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USE OF VIRTUAL MEASURING DEVICES IN METROLOGY, ELECTRONICS
AND ELECTRICAL MACHINES FOR THE TRAINING
OF ELECTRICAL ENGINEERING SPECIALISTS

Abstract. The work shows that a promising direction for the modernization of the educational laboratory base is the use
of open systems methods together with the introduction of technologies for the use of virtual devices, based on the use of
computer measurement methods. The purpose of the work is to analyze the possibilities of creating virtual laboratory
work in various disciplines and their use in professional training of specialists in electrical engineering in higher
educational institutions. As a result of the analysis of the most well-known application computer packages intended for the
design of electronic units, the authors found that the ability to model both the simplest electrical circuits and power
electronics circuits and rather complex control circuits for them, as well as various electrical machines is the main
advantage of the Simulink package of the MATLAB environment in comparison with other software tools. Examples of
constructing circuits for virtual laboratory work in the metrology course are given. It is shown that virtual laboratory work
increases students' interest in the learning process, as well as the level of their skills and abilities.
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Introduction

In these difficult times for Ukraine, when there are
often air raids or there is no possibility to conduct classes
in specialized laboratories, one of the most important
areas of development of modern educational technologies
is the development of remote access systems for learning
and the implementation of open education standards on
their basis [1].

The training of qualified specialists in electrical
engineering is impossible without a modern laboratory
base, on which students could not only consolidate the
theoretical knowledge they have gained, but also acquire
practical skills in research or production experiments,
skills in designing and testing industrial systems. Today
there is an intensive introduction of modern information
technologies into the educational process, a large-scale
modernization of the information infrastructure of the
education system is being carried out, a unified
educational environment is being formed. In such
conditions, laboratory resources cannot remain at the old
level, and a new approach to their formation is needed. A
promising direction for the modernization of the
educational laboratory base is the use of open systems
technology together with the introduction of virtual
device technology, based on the use of computer
measurement methods [2, 3].

Today, many researches are devoted to the problems
of informatization of vocational education. The works of
the authors [3-8] consider the current state of formation
and use in the professional training of specialists of new
information and educational environments, however,
despite the large number of diverse and large-scale
studies concerning the informatization of education and
the use of information and communication technologies
of training, they did not find a thorough study of the
development of virtual work.

The purpose of the work is to analyze the
possibilities of creating virtual laboratory work in
various disciplines and their use in professional training
of specialists in electrical engineering in higher
educational institutions.

Presentation of the main material

When studying electrical engineering specialties,
an important component of the educational process is
laboratory  practice.  Traditionally,  educational
laboratories are equipped with a certain set of technical
means that allow for simple measurements. This
applies, first of all, to such disciplines as physics,
electrical engineering, electronics, electrical
measurements, electrical machines. The set of
measuring instruments here is usually very limited and
includes an electrical signal generator, a voltmeter, an
ammeter, a frequency meter and an oscilloscope, that is,
measuring instruments of general use.

Until recently, all laboratory research and work,
verification of the correctness of technical calculations
could be performed only during the experimental study
of real circuits and devices. This method has a number
of significant drawbacks:

- for experimental study of the circuit, it is
necessary to equip it with appropriate measuring
equipment and full-scale samples of electrical machines
and control devices;

- the errors of real measuring devices can be quite
large;

- for the study of circuits, it is necessary to
assemble their mock-ups from real elements, which
leads to significant material costs.

Computer simulation of electrical circuits is
devoid of these disadvantages, but there are some
difficulties in accounting for the real parasitic
parameters of circuit elements in the models: internal
resistances and conductivities of sources; intrinsic
inductances and capacitances of real resistors; losses in
inductors and windings of electrical machines;
nonlinearities caused by the presence of ferromagnetic
cores; in addition, it is sometimes difficult to assess the
accuracy of computer simulation.

Effective implementation of remote access
technologies is possible only by creating a virtual
information and educational environment of the
university, uniting in a single information space various
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corporate management systems, electronic libraries,
distance learning and training systems, corporate testing
systems, automation of scientific research, etc. In such
conditions, real experimental stands are replaced by
models of installations, creating a system of virtual
laboratories. Virtual measuring laboratories are a very
important component of the virtual representation of an
educational institution, providing, together with other
systems, all the functions of learning and management
of the educational process. As a typical option, we can
offer a educational virtual measuring laboratory
(EVML) with the following typical set of measuring
instruments: a signal generator; a universal oscilloscope;
electric motor; an electronic frequency counter; an
ammeter, a voltmeter; a wattmeter; a multimeter.

Such a EVML can become the basis for organizing
laboratory  workshops in  technical educational
institutions on the disciplines of the electrical
engineering cycle, especially for distance learning for
students. The basic version of the hardware part of the
complex can be expanded by adding special adapters
that provide research on a wide range of processes and
phenomena in relation to various disciplines. The
software can be supplemented with modules for
specialized analog and digital signal processing,
graphical representation of the results obtained, etc.

We analyzed the most famous application computer
packages designed for the design of electronic blocks: the
Electronics Workbench package, which is essentially a
virtual laboratory with quite wide capabilities; the Design
Lab package - an integrated software complex of the
MicroSim corporation for the design of analog, digital
and analog-digital devices; the Micro-Cap package - a
universal package of programs for modeling the circuitry
of electronic circuits; the Simulink package of the
MATLAB environment - a virtual laboratory that allows
you to assemble and study the operation of many types of
electrical circuits, electric machines and electric drive
devices, power electronics circuits.

The comparison of the packages was carried out
according to the possibility of modeling analog devices
(the ability to create device models based on analog
electronics elements); modeling digital devices (the
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ability to create device models based on digital
electronics elements); modeling electric machines (the
ability to create models of transformers, motors,
generators); the possibility of graphically displaying the
results of modeling (the availability of means of visual
representation of the processes occurring in the model -
graphs of transient processes, dependences of the
characteristics of components on some varied parameter);
in addition, the possibility of changing the characteristics
of the elements of the device model (voltage, current,
resistance, inductance, etc.) was analyzed.

According to the results of comparison and
analysis, it was found that the ability to model both the
simplest electrical circuits and power electronics
circuits, rather complex control circuits for them
(electric drive devices), as well as various electric
machines is the main difference between the MATLAB
system and other software tools. This package is based
on building block diagrams by transferring blocks from
the component library to the editing window of the user-
created model. Then the model is launched for
execution. To build a functional block diagram of the
simulated devices, Simulink has a large library of block
components and a convenient block diagram editor.
When developing a set of virtual laboratory works for
studying the metrology course, the Simulink package of
the MATLAB software environment was used. Here are
examples of works from the metrology course that can
be performed both on your own computer at home and
in the computer class of the university.

1. Laboratory work Ne 1. "Measuring parameters
of electrical networks using a virtual measuring
laboratory”. In the process of work, students get
acquainted with the method of using virtual tools when
creating an electronic laboratory, build assigned virtual
electrical circuits using virtual analog dial instruments,
learn to measure active resistances, inductances and
capacitances both directly and indirectly, and also
evaluate measurement errors (Fig. 1).

Students study various systems of analog
instruments, their advantages and disadvantages,
methods of expanding the limits of measurements, and
answer the given control questions.
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Fig. 1. An example of building a laboratory work Ne 1 scheme

2. Laboratory work Ne2. "Measurement of electrical
network parameters by the bridge method using a virtual

measuring laboratory". In the process of work, students
study theoretical material on bridge circuits of direct and
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alternating current, designs and principles of operation of
comparison devices - bridges and compensators, get
acquainted with the methodology for measuring electrical

parameters by the bridge and compensation method using
virtual devices, conduct measurements, and answer the
given control questions (Fig. 2).
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Fig. 2. An example of building a laboratory work Ne 2 scheme

3. Laboratory work Ne3. "Research of the
parameters of periodic signals using a virtual oscilloscope”.
In the process of work, students study the structural
diagrams and a typical set of blocks of both an electronic
and a digital oscilloscope, get acquainted with the main

Investigation of a sinusoidal signal
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characteristics of continuous and pulsed signals, acquire
skills in working with a virtual oscilloscope and generator,
learn to generate s ignals of various shapes, conduct
measurements, calculate parameters of various signals, and
answer the given control questions (Fig. 3).

Investigation of a pulse signal

Investigation of a rectangular signal

EyY ==
C 2R IAGE e

gz Ts
JoalR, | )
| 1 zl &8
'

Fig. 3. An examples of obtaining and studying signals from laboratory work Ne 3

Such EVML laboratory can become a mandatory
functional unit in collective use centers. In this case, the
use of remote access mode will significantly improve
the laboratory support of the educational process in the
above-mentioned disciplines.

Conclusions

The particularity of this approach is the ability for
students to practice experimental work skills on realistic
models of dynamic objects with accurate reproduction
of physical laws and high interactivity of research. It is
possible to predict an increase in interest in the learning

process in groups of students due to an innovative
approach to the methodology of teaching engineering

disciplines.
Virtual laboratory works in the professional training
of future electricians ensure individuality and

independence of students' activities, develop creative
thinking and form the ability to make operational
decisions, and, therefore, significantly increase the level
of knowledge, skills and abilities. At the same time, the
use of virtual laboratory work should be combined with
the study of real equipment, real phenomena and
processes.
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Buxopucrannsa BipTyaJabHUX BUMIPIOBAJbHHUX 32C00iB B Kypcax MeTpOJIOril, eJIeKTPOHIKH Ta eJIeKTPMYHUX MALINH
y nmiaroroBui gaxiBuis 3 e1eKTPUYHOI iH/KeHepil

O. B. llledep, H. B. €pminora, O. I'. [iprouko, M. K. Cremanko, C. B. ITaciuko

AHoTanisi. B pobori mokaszane, 10 TEpPCHEKTMBHHM HAMpPsSMKOM MoJepHi3auii y40oBoi naboparopHoi 0a3u €
BUKOPHCTAHHS METOJMK BIIKPHTHX CHCTEM pa3oM 3 BIIPOBa/DKCHHSIM TEXHOJOTIiil 3aCTOCYBaHHS BipTyaJbHHX IpPUIIAIB,
3aCHOBaHOI Ha BKMBaHHI METOMIB KOMITIOTEPHUX BUMIpiB. MeTOI0 pPOGOTH € aHANi3 MOXKIHBOCTEH CTBOPEHHS BIpTyaJbHUX
nabopaTopHUX poOIT 3 PI3HUX TUCHUILIIH Ta IX BUKOPUCTAaHHS Yy HpodeciiiHiid mAroTOBI (axiBIiB 3 eNEeKTPUYHOI iHKeHepil Y
BUIIMX HABYAJBHUX 3aKiiaiaX. B pe3ynbrati aHamizy HalOLIBII BIIOMHX MPUKIATHAX KOMI'FOTEPHUX MAKETIB, SAKi MPH3HAYCHI
JUIS TIPOCKTYBAHHSI €IEKTPOHHUX OJIOKIB, aBTOpaMH BUSIBJICHO, 110 MOXKJIUBICT MOJICIIOBaHHS K HAHMPOCTIIINX €JIEKTPUIHHX
CXEeM, TaK i CXEeM CHIJIOBOI eNIEKTPOHIKH Ta JJOCHTh CKJIQ[HHUX CXEM YIPABIiHHS HUMH, @ TAKOXK Pi3HUX SNEKTPUYHHUX MAIIUH €
roJioBHOIO mepeBaroro makera Simulink cepenosuiia MATLAB 'y nopiBHSIHHI 3 iHIIHMME MPOrpaMHUMH 3acobamu. HaseneHi
NPHUKIaau TOOYIOBU CXeM AJs BipTyalbHHX J1abOpaTOpHHUX PoOIT 3 Kypcy Merpodorii. [lokaszaHo, 1o BipTyanbHi 1abopaTopHi
po06OTH MiABUILYIOTH iHTEpEC CTYACHTIB 10 MPOLIECY HaBUAHHSI, @ TAKOXK PIBEHb 1X yMiHb Ta HABUYOK.

KawuoBi cioBa: Merposoris, eleKTpOHiKa, €JIeKTPUYHI MAaIlWHM, BiIJaleHuil KOCTym, jabopaTtopHuil Kypc,
BipTyalbHUIl BUMIPIOBAIIBHUI IpUIIAL.
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