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COMMUNICATIONS

DEVELOPMENT OF A NOVEL
PIEZOELECTRIC MICROMOTOR
Zhu Hua — He Honglin — Li Huafeng — Zhao Chunsheng

∗

A new rod-shaped travelling wave piezoelectric micromotor is developed. In the micromotor, five pieces of piezoelectric
ceramics clamped by 2 metal cylinders are used as its stator. The driving principle of the rod-shaped piezoelectric motor
is simulated. The stator structure and the position to lay these piezoelectric ceramics are calculated to improve the electro
mechanical conversion efficiency. A flexible rotor is designed to reduce the radial slip between the stator and rotor and
to improve the motor efficiency. The prototype motor and its micro-driver tested. The motor is 9 mm in out-diameter and
15 mm in length and 3.2 g in weight. When the motor operates with its first bending mode ( 72 kHz) of the stator, its maximal
speed and torque reach 520 rpm and 4.5 mNm. Results show that the motor has good stability. The speed fluctuation is
controlled within 3 % by the frequency automatic tracking technique.
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1 INTRODUCTION

Piezoelectric motors have superior characteristics,
such as high torque at low speed, the fast response, simple
structure, absence of magnetic interference etc. Because
of these advantages, it becomes a good candidate for
micro aircraft, medical application and other industrial
fields [1]. Piezoelectric ceramics with high energy density
are used for the energy conversion from electric to mechanical, so piezoelectric micromotors have higher output
power than other types of motors with the same structure
size [2]. Therefore piezoelectric micromotors are more
suitable for the actuators of micro electro mechanical systems. The micromotor investigation is mostly based on
this type in recent years because poling configuration of
piezoelectric ceramics of rod-shaped piezoelectric motor
is simple.
In 1998, Ref. [3] succeeded in fabricating a cylindrical
shaped piezoelectric micromotor of 2.4 mm in diameter
and 10 mm in length by using a hydrothermal method. In
2000, a micromotor with the same structure of 1.4 mm in
diameter and 5 mm in length was fabricated in Ref. [4]. In
2001, a micromotor of 1 mm in diameter was constructed
in Tsinghua University by using a cylindrical piezoelectric ceramic as the stator in Ref. [5]. In 2002, a micromotor of 2.4 mm in diameter was developed in Ref. [6].
This motor used a hollow metal cylinder as a stator, and
two rectangular piezoelectric plates perpendicular to each
other were bonded on the flat surface on the cylinder.
Two bending modes with a certain phase difference and
orthogonal to each other can be generated when one ceramic was excited. A piezoelectric piezoelectric micromotor was developed in Ref. [7], using a PZT ceramic and
metal composite tube stator that was 1.5 mm in diameter
and 7 mm in length.

A new rod-shaped piezoelectric micromotor is proposed in this paper. The driving principle, the structure
design and the performance of the motor are discussed.

2 STRUCTURE DESIGN

The piezoelectric motor is composed of the rod-shaped
stator, the flexible rotor, the shell and other accessories.
The 3-D model of this motor is shown in Fig. 1.
Five pieces of piezoelectric ceramics clamped by metallic upper-mass and lower-mass are used as the stator. The
depth of the trough on the upper-mass is sensitive to the
first bending modal frequency and the harmonic response.
The amplitude of response is improved and the modal
frequency is reduced by increasing the trough depth. The
lower-mass can adjust the mode shape of the stator. The
configuration of piezoelectric ceramics is shown in Fig. 2.
The bending mode can be excited by one piece of ceramic
that was poled in two opposite directions.
When the stator is in resonance, an alternating voltage
is produced on the fifth ceramic due to the piezoelectric
effect. The amplitude of voltage is linear depending on
the output speed of motor, so the voltage can be used as
a feedback to keep the speed stability of the motor.
As mentioned above, there is a radial slip between the
stator and the rotor. By increasing the flexibility of rotor,
the relative displacement between the stator and the rotor
is obviously reduced because of the rotor deformation.

3 DRIVING PRINCIPLE

The rod-shaped micromotor is worked with bending
mode of Langevin vibrator. The amplitude of vibration is
much less than the structure size of stator, so assuming
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Fig. 1. Structure of the micromotor.

Fig. 2. Configuration of ceramics.

If both A and B are excited at the same time, the
displacement of P in z direction is
A
B
+ wpz
= −rβ0 (ωt + θ) .
wpz = wpz

(3)

The decomposition of displacement of P in tangential
τ and radial r direction is shown in Fig. 4, the displacement in τ direction is
wpτ = wpy cos θ − wpx sin θ = w0 cos(ωt + θ) .

(4)

The tangential velocity in τ direction is obtained by
the displacement derivative in the tangential direction
with respect to time t
′
wpτ
= −ω w0 sin(ωt + θ) .

(5)

Fig. 3. Motion analysis for driving surface.

that no deformation of the contact surface during the vibration period. Figure 3 shows the stator surface reaches
its maximum amplitude only when phase A is excited.
Because it is rigid-body motion and β0 is very small,
the surface is assumed to be moved w0 in x direction
and then clockwisely rotate β0 . Only when phase A is
excited, displacements of particle P in x and z direction
are
A
wpx
= [w0 − r(1 − cos β0 )] sin ωt ≈ w0 sin ωt ,
A
= −r cos θ sin β0 sin ωt ≈ −rβ0 cos θ sin ωt
wpz

(1)

When phase B is excited, displacements of P in y and
z direction are
B
wpy
= w0 cos ωt ,
B
wpz
= −rβ0 sin θ cos ωt .

(2)

Fig. 4. Elliptical motion.

Equations (3) and (5) show that the displacement in z
direction of P and its velocity reach maximum amplitude
at the same time. Assuming that the rotor is rigid and
there is no relative slip between the stator and the rotor,
(5) can be used for estimating the output speed of the
motor.
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The displacement in direction can be expressed as
wpr = wpx cos θ + wpy sin θ = w0 sin(ωt + θ) .

(6)

In the local coordinate system r′ P τ ′ , the track of
particle P ′ is an ellipse
τ ′2
r′2
+
= 1.
w02
w02 + r2 β02

(7)

An angle γ exits between the ellipse plane and the
stator surface
wz
rβ0
tan γ =
=
.
(8)
wr
w0

Fig. 6. Magnitude & frequency response.

The elliptical motion can be decomposed to the motion in local coordinate system z ′ P τ ′ and in r direction.
Actually it is the elliptical motion in z ′ P τ ′ driving the
rotor. The effective elliptical motion can be expressed as
τ ′2
z ′2
+
= 1.
w02
r2 β02

(9)

Figure 5 shows the simulation of the track of 12 particles on the stator surface in one period. It displays the
relationship between the elliptical motion of the particle
and rocking-head motion of the stator surface. Amplifying the effective elliptical motion and reducing the radial
slip between the stator and rotor could improve the efficiency of the motor.

Fig. 5. Simulation of the elliptical motion.

Fig. 7. Mode shape of the assembled stator.

According to the structure design, the prototype motor
of 9 mm in out-diameter, 15 mm in length, 3.2 g in weight
is manufactured. The motor life depends on the abrasion
performance of the contact face between the stator and
the rotor, so the stator made of stainless steel is coated
with a nitride film. The prototype motor and its driver [8]
are shown in Fig. 8. The resonance frequency is 72 kHz
and the admittance is 0.302 mS. This frequency is higher
than that of the stator with free boundary because of
two factors: (1) the down-mass of the stator is mounted
on the shell instead of free boundary condition; (2) the
pre-pressure put on the stator, acting as the modal force,
increases the modal stiffness of the stator.

4 EXPERIMENT AND PERFORMANCE

The amplitude and velocity of the vibration of the assembled stator are measured by Doppler Laser Vibration
Meter of Polytec Corporation (PSV-300-B). Magnitude &
frequency response characteristics of the stator are shown
in Fig. 6. The first bending modal frequency of the stator
with free boundary condition in two orthogonal directions
is 63453 Hz and 63546 Hz respectively. The mode shape
of stator is shown in Fig. 7. The result shows that the
velocity and displacement of the driving surface on the
upper-mass are much larger than those on the lower-mass
through the structural optimal design.

Fig. 8. Rod-shaped micromotor and its driver.
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Fig. 11. Speed-frequency relation.
Fig. 9. Speed-frequency relation.

Fig. 10. Speed-torque relation.

Figure 9 shows the rotor speed as a function of the
drive frequency. The motor reaches its maximum speed
of 520 r/min at the resonance frequency of 72 kHz. Figure 10 shows the speed dependence on output torque and
its maximum torque is 4.5 mNm. Its speed fluctuation is
controlled within 3 % by frequency automatic tracking
technique as shown in Fig. 11.

5 CONCLUSION

[6] KOC, B.—UCHINO, K. : A Piezoelectric Motor Using Two
Orthogonal Bending Modes of a Hollow Cylinder, IEEE Transactions on Piezoelectrics, Ferroelectrics, and Frequency control
49 No. 4 (2002), 495–500.
[7] DONG, S.—LIM, S.—LEE, K. : Piezoelectric Piezoelectric Micromotor with 1.5 mm Diameter, IEEE Transactions on Piezoelectrics, Ferroelectrics, and Frequency control 50 No. 4 (2003),
361–367.
[8] LI, H.—ZHAO, C. : Micro-Driver for Piezoelectric Motor Based
on Complex Programmable Logical Device, J. Electrical Engineering 56 No. 11-12 (2005), 327330.

Received 1 July 2006
A compact rod-shaped piezoelectric micromotor is
manufactured. The driving principle, structure design,
the stator experiment and its performance are introduced.
This motor shows good stability in the experiment. It is
also suitable for automatic production because of its simple structure.
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