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Abstact. New regulatory requirements for the system of higher education in Ukraine require
the introduction of innovative approaches to the content and organization of the educational
process. In this regard, the training of competent specialists in robotics requires updating the
forms, methods and means of conducting classroom classes. At the same time, there is a need for
changes in traditional education, the creation of a new methodical system, where the leading role is
given to the practical implementation of theoretical knowledge, and the making of project-technical
and configuration decisions. For this purpose, it is expedient to create methodological support for
the teaching of educational disciplines of professional robotics with the help of a multi-level
functional teaching system. It may be promising to build a complex of models, the relationships
between which are established in a constructive way, organizing them into one system with
ensuring the transition from one to the other. Interdisciplinary connections ensure the resolution of
contradictions between the acquired knowledge from different disciplines and the need for their
integration, as well as the practical application of the totality of this knowledge. To teach the
disciplines of the robotics complex, it is advisable to use certified educational laboratory stands for
conducting classes in several disciplines and make constructively organized connections between
them.
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Introduction

Currently, there is an active development of the machinery industry and the
widespread introduction of robotics in almost all technological processes of
production. In this regard, the society needs competitive specialists in robotics, who
must be able to perceive, generate, and practically implement new scientific ideas,
develop and use technical devices, software, and data management applications.
Possession of professional knowledge and skills and their effective use in
professional activities are of great importance for future engineers, which is one of
the directions of modernization of education in Ukraine. The new regulatory
requirements for the higher education system, outlined in the legislative documents of
Ukraine [1,2], set scientists and educators the task of implementing innovative
approaches to the content and organization of the educational process, namely,
updating the forms, methods and means of conducting lessons.
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Taking into account the fact that the technical component occupies a significant
place in the professional training of engineers, there is a need to develop a methodical
system of their technical training, where the leading role is given to the practical
implementation of theoretical knowledge, making of engineering, designing and
configuration decisions.

Currently, there is an active search, development and implementation of
innovative learning technologies, which is evidenced by numerous international and
domestic scientific and methodical publications [3-7]. Researchers M. Korets [8] and
S. Yashchuk [9] highlighted the methodological foundations and practical ways of
studying general technical disciplines in their works.

Therefore, the effective training of future robotics specialists at the current stage
of the development of the educational process consists in outlining, in accordance
with the requirements of the modern labor market, goals and objectives,
organizational training methods and means. In connection with the rapid development
of modern innovative educational technologies, there is a need to change traditional
education, to create a new methodical system. Despite the fact that scientists and
teachers pay considerable attention to the engineering training of specialists, currently
there is a lack of scientific research that would provide methodological support for
the specific professional orientation of engineers throughout the entire period of study
in higher education, which, in our opinion, can be carried out by creating multi-level
functional system of teaching technical disciplines.

The purpose of this research is to create methodical support for the teaching of
educational disciplines of a professional orientation with the help of a multi-level
functional system of teaching technical disciplines, as a result of which the technical
thinking of the functioning of robotic systems for scientifically based practical
activities is formed.

The results of the research

Methodical support for the formation of the professional and methodical
orientation of future engineers should be carried out as a multifunctional, multi-
component, information-electronic-oriented process, which includes: professional
growth, self-improvement; formation of a professional focus by mastering digitalized
and distance courses in technical disciplines; interaction of participants in the
educational process throughout the entire period of study. These measures can be
ensured by determining the optimal means, forms, methods and means that are
effective in the organization of training and ensure the proper level of formation of
general and professional competencies. The effectiveness of the learning process
fully depends on the correct choice of teaching methods and the logic of their
application.

The training methodology is based on the following principles: adequacy,
technicality, integrativeness, professional and scientific orientation, which provide
the possibility of forming a high level of technical competence of future robotics
specialists who are able to improve their professional skills, implement the process of
innovation in their professional activities, and quickly adapt to changes [10].
Achieving of this goal involves the following tasks: the formation of intellectual and
personal qualities that determine the motivation of the future specialist to carry out
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engineering activities [11].

Motivational incentives to carry out such activities are formed when studying
the basics of the disciplines: "Machine parts", "Theoretical and computational
mechanics", "Electrical engineering, electronics and microprocessor engineering",
"Hydraulics, hydraulic and pneumatic drives", "Fundamentals of designing robotic
systems" and "Electric drives of robots". This leads to development of a system of
knowledge in technical disciplines, skills and abilities to work with hardware devices,
beliefs and value ideas about the role of computer technology in modern society, the
formation of which makes it possible to effectively implement the technical
component of one's professional activity.

The technical competence of the future specialist should be formed as a result of
the implementation of interrelated processes: their acquisition of technical and
technological knowledge, abilities and skills and the development of professionally
important qualities of the individual, and also through the involvement of
microelectronic devices, as one of the major directions of modern fundamental
science, in all types of classes [ 12].

It may be promising to build a complex of models that describe different
disciplines, as well as design aimed at creating such models, using certain experience
in teaching different disciplines [13].

Models can be used individually or in groups. Relationships between models are
established in a constructive way. When knowledge relates to relevant models, and
the models are constructively connected, connections are established between
knowledge that organize them into one system and enable the transition from one to
another. Interdisciplinary connections ensure the resolution of contradictions between
the acquired knowledge from different disciplines and the need for their integration,
as well as the practical application of the totality of this knowledge [14].

In our opinion, for teaching the complex of disciplines related to robotics, it is
advisable to use certified educational laboratory stands to be used to conduct classes
in several disciplines and make constructively organized connections between them.

Let us consider the characteristics of the laboratory stand HTII-11.36.1
“Hydraulic machines and drives M2” and prove the expediency of its use in
educational activities.

On the frame supporting structure of the stand, made in the form of a one-sided
base with a table, there are three panels intended for mounting of:

— hydraulic equipment;

— devices for measuring pressure, flow and temperature;

— devices for control and electrical measurements.

The hydraulic circuit is located on the last (third) panel. The stand has a rigid
configuration but permits some additional assembly operations to be performed
considering the specificity of a laboratory session. The stand includes two hydraulic
power units. The stand is equipped with:

— two three-phase electric motors;

— three gear pumps, two hydraulic cylinders;

— one axial-piston non-adjustable hydraulic motor;

— two hydraulic pressure valves;
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— three hydraulic distributors with electromagnetic control;

— two two-line flow regulators;

— two adjustable chokes and a filter;

— mounting plates;

— connecting fittings and pipelines;

— three-line flow controller.

Owing to the three-phase power supply system, it is possible to determine with
high accuracy the power supplied to the main pump of the stand and methodically
correctly obtain the operating and cavitation characteristics of the pump, as well as
determine the efficiency of the hydraulic drive during translational and rotational
movement of the output links.

When testing hydraulic drives and hydraulic motors, it is possible to change the
speed of movement of the output links and the load on them in a wide range.

When selecting the hydraulic devices of the stands, coordination of their
pressure and flow characteristics is ensured, which allows conducting experimental
studies of various modes, including nominal ones.

The information and measurement system of the stand provides determination of
pressure (eight pressure gauges and one vacuum gauge are installed on the stand),
flow rates (the stand includes two flow meters: volumetric type — for measuring the
flow rate of internal leaks and speed type), temperature of the working fluid, power
supplied to the main pump, power at the output links (cylinder and hydraulic motor),
revolution rate of the shafts of the main pump and hydraulic motor.

Rotation rates are measured with electronic frequency meters. The stand also
includes an electronic stopwatch. Software and methodical support are added to the
laboratory stand: a set of methodical and technical documentation intended for the
teaching staff.

With this stand, the following laboratory works can be carried out.

1. Study of the device and determination of operational and cavitation
characteristics of the gear pump.

2. Study of the device and determination of the characteristics of the axial-

piston non-regulated hydraulic motor.
. Study of the device and determination of hydraulic cylinder characteristics.

4. Study of the characteristics of a controllable volumetric hydraulic drive with
translational movement of the output link (controlled by a throttle).

5. Study of the characteristics of a controllable volumetric hydraulic drive with
rotational movement of the output link (controlled by a throttle).

6. Study of the effectiveness of the use of two- and three-line flow regulators in
an controllable hydraulic drive.

The mentioned laboratory stand HT1I-11.36.1 “Hydraulic machines and drives
M?2” is advisable to use when conducting classes in the disciplines: "Electrical
engineering, electronics and microprocessor engineering", "Fundamentals of
designing robotic systems" and "Electrical drives of robots".

We will consider the characteristics of the laboratory stand HTLI-10.67
"Distribution networks of power supply systems with MPSZ" NTC-10.67 and prove
the expediency of its use in educational activities.

W
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Structurally, the stand consists of a case in which part of the electrical
equipment, a microprocessor measuring system, a front panel and an integrated
workbench are mounted.

In the casing of the stand there are:

» step-down transformers;

» a thyristor voltage regulator board (TVR);

> a set of load resistors;

» a set of capacitors;

» inductors used as chokes;

» a unit of incandescent lamps ~220 V 15 W, 15 lamps;

» power autotransformer based on OSM1-0.1;

» microprocessor measuring system module; which provides multi-channel
measurement in all three phases with the output of measured current and
voltage values on digital indicators.

The set of measured parameters is sufficient for effective studying of processes
in electric power systems without connecting the stand to a computer. By connecting
the stand to the computer (via USB) and using the supplemented software, it is
possible to display oscillograms of currents and voltages in each of the three phases
in static and transient processes. This significantly increases the quality and depth of
knowledge acquired by students during laboratory classes.

The front panel shows electrical diagrams of the objects of study. All the circuits
depicted on the panel are divided into groups according to the subject of the work to
be conducted. On the panel, are installed switching sockets, switching equipment, as
well as control bodies that allow alterations of the parameters of the elements studied
during laboratory work.

Controls on the front panel of the stand:

— the switch of the incandescent lamp unit (the load of the circuits) for setting

different modes of operation of the investigated 3-phase network;

— toggle switches of the bank of capacitors for changing the capacitance in the
range from O to 31 pF with a step of 1 puF;

— setting potentiometer of the TVR.

To carry out the work, it is necessary to assemble the circuit of the research
object with the help of unified jumpers, which ensure that the assembled circuit can
be clearly observed.

Conducting laboratory work is possible both in manual mode and in the mode of
interaction with a personal computer. It is possible to assemble circuits of one’s own
design using jumpers of different lengths and connecting required points of the circuit
to the measuring channels of the microprocessor measuring system.

The laboratory stand is supplemented with software and methodological
support:

— student testing program for admission to laboratory work. In the testing
process, both theoretical knowledge and knowledge of the content of the
performed laboratory work are checked. As a result of testing, the student
receives a knowledge assessment;

— software of the measuring complex;
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— a set of methodical and technical documentation intended for teaching staff.
The software enables the following actions:

e to display up to 21 measurement channels in one plot, with individual
adjustment of scale parameters of the vertical axis for each of the channels
and general adjustment of scale parameters of the horizontal axis for all
channels;
to build Lissajous figures for any two measuring channels;
to perform spectrum analysis of any of the measurement channels used;
to measure the signal frequency on any channel used;
to calculate active, reactive power components, full power and power factor;
to save the array of data from the buffer for further analysis;
to export oscillograms in graphic formats;
to set the parameters of the DAC for generation of sinusoidal, triangular and
rectangular signals.

With the stand, the following laboratory works can be conducted:

. Measurement of transformer operating mode parameters.

. Measurement of power transmission line operating mode parameters.

. Measurement of operating mode parameters of an open distribution
electrical network.

4. The influence of reactive power compensation with the help of a capacitor
bank on the operating mode parameters of an open distribution electric
network.

5. Study of the static characteristic of the power of the capacitor bank.

The specified NTC-10.67 laboratory stand is advisable to use when conducting
auditorium lessons in the following disciplines: "Electronics and automation
devices", "Information devices of mechatronic systems", "Interchangeability,
standardization and technical measurements".

Conclusions

To assess the level of development of the technical skills of future robotics
engineers, we have developed and applied a system of interdisciplinary project-type
courses that are practical in nature, contribute to the consolidation and deepening of
the acquired technical knowledge, and expand the worldview of students.

The use of any industrial equipment during lectures to demonstrate the work
process, its consequences and characteristics of various types of technologies also
improves the assimilation of classroom material during the teaching of both general
technical and special disciplines.

During the teaching of the lecture material, it is also possible to demonstrate
stands, mock-ups, and operating equipment. In order to make the above possible, it
would be desirable for general technical and graduation departments to have
agreements on creative cooperation with relevant enterprises of the industry.

W DN —
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Anomauia. Hosi nopmamusni eumoeu 0o cucmemu suwjoi oceimu 6 Ykpaini nompebyroms
BNPOBAOIICEHHS THHOBAYINIHUX NIOX00I8 00 3MICMY Ma Op2anizayii HaguanbHo2o npoyecy. Y 36'a3Ky
3 YuM ni020mo6Ka KOMNEeMeHMHUX Cneyianicmis 3 poOomomexHiku nompebye OHOBNeHHS (PopM,
Memodis i 3aco0i8 nposedenHs ayoumopHux 3amsame. Boowouac euHukae HeoOXiOHiCMb 3MiH Y
MPAouyitHill 0ceimi, CMEOPeHHs HOB0I MemoOUYHOI cucmemu, Oe NPOBIOHA POb 8I080OUMbLCSL
NPpAKMu4Hii  peanizayii  meopemuyHux  3HAHb,  NPUUHAMMIO  NPOEKMHO-MEXHIYHUX |
KOH@ieypayiinux piwenb. 3 yiclo memolo OOYLIbHO CMBOPpUMU MemooudHe 3a0e3neyeHHs
BUKNAOAHHS HABUANLHUX OUCYUNTIH NpOogheciinoi pobomomexHiku 3a 00NoMo201 06azamopieHesoi
¢ynkyionanvroi cucmemu HasuanHs. Ilepcnekmuenum modxce 6ymu no6y006a KOMniIeKcy mooeinell,
830EMO36'A3KU MIJIC AKUMU 8CMAHOBNIOIOMbC KOHCMPYKMUBHO, OP2AHI308VI0UU IX 8 OOHY CUCTEMY
i3 3abe3neuenHsM nepexody 6i0 o00Hici 00 iHwoi. Mixcnpeomemni 36'a3xu 3a0e3neuyomo
PO38'a3aHHA NPOMUPIY  MIdHC HAOYMUMU 3HAHHAMU 3 DPIZHUX OUCYUNIIH [ HeoOXiOHicmio ix
iHmezpayii, a makoxc NpaKmuyHe 3ACMOCY8AHHA CYKYNHOCMI Yux 3HAHb. [ BUKIAOAHHA
OUCYUNIiH poOOMOMEXHIYHO20 KOMNIEKCY OOYLIbHO BUKOPUCMOBYBAMU AMECMOBAH] HABYANbHI
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1ab6opamopHi  cmenou Ol NPOBEOCHHs 3aHAMb 3 KIIbKOX OUCYUNIIH Ma KOHCMPYKMUBHO
0peamiz08yeamu 36 sI3KU MidC HUMU.

Knruoei cnosa: pooomomexunika, memoouune 3abe3neuents, npogeciiina KoMnemeHmHicma,
KOMNIeKe Mooenel, 1adopamopHuti CmeHo, KOHCMPYKMUGHI 36 'A3KU, MIdHCHpeOMemHti 36 a3Ku
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