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Abstract:

A novel mechanism described as ultrasonic motion control mechanism (UMCM) comprising an ultrasonic actuator and screw
shaft was proposed. The orthogonal bending vibration modes of cylindrical ultrasonic actuator are excitated to generate a
traveling wave propagating along the internal thread surface. The traveling wave mainly produces a movement trend between
ultrasonic actuator and screw shaft. Furthermore, on account of the friction reduction effect induced by ultrasonic vibration,
the friction coefficient between the ultrasonic actuator and screw shaft is reduced and the screw self-locking status is
transformed. The on/off control operations of screw mechanism can be achieved.
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Introduction

The piezoelectric effect of piezoelectric ceramics can
realize the conversion from electric energy to mechanical
energy, and has been utilized widely in ultrasonic motor
(USM) [1]. As an important research branch in ultrasonic
motor, cylindrical ultrasonic motor gains its driving
friction by exciting the stator in the resonant state with the
preload and generates a driving traveling wave on contact
surface between stator and rotor by utilizing coupled
bending vibration modes [2].

The friction reduction effect with ultrasonic vibrations
indicates an obvious friction coefficient reduction
phenomenon between two contact surfaces when
ultrasonic vibrations are introduced in friction couples [3,
4]. It has been proved by numerous experiment
investigations that the friction coefficients between
friction surfaces have apparent decrease in different extent,
no matter between rigid-rigid (metal/metal) or rigid-soft
(rubber/metal) friction couples [5, 6].

In this paper, we proposed a novel mechanism which can
realize the status transition between screw pair self-
locking and unlocking, on the basis of ultrasonic driving
and friction reduction effect by ultrasonic vibrations. And
the mechanism is described as ultrasonic motion control
mechanism (UMCM). The structure, principle, and main
output performance under mass load of UMCM were
presented.

Structure and Principle

Figure 1 shows the structure of ultrasonic motion control
mechanism proposed. It is composed of ultrasonic actuator
and screw output shaft, which are connected by normal
screw thread pair. The ultrasonic actuator is primarily
consisted of a hollow cylinder metal tube grounded and
four PZT plates which are divided into two groups and
excited by alternating current signals U, and Us,
respectively. The PZT plates are polarized in thickness
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direction with ds; effect, and pasted outside the metal tube
with epoxy resin adhesive.
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Fig. 1: Illustrations of ultrasonic motion control
mechanism. a) Structure of UMCM b) Schematic of PZT
plates polarization and excitation

The first bending vibration modes of cylindrical ultrasonic
actuator which are orthogonal to each other both in
spatially and temporally are excited and a driving traveling
wave is generated on the contact surface between actuator
and shaft by utilizing coupled vibrations. While this
traveling wave in ultrasonic motion control mechanism is
to provide a movement tendency between the output shaft
and ultrasonic actuator.

Similar to cylindrical ultrasonic motor, the moving
directions of traveling wave can be converted by changing
the phase difference ¢. As an illustration, when the phase
difference ¢ is 90° or 270°, two traveling waves which are
in different traveling directions can be generated
accordingly [7].

In the mean time, with the friction reduction effect by
ultrasonic vibration, the friction coefficient between output
shaft and ultrasonic actuator is decreased obviously. When
the friction coefficient decreases until the self-locking
status of screw mechanism is transformed, the output shaft
can output a motion on the condition of external force,
when the mechanism can be seen as on operation.

For instance, when there are no ultrasonic vibrations, the
friction coefficient of output shaft and ultrasonic actuator
is the static friction coefficient which is in normal
condition. The self-locking condition of screw pair can be
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satisfied in eq. (1), by selecting proper screw dimension.
Thus, ultrasonic motion control mechanism is in the off
operation state.
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Where, S is the thread lead, d, is the middle diameter of
screw, u is the static friction coefficient between output
shaft and ultrasonic actuator, and S is the flank angle of
screw.
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When the actuator is excited, the friction coefficient
between output shaft and ultrasonic actuator decreases 1.2
sharply on account of ultrasonic vibrations. When the self- BT T TS —
locking status is changed, as is shown in eq. (2), the 50100 150 200 250 300 350 400 450 500 550 600 650
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condition.

Fig. 3: Load characteristics of UMCM
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Summary
Where, ug is the dynamic friction coefficient between
output shaft and ultrasonic actuator with ultrasonic
vibrations. For metal-metal friction couple, u, has a 20%

value of x4, approximately [8].

A ultrasonic motion control mechanism (UMCM) utilized
ultrasonic driving and friction reduction effect by
ultrasonic vibrations was presented, and the on/off control
operations of traditional screw mechanism can be realized.
UMCM has the advantages of simple structure, large
bearing capacity, low driving voltage, and may has wide
application prospect on precision positioning, protecting

Prototype and Testing Results
Figure 2 is the photograph of UMCM prototype developed

in this research. The length, width and inner diameter of
ultrasonic actuator are 20 mm, 8 mm, and 4 mm,
respectively, with a weight of 24 g. Keep the UMCM in
one-way output state, and the downward direction output
performance with mass load was tested.

Fig. 2: Photograph of UMCM prototype

Figure 3 illustrates the load characteristics testing results
of UMCM with an operating frequency f49.30 kHz. It can
be seen that the UMCM has a different load performance
with USM.

It can be revealed that the load characteristics of UMCM
can be divided into two characteristic regions according to
different mass load F;, from Fig. 3. (1) The output velocity
v of output shaft decreased initially as the mass load F,
increased, when the load characteristics is quite similar to
USM. (2) When the mass load exceeds a certain value, the
output velocity v attains a steady value. Thus, the UMCM
performs as a mechanical switch. The specific mass load is
defined as inflection load and the corresponding velocity
is named as steady speed in this paper. The steady velocity
increases as the exciting voltage Vy, increases, while the
inflection load has no direct relationship to exciting
voltage Vips.
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mechanism, and velocity control system.
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