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RESEARCH AND APPLICATION OF MECHATRONIC DEVICES 
 

Serhii Onyshchenko 
PhD, Associate Professor 

(Berdyansk State Pedagogical University) 
 
In the field of instrumentation, the last decade has been characterized by high 

interest in the creation of miniature high-precision actuators. This is due, first of all, to 
the increased requirements for miniaturization of drives and requirements for reliability 
and accuracy of movement execution. 

Currently, miniature actuators use various physical effects to convert electrical 
energy into mechanical energy. The most popular are piezoelectric actuators, which are 
the best in many aggregate parameters [1]. 

For the assembly and installation of microdevices, micromanipulators and 
microgrippers are in demand, which can provide high accuracy and reliability of 
positioning of microparts. The problem of developing mechatronic micro-movement 
systems is relevant, since it is necessary to create new high-precision automatic devices 
in the fields of microrobotics, microbiology, mechanical engineering and 
microelectronics. In addition, the task of vibration transportation and supply of 
oriented mini and micro parts to the working body of the manipulator remains 
relevant. 

Based on the requirements for automatic equipment for installing surface-
mounted electronic components (SMCs) on printed circuit boards, the use of bimorph 
piezoelectric actuators (BPAs) for precise positioning of SMCs relative to conductive 
paths as precision movement modules seems to be effective. This is due to the fact that 
BPAs s can move the working parts with an error of up to a fraction of a micrometer 
with a maximum movement of up to 1–2 mm without additional mechanical 
transmission devices. 

In addition, the use of both reverse and direct piezoelectric effects makes it 
possible to use the same piezoceramic elements of the BPAs as a drive and a sensor of 
mechanical quantities simultaneously. This mechatronic approach to creating miniature 
handling systems is the most effective, since in this case the mechanical part of the 
handling devices is simplified and the control characteristics are improved [2]. 

To study the piezoelectric microgripper, an experimental stand was assembled, 
consisting of the following main parts: a B5-60 140 V power supply, a two-channel 
voltage control unit, an MBS-10 microscope with backlight, a video camera, an MTA-
222 microtelevision attachment for the MBS-10 microscope, an analog monitor black 
and white for MBS-10 microscope, DT-830B multimeter, dual-channel USB PC 
oscilloscope PCSU-1000. 

In each of the experiments, the gripper was installed at the focus of the 
microscope, then connected to the voltage control device and power supply. At 
different voltages, the gripper fingers form various bending deformations, images of 
which from a microscope using a video camera are transmitted to the monitor screen, 
where, knowing the magnification factor of the image, the displacement is determined 
using a caliper. 
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During the experiments, the movements of the free fingers of the gripper and the 
movement of the part clamped in the gripper were studied. One of the disadvantages of 
piezoelectric actuators is the hysteresis of the dependence of the displacement on the 
voltage supplied to the actuator, which increases the positioning error and complicates 
the control system. 

The presented materials show the possibility of using a BPAs to drive the working 
element of an automatic assembly complex. Considering the possibilities of using 
piezoelectric actuators in other fields of science and technology, we can highlight the 
following areas: 

− in micromanipulation systems - for the assembly of micro-products, for 
biological research and technology and microsurgery, for driving the heads of high-
precision measuring machines, in precision electrical discharge machines for two-
coordinate wire feeding; 

− as vibrating feeders of miniature parts and orienting devices; 
− in autonomous microrobots designed for monitoring the environment (flying, 

crawling, swimming minirobots), for laparoscopic surgery, endoscopic diagnosis of the 
human body; 

− in optoelectronic switches and scanners of technological laser installations, 
miniature pneumatic and hydraulic devices (micro-pumps and micro-valves) intended 
for use in medical devices and devices; 

− in precision multi-axis vibration motors designed for moving and orienting 
microscope tables and sensitive elements of navigation devices; 

− in household devices – vibrating razors and toothbrushes, vibrating massagers, 
toys. 

It is important to note that piezoceramics can operate with high reliability at high 
temperatures (up to 300°C), in aggressive environments and in vacuum, and also does 
not create significant electromagnetic fields in vibration mode. These advantages form 
the prospect of using piezoelectric devices in space technology, metrology equipment 
and the electronics industry. BPAs are the cheapest piezoelectric transforming devices, 
having a large range of movements of the output links (up to 1–2 mm) with forces of the 
order of 1 N. Modern domestic industry is currently mastering piezoceramic products 
with a thickness of 0.1–0.2 mm, which will reduce the power supply voltage up to 10–50 
V, which will entail further miniaturization of mechatronic devices. 
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