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Generating a Traveling Wave on an Annular Ring
Shinil Yun, Ji-Hyun Cho, sangbo Han

Key Words: Ultrasonic motor (23 X¥]), Traveling wave (033}, Standing wave (3 A 3}).
ABSTRACT

Rotary ultrasonic motors are based on the traveling wave generated by piezo materials
attached on the stator. Large scale model of an annular ring was built to understand the
fundamental mechanism involved in the rotary ultrasonic motors. Traveling wave on the
structure can be generated by superposing two standing waves. Precise matching of the
amplitudes and phase shift between two standing waves in time and space is the key to
the success of generating a traveling wave.
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u(x, = Asin(wt— kx) +Asin (wt+ kx)
(D
= 2Asin (wt) cos(kt)

uy(x,t)= Bsin{wt—k(x+a)+¢}
+ Bsin {wt+ k(x+ a) + ¢} (2

= 2Bsin (wt+ ¢) cos{k(x + a)}
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Fig. 1 Principle of operation of a rotary flexural
traveling wave motor
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wus(x, ) = u(x, ) + 23(x, 9
= 2A sin(w¥) cos (kx) 3

+ 2Bsin(wt+ ¢) cos{A{(x+ @)}
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Table 1 Dimensions of the anmilar ring ( unit : mm )

inner diameter | outer diameter{ thickness
450 570 3
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Fig. 2 Layout of the test annular ring and
Distribution of Beam, Bond layer, PZT
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Table 2 Material propertics for PZT

Strain Coefficient - 1.8e-10 m/V
Elastic Modules 5.0el0 N/mr
Tensile Strength, Static 6.3¢7 N/mt
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Fig. 4 FRF of the annular ring

Table 3 Comparison of FEM and experimental

natural frequencies of the annular
(nodal line = 0) , unit : Hz

1 2 3 4 5 6
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Fig. 5 Experimental setup
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Fig. 6 Experimental equipment and the anmllar'ring
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Fig. 7 Response signals of the annular ring with
each PZT shut off Fig. 9 Progressive waves measured at different

positions on the anmlar ring
( point a and b )
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Fig. 10 Progressive waves measured at different
positions on the anmular ring
( point a' and b' )
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Fig. 11 Progressive waves measured at different
positions on the annular ring
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