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Abstract: A non-resonant piezoelectric linear motor with a flexible driving end, which has an extensive working fre-
quency range and good operation stability, is studied theoretically and experimentally. Based on the microscopic vi-
bration characteristics of the motor stator, the longitudinal vibration model is established for the whole motor sys-
tem. According to the Coulomb friction model and the motor vibration model, the friction mechanism of the non-
resonant piezoelectric linear motor is investigated by dynamical analysis of the whole motor system. Furthermore,
the vibration characteristics and mechanical output characteristics of the stator are simulated and experimentally
studied on the basis of the friction drive mechanism model. Finally, both the simulation and experimental results
show that this kind of motor remain stable in the frequency domain from 2. 2 kHz to 3.5 kHz and that when the

pre-stress is 4 N and the driving voltage is 90 V, the maximum velocity of the motor is above 4 mm/s and the
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maximum thrust is nearly 0.5 N.
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0 Introduction

Ultrasonic motors utilize the inverse piezoe-
lectric effect of the piezoelectric element to acti-
vate the resonance of the elastomer (stator), and
then utilize the friction of the interface between
stator and mover to convert the micro-vibration of
the stator into the macroscopic linear motion of

[13) © Therefore, the vibration charac-

the mover
teristics of the stator and the friction coupling be-
tween stator and mover have a significant effect
on the motor performance. By analyzing the vi-
bration modes of the contact surface between sta-
tor and mover, many researches have been per-
formed on the contact friction mechanism of the
traveling wave type ultrasonic motort"® and that
of the standing wave type motor""®, The friction
interface of traveling wave ultrasonic motor is

multi-point homogeneous contact, which has the
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characteristics of large contact area and continu-
ous contact, therefore, this kind of motors have
stable friction-driving performance. The friction
interface of the standing wave type ultrasonic mo-
tor is single contact line or single contact point,
with the characteristics of a small contact area
and intermittent contact, resulting in that there is
both shock and vibration in the running of the
motort*,

Resonant type ultrasonic motors have such
advantages as high efficiency, large thrust weight
ratio and self-locking characteristics, etc. , and
have a wide application prospect in precision posi-

tiont'"-

, optical instrument"" and aerospace tech-

nology-'*.

However, in order to obtain the de-
sired vibration mode, the piezoelectric ultrasonic
motor based on the resonant state must be ration-

ally designed for the arrangement and excitation
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of the piezoelectric ceramic and for the structure

[5) so the stator structural design

of motor stator
and the machining accuracy are in strict demand.
At the same time, the resonant state is an unsta-
ble state, and the natural frequency of the stator
will vary with temperature and other changes. In
the vicinity of the resonant frequency, a slight
change in the drive frequency could result in a sig-
nificant change in the speed of the motor, which
greatly affects the normal operation of the mo-
tort !,

For the above reasons, the piezoelectric
stacks are used for non-resonant motors to obtain
the elliptical motion at the drive end of the stator,
due to its large displacement output characteristic

L1516)  For non-reso-

under non-resonant condition
nant motors, the contact characteristics between
stator and mover of the motor are similar to that
of standing wave type ultrasonic motors, which
have small contact area, contact discontinuity and
various dynamic factors. Referring to existing re-
search results of the friction-driven mechanism of
the standing wave contact interface™ !, the
friction driving mechanism of non-resonant mo-
tors can be investigated by analyzing the longitu-
dinal positive pressure and tangential friction on
the interface between stator and mover.

It is found that the stator vibration and ellip-
tical trajectory of non-resonant motor are com-
pletely different from that of the standing wave
type motor. As for the standing wave type mo-
tors, the elliptical trajectory is mainly dependent
on stator structure and excitation frequency and
independent of the stiffness of the mover. With
respect to non-resonance type motor, however,
the elliptical trajectory and the motor perform-
ance are independent of excitation frequency.
This is due to the fact that the piezoelectric stack
has a highly accurate repeatability displacement
output characteristic in a non-resonant state.
Therefore, we will start from the vibration char-
acteristics of the non-resonant linear motor to an-
alyze contact forces between stator and mover.
Furtherly, the friction driving mechanism of non-

resonant linear piezoelectric motor will be re-

searched according to the friction drive mecha-

nism of standing wave linear ultrasonic motor.

1 Motor Structure and Its
Model

Ideal

Based on the high precision and large dis-
placement output characteristics of piezoelectric
stack, we propose a non-resonant piezoelectric
laminated linear motor with flexible driving foot
structure. The motor mainly includes the mover,
stator, fixed base and clamping system, as shown
in Fig. 1. The clamping system, which includes
three rollers, guides, putt and spring, is mount-
ed on the base plate. Thus, the motor stator,
which is mounted on the clamping system, can
move in the direction perpendicular to the motion

of mover.

Drive end

Disc spring
Screw

Guide

Fixed Putt Preload Stopper Backing
block spring plate

Fig. 1 Overall structure of motor

Since the mover is driven by the friction be-
tween mover and stator, the motor performance
is greatly influenced by the contact state between
stator and mover. Therefore, the clamping sys-
tem needs to enable the adjustment of the contact
condition effectively. As shown in Fig. 1, the ad-
justment of contact condition can be achieved by
putt and spring.

Simultaneously, in order to maintain the mo-
tor performance consistent to each other in both
directions, the clamping system should have the
ability to weaken the lateral forces between mover
and stator generated in the preloading process.
Therefore, the ideal model for this kind of mo-
tor, shown in Fig. 2, should limit the lateral de-
gree of freedom of the stator'®. The method for

limiting the lateral degree of freedom lies in the
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design of screws and disc springs, which can ad-
just the relative angle between the drive end and
the mover named r, as shown in Fig. 1.

Similar to the working principle of resonant
ultrasonic motors, the trajectories of the motor-
driven foot ends are also elliptical, as shown in
Fig. 2. Since the motor utilizes friction between
stator and mover to achieve the linear motion of
the mover, the motor performance is closely re-
lated to the longitudinal contact force, which
means the contact force in y direction shown in
Fig. 2. Therefore, it is of importance to choose
proper initial deformation of the preload spring

for this kind of non-resonant piezoelectric motor.

/
Q Q

Mover

s ..\ Pt
. .~ Elliptical
trajectory

Stator }
clamping Drive

end

Preload
spring

Fig. 2 Ideal structural model of motort*!

2 Motor Stator Structure and Its Ki-
nematics Model

The drive foot of the motor, as shown in
Fig. 3, is an approximately pentagonal structure
with the pentagon bottom fixed on the support
frame. The left and right sides are in direct con-
tact with the piezoelectric stack system for dis-
placement input. Its top is a flexible obtuse an-
gle, which can achieve an amplified displacement
output. Two piezoelectric stacks are installed
symmetrically on both sides of the driving foot,
and two wedges are used to achieve the pre-stress
of piezoelectric stacks.

The motion equations of drive end is

jz-o =y(8 —02)

) D
Iyo =7 (61 +é\z)

Piezo Drive Drive Piezo
Wedge 1 stack 1 foot end

stack 2 Wedge 2

E ~ Bolt 1 Bolt 2/[g

Fig. 3 Overall structure of motor stator

where 8, and §, represent the output displace-
ments of the piezoelectric stacks. y and ¥’ are the
displacement magnification coefficients in x and vy
directions, which are caused by the flexible ob-
tuse angle.
So the elliptical trajectory can be obtained at
the drive end
2 2
A nyvaz —1 2)

where A is the displacement amplitude of piezoe-

lectric stacks.

Fig. 4 shows that the motion on drive end
(point C) is a periodic elliptical trajectory while
exciting piezoelectric stacks with two sinusoidal
signals. The elliptical motion is crucial for achie-
ving friction driving, therefore, the elliptical traj-
ectories under non-resonant condition and the
friction driving mechanism based on elliptical mo-
tion will be furtherly discussed in the following

content.

(c) 37/4 ' ' @

Fig. 4 The generation of elliptical motion

3 Longitudinal Vibration Model of
Motor System

Due to the small amplitude of piezoelectric
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stacks, the vibration system can be simplified as
follows: (1) The drive foot is simplified as a
dumped mass; (2) Except for drive foot, the rest
part of stator can be viewed as a whole mass,
hereinafter called as “counterweight”; (3) The
flexible part of drive foot and the piezoelectric
stacks are simplified as an ideal spring; (4) The
normal contact stiffness between stator and mov-
er can be regarded as the stiffness of a linear
spring.

Thus, the motor system can be simplified as
two masses and three springs as shown in Fig. 5.
In Fig. 5, m, and m, represent the mass of drive
end and the counterweight, respectively. k; re-
presents the stiffness of equivalent spring and
ky, =k, tk,, where k, and k&, represent the stiffness
of the piezoelectric stack and drive foot, respec-
tively. k5 is the normal contact stiffness between
stator and mover and k; =E.A./ h,, where E_,
A, . h. respectively represent the elastic modulus,
contact area and thickness of the friction material

between stator and rotor-?"

. F, () is the equiva-
lent output force of the piezoelectric stacks output

force, which can be obtained from Eqs. (3),(4).

Fy(t):)%Fmax [1+ sinCat + ¢ ] 3

tan¢/;:y7 (€9)]

where F,., is the maximum output force of piezo-
electric stacks, w is the excitation frequency of pi-
ezoelectric stacks, and ¢ is the phase shift of vi-

bration.

k, ? Mover

Contact
spring

£ Drive foot

{ B0 Equivalent
i spring
Y,

m, -

I Counter weight

ky <= Preload

spring

I~ Base

Fig. 5 Longitudinal vibration model of motor

Therefore, the vibration differential equation

of the motor system can be expressed as
AR
0 ms :}.)2 - kl kl + kZ V2

F, (0
' 5
— F, ()

Then, we have
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A" = (k) + k) By + k) — kS (10
where A, is the amplitude of the drive foot, A, is
the amplitude of the counterweight, B, is the off-
set of the drive end relative to the vibration bal-
ance position, and B, is the offset of the counter-

weight relative to the vibration balance position.

4 Non-resonant Friction Drive Char-
acteristics of Motor

4.1 Contact friction model between stator and

mover

Since the relative velocity of stator and mov-
er is several millimeter per second, according to
the theory of tribology, the tribology behavior
can be characterized by slip and adhesion. Then
Coulomb friction model can be adopted to analyze

[21]

the friction"*"”, as shown in Fig. 6. F| is the static

friction, Fyis dynamic friction, F, is viscous fric-
tion, x, represents the instantaneous lateral ve-
locity of stator, F, is the general term for fric-
tion, and v, is the instantaneous velocity of the
mover, Fig. 6 shows the relationship between vis-
cous frictional force and the relative velocity of
stator and mover.

According to the coulomb friction model, the

friction can be expressed as

Jg‘.(;r, —v,) +F,

x, — v, >0
F, ~ F, x,—wv, =0 (1D
IE((.I‘", — ‘Z}/,,> - Fd -1‘": — Up <0
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Fig. 6 Coulomb friction model of motor

[9]

where ¢, is the viscous friction coefficient.

Due to the flexible drive foot, the initial de-
formation of stator driving is always larger than
the output displacement of piezoelectric stacks.
As a result, the motor stator and the mover are
always in contact state during the whole working
cycle. Then the vertical force between the stator
and mover is

F. =F, + ks yosinat 12)
where F. is the vertical force between the stator
and mover, F, is the preload between the stator
and mover, and y, is the vertical amplitude of

drive end.
4.2 Mechanical properties of motor

When the motor runs in a stable state, the
speed of the stator drive end varies periodically,
so the speed and the acceleration of the mover al-
ways change. Therefore, in the whole cycle, the
output speed and output force of the motor are
not constant. However, the mover will perform a
nearly uniform motion near a certain equilibrium
velocity v,,, due to high frequency vibration fric-
tion coupling effects between stator and mover.
Then at a certain moment, the lateral vibration
velocity of the drive end is equal to v,,. That is,
there exist the points P and P’ on which the ve-
locity is equal to v, in Fig. 7. While 1",>‘Z)/,, , fric-
tion force does positive work and push mover for-
ward. While J'[,<'v,), , friction force does negative
work and obstruct mover movement.

Since the lateral vibration velocity of the sta-
tor is equal to the mover velocity at the points P

and P', the angles of points P and P’ are

Positive work stage
Negative work stage

2n ot

Fig. 7 Work analysis of motor stator

w

Jﬁp = arcsin(hl‘p )
(13)
1(% = — arcsin(hz'p)

w
where xp is the amplitude component in x direc-
tion.

In a working cycle, the energy loss caused by
the rail friction can be neglected, and the interfa-
cial frictional force between the external load and
the stator is taken as the external force™. Since
the mechanical energy of the motor mover does
not change in a normal working cycle, according

to work-energy theorem for systems, we have
2m
Foo,T=| Foo,d (1)
0

where F, is the average output force of motor.
Then, the average output force of the motor
is

F *ijhnF\,d(wt) —

< 2mo

1 0p Op 2n
([ R + [ Fda + [ Bl

27\ o 0p O
(15)
Substituting Egs. (11), (13) into Eq. (15)

yields
+ 2pk Y

Fr — T EwXp T ETUp
TC TwX Q

. v
(«/wzxi — v — wwparcsin —> ) (16)

wTp

5 Simulation

In order to study the influence of the struc-
tural parameters of the motor on the stator vibra-
tion characteristics and the steady-state output
characteristics of the motor, the vibration charac-
teristics of the stator and the steady-state output
characteristics of the motor are simulated and an-
alyzed. Considering the stator structural parame-
ters, the mass of drive end is taken as 0. 01 kg

and that of counterweight is 1 kg. The contact
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stiffness and the equivalent stiffness are viewed as
constant, with the values of 2X10° N/m and 2 X

10° N/m, respectively.
5.1 Vibration characteristics of motor stator

Fig. 8 shows the effect of the piezoelectric el-
ement stiffness on the longitudinal amplitude. It
can be seen from Fig. 8 that the motor stator res-
onates at a frequency of about 750 Hz and the am-
plitude of the drive foot is substantially constant
at the frequency of 2. 2 kHz to 3.5 kHz and is in-

sensitive to dive end stiffness.

k,=2X10° N/m
k=210’ N/m
m,=0.01 kg
m,=1kg
U,=100V

k,=1X10°N/m
k,=5X10° N/m
k=1X10' N/m

g
2
=
—
—
o
=2
k=
=
g
<

D,
06 09 12 15 1.8 21 24

Angular frequency / (10*rad * s™)
Fig. 8 Influence of drive end stiffness on longitudinal

amplitude-frequency characteristics

The drive end amplitude remains constant at
a certain contact stiffness, as shown in Fig. 9, but
the amplitude decreases as the contact stiffness
increases. And the amplitude with hard ceramic
as friction material is nearly three times of that u-

sing epoxy based friction material.

k,=2X10°N/m
k,=5%10" N/m
m,=0.01 kg
m,=1kg
U,=100V

k,=2X10"N/m
k,=1X10"N/m
k,=1X10° N/m

=
(=]

Amplitude / 10*m

0.0

06 09 12 15 1.8 2.1 24 27 3.0 33 36

Angular frequency / (10'rad * s™)

Fig. 9 Influence of contact stiffness on longitudinal

amplitude-frequency characteristics

Fig. 10 shows the amplitude-frequency char-

acteristics of the stator with different mass of

drive end. When the frequency is between 2.2 kHz
and 3.5 kHz, the amplitude changes at a rate of
1%—3%. While the mass of drive end increases,
the longitudinal amplitude results in an increases

of less than 4%.

g
2
=
=
&

Q
°
£
=
g
<

’ 06 09 12 15 1.8 2.1 24 2.7 3.0 33 3.6
Angular frequency / (10'rad * )

Fig. 10 Influence of weight of drive end on longitudinal

amplitude-frequency characteristics

As can be seen from Fig. 11, the amplitude
of the driving foot is almost constant at a frequen-
cy from 2.2 kHz to 3.5 kHz. The weight of the
counterweight has little effect on the longitudinal
When the
weight is from 1 kg to 3 kg, the longitudinal am-

amplitude of the stator drive side.

plitude maintains invariable.

Based on the above simulation results, it can
be concluded that the longitudinal amplitude re-
mains stable with the increase of frequency in the
operating frequency range (2. 2—3.5 kHz). Since
the motor stator and the mover always maintain
the contact state, the amplitude is about a few

nanometers.

k,=2X10°N/m
k,=5%10" N/m
’ ,=2X10° N/m
148 m,=0.01 kg
1.46 U,=100V

1.44

B
S
z
o
=]
£
e
g
<

1.42

1'400.6 09 12 15 18 21 24 27 3.0 33 36

Angular frequency / (10°rad * ™)

Fig. 11 Influence of counterweight on longitudinal

amplitude-frequency characteristics

5.2 Motor mechanical characteristics

As for non-resonant type motors with flexi-
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ble drive foot, the stator and mover are always in
contact state, so the contact angle is approxi-
mately 2 over the whole working period. Fig. 12
shows the motor output characteristics while
changing the contact stiffness. It can be seen that
the maximum output force of the motor becomes

larger as the contact stiffness increases.

k,=1X10°N/m
k,=1X10° N/m

=2 000 Hz k,=2X10° N/m

x,=2X107 m

z
g
=
[=

=0.15

4

/(mm * s
Fig. 12 Influence of contact stiffness on mechanical

properties of motor

Fig. 13 shows the mechanical output charac-
teristics of the motor at different excitation fre-
quencies. It can be seen that the higher the exci-
tation frequency, the greater the maximum out-
put velocity of the motor. At a frequency range of
1—2 kHz, the speed of the motor is 3. 6—5 mm/
s. However, the excitation frequency has little
effect on the maximum output power of the mo-

tor.

=3 000 Hz

o
o

x,=2X10" m
u,=0.15
k=2X10° N/m
Y,=15X10" m

Thrust/ N
I

4

/(mm *s")

Fig. 13 Influence of excitation frequency on mechanical

properties of motor

Figs. 14,15 show the mechanical characteris-
tics of the motor for the lateral amplitude and the
longitudinal. It can be seen from Fig. 14 that un-
der the same conditions, the greater the lateral
amplitude of the motor stator, the higher the out-

put speed of the motor, while the maximum

thrust of the motor is almost constant. It can be
seen from Fig. 15 that the higher the longitudinal
amplitude, the greater the maximum output pow-
er of the motor, but the velocity of the motor is

almost constant.

%,=2.0X10" m
%,=2.5X10"m
%,=3.0X10" m

=2 000 Hz
u,=0.15
k,=2X10’N/m

(3

,=15X10"m

=
2
g
=

Fig. 14  Influence of lateral amplitude on mechanical

properties of motor

,=1.5X10"m
i 0X10°m
$,=2.5X10°m

0.3

0.2 f=2000 Hz
x,=2X10"m

01  4~=0l15
k.=2X10’N/m

Thrust /N

0.00 1
Veloci
Fig. 15 Influence of longitudinal amplitude on mechani-

cal properties of motor

Therefore, in the stator structure design,
enlarging the vertical amplitude can get the larger
output force and decreasing the lateral amplitude

can get the smaller step distance resolution.

6 Experiment

In order to verify the vibration characteristics
of the motor stator and the output performance
characteristics of the motor, a motor prototype is
fabricated and its main parameters are listed in
Table 1.

Fig. 16 shows the prototype of the motor. In
the assembly process of motor stator , the sym-

Table 1 Main structural parameters of stator
ky/ ky/ ks / my/  my/
(Nem™") (Nem ') (Nem " kg kg
2.1X10° 5.2X10° 1.1 X10° 0.01 0.9
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metry of the left and right piezoelectric stacking
should be guaranteed. Meanwhile, the vertical
tolerance of both levers of drive foot relative to
the bottom of the clamping mechanism does not
exceed 0. 01 mm. In the motor assembly process,
the stator clamping device needs to be adjusted
accurately to keep the stator drive side and the

mover in good contact.

/

Mover

Friction plate

Drive foot
Stator

Fig. 16 Motor prototype photo

Since the driving force of the motor comes
directly from the frictional force between stator
and mover, proper preload is critical to the output
performance of the motor. In order to obtain the
appropriate preload, the preload adjustment ex-
periment is required in the motor assembly
process. Fig. 17 shows the preload adjustment de-
vice. The motor is fixed on the workbench and
LLC1015 pressure sensor is installed between the
end of stator and pre-pressure adjusting device.
The value of the pressure sensor can be shown on
the dynamometer with the measurement accuracy
of 0.1 N. We utilized L-plate to press the pres-
sure sensor and adjust the stator pre-pressure by

changing its position.

Oscilloscope

Dynamometer
Power

Pressure
sensor

/

Circuit

Motor

Fig. 17 Preload adjustment device

It can be seen from Fig. 18 that the maxi-

mum motor speed is up to 2. 5 mm/s when the

pre-pressure is 4 N. Furthermore, while the pre-
pressure is less than 2. 5 N, the motor cannot
work stablely, which lies in that too small pre-
pressure results in abnormal contact condition be-

tween stator and mover.

TV)
g
g

g
3

g
°

>

Fig. 18 Relationship between no-load speed and preload

However, since the contact angle is approxi-
mately equal to 2w, the preload between stator
and mover should be less than 10 N, otherwise
the motor mover will reciprocate in one cycle.
The reason is that too high preload produce too
large deformation in the contact interface between
the stator and the mover, so that the friction
characteristics are the same both in drive section
and in return section.

The longitudinal amplitude characteristics of
drive end can be measured with PSV-300F-B laser
vibration measurement system. In the case of the
excitation signal voltage peak-to-peak value of
100 V and the forward bias voltage of 50 V., the
longitudinal amplitude-frequency response charac-

teristics are measured as shown in Fig. 19.

—_
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k,=5.2X10" N/m
k,=1.1X10’ N/m
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=
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~
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S
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Angular frequency / (10°rad * s)
Fig. 19 Amplitude-frequency characteristic of

motor stator



No. 5 Chen Xifu, et al. Working Mechanism of a Kind of Non-resonant Linear Piezoelectric Motor--- 757

As can be seen from Fig. 19, when the exci-
tation frequency is less than 2 kHz, the longitudi-
nal amplitude of the drive end is not constant
when the excitation frequency changes. When the
excitation frequency is higher than 2 kHz, the
longitudinal amplitude ranges from 0. 5 pm to
0.7 pm.

The mechanical characteristics of the motor
are simulated with the excitation voltage of
100 V, the excitation frequency of 2. 5 kHz, the
contact stiffness of 2 X 10° N/m and the viscous
friction coefficient of 0. 001. The precision hard
ceramic is chosen as the friction material of the
stator and the stator material is 45 steel. The me-
chanical strength test is carried out with the pre-
load of 4 N. The simulation and experimental re-

sults are shown in Fig. 20.

Simulation result
Experimental result

-
Tm
:
g
&
ko
)
=
Q
[=}
G}
=

Fig. 20 Mechanical characteristics of motor

From Fig. 20, it can be seen that there are a
little errors between the theoretical results and
the experimental results. The experimental re-
sults show that the maximum velocity and the
maximum thrust are slightly smaller than the
theoretical simulation results. Because of the fric-
tion between the motor mover and rail slide, and
the assembly error of motor stator, the motor
performance is reduced. In general, the simula-
tion can show the trends for motor performance
and provide a method for prediction and optimiza-

tion of this kind of motors.

7 Conclusions

We propose the vibration model and verify
the working mechanism of a non-resonant friction

driving linear motor. The performance of the pie-

zoelectric linear motor is greatly influenced by the
contact state between stator and mover. For the
non-resonant motor, the clamping device not only
provides a stable longitudinal preload for the sta-
tor, but also weakens the lateral force generated
during the preloading process. Therefore, when
pre-pressure is applied, the drive foot should have
only a degree of freedom along the direction per-
pendicular to the direction of movement of the
guide rail.

Similar to the resonant ultrasonic motor, the
two piezoelectric layers are excited by two sinu-
soidal signals with a phase difference of n/2 to
obtain the elliptical motion at the flexible drive
end. Unlike the elliptical trajectory of the reso-
nant ultrasonic motor, the elliptical trajectory is
obtained by using the static large displacement
output characteristic of piezoelectric stacks in a
non-resonant state, Therefore, the elliptical traj-
ectory mainly depends on the self-displacement
output characteristic of the piezoelectric stack and
the flexible amplification factor of the stator driv-
ing foot, and it is independent of the vibration
mode of the motor. Thus the motor can operate
stably in a wide operating frequency.

The frequency of the longitudinal vibration of
the motor system is studied utilizing the longitu-
dinal vibration model of the motor system. The
simulation results show that the resonant fre-
quency of the motor prototype is about 1 kHz. In
the vicinity of the resonant frequency, the motor
performance is quite different. However, when
the motor operating frequency ranges from
2.2 kHz to 3.5 kHz, the motor’s vertical ampli-
tude is almost stable and the motor can work
stably in the frequency range.

The non-resonant contact kinetic model
based on the Coulomb friction model is proposed
in order to study the dynamic characteristics of
the non-resonant linear motor. The simulation
results show that enlarging the longitudinal am-
plitude can increase the motor thrust, however,
the lateral amplitude has little effect on the motor
thrust. The velocity of motor increases with the

lateral amplitude of the drive end, while the
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effect of the longitudinal amplitude on the motor
thrust is not obvious. At the same time, increas-
ing the contact stiffness can improve the motor
thrust and motor speed.

In addition, the appropriate pre-pressure be-
tween the stator and the mover has a significant
effect on the motor performance, and there is an
optimum pre-pressure for the motor to obtain the
best performance of the motor, When the pre-
stress is 4 N and the driving voltage is 90 V, the
maximum velocity of the motor is up to 2. 5 mm/
s, the maximum thrust is 0. 5 N and the displace-
ment resolution is about 1 ym. The experimental
results are in good agreement with the simulation
results of the friction drive mechanism model.
Compared with the existing non-resonant inertial
impact piezoelectric linear motor, the output
thrust of this type of motor increased by 50% and
can be further improved through the optimization
of structural design and the adoption of large dis-

placement output piezoelectric stacks.
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