
 

 

MICROACTMICROACTMICROACTMICROACTUATIONS OF PIEZOCERAUATIONS OF PIEZOCERAUATIONS OF PIEZOCERAUATIONS OF PIEZOCERAMIC DISKS MIC DISKS MIC DISKS MIC DISKS 
USED IN PIEZOELECTRIUSED IN PIEZOELECTRIUSED IN PIEZOELECTRIUSED IN PIEZOELECTRIC C C C MOTORS.             MOTORS.             MOTORS.             MOTORS.             

FIRST RESULTSFIRST RESULTSFIRST RESULTSFIRST RESULTS

 

 

Ilie PRISACARIU 
Ştefan cel Mare University of Suceava 

     

 

Mircea IGNAT 
I.C.P.E.- C.A. din Bucureşti 

RezumatRezumatRezumatRezumat. . . .     Lucrarea ştiinţifică prezintă o serie de Lucrarea ştiinţifică prezintă o serie de Lucrarea ştiinţifică prezintă o serie de Lucrarea ştiinţifică prezintă o serie de rezultate preliminare referitoare la microactuaţiile elementelor piezoelectrice de rezultate preliminare referitoare la microactuaţiile elementelor piezoelectrice de rezultate preliminare referitoare la microactuaţiile elementelor piezoelectrice de rezultate preliminare referitoare la microactuaţiile elementelor piezoelectrice de 
tip discoid utilizate în construcţia statoarelor motoarelor piezoelectrice cu undă staţionară. Este cunoscut faptul tip discoid utilizate în construcţia statoarelor motoarelor piezoelectrice cu undă staţionară. Este cunoscut faptul tip discoid utilizate în construcţia statoarelor motoarelor piezoelectrice cu undă staţionară. Este cunoscut faptul tip discoid utilizate în construcţia statoarelor motoarelor piezoelectrice cu undă staţionară. Este cunoscut faptul căcăcăcă    principiul de principiul de principiul de principiul de 
funcţionare a motoarelor piezoelectrice funcţionare a motoarelor piezoelectrice funcţionare a motoarelor piezoelectrice funcţionare a motoarelor piezoelectrice cu precizie mărită are la bază microactuaţii ale statorului vibrant ce este în contact intim cu cu precizie mărită are la bază microactuaţii ale statorului vibrant ce este în contact intim cu cu precizie mărită are la bază microactuaţii ale statorului vibrant ce este în contact intim cu cu precizie mărită are la bază microactuaţii ale statorului vibrant ce este în contact intim cu 
rotorul maşinii menţionate. Rezultatele experimentale sunt reprezentate sub forma unor caracteristici rotorul maşinii menţionate. Rezultatele experimentale sunt reprezentate sub forma unor caracteristici rotorul maşinii menţionate. Rezultatele experimentale sunt reprezentate sub forma unor caracteristici rotorul maşinii menţionate. Rezultatele experimentale sunt reprezentate sub forma unor caracteristici pentru diferite tipuri de pentru diferite tipuri de pentru diferite tipuri de pentru diferite tipuri de 
discuri piezoceramice discuri piezoceramice discuri piezoceramice discuri piezoceramice alimentatealimentatealimentatealimentate    de la o sursă de tensiune continuă.  Este analizată variaţia deplasării funcţie de deplasare de la o sursă de tensiune continuă.  Este analizată variaţia deplasării funcţie de deplasare de la o sursă de tensiune continuă.  Este analizată variaţia deplasării funcţie de deplasare de la o sursă de tensiune continuă.  Este analizată variaţia deplasării funcţie de deplasare iar in iar in iar in iar in 
finalul lucrării sunt redate câteva concluzii cu caracter preliminar.finalul lucrării sunt redate câteva concluzii cu caracter preliminar.finalul lucrării sunt redate câteva concluzii cu caracter preliminar.finalul lucrării sunt redate câteva concluzii cu caracter preliminar. 
 
Cuvinte cheieCuvinte cheieCuvinte cheieCuvinte cheie: microactuaţii, motor piezoelectric. 
 
ABSTRACT. ABSTRACT. ABSTRACT. ABSTRACT.     This paper presents fThis paper presents fThis paper presents fThis paper presents first results regarding the microactuations of piezoelectric disks used as stators for stationary wave irst results regarding the microactuations of piezoelectric disks used as stators for stationary wave irst results regarding the microactuations of piezoelectric disks used as stators for stationary wave irst results regarding the microactuations of piezoelectric disks used as stators for stationary wave 
piezoelectric motors. piezoelectric motors. piezoelectric motors. piezoelectric motors.     It is known that the function of high precision piezoelectric motors It is known that the function of high precision piezoelectric motors It is known that the function of high precision piezoelectric motors It is known that the function of high precision piezoelectric motors isisisis    based on microactuations of the stator based on microactuations of the stator based on microactuations of the stator based on microactuations of the stator 
which is in direct cwhich is in direct cwhich is in direct cwhich is in direct contact with the rotor. The experimental results are a set of displacement characteristics for different types of ontact with the rotor. The experimental results are a set of displacement characteristics for different types of ontact with the rotor. The experimental results are a set of displacement characteristics for different types of ontact with the rotor. The experimental results are a set of displacement characteristics for different types of 
piezoceramic disks supllied by a DC voltage source. The dependece of voltagepiezoceramic disks supllied by a DC voltage source. The dependece of voltagepiezoceramic disks supllied by a DC voltage source. The dependece of voltagepiezoceramic disks supllied by a DC voltage source. The dependece of voltage----displacement is analyzed and finally are presented displacement is analyzed and finally are presented displacement is analyzed and finally are presented displacement is analyzed and finally are presented 
some preliminarsome preliminarsome preliminarsome preliminary conclusions.y conclusions.y conclusions.y conclusions.    
                        
KeywordsKeywordsKeywordsKeywords: microactuations, piezoelectric motor. 
 

1. PIEZOELECTRIC ULTRASONIC 
MOTORS. OVERVIEW. 

Piezoelectric ultrasonic motors have many notable 
features compared with conventional ones.  

So, they can produce a relative high torque at a low 
speed with a high efficiency and the torque produced 
per unit weight is high. Piezoelectric motors perform a 
two-step energy conversion. In the first stage electrical 
energy is converted into mechanical vibrations of the 
stator. In the second stage, high frequency oscillatory 
vibrations of the stator are transformed into 
unidirectional macroscopic motion of the rotor.  

Piezoelectric motors work by converting small 

amplitude, high frequency vibration (of 10 kHz and 

higher) of a stator with piezoelectric elements into 

unidirectional linear or rotary motion using friction. An 

important application of these motors is at 

micropositioning stages.  

    These micropositioning stages can be used in: life 

science, medicine, biology semiconductors, 

microelectronics data storage, optics, photonics, fiber 

optics metrology and measuring technology precision 

mechanics and mechanical engineering.  

    The advantages of piezoelectric motor over the 

conventional electromagnetic motor are: silent drive 

due to the ultrasonic, no gear mechanism (suitable to 

video cameras with microphones); thin motor design 

leading to space saving.  

Also other advantages of piezoelectric motors can be 

mentioned: low speed and high torque; quick response; 

hard brake and no backlash: excellent controllability; 

fine position resolution; light weight, simple structure 

and easy production process; negligible effect from 

external magnetic or radioactive fields and also no 

generation of these fields. 

    The disadvantages of piezoelectric motors are: 

necessity for a high frequency power supply; less 
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durability due to frictional drive; drooping torquespeed 

characteristics and the costs of piezoelectric elements. 

     The study of rotating piezoelectric motors leads to 

technical understating of their function and also allows 

the observation of his function at many apllications or 

in „aggresive” mediums, making easy the choice of 

product when buying it.  

     Compact miniaturised actuators and with low energy 

consumption are needed, for example at some types of 

robots used in planetary exploration and also at high-

precision devices.  
Nowadays, many researchers are trying to optimize 

the function of these type of motors and find more 
applications in other domains [1], [2] [3].    

2. PIEZOELECTRIC MOTORS WITH 
STATOR-DISKS. THEORETICAL 
CONSIDERATIONS.  

The function of the piezoelectric motor with stator 
disk is based on the stator rotor friction method [4], [5], 
[6], [7] and this interface is presented in Fig. 1. The 
forces are also presented together with a set of 
equations. 

 
 
 

Fig. 1. Forces at the piezoelectric motor with stator disk: 

            1 – suplying electrodes; 2 – piezoceramic disk; 3 – rotor. 

 
As we see, the stator is a sandwich type structure  

containing two electrodes (1) and a piezoelectric 
material plate (2). 

The mathematical equations at the contact of the 
stator with the rotor can be written in this mode (1), (2): 
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     On the Ox direction, at the contact of stator-rotor we 

have a longitudinally force lF which is generated by the 

piezoelectric element, also a centrifugal force cF  is 

acting as seen in the mentionned figure and the 

equations are given (3) and (4):   

               
)3(uAF ll ⋅=
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    Also there is present and a transversal force 

generated by the piezoelectric disk asembly and a 

friction force defined like (5)(6):  
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     Because the dinamic friction coefficient cd  is very 

small in comparation with the static friction coefficient 

it will not be considered. The force of actuation will 

have the folowing expression (7) with:
  

At   representing the transversal force factor;   

Al   represents the longitudinal force factor,  

µ-friction coefficient; 

u is considered the displacement.
 

)7(4)( 22
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3. THE STATOR FUNCTION.   

The mechanical deformation of the stator can be 
practically made by modifying voltage amplitude or 
suplly frequency. In Fig. 2a, b is presented two views of 
the piezoelectric disk and in Fig. 2.c, d are shown the 
cases when a voltage is or isn’t applied.    

                       
                    a.                                     b.              

   
                c.                                    d. 

 
Fig. 2. Piezoelectric disk:  

a –Schematic view; b –Phisical view; c –piezoelectric disk   not 
supllied; d – piezoelectric disk with apllied voltage. 
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It is known that a piezoceramic plate which is the 
subject of a electric field can generate displacements of 
microns (0.1 µm).  

Furthermore, the piezoelectric disk, using the 
electrodes provide an amplification of the mechanical 
deformation and it will result a higher value for the 
displacement amplitude.    

Also the geometrical dimensions and the 
piezoceramic coefficients have the main influence upon 
the obtained values of displacements.  

The interferometer [8] comes with a beam splitter 
which in our case is placed on the piezoelectric disk as 
shown in Fig. 3. 

4. EXPERIMENTAL STAND FOR STUDYING 
THE MICROACTUATIONS OF THE STATOR. 

In this chapter it will be described a method for 
determining the microactuations of a piezoelectric disk 
by using a laser interferometer positioning system. The 
mentionned system is usually used to determine angular 
or liniar displacements at micro electromechanical 
systems (MEMS).   

In order to obtain displacement - DC voltage 
characteristics d=f(U) the interferometer is conected to 
a personal computer using RS232 interface.  

 

 

 
Fig. 3. Experimental stand for determining the microactuations of a piezoelectric disk: 

 1 – support plate; 2 – LASER interferometer; 3 –RS 232 data interface; 4 –personal computer; 5 –support plate; 6 –piezoelectric disk;           

7 –beam splitter; 8 – DC voltage source. 
 
 

 

 
 

 
 

 
 

 

 

After the calibration of the interferometric system, there 
were analyzed three disks with different geometrical 
dimensions, as presented in Table 1.  
    We have considered to increase the applied voltage 
from 0VDC up to 200VDC for supplying the 
piezoelectric disk.  

The geometric dimensions and other characteristics 

are given in the Table 1. Each of the three piezoelectric 

disks were placed under the beam splitter and it was 

tested at different DC voltages, considering two cases: 

direct polarity and inverse polarity. 

                                                                Table 1 

                                          

 PD 1 PD 2 PD 3 

Piezoceramic plate diameter[mm]    19   24 30 

Metallic plate diameter [mm]    22   35 38.5 

Metallic plate material  brass brass brass 

 

    A detailed view of the beam splitter placed on the 

piezoelectric disk is given in Fig. 4. As we see in               

Fig. 5.a, when the voltage is increased the displacement 

is increasing too.  

    On the other part, while testing the piezoelectric disk 

PD2 it was observed the dependece between the 

diameter of the piezoceramic plate and the variation of 

the displacement.  

    Also, it was observed a hysteresis effect and in 

starting point of it, there were noticed a displacement 

peak beacause of the rearangement of charges when 

passing to another polarity or inverse polarity.   

     

 
 

Fig. 4. Detailed view if the beam splitter placed on the           

piezoelectric disk.  
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If we consider the minimum response time for this 

microactuation it must be told that it’s value is around 

milliseconds, because of the influence of the 

mechanical elements. 

 

   
      a. 

           
          b.  

     
                                              c.  

Fig. 5. Displacement vs Voltage characteristics for three types 

of piezoelectric disks: a –PD1 with Dpm=19 mm; b – PD2 with 

Dpm=24 mm; c – PD3 with Dpm=30 mm. 
 

7. CONCLUSIONS 

       In this paper we studied in a short mode, the 

microactuations which appear at the contact between 

stator and rotor at a piezoelectric motor with disk-type 

stator. A piezoelectric motor consists of a rotor and a 

stator being ultrasonically excited by piezoelectric 

elements. Ultrasonic vibration produced by the 

piezoelectrical elements provides the driving force 

which then drives the motor using friction.  

     In the characteristics presented in this paper there 

has been observed that the microactuation of a stator 

disk is highly depending by the diameter and thickness 

of the piezoceramic plate and the voltage applied. Also 

at a maximum value voltage it was observed a 

hysteresis effect.    

     Due to the ample advantage that the ultrasonic motor 

offers, much research and development have been made 

in this area.  

     In order to obtain precision results, it must be used 

precision apparatus because the small values of the 

measured stator parameters may be easy influenced by 

the external factors.  

     Further, in the nest study the author considers that it 

is important to determine the displacements when force 

is applied and also a surface analysis.   
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