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1. Introduction

Usage of USM in ultra-precision devices has been gradually in-
creasing in various technical fields such as robot joints, high precision 
devices, micro robots, automated focusing systems of cameras and 
MEMS [3, 9]. There are two basic types of piezoelectric motors: the 
rotary motor [3, 9, 10] and the linear motor [5, 6, 11]. Piezoelectric 
motors have many advantages over conventional electromagnetic mo-
tors, including a high torque at low speed, a large holding force with-
out a power supply, silent operation, simple structure, high precision 
positioning, fast response and no electromagnetic noise generation 
[11]. Piezoelectric motors produce linear or rotary motions by their 
resonant vibrations excited via inverse piezoelectric effect of the PZT 
elements [10]. Due to this fact piezoelectric motors excitation signal 
frequency must correspond resonant frequency of the motor vibrator 
(stator), which generates a standing or travelling wave [4]. In order to 
obtain constant rotational or linear movement of piezoelectric motor, 
excitation signal should be harmonic, and in order to obtain step mo-
tion, excitation signal should be burst type [7]. In fact that the driv-
ing speed of the motor depends on both the amplitude and frequency 
of the excitation signal, the maximum speed or step size is obtained 
when burst type excitation signal frequency corresponds frequency of 
resonant vibrations of the piezoelectric motor stator [2, 7]. 

Most of piezoelectric motors used for various purposes are ex-
cited with signal, generated by signal generators [2, 4, 5, 6, 7, 10, 
11], which requires some kind of traditional power supply. In order 
to use ultrasonic motors in areas, where traditional power supplies or 
electricity is unavailable, a new type of piezoelectric motor control 
technique is needed. 

In this paper a novel burst type signal generator for ultrasonic 
motor control is designed, built and investigated. Presented burst 
type signal generator can operate as alternative method for ultrasonic 
motor control when traditional methods, such as signal generators 
are unavailable or damaged. This decreases risk of ultrasonic mo-
tor exploitation failure when traditional systems are damaged or are 
unavailable in areas such as nature, space, etc. In order that presented 
burst type signal generator can drive both rotational and linear USM, 
such a control method allows to increase reliability of precision posi-
tioning drive exploitation.

2. Structure and operating principle

A burst type signal generator for driving USM is presented in 
Fig. 1. Such a generator consists of  some kind of alternative energy 
supply 1 (e.g. thermoelectric, solar cells, human’s muscle force, etc.), 
shock exciter 2 (e.g. hummer-type impactor, piezoelectric shock gen-
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Niniejszy artykuł przedstawia badania nowatorskiego układu sterowania przemieszczeniem kątowym silnika ultrasonicznego za 
pomocą piezogeneratora drgań elektrycznych. W tym celu, został zaprojektowany oraz zbudowany piezogenerator drgań elektrycz-
nych, który składa się z generatora drgań mechanicznych, przetwornika piezoelektrycznego typu Langevina i masy rezonansowej. 
Zastosowany piezogenerator drgań elektrycznych pozwala generować sygnały elektryczne o częstotliwości 20,2 kHz i tym samym 
umożliwia precyzyjne sterowanie krokowym piezosilnikiem ultrasonicznym. Dodatkowo, piezogenerator drgań elektrycznych po-
zwala na odzyskanie części energii drgań i przekształcenie energii mechanicznej na elektryczną, co z kolei umożliwia wyelimi-
nowanie dodatkowych źródeł zasilania zewnętrznego. W pracy zrealizowano również drugi układ sterowania z zastosowaniem 
kondensatora włączonego w układ piezogeneratora sygnałów elektrycznych. Pozwoliło to na wydłużenie ilości generowanych 
krokowych przemieszczeń piezosilnika z 1 do 30 dla jednorazowego ładowania kondensatora piezogeneratora.

Słowa kluczowe:	 układ sterowania ruchem silnika ultrasonicznego, układ mikro-pozycjonowania, piezoge-
nerator drgań elektrycznych, generator drgań mechanicznych, układ odzyskiwania energii, 
piezoelektryczny silnik ultrasoniczny, zwiększenie niezawodności działania.
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erator, etc.), horn type waveguide 3, Langevin-type [1] piezoelectric 
transducer 4, made of piezoelectric rings, backing mass 5 and USM 6, 
which should be controlled. It should be noted that waveguide, Lan-
gevin-type piezoelectric transducer and backing mass should be de-
signed for certain frequency.

In presented burst type signal generator the energy is generated 
by mechanical shock on waveguide’s surface with smaller cross sec-
tional area and is transmitted to surface with greater cross 
sectional area of the waveguide, thus energy from excita-
tion shock is dispersed and displacement of surface (with 
greater cross sectional area) is obtained. This surface 
transmits displacement and energy with entire surface 
area to Langevin-type piezoelectric transducer. Surface 
area corresponds Langevin-type piezoelectric transducer 
diameter so due to this fact the piezo electric transduc-
ers can generate electric signal for USM control with the 
highest amplitude and certain frequency.

By altering waveguide shape and mechanical shock 
parameters, such as shock amplitude and duration, exci-
tation signal with required frequency and amplitude for 
certain USM control could be obtained.

3. Design of burst type signal generator for 
USM-50-2 control

In fact that ultrasonic motor, in our case – USM-50-2, 
has 20.2 kHz resonant frequency (more technical charac-
teristics of motor are presented in table 1), a burst type 

signal generator with longitudinal resonant frequency of 19.8 kHz, 
with stepped-exponential shape waveguide and shock exciter was de-
signed and fabricated. 

Designed burst type signal generator 3D model view is presented 
in Fig. 2 and impedance, obtained with Impedance meter Wayne Kerr 
6500B, is presented in Fig. 3.

The stepped-exponential shape (Fig. 2) was chosen in order that 
earlier researches showed, that stepped shape waveguide has highest 
amplitude magnification factor of the generated vibrations (compar-
ing to cylindrical, conical, exponential, reversed exponential shapes) 
and surface area with greater cross sectional area moves in the most 
uniformity way in the longitudinal direction when excitation condi-
tions are the same [8]. 

4. Experimental research of ultrasonic motor control 
using burst type signal generator 

In order to investigate control of USM using burst type signal 
generator experimental research was carried out. A scheme and setup 
view of experimental research are presented in Fig. 4.

During experimental (set-up given in Fig. 4a) research shock 
exciter 2 (piezoelectric stack, made of 46 piezo rings, dimensions 
Ø23xØ13x0.5 mm, material PZT-5, total capacity of 260 nF), was 
charged by DC power supply 1 (Mastech HY5003 with laboratory 
voltage amplifier) in voltage range 315-470 V. After that the shock 
was generated by shortening the contacts of shock exciter 2. Gen-
erated shock energy throw stepped-exponential shape waveguide  3 

Table 1. Parameters of ultrasonic motor USM-50-2

Characteristic Measurement 
unit Value

Motor type - Piezoelectric, rotational

Motor resonant frequency kHz 20.2

Rated RMS voltage V 21.28

Rated torque Nm 0.004608

Rated rotational speed rpm 56.075

No-load maximum rotational 
speed rpm 78.947

Maximum torque Nm 0.006912

Resonance quality factor - 300

Capacitance per phase nF 13

Fig. 1. A scheme of USM control using burst type signal generator: 1 – alter-
native energy supply, 2 – shock exciter, 3 – waveguide, 4 – Langevin-
type piezoelectric transducer, 5 – backing mass, 6 – rotary USM

Fig. 2. 3D model view and drawing of fabricated burst type signal generator

Fig. 3. Impedance of designed burst type signal generator
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was dispersed ant smoothly transmitted to piezoelectric Langevin-
type transducer 4, consists of 4 piezoelectric rings made of PZT-5, 
with total capacity of 6.56 nF. Generated electrical energy from this 
transducer was directly transmitted to USM 5 and motor movement 
was obtained. USM movement was measured with laser vibrometer 

6-7 (Polytec OFV-5000/505), data acquisition was made with digital 
oscilloscope 8 (PicoScope-6407) and PC 9. During experimental re-
search sensitivity of Polytec vibrometer was 2 µm/V.

Experimental results – motor rotational steps when shock exciter be-
fore shortening was charged by 370 V or by 470 V are presented in Fig. 5.

Experimental results showed that the higher charging voltage of 
shock exciter was, the higher motors steps were obtained. The low-
est rotational step was obtained at the lowest used – 315V charging 
voltage and was 1.55 µrad. The highest rotational step was 10.4 µrad 
when charging voltage was 470 V. The higher charging voltage is not 
allowed due to shock exciter technical characteristics.

5. Experimental research of power circuit of shock ex-
citer using additional capacitor

In order to obtain more than one ultrasonic motor step per one 
charge of shock exciter, new technique for shock exciter power circuit 
was proposed. Scheme of proposed power circuit of shock exciter and 
experimental setup view are presented in Fig. 6.

Such a power circuit of shock exciter (Fig. 6) has some kind of DC 
power supply 1 (e.g. solar panels, thermoelectric panels, etc.), addi-
tional capacitor of 100 µF 2, switch 3, shock exciter 4, stepped-expo-
nential shape waveguide 5, Langevin-type piezoelectric transducer 6, 
with total capacity of 6.56 nF, USM 7 (resonant frequency 20.2 kHz), 

laser vibrometer 8-9 (Polytec OFV-
5000/505), digital oscilloscope 10 
(PicoScope 6407), PC – 11.

Working principle of such 
scheme is as follows: at the begin-
ning additional capacitor, which is 
located between power supply and 
shock exciter, is charged from some 
kind of DC power supply, in this 
case Mastech HY5003, up to 470 
V. After that shock exciter contacts 
are shortened in different direction 
after every step of motor and in this 
way shock is obtained from one 
charge of additional capacitor. 

Experimental results showed 
that presented technique for shock 
exciter control (Fig 6) works cor-
rectly and generates up to 30 
ultrasonic motors steps per one 
electric charge of additional ca-
pacitor Cadd. The highest step, the  

Fig. 4. Experimental research of burst type signal generator for USM con-
trol a) scheme b) setup view: 1 – power supply, 2 – shock exciter, 3 – 
stepped-exponential shape waveguide, 4 – Langevin-type piezoelectric 
transducer, 5 – USM, 6, 7 – Laser vibrometer, 8 – Digital oscilloscope, 
9 – PC

Fig. 5. Experimental results – motor rotational steps: a) shock exciter be-
fore shortening charged by 370 V, b) shock exciter before shortening 
charged by 470 V 

Fig. 6. Power cicrcuit of shock exciter: a) scheme of burst type signal genera-
tor with additional capacitor, b) experimental setup view: 1 – power 
supply, 2 – additional capacitor, 3 – switch, 4 – shock exciter, 5 – 
stepped-exponential shape waveguide, 6 – Langevin-type piezoelectric 
transducer, 7 – USM, 8,9 – laser vibrometer, 10 – digital oscilloscope, 
11 – PC

a)

b)

a)

a)

b)
b)
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same as in experimental research without additional capacitor, was 
obtained at the first step – 10.4 µrad and was the same until the 21st. 
The lowest was the 30rd step – 2.5 µrad.

Obtained results – the last 10 motor rotational steps, of total 30, 
obtained during experimental research, per one electric charge of ad-
ditional capacitor (up to 470 V) are presented in Fig. 7.

Such a power circuit could be used and especially helpful in areas, 
where traditional DC power supply is unavailable, e.g. in space or 
nature, where alternative energy supply, such as solar or etc. could be 
used. For example, solar panels through certain control circuit could 
charge additional capacitor and after that ultrasonic motors steps 
could be obtained without recharge after every step.

6. Conclusions

In this research a novel burst type signal generator for ultrasonic 
motor control was proposed and investigated. Such generator has a 
shock exciter from which generated energy throw stepped-exponen-
tial shape waveguide is transmitted to Langevin-type piezoelectric 
transducer. Generated electric energy from this transducer is directly 
transmitted to ultrasonic motor and its movement – steps – are ob-
tained. Such a generator operates as alternative method for ultrasonic 
motor control when traditional methods, such as signal generators are 
unavailable or damaged. This increases reliability of ultrasonic motor 
exploitation, especially when traditional systems are damaged or are 
unavailable in areas such as nature, space, etc.

Experimental results showed that designed burst type signal gen-
erator for USM control is appropriate for control of motor USM-50-2, 
which has 20.2 kHz resonant frequency and could be used in various 
applications including ultra-precision systems such as positioning of 
microscope table, etc. Such a generator (with USM) can be used in 
micro-positioning systems and can generate rotary USM steps from 
1.55 µrad up to 10.4 µrad. 

In order to obtain more than one ultrasonic motor step obtained 
per one charge of shock exciter, power circuit of shock exciter was 
proposed and investigated. Such a circuit allows to drive USM up to 
30 steps per one electric charge of additional capacitor. Obtained steps 
per one charge varied from 10.4 µrad (the first step) up to 2.5 µrad 
(the thirtieth step).

Fig. 7. Experimental results – the last 10 motor rotational steps (of 30 steps) 
per one electric charge of additional capacitor up to 470 V
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