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Abstract

Distributed monitoring and control systems are developed for automating the control of large-scale and complex
industrial systems. They consist of a combination of digital and mechanical parts operating in complex processes, both
deterministic and stochastic, inside and outside"af the systems.

A feature of monitoring and control systéms ih large-scale and complex industrial systems is ability to collect, analyze
and act based on a large volume of infofmetion in limited time periods. At the same time, large-scale and complex
industrial systems have the propertie§ of a flexible distributed production line.

The article analyses the modernizatiofytasks of control and monitoring systems of large-scale objects by focusing on
“Industry 4.0” technology. The prefequisites for creating and designing digital twins for components of such systems
are considered. New technologies“ef automated electric drives setting up are proposed. The theoretical principles to
assess an efficiency and prebability to reduce an energy consumption in large-scale systems affected by significant
external disturbances andgnteriéfence is shown. It demonstrates the results of students and undergraduate education in
the field of managementiof/large-scale industrial systems within the framework of the international educational project
“Synergy”. The long-tefm clsjectives of artificial intelligence application for further research and improvement of large-
scale systems are identified.

Keywords: larg&objects of control and monitoring, digital twins, robotic systems, design, commissioning, production,
education, “Industry™.0” technology, artificial intelligence.

1. Introduction

Peatyres of the “Industry 4.0” technology, announced the same as “The Fourth Industrial Revolution”, are the
transition to fully automated digital production, controlled by intelligent systems in real time in constant interaction
(ithiythe external environment, going beyond the boundaries of a single enterprise [1, 2, 3, 4]. The characteristics of
“Indiistry 4.0” technology has practically unlimited important options in terms of performance measures: volume,
speed, and methods of information flows transmission.
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Within the framework of distance international learning associations (for example, the Synergy type [5]), it makes
sense to consider, analyze and examine elements of control and monitoring of large-scale and complex industrici
systems.

It is worth mentioning that not the number of technologically connected subobjects, but unlimited volumes af a
priori, a posteriori and virtually obtained information is important. This sets and solves optimization problems thatamere
previously limited for any reason.

Further as monitoring and control (M&C) system of large-scale industrial objects the combination of tkie following
automation objects is considered:

e underground coal-mining complex with supervisory multilink control system for electric drives af machines and
mechanisms [7], as part of the complex: longwall panel, consisting of hydraulic sections, withsjackSsand special
constructions, fixing the excavated space in the mine face up to 200m long, that can contain ypito 280 sections of
support; coal-mining machine with controlled electric drives for cutting and feeding; oil pumping“station; scraper
conveyors along the mine face; belt conveyors on air-feeding slices up to 1000 and more meters fong; special point
for mined coal reloading; ventilation system; local control and monitoring systems; specidl*saftware and hardware
multilink supervisory control system; created elements of the digital twin of undergfound goal mining complex. In
coal mining modes the complex is considered as an automated robotic complex.

e FESTO laboratory robotic installation with the unique remote-control system [8,.9] - robot manipulator, system of
movement and transportation of structural elements of the equipment. Local ceritsol subsystem and hierarchical
system with an open software and hardware subsystem that allows developiig=unigue digital control systems. The
FESTO laboratory unit is an automated robotic complex, and a digital twifnof this unit is studies within the
framework of the current work.

e FESTO laboratory bench with a tracking electric drive [10] is an electromigChanical tracking drive of the working
mechanism. Software and hardware component compatible with €abMIEW and MatLAB application program
package. Local control subsystem and hierarchical system with an‘@pen hardware and software subsystem that
allows developing unique digital control systems. The FESTO laharatoryybench is an automated robotic system, and
a digital twin of this unit is studies within the framework of the ctgrefit work.

o laboratory bench of frequency-controlled DC and AC electrievarives with specialized software and hardware system
MexBI10OS Development Studio [8, 11] is a laboratory bengh of freguency-controlled DC and AC electric drives with
specialized software and hardware system MexBIOS Dewelogment Studio [8, 11, 12]. The bench allows to
investigate, and study automated electric drive systems.

2. Design of monitoring and control (M&C) system, of large-scale industrial objects in the context of
“INDUSTRY 4.0” technology

It is proposed to consider the process of M&E ofi€omplex industrial systems designing in the context of “Industry
4.0” technology using the example of underground)coal mining complex. Despite the different approaches of the
solution, the main problem of undergroupd mining”has previously been and remains for now is providing of safe
extraction of rock. As part of solving the pretilem, the purpose, designation, features and characteristics of technological
process objects are determined, in particulag, a‘priori information concerning the characteristics of the mining face and
the structural elements of technological (equipment is carefully collected and studied [13]. A priori information is the
starting material for the develop process of*ary technological object.

The analysis of technological process of coal mining is based on scientific papers of the Deputy Director of
Ugleservis company, the Coal Departient of the Arcelor Mittal Temirtau, Joint Stock Company, Associate Professor,
D.E.Sc., Avdeyev L.A. [14, 15].

According to the technologieal“pfocess, the coal mining machine cuts the slice of coal face and moves it along the
scraper conveyor to the uppet,part of the production face. In the face, along its entire length, sections of longwall panel
with many structural eleménts td:support the mined-out space, jacks for moving the conveyor and support sections, and
routing of hydraulic drive afidiControl hoses for the support sections are sequentially installed.

The Germany piade EicKhoff SL coal mining machine with controlled cutting and feeding electric drives has been
applied on flat and“inglined coal seams of medium and above medium thickness in the mines of the Coal Department of
Arcelor Mittal TemirtatyJSC (hazardous due to gas and dust).

The coal-mifling machine SL 300 model is used for mining coal from seams with a thickness of 2 to 6 m. It is a
complex engingeringydevice weighing more than 150 tons, dimensions between the cutting drums axes - 12112 mm,
diameter ofgtwg Cuttifig drums - 2200 mm each, weight is 41 tons each, total installed power of electric drives is 688
kW, special,systéms for cooling electric motors and moving drums using hydraulic jacks, two feed mechanisms using
gears apd ¥acks that are installed on a scraper conveyor stand.

The theoretical and practical problems for creating a supervisory multilink control system for electric drives of a
coal’mihing machine were solved [16]. Based on the mentioned works [17], a hierarchical structure of an automated
electtemechanical underground coal-mining complex was proposed. The digital twin of underground coal-mining
complex is designed within the framework of a functional hierarchical block diagram [17] and consists of many
rathiematical models and software analogues of machines, installations, electric drives and local control systems of the
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coal-mining complex. Some mathematical models and software analogues (for coal mining machines) were developed
in [16]. The issue of replenishing the set requires efforts of qualified specialists.

The peculiarity of operating modes of technological elements of the coal-mining complex, defined in [16], is,thatin
the process of mining and transporting coal the machines are subject to stochastic disturbances, i.e. normal operating
modes are stochastic, and the startup and stop modes of electric drives of machines in this case should be consifiered, as
close to the modes of step, pulse and harmonic actions classified in the theory of automatic control as typical actions on
dynamic objects. In relation to the coal-mining complex, we will call such start-up and stop processes standérd mjachine
modes. Specialized software “Digital Twin” allows you to virtually implement algorithms for the synthesis @fs0ptimal
controls and multilink supervisory control, both in divided and real time modes.

The digital twin is a fundamentally new design since individual models of elements must be combineduiito a single
whole and scenario compositions created that simulate processes in a coal mining face. The number of*compositions
will be the set Mss = {NRE, TRM, ARE}, reflecting all possible situations under normal (N&M), standard modes
(TRM) and emergency modes (ARE) of the operation of a mining machine. The tools for deveioping, adjustment,
configuring and operating multiple operating modes are the MatLAB subsystems: Matl AB=Simulink, LabVIEW,
Statictica, as well as the software for situational modeling SimEvents and Stateflow [18, £9],

“Industry 4.0” technology largely removes technical, software-algorithmic, comptiatiopal and methodological
restrictions for the design process. Here it is necessary to seek a compromise between the possible, truly necessary and
sufficient level of decisions made.

The path to achieving sustainable results lies in setting technology-based prierities, In relation to the underground
coal-mining complex, this is primarily: production safety; control of dynamic loat,service life, reliability and energy
saving of machines; quality of coal and the cost of mined coal subject to the falfillment of production volumes within
the framework of the necessary requests.

As part of the study of FESTO benches and installations and for theshenchisby the MexBIOS system with a rigid
structure, but with software-algorithmic components allowing for variatignsin the design process, there can be solved
the problems of creating and adjustment new intelligent software-algorithmig tools of control and monitoring individual
components and objects as a whole.

3. Setting up and adjustment of M&C system of large-s€ale influstrial objects in the context of “INDUSTRY
4.0” technology

In the review article [20], methods for setting up and adjustment regulators of automated electric drives are divided
into two groups. The first group, called traditional, is focused ori modular and symmetrical optimums, and is performed
as a function of the time constants of the drive motar. Tis technique, developed in [17, 18, 19] works, was and remains
a necessary stage in preparing an automated electric'driyve for operation.

The second group, associated with progresssin the fields of power electronics and microprocessor technology, as
well as with the advent of powerful specializell apgtication software packages for instance MatLAB-Simulink [18, 19],
MexBIOS [11, 12], contributed to the mass introducing of various variants of frequency-controlled electric drives,
which significantly complicate the drive Cireuit technique and require recording when setting up and adjustment not
only the dynamic properties of electric motors, but also frequency converters, analog-to-digital converters (ADC),
digital-to-analog converters (DAC), datd inplt-output, microprocessor devices of various types, programmable logic
controllers (PLC) and PC devices.

Demand determines supply; accafdingly, new power technology for automated electric drives required new setting
up and adjustment technologies. Witfiim,the second group of techniques, we highlight two approaches:

1. The use of specialized benchi-arialogs for conducting physical experiments with subsequent large-scale transfer of

the results obtained to an industrial automated electric drive [11, 12];

2. Setting up and adjustment of ihdustrial electric drives using hardware and software simulators of a real-life electric

drive [24, 25, 26].

We describe below in morexdetail both approaches for technology setting up and adjustment the power equipment of
an automated electriC dtive:

3.1 Hardware and software simulators of real-life electric drives

Professor ffom the Ural Federative University, A.M. Zyuzev, developed a technology for setting up and adjustment
an automatedyel®etiic/ drive using hardware and software tools called “Controlled Electric Drive Simulators” [24, 25,
26].

Repléeingsthe power part of an electric drive during setting up and commissioning processes using software and
hardwage simulators is effective in terms of maintaining the functionality of the new electrical equipment, reducing the
costgofithe setup process and the time for preparing the drive for operation. There are a large number of units and
installations for which presence of the noted capabilities is the primary factor in operation processes (for example, oil
groduction installations operating in harsh climatic conditions [24, 25, 26]).

Using the materials of work [25], which describes the creating process of a simulator of the power part of a
modernized locomotive, which includes real-life mathematical models of the electric drive power parts.
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In [25], the electric drive simulator is a set of tools that ensure interaction of a real-life electric drive control system
with hardware and software tools used to simulate the electric drive system in real time at a frequency of 1 MHz.

Depending on the assigned tasks, electrical equipment simulators are developed to simulate in real time“the
operation of an electric motor, converter, converter-motor or converter-motor-mechanism systems. For example, tGset
up a converter control system, a simulator of the power part of an electric drive can be used, which receiveg control
signals from the converter keys, models operation of the keys and the electric motor, and produces feedback sigrials
necessary for the control system operation.

A hardware-software simulator may be based on a computer running a real-time operating system. Sugh simiulators
are fast enough to simulate systems containing a thyristor converter. Simulating the operation of a transistor) converter
requires higher performance, which can be provided by systems based on a digital signal precessef (DSP) or
programmable logic device (PLD). The latest version of simulators implementation has become widespréad due to the
high speed of PLD and the availability of convenient programming tools.

3.2 Setting up and adjustment technology of industrial automated electric drive using simulatoibetiches

We propose an algorithm for setting up and adjustment a specific electric drive, for examplé, a pumping station of a
heat supply system in a megalopolis or an electric drive of an oil-pumping statien of an underground coal-mining
complex equipped with asynchronous, frequency-controlled electric drives.

1. The nominal parameters of the original electric motor and electric drive (rate@pawer, supply voltage, current, active
and inductive resistance of the stator winding, energy conversion efficiency, rotorterque of inertia, actuator, gearbox)
are evaluated.

2. The time constants of the electric drive, the reduced moment of inertia is calgulated.

3. The design scheme of the electric drive is drawn up.

4. The electric drive operating modes are determined and the characteristic of braking torque on the motor shaft is
evaluated.

5. Based on the similarity theory, the conversion factors of the origifial motor parameters into the motor simulator
bench parameters are determined from the assumption of existepeey,in‘the first approximation of a linear dependence of
parameters of the original and installed on the simulator bench‘asynchironous electric motors.

6. Subsequent actions of a commissioning engineer come to thigydeyelopment in the MexBIOS™ Development Studio
environment of simulation models of an automated frequency-controlled electric drive with a load characteristic similar
to that of the original motor for all possible options far €onstructing automatic control systems for an asynchronous
motor of the simulator bench for subsequent transformatien (using calculated similar coefficients) to the automated
electric drive of a working mechanism.

7. According to the simulator bench operating technolbgy, the results of simulation studies are verified through the
physical implementation of each structural diagramt@f the simulation model on the real equipment of the simulator
bench, followed by physical experiments in rpodes Similar to the operating modes of the original electric drive of a
working mechanism.

4. Developing of M&C system of large-scalévindustrial objects in the context of “INDUSTRY 4.0” technology

4.1 Prerequisites for the need to assess the'M&C Systems durability.

In industrial production, a very Significant factor (sometimes the most important) is the stochasticity of processes
associated with the external envirenment of large-scale industrial systems. As a result, it is necessary to operate with
probabilistic characteristics. Somie thefretical results are shown in [27, 28, 29].

4.2 Assessment of durabilityaraiiges of technological machines and installations

The analysis object will bg the elements of production plants and machines with rotating shafts driven by an electric
drive and subject to stochastic di§turbances [16].

These can be machineg (for example, technical systems containing means of energy supply and movement of
substances), statiopary puniping and compressor stations, cutting drums of coal-mining machines, flexible automated
production, which%ipwolves robot manipulator and conveyors are involved in interconnected work operations on
structural elements of preduction (parts).

It is necessardnto forecast the actual service life of machines.

Rotating machings operate in dynamic modes. In the works [16, 30], it is proved that in the function of deviations of
rotational speeds*and torque of motor and machine shafts it is possible to realize estimation of the spent resource of
motos gnd¥pachines as a whole.

In [16n30}; the machine reliability functionality is defined as the dependence of the probability of failure-free
operation_for the period of time between two overhauls from a variety of varying factors - machine operating
conditions. The durability features are defined as the dependence of the time frame (years, hours), in the continuation of
which, with a probability of not less than the minimum possible level of machine reliability — onmin (On verge of
Operation risk), the machine will be in operating condition and will not require major repairs. We were talking about
rhining machines operating in significantly stochastic conditions. It is economically and technically sufficient to ensure
the established design levels of minimum reliability and durability in the established period of machines operation [31].
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In the works [16, 30, 31], it is established that machine’s reliability and durability depends on intensity of dynamic
processes occurring in gearboxes, electric drives and structural shells (cases) of machines, but there are no analytical
dependencies of the reliability functionality of machines and the durability features from reliability level, dusability
period and other variable factors.

If in some way it is possible to determine the actual values of the reliability level (on) and the service lifé pesiod
(Tp) of the machine for specific operating conditions, then these values can be used to predict operating modes of/the
machine that ensure that on and Tp are maintained at the level on > 6Nmin, To > Toer, Where Toer is the pefiod of cost-
effective durability of the machine.

Subsequently, the individual values of on, Tp, as a function of the operating conditions existing far them, can be
approximated graphically or analytically and used in the control system of machine operating modes.

The machines operating mode in technical systems is generally conditioned by the random character of’changing the
main disturbance (machine load), and then the angular velocities (o) and torques (M) of parts aré randiom (stochastic)
processes. These processes’ characteristics (mathematical expectations, dispersions, standard deviations) depend on
control quality of the local automated electric drive or complex optimal control system. Here aresadiditional reserves for
increasing durability of controlled machines.

By putting the information about the duration of machine switching operating (i) into the database of the
hierarchical control system, M&C, it is possible to control the machine resource.

The data arrays Yj(t) contain information about the states of moments and anguiasvelocities of elements and the
duration of machines switching t;i. The array data consists of two groups ofselements: the first, corresponding to
deterministic operating modes (on, off, hard work...); the second is stochastic,%orresponding to normal operating
conditions, is often characterized as stochastic.

In deterministic operating modes of technical systems of electrical complexes, the prevention of emergency
situations must be ensured by hardware protection. If, in this case, the shaftrotation frequencies wj(t) and torques Mij(t)
do not exceed the limit values, then these situations should not lead to a decréase in service life in machines of electrical
complexes, therefore, in the future, it makes sense to evaluate only the stochastic group Yij(t), ti. for reliability and
durability of machines in technical systems of electrical engineering ompiéxes.

4.2.1. Prerequisites for analyzing the energy efficiency of the M&Csystem of large-scale industrial facilities

The issues of reducing energy consumption are a priority for bothjindividual producers and society as a whole. The
costs for consumed energy affect not only the cost of a unit of fipished products, but also carry a certain environmental
burden [32, 33].

4.2.2. Initial provisions for the object of analysis

In the flexible automated process under study, robetic taanipulators perform “point” operations to apply markings to
structural elements of production. Tripod robots carry-out transfer of volumetric structural elements onto a conveyor
belt and their subsequent installation in specialized “agxes. Several lines of interconnected robotic arms and robotic
tripods operate in multiple. Local robot contral.systerfis solve problems of positioning, automatic control and logical
control. Events occurring in flexible automaled/ranufacture are, to a first approximation, Markov processes with
discrete states and continuous time.

Taking into account the properties and,characteristics of robots, conveyors, local and global networks, flows of
structural elements, it is proposed to carry_outoptimization of electric consumption by parameterization of automatic
control systems of electric drives.

Processes for searching optimal pararietefs of control systems are virtually solved using methods of mathematical,
simulation modeling and planning ©f factor experiments on the hierarchical control system server using flexible
automated production.

The hierarchical control sygtern ¢includes telecommunication networks, servers and specialized hardware and
software and performs complex Cantrol of technological structural elements and solves system tasks of optimizing
energy consumption of productioriprocess.

Mathematical models of. largg-scale industrial objects are built based on multi-mass calculation schemes [16, 28].
Using ratios and dependénciestfrorm [14, 16], a priori, as a function of the nominal parameters of electric drive objects,
indicators of the prgpertiesand characteristics of large-scale industrial system elements can be calculated, for example:
oscillation frequengies, resonant frequencies, damping coefficients, logarithmic decrements, frequencies of free
undamped oscillatiohs, resonant amplification coefficients, dynamic coefficients, electromagnetic and
electromechanical time constants. For manipulator robots, the electric drive objects are 6 (six) DC motors. For tripod
robots, the electric drive objects are an electromechanical rotary actuator and three servomotors.

For the canvey6r plant, the electric drive objects are asynchronous electric drives with three-mass design schemes,
taking ,inte account the rigidity, dissipative losses and reduced clearances of gearbox gears, with a significant lag
dependirig,orithe length of the carrier and idle conveyor belts.

In accordance with the technological process, flows of input structural elements (semi-finished products) are
supplied.for processing by elements of flexible automated production in stochastic sequences, the patterns of which are
known but can change. Information on element flows is transferred over global and local telecommunication channels.

The quality criteria of the M&C large-scale industrial system depend on the size of structural elements, and the
eencept of “flexible automated production” assumes the existence of different batches of semi-finished products, for
example, according to geometric characteristics or required technological processing operations. The latter conditions
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require storing information about batches of semi-finished products in the database of flexible automated production;

and this information is the basis for individual control subsystems of the technological complex as a whole.

Processing operations by robotic manipulators and robotic tripods of each structural element and their groupsnas
well as movement of elements by conveyor installations are characterized as deterministic processes. This suggeststthat
ranges of quality criteria for controlling robots and conveyors can be estimated, both by direct and integral estiniatesyas
well as the stability conditions of a large-scale industrial system with their automatic control systems.

4.2.3. Algorithms and sources of power consumption minimization in large-scale industrial systems

In deterministic automatic control systems, it makes no sense to search for some unique methods and“means for
saving power consumption [34]. This is a technical problem of parametric optimization under diffefent Variants of
electric drive and structure of automatic control systems. Some originality of this problem can be given“ig the robust
formulation and, possibly, in the analysis of system of large-scale industrial objects as dynamic objetts with incomplete
information according to the theory of Professor N.V. Skibitskiy. [35].

The stochastic nature of semi-finished goods arrival creates the problem of estimating the ranges-ef possible energy
consumption values in flexible manufacturing.

Assuming that the characteristics of the flow of semi-finished products to various lifies afobotic manipulators are
known and that these flows are characterized by known distribution laws (for example: ri@rmal; Poisson, etc.). There is
a possibility that a defective structural element — a semi-finished product will enter the production line. This probability
is stochastic and must be described by the equations of probability theory.

The selected types of electric drives and the structure of automatic control systems Tar Tlexible automated production
are the means of ensuring minimization of electrical energy consumption, and theyprobabilities of a possible level of
energy consumption are determined by the existing patterns of stochastic proeesses, in flexible automated production
and are the object of research in [29].

In [29], there is presented mathematical calculations of energy consumption ‘minimization ranges for four operating
modes of flexible automated production, including:

e Mode 1. Computer vision systems record the moments when a.semi-tinished product arrives for processing by a
robotic manipulator, a tripod robot and a conveyor line. Information from sensors of computer vision system is
transmitted via global and local telecommunication channelssplaced in database and can be processed in the server
of a hierarchical monitoring and control system. All progesses ake ‘considered as deterministic. Then the range of
energy consumption is within the boundaries between thig,maximum energy consumption (of a non-optimized
system) and the sum of the minimum (optimized) consumption and energy costs for calculating the optimal
operating mode of mechatronic devices;

¢ Mode 2. Due to the fact that semi-finished products artive at the production line unevenly, the system is considered
as a Markov process with discrete states and gontifous time. The patterns corresponding to the flow of semi-
finished products characterize it as the simplest (@ stationary Poisson flow). In this case, the minimum energy
consumption value will take into account theyprobébility of a semi-finished product entering the production line at
any time;

e Mode 3. The operation of flexible automatedypfoduction using computer vision systems (i.e., as in mode 1) is
influenced by the possible appearance 9f'defects in elements of semi-finished products, which leads to skipping its
processing. The operating time of thegproduction line and the processing cycle of semi-finished products remain
unchanged, but the total number of semi-finished products supplied for processing will decrease. Consequently, in
the range of possible optimization according to the energy consumption criterion, the probability of the appearance
of a defective semi-finished product is taken into account, which leads to a decrease in the limit of maximum (non-
optimized) energy consumption;

e Mode 4. Functioning of flexiblé automated production is considered as a Markov process with an uneven flow of
semi-finished products ontesthe=line and the impact on the production line operation of the probable occurrence of
defective semi-finished elements is taken into account (as in the mode 3).

4.3. Prerequisites for gfeating,a universal methodology for effective management of power consumption in robotic
production

The above thegretical Erovisions and algorithms for assessing power consumption, as well as structural and
algorithmic proposals‘for implementing the processes of control, monitoring, regulation, automatic and automated
control of an electrichdrive with parameterization of actuators according to the criteria for minimizing power
consumption, sufjgest the possibility of creating a universal methodology invariant to the type of products being created
in flexible autdmatedyproduction, and the laws of flows distribution of semi-finished products entering the production
line.

It is fandamentally important to represent the production line as a “big” system with “big” data, in which the
problem "&f uhicertainty in the state of objects and systems is eliminated by concentrating in the database of a
hiefagchical system of control, monitoring and management of actually measured physical information by means of
contfol“and monitoring subsystems, forecasting physically unobservable information by subsystems of mathematical
and Simulation modeling [29].

The concept of “State of electrical complexes of aggregated installations of flexible automated production”, which is
defiried as a set of information flows is described below:
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o coordinates physically observed in real time are elements of the output signals that make up the vector Z(t);
physically observable and unobservable state space coordinates are elements of the vector Y/(t), which are obtained
by simulation of mathematical models of electric drive elements and electric drive control systems;

set of indicators of standard modes of electric drive elements, electric drive control systems;

set of design data of electric drive, electric drive control system in flexible automated production;

estimation of parameters of electric consumption by M&C electric drives for a fixed and declared period gftime;
estimation of resource and reliability of elements of the automated electric drive and large-scale system.
Characteristics of resource and reliability together with the evaluation of electric consumption analyZgd,above can
be considered as an integral complex of technical state and operation of large-scale system elements, electric drive
elements, electric drive control systems in flexible automated production. There are components in thie information flow
of states of electrical engineering complexes that allow us to take advantage of theoretical develogrments from [29, 34,
36] for estimating resource and reliability of automated electric drive elements.

In [7, 16], a methodology for assessing the durability of machine-building products with rotating shafts as a function
of the ratios of deviations of minimum and maximum angular velocities and torques @fi*the shiafts for the analysed
period was developed.

Coordinates Z(t), Y(t) — from the databases of complex of technical state and operation/6f large-scale objects of
control and management allow, according to the method [16], to estimate the resour@e,and reliability of the elements of
the automated electric drive and, together with the estimation of electric consumptiop, @ obtain the estimation of the
integral complex of technical state and operation of the M&C large-scale systeni‘@f*the.glectric drive elements.

5. Research of M&C large-scale systems in the context of “INDUSTRY 4:0” t€€linology

Effective research in real- and divided-time modes of the statics and.dymamics of large-scale system components is
possible using methods for conducting active and passive experiments [37] using specialized software and hardware
LabVIEW and programming environment MatLAB-Simulink [18,@8}in the M&C server. The results of research are
shown in [10, 28].

6. Training monitoring and control system of large-scal€ industrial objects in the context of “INDUSTRY 4.0”
technology

The training process, more often understood as edueationah(process 1) for various categories of specialists, as well
as students, undergraduates, graduate students and ‘doctomal students, within the framework of the “Industry 4.0”
technology is the process 2, aimed at adapting thie, M&Gsystem of large-scale industrial objects using means and
methods of artificial intelligence to the stochasticity,oiithe environmental characteristics of large-scale systems and its
elements.

In the process 1, significant results were achieved, including within the framework of the International Network
Distance Learning Program “Synergy” [38}:

Experience for realization of the proces$2 is to be accumulated and there is important to create monitoring systems
of state data about large-scale system geempenents, storing and processing stochastic information flows, setting
optimization intellectual tasks and their téchnigal implementation [39].

7. Conclusion

This work “Automated robotic/complexes in engineering, adjustment, production and education processes” solves
the current scientific problemyeferedting a methodology, principles for constructing, research and improving of flexible
automated production with“fobotic complexes driven by electric drives. Additionally, there are presented training
projects for creating the M&E large-scale systems in the context of “Industry 4.0 technology within the framework of
educational programssand fesgarch works of students and undergraduates majoring in “Automation and Control” and
“Electric Power Enginecring” based on the international educational project “Synergy”. The research work results in the
field of determiningntiie optimization of an automated electric drive according to the criterion of energy consumption
and calculations of resotirce characteristics and reliability of elements of automated production systems are shown.
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