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(57) ABSTRACT 

A piezoelectric linear motor for providing enhanced displace 
ment using a dome-shaped piezoelectric ceramic is provided. 
The piezoelectric linear motor includes a dome-shaped piezo 
electric ceramic (100) processed such that different elec 
trodes are formed on opposite surfaces of the piezoelectric 
ceramic. A vibration shaft (200) is ?xed to a ?rst surface of the 
piezoelectric ceramic so that the vibration shaft moves in 
conjunction With displacement of the piezoelectric ceramic. 
A movable element (300) is linearly driven through friction 
With the vibration shaft While coming into contact With the 
vibration shaft. The movable element moves in a movement 
direction of the vibration shaft if the inertial force of the 
movable element is less than the frictional force betWeen the 
movable element and the vibration shaft When the vibration 
shaft moves. According to the present invention, the piezo 
electric ceramic is formed in a dome shape, so that movement 
displacement is enhanced. 

4 Claims, 6 Drawing Sheets 
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PIEZOELECTRIC LINEAR MOTOR 
OFFERING ENHANCED DISPLACEMENT 

TECHNICAL FIELD 

The present invention relates to a piezoelectric linear 
motor, Which employs a dome-shaped piezoelectric ceramic, 
thus providing enhanced displacement compared to the dis 
placement obtained upon the simple expansion/contraction of 
a conventional disk-shaped pieZoelectric ceramic. 

BACKGROUND ART 

A pieZoelectric motor is a next-generation motor using the 
pieZoelectric effect of a pieZoelectric ceramic Which vibrates 
according to variation in an electric ?eld applied thereto. The 
pieZoelectric motor denotes a noiseless motor having an 
ultrasonic driving frequency above 20 KHZ, Which is beyond 
the range of human hearing, and is also called an ultrasonic 
motor. Compared to a typical electromagnetic motor, a pieZo 
electric motor has a generation force of 3 kg cm or less, a 
response speed of 0.1 ms or less, a siZe that one tenth the siZe 
of a typical electromagnetic motor or smaller, and a precision 
of 0.1 m or smaller. Accordingly, the pieZoelectric motor has 
been Widely used in application ?elds requiring high level 
torques and loW speeds, such as the implementation of the 
Zoom function, auto-focusing function, and shake reduction 
function of digital cameras, or the driving of a pickup lens in 
a Compact Disc (CD)/Digital Versatile Disc (DVD)-Read 
Only Memory (ROM) drive. 

Generally, a pieZoelectric motor can be implemented using 
a vibration propagation method, such as a ?exural Wave type 
or standing Wave type, but this vibration propagation method 
is disadvantageous in that it is dif?cult to obtain a given 
desired amplitude due to the abrasion of a contact portion 
When the pieZoelectric motor is continuously driven. 

Korean Patent Registration No. 10-0443638 (the prior art) 
Was proposed as an alternative measure for overcoming this 
disadvantage, and relates to a pieZoelectric linear motor, 
Which linearly moves a movable element mounted on a mov 

able shaft by utiliZing a bending motion performed through 
an elastic body and a pieZoelectric plate as a driving source. 

The pieZoelectric linear motor disclosed in the prior art is 
advantageous in that it has a small siZe and a relatively simple 
manufacturing process and provides a fast operating speed, 
compared to conventional motors, but is problematic in that, 
since the pieZoelectric ceramic is formed in a disk shape, a 
separate elastic plate must be joined thereto to obtain dis 
placement, so that the manufacturing cost thereof increases, 
and the manufacturing process thereof is complicated. Fur 
ther, according to the prior art, the movement displacements 
of the movable shaft and movable element are limited to 
certain magnitudes, thus limiting the range of products to 
Which the motor can be applied in proportion to the limited 
magnitudes. 

DISCLOSURE 

Technical Problem 

Accordingly, the present invention has been made keeping 
in mind the above problems occurring in the prior art, and an 
object of the present invention is to provide a pieZoelectric 
linear motor, Which can obtain vibration displacement With 
out requiring a separate elastic plate to be joined to a pieZo 
electric ceramic, and can provide linear vibration displace 
ment improved over that of a disk-shaped pieZoelectric 
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2 
ceramic, thus further extending the range of application of the 
pieZoelectric linear motor While increasing the moving e?i 
ciency of the pieZoelectric linear motor. 

Advantageous Effects 

Accordingly, the present invention, having the above con 
struction, is advantageous in that there is no need to provide a 
separate elastic plate to obtain vibration displacement, rather, 
a pieZoelectric ceramic alone is formed in a dome shape, thus 
simplifying the manufacturing process, Which is otherWise 
complicated by the attachment of an elastic body, and 
decreasing the manufacturing cost, and in that the vibration 
displacement or the operation scale of a pieZoelectric linear 
motor can be enhanced compared to the case Where a con 
ventional disk-shaped pieZoelectric ceramic is employed, 
thus further extending the range of products to Which the 
motor can be applied. 

DESCRIPTION OF DRAWINGS 

FIGS. 1(a) to 1(c) are conceptual vieWs shoWing the prin 
ciples of the formation of the displacement of a typical pieZo 
electric motor; 

FIG. 2 is a sectional vieW of a pieZoelectric linear motor 
according to the present invention; 

FIG. 3 is a side sectional vieW of a pieZoelectric ceramic for 
describing the principles of the generation of the displace 
ment of a pieZoelectric linear motor according to the present 
invention; 

FIGS. 4(a) and 4(b) are vieWs shoWing the results of the 
simulation of the displacement of a pieZoelectric linear motor 
in an axial direction according to the present invention; 

FIGS. 5(a) and 5(b) are vieWs shoWing the results of the 
simulation of the displacement of a pieZoelectric linear motor 
in a direction opposite the axial direction according to the 
present invention; 

FIG. 6 is a graph shoWing the Wave motion of a voltage 
applied to drive a pieZoelectric linear motor according to the 
present invention; and 

FIG. 7 is a graph shoWing experimental values obtained by 
measuring the movement displacements of the center por 
tions of a conventional disk-shaped pieZoelectric ceramic and 
the dome-shaped pieZoelectric ceramic of the present inven 
tion. 

BEST MODE 

In order to accomplish the above object, the present inven 
tion provides a pieZoelectric linear motor for providing 
enhanced displacement, comprising a dome-shaped pieZo 
electric ceramic processed such that different electrodes are 
formed on opposite surfaces of the pieZoelectric ceramic, a 
vibration shaft ?xed to a ?rst surface of the pieZoelectric 
ceramic so that the vibration shaft moves in conjunction With 
displacement of the pieZoelectric ceramic, and a movable 
element linearly driven through friction With the vibration 
shaft While coming into contact With the vibration shaft. The 
pieZoelectric linear motor may further comprise a bracket for 
limiting displacement of the pieZoelectric ceramic, formed in 
a circumferential direction thereof, to a predetermined mag 
nitude While supporting the pieZoelectric ceramic. 

Preferably, the movable element may move in a movement 
direction of the vibration shaft if an inertial force of the 
movable element is less than the frictional force betWeen the 
movable element and the vibration shaft When the vibration 
shaft moves. 
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Preferably, the movable element and the vibration shaft 
may be constructed such that a certain frictional force is 
maintained at a contact portion betWeen the movable element 
and the vibration shaft by a predetermined pressing element. 

Hereinafter, embodiments of the present invention Will be 
described in detail With reference to the attached draWings. 
Reference should noW be made to the drawings, in Which the 
same reference numerals are used throughout the different 
draWings to designate the same or similar components. 

FIGS. 1(a) to 1(c) are conceptual vieWs shoWing the prin 
ciples of the formation of the vibration displacement of a 
typical pieZoelectric linear motor. 

In FIG. 1(a), a pieZoelectric ceramic 10, polariZed in the 
axial direction (the direction of the arroW) is shoWn. When an 
electric ?eld U is applied to form electrodes on the upper 
surface and loWer surface of the pieZoelectric ceramic 10, a 
compressive force or a tensile force is applied to the pieZo 
electric ceramic 10 due to the inverse pieZoelectric effect. 

That is, When the polariZation direction of the pieZoelectric 
ceramic 10 is identical to the direction of the electric ?eld due 
to the application of the electric ?eld U, the pieZoelectric 
ceramic 10 is expanded in the circumferential direction 
thereof While it is contracted in the axial direction thereof. At 
this time, since the pieZoelectric ceramic 10 is strained by an 
elastic plate 20, the surface of the pieZoelectric ceramic 10, to 
Which the elastic plate 20 is attached, has, in the circumfer 
ential direction, contraction displacement less than that of the 
surface to Which no elastic plate is attached. As a result, as 
shoWn in FIG. 1(b), a combination structure of the elastic 
plate 20 and the pieZoelectric ceramic 10 generates displace 
ment so that the combination structure is bent in the direction 
of the pieZoelectric ceramic 10, and generates the maximum 
displacement at the center of the unimorph. 

In contrast, When the polariZation direction of the pieZo 
electric ceramic 10 is opposite the direction of the electric 
?eld due to the application of the electric ?eld U, the pieZo 
electric ceramic 10 is contracted in the circumferential direc 
tion thereof While it is expanded in the axial direction thereof. 
At this time, contrary to the above case, the surface of the 
pieZoelectric ceramic 10 to Which the elastic plate 20 is 
attached has, in the circumferential direction, expansion dis 
placement less than that of the surface to Which no elastic 
plate is attached. As a result, as shoWn in FIG. 1(0), a combi 
nation structure of the elastic plate 20 and the pieZoelectric 
ceramic 10 generates displacement so that the combination 
structure is bent in the direction of the elastic plate 20, and 
generates the maximum displacement at the center of the 
unimorph. 
As described above, it can be seen that, in order to obtain 

vibration displacement in the disk-shaped pieZoelectric 
ceramic 10, the elastic plate 20 is essentially required in 
addition to the pieZoelectric ceramic 10. In contrast, the 
present invention is characterized in that the pieZoelectric 
ceramic is formed in the shape of a dome, and thus vibration 
displacement can be secured using only the ceramic part 
itself, Without requiring a separate elastic plate. In the folloW 
ing description, the principles of the driving of the pieZoelec 
tric linear motor according to the present invention are 
described in detail, that is, the principal components of the 
pieZoelectric linear motor of the present invention are 
described ?rst, and the principles of the driving of the motor 
are subsequently described on the basis of the moving tracks 
of a vibration shaft and a movable element obtained by the 
application of Wave-shaped voltage. 

FIG. 2 illustrates the section of a pieZoelectric linear motor 
according to the present invention. 
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4 
The pieZoelectric ceramic 100 is formed in the shape of a 

dome, on opposite surfaces of Which different electrodes 110, 
120 are formed, and vibrates in such a Way that the pieZoelec 
tric ceramic 100 is protruded or retracted in the axial direction 
depending on variation in the polarity of the voltages applied 
to the opposite surfaces of the ceramic 100. 

In this case, the principles of the generation of vibration in 
the dome-shaped pieZoelectric ceramic (or the principles of 
the generation of vibration displacement) are described in 
detail beloW With reference to the draWings. For reference, 
FIG. 3 schematically illustrates the direction of a force 
applied to the dome-shaped pieZoelectric ceramic Which 
forms the pieZoelectric motor. 

That is, When the pieZoelectric ceramic 100 forming the 
pieZoelectric motor is contracted in the axial direction, and is 
expanded in the circumferential direction, and thus the thick 
ness of the dome is decreased, compressive forces are applied 
to minute elements formed around the shaft due to adjacent 
minute elements, and a resultant of the compressive forces 
acts in the direction of the protrusion of the axis, consequently 
causing the center of the pieZoelectric ceramic to protrude. 
FIG. 3 illustrates the side section of the pieZoelectric ceramic 
100, but the shape of the ceramic 100 vieWed from the above 
is a concentric disk shape, so that it can be seen that the minute 
elements formed around the axis are arranged in a ring shape 
toWard the center of the axis. In this case, the results of a 
simulation, performed on the assumption that no separate 
strain condition exists on the pieZoelectric ceramic 100, can 
be con?rmed in FIG. 4(a), and the results of a simulation 
vieWed in a three-dimensional space can be con?rmed in FIG. 

4(b). 
Next, When the pieZoelectric ceramic 100 forming the 

pieZoelectric motor is expanded in the axial direction and is 
contracted in the circumferential direction, and thus the thick 
ness of the dome is increased, forces opposite those of FIG. 3 
are applied to minute elements formed around the axis, and a 
resultant of the forces consequently acts in a direction oppo 
site the protrusion direction of the axis, thus causing the 
center of the pieZoelectric ceramic to be retracted. The results 
of a simulation performed in this case can be con?rmed in 
FIGS. 5(a) and 5(b). 
The vibration shaft 200 is ?xed to the ?rst surface of the 

pieZoelectric ceramic 100 so that it moves in conjunction With 
the displacement of the pieZoelectric ceramic 100. Typically, 
since the ?rst surface of the pieZoelectric ceramic 100 is 
preferably opposite the frame 500 or housing (not shoWn in 
the draWing) of the motor, the vibration shaft 200 must be 
?xed to the surface opposite the surface on Which the frame 
500 or the housing is disposed. 
The movable element 300 is linearly driven through fric 

tion With the vibration shaft While coming into contact With 
the vibration shaft 200. On the contact portion betWeen the 
movable element 300 and the vibration shaft 200, a certain 
frictional force is preferably maintained using a predeter 
mined pressing element, such as a spring or a bolt. 
When the vibration shaft 200 connected to the pieZoelec 

tric ceramic 100 is moved due to the vibration of the pieZo 
electric ceramic 100, the movable element 300 moves in the 
movement direction of the vibration shaft if the inertial force 
of the movable element 300 is less than the frictional force 
betWeen it and the vibration shaft 200; otherWise the movable 
element 300 does not move, but only the vibration shaft 200 
moves. Hereinafter, the principles of the driving of the pieZo 
electric linear motor, performed through the cooperation 
betWeen the vibration shaft 200 and the movable element 300, 
are described in detail. In this case, it is assumed that a 
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sawtooth driving voltage, as shown in FIG. 6, is applied to the 
piezoelectric linear motor of the present invention. 
When the sawtooth voltage is applied to the piezoelectric 

ceramic 100, the vibration shaft on the piezoelectric ceramic 
100 moves in the protrusion direction, but at a relatively low 
speed in intervals during which voltage varies at a low speed 
(a->b, c->d, and e->f) (these intervals are called interval A). 
Accordingly, the frictional force between the vibration shaft 
200 and the movable element 300 becomes greater than the 
inertial force of the movable element 300, thus causing the 
vibration shaft 200 and the movable element 300 to move 
together. 

In contrast, in intervals during which the voltage varies at a 
high speed (b->c and d->e) (these intervals are called interval 
B), the vibration shaft on the piezoelectric ceramic 100 moves 
in the direction opposite the protrusion direction of the vibra 
tion shaft, but at a relatively high speed. Accordingly, the 
inertial force of the movable element 300 becomes greater 
than the frictional force between the vibration shaft 200 and 
the movable element 300, thus causing only the vibration 
shaft 200 to move while the vibration shaft 200 slips through 
the movable element 300. 

Consequently, as the interval A and the interval B are 
repeated, the movement displacement of the movable element 
300 is accumulated, and thus the movable element 300 moves 
in the direction of the protrusion. If a voltage having a phase 
difference of 180° with respect to the sawtooth wave of FIG. 
6 is applied, the movement displacement of the movable 
element 300 is accumulated in the direction opposite the 
protrusion direction, and thus the movable element 300 
moves in the direction opposite the protrusion direction. 

Meanwhile, the piezoelectric linear motor of the present 
invention may include a bracket 400 for supporting the piezo 
electric ceramic, the bracket 400 being attached to the frame 
500 or the housing through a fastening element, such as a bolt 
600 and a nut 610. The bracket 400 also functions to limit the 
displacement of the piezoelectric ceramic 100, formed in the 
circumferential direction thereof, to a predetermined magni 
tude, and thus the axial displacement at the center of the 
piezoelectric ceramic 100 can be further ampli?ed. 

Finally, the operation ef?ciencies of the piezoelectric lin 
ear motor of the present invention, which employs the dome 
shaped piezoelectric ceramic, and the conventional piezo 
electric linear motor, which employs a disk-shaped 
piezoelectric ceramic, are compared to each other with refer 
ence to FIG. 7. FIG. 7 is a graph showing experimental values 
obtained by measuring the movement displacements at the 
centers of the disk-shaped piezoelectric ceramic and the 
dome- shaped piezoelectric ceramic, each having a dimension 
of 28pi and 2t, using a laser interferometer. It can be seen 
through FIG. 7 that, as the intensity of an electric ?eld 
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6 
increases, a remarkable difference occurs between the maxi 
mum tip displacement of the dome-shaped piezoelectric 
ceramic and the maximum tip displacement of the disk 
shaped piezoelectric ceramic. 
Although the preferred embodiments of the present inven 

tion have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modi?cations are 
possible, without departing from the scope and spirit of the 
invention. Therefore, the scope of the present invention 
should be de?ned by the accompanying claims and equiva 
lents thereof. 
The invention claimed is: 
1. A piezoelectric linear motor for providing enhanced 

displacement, comprising: 
a dome-shaped piezoelectric ceramic de?ning different 

electrodes on opposite surfaces thereof, the piezoelec 
tric ceramic being de?ectable when electrically ener 
gized upon different voltages applied to the electrodes, 
the piezoelectric ceramic having an arcuate sectional 
contour when unde?ected; 

an elastic plate attached on the dome-shaped piezoelectric 
ceramic, the elastic plate straining the piezoelectric 
ceramic; 

a vibration shaft ?xed to a ?rst surface of the elastic plate so 
that the vibration shaft moves in conjunction with dis 
placement of the piezoelectric ceramic and the elastic 
plate, a moveable direction of the dome-shaped piezo 
electric ceramic equal to a moveable direction of the 
vibration shaft while the dome-shaped piezoelectric 
ceramic carrying the movement of the elastic plate and 
the vibration shaft; and 

a movable element linearly driven through friction with the 
vibration shaft while coming into contact with the vibra 
tion shaft. 

2. The piezoelectric linear motor according to claim 1, 
further comprising a bracket for limiting displacement of the 
piezoelectric ceramic, formed in a circumferential direction 
thereof, to a predetermined magnitude while supporting the 
piezoelectric ceramic. 

3. The piezoelectric linear motor according to claim 1, 
wherein the movable element and the vibration shaft are 
constructed such that a certain frictional force is maintained 
at a contact portion between the movable element and the 
vibration shaft by a predetermined pressing element. 

4. The piezoelectric linear motor according to any of claims 
1 to 3, wherein the movable element moves in a movement 
direction of the vibration shaft if an inertial force of the 
movable element is less than the frictional force between the 
movable element and the vibration shaft when the vibration 
shaft moves. 


