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PROPOSAL OF AUTOMATED SYSTEM FOR PRESENTATION PURPOSES

The main goal of the article is to design a model of an automated system, which will be used for presentation purposes at
the Department of Automation and Human Machine Interactions at the Technical university of KoSice. In terms of adequate
focus of the presentation, the equipment used in industrial practice was used for designed model. The theoretical part contains
an overview of the technologies used for the design of equipment, selection of components and their use in design. The next
part contains an explanation of the software part of the work and the electrical interconnection of the equipment used. The last
part is devoted to the design of a model of an automated device in a CAD system.

The article presents the results of scientific-methodological research.
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Urgency of the research. Automation is a multidisciplinary field that requires specialized
study. The Department of Automation and Human Machine Interactions of the Faculty of
Mechanical Engineering of the Technical University in KoSice provides such education in its
study program called Industrial Automation. For the purpose of a better idea of the study
program to the public, it is appropriate to create an exhibit that would present the practical
content of the study in an engaging way. During the study, students of the Department of
Industrial Automation will gain deeper knowledge in such areas as the means of automatic
control or operation of automated equipment, their methods of design and implementation. This
field of study also offers knowledge of PLC, HMI and industrial communication programming,
basics of Python programming, the ability to apply artificial intelligence for control, gaining
skills in the implementation of mechanical, pneumatic or other automated systems or practical
use of automation solutions in practice using modern technologies.

Target setting. The main goal of this work is to design a comprehensive model that will
serve for an adequate presentation of the Department of Automation and Human machine
interactions for various presentation purposes such as Open day, etc.

The proposed system should document the orientation and content of vocational education
at this department. The department is a specialized workplace of the Faculty of Mechanical
Engineering of the Technical University in KoSice with a focus on industrial automation and
communication. The department deals with the teaching of subjects that focus on technical
cybernetics, automation, and control, means of automatic control, industrial communication
and the use of artificial intelligence.

Actual scientific research and issues analysis. An important aspect of teaching in the field
of industrial automation at the Department of Automation and Human machine interactions lies
in the contribution of new knowledge to students, not only on a theoretical basis, but mostly on
a practical basis. Students have the opportunity to try the acquired theoretical knowledge in
practice using many available modern technologies [1-3].

Industrial automation is visible in almost every production process, and it is difficult to find
a production line in industry that is not at least partially automated. It is used in almost every
production plant. Various robots and software are used to replace human labor [8-10]. Technical
progress in this area brings constant innovations. The dominant feature today is the extensive
digitization of production and the use of industrial communications [3-6]. The subject of
industrial automation is the application of automatic control means that contribute to the
development of technology. Control and computer technology, regulating elements, pneumatic
and hydraulic action variables or various sensors are used. The control of industrial equipment
is most often provided by an industrial computer PLC (Programmable Logic Controller) [10].

Uninvestigated parts of general matters defining. Automation is a very wide field of
study. It includes various specializations and orientation such as electrotechnical knowledge,
different programming languages to networking skills etc. The following study may focus on
multiple networked devices and other control programs.
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The research objective. The objective of the article is to propose a model of an automated
system that consists of devices that are currently used in the field of industrial automation. Since
students of Industrial automation field know the means of automatic control and based on the
acquired knowledge, among other things, can program automatic control in a software environment
(TIA Portal) using PLC, logically offered the opportunity to demonstrate this knowledge on a
suitable exhibit. From the point of view of the technical solution, a suitable size for transport, clear
arrangement and safe operation is required. An equally important factor is the requirement to design
such a device that will attract and inspire the audience for further study during the presentation.

To achieve this goal it is necessary:

- Use knowledge from selected areas that this department deals with.

- Interpret this knowledge in the design of the model.

- By combining this knowledge and interpreting it into a given model, to capture the main
idea, which is to bring the content of the study and the possibilities of application in practice as
close as possible to the visitors.

The statement of basic materials. The system that is modelled is controlled by and
industrial controller, a PLC. A PLC is a robust industrial computer that does not have a
keyboard or mouse like a regular desktop PC. It is designed for industrial applications. The
control program is prepared in the programming environment using a PC [3; 6].

In addition to control, the PLC can also record or monitor data. An example is monitoring
the operating temperature or generating alarms for possible machine faults. Thanks to these
features, the PLC is a very flexible device. Its robust construction ensures operability in various
working conditions such as excessive noise, temperature or a change in mains voltage [7].

The PLC receives information via input devices and sensors that are connected to the device
inputs. Then this information is stored in this device as bits. The information taken from the
PLC device is processed on the basis of a pre-prepared control program and triggers the required
output of the device [7; 9].

HMI panels are used for monitoring and control of processes in industrial automation. It is
an interface between man and machine. Process representation is provided by a graphical touch
screen and function keys. These screens can be used for all compact machines and plants that
are monitored and controlled locally. The use of these panels in almost every operation that
requires it allows for 32 configuration languages and five online languages. Sets of Asian and
Cyrillic characters are also included.

The PLC and the HMI must be able to communicate with each other, ie they must be
compatible. They can communicate via industrial networks. We can imagine them as a home
network with multiple computers or other devices. Common protocols for communication
between PLC and HMI are Profibus, Modbus and Ethernet / IP [7; §].
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Fig. 1. PLC and HMI panel
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Selection of solution variant.

Based on the variant approach, several principal variants of the solution were proposed, which
would meet the specified requirements. All the proposals had to meet perhaps the most important
idea of this task, which is to use automation, its means and knowledge gained from the study to
design a device that will interest all participants in the presentation. In SOLIDWORKS, using
industrial components, three basic models of automated equipment have been designed. These
proposals, which are the basic principle, are described in more detail below.

1. The first variant of automated equipment - equipment for mixing and sorting components
by color

Fig. 2. First variant- color sorting machine

This automated device design is designed to mix and sort components by color. The task of
this device is to mix three different colored components in the required ratio into a container
(gray). Subsequently, the mixture of components can be poured into any container or into a
sorting mechanism by means of a guide pipe, where the mixture of components is sorted
according to color. The device would be controlled by a PLC.

Equipment elements:

* containers (yellow, blue and green) - serve as containers for components,

* container (gray) - used to capture the mixture,

* hopper (red) - hopper of the sorting mechanism of the mixture of components,

» containers (yellow, blue and green) - containers for capturing sorted components,

» guide pipes for components,

* capacitive sensors for tanks - detecting the number of components in tanks,

* PLC - industrial computer for device control.

2. The second variant of automated equipment - a line for the production of keychains

This automated device design is designed for the production of keychains. The device is
designed for the production of a given component from three parts. Pneumatic elements could
provide movement of the individual functional parts, by means of which the individual parts of
the product would be lifted and carried. The movement of the individual components of the
product from point A to point B on the conveyor belt could be ensured by electric motors.
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Fig. 3. Second variant - keychains production line

Equipment elements:

* containers for individual parts of the product,

* pneumatic elements,

* conveyor belts.

The control of the whole device would be provided by an industrial computer. The
movement of the individual functional parts would be largely ensured by pneumatic elements.
Therefore, a compressor to generate compressed air is required for the operation of the device.

3. The third variant of the automated device - an interactive automaton

The third design of the automated device is designed and intended for entertainment
purposes. The device would use industrial components for control. The controller may include
an entertainment game program that will be controlled and displayed by the HMI panel.

Equipment elements:

* PLC - industrial computer,

* HMI screen,

* Rewards bin

* Buttons to turn the device off and on.

The device design consists of an HMI panel located in the upper left part of the device and
a PLC control element located in the lower right part of the device. The game would be
displayed and controlled on HMI panels. The buttons (green and red) are designed to turn the
whole machine on and off. Next to the device there is a magazine (white), in which there would
be a kind of reward for a great result in the game. There is a device information table on the
device in the upper right corner.

Fig. 4. Third variant- Interactive automatic system
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After considering all aspects of the task and all the proposed solutions, we decided that the
design of the third variant (interactive automaton) will be the most appropriate choice for the
task, for the following reasons:

- Although all design variants are based on industrial components, the third proposal differs
from the previous two in their use. It is this difference that we would like to attract viewers. At
various presentation events focused on this area, we often come across facilities that are very
similar. In most cases, spectators will encounter various manipulators or other industrial
equipment to present this area. Since mostly young people come to the Open Day and our goal
is to attract them, that is why we have chosen the third variant of the proposal as a solution.
This device will not only entertain viewers, but will also introduce them to the world of
automation from a different perspective.

- This device ensures direct contact of the spectator with the device, where after playing an
entertaining game on this device, the spectator receives a material reward after reaching the set
goal. In particular, the possibility for the viewer to have direct contact with the equipment and
the possibility of obtaining a material reward should contribute to the viewers' interest in the
equipment. The presentation would thus have a more entertaining and personal character than
classic presentations.

- Other aspects that were taken into account when selecting the equipment were the size of
the equipment, the need for additional equipment (compressor, etc.) and the need for a source
of input energy for the equipment. The size of this device is suitable for easy carrying and for
its functionality it is necessary to have only access to a source of electricity.

Comparison of specifics and needs of design variants of automated equipment:

- electricity demand: For all designs, the equipment needs to be connected to the mains for
operation.

- need for compressed air: Only in the second variant of the design of an automated device
is compressed air required for its operation. This implies the need for a source of compressed
air - a compressor.

- contact of spectators with the device: The first and second variants of the design are
intended exclusively for presentation. This means that only an authorized person can operate
and control the device. In the third design, the device is controlled by the viewer, and so he
himself comes into not only optical, but also direct contact with the device.

- Size is an important aspect in terms of carrying the device. The advantage of the third
variant is its compactness and small dimensions. Compared to this device, the device of the first
variant is too high and the device of the second variant is too wide.

Table 1 — Comparison and evaluation of proposed variants

Criteria Variants of automatic device
Variant no.1 Variant no.2 Variant no.3

The need for electrical connections yes yes yes
The need for compressed air no yes no
The need for additional equipment no yes no
Contact of spectators with the device no no yes
Device size High Wide Optimal
Overall rating 2. 3. 1.

In total the third variant provide the most suitable basis as solution, but it has to be added

that an additional device is proposed. This part will release a reward for the user.
In the following section variations for release device are discussed.

1. Mechanism for pens
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Fig. 5. Automatic pen magazine

Equipment elements: stepper motor, jig, tank, inductive sensors.

The stepper motor ensures the rotary movement of the jig. It contains grooves into which the
pens from the magazine fall. The electric motor always rotates the jig to a position so that the tongue
groove on the jig is in the correct position under the magazine. The tongues fall out of the groove
by gravity after rotation. Inductive sensors are built into the walls of the tank. They are located in
three different height positions, in the highest part of the container, in its center and the lowest part.
They will scan the current status of whether the tray is full, half empty or empty.

2. Container mechanism for dispensing boxes of candies

Stepper Motor

Hole for boxes

Rotational part
Fig. 6. Automatic magazine for boxes

Equipment elements: stepper motor, jig, tank, inductive sensors.

By means of a stepping motor, the movement of the preparation is ensured, in which there
is an opening for a box with candies. The box falls into the hole of the preparation and after it
is turned to the next position, the box falls out of the opening of the preparation by gravity.
Inductive sensors are built into the walls of the tank in three different height positions, namely
in the highest, middle and lowest part of the tank. They will scan the current status of whether
the tray is full, half empty or empty.

3. Container mechanism for shirts
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Container with shirt
Container

Stepper Motor

Rotational part

Fig. 7. Automatic magazine for shirt release

Equipment elements: stepper motor, jig, tank, inductive sensors.

After considering all aspects as size, weight, complexity and price of the three proposed
variants of the interactive device for the interactive vending machine, the second design of the
device was chosen (automated container for dispensing boxes of candies) as the most suitable
solution for presentational purposes.

The final solution is represented on the following scheme, with the main parts.

HMI

Stepper Stepper
Sensors P LC Driver Motor

Fig. 1. System scheme

The control program was created in the TIA Portal programming environment. The main parts
of the control program include memory variables to save temporary values and to control the
ongoing ,,game “, timer to define the time limit of the game and program parts for the stepper motor.

The visualization of the interactive game was created also in the TIA Portal. The game
window includes a time bar, the actual question, question number, buttons to select an answer.
Also, a starting and result window are created. The following figures show a window with the
ongoing game on the HMI panel.
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SIEMENS SIMATIC HMI

Ked' odstrihnem trojuholniku dva rohy,
kol'ko rohov mu este ostane?

Fig. 9. HMI panel with ongoing game
The final design of the proposed system is shown on the following figure where the control
parts are included in the main device and the automated magazine is also showed as the addition

to it. As an addition to the proposed system a signaling industrial beacon is added to indicate
the actual status of magazine.

Fig. 10. Interactive automatic device for presentation purposes
Conclusions. The article described a proposal of automated device for presentation purpose
for the Department of Automation a Human Machine Interactions. The proposal is based on the

curriculum of the study program. The goal was to create such a system that can be transported
to various location while allows to introduce the content of the field of automation in an
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interactive way. During proposal 3 variants were created and evaluated, which, with their
functionality, would adequately present the content of the department's education. The chosen
variant works as a interactive quiz system, which rewards the user if a sufficient number of
questions are answered correctly. The interactive machine also offers the possibility of
expanding it with other functionalities. The device can be supplemented with a program of a
new game or another magazine, which would be used to issue another prize in kind when
winning. The interactive automat also offers the possibility of expanding the signaling of
current device states.
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VIAK 004.5
Pobepm Paxaii

ITPOIIO3UIISA ABTOMATH30BAHOI CHCTEMH
JJISI TPESEHTAIIMHUX IIJIEXA

Aemomamusayisn - ye bazamonpoginbua eany3s, AKa sumazae cneyianizoganozo eusuenns. Kageopa asmomamuxu ma
83a€MO0ii Mawun i mawun gaxyrememy mauunobyoyeanns Texniunozo ynisepcumemy Kowuye 3abezneuye maxy ocgimy. 3
Memoio Kpawjo2o yAeHHs Npo HABUANLHY Npo2pamy Ol ZPOMAOCLKOCH OOYilbHO cmeopumu npezeHmayilo, axka 6 yikago
npeocmasnana NPAKmMu4HUN 3Micm HAGYaHH.

Baoicausum acnekmom uxnadanms 8 2any3i nPOMUCio8oi agmomamusayii € 000a8aHHs HOBUX 3HANL CIYOEHMAM HA NPaK-
muunitl ocrogi. [JoMiHy101010 pucoro cb0200Hi € oyu@dpPosKa ma GUKOPUCMAHHIA NPOMUCTOBUX KOMYHIKayid. Buxopucmosy-
10MbCSI KOHMPONLHO-00UUCTIOBANbHI MEXHONO2TT, peeynioloui enemenmu, nHeMamuyHi ma 2iopasniuni pywii abo pisni dam-
YUKY. YNpasainua npomMuciosum oonaoHantamM Hatvacmiue 3a6e3neuye npoMuciosuil Komn iomep.

Tonosnoro memoio yiei' pobomu € po3pobra mooeri, saxa 6yoe cryzysamu yinamu npezenmayii, maxumu ax [ens 6iokpumux
osepeil mowo. 3anpononosana cucmema nOSUHHA OOKYMEHNTY8amuy CHPAMOBAHICIb ma 3Micm npogecitino-mexHiuHoi ocaimu.
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3anpononosano mooenv aBmMoMamu308aHoi cucmemu, Wo CKIA0AEmovcsl 3 RPUCMPOIs, AKI 8 AUl 4ac UKOPUCTNOB)-
10MbCs 8 2any3i NPOMUCI080T asmomamu3ayii 1MOOUHO-MAWUHHUX 83aEMmO0il. Memoto Oyno cmeopumu cucmemy, Ky Mo-
JicHa mpancnopmyeamu 8 pisHi micys i 00HOUACHO 30TUCHI0O8AMU THMEPAKMUBHY NPE3eHMAayilo 3MIiCMy HAGYAHHA 8 2aNY3i
asmomamu3zayii. 3 mouxu 30py mexHiuHo2o piuienns, cucmema Mae HeoOXioni 2abapumui po3mipu Ok mpancnopmy8aHHs,
ONMUManbHo20 po3mautysanis ma 6esneynoi excnayamayii. He menwu 8asxiciusum ¢pakxmopom € 8paxys8anus 6UmMozu cnpo-
eKmyeamy maxKuti npUCmpit, AKull nio 4ac npeseHmayii 3aryyume i HAOuUxXHe ayoumopir Ha nodarvuie sueuenHs. byiu
cmeopeni 3 sapianmu cucmemu, AKi 3a CB0€I0 QYHKYIOHATbHICMIO adekeamHuo 8idobpadicaroms 3micm ocgimu kageopu.
Bubpanuii 3 mpvox eéapianmie npayioc Ax inmepaxmuHa cucmema OYiHIOBAHHS, AKA 3A0XOUYE KOPUCMYBAUA, AKWO GIiH
NpasuibHO 8i0N0BI8 HA OOCMAamHuIO KilbKicmb numaHs. Ichye Modjcaugicmes po3wupenns cueHanizayii npo nomouni cmamu
agmomMamu308aHoi cucmemu.

Y emammi npedcmasneno pezynomamu Hayko80-memoouiHo20 00CiONHCeHH.

Knruoei cnosa: asmomamuzosana mooenv; nponosuyis, npeocmasnenis, plc; oanso.

Puc.: 10. Tabx.: 1. bion.: 10.

Rébert Rakay — Assistent Professor, Ph.D. of technical sciences, Technical University of Kosice (Letna 9, 04200,
Kosice, Slovak Republic).

E-mail: robert.rakay@tuke.sk

ORCID: https://orcid.org/0000-0002-7151-3749

Scopus Author ID: 56922070700

Rékay, R. (2021). Proposal of automated system for presentation purposes. Technical sciences and technologies, (2(24)), 196-205.

205



