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Abstract. The paper presents a mathematical model for a traveling wave ultrasonic motor 

which offers the possibility to estimate the rotor velocity, the efficiency and also is useful 

to analyze some function characteristics. Generally, a mathematical model is useful for 

understanding the principles of energy transfer at the frictional interface and also for the 

simulation of the overall system behavior as well for the optimization of design parameter 

or operational characteristics. 
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1. Introduction 

Ultrasonic 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. Generally, the main scope for testing the 

ultrasonic piezoelectric motors is the understanding of the stator-rotor interface 

phenomenon followed by the conception of new optimized models. The use of 

traveling wave ultrasonic motors is present especially at high-precision systems 

and in robotics.                                                    

2. General equations and boundary conditions  

The stator of the motor may be considered like a piezoceramic plate by 

thickness h  and polarized in z direction. The vibrations are generated by an 

electric field which has the following expression: 

(1)                                     ( )txkEEz ⋅−⋅⋅= ωcos0                                       

In equation (2), k is the wavenumber and ω  is angular frequency of 




