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Abstract:

In the 21st century, most of the world's leading companies use simulation programs to
simulate various processes. Software aimed at modelling and simulation greatly increases
productivity and efficiency in the creative activity of workers and opens the potential for
interactivity of workers in the value chain of the enterprise and in real time. The result is
shorter development time, higher product quality, data collection, management and
processing, and less expensive physical prototypes. These programs make it possible to
record the entire process in the smallest details and thus eliminate bottlenecks, deficiencies
and various errors that could occur during real production. The simulation will ensure the
tracking of the entire production process even before the start of real production, so that
the production will be as efficient as possible without any downtime and errors. The aim of
the article is to highlight the issue of simulation and the introduction of Industry 4.0
principles into companies to increase the overall efficiency of business processes.
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INTRODUCTION

In the Industry 4.0 environment, there are connected computers and intelligent
machines that communicate with each other, interact with the environment, and finally make
their own decisions with minimal human intervention in this decision-making process. The
digitization of production and business processes and the introduction of smarter machines
and equipment can offer several benefits such as production productivity, production
efficiency, resource efficiency, and waste reduction. In contrast, the increased speed of
production brings with it certain disadvantages.
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The increased speed of production due to industrial automation will also increase the
consumption of resources and energy and thus increase pollution. From the point of view of
social development, it is expected that the digital transformation and restructuring of the
industry will strongly disrupt the labour market. Experts believe that digitization and the
advent of technologies that save physical work will eliminate most jobs with lower
qualifications and at the same time create fewer job opportunities in various fields.[2] [3, 4].

1 THE FIRST INNOVATION CENTER IN SLOVAKIA

The TestBed 4.0 (see Fig. 1) laboratory premises are located on the premises of the
Technical University in KoSice, specifically on the premises of the Department of Industrial
and Digital Engineering. TestBed 4.0 was created to meet the demand for companies brought
about by the fourth industrial revolution, also known as Industry 4.0, and as a support system
that serves companies as a tool to increase. your competition's ability. In a general sense,
TestBed 4.0 has a great benefit for companies that want to design, test, and search for the
optimal solution for their production processes. All this means that companies go through
digitization and start working more efficiently.

TestBed 4.0 works with a large amount of data, from the design of the product through
its logistics operations, to the actual production of the given product. This specialized
workplace offers both a high-quality background and the collection of this information from
production, and finally, the advice of experts who evaluate this data and further communicate
with companies about these blind spots in production and propose optimizations to make them
more efficient. A big advantage of TestBed 4.0 is that it can create a solution for each
business tailored to its requirements.
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" Fig.1 TestBed 4.0

The possible solutions include the procedures, concept and methodology of Industry
4.0 pre-applications, which means complex data collection, data collection, exchange and
transformation of this data into necessary information. A very essential part of the design,
verification and optimization is the correct application of the digital twin. Its presence helps
control the ecosystem of an industrial enterprise, which includes:
CAM systems,
PLM,
CAD systems,
RTLS,
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e production machines,
e monitoring of energy costs during production.

TestBed 4.0 provides services to industry companies that allow them to design, test
and optimize solutions created according to their requirements based on Industry 4.0
applications, which can also be explained as the fact that each area can be connected and
subsequently applied to each other. The TestBed 4.0 workplace allows you to plan and verify
the entire production process in detail from the birth of the product, within the overall value
stream of the product, and also to create very precise variants of solutions from which the
company chooses the verified and most suitable variant. This means that the client is not
forced to stop or interrupt production because he wants to make a change, and if this change is
not effective, he can lose a lot of time and resources for further changes. Each change can be
tested on digital model, into which the real situation and the current state of the process are
projected. Subsequently, these changes are transferred to the real process.

The benefit of this workplace is that companies avoid many risks and can quickly and
efficiently change, test and subsequently implement innovations in their operations. The
TestBed 4.0 interface is unlimited from the point of view of the application of common and
specific needs of digitalization of an industrial enterprise. This technology can help especially
small and medium-sized enterprises to establish themselves in the market. These firms cannot
afford to make a mistake in terms of strategic decisions, given the competition of other firms,
because it could cost them their existence, especially in the current economic uncertainty
caused by the pandemic.

2 PROCESSING OF THE SIMULATION MODEL IN THE TX PLANT
SIMULATION ENVIRONMENT

The production process was designed and streamlined in laboratory conditions. This
process is focused on the production of individual components and the subsequent assembly
of the bearing puller. Individual components are produced at separate workplaces and are
moved to the assembly workplace using various transport options. The total production
consists of two separate buildings. The first building is the production hall for the production
of the puller body (see Fig. 2).

A suggestion to improve this problem is as follows. The input of the semi-finished
product to the production line is set in an interval (see Fig. 3), which simulates the time
required to perform the next operation and thus reduces the wear of the conveyor belt due to
the large load on its total length. This interval is triggered cyclically after each unloading of
material on the conveyor belt.
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Fig.2 Production hall of the puller body
Source: Own processing
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Fig.3 Input of the blank with the selected interval
Source: Own processing

The semi-finished product travels on a conveyor belt to the next production process,
which is the division of the material. This workplace (see Fig. 4a) divides the material using a
bandsaw. This process is limited due to the manual removal of metal filings and thus longer
downtime during their cleaning. The optimization of this workplace is the automatic transfer
of material and the possibility of automatic removal of sawdust, secured by a robotic arm (see
Fig. 4b), thus reducing the downtime associated with this issue. The sawdust then goes on a
conveyor belt to the iron waste warehouse. With the help of a robotic arm, the transfer of the
separated material to the next conveyor belt is also ensured.
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Fig.4 a) material division workplace vs. b) robotic arm
Source: Own processing

The semi-finished product of the required length is transported to the milling
workplace. The milling workplace consists of several milling devices, namely two mills. At
this workplace, the largest downtime occurs within the entire production line of the puller
body. The reason is the production capacity of these machines and the associated resetting of
the machine after each milling. For capacity reasons, increasing the number of production
equipment is one of the possible solutions to reduce downtime. For the distribution of
production requirements, we chose to increase the number of production equipment to four
pieces (see Fig. 5).

By increasing the number of production equipment, we also eliminated downtime due
to resetting the machine after each operation. The required adjustment of the machine was
created based on milling a constantly different surface of the part, for which constantly
different parameters were set.

The machined part is moved to the next production equipment after each operation.
Each machine is set up for a precise operation, so downtime due to resetting the machine is
eliminated. At this workplace, we also considered the wear and tear of the cutting tools

themselves.

Fig.5 Milling workplace in 3D
Source: Own processing

Another technological step is drilling a hole for an internal thread in the center of the
part and then drilling holes for attaching the arms using a screw with a hexagonal head. At
this workplace, we made production more efficient and reduced downtime by adding one
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piece of production equipment, namely a column drill for cutting internal threads. Before the
addition of this production equipment, there were downtimes at this workplace caused by the
insufficient capacities of the production equipment. Most of the downtime was the time
needed to change the tool from the drilling process to the threading process and vice versa.
The newly designed workplace consists of a production facility for drilling a hole for thread
cutting, a facility for thread cutting and a production facility for drilling three holes for
mounting arms. At this workplace, transport between individual production facilities is
ensured by the operators of these machines due to the small weight of the machined part and
the short distance between the individual facilities. Before leaving the factory, the part stops
for the degreasing process, the inspection process and travels further to the intermediate
warehouse. A part is removed from the drilling and threading workplace, using a robotic arm
on a conveyor belt. The part stops on this conveyor belt for the degreasing process. This
process takes one minute and thirty seconds. After the process, the part proceeds to the
inspection process. After quality control, the part goes to the intermediate warehouse. The
finished part is transported to the robotic arm, which loads the parts onto an autonomous
transport cart. A transport cart with a capacity of six pieces takes the finished product to the
assembly workplace, which is in the adjacent production hall.
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Fig.6 Second production hall (up) with workplaces in 3D a) turning and milling b) drilling
Source: Own processing
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The adjacent production hall, which was designed as a completely new production
line, includes several processes. The first process is the production process of the spiral, the
other processes are the production of the short arm and the assembly process. The
manufacturing process of the spiral is marked with a red frame in Fig. 6. The production
process of the tap consists of three production facilities for the turning process and three
production facilities for the milling process. These workplaces work in the manner of
production pairs, where after the turning process, the operator of the milling equipment takes
the part and thus starts the milling process. After both of these processes, the spiral is ready
for the assembly process.

After complete assembly, the part is ready for packaging and subsequent shipment.
The packaging is ensured with the help of robots, which first place the parts in transport
boxes, and then at the next workplace, these boxes are stored on a pallet, for better handling
during expeditions. The packing process before shipping is shown in Fig. 7.
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Fig.7 Packaging workplaces and automatic filers
Source: Own processing
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The automatic stacker offers, within its possibilities, to simulate the removal time, the
amount of removed goods, but also the time between individual pallets during removal. These
options help to simulate the real storage process as best as possible, thus obtaining an almost
perfect analysis of the storage unit.

Evaluation of designs and elements of digitization within simulated processes

The proposed changes or innovations that were used in the simulations helped to
increase the number of manufactured pieces at individual workplaces, whether it was an
increase in the number of production equipment or the automation of some processes. To
evaluate and analyze the given process, we can see statistical data on the number of
manufactured pieces during an eight-hour work shift at the milling workplace in the first
production hall.

Simulation time:8:00:00.0000

Object| Name|Mean Life Time | Throughput| TPH| Production| Transport 5torage|value added Portion
Drain |telo 41:12.8696 92| 12 34.17%|  6098%| 4.85% 21.54% | . 1

Cumulated Statistics of the Parts which the Drain Deleted

Fig.8 Statistical data before the increase in the number of production facilities
Source: Own processing
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As you already see in Fig. 8 we can notice that before the increase in the number of
production facilities, the number of pieces produced during one work shift was ninety-two
pieces. These were two milling machines which, due to the heavy load and constant operation,
required frequent maintenance.

Simulation time:8:00:00.0000

Object| Name| Mean Life Time | Throughput TPH|PrnductInn Transport|Storage | Value added Portion
Drain |telo 22:26.3634 227| 28 43.04%| 4804% 891% 33,429 | u

Cumulated Statistics of the Parts which the Drain Deleted

Fig.9 Statistical data after increasing the number of production facilities
Source: Own processing

In Fig. 9, in turn, you can see the difference, which was reflected not only in the
number of pieces but also in the average production time of the part. The average production
time decreased by almost half, while the number of produced pieces was increased by one
hundred and thirty-five pieces. It should also be noted that the proposed improvements are
more or less theoretical, since everything that appeared to be a bottleneck was improved in the
simulations, and that is why the result of the proposal is less than one hundred and fifty
percent better than the original state. If all proposed changes were implemented, we could
approach a relatively similarly high improvement. The proposed changes would be
implemented gradually to make them more economically manageable.

Possibilities of output and presentation of the simulated production process

Virtual reality, also known as VR, can be used for representative purposes of the simulated
production process. This technology is known and often used in training operators of
individual assembly equipment. This simulation is also ultimately connected to VR.

This type of virtual reality (Fig. 10) is one of the many ways in which the proposed
improvements can be viewed from a different angle. The connection of this set is connected
through applications, which are necessary for the device to be able to communicate with
virtual reality. This technology is also one of several that was used in solving this work. To
connect the simulation with VR, it is necessary to use an application from the manufacturer
Oculus and the Steam application. The Oculus application is used to communicate virtual
reality together with a computer. The Steam app handles communication between the
simulated manufacturing process and the Oculus app.

Fig.10 VR Headset Oculué Rift S the Oculus app, Steam application
Source: Own processing
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One of the other technologies that can be used in the visualization of the production process
or manufactured part is 3D printing. To better confirm the exact dimensions of the part, one of
the forms of additive manufacturing is also used in practice. It is also used to represent the
result of the entire production process. 3D printing technology is also used in solving this
work (see Fig. 11).

A
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—

Fig.11 Overall assembly of Puller and printing 3D printer in laboratory KPaDI
Source: Own processing

3 CONCLUSIONS

Digital technologies make it possible to create a virtual environment of the entire
plant, including buildings, distribution systems, transport and handling equipment, machines,
equipment and workers. They are able to simulate the dynamic behavior of the system during
the entire life cycle, thus achieving great cost savings associated with investment in real
construction without virtual verification and visualization of solution variants. The technical
basis for this purpose is made up of interconnected intelligent digital systems that create
intelligent value chains of the entire product life cycle from the idea, through development,
production, use, maintenance and repair to recycling. It is therefore easier for the
manufacturer to ensure a higher degree of product customization.

Despite the high degree of diversification and differentiation of the product portfolio,
it is possible to reduce costs and produce products more efficiently in this way. By connecting
value chains between companies in the network, it is possible to optimize not only the
production itself in a given company, but the entire value chain of the selected product. Since
businesses work with information in real time, it is possible to respond flexibly to various
changes, e.g. lack of raw materials in various stages of product realization, with an up-to-date
overview of the condition and utilization of machines and equipment, it is possible to save
resources and energy in production.

Digitization of industry and trade not only changes the value chains of companies, but
also brings changes in business models and opens up possibilities for the creation of new jobs,
it is also a perspective of increasing competitiveness for small and medium-sized enterprises,
which are the engine of the economies of individual states. Digitization also brings with it the
need to focus on IT security, personal data protection, introduction of uniform standards and
norms for various industries.

The fourth industrial revolution is doomed to success if all parties involved (industry,
science, research, politics and society) join this runaway train as soon as possible and build it
on joint cooperation with the aim of achieving synergy. The main goal of research in this area
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is the development of integrated tools for industrial engineering and production adaptation
with regard to configurability and partial autonomy of systems. Artificial intelligence in
combination with the robotization of production is a prerequisite for the successful
development of adaptive production, the implementation of intelligent production and non-
production equipment and the construction of intelligent production systems.
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