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A New Type of Self-correction Ultrasonic Motor Using Standing Wave

Chunsheng Zhao, Guigin Wang and Long Jin

Research Center of Ultrasonic Motors
Nanjing University of Aeronautics & Astronautics, Nanjing 210016, P. R. China

Abstract - This paper developed a new type of self-
correction ultrasonic motor using standing wave. It
differs from current self-correction ultrasonic motors
in driving and control method. In operating stage of
self-correction, the slits on rotor of the motor stay
always at the projection teeth on the stator when two
signals applied simultaneously to piezoelectric
element which is adhered to stator are in phase for the
new type of self-correction motor, but in opposite
phase for current types of self-correction motor. It is
notable that the projection teeth are located on the
crests and troughs of a vibration mode of the stator
for the new self-correction motor, but on the nodal
diameters of a vibration mode of stator for current
types. The experiments have shown that the self-
correction function of the new type of self-correction
motor is stronger than that of current types of self-
correction motor. The rotation mechanism of the new
type of self-correction motor is described in the

paper.
INTRODUCTION

Ultrasonic motors are driven by friction, which
produce wear between rotor and stator and shorten
their life. So the ultrasonic motors are applied mainly
to some discontinuous working conditions at present.
A lag effect of piezoelectric material and a stochastic
effect of frictional material create slides between
contact surfaces. That make it impossible to locate
precisely a given position unless a closed-loop
system using a rotary encoder as sensor for detection
of an angular displacement is introduced, but this
greatly complexes the control system.

A self-correction ultrasonic motor possesses a
function of an angular displacement self-correction,
which can eliminate the deviation of the angular
displacement for every step drive, then, the deviation

is not accumulated. In the condition, we need to
design only a open-loop control system without use
of the rotary encoder. It simplifies the control system.

Based on the phenomenon that a powder or some
particles are consolidated around the nodal line in
standing wave field, one can make the slits on rotor
stay precisely at the nodal diameters of stator when
the motor operates as stepping motor. According to
the principle, Japanese researchers !'?! developed
some ultrasonic motors with self-correction function
in 1990s. It can realize a self-correct irregular angular
displacement in certain range. The projection teeth on
its stator are nearly placed on the nodal diameter of
the stator and its rotor has slits cut radically at every
45°r 60°along the circumference of the rotor. By
using the driving and control method as shown in
Fig.1(a), the motor can run in clockwise,
anticlockwise and with self-correction function.

At first, we designed an ultrasonic motor using
standing wave according to current principle. The
motor has two input terminals | and 2. as shown in
Fig.1(a). In the time (t,, t,), if a signal e, is applied to
terminal 1, the motor runs clockwise; if another
signal e, is applied to terminal 2, the motor runs
anticlockwise. In the time (t,, t3), the two signals in
opposite phase are used to stimulate.the stator, the
motor operates in stepping. We developed a prototype
of a current motor. By making some experiments, we
can see that it has the ability for self-correction. But
some times it may has some errors. By chance, we
found that if the voltage signals shown in Fig.1(b) are
applied to excite the stator, the motor shows stronger
self-correction function which make the slits on rotor
stay precisely at the projection teeth of the stator.
This kind of self-correction ultrasonic motor has not
been reported till now. So we have researched on the
new type of self-correction ultrasonic motor and have
made some experiments for the motor.
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Fig.1 Driving and control methods
of the self-correction motors

CONSTRUCTION AND PRINCIPLE

This new motor is based on current self-correction
ultrasonic motor. It has the same stator and use By,
vibration mode. The stator is a circular disk with 4
projection teeth distributed on it evenly. The rotor has
16 slits, which are designed according to required
stepping angle, as shown Fig.2.

= E:;?vprojccﬁon tooth
i / \— base
:‘_ N e 2 /‘/
== —=
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Fig.2 Construction of self-correction motor

A main difference between the new motor and
current motor is the phase angle of the input signals.
Although the two types of the motor possess same
distribution of polarity and same position of
piezoelectric ceramic element on stator, as shown in
Fig.3. The distributions of exciting forces produced
by piezoelectric ceramic elements are different due to
the phase difference of the input signals.

If the input signals shown in Fig.1(a) are used, we
obtain a distribution of exciting forces, as shown in

Fig4(a). In the time (t;, t;), the stator has a
degenerate made which enables the rotor to run
clockwise or counter-clockwise when e, or e, applied
to terminal 1 or 2. In the time (t;, t3), the stator has
another degenerate mode, as shown in Fig.5(a), when
two signals e, and e, in opposite phase are applied
simultaneously to terminal land 2. From Fig.5(a), we
can see that the projection teeth are just located on
the nodal diameters of the mode. In the condition, the
motor operates in stepping and possesses self-
correction function. It is the operational principle for
current self-correction ultrasonic motors.

If the input signals shown in Fig.1(b) are used, we
have another distribution of exciting forces, as shown
in Fig.4(b). In the time (t,, t), there is same state of
operation as current self-correction motors. In the
time (t,, t3), the stator has another degenerate mode,
as shown in Fig.5(b), when two signals €, and e, in
phase are applied simultaneously to terminal 1 and 2.
From Fig.5(b), we can see that the projection teeth
are just located on the crests and troughs of the mode.
Many experiments have shown that the motor can
operate in stepping and possesses stronger self-
correction ability than that of current self-Correction
motors. It is the motor, which we call a new type of
self-correction ultrasonic motor.

Fig.3 Distribution of polarity and location of
piezoelectric ceramic elements of the motors

(a) For the current types  (b) For the new type
Fig.4 Distribution of exciting forces



(b) For the new type motor
Fig.5 Contrast of vibration mode of stator

ROTATION MECHANISM

As mentioned above, current types of self-
correction motor is based on the phenomenon that a
powder or some particles are consolidated around the
nodal line in standing wave field. In stepping
operation, although the slits on rotor for the two types
of motor stay always at the stator’s projection teeth,
which locate on the nodal diameters of the stator for
current motors, but on the crests and troughs of the
stator for the new motor. In consequence, we consider
that this new type of self-correction motor is not
relative to the phenomenon happened in standing
wave field. We believe that there is a new rotation
mechanism, which hides in the new motor. It is very
interested problem, which we have analyzed as
follows:

1.Shown as in Fig. 5(b), the 4 projection teeth are
located respectively on two crests and troughs of the
mode and have no horizontal movement;

2.When the stator drives the rotor in a certain
frequency, the rotor will also deform due to its
stimulation. The rotor has 16 slits distributed evenly
along the circumference. We have studied a sector
plate using finite element method, and get first mode
of the sector, as shown in Fig. 6.

As mentioned above, the projection teeth of the
stator have no horizontal movement, but a
combination effect of deformation for stator and rotor

Fig.6 Vibration mode of the sector

enables still the rotor move to the projection teeth and
the rotor stops finally at a position, where the slits
stay just at the projection teeth. The movement
mechanism is analyzed initially as follows:

. An interaction force F is produced when the rotor
contacts the stator. Because a minute angle ¢ is

formed by the deformation of rotor, there is a
horizontal force F sing. Although this force is small,

it can still drive the rotor. Then the tooth applies a
same force to the two sectors which locate on left
and right of the tooth respectively when the slit staies
at the tooth, so the rotor is in an equilibrium state. In
consequence, the motor can correct itself the rotor
angular displacement. Fig.8 explains the rotation
mechanism of the new type of self-correction motor.

Fsin$ EA i
L | | — | —  — (]
5
I — -

Fig.7 Rotation mechanism of the new motor
EXPERIMENTAL RESULTS

We have successfully developed this new type
motor. By making a series of experiments, we found
that the performance of this new motor is satisfactory.
By changing the input signals, the motor can run
clockwise, counter-clockwise and self-correct. When
operating frequency f=32.87kHz, voltage U=50V, and
rotate speed arrives 350r/min, Maximum torque is
200gf.cm.



Fig.8 Prototype of the new type motor

To verify theorétical computations, we have tested
for the stator with laser speckle pattern
interferometry, which can measure the displacement
of the stator and display its vibration modes. We can
obtain the amplitude of each point of the stator by
further calculation.

Fig. 9 Laser image of stator

Fig. 10 By, vibration mode image of stator

Fig. 9 shows the laser image of stator without
stimulating signal. It shows position of the teeth on
the stator. Then, we can compare the image of stator
with the vibration mode image of the stator. When the
two signals in phase with the same frequency are
applied simultaneously to terminal 1 and 2, as shown

in Fig.1(a). By, vibration mode shown in Fig.10 is
obtained, where the white part represents the nodal
lines and nodal circles, the black vortexes represent
the crests or troughs of the mode. Form the
comparing Fig.9 with Fig.10, we can conclude that
the teeth locate indeed on the crests or troughs of the
mode when the motor is self-correct stage.

CONCLUSION

This paper discoveries and investigates a new type
of self-correction ultrasonic motor:

At first, we designed the construction and the
distribution of the polarity of piezoelectric ceramic
element of this new motor;

Then, we investigate the rotation mechanism of the
new motor;

Finally, we successfully manufactured a prototype
of the new motor and completed some experiments.
The results have shown that the self-correction
function of the new motor is stronger than that of
current motors.
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