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The article analyzes the system of automated process control at the elevator to determine
promising areas for improving the quality of grain. The structural scheme of control and the
algorithm of laying the transport route of grain according to the specified coordinates on the
basis of SCADA-system are investigated. One of the directions of increase and improvement of
technological process on the elevator is defined, which consists in improvement of control
algorithms in the direction of optimization of technological processes of the elevator on many
criteria (minimum of energy consumption, minimum of grain fighting, minimum of transport

time), product performance.
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Topicality. The current situation of
elevator complexes is unsatisfactory, both in
terms of storage infrastructure, in which more
than 40% need adapted for storage and
transportation of grain in warehouses [1], and
in terms of technology, in which elevator lines
are provided with obsolete equipment that
requires repair or outdated method of
organizing the management of equipment to
ensure  the  transportation of  grain
products.From this situation it becomes
obvious that there is a shortage of capacity of
technological lines of the elevator complex.

Modern  methods of ensuring the
transportation of grain products in the elevator
complex is based on industrial controllers
compatible  with  personal  computers,
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electronic computers and software, which
together create an automated process control
system [2]. Compared with relay control
systems for grain transportation routes, the
automated system is complex, which is
characterized by the presence of a common

functional purpose in all elements of the
system, the systemic nature of the
implemented algorithms for information

exchange and processing; the presence of
functional subsystems [3].The main advantage
of using these components in the enterprise is
the ability to develop new advanced
technological systems and create new more
efficient technological processes [4], but the
organizational and functional structure of
elevator complexes remains unchanged, and
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hence the quality of technological process of
grain transportation. does not change [5]. Due
to the fact that volumes and needs are always
increasing, the question arises in improving
the efficiency of processes under the same
conditions with possible small changes
associated with modernization, optimization
and other improvements.

Analysis of recent research and
publications. The introduction of an
automated system in the elevator control
process can be performed on the basis of the
old relay control system, replacing old relay
controls  with  modern  microprocessor
controllers, sensors and leaving the original
automation elements (magnetic starters), using
the already established cable line system [6].

The main advantage of the automated
system is the automation of the process of
laying the route of transportation of products
through the elevator complex, which is not
only easier several times, but also becomes
more efficient and productive. The elevator
can work simultaneously with several
technological operations, which will form 6 -7
routes, during which 2 crops are accepted, 2
are shipped and 2 are transported for drying
[3]. This increases not only productivity, but
also the rational use of all equipment, which
also reduces energy consumption. Indicators
of energy consumption of the processing
process per ton of grain in the elevator with an
automated control system is - 7 kW, compared
with the outdated control method - 12 kW [7].
The new possibility of paving the route also
affects the speed of loading vehicles with
products. For example, the loading speed of a
car with an automated control system is 10 -15
minutes, compared to outdated control
methods, from 40 to 120 minutes [8].

The use of automated control of equipment
and automation elements gives this system the
opportunity to increase profits by generating
additional profits or equalize the quality of the
grain batch for export, by drawing up the
necessary terms of reference and changes in
the control program for grain routes [9]. In
order to generate profit, it is necessary that the

grain be of the required export quality, and for
this it is often necessary to artificially mix
different batches. With the help of an
automated control system to equalize the
quality of grain for export has become more
efficient - 90% of the total volume, compared
to previous elevator control systems in which
this opportunity was only 30% [10]. An
automated system that provides control of the
technological process in the elevator, is a
complex system and belongs to the class of
complex functional systems. This system is
characterized by a large number of electronic
elements that are united by a common goal,
the systematic implementation of algorithms
for exchanging and processing information,
has a large number of functional subsystems.
Considering the process control systems at the
elevator, it is seen that the modern
development of automated control systems is
based on the use of serial basic controllers,
sensors that can be combined with personal
computers and software controllers with
system programming support, which allows
you to create an efficient system control [3].
Since the process of managing the
technological process of the elevator is
continuously linked to the process of moving
grain products, providing transport routes, we
provide the technological process of
processing grain products, the quality of
which also depends on the correct route of
movement, so this process is one factor in
achieving efficient production process.

The aim of the article is to evaluate the
automated control system of the elevator
complex in order to determine promising ways
to improve the quality of grain products in
terms of automation of the technological
process and methods of its organization and
management.

Presenting main material. In practice, the
provision of process control, namely the
provision of control of technological routes of
transportation can be provided in several
ways. The first is based on special software
that communicates with sensors and actuators
using a personal computer [11,12]. This

101



Bicnux azpapnoi nayxu Ipuuopromop ’s. — 2021. — Bun. 4 | DOI: 10.31521/2313-092X/2021-4(112)

method has a low cost of technical means and
has a sufficient level of unification of the
technological process, in comparison with
relay control systems or the use of special
equipment  controllers.This  method  of
transport route management has the ability to
change and make any changes to the transport
route of the operator on the workplace,

without the involvement of specialists and
service personnel, which is typical for the
scheme of partial remote control (Fig. 1). This
scheme is based on the hardware algorithm for
implementing the process of control of the
technological process of processing at the
elevator complex [13].
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Fig. 1. Scheme of partial remote control: LKZ - line of control of loading of the equipment;
LZS - the line of the return alarm system; LC - control line; LZ is a communication line.

However, the cost of this system still
remains high due to the cost of software and
its maintenance, which leads to the next
negative factor - the need for highly qualified
professionals and the probable dependence of
the customer on them [13-15].

To ensure the solution of the problem of
elevator automation, the following structural
scheme of enterprise management is used

(Fig. 2).
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Fig. 2. Block diagram of the automated process control system at the elevator

All equipment of the elevator automation
system can be divided into groups, the
combination of which in turn leads to the
appearance of the main units that provide
remote control. The modular-block principle
of construction allows you to easily upgrade
the system and, if necessary, add new
elements to it, gradually covering additional
areas of production [16]. Equipment groups
include: sensors and alarms for information
collection; starting and regulating equipment;
devices for remote data collection and
equipment control; programmable logic
controller and system-SCADA. The block
diagram (Fig. 3) shows the main control units,
control board, board with programmable logic
controller, operator's workplace based on
SCADA-system. This distribution of roles
between the elements of the automation
system increases the productivity and
reliability of the system in comparison with
classical elevator control solutions [17].

The power control board (control panel)
contains starting control equipment, current
sensors and controller modules, so-called
remote collection and control devices. He is
responsible for the supply of electricity to the
electric motors of the equipment, protection of
equipment from overloads and short circuits;
electrical circuit interlocks; reception of input
signals from sensors; ensuring the possibility
of local equipment management.

The board with the programmable logic
controller (PLC) provides control of the
equipment of a power board by means of the
digital interface.lt plays a major role in
providing automation in the elevator system.
He is responsible for the main part of the
algorithms for control and protection of
equipment.

The use of PLC and power shield is
responsible for performing many operations,
namely [17,18]:
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-blocking the possibility of including
transport equipment by the operator in the
wrong sequence;

-automatic sequential switching on of
equipment with time delays to reduce the
shock load on the power plant;

-automated supply of grain in the tank of
the grain dryer;

-protection of technological and auxiliary
equipment from inadmissible  operating
modes;

- emergency alarm system in case of
malfunction of technological and auxiliary
equipment;

- emergency alarm system in case of
malfunction of automation equipment;

- automatic stop of a stream at filling of
capacity of storage of grain;

-automatic delayed stop of the transport
equipment of the route after the cessation of
product supply in order to remove grain
residues from conveyors and burrows;

- the emergency warning alarm system on
granary about remote start of the transport
equipment.

The SCADA system is a common system
used in automated control processes, Sso
complex and large systems, such as used to
control power plants, and smaller ones are
used for industrial automation, this system can
also be adapted to other processes. The main
advantage of this system is the awareness of
the operator, it can provide the necessary
information, which is collected throughout the
production in real time [19,20].

In [13-16] were analyzed and described an
automated control system using the SCADA
system to perform the process of controlling
transport routes, and presented control
algorithms in the form of a system of
equations, as the SCADA system is a
container of various functional elements
responsible for performing relevant
tasks.Performing their management and using

their initial data on the results of the
technological process, as well as the
possibility of synchronous exchange of

information data with electronic resources

(archives, databases), it creates efficient
operation and a high level of unification of
automated control system [19].SCADA is a
software system that is programmed in a
specific programming language for the
elevator complex, ie it prescribes the entire
technological process of grain processing and
ensuring the control process occurs by using
control signal algorithms for logic controllers
of the system.As in software-based control,
the SCADA system also makes it possible to
route and change the transport route at the
operator's command, without handing it to
programmers during the process.However, as
in the first case, this system has a high cost
both in the process of installation and
maintenance, so it is mainly used in newly
built elevator complexes, but this system is
still widely used. The application of this
method of providing transport routes for the
movement of grain products, although
facilitated in operational terms for operator
work, but in technological terms, this
possibility is a complex process that involves
the interaction of many elements of the
control system.The process of routing on the
elevator complex by the SCADA system is
performed by dividing the entire technological
process into functional groups that have
appropriate control algorithms. The process of
moving the grain flow can be divided into the
following groups, which perform the control
process [13]:

- the first functional group is the transport
mechanisms: conveyors, conveyors, norias,
which first of all move the grain to the front or
back, but to ensure this process, the system
must take into account the control of
condition, overload, speed, direction of
transport, while receiving information about
the state previous mechanism;

- the second group includes granaries:
bunkers and silos, which provide the
technological process by opening and closing
latches, but to ensure a given operation, the
system also takes into account the information
about the level of storage, the position of
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latches and the state of
mechanism;

- the third group of elements includes
guides that move only forward or backward,
but as in previous groups to perform their
functional purpose, the system takes into
account the position of the guides, information
about the level of filling and operation of the
previous mechanism;

- the last group is the unloading cart which
carries out movement in front and back and at
achievement of the necessary place opens or
closes the valve.

These conditions are used to control the

transport and technological routes of the

the previous

elevator, based on the SCADA system, which
are  prescribped by modern  general
programming languages in the form of
systems of logical equations that form a signal
to control the elements or all equipment of
each group.

The internal structure of the automated
system, as mentioned earlier, consists of
subsystems that are combined for one
purpose, so this route management system
consists of subsystems, which are presented in
Fig. 3, the functions of which follow from
their name [21].
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Fig. 3. The structure of management of transport and technological routes of the elevator

Considering this system, we can say that all
the above subsystems are interconnected and
form a single functional system, but before its
formation, each subsystem is developed as a
separate functional unit, which allows
alternate and phased implementation of
systems in the elevator control process [1].
Also, based on the specified structure of the
control circuit, you can pay attention to the
fact that the control process takes place in
automatic and automated mode at the same
time, where automatic control is carried out
by transferring functional data between
subsystems: automatic control of the condition

of the equipment, executive elements of
mechanisms and sensors, thus operations are
provided: transfer and reading of the
information of a condition and position of the
equipment; preventing the stoppage of the
transportation process due to an unplanned
situation, due to the functional processes of
the security system; transmission of start and
stop commands; recording information on the
course of the technological process. And
automated control is involving subsystems of
formation and control of the transport route
and the operator through the above
subsystems, while providing the process of
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forming commands to start and stop the
transport route, indicating the start and end
point of the route, the ability to adjust and
change the route [2,13].
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Considering the structure of the system of
automated control of transportation routes,
you can see the algorithm of the process of
laying the route, which is presented in Fig. 4.
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Fig. 4. Algorithm for laying the transport route at the command of the operator

From this algorithm and the structure of the
automated control system follows one of the
main conditions for routing and operation of
the control system, which is the need to
program each control device equipment
separately (troughs, conveyors, valves, valves
and silos) and all control sequences, engineers
program and describe all possible routes using
and taking into account all the mechanisms
that may be involved during transportation
[22]. With the operator's command, the

construction of the transportation route is
performed by selecting the first free route
from the pre-programmed, and performing all
accompanying operations. Based on this
condition, to build alternative routes,
engineers also need to program alternative
transportation routes that are needed during
emergencies, because the programmable
transportation system is not designed for
reconfiguration during management.
Examining the automated route and its
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management process, it can be noted that the
problem of choosing and building a grain
transportation route compared to the previous
century is solved, but no one paid attention to
the quality of these routes in terms of
efficiency, productivity and economy.

Considering modern methods of managing
the technological process of transporting
products at the elevator, we can say that the
means of implementing the technological
process are divided into the first and second
class of tasks, which in the first case are
implemented  through the use and
implementation of software 1C, and in the
second case with more complex and modern
SCADA system, which can also be used in the
first case.The implementation of the tasks of
the second class is carried out with the help of
special equipment, which requires information
and characteristics of the technological
process and scope [21].

Today, the tasks posed by the technological
process of the elevator are performed by
systems that specify standard and non-
standard tools. These tools operate locally and
form a single automated management system
that reduces or fully compensates for the
shortcomings of these tools, thus increasing
the efficiency of the management process. The
modern method of laying and ensuring the
process of transportation of grain products
through the elevator is based on standard and
non-standard means of ensuring the
technological process. As a result, the control
system is characterized by the presence of
actuators and equipment for transportation and
electronic equipment:sensors, programmable
controllers, software with support for
programming - SCADA systems, etc. [3],
however, paying attention to the modern
organization and functional structure of the
elevator complex, it becomes clear that the
automated system remains unchanged, and
therefore the quality of control of the
technological process of transportation of
grain products also does not change [5].

Improvements in technological processes at
elevator complexes, in recent years, have been

carried out by solving and improving certain
tasks of the automated system.Such tasks
include the processes of improving the quality
of grain, using methods of cleaning, drying
and storage, in which some progress has been
made, through full automation of these
processes, namely the use of additional
elements that monitor product parameters
during processing and parameters of the
process, humidity, etc.), providing
information to the operator, reducing the
probability of its error [24].Steps have also
been taken to improve the process control of
equipment used in the process, and many
other improvements have been made that have
improved the conditions for the tasks of the
automated elevator control system, but there
are still some problems that are still unsolved.
In the current elevator complexes and their
control systems, the issue of routing remains
open, or rather the process of forming the
grain transportation route, as the modern
automated control system does not meet all
modern conditions required of the elevator
complex [23,24].This results in the unsolved
problem of managing transportation at the
reception and shipment of grain, which
consists in confusing the route due to human
intervention and maintaining the required
performance at high elevator capacity and the
flow of incoming products.

Conclusions and prospects for further
research. Automated elevator control system,
which covers many functions to ensure the
technological process, insufficiently
implements the task of laying the route of
transportation of grain products, which leads
to losses in economic and quality areas of
production. The transportation process is the
result of automatic selection from the database
of the first free route, which was pre-
programmed by the engineer without taking
into account certain criteria. Due to the fact
that all constructed routes will not take into
account certain conditions and requirements
that would ensure the improvement of
indicators, these conditions should be the
criteria for optimization. Algorithms for
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constructing a transportation route are not rational and productive transportation route in
optimal for the technological process, as they terms of productivity and quality. The
do not take into account certain criteria that problem of improving control algorithms in
would help them improve the transportation the direction of optimization of technological
process (minimum energy consumption, processes of the elevator taking into account
transportation  efficiency, route length, many criteria is relevant, the solution of which
transportation time, grain quality (minimize will improve the quality of grain products.
loss and combat), equipment condition, etc. .).

As a result, the system does not provide a
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C. O. Tumuyk, IT. M. Kynaenko, JI.B. Baxonina, B. A. MapzsBko. Anauni3
TPAHCHOPTYBAaHHS 3ePHOBOI NPOAYKIIi HA eJleBaTOpax

Y cmammi euceimneno pezynomamu ananizy mpaHcnopmHo-mexHoI02IYHUX TiHill Ha eflesamopi, sKi
3a0e3neyenHi  A8MoOMAMU308aAHOI0 CUCMEMOIO YAPAGNIHHA Ol GUSHAYEHHS NEPCNeKMUBHUX HANPIMKIG
nIOBUWEHHST SIKOCMI 3ePHA, 3 MOYKU 30py opeanizayii mexuonoziunoco npoyecy. Ilpoananizosano
CMPYKMYPHY CXeMy YNPAGNiHHA mMd aA20pUmM HNPOKIAAOAHHS MAapuipymy pyxy 3epHa 3d 3a0aHUMU
Koopounamamy. BusnaueHo 0OuH i3 HanpsAMKie nioBULeHHs. Ma 800CKOHANEHHS MEXHOA02TYHO20 NPoYecy Ha
eneeamopi, KUl NOJA2A€ Y 600CKOHANICHHI AI0PUMMIE KePY8AHHS 8 HANPIMKY ONMUMI3ayii mexHoI02iuHux
npoyecis enesamopa 3a 6a2amvma Kpumepisimu (MiHIMATbHE eHePeOCHONCUBAHHS, MIHIMAIbHA OOpombba
3epHa, MIHIMAIbHUL 4ac Mpancnopmy8ants), NOKAZHUKU AKOCHI NPOOYKYi.

Knrouoei cnosa: mpancnopmno-mexuonociuna nitis, cucmema SCADA, saxicmov 3epHo60i npooykyii,
Kpumepii onmumizayii, eneeamop.

C. A. Tumuyk, I1. M. Kynzaesxo, JI. B. Baxonuna, B. A. MapazsBko. Ananu3
TPAHCHOPTHPOBKH 3€PHOBO NPOAYKIUM HA 3J1eBaTOpax

B cmamve ocgewjenvl pezyibmamvl aHaIu3a MpAHCHOPMHO-MEXHOIOSUYECKUX TUHULL 971e6amopa,
Komopvle — 00ecneuusaromess  aBMOMAMUUPOGAHHOU — CUCMEMOU  VApAaeieHus 01 OnpeoeneHus.
NEPCNEeKMUBHbIX — HANPAGLEHUll  NOGbIUEHUS  KAYecmea 3epHa ¢  MOYKU — 3PeHUsi  Op2anu3ayuu
mexHonocuueckoeo npoyecca. Ilpoananuzupoganvl CMPYKMYpHAs cXeMmd YHPAgieHus U areopumm
NPOKIAOKU MAPUPYmMa O08UdCEHUSL 3ePHA NO 3A0aHHbIM Koopournamam. OnpeodeneHo 00HO U3 HANPAasieHUll
VEeIUYeHUss U COBEPUICHCIMBOBAHUL THEXHOIOSUHECKO20 Npoyecca Ha 91eeamope, 3aKIoyarweecs 6
COBEPULEHCMBOBAHUL ANI2OPUMMO8 YNPAGLEHUs. 8 HANPAGLEHUU ONMUMUAYUU MEXHONO0SULECKUX NPOYeCcCcos8
ne6amopa N0  MHO2UM KPUMEPUIM  (MUHUMATbHbIE IHEP2O3ampamsl, MUHUMATbHLIL OO0l  3epha,
MUHUMATbHOE 8PeMsi MPAHCNOPMUPOBKLL), NOKA3AMeNU KAYecmaa npooyKyuu.

Knroueswie cnosa: mpancnopmuo-mexnonocuveckasn aunus, cucmema SCADA, kauvecmeo 3epHo6oii
NPOOYKYUU, Kpumepuu onmuMu3ayul, 31e6amop.
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	The internal structure of the automated system, as mentioned earlier, consists of subsystems that are combined for one purpose, so this route management system consists of subsystems, which are presented in Fig. 3, the functions of which follow from t...
	Fig. 3. The structure of management of transport and technological routes of the elevator
	Considering this system, we can say that all the above subsystems are interconnected and form a single functional system, but before its formation, each subsystem is developed as a separate functional unit, which allows alternate and phased implementa...
	Considering the structure of the system of automated control of transportation routes, you can see the algorithm of the process of laying the route, which is presented in Fig. 4.
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	From this algorithm and the structure of the automated control system follows one of the main conditions for routing and operation of the control system, which is the need to program each control device equipment separately (troughs, conveyors, valves...
	Considering modern methods of managing the technological process of transporting products at the elevator, we can say that the means of implementing the technological process are divided into the first and second class of tasks, which in the first cas...
	Today, the tasks posed by the technological process of the elevator are performed by systems that specify standard and non-standard tools. These tools operate locally and form a single automated management system that reduces or fully compensates for ...
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	Conclusions and prospects for further research. Automated elevator control system, which covers many functions to ensure the technological process, insufficiently implements the task of laying the route of transportation of grain products, which leads...
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