)
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Fig. 5. Harmonic analysis of two dimensional motor.

Pressing for

Piezoelect

ceramic Slider

Contact
point

Fig. 6. Fabricated linear motor.
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(a) Measuring points of shaking beam

Yl [mm/s/V]

Frequency [kHz]
(b) Displacement of measuring points of the actuator

6

Transference in 3-direction [nm/V]
o

-2 /
/
g
-6
4 6 4 -2 0 2 4 6 8

Transference in 1-direction [nm/V]
{c) Elliptical trajectory of the point 1

Fig. 7. Movement characteristics of shaking beam.
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Fig. 8. Characteristics of generative force and speed.
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