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Bidirectional Motion of the Windmill Type Ultrasonic Linear Motor
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Abstract

In this paper, a single phase driven piezoelectric motor design was presented for linear motion.

Two metal/ceramic composite actuators, a piezoelectric ring which was bonded to a metal endcap from

one side, were used as the active elements of this motor. The motor was composed of a piezoelectric

ceramic, a metal ring which has 4 arms, and a guider. Motors with 30 [mm] and 35 [mm] diameter

were studied by finite element analysis and experiments. As results, the maximum speed of motor was

obtained at resonance frequency. When the applied voltage of the motor increased, the speed was

increased. Also, bidirectional motion of the motor was achieved by combining two motors which have

different resonance frequency. But the characteristics of bidirectional motion were not equaled, because

of the problem of reproduction on the fabrication and the experiment. If present motor is used at the

auto-zoom device of a camera, it will have much advantage. Because the direct linear motion can be

achieved with a simple structure of motor and no gearbox of total system.

Key Words : Piezoelectric Motor, Piezoelectric Ceramic, Metal/ceramic Composite Structure,

Finite Element Analysis, Resonance Frequency
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Fig. 1. Structure of the “windmill” type
ultrasonic motor.
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Fig. 2. Advanced ‘windmill type ultrasonic
motor.
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Fig. 3. Structure of the motor (a) shape of the
endcap (b) cross-sectional view.
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and the motor.
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® 1(a). =59 =%
Table 1(a). Size of the motor.
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s [mm] [mm] [mm] [mm]
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k1 1b). &8 A= A8 54
Table 1(b). Material characteristics of piezoelec-
tric ceramic.

Relative
Dielectric e n/ €,y 1250
Constants
Piezoelectric
Charge dy(x 10 "Em/ V)| 290
Constants
Piezoelectric
Voltage g5(x 10 v m/N)| 27
Constants
Mechanical Q Qwm 1800
Curie Point T.(C) 340
Density o0 (X 103kg/ m?®) 76
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Fig. 8. Speed of as a function of frequency.
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Fig. 9. Speed of as a function of input voltage.
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Table 2. Bidirectional characteristics of the motor.
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