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A STUDY ON PLASTIC REGRANULATES IN THE
PRODUCTION OF "ZERO WASTE" PACKAGING

Tomasz TRAMS — Waldemar WOZNIAK — Michal SASIADEK — Pawel ZAJAC

Abstract: This article discusses the management of packaging waste, from which the material
is obtained, in order to produce recycled polyethylene packaging. Basic issues, related to the
production of regranulates, have been identified. Tests on polyethylene regranulates of different
densities (LD-PE, MD-PE, HD-PE) by the Differential Scanning Calorimetry method, (DSC)
are discussed and presented.

Keywords: regranulate of PE type, Differential Scanning Calorimetry /DSC/, packaging waste
management.

Introduction

In many companies in the plastics processing industry, the source material for the production
of regranulate, is recycled packaging, such as, bags, bottles, boxes, etc. As described by
Gabryelewicz et al (2021), plastic waste is generated at different stages of the supply chain. The
multi-stage and complex design of technological processes and the variety of materials used to
produce packaging, significantly affect the quality and the possibility of grouping together the
resulting waste. An example may be the information design guidelines and marketing elements
on the packaging, such as the labels and description and/or bar code GS-1 13, indicating the use
of such materials, including any adhesives, for example paint and glue which, in the course of
the recycling of the packaging can be separated from the primary packaging and then dissolved
in water, in order not to introduce additional impurities in subsequent stages of the production
of the regranulates.

Nevertheless, segregated waste, when properly segregated at the place of origin, in accordance
with the applicable legislation as stated by Zajac et al (2021), is not, contrary to appearances
but technologically speaking, an easy or cheap source of raw materials for the production of
regranulates. A classic example already described in the articles could be a PET bottle, in which
the big problem is not only the unscrewed cap, but the part that remains on the neck of the bottle
that protects the cap, which very effectively interferes with the high-efficiency recycling of
plastic. The same applies to packaging composed of PE polyethylene; typically, these are bags
for vegetables and fruit in supermarkets or garbage bags used in households and the economy
in the wider sense of the word. Unfortunately, collecting them, already separated for
reprocessing, for the production of PE regranulate, does not take into account the need to
segregate PE, due to the different density of the material, i.e., segregating into packaging
composed of MD-PE, LD-PE or HD-PE. Moreover, the latest solutions in the EU, consisting
in the production of three-layer film, pose many recycling problems. Packaging, intended for
recycling, is not - and probably will never be — sorted, in terms of the quality of the raw material
from which it was produced, that is from the very poorest quality, to that made of the best,
virgin-quality, pure, original granules.

In accordance with the legislation of 14 December 2012, Waste Act (Legal Journal 2013, item
21), waste management should be understood as the collection, transport and processing of
waste, including the supervision of such activities, as well as the subsequent management of
waste disposal sites and activities carried out by dealers in waste, or other waste trade
intermediaries [Zajac et al (2021)]. According to the above-mentioned legislation, the producer
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of the waste should arrange matters in such a way as to prevent creating waste in the first place
or at the very least, he/she should ensure that waste is produced as minimally as possible
(Chamier-Gliszczynski 2010). As described Ekvall et al. (2005), Chamier-Gliszczynski 2011,
Chamier-Gliszczynski 2011a, in addition, it is necessary to limit its harmful effects on the
environment when manufacturing products, during production and during use thereof, as well
as at the end of the life of the product. However, if it is not possible to stop it, then it is necessary
that according to Chamier-Gliszczynski 2011b, Chamier-Gliszczynski and Krzyzynski 2005
every effort be made to recover secondary raw materials in accordance with environmental
standards. Residues which cannot be recycled should be disposed of in accordance with
environmental rules.

In Section 11, Chapter 6, Article 23, point 1, it is noted that waste is collected selectively.
According to Zajac et al (2021), Pach (2011), Dmitruk et al (2019), the above sentence suggests
that segregation, in this case, is a priority that each one of us, as well as all waste generators,
should strive for. An important issue raised in the legislation on waste is the waste management
plan, which has been developed to achieve the goals set out in the state's environmental policy,
in order to create a sufficient number of installations and equipment for the processing and
disposal of waste.

In order to implement the above provisions, in practice, the plastic element is collected from
the waste site and is then transported and stored in landfills, usually on hardened surfaces; these
are sometimes equipped with a controlled drainage system, onto which the compactor lays it in
the form of a prism, the process of storage and preparation for secondary processing. Usually,
the prism is not protected from interference by animals and birds, or from rainwater which,
additionally, can contaminate the waste.
Post-use polyolefin waste, stored in the above environmental conditions (i.e., synthetic polymer
materials, among others PE and PP), after preliminary segregation, goes into machines
integrating the granulation and compounding processes, which form lines of regranulate
production. The key elements of such a line are the mills to which waste is transported by means
of closed transport and a single or multi-screw extruder which, under the influence of
temperature and pressure, plasticises the polymer and then transports it, through sieves, in order
to clean it. The final product of this process is the regranulate, which can be used in re-
production. Modern recycling systems, in the process described above, enable regranulate
quality control by reducing the number of:

e substances that deteriorate in processing,

e residues from product packaging, referred to, in the trade, as paint residues,

e additives improving the coefficient of friction, added in transport-forwarding and/or in

storage processes,

o cellulose residues,

e adhesive residues,
other plastics, with different melting points, which, as a result of sorting errors, are
found to contain polyethylene, such as, polyamide, polyester and others,
specks of earth, sand (quartz),
wood residue,
metals (non-ferrous and steel),

e moisture (water) and gases.
Nevertheless, as a result of waste processing in the production process, regranulate is obtained
independently of its origin. Therefore, it is necessary to clean it with a metallic element such as
quartz etc., because the impurities complicate, not only the technological process, with such as
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blocked blowers, but also disturb the stability of production on account of defective/inferior
products.
Generating waste, not only in the processing of plastics, need not be associated with the
improper operation of a production line or technological errors in production processes. Waste
generation is normal because each time a new production order is launched, it requires
setting/selecting technological parameters for the process, or carrying out product quality
control, including the use of destructive methods and other functional tests.
As Zajac et al (2021), Mayer et al (2010) notes the waste thus generated can, alternatively, be:
e placed in the waste management system described above, based on,
e used for self-production through the closed-loop recycling system, e.g., through one’s
own recycling lines.
Companies "know” their own waste because it has passed through their own production lines,
unlike regranulates bought on the market and produced on the basis of very diverse, random
waste from different branches of the plastics processing economy. Nevertheless, mixing the
resulting regranulate from "own waste" with regranulate purchased on the market, becomes
more efficient while, at the same time, maintaining a high quality of production.

1. Basic studies of regranulate for processing
Although each granulate and regranulate should have a product card, practice shows that it does
not always accurately reflect the actual technological parameters of composition / quality. The
quality of manufactured products requires compliance with certain rigours in the production
process, which then requires a knowledge of the processing properties of the specific
regranulate used in the production and of the source of its origin, as well as accuracy, regarding
date of production, batch or specific ‘big-bags’ as in warehouse packaging. This allows
companies in the plastics processing industry to consider whether, for example, co-operation
with a specific or group of suppliers is stable and will not disrupt the production process using
regranulates as raw materials. Nevertheless, in order to ensure the quality of the raw material
purchased, the practice requires each delivery of regranulates to undergo quality tests,
determined by the polymer flow index, in accordance with the PN-EN ISO 1133-1:2011
standard.
The melt flow index belongs to the group of useful processability indices and is the basic
parameter of the processability of thermoplastic polymers. It is used to assess the suitability of
plastics for processing by injection and extrusion methods. The higher the numerical value of
the flow rate indicator, the easier the material flows through the channels in the injection mould
or in the extruder head, with lower flow resistances and lower drops, in pressure. In general, it
can be assumed that materials having a higher melt flow rate are more processable and generate
fewer processing problems.
The instrument used to determine the flow rate is a load plastomer. The plastometer consists of
a steel piston placed in a steel cylinder which is heated by electric heaters. At the end of the
cylinder is a nozzle with standard dimensions with an opening through which the molten
material, pressed out by the piston, flows. At the end of the piston, there is a replaceable load.
Maintaining the set temperature and sampling is ensured by an automatic control system.
Measurement of the melt flow rate consists in squeezing the molten material through the nozzle
and determining its mass or volume under specific measurement conditions. The melt flow rate
(MFR) and the melt volume rate (MVR) can then be ascertained. The melt flow rate is a number
expressing the mass, in grammes, of the molten material extruded through a nozzle of standard
diameter and length, under standardised conditions of temperature, measurement time and
applied load. In turn, the volumetric flow rate index is defined analogously and is a number
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expressing the volume of the molten material in cm3, embossed by a nozzle of a given shape
and size under a given load, at a given temperature and at a given reference time.

Typical measurement temperatures are 1900C and 2300C. The standard load, used for the
measurement, ranges from 0.325 kg to 21.6 kg, the most commonly used load values being 2.16
kg or 5 kg. The reference time is taken to be 10 minutes and the unit of mass flow rate is g/10min
with the unit of volumetric flow rate being cm3/10 min. The dimensions of the hole in the
nozzle and the plunger for squeezing the material, depend on the design of the plastometer; it
is assumed that the nozzle should be 8 mm long, the hole in the nozzle should be 2 mm in
diameter and the piston should be 9.5 mm in diameter.

2. Basic testing stand
Measurements of the melt flow index, in the research process, were performed using an Instron
load plastometer, model CEAST MF20. The general features of the plastometer are shown in
Fig. 1.

Fig. 1. General features of the CEAST MF20

The plastometer was connected to a PC while measuring the melt flow index; accessing and
processing the measurement data were carried out using VisualMELT C-0710-650 software.

In order to determine the melt flow rate, the plastometer with the nozzle, is heated to the desired
temperature and then about 3 grammes of the test material, in the form of granules, are
introduced into the cylinder. The material, having been inserted into the cylinder should be pre-
kneaded with a kneader, which is supplied with the plastometer; the piston should then be
mounted load-free. In this state, the material is heated and melts during pre-heating, which
should take about 5 minutes. The load is then placed onto the piston and the encoder lever is
brought to the initial position. After the piston has reached the pre-defined initial position, the
device automatically starts measuring the flow rate by periodically cutting off pieces of the

10
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extrudate, squeezed out by the plastometer nozzle onto a pre-determined measuring section of
the plastometer piston, sliding under the load.

The operating principle of the CEAST MF20 plastometer allows the volumetric flow rate to be
measured, expressed in cm310 min. The MVR value is read directly in the VisualMELT C-
0710-650 programme and is determined using the formula:

Am'tref-L
t

MVR (T Mpom) = ( 1)

where: MVR — volumetric flow rate indicator in cm3/10min, T — measurement temperature in
oC, mnom - piston load in kg, and m — average cross-sectional area of the piston and cylinder
in cm2, tref — reference time equal to 600s, L — length of the cut-off step in cm, t - time of the
cut-off step in s.

The value of the melt flow rate volume obtained, is given as an average; in addition, the standard
deviation is calculated. The data recorded by the plastometer and transmitted to VisualMELT
C-0710-650 software can be exported as a *.csv file Sample results saved in a *.csv file are
shown in Fig. 2.

Date Melt Type Unit Standard Name Temperature
T T I S
Pressure Unit MFR-MVR Expected Title TYPE MFR-MVR Expected M-Mmﬁueﬁedl.h-t Step length
Specimen weight ‘Specimen weight Unit Test date r
ms_—
Total Time Unit MER Mean Unit MR Std. Deviation | MFR Std. Deviation Unit  MFR Sigma
.
MER [g/10min] MVR [cmi/10min] ShearRate [lls] Viscosity [Pa”s]
1 37.07 2 23 23 4.247 4558276
2 28.79 2.004 2.968 2968 548 3533.123
3 36.96 1.985 2.9 2.29 4.228 4578722
4 37.94 2011 2.26 226 4173 4639731
5: 37.87 199 2.241 2241 4138 4679.177
5 3839 2015 2238 2238 4132 4685317
7
8
9
0.
1

37.85 1994 2246 2246 4147 4668.187
38.02 1595 2237 2237 4131 4686.556
38.05 1996 2.237 2.237 413 4688.151
38.38 2.018 2.243 2.243 4.141 4675.06
38.16 1996 223 223 4118 4701.826

Fig. 2. Appearance of data from the plastometer, saved as a *.csv file

Due to the fact that the MVR volumetric melt flow rate is much less common, and the material
data sheets, in most cases, provide the mass melt flow rate MFR, the MVR was calculated
separately. For this purpose, the value of the cut-off step time was used, as recorded by the
plastometer; this was then converted as an average value for the measurement taken, while the
total weight of cut-off pieces of extrudate was used and was measured with a laboratory balance
(moisture analyser). The value of the mass flow rate indicator is determined by the formula:

Mgy tref
t

MFR(r . ) = (2)
where: MFR — mass flow rate in g/10min, T — measurement temperature in oC, mnom - piston
load in kg, mavg — the average mass of the measuring samples in g, tref — reference time equal
to 600s, t - cut-off step time in s.

On the basis of the volumetric and mass flow rate results obtained, the melt density of
polyethylene regranulates was determined. The determination of the regranulate density was
treated as supplementary information, as it was recognised that the knowledge of the differences
in the density of the material may be a criterion for distinguishing low-density polyethylene
from other types of polyethylene, such as, medium-density and high-density. The density in the
molten state can be determined by the formula:

11
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MFR

=— 3
Pr= MVR )

where: pT — density of the molten material in g/cm3, T - measurement temperature in °C.

3. Test results for primary plastics and polyethylene regranulates
The results of the melt flow index of two primary materials and eight regranulates are shown in
Table 1. The results of the melt density tests are presented in Table 2.

Tab.1 Results of measurements of the volume and mass flow rate of primary plastics and polyethylene
regranulates

— N o <t n [{e] N~ [ee)

[«5] (5] (5] [«5] [«5] [«5] [«5) (6]

_ Gran.1 | Gran2 | g |\ 8 | § | 8§ | E | B | E | &
Material tested (virgin (virgin > = = = S = = =}
s | 8| & | § S | 5| & | §

type) type) S S| S| 5| 85|55 S

() (5] [¢5) () () () [¢B] [¢5)

[ad [n e [n e [ad [ad [ad [ad [n

Volumetric Melt Flow

Rate MVR (2.16 kg, 1.282 4,663 1.864 |1.770]1.981|0.688 |0.644 |0.914|0.666 |1.898
190°(C) [cm3/10 min]
Mass Melt Flow Rate

MFR (2.16 kg, 190°(C) | 0.976 3.543 |1.428 |1.345]|1.527|0.541 |0.500 |0.742|0.524|1.446
[9/10 min]

Tab. 2 The value of the density of primary plastics and polyethylene regranulates in the molten state
Gran. 1|Gran. 2

(virgin | (virgin
type) | type)

Material tested

egranulate 1
Regranulate 4
granulate 5
Regranulate 6
Regranulate 7
Regranulate 8

N [Regranulate 2
N [Regranulate 3

N R
o)
o
o

()]
(o)}
o
< Re

Molten density pr [g/cm3] | 0.761 | 0.760

o
~N
o
o
~N
0o
~N
o
~
(3}
o
0o
-
N
o
~
0o
~
o
~
(o]
N

The results from Tables 1 and 2 are shown, graphically, in the graphs in Fig. 3, Fig. 4 and Fig.
5.
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Fig. 3. The value of the volumetric flow rate of primary plastics and polyethylene regranulates
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Fig. 4. The value of the mass flow rate of primary plastics and polyethylene regranulates

Table 3 compares the values of the mass flow rate index tested, with those declared by suppliers
and manufacturers. In the case of primary polyethylene granulate 1 and regranulates 1, 3 and 6,
these values were consistent, while in the case of primary polyethylene granulate 2, the value
tested was lower than the declared value by about 10%; in the case of other regranulates, it was
not possible to compare the results.

Tab. 3 Comparison of the mass melt flow rate
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Fig. 5. Melt density values of primary plastics and polyethylene regranulates
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For mass flow rate, MFR tests (2.16 kg, 190°C) primary plastics confirmed the MFR value
(2.16 kg, 190°C) as specified by the manufacturer for polyethylene LDPE Exceed. For LD-PE
Tipolen polyethylene it was shown that the measured MFR (2.16 kg, 190°C) was about 10%
lower than the value specified in the TDS material card.

Conclusion

The introduction of regranulate control by companies processing polymers using the following
indicators MFR, MVR, allows the volume of waste, generated on production lines, to be
reduced and the time taken up by technological start-ups, to be shortened. This is particularly
important in the case of large companies that deliver regranulate for production machines
through a central charging system and via numerically controlled, pneumatic transport systems.
Continuous testing of regranulate requires companies to co-operate with an external laboratory
or purchase research equipment and conduct tests personally. Nevertheless, it should be said
that conducting research becomes a necessity for modern companies implementing the EU's
"zero waste" strategy.

Performing regranulate tests provides a range of qualitative, technological, chemical and
strength information which is invaluable from the point of view of a company because they can
be used to create a competitive advantage in plastic producing, manufacturing industries.

Acknowledgements

This article was prepared and published as part of the project: ‘The line for the production of
high-quality regranulate from own printed film waste in a closed loop. no. POIR.01.01.01-00-
0783/19’ funded by the Polish National Centre for Research and Development (NCBIR).

References
[1] Dmitruk, A., Mayer, P., Pach, J. (2019). Pull-off strength and abrasion resistance of anti-

corrosive polymer and composite coatings. International Journal of Surface Science and
Engineering, 13(1), 50-59.

[2] Pach, J. (2011). Tworzywa sztuczne—odzysk i recykling. Recykling, (9), 32-33.

[3] Mayer, P., Pach, J. (2010). Zastosowanie nowoczesnych kompozytéw polimerowych z
wtoknami weglowymi i szklanymi w motoryzacji. Przeglad Mechaniczny, 30-34.

[4] Zajac, P., & Poznanski, J. (2021). Management Model Improving Environmental
Protection.

[5] Zajac, P., Stas, D., & Lenort, R. (2020). Noise Charge in Rail Transport-EU Regulations
Versus Operation of Logistics Systems. Rocznik Ochrona Srodowiska, 22.

[6] Gabryelewicz 1., Wedrychowicz M., Krupa P., Wozniak W. (2021). Environmental Loads
Resulting from Manufacturing Technology. Rocznik Ochrona Srodowiska, 22. Vol 23 Year
2021 ISSN 1506-218X pp. 613-628, https://doi.org/10.54740/r0s.2021.043,

[7] Ekvall T., Tillman A.M., Molander S., (2005). Normative Moral Philosophy and
Methodology for Life Cycle Assessment. Journal of Cleaner Production 13.

[8] Chamier-Gliszczynski, N., Krzyzynski, T. (2005). On modelling three-stage system of
receipt and automotive recycling. REWAS’04, Global Symposium on Recycling, Waste
Treatment and Clean Technology 2005, 2813-2814, Madrid, Spain, 26-29 September 2004,
Conference Paper, ISBN: 8495520060.

14



Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, ro¢. 25 (_
Trends and Innovative Approaches in Business Processes “2022”, Vol. 25 - ..- T I A B P

[9] Chamier-Gliszczynski, N. (2010). Optimal Design for the Environment of the Means
Transportation: A Case Study of Reuse and Recycling Materials. Sold State Phenomena, 165,
244-249. DOI: 10.4028/www.scientific.net/SSP.165.244

[10] Chamier-Gliszczynski, N. (2011). Recycling Aspect of End-of Life Vehicles. Recovery of
Components and Materials from ELVs. Key Engineering Materials, 450, 421-424. DOI:
10.4028/www.scientific.net/ KEM.450.421

[11] Chamier-Gliszczynski, N. (2011a). Reuse, Recovery and Recycling System of End-of Life
Vehicles. Key Engineering Materials, 450, 425-428. DOl:
10.4028/www.scientific.net/KEM.450.425

[12] Chamier-Gliszczynski, N. (2011b). Environmental aspects of maintenance of transport
means, end-of life stage of transport means. Eksploatacja i Niezawodnosc - Maintenance and
Reliability, 50(2), 59-71. http://ein.org.pl/podstrony/wydania/

50/pdf/07.pdf

Contact address
Mgr inz. Tomasz Trams$

Polipak sp. z 0.0.
ul. Fabryczna 7, 63-000 Sroda Wielkopolska, Poland
e-mail: t.trams@polipak.com.pl

15



Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, ro¢. 25 (_
Trends and Innovative Approaches in Business Processes “2022”, Vol. 25 - ..- T I A B P

DESCRIPTION AND CLASSIFICATION OF STAGES IN
PRODUCT LIFECYCLE MANAGEMENT

Martin UZIK

Abstract: This article deals with the issue of using a PLM software solution as suitable for
creating a software platform for managing data on selected products and subsequent
cooperation between, for example, a customer and a seller. Products can have different activities
during their life cycle. Based on this, 5 basic stages of the product life cycle were designed.
Keywords: PLM, production, stage

Introduction

PLM is an abbreviation for the English term Product Lifecycle Management, which refers to
the process of managing the complete life cycle of a product, from its first concept, through
detailed design, production and after-sales service to its disposal.

Sometimes this term is misunderstood to mean only the so-called PDM software, which is used
in the partial phases of the PLM process to manage engineering design data and communication
between designers. In addition to the necessary computer applications, Product Lifecycle
Management includes standardized workflows, business systems, key data and also
appropriately trained personnel. Such a complex unit can be used as the core system of a
manufacturing company or any other company and results in a physical product [1].

1. PLM - Product Lifecycle Management
The definition of PLM, as a software solution, includes a seamless collaborative infrastructure
of computer applications used to work with product data throughout its "life", where its
"conception” is understood as the recording of the first idea about the form or function of a
product into this system. As such, the PLM system covers all product data management and
electronic communication between all stakeholders, including customers (CRM), all necessary
resources (ERP) and the supply chain.

—= / —

If Customer HI
| requirements |

N

s -

Fig. 1 PLM platform
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2. PLM stages
There are 5 stages in the product life cycle:
- development,
- definition (introduction),
- implementation (growth),
- support and use (maturity),
- disposal (decline).
In each of these stages of product life cycle, the product reaches a different state.

= " C
) P 2 g %
? % ® 5 # o % .'!‘*e-
Development Definition Realization Usage Decline
stage stage stage stage stage

= = = = =

Fig. 2 The 5 stages of product lifecycle

Product lifecycle activities can be different as each industry is different in certain processes.
Therefore, companies in different industries have a different view of the product life cycle.
Regardless of which industry a company is in, the activities associated with the product life
cycle can be summarised in the following 5 phases.

None of these life cycle phases can be isolated and seen as an isolated entity. The primary
component of PLM is the coordination and management of information about the final product.
PLM is associated with the management of technical changes, component release status,
variations in product configurations, document management, production scheduling, and risk
assessment. To manage these tasks successfully, it is necessary to manage graphical, textual
data, e.g. BOM (bills of materials), at the technical level it is PDM (product data management)
software, at the enterprise level it is EDM (enterprise data management) software. These
systems are further linked to other enterprise systems such as SCM (supply chain management),
CRM (customer relationship management) and ERP (enterprise resource planning).

The stage of development

It is the first stage of the entire product life cycle. The product at this stage is not in physical
form, but is only at a theoretical level. The company is working out what the product will look
like, what features it will have, what manufacturing processes will be used and many other
factors. The opinion of customers, the market, society and regulators is also essential at this
stage. By combining all the knowledge obtained, the technical parameters of the product can be
defined. Simultaneously, an initial concept is carried out at this stage, which defines the
appearance of the product as well as the main functional characteristics. This phase ranges from
simple pen sketches to complex 3D models.

In some companies, the development phase also includes the investment of resources in
research or analysis of production options, e.g. moving into the definition stage because some
things might not work. That way, it is always possible to go back to the initial phase and modify
the parameters to suit and make the final product meet the customer's requirements. In terms of
business development, during the development stage, the company must also deal with financial
analysis, business development, market analysis, patent strategy and the name of the venture or
enterprise
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The stage of definition (introduction)

At this stage, a more detailed design and development of the final product form, testing of
prototypes, ranging from the basic release to full launch of the product, begins to be addressed.
It also includes redesign and enhancement of the existing products and their planned
obsolescence. CAD drawings are the primary source of information for development and
design at this stage of the life cycle. These range from simple 2D drawings to 3D parametric
modeling of objects or surfaces. In many cases, hybrid modeling, reverse engineering, non-
destructive testing, and assembly design are also used to ensure the most optimal product
performance. Simulation and optimization is performed using CAE ( computer-aided
engineering) software, which is used to perform stress analysis, finite element analysis, and
simulation of mechanical events. CAQ ( computer-aided quality) is used for small tolerance
analysis.

The stage of implementation (growth)

Once the design of the product components is completed, the way in which the product will be
manufactured is defined. The implementation phase involves CAD (computer-aided design),
such as tooling design, creating instructions and CNC machining centre feeds for the individual
product components. Integrated or stand-alone CAM (computer-aided manufacturing) software
is used, which includes analytical tools to simulate manufacturing process operations such as
casting, moulding, die-forming, etc.

CPM ( corporate performance management) is also coming into play, which includes tools such
as CAPE ( computer-aided production engineering), CAP ( computer-aided production) and
production simulation (press line simulation, tool selection management). Following the
product manufacturing process, verification of the geometric shape and dimensions using the
original CAD data is enabled. In parallel with the engineering tasks, product configuration and
marketing documentation are performed.

The stage of support and use (maturity)

During the support and product use stages, the product of the company is used by the customer.
In this phase, the company provides the customer with a report on operational information, e.g.
repair and maintenance information both for customers and for product support service
providers, a manual on correct handling and safety requirements.

The stage of disposal (decline)

The disposal/decline stage is the last phase of the product life cycle, when the product no longer
adds any value to the customer and is unusable, or is still usable but with a high degree of wear
and tear, and the customer finds it more profitable to purchase a new model. At this stage, the
company offers information on recycling the product. Each product has special characteristics,
so its disposal, destruction of material items or information should be carefully considered, as
hasty liquidation can have serious consequences.

Conclusion

Nowadays, every company is trying to shorten the development time of new products, but on
the other hand, to multiply the number of variants of the products offered. Connectivity across
the enterprise, across production halls and with partners in real time and at the point of need
requires increasingly dynamic processes that demand adaptability and sufficient flexibility from
the enterprise. It is believed that the right tools, technologies as well as standards, if properly
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used and implemented in the production process and in the product lifecycle itself, enable
companies to increase their competitiveness and lead them to remarkable improvements.

The challenge faced by the PLM system is to provide stakeholders with the necessary
information to facilitate their decision-making and improve administrative efficiency. PLM
must provide a time-based interface to stakeholders, components and processes. The motivation
for companies to use PLM system as efficiently as possible is to have a more detailed
understanding of the entire product system, improve the decision making activities of the
company and more formally access the necessary information within the development process,
increase profits from product manufacturing, reduce the costs associated with production,
improve the value of product portfolio and achieve a peak user value of the manufactured
products as well as future products for customers and management.
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CATALYSTS, AND WHAT ABOUT YOU?

Martin STRAKA — Peter KACMARY

Abstract: The platinum group metals (PGMs) palladium, platinum, and rhodium represent the
key materials for automotive exhaust gas treatment. Since there are currently no adequate
alternatives, the importance of these metals for the automotive industry is steadily rising. The
high value of PGMs in spent catalysts justifies their recycling. The state-of the-art technology
is to melt the ceramic carrier and collect the precious fraction in a liquid metal bath. As the feed
material has quite high melting points, huge amounts of energy are required for this process.
Hydrometallurgical treatments of the spent catalysts offer the possibility to recycle the PGMs
with fewer costs because of less energy and time demands. Moreover, automotive catalysts
contain further valuable materials to improve the exhaust gas treatment. These compounds, like
cerium oxide, cannot be recovered in pyrometallurgical processes. There is a study and results
of spend catalysts from the sample from Slovakia in the end of this article.

Keywords: statistics, auto catalyst, environment, precious metals

Introduction

Since the 1950s, all major car manufacturers began to devote to reducing the proportion of toxic
substances in the exhaust gases and it is that road transport is involved in more than 90% in the
overall environmental pollution. The effort of car manufacturers for reduction in emission
production is supported by legislation since the late 60s when the first emission standard has
been adopted by the exhaust limit values in the California. In Europe, the first emission standard
began in 1971, when it is clear that the share of products based on power equipment based on
the combustion process will also have an increasing trend to completely exhaust fossil energy
resources. The only way to reduce the share of toxic substances in flue gas is to streamline
combustion process and simultaneously eliminate the toxic impact of imperfect combustion
products by chemical procedures. The catalyst life is estimated at 128,000 km, depending on
how combustion engine use. Since the catalyst contains noble platinum metals whose
occurrence in the environment is limited, at the end of its life, platinum metals are obtained
from the exhausted car catalysts. Opposite to positives that the catalyst brings in reducing the
amount of exhalation in the air, it also has a negative impact on the environment in the form of
release of platinum metal particles. The high price of these metals led to intensive research
activities to substitute them. Nowadays no cheaper materials are available that offer similar
properties for these kinds of catalytic reactions. Based on the facts that every new car has to be
equipped with a catalytic converter and the number of car registrations is steadily increasing,
the demand for platinum group metals (PGMs), particularly platinum, will grow continuously.
Taking into account that one catalytic converter contains approximately from 1 g up to 15 g of
PGMs, it could be easily supposed that this field represents the main application for palladium,
platinum and rhodium.

Many authors have been already dealing with the recycling process itself. Nowadays this is a
very often mentioned topic with respect to the environment. Authors Alexandra Koncalova and
Alena Dubcové are focused on The development of recycling in the waste management
concentrate the development of waste recovery in the Slovak Republic with emphasis on its
regional differences [1]. Authors DengyeXun, Han Hao, Xin Sun, Zongwei Liu, Fuguan Zhao
at article titled End-of-life recycling rates of platinum group metals in the automotive industry:
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Insight into regional disparities [2] talk about the unavailability of natural resources in relation
to precious metals and the need for recycling materials that contain these rare metals. They are
also dealing with regional differences in recycling materials that mentioned rare metals contain.
Authors George Asimellis, Nikolaos Michos, loanna Fasaki, Michael Kompits, in article titled
Platinum group metals bulk analysis in automobile catalyst recycling material by laser-induced
breakdown spectroscopy [3] have developed an application to detect noble metals in the
catalyst. The application is based on a laser-induced spectroscopy. A true catalytic catalyst form
in powder form was used to develop the application. This method requires approximately 1.5
minutes of the sample examination. The accuracy of noble metals can determine with a 3
percent deviation. Authors Yunji Ding and colleagues in article Highly efficient recovery of
platinum, palladium, and rhodium from spent automotive catalysts via iron melting collection
[4] designed a high-efficient technology to restore platinum, palladium, and rhodium by iron
collection. Thanks to the same cubic structure focused on the structure, it is used as a collector
because iron and noble metals can form a continuous solid solution. Other authors from
recycling car catalysts are Lucas Gongalves da Silva, Rodolpho Faria Dias de Almeida, Vinicius
Marinho Silva Faustino, Pedro Américo Almeida Magalhde Junior [5]. Many authors deal with
different options and recycling methods of car catalysts in their studies. In article Platinum
Recovery from Hydrometallurgical Residue of Waste Automotive Catalysts Processing by
High-Temperature Smelting Process [6], authors Chuan Liu, Shuchen Sun describe the
hydrometallurgical method of recycling at high temperature. This method is also described in
our article.

Auto catalyst History

As the environmental pollution is affected by a number of factors (such as discharging of
harmful substances to air from individual production undertakings, oil mining, agriculture,
waste disposal and so on), with the development of the automotive industry, the production of
exhaust exhausts discharged into air is gradually increased, and the environmental pollution
was increasingly in increasingly. For this reason, a solution has started with removing of this
pollution. At the same time, the effort to reduce the environmental pollution legislatively treated
through emission standards. Achieved reduction in emission by means of transport has started
by the development and installation of the technical equipment called the catalyst into the
exhaust system. Installation of the car catalyst began in 70s. In 1974, the first production of
automotive catalysts in the world started in the UK. A year later, the first US catalysts appeared.
In 1976, the first a three-way catalyst with a lambda probe was installed to a VVolvo car. In 1985,
the first cars with exhaust catalysts were introduced in Europe [7], at that time the US cars used
it for several years.

Methods of processing of used catalysts

Stronger legislation has set emission limits of exhaust gas vehicles and automotive industry
status. Therefore it guarantees the stable interest in new catalysts and also increasing interest
after platinum, rhodium and palladium. For the same reasons, the amortized catalysts were also
interested. The catalyst operating temperature is about 250 °C. The metal carrier base catalysts
reach this temperature under a short period of time than ceramic catalysts. This is an important
factor because when the catalyst is heated to operating temperature, a large amount of exhaust
emissions is produced. At extreme temperatures, metal catalysts have better physical and
chemical properties than ceramic catalysts. The unique cylindrical and corrugated construction
allows them to better withstand excessive vibration and constant repetition of temperature
changes.
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Along with stricter exhaust emission limits, the content of platinum, palladium and rhodium in
automotive catalytic converters is also increasing. The two-way catalyst contains 0.04% by
weight of platinum and 0.015% by weight of palladium, the three-way catalyst contains 0.08%
by weight of platinum, 0.04% by weight of palladium and 0.005 — 0.007% by weight of
rhodium. Thus palladium and rhodium is economically significant. Properly organized
collection and recycling of car catalysts can be, and definitely it is, a significant secondary
source of platinum, palladium, and rhodium in advanced western economies. [9]

Auto catalysts
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Fig. 1 Exhausted catalyst processing technology scheme

The processing of exhausted catalysts can be divided in two basic methods:
1. Pyrometallurgical method.
2. Hydrometallurgical method.

Pyrometallurgical method

There are many ways to recover precious metals from depleted car-catalysts. Pyrometallurgical
methods for the recycling of platinum metals use as a collector the collection of metals,
especially iron and copper. The pyrometallurgical method can be divided into 2 parts:

« Plasma melting: In the recycling of catalysts by plasma melting, the catalyst is subjected
to crushing and grinding, the batch is supplemented with a mixture of Fe + FeO, melted in
a plasma furnace at a temperature exceeding 2000 ° C. This is followed by the separation
of the molten slag and the next iron-containing phase with concentrated platinum metals.
The iron alloy is then dissolved in an aqueous solution of sulfuric acid with aeration.
Undissolved platinum metals are filtered off, the filtrate is neutralized.

» Melting in EOP (electric arc furnaces): When melting with copper, the catalyst is, after
mechanical treatment, including crushing and grinding, together with copper carbonate,
silica, calcium oxide and iron oxide in a special electric furnace at temperatures of 1600-
1800 degrees Celsius.The melt is divided into slag and an alloy of platinum metals with
copper. The copper alloy is dissolved in an aqueous sulfuric acid solution using air as an
oxidant. Copper carbonate is recovered by precipitation with sodium ash. The cooled
solution is filtered. In recent years, pyrometallurgical methods have focused on smelting
with copper as the collecting metal and on plasma smelting technology, which uses iron as
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a collector. It is necessary to use hydrometallurgical processes to obtain precious metals
from an alloy with a collecting metal. We can therefore speak of these recycling
technologies as combined processes. The process of recycling platinum metals
pyrometallurgically is shown in Fig.2. [9]
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Fig. 2 Recycling diagram for pyrometallurgical procedure

Hydrometallurgical methods:

Several processes have been designed and patented for the processing of auto catalysts. In
hydrometallurgical processing, the noble metals leached with salivic acids and subsequently the
leachate containing noble metals are purified by chemical precipitation or cementation. The
pure leachate is further processed into metal, into a chemical concentrate of precious metals or
by other methods (adsorption, ion exchange, extraction). The disadvantages of
hydrometallurgical methods are the loss of metals, especially rhodium in wastewater, and the
problem is also the formation of aluminum sulphate as a by-product.

The hydrometallurgical treatment of catalysts is preceded (during the treatment of catalysts by
acid leaching and chlorination) by calcination at a temperature of approx. 500 — 600 °C, where
organic residues of petrol and oils are burned. Unburned carbon residues of gasoline and oils
stick to the pores of the catalysts, preventing the penetration of leaching solutions into the pores
and thus reducing the yield of the obtained metals.

The catalyst in the form of pellets is dissolved in sulfuric acid after mechanical treatment. to
obtain an almost neutral solution (catalyst is in excess). The leachate from the leaching of
catalysts is treated by cementation with aluminum in the presence of tellurium dioxide. The
resulting aluminum sulfate is used to treat water. The solid phase from the cementation is mixed
with insoluble residues from the primary leaching and dissolved in HCI + CL.. Platinum metals
are deducted from this solution by sulfur dioxide in the presence of Te, which acts as a collector.
The reduced solution is filtered hot, the platinum metals and, after cooling, the lead chloride
are filtered off. Hydrochloric acid HCI is recycled. The procedure for treating the catalyst by
acid leaching is shown in Fig. 3.
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Fig. 3 Hydrometallurgical method processing scheme Chyba! Nenasiel sa Ziaden zdroj odkazov.

Hydrometallurgical methods include acid leaching of whole pellets, or selective leaching of
noble cocci. This is followed by refining of the extract and its processing, most often by pressure
reduction or precipitation. They are among the most excited. In addition to the above-diluted
conventional technological procedures, research work is aimed at discovering alternative
methods. Fast, accurate and correct quantitative determination of platinum metals in automotive
catalysts is a must for laboratory researchers and industrial practitioners.

Research and results of used catalyst where TUKE - FBERG was participating

The Greek main catalyst recycling company Monolythos Catalysts & Recycling Ltd. (MON)
received 10 spent vehicle catalytic converters (SVCCs) from the Technical University of KoSice
(TUKE), mentioned in Table 1. MON performed identification, preprocessing and
physicochemical characterization on each spent catalyst in order to record their characteristics
and determine their PGM content. [10]

Tab. 1 Identification of the 10 received spent commercial catalysts from TUKE [10]

No | Body Code Model Car

1 44103245-031 6 LEISTRITZ SKODA FAVORIT 1300CC

2 1026468, 97BK-5E211AK NOT AVAILABLE

3 028-13117701L, DP5836001 VW CADDY 1900CC, DIESEL

4 8200358551, C114 RENAULT ESPACE, 2200CC, DIESEL
5 46557515 FIAT BRAVO 1900CC, DIESEL

6 ECIA TR PSA K185, 28639-303 CITROEN C5, 2000CC, DIESEL

7 3B0131701Q, 8D0178E, GLH AUDI A6, 2400CC, DIESEL

8 194A595, D-1-1-05 7751669 NOT AVAILABLE

9 TR PSA K089, 22582093 PEUGEOT PARTNER, 1900CC, DIESEL
10 | AC OPEL ASTRA 1600CC
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Each catalyst was dismantled and de-canned in order to remove the metallic canister and gather
the ceramic catalytic converter, which was pre-processed as preparation for the
physicochemical characterization. [10]

As far as elemental analysis is concerned, preprocessing and proper sampling are crucial. Each
ceramic catalyst was individually milled in granulometry below 250um by 80% of the sample
using a knife mill. The granulometry of each sample was confirmed using sieves with
granulometry below 250um. In some spent catalysts, an essential quantity of organic deposits
was observed in the milling process, which was subsequently confirmed by the calcination step.
Each sample was homogenized and divided into four parts. Two small samples were collected
for more representative results and dried into a Binder oven (120 °C, 2h) in order to be subjected
to the X-ray fluorescence (XRF) analysis and determine the PGMs content. The PGMs loading
was determined with XRF. XRF analysis provides accurate, fast, non-destructive, repeatable
measurements, as well as no chemical preparation is required. Thus, chemical reagents are not
used, so the cost is minimized. [10]

The PGM content of the two smaller samples of each catalyst was measured and their average
was calculated (Table 2). The catalysts samples were proved homogeneous by the
measurements. [10]

Tab. 2 The XRF analysis of the catalysts before and after the calcination process [10]

Catalyst No | PGMs Before Calcination After Calcination
01 Pt, ppm 1322 1291

Rh, ppm | 263 255
02 Pt, ppm 539 557
03 Pt, ppm 2927 3717
04 Pt, ppm 620 624
05 Pt, ppm 509 634
06 Pt, ppm 508 577
07 Pt, ppm 2434 2631
08 Pt, ppm 511 525
09 Pt, ppm 490 536
10 Pt, ppm 2347 2474

Conclusion

The research of 10 spent catalysts sent by TUKE was perform to their physicochemical
characterization, which included the identification of the catalysts, the preprocessing, the
calcination step and the XRF analysis. The research procedure from MON consists of the
decanning, milling, and sieving stages in order to prepare the samples for chemical analysis and
determine their PGMs (Pt, Pd, Rh) content. The calcination step was performed to detect the
presence of organic deposits in each sample. The samples were subjected to XRF analysis
before and after the calcination step to evaluate the effect of the organic compounds in detecting
the PGMs. Regarding the final identification of the received spent catalysts, the catalysts
containing Rh and Pt or/and Pd are identified as Three-Way Catalysts (TWC) in contrast to
those containing Pt or/and Pd, mainly recognized as Diesel Oxidation Catalysts (DOC).
However, the spent catalytic converters containing a low concentration of Pt or/and Pd could
be identified as Two-Way catalysts considering their additional data, like the model car and
manufacturing year. Therefore, the following research findings resulted, according to the
detailed analysis:

1. Catalyst No1 only is identified as TWC since containing Pt and Rh.

2. Only Pt was detected in the other catalysts.
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3. In the DOCs, significantly high organic compound concentrations were detected, 1-18%.
4. In Slovakia, vehicles with diesel engines are mainly used based on the obtained
representative spent catalysts.
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APLIKACIE TEPELNYCH FIGURIN PRI HODNOTENI
TEPELNEHO KOMFORTU

RuZena KRALIKOVA — Ervin LUMNITZER

Abstract: Currently, there are various complex models that are used to predict the thermal load,
or thermal comfort of the employee with different scales for evaluating the feeling of warmth
or of cold, with the help of which it is possible not only to speed up the evaluation of the thermal
load but also to make it more precise. With the help of thermal dummies, it is possible to
simulate human reactions to heat and humidity conditions. The article deals with the
possibilities of using thermal dummies as a useful aid in measuring heat exchange between the
environment and the human body, in testing thermal stress, etc. These tools will then be
available for use by the industry to develop more efficient thermal comfort systems.
Keywords: microclimate, thermal stress, thermal comfort, environment, thermal manikin

Uvod

Ludské telo je obklopené mikroklimou, ktora je vysledkom jeho konvekéného uvolfiovania
tepla s okolim. V priemyselnych prevadzkach posobia na pracovnika rézne extrémne
mikroklimatické podmienky. V sucasnej dobe existuju rézne komplexné modely, ktoré sluzia
na predvidanie tepelného komfortu zamestnanca s rozdielnymi stupnicami hodnotenia pocitu
tepla/chladu. PretoZe tieto modely pracuju s rozlicnymi parametrami nevyskytuje sa ziaden
jednotny model, ktory by dokazal obsahovat’ vSetky typy aktivit a odevov, ktoré maju
priamociary dopad na tepelnil pohodu. Realne podmienky posobiace na cloveka na pracovisku
je mozné simulovat’ v tepelnych komorach. Tieto klimatické komory st $pecidlne navrhnuté a
vybavené pre tento sposob simulécie. Reakcie ¢loveka je mozné simulovat’ pomocou tepelnych
figurin, ktoré predstavuju uZitonli pomdcku pri merani vymeny tepla medzi okolim a
organizmom ¢loveka, pri testovani tepelného stresu a i. K hodnoteniu tepelného komfortu sa
pouzivaju viaceré metddy a vypoctové modely. V sucasnosti sa na tieto tcely Coraz CastejSie
vyuzivaju aj modely 'udského tela, tzv. tepelné figuriny. Tieto zariadenia je moZzné aplikovat’
predovSetkym pri testovani vlastnosti odevov, alebo bezpe¢nosti Specifickych produktov akymi
st napr. ochranné pomocky, odevy do extrémnych podmienok ale aj pri navrhu a aplikaciach
systtmov HVAC a pod.. Pomocou tepelnych figurin v klimatickych komorach s roznych
teplotach vzduchu je mozné simulovat’ uvoliiovanie tepla z l'udského tela. Na meranie a
vizualizdciu sa vyuzivaji rdézne techniky (sledovanie prudenia vzduchu, termografia,
anemometria ai.).

Historia tepelnych figurin

Prva tepelna figuriny bola vyhotovena v roku 1941. Na jej zhotoveny sa podielal vedec
Harwood Belging, obr.1. Jej ucelom bolo pomdct’ pri testovani ochrannych odevov, ktoré
vyuZzivala americka armada. Med bola materidlom, ktory sa vyuZzil na zhotovenie manekyna.
Prvy prototyp manekyna mal eSte obmedzent pohyblivost’. [1,3] Naslednym vyvojom sa menil
nie len vzhl'ad ale aj typ a material manekyna. Z jedno-segmentového sa postupne stal multi-
segmentovy. Postupne sa pridavali prvky ako manekyn so systémom potenia, so systémom
dychania a i. V stcasnosti sa v priemysle vyuziva termoregulacny manekyn so systémom
potenia. V roku 1973 existoval manekyn, ktory sa dokazal hybat’ a v roku 1996 dokazal dokonca
aj dychat’. Neskor vykonaval i realistické pohyby, ktoré vykondvaji zamestnanci pri pracovnej
¢innosti. Menil sa aj material, z ktorého bol manekyn vyhotoveny.
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Obr. 1 Prvy model tepelnej figuriny Chyba! Nenasiel sa Ziaden zdroj odkazov.

V roku 1964 sa upustilo od medi a zacali sa konstruovat’ manekyni z hlinika. Uz v roku 1967
sa zacal objavovat’ prvy manekyn z plastu v Dansku. Prelom nastal poCas milénia, kedy sa
zacali objavovat’ figuriny vyrobené z poréznych materidlov a kovov. Pokrokom presiel aj typ
reguldcie, pricom prvy takyto manekyn fungoval na analdogovej regulacii, v stcasnosti sa
vyuziva digitalny prenos ziskanych tdajov. [1,5]

Modely tepelnych figurin
Tepelna figurina predstavuje Specialne zariadenie, ktoré sa zhoduje s vyzorom cloveka
a pouziva sa na hodnotenie tepelnej zat'aze, tzv. tepelnej pohody, alebo nepohody. Pomocou
tychto figurin je moZné nasimulovat prechod tepla medzi l'udskym telom a pracovnym
prostredim. Existuju roézne druhy l'udskych modelov, pripadne modelov casti I'udského tela
majlice rozne vyuzitie. V urCitom obmedzenom rozsahu je mozné ich vyuzit aj za ucelom
testovania fyziologickych reakcii cloveka. Medzi najznamejsie figuriny, ktoré sa pouzivajii na
stanovenie tepelného komfortu ¢loveka zarad'ujeme Chyba! NenaSiel sa Ziaden zdroj o
dkazov.:

= Wisslerov dynamicky model
Stolwijkov model
Gaggov 2 uzlovy model
Fialov model
Tanabeho dynamicky model
Kohri a Mochidov model

» Fialov Individualizovany UTCI-Fialov model.
V sucasnosti existuje priblizne 100 modelov figurin, ktoré sa vyuzivaju pri stanoveni tepelno-
vlhkostnej mikroklime. NajcastejSie pouzivanym manekynom je Newtonov model, obr. 2. [3],
ktory pozostava z 34 vyhrievanych 34 zon a tvoreny Castami:

» hlava = predlaktia
= tvar = ruky

* hrudnik * boky

= prucho » stehna

= paze = [ytka
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= chodidla.

Obr. 2 Newtonom model [7]

Figurina je navzajom prepojend so softvérom, ktorého sucastou su fyziologické modely
tepelného komfortu. Systémy, ktoré figurina obsahuje spdsobuju, ze dokéaze simulovat’ cloveka,
t. j. potenie, chodzu, dychanie. Manekyn ma dokonca nastavitelny dychaci systém. Tieto
vymozenosti sposobuji efektivnejSie monitorovanie tepelného komfortu. Ziskané udaje z
figuriny su vyhodnocované pomocou Specidlneho softvéru. Inovécie systémov sa stale viac
prejavuji nie len pri softvéroch, ale aj pri figurinach. Budice softvérové varianty budi
umoziovat’ aj prepojenie klasického modelu Newtonovej figuriny s virtualnou realitou. Toto
prepojenie umozni vykonat’ akékol'vek simulacie. [7]

Tepelné figuriny na testovanie HVAC pre automobily
Vyuzitie tepelnych figurin je vel'mi Siroké. Najviac sa vSak vyuziva pri testovani tepelnej
izolacie ochrannych odevov. Pri stanoveni izolacie odevov su hlavnymi sledovanymi
parametrami:

1. odpor odparovania vihkosti a

2.  tepelnd izolacia

Vyssie spominané faktory tvoria zéklad pri tepelnej izolacii odevov a su ovplyviiované okrem
druhu pouzitého materialu, pohybu ¢loveka aj tepelno-vlhkostnymi podmienkami okolia.
Poziadavky na merania tepelnej izolacie odevov, odporu odparovania vlhkosti stanovuji
prislusné normy. Hodnoty, ktoré su ziskané sa nasledne vyuZivaji na optimaliziciu a
modelovanie vetracich, klimatickych zariadeni vnutornych priestorov budov. Chyba! NenaSiel s
a ziaden zdroj odkazov.

Nebezpecenstvo tepla vznika Casto aj v pripadoch poziaru. Kedze v tychto podmienkach
nemozno pouzit ¢loveka na testy alebo merania kvoli potencidlnemu riziku, pouzivaju sa
figuriny, ktoré su navrhnuté tak, aby nahradili 'udi. Pretoze povrchy figurin (S8krupiny) st
podstatne odlisnejsie v porovnani s I'udskou pokozkou, do figurin sa implantuji senzory a
zostavi sa aj suvisiaci matematicky model pre simulaciu koze.
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Tepelné figuriny prestavuju kl'aCovy prvok aj pri vyvoji technologii na principe HVAC systému
(Heating, Ventilation and Air-Conditioning system, Systém vetracieho a klimatiza¢ného
zariadenia) pre dosiahnutie bezpec¢nejSieho a pohodlnejSicho pracovného prostredia. Figuriny
su dostupné v réznom materidlovom a konstrukénom prevedeni.

Tepelna figurina nachadza svoje vyuzitie aj v automobilovom priemysle. Ked’ze pomahaja pri
vyvoji technologii HVAC, nachadzaji svoje vyuzitie na hodnotenie vykurovacich/klima-
tickych zariadeni v osobnom, nakladnom automobile v réznych inych dopravnych
prostriedkoch. Automobilova figurina HVAC predstavuje systém, ktory obsahuje karbonovu
epoxidovu formu tela so senzormi namontovanymi na povrchu, ktoré meraja rychlost’ vzduchu,
teplotu, salavy tepelny tok a relativnu vlhkost vzduchu. Senzory su chranené, aby sa
zabezpecilo, Ze pocas figuriny ned6jde k posSkodeniu pri jej nakladani a polohovani. Chyba! N
enasiel sa Ziaden zdroj odkazov.

HVAC figurina pre automobily (angl. ,,Automotive HVAC Manikin®) je navrhnuta tak, ze
umoziuje jeho jednoduché vlozenie do akéhokol'vek vozidla. Ruky su v tvare rukavic so
zakrivenym uchopenim, dizajn ktorych umoziuje spravne umiestnenie na volante. Ich tvar
neovplyvituje pohyb vzduchu, ale umoziiuje pridenie vzduchu podobné TI'udskému
uchopu/pisti. Chrbat stehien je splosteny, aby simuloval realistické pridenie vzduchu. [2,3,4]

Automobilova figurina, sa pouziva na testovanie tepelného komfortu pasazierov a tepelno-
vlhkostnych parametrov v kabinach dopravnych prostriedkov. Akékol'vek zlepSenie systému
HVAC a optimalizacia tepelného prostredia v kabine st potencidlne spojené so zvySenim
tepelného komfortu vo vozidle, znizenim tepelnej zataze a emisii sklenikovych plynov, ratane
celkovej spotreby energie vozidla. Pokrocila tepelna figurina Newtonovho potenia na
testovanie sedadla je na obr. 3. [9]

(T
den zdroj odkazov.

. il

Obr. 3 Figurina na testovanie HVAC v automobiloch Chyba! Nenasiel sa zia

Poziadavka poskytnit’ komfortny vnutorny priestor vo vozidle je splnend casto na ukor
energetickych narokov. Energeticka néarocnost’ klimatizacnej jednotky si vyzaduje velku
pozornost najmi v pripade elektromobilov a hybridov, kedy uspora elektrickej energie
ovplyvituje dojazd vozidla. Medzi najvicsie vyzvy HVAC systému dopravnych prostriedkov
a kabin automobilov patri rychle a G¢inné ochladenie interiéru vozidla zaparkovaného na slnku
pocas letnych slne¢nych dni. Zalenenie solarnej zataze, ako zdroja tepla do CFD analyzy bolo
este do nedavna naroc¢né, avsak v tomto smere nastal posun a mnoho stcasnych CFD softvérov
umoziuje vypocty zohl'adiiujice solarne zat'aZenie.

Zaver
Dnesné aplikacie tepelnych figurin spocivaji predovsetkym Vv testovani tepelno- izola¢nych

vlastnosti odevov, ¢i tepelnych pomerov v interiéroch budov. Vyuzivanie testovacich
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klimatickych komor s tepelnymi figurinami st jednym z novym trendov v dizajne HVAC.
Aplikaciou tychto modernych technologii je v sucasnosti mozné vytvorit' komplexny model
tepelného komfortu vo vnutornom prostredi budov alebo interiéru kabiny vodidla este pred tym,
ako dojde k samotnej instalacii HVAC. Tepelné figuriny c¢loveka s vysokym stupfiom
senzorického priestorového rozlisenia, lokadlnymi termoregula¢nymi reakciami vratane potenia,
rychlou casovou odozvou a spdtnou védzbou na nepretrzitu reakciu a prispdsobovanim sa
tepelnému prostrediu tak ako ¢lovek, budu stale viac dostupné na pouzitie v priemysle, ako aj
na vyvoj efektivnejsSich systémov tepelného komfortu. Numerické modely tepelného komfortu
a tepelna figurina sa stavaji néstrojmi hodnotenia tepelného komfortu, ktoré dokazu presne
predpovedat’ I'udsku fyziologickti a psychologickii odozvu v skuto¢nych aj simulovanych
nerovnomernych prechodnych tepelnych prostrediach.

Analytické a simulacné pocitacové programy v spojeni s matematickymi modelmi tepelného
komfortu a Tudskymi tepelnymi modelmi, umoznuju V porovnani s experimentalnymi
metodami poskytnit’ komplexnejs$i obraz 0 mikroklimatickych podmienkach s moznostou
rychleho a finan¢ne nenaro¢ného navrhu rieSenia.
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APLIKACIA ENVIRONMENTALNYCH INOVACII V
PROJEKTOCH NOVYCH STROJARSKYCH VYROB

Vladimir RUDY

Abstract:

As the most important attribute of changes in the future production systems, we can consider
the transformation to a knowledge-based society and a new production culture based on the
gradual application of the principles of "Industry 4.0. This means that knowledge is given
priority, i.e. especially original products and their quality, new production technologies, new
production systems, new management strategies in the production processes, etc. The
fulfillment of these goals is, among other things, limited by the necessity to take into account
the ecological and environmental principles of sustainability. The goal is to save energy and
resources during production processes, and reduce emissions, vibrations, noise, dustiness, soil
and water pollution, etc. The contribution deals with the necessity of incorporating these
environmental quality conditions into the whole value chain of the future product, from the
selection of material, through its transformation into a product until the end of its lifecycle.
Environmental damage by industrial production is reflected in environmental regulations
through the environmental policy of EU countries. Companies that do not underrate the
implementation of environmental innovations in their production processes gain a strong
competitive advantage and it excludes the unprepared from the competitive battle for
customers.

Keywords: priemyselna vyroba, ekoinovacie, manazérstvo environmentalnej kvality

Uvod

V stcasnosti existuje cely rad roznych stratégii, ktoré charakterizuju vyvoj v predmetnej
oblasti, a ktoré su realizované v priemyselne vyspelych krajinach. Zo zdkladnych metdd, ktoré
mozu napomdct’ rozvoju modernej vyroby su dolezité tie metddy, ktoré vyrazne urychl'uju
inovacéné cykly a umoznuji rychlejsie a efektivnejSie realizovat’ modernizacné procesy. Rychla
realizovatel'nost’” inovacii je moznd len u systémov, ktorych vyrobny potencial je schopny
rychlo transformovat’ vyvinuté vyrobky a pustit’ ich na trh. To si pre budlicnost’ eSte viac
vyziada synergiu medzi podnikmi a vedou. Hlavny ciel’ nespocivalen v zvySovani produktivity
prace, ale vo vyuziti progresivnych spracovatel'skych technoldgii, aplikovani novych
konStrukénych a nastrojovych materidlov, vo vyuziti progresivnej, vykonnej vyrobnej techniky,
humanizacii a racionalizécii prace a implementovani informacénych technologii do vSetkych
firemnych ¢innosti zabezpecujicich permanentnost’ kvality a pod.

Koncipovanie takychto vyrob sa musi stat’ finan¢nou prioritou, zarucujucou firme trhovit dominantnost’
zalozenl na podpore efektivnej a kvalitativne flexibilnej produkcii s minimalizovanymi dodacimi
lehotami a realnymi podmienkami pre rast zamestnanosti. Pre splnenie individualnych poziadaviek trhu
je nevyhnutné koordinacia vel’kého poctu informacii a poznatkov. To plati pre vztahy so zakaznikom,
rovnako ako na firemné procesy a vzt'ahy s dodavatel'mi.

V integracii manazérskych systémov ako uz bolo uvedené zatial neexistuje jednotna medzinarodné
uznavana norma, ktora by sa komplexne zaoberala touto oblastou, iba Britsky Standard PAS 99:2012.
No napriek tomu sa v tejto oblasti poslednom obdobi dosahuje vyrazny pokrok reviziami noriem, ktoré
uz maju HLS  $truktaru. Normy maju zjednotenu Strukturu, text, st uz ié¢elovo zamerané na rizika. To
vSetko napomaha integracii manazérskych systémov a dosahovaniu benefitov z takejto formy
zlepSovania. V tejto oblasti by sa Medzinarodna organizacia pre Standardizaciu ISO mala v budtcnosti

32



Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, ro¢. 25 (_
Trends and Innovative Approaches in Business Processes “2022”, Vol. 25 - ..- T I A B P

zamerat’ nielen na zjednotenie §tandardov, ale mala by sa uberat’ smerom k jednému manazérskemu
Standardu pre integrovany manazérsky systém, ktory by dal navod na jeho implementaciu. V praxi
podl'a oblasti ekonomickych ¢innosti organizacie a priorit riadenia aspektov, vplyvov a rizik (kvalita,
environment, IATF, BOZP, informacna bezpec¢nost’, socidlna zodpovednost atd’.)

1. Environmentalne chapanie inovacie vyrobnych systémov a kvality produkcie

Dodavatel'sko-odberatel'sky trh akceptuje Standardné kvalitu preukazovanu certifikatmi
systémov manazérstva. Za komplexny ukazovatel' kvality v sieti dodavatelov hromadnych
vyrob, napr. automobilovej vyroby sa povazuje schopnost’ a spolahlivost’ dodavatela plnit
kontrahované dodavky v stanovenom case, mnozstve, kvalite a variabilite. Akceptovana
kvalita komponentov je pritom preukazovand materidlovymi, funkénymi a technologickymi
certifikatmi systémov manazérstva implementovanych vo vyrobnych a dodavatel'skych firméach
najmd podla ISO 9001 a IATF 16949. Plnenie cielov rozvojovych stratégii firiem je dnes
determinované potrebou hladania vychodisk zo spolocensko-hospodarskych, energetickych
a environmentalnych globalnych problémov. V nich dominuje predovsetkym environmentalna
kvalita produkcie a technologické metody jej vyroby.

Dodévatel'ské Standardy pre manazérske systémy su z uvedenych dovodov pod neustalym
tlakom tak environmentalnej ako aj komplexnej kvality produkcie. Kumulacia poznatkov
a progresivnych rozvojovych trendov pre projektovanie a prevadzkovanie integrovanych
manazérskych systémov na baze revidovanych ISO standardov (ISO 9001, IATF 16949, ISO
14001 resp. EMAS III) je spajana do modelov spolu s rieSsenim komplexnych procesnych
charakteristik vyrobnych procesov. RieSenim je zlepSovanie P-D-C-A environmentalnej
vykonnosti a rozvojovej udrzatelnosti vyrobnej firmy a pod.

Medzinarodnd certifikdcia systému environmentalneho manazérstva podla ISO 14001
Specifikuje poziadavky na budovanie systém environmentdlneho manazérstva s dorazom na
kvalitu zivotného prostredia a jeho neustale zlepSovanie. Jej dosledna aplikacia vo firmach
poskytuje rozsirene kooperacne a obchodne moznosti minimalne v rozsahu krajin EU. ZvySuje
renom¢ firmy a deklaruje, ze starostlivost’ o environmentdlne prevadzkovanie vyrobnych
procesov firmy je dominantnym zaujmom manazmentu firmy. Zakladna charakteristika
prinosov je dokumentovana v tab.¢.1.

Tab.C.1 Benefity preco sa oplati budovat’ environmentélne produkéné systémy

1) marketingové  aobchodne  benefity - trhova stabilita,  doveryhodnost’,
konkurencieschopnost’, variabilita pridanej hodnoty, iverova vyhodnost...

2) prevadzkové a vyrobne — zdokonal'ovanie vyrobnych postupov, ergondmie, znizovanie
spotreby energii, variabilita, eliminédcia nebezpecnych odpadov a redukcia ostatnych ...

3) ekonomické — permanentna starostlivost’ o technologicku uroven vyrobnej techniky ...

4) socialne — rozvoj pracovnej sily, zvySovanie eko povedomia zamestnancov, zaujem na
trhu prace, goodwill firmy, zmena hodndt podnikania ...

5) celospolocenské benefity — rozvoj environmentalnej bezpe€nosti a eliminacia
nepriaznivych enviro vplyvov na Zivotné prostredie ...

Koncepcia budovania a prevadzkovani strojarskeho podniku podl'a zasady trvalo udrzateI'ného
rozvoja patri k manazérskym nastrojom firiem budtcnosti. Ekologické spravanie manazérov
dnes uz nie je len o moralnej motivacii a zodpovednosti voci Zivotnému prostredia
aspolocnosti. Volba aktivneho kreovania vyrobného prostredia na principoch
environmentalnej zodpovednosti za prevadzkovanie vyrobného systému znamené konkuren¢nt
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vyhodu tak v domacom ako aj zahrani¢nom podnikatel'skom prostredi. Medzi kritické faktory
ovplyviiujuice tuto trhovi vyhodu mézem zaradit’ :

Znizovanie a optimalizacia vyrobnych nédkladov — suroviny, energie, odpady, recyklacia.

Narast zaujmu trhu o produkciu firny — environmentalna kvality ovplyviiuje predaj a pod.
Zlepsenie komunikacie s organmi Statu - napr. moznost’ ziskat’ Statnu zakazku a pod.

ZlepSenie vztahu so zamestnancami — miera zodpovednosti za ZP je v priamej imere zdujmu
0 zamestnania vo firme.

ZlepSenie cenotvorby vstupnych komodit od dodavatel'ov.

Sirsie moznosti expandovania na nové trhy.

Dovera pre finanéne institacie pri investiciach, averoch a pod.

ANENENEN

AN

Forma arozsah aplikacie kvalitativnych environmentalnych kritérii do objektov vyroby
a naslednych produkénych aktivit zabezpecujucich ich vyrobu je mozna ako :

v’ Ciasto¢na (u vyrob existujucich ako aj novo projektovanych vyrob),
v" komplexna (projektovanie novej vyrobnej Struktiry na systémovych principoch buduceho
environmentalneho prevadzkovania).

Pricom dominantné rozhodovacie kritérium su ekonomické moznosti firmy. Avsak hlavanym
rozhodovacim kritériom o ¢iastkovej environmentéalnej zmene vyrobku, resp. technologickych
Struktar jeho vyroby by mala byt’ dokladna analyza prevadzkovych enviro vplyvov v celom
hodnotovom retazci, surovinami (polotovarmi) pocnic a ukoncenim zivotnosti vyrobku
(vyrobného systému) konciac. Tato komplexnost’ (Obr. 1) musi zahfiiat’ nielen hlavné vyrobné
procesy ale aj procesy vedlajSich a pomocnych vyrob spojene so zabezpecovani vykondvania
technologickych procesov a prevadzkyschopnosti systému ako celku (vyrobné technologie,
montaz, prevddzkovanie halovych systémy a tvorba priaznivého vyrobného prostredia)

Ukontenie trhovej Zivetnosti

kvalita

Distribucia

Environmentalna

Suroviny
Polotovary

Zivotnost vyrobného systému
Obr. 1 Komplexnost’ budovania environmentalnych vyrob

2. Environmentalny rozmer projektov budtcich vyrob

Cesta dnesSnych dni je cestou zvladnutia inovacii. Inovacii vyrobkov, riadiacich procesov,
technologii a v neposlednom rade aj inovacii myslenia a pristupu k rieSeniu problémov. To
vSetko musi zvladnut' kazdy, kto chce obstat’ v tvrdej konkurencii. A ten, kto chce naozaj
seridzne nastipit’ na tito cestu, je postaveny pred mnozstvo otazok: , Kde zacat?*, ,,Ako
postupovat?, | Aké su rizika?*, ,,Kde na to vziat financné zdroje?* atd’. V dneSnej etape
permanentnych zmien, okrem €asu, dolezitym faktorom st aj naklady vynaloZené na realizaciu
zmien. Niektoré trhovo senzitivne inovativne stredné a malé eurdpske firmy musia na
permanentné procesy, zapri¢inene turbulenciou trhu, vynaloZit' prevazni Ccast’ svojich
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transakénych nakladov. U velkych firiem je sice tento podiel mensi, ale v absolutnej hodnote
predstavuje znacnu polozku nakladov. Aby vyroba sa stala environmentalne efektivnou, buduci
vyrobny systém musi disponovat’ ovel'a va¢sim vyrobnym potencialom v oblasti :

v

v

v

v

technologickej prisposobivosti vyrobnych zariadeni zmenenym Uloham s minimalizaciou
neproduktivnych ¢asov,
modularity konstrukcie vyrobnych prostriedkov zarucujice;j :

- prisposobivost’ vyrobného systému na vel'mi malé vyrobne davky

- prispdsobivost’ rychlo sa meniacim vlastnostiam objektov vyroby (pruznost’ procesov)
vysokej funkcénej integracii rozlinych technoldgii v kombindcii s modulovou konfigurdciou
techniky zaru€ujicej rychlost’ transformacie vyrobného systému,
flexibilne komponentov a modulov modifikovaného vyrobného systému, vratane periférnych
zariadeni a manipulacnych prostriedkov zarucujucich realizdciu vyrobnych procesov v stlade so
zasadami environmentalistiky,
oOtvaranie novych foriem spoluprace so zakaznikom zalozenych na ponimani zakaznika ako
spolutvorcu pridanej hodnoty a jeho spolutcastou na vyvoji eko-produktu,
transparentnost’ tvorby pridanej hodnoty produktu pocas celého retazca jeho zivotného cyklu pre
zakaznikov i1 konkurentov (vyrobcov).

Faktory stimulujuce environmentalne inovacie z pohl'adu slovenskych manazérov su :

v
v
v

v
v

zmena ekologického povedomia zdkaznikov - narast’ dopytu trhu po energeticky, materiadlovo,
environmentalne uspornych rieSeniach vyrobkov

nevyhovujuci ekologicky stav zivotného prostredia - nutnost’ jeho zlepSovania,

moznosti ziskavania investicii z dota¢nych fondov EU - vysSie financné moznosti napr. granty zo
,Strukturalnych fondov EU“a pod.,

nevyhnutnost’ vyuzivanie obnovitel'nych zdrojov energii,

tlak regulaénych organov (legislativa a odportiéania EU) na oblast’ tvorby a ochrany Zivotného
prostredia,

Technologickd environmentalna implementicia inovaénej modernizacia produkénych
systémov je nevyhnutnou inovacnou tendenciou firiem a mala by sa aplikovat’ ako :

v

v

Modernizécia funkénych modulov vyrobnych prostriedkov, uzlov a funkénych celkov

- realizuje sa doplnkovymi prostriedkami, Specidlnym prisluSenstvom pre dane stroje
a pouZzivane technoldgie, doplnkovymi mechanizacnymi a automatizaénymi prvkami ich
konStrukénd, materialova skladba a prevadzkovanie je v zhode environmentalnymi
poziadavkami.

- Ich vyber podlieha prisnim vyberovym kritéridm z pohl'adu ich vplyvov na ZP poéas ich
prevadzkovania, napr. energeticka ndro¢nost (objemom 1 sortimentom), prevadzkové
podmienky a vplyvy na pracovné prostredie (okolie firmy), prevadzkova spol'ahlivost,
miera rizika ohrozenia Zivotného prostredia, podmienky a naro¢nost’ ukonéenia zivotnosti,
recyklovatel'nost’ a moznosti druhotného vyzitia a pod.

Sortiment doplnkovych mechaniza¢nych prostriedkov je tvoreny aplikovanymi
prostriedkami opera¢nej a medzioperacnej manipulécie.

Modernizécia existujucich strojov je inovacnou tendenciou s vel'mi rychlou realizaciou.
Pri vytvoreni vhodnych podmienok realizdcia modernizdcie moze prebehnit’ vo velmi
kratkom Case, navyse je investicne menej narocna. Vyplyva to aj zo skutocnosti, Ze niektoré
doplnkové modernizacné prostriedky svojim rozsahom a hodnotou nespadaju do kategorie
investicii a mozno ich modernizaciu zabezpecit’ v ramci generalnych oprav tychto strojov.

Model environmentalnej modernizéacie vyrobného prostredia strojarskej firmy je na obr. Obr. 2
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Vystavboveé Nastrojové Manipulacné Prvkov
moduly a upinacie systémy a ergonomie
a pomocné systémy jednotky a bezpetnosti
technologické o ZP
jednotky
| Infraitruktica

Pohony | Logistika
a prevodové f
ustrojenstva

Upinanie » | Ergonémia
obrobkov

Nastrojové Pomocne [\ Ostatne
systémy jednotky jednotky

Obr. 2 Model environmentalnej modernizacie technologickych vyrobnych prostriedkov

Zaver

Zakaznici prichddzaji neustidle z novym poziadavkami. Ak chceme tieto potreby naplnit
musime neustdle sledovat’ vyvoj a vnimat’ ndzory a podnety zdkaznika tak, aby bolo najdené
optimalne rieSenie, ktoré prispieva k jeho maximalnej spokojnosti.

Koncepcie vyrobnych systémov podnikov buducnosti budi projektované ako systémy novej
generacie. Spravidla predstavované komplexnymi integrovanymi rieSeniami s aplikaciou
najnovsich softvérovych, informacnych a komunika¢nych technolégii a inteligentnych
vyrobnych systémov zoskupenych v novych decentralizovanych a adaptabilnych vyrobnych a
organiza¢nych Struktirach.

Cielom takychto rieSeni je zvySovanie produktivity bez straty pruznosti, skracovanie Casu
vyroby, zvySovanie kvality, zvySovanie hodnoty vyrobkov a sluZieb a pod. Modifikované st
ako socialno-ekonomické systémy a preto st naro¢né na projektovanie, realizdciu a
prevadzkovanie. Ich rozvoju sa venuje pocetna odborna literatura.

Prispevok bol vypracovany v ramci projektu KEGA 002TUKE-4/2020.
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MECHANICKE A FYZIKALNE VLASTNOSTI GUMOVYCH

KOMPOZITOV A ICH TESTOVANIE
Daniela MARASOVA — Cubomir AMBRISKO

Abstract: The article deals with the testing of rubber products with a special focus on
determining the mechanical and physical properties of rubber products and the instrumentation
of the Testing and Verification Workplace of Rubber Products. The primary goal of the
workplace is the provision of comprehensive services in the field of testing and analysis of raw
materials, intermediate products, rubber mixtures and rubber products such as tires, conveyor
belts and rubber technical products, achieving sustainable quality according to new technical
standards.

Abstrakt: Prispevok sa zaobera testovanim gumdrenskych vyrobkov s osobitnym zameranim na
zistovanie mechanickych a fyzikalnych vlastnosti gumdrenskych vyrobkov a pristrojovym
vybavenim Testovacieho a verifikacného pracoviska gumadrenskych vyrobkov. Primarnym
cielom pracoviska je poskytovanie komplexnych sluzieb v oblasti testovania a analyzy surovin,
medziproduktov, gumadrenskych zmesi a gumarenskych produktov ako su pneumatiky, dopravné
pasy a gumarenské technické vyrobky s dosahovanim trvalo udrzatelnej kvality podla novych
technickych noriem.

Keywords: laboratory, testing, rubber composites, conveyor belts

KUlucové slova: laboratorne experimenty, testovanie, gumové kompozity, dopravné pdsy

Uvod

V sucasnej dobe sa na Ustave logistiky a dopravy (ULaD) FBERG TUKE je v prevadzke
Testovacie a verifikatné pracovisko gumarenskych vyrobkov (TaVP GV). Vyskumno-
vyvojova ¢innost’ pracoviska je v stlade s vyvojovymi trendmi v danej oblasti vyskumu.
Kvalita a ekologia su taziskovymi témami a celosvetovym mottom vyrobnych podnikov v
ramci roznych iniciativ (Quality First, Engineering Green Value) skupiny Continental
Conveyor Belt Group a iniciativ skupiny Goodyear Tire & Rubber, Dunlop. Kvalitu a trvaly
rozvoj pracoviska zabezpecuje implementacia vysledkov vyskumu a vyvoja TaVP GV do
vybranych systémov vyroby a sluzieb, systematicky Skoliaci koncept a zabezpecenie podpory
spoluprace s externymi narodnymi a zahrani¢nymi pracoviskami. Hlavnou funkciou TaVP GV
je poskytovanie testovacich (servisnych) sluzieb so zameranim aj na technologickll expertizu
pri vyvoji, vyrobe a pouziti gumovych produktov, na zéklade ktorych st ziskané komplexné
poznatky o principoch ich chovania. Technologicka expertiza je zamerana na zlepSenie
produktovej, procesnej a servisnej kvality produktov s poukazanim na potencial pre zlepSenie
vo vSetkych troch oblastiach. V TaVP GV sa vykonavaji experimentalne skusky
mechanickych, fyzikalnych aj Specidlnych vlastnosti [1] gumovych produktov (v prevaznej
miere su to dopravné pasy, ktoré su najcitlivejSim prvkom pasovych dopravnikov [2]). Ked'Ze
dopravny pas predstavuje najddlezitejSiu Cast’ pasového dopravnika, ma velky vyznam
zniZzovat’ néklady na jeho vyrobu a tdrZzbu. ZniZenie ndkladov na udrZbu je mozné dosiahnut’
zvySenim uzitkovych vlastnosti dopravného pasu [3]. Zakladné pristrojové vybavenie TaVP
GV tvoria zariadenia uvedené v Tab. 1.

Néaroky na dopravné pasy su zavislé od sposobu ich pouzitia, preto sa cely dopravny pés i jeho

jednotlivé komponenty musia podrobit’ skuskam. SkusSky dopravnych pasov mozno podla [4]
rozdelit’ do 3 skupin: Standardné skusky, certifikacné skusky a neStandardné skuSky. Do 1.
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skupiny patria skusky fyzikalno-mechanickych vlastnosti na ich sulad s platnymi normami.
2. skupina zahma certifikacné skusky pasov, ktoré st potrebné na ich prevadzku v podzemnych
baniach. 3. skupinu tvoria neStandardné skusky — odborné skasky vykonavané na Specialnych
skusobniach, ktoré zvyc¢ajne nie su pokryté normami, ale tykaji sa parametrov dolezitych pre
¢innost’ pasov. Vyskum pésov sa dnes zaobera najmi odbornymi testami. Medzi neStandardné
testy patri napriklad stanovenie odolnosti dopravného pasu proti narazu. Metodiku skusania
razovej odolnosti pomocou $pecidlneho testovacieho zariadenia popisuju autori v publikaciach
[5-8]. Vyhodnotenie razovej odolnosti na zaklade experimentalnych merani pomocou regresne;j
analyzy st uvedené v publikaciach [9-10].

Material a metody

Dopravny pas ako gumovy kompozit pozostava z viacerych materidlov. Textilné dopravné pasy
sa zvyc€ajne skladaju z vrchnej vrstvy odolnej voéi opotrebovaniu (horna krycia vrstva), kostry
t. j. textilie poskytujicej pevnost’ v tahu, povrchovych vrstiev na prilnavost’ medzi gumou a
kostrou a spodnej vrstvy (dolna krycia vrstva) na pokrytie kostry a zabezpecenie dostato¢ného
trenia na hnacom bubne [11]. Gumotextilné a ocel'okordové dopravné pasy z konstrukéného
hl'adiska spdja spolo¢ny materidl krycich vrstiev. Gumové krycie vrstvy chrania kostru pasu a
zabezpecuju potrebnll odolnost’ voci vplyvom posobiacim na dopravny pas. Horna krycia vrstva
sa dostava do priameho kontaktu s prepravovanym materidlom, ktory ju pri prevadzke
poskodzuje. K najva¢Siemu opotrebovaniu krycich vrstiev z hladiska druhu prepravovaného
materialu dochadza vplyvom jeho abrazivity a ostrohrannosti [12]. Znalost’ mechanickych
vlastnosti dopravnych péasov patri medzi dolezité predpoklady bezproblémovej prevadzky
dopravnikov. Na skuSanie zdkladnych vlastnosti dopravnych pasov s textilnou kostrou a
krycimi vrstvami z gumy su ur¢ené nasledujice skiiSobné metody [11]:

* rozmerové¢ — §irka, Sirka ochranného okraja, celkova hrubka, celkova hribka krycich vrstiev,
dizka nespojeného dopravného pasa, dizka spojeného dopravného pasa;

« funkéné — priena tuhost, pozdizna tuhost, ohybnost za nizkych tepldt, pevnost
mechanického spoja;

* fyzikalno-mechanické — tahové vlastnosti, sudrznost’ medzi vlozkami, sudrznost’ medzi
vlozkami a krycimi vrstvami;

* poziarno-technické vlastnosti — odolnost’ proti pdsobeniu plameiia, odolnost’ proti vznieteniu
sa a horeniu nad ploSnym plynovym hordkom, odolnost’ proti vznieteniu sa v dosledku trenia;
* Specialne vlastnosti — odolnost’ proti posobeniu tepla, nizkych teplot, oleja a pod.

Na sktiSanie zakladnych vlastnosti dopravnych péasov s kostrou z ocel'ovych kordov a krycimi
vrstvami z gumy sa najviac pouzivaji tieto skusobné metddy:

* rozmerové — rozstup ocel'ovych kordov, ulozenie ocel'ovych kordov;

» fyzikalno-mechanické — pevnost’ v tahu dopravného pasa s ocelovymi kordami, stdrznost’
ocel'ového kordu s jadrovou gumou.

Zakladné pristrojové vybavenie pre testovanie mechanickych a fyzikdlnych vlastnosti
gumovych kompozitov, vratane dopravnych pasov (DP), tvoria zariadenia uvedené v Tab. 1.
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Tab.1 Pristrojové vybavenie TaVP GV

Hydraulicky lis na vysekdvanie skuSobnych vzoriek za pouZitial
vysekavacich nozov.

Zariadenia na zrezavanie krycich vrstiev dopravnych pasov.

Pomocné rucné nastroje na pripravu a oznacenie vzoriek, pripravu
testovacich strojov - noze, nastroje, naradie a meradla.

Zariadenia na pripravu vzoriek

Susiaren na urychlené tepelné starnutie Je vyuzivana na testovanie
DP a krycich vrstiev podl'a noriem: ISO 8094, ISO 37, ISO 868, ISO|
8094, 1SO 4649, ISO 252, 1SO 7623.

Trhaci stroj do 30 kN s bezkontaktnym extenzometrom a pneu-
maticky ovladanymi ¢elustami. Pristroj je vyuzivany na meranie
pevnosti a taznosti krycich vrstiev, pevnosti v tahu v celej hrubke
dopravnych pasov (max. do pevnosti 1000 N/mm) a pre skusanie
adhézie konstrukénych prvkov dopravnych pasov.

Zariadenia na meranie tvrdosti gumy metédou Shora podl'a 1SO
868 a IRHD podrla ISO 48.

Zariadenie na meranie hustoty gumy podl'a ISO 1183.

Zariadenie na meranie odolnosti gumy proti odieraniu podla ISO
4649,

Zariadenie na meranie zapalnosti DP podl'a EN 14973, EN 12882,

Zariadenia na testovanie gumovych kompozitov

Skuska elektrickej vodivosti podla ISO 284.

Rozsah experimentalnych skuSok fyzikalno-mechanickych a fyzikdlnych vlastnosti gumovych
dopravnych pasov (DP) sumarizuje Tab. 2.
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Tab. 2 Rozsah skaSok mechanickych a fyzikalnych vlastnosti DP

Kategéria Testovanie Norma
Tahova pevnost’ gumy (aj po
(stamutl) __ DIN 53504
Predlzenie pri poruseni
(aj po starnuti)
Odolnost’ gumy proti odieraniu DIN ISO 4649

Vlastnosti gumy a rozmery pdsu

Rozmery pasu

DIN 22102, DIN 22109,
DIN 22129, DIN EN 1SO
15236, DIN EN 1SO 14890,
DIN EN ISO 7590,
DIN EN ISO 22721

Tvrdost’ gumy DIN 53505,
Shore; IRHD DIN EN ISO 868; ISO 48
Hustota gumy 1ISO 2781

Specialne viastnosti péasu

Zapalnost’

DIN 22103, EN 1SO 340

Fyzikadlne viastnosti pasu

Elektricka vodivost’

1SO 284

Mechanické viastnosti pasu

Adhézia u textilnych pasov

DIN EN ISO 252, DIN 53530

Tahové vlastnosti textilnych

DIN EN ISO 283

pasov (max. do 1000 N/mm)

Transfer poznatkov z testovania gumovych dopravnych pasov do vyroby a sluzieb
Jednym z hlavnych zamerov experimentalneho laboratérneho vyskumu mechanickych
a fyzikalnych vlastnosti gumovych dopravnych pasov je implementacia ziskanych poznatkov
do oblasti vyroby, vyskumu a pouzitia gumarenskych vyrobkov a tym zaistenia dlhodobej
udrzatel'nosti dopravnych pasov ale aj inych gumovych kompozitov, napr. pneumatik.

Ambiciou kolektivu pracovnikov Testovacieho a verifika¢ného pracoviska gumarenskych
vyrobkov je integrovat’” vedecké poznatky z troch zakladnych oblasti, a to gumdarenskych
technologii, tedrie experimentu a tedrie dopravy pri optimalizacii vybranych technickych,
ekologickych a ekonomickych parametrov gumarenskych vyrobkov s cielom zlepSenia ich
kvality a zabezpecenia spolahlivého systému (najéastej$ie dopravného), ktorého st sucast’ou.

Zaver

Servisné sluzby poskytované TaVP GV maju charakter aplikovaného vyskumu s orientaciou
na rozvoj vedomosti, schopnosti, experimentalnych zru¢nosti a navykov pracovnikov z oblasti
gumarenského priemyslu. U Studentov je zabezpeCeny prenos poznatkov ziskanych
experimentdlnym vyskumom do praxe. Zarovei TaVP GV bude poskytovatelom
akreditovanych skusok uzivatelom a vyrobcom gumovych produktov. Odborné poradenstvo
a spolupraca pri komparacii vysledkov merani je mozné realizovat’ s vyskumnymi centrami
dopravnych pasov skupiny Continental Matador Rubber v Northeime (Nemecko), Tianjine
(Cina), Kolubare v Srbsku, v Ponta Grosse v Brazili, v Bad Blankenburgu v Nemecku
a v Kalyanii v Indii.
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RTLS LOKALIZACNY SYSTEM AKO NASTROJ PRE
OCHRANU PRACOVNIKOV VO VYROBNYCH PODNIKOCH

Marek MIZERAK — Jozef TROJAN- Peter TREBUNA-Tomas SVANTNER

Abstrakt: Zamestnanci ovplyviiuju uspech spolo¢nosti, pre ktort pracuju. Systém uréovania
polohy v redlnom Case spolo¢nosti Sewio poméha organizaciam chranit’ ¢lenov timu zlepSenim
ich bezpec€nosti, skratenim casu potrebného na zhromazd’ovanie a zachranné operacie,
zvySenim bezpecnosti a zjednoduSenim zosuladenia pracovného ¢asu miesta. Systém funguje
na principe ze kazdy zamestnanec, dodavatel' alebo ndvstevnik vyrobného podniku dostane
stitok, ktory identifikuje jeho presnt polohu v realnom &ase. Stitok moze byt uvedeny v
Standardnej karte navstevnika, ako su tie, ktoré sa vydavaji na konferencidch. VoliteIne je
mozné §titky pripevnit’ aj na oblecenie, rovnako ako pri monitorovani Sportovcov.

Kracova slova: RTLS, protection, system

Uvod

RTLS je skratka pre Real Time Localization System. Ako uZ nazov napoveda, ide o miesto v
realnom case. V tomto pripade je zakladnou zlozkou prave spominanad poloha. Ak nieco
chceme, musime vediet, v akej polohe a pozicii to je. Ak chceme na nieco ukéazat, musime
poznat’ spravnu polohu. Vyrobny podnik méze implementovat’ procesy na zabezpecenie toho,
aby sa urcité polozky nachédzali na vopred ur¢enom mieste, a tym zvysit’ predaj.

Na druhej strane dokdze firma zabezpecit aj implementdciu procesov, ktoré umoznia
zamestnancovi najst’ material alebo nastroje v podstatne kratSom ¢ase pomocou lokalizacnej
technolégie. Tento pripad sa zameriava aj na bezpecnost. Pod touto myslienkou je mozné
chépat’ mozny nalez zranen¢ho c¢loveka vo velkych vyrobnych podnikoch a tym zvysit
percento preZitia pracovnika v nebezpecne;j situdcii.

Princip lokalizacie

Technologia RTLS je zaloZena na prenose kratkych UWB signalov, ktoré prenasaju tagy a
nasledne na kotvach, ktoré tieto viny prijimaji a vyhodnocuji prostrednictvom softvérove;j
podpory, konkrétne RTLS Studio. Technolégia UWB sa vyznacuje tym, Ze dokdze preniest
mnozstvo dat s nizkou spotrebou energie, ¢o z nej robi ekologicki a nizko nékladovu
technologiu na jej prevadzku. Na Katedre priemyselného a digitalneho inzinierstva vyuZzivame
technologiu RTLS od Sewio.

Hardvér Sewio UWB RTLS pozostava z dvoch typov hardvéru. Prvym typom st vysielace
signdlu, pozndme ich pod menovkami, ktoré sliZia na sledovanie objektov. Druhym typom
hardvéru st prijimace signalu, kotvy, pouZivané na prijem signalov z tagov.

Stitky su malé elektronické zariadenia, ktoré st pripojené k akémukol'vek objektu alebo osobe,
ktort potrebujeme sledovat’. Tagy sluZia ako vysielace signalu, ktoré su potom prijimané
kotvami a posielané na lokalizacny server, kde je vypocitana poloha tagov.

Tagy od Sewio sa vyznacuju vysokou presnost'ou lokalizacie, az 30 cm, a dlhou vydrZou batérie
aZz 5 rokov. Odolnost’ a zivotnost’ batérie zavisi od frekvencie aktualizacie umiestnenia Stitku
pocas jeho pouzivania. Stitok moZze byt vybaveny skupinou senzorov a to: akcelerometer,
gyroskop, magnetometer, barometer, teplomer, dozimeter alebo iné. Stitky mézu spolahlivo
fungovat pri teplotach od -20 do +60 °C. Technoldgia urCovania polohy spolo¢nosti Sewio
vyuZziva tri typy znaciek: Tag Leonardo Personal, Tag Leonardo Asset a Tag Leonardo Vehicle.
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Tag on the worker Anchors on the wall

Fig. 1 Tag Leonardo Personal na monitorovanie pracovnikov

Pripady vyuzitia RTLS lokaliza¢ného systému pre ochranu pracovnikov

Inteligentna karanténa

Jednym kliknutim je mozné zistit,, kto bol v kontakte so zamestnancom pozitivnym na Covid-
19. Zachrana Zivotov tym, Ze sa uistite, Ze tito exponovani zamestnanci su testovani a okamzite
dostanu liecbu Udrziavanie kritickych operacii v tovarni v chode (karanténa sa vztahuje na
vyber zamestnancov, nie na cely tim). ,Inteligentnd karanténa“ zniZzuje reprodukéné cislo
COVID-19. RTLS softvér Sewio ponuka bezplatné poradenstvo na zavedenie ,,inteligentnej
karantény* akejkol'vek spolo¢nosti na celom svete.

Rychlejsi ¢as zhromazd’ovania

Dokonca aj tie najaktualnejSie papierové zhromazdovacie procesy si vyzaduju znaéné
mnozstvo Casu, kym sa konecne bezpecne zisti, kto je v bezpeci a kto je stile nezvestny.
Zlozitost’ procesu sa zndsobuje s velkostou zariadenia, poétom podlazi v budovach a
mnoZstvom zhromazdovacich bodov. Digitalizacia procesu zhromazd'ovania vyrazne poméaha
skratit’ ¢as potrebny na jeho dokoncenie a prindsa aktudlne informacie o zistenych a stale
nezvestnych osobach spolu s okamzZitym zoznamom evakudcie.

Fig. 2 Zhromazdovacia zona
Rvchlejsia zachrana zranenvych osob a nudzovych zraneni

V pripade nudzovych situécii, ako su poziare, vybuchy alebo Uniky plynu, je zndma presna
poloha postihnutého personalu, o vyrazne skracuje ¢as potrebny na jeho zachranu. Lokaliza¢né
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znacky su tiez vybavené ,,niidzovym tlac¢idlom™ s funkciou ,,pomoc“. V pripade infarktu,
praceneschopnosti alebo Urazu moéze postihnuty okamzite poziadat o pomoc stlaCenim
nudzového tlacidla, odoslanim upozornenia s aktudlnou polohou do dispecingu a urychlenim
zéachrannej akcie.

Fig. 3 Vyhladanie zraneného‘pracovnika

Zlepsenie nudzovych cvi¢eni pomocou analyzy

Reélne historické tidaje o pohybe vsetkych osob a pripadne aj kl'uCovych predmetov pocas
havarijnych cvi¢eni pomaha overit’ platnost’ evakuacnych tras, odhalit’ blokatory v cestach aj
procesoch a zefektivnit  ich. Nudzovi manazéri zariadeni mézu pouZit’ tieto poznatky z redlneho
zivota na zvladnutie Specialnych niidzovych scenarov najlepsim moznym sposobom, ¢im sa
maximalizuje bezpecnost’ vSetkych l'udi v zariadeni.

Geofencing a zniZovanie pohybu v obmedzenom priestore

Funkcia geofencingu Sewio RTLS umoznuje nastavit’ l'ubovol'ny pocet virtualnych zon, ktoré
predstavuju geografické hranice, a povolit’ automatické spustenie odpovede, ked’ sledovana
znacka vstlpi do oblasti alebo ju opusti. Napriklad, ked” osoba vstipi do varovnej zony, svetelna
veza s aktivovanym IO linkom mozZe signalizovat’ moZné nebezpecenstvo a tieZ upozornit’
spravcu objektu na narusenie. Ak osoba pokracuje do nebezpecnej zony, stroj, ktory predstavuje
riziko pre zdravie osoby, sa moze automaticky zastavit, ¢im sa zabrani akejkol'vek hrozbe
Zranenia.

Fig. 4 Nebezpeéné zény

Zvysenie bezpe¢nosti pohybujucich sa entit pomocou dynamickych zén
Dynamické z6ény umoziuji varovanie, hlasenie a sledovanie na zéklade blizkosti dvoch
pohybujucich sa entit a trvania ich stretnutia. Tato funkcia odomkne scenare bezpecnosti
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zamestnancov, kde blizkost” dvoch pohybujucich sa objektov moze vytvarat vystrahy a
varovania. Napriklad, ked’ osoba kraca ulickou a spoza rohu sa k nej blizi vysokozdvizny vozik,
zony dynamickych znaciek zviditel'nia tieto entity umiestnené za rohmi alebo za uli¢kami a
mozu ich upozornit, aby zabranili incidentom alebo smrtelnym zraneniam.

Zvysenie bezpe¢nosti vytvorenim detekénej zony pre pracovnikov

Niektoré pripady bezpecnostného pouzitia kombinuji sledovanie o0sdb so sledovanim
pohybujucich sa objektov, ako su napriklad sledovanie vysokozdviznych vozikov, aby sa
predislo zraneniam. Na miestach vykladky st vysokozdvizné voziky zaneprazdnené svojimi
prevadzkami a kedykol'vek sa moze v blizkosti vysokozdvizného vozika nahle objavit
ktokol'vek, napriklad vodi¢ kamionu, ktory prave priSiel s novym nakladom. Sledovanim
vysokozdvizného vozika aj vodi¢a nékladného vozidla mdze systém automaticky upozornit’
obsluhu vysokozdvizného vozika na ich obrazovke, Ze osoba (vodi¢ nakladného vozidla) nédhle
vstupila do ich prevadzkovej zony, aby zabranila smrtel'nému zraneniu.

Navigicia pre Pudi v interiéri
Vnutornd navigacia pomaha 'ud’'om, ¢i uz zamestnancom alebo navstevnikom stranok, tym, ze
ich nasmeruje do planovaného ciela v €o najkratSom cCase a najbezpecnejSim moznym
sposobom. LCudia mézu byt’ navigovani pomocou mobilného zariadenia so sledovacou znackou
bud’ na zariadeni alebo v odznaku navstevnika. Tato vyhoda sa stdva este ddlezitejSou pri
. , ) , , v ° . ) s 10 r
podpore pohybu zrakovo postihnutych I'udi, ktorych mozno I'ahko hlasovo naviest’ na cielové
miesto.

Analyza toku l'udi v interiéri

Teplotné mapy toku l'udi a diagramy S$pagiet zobrazuju hustotu pohybu a tok, ¢o poméha
vizualizovat’ vzorce toku a zobrazuje analyzu pohybov a interakcii 'udi a veci vo vasom
fyzickom priestore. Odhal'uju vzorce doby zotrvania a zdoraziiuju ¢akacie doby, o umoZiiuje
zvySenie prevadzkovej efektivity prostrednictvom optimalizdcie procesov, priestoru a
pracovného toku. Vediet', v ktorej lokalite a zone l'udia travili svoj ¢as, moZno vyuZit' aj na
automatické zosuladenie pracovného ¢asu pre subdodavatel'ov.

Heatmap

Fig. 5 Heatmapa toku Pudi vo vyrobe
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0258 Aplikacia prvkov digitalneho inzinierstva pri inovaciach a optimalizacii vyrobnych tokov,
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Zaver

Lokaliza¢né systémy RTLS mozno rozhodne povazovat za dolezité a efektivne prvky v oblasti
inovativnych nastrojov Industry 4.0 ale aj Logistiky 4.0. Ciel'om tohto ¢lanku bolo poukazat
na moznosti ich vyuzitia v inteligentnom vyhl'adavani pracovnikov nasledne interpretovat
mozné rieSenia zefektivnenia tychto procesov pomocou lokalizacnej technoldgie RTLS.
Prikladom boli aj obrazky, ktoré tieto skutocnosti ilustrovali.

Digitalizacia a odkaz Industry 4.0 sa dotykaju nielen ,,klasickych* vyrobnych podnikov, ale aj
firiem zaoberajucich sa tazkym priemyslom. Délezitost ochrany zdravia pracovnikov pri
nebezpecnych situdcidch je nesmierne dblezitd pre vyrobne podniky. Existuje predikcia ze na
tieto parametre sa bude v buducnosti brat’ vac¢si ohl'ad a to nie len z dovodu digitalizacie.
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VYUZITIE RFID ROBOTA V LOGISTIKE
Mati§ MATISCSAK — Peter TREBUNA — Marek MIZERAK — Marek KLIMENT

Abstrakt: Cielom tohto ¢lanku je poukazat na moznost’ vyuzivania RFID robota v logistike
a zhodnotenie jeho vyhod anevyhod. V ¢lanku je tiez opisana technoldgia RFID, pricom
radiofrekvencné identifikacné zariadenia (RFID) a snimace patria medzi hlavné inovacie
poslednych rokov, ktoré maji obrovsky vplyv na fyzicki komunika¢nu vrstvu internetu veci
(1oT), ako aj na logistiku a robotiku.

Abstract: The aim of this paper is to highlight the possibility of using RFID robot in logistics
and to evaluate its advantages and disadvantages. RFID technology is also described in the
paper, with radio frequency identification devices (RFID) and sensors being one of the major
innovations of recent years that have had a huge impact on the physical communication layer
of the Internet of Things (loT), as well as on logistics and robotics.

Kruadové slova: RFID robot, Internet veci, Logistika

Keywords: RFID robot, Internet of Things, Logistics

Uvod

Zijeme vo svete plnom inteligentnych zariadeni. Mame inteligentné telefony, inteligentné
domace spotrebice, inteligentné snimace a d’alSie iné. Tento zoznam by sme dokazali pisat’
vel'mi dlho a pravdepodobne sa bude nad’alej zvac¢Sovat'. Je to vd’aka inzinierom, ktori navrhuju
zariadenia pomocou informacnych technolégii. Nové elektromechanické komponenty teraz
dokazu rychlo spracovat’ a vypocitat’' idaje vo vicsom mnozstve. Produkty vyrobené pomocou
tejto technologie moézu nielen plnit’ svoju pdvodnu tlohu, ale dokdzu aj ovela viac.

Vzijomnym prepojenim inteligentnych zariadeni sa svet stal pristupnejSim. Inteligentné
zariadenia sa pouzivaji takmer vSade, vd’aka comu si internet veci obl'ibili podniky a sluzby
vo vSetkych odvetviach. Jednou z tychto technolégii je radiofrekvencna identifikacia (RFID).

Internet veci

Pojem ,,internet veci “ (IoT) prvykrat pouzil v roku 1999 britsky technologicky priekopnik
Kevin Ashton na oznacenie systému, v ktorom by sa objekty vo fyzickom svete mohli pripojit’
k internetu pomocou senzorov. Ashton tento termin zaviedol, aby ilustroval silu pripojenia
radiofrekvencnych  identifikacnych  Stitkov  (RFID) pouzivanych v  podnikovych
dodavatel'skych retazcoch k internetu s ciel'om pocitat’ a sledovat’ tovar bez potreby I'udského
zasahu.

Internet veci (IOT) je globalna sietova infraStruktira, ktord spdja fyzické a virtualne
objekty prostrednictvom vyuzivania moznosti zberu idajov a komunikécie. Ponukne Specifické
moznosti identifikacie objektov, senzorov a pripojenia ako zdklad pre vyvoj nezavislych
kooperativnych sluzieb a aplikécii. Tie sa budu vyznacovat vysokym stupiiom autonémneho
zachytavania udajov, prenosu udalosti, sietovej konektivity a interoperability. [1][2]

Technologia RFID

Radiofrekvencna identifikacia (RFID) - sa pouziva na automaticku identifikdciu objektu
a zachytavanie udajov o tomto objekte, ktoré su ulozené v malom mikro¢ipovom Stitku
a pripojené k objektu. Znacka RFID ma zabudovanu anténu, ktord komunikuje so snimacim
zariadenim, ktoré udaje na¢ita na dialku. Udaje sa potom prenésajii zo snimacieho zariadenia
do podnikového aplikacného softvéru, v ktorom st ulozené. Kazdy tag RFID ma svoje vlastné
jedine¢né identifikacné ¢islo. [3]
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RFID sa mdze pouzivat’ na zaznamenavanie a kontrolu pohybu majetku a zamestnancov. Tagy
RFID ste uz pravdepodobne videli na zadnej strane knih v kniznici alebo dokonca v novych
biometrickych pasoch.

Pasivne RFID

Technologia bez interného zdroja energie, ktord na odosielanie signdlu vyuziva radiové
viny vytvorené ¢itatkou RFID. Pasivne RFID je najbeznejSou formou RFID v skladoch.
V Tab.1 mozeme vidiet’ vyhody a nevyhody pasivneho RFID. [4]

Tab. 2 Vyhody a nevyhody pasivneho RFID

Vyhody Nevyhody
Nizke naklady (~ 0,10 € za §titok) Vyzaduju sa drahé ¢itacky signalov RFID
Malé rozmery a hmotnost’ Existuje kratky dosah
Pouzivanie az 20 rokov Nie je mozné ukladat’ pamat’

Aktivne RFID

Technoldgia, ktord vyuziva energiu batérie na nepretrzité vysielanie jedinecného identifikatora
Stitku do danej ¢itacky. Aktivne RFID nie je v skladoch také bezné ako pasivne RFID. V Tab.2
mozeme vidiet' vyhody a nevyhody aktivneho RFID. [4]

Tab. 3 Vyhody a nevyhody aktivneho RFID

Vyhody Nevyhody
Dlhy dosah ¢itania Vyssie naklady (~ 20 € za $titok)
Cita¢ky s niz&§im vykonom Zivotnost’ batérie 3 — 5 rokov
Mézu mat senzory aj tlozisko udajov Vicsia vel'kost’ a hmotnost’

Typy RFID systémov
Existujt tri hlavné typy systémov RFID: nizkofrekvencné (LF), vysokofrekvencné (HF)
aultravysoké frekvencie (UHF). K dispozicii je aj mikrovinna RFID. Frekvencie sa znacne lisia
v zavislosti od krajiny a regionu.
e Nizkofrekvencné RFID systémy. Tieto sa pohybujui od 30 kHz do 500 kHz, hoci typicka
frekvencia je 125 kHz. LF RFID mé kratke prenosové rozsahy, vo vSeobecnosti
od niekol’kych centimetrov priblizne az do 1 metra .
e Vysokofrekvenény systém RFID. Tieto sa pohybuju od 3 MHz do 30 MHz, pricom
typicka HF frekvencia je 13,56 MHz. Standardny rozsah je menej ako 2 metre.
e UHF RFID systémy. Tieto sa pohybuju v rozsahu od 300 MHz do 960 MHz, s typickou
frekvenciou 433 MHz a vo v§eobecnosti sa daju Citat’ zo vzdialenosti viac ako 7,5 metra.
e Mikrovinné RFID systémy. Tieto bezia na frekvencii 2,45 GHz a daji sa precitat’
na vzdialenost’ viac ako 9 metrov. [4]

Vyhody RFID technologie v logistike

Jednou z najvyznamnejSich vyhod tejto technologie je moznost pridelit’ jedinecné Cislo pre
konkrétny sortiment poloziek, ¢o moze byt uzitocné, ak vas sklad prijima a skladuje tovar od
viacerych dodavatel'ov sucasne. [6]

Okrem presnejSiecho pohl'adu na stav zdsob vam technologia RFID umoziuje sledovat
priemerné dodacie lehoty a sledovat vystup a vstup zdsob v redlnom c¢ase, ¢o pomoze
zabezpecCit’ spravne odoslanie polozky a znizit' pocet vratenych vyrobkov. [5]
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RFID ROBOT

Oblasti umelej inteligencie, automatizacie a robotiky zaznamenali Vv poslednych
desatrociach obrovsky rast a inovacie. Presnost’ inventury RFID s ru¢nymi c¢itackami RFID
by mohla presiahnut’ 98 %, ale chybné postupy a 'udské chyby znizuju tito presnost’ na 85 -
95 %. RFID robot je mobilny a autonémny systém RFID, ktory automaticky vykonava
inventarizaciu daného priestoru, napriklad maloobchodnej predajne alebo skladu, ktory
poskytuje vysSiu presnost’ inventury RFID ako ru¢né citacky. Funguje uplne autonémne:
pouzivatel’ ur¢i, kedy sa ma inventira vykonat’, a robot sa spusti, ked’ je to naplanované. RFID
robot tiez lokalizuje kazdu oznacent polozku v 2 rozmeroch (x a y). Tieto informéacie sa daju
spracovat’ na vytvorenie planogramu poloziek vo vnutri priestoru. Informacie vygenerované
RFID robotom sa moézu pouzit na pomoc zamestnancom pri odhalovani nespravne
umiestnenych poloziek, na urychlenie riadenia vychystavania a vratenia tovaru, na ucely
mapovania penazi a iné prevadzkové procesy. Vacsina RFID robotov sa uz méze pohybovat’
vSetkymi smermi, pretoze sa moze otacat’ bez posunutia. Preto sa moze 'ahko pohybovat’ po
akomkol'vek priestore. Rychlost’ je synchronizovana s ¢itanim tagov s cielom maximalizovat’
rychlost’ ¢itania. RFID robot obsahuje: - systém RFID s uréitym po¢tom antén, ¢o zavisi od
vel'kosti daného RFID robota. V sti¢asnosti existuje uz niekol’ko spolo¢nosti (Tab.3), ktoré sa
venuju vyrobe a poskytovaniu RFID robotov.

Tab. 4 Spolo¢nost’ a nazov RFID robota

Spolo¢nost’ Nazov RFID robota
keonn Robin-200 ™
MetraLabs TORY RFID
PAL Robotics StockBot
fetch robotics TagSurveyor
Simbe Robotics Tally RFID

Na Obr.1 mézeme vidiet’ RFID robotov od spolo¢nosti PAL Robotics, Simbe Robotics
a fetch robotics.

:
!
i
1.
]

-

2
4

Obr. 2 RFID roboty

Kazdy z uvedenych RFID robotov (Tab.3) mé Specifické vlastnosti, ktorymi sa odliSuje od

ostatnych. Najvacsi rozdiel je do akej vySky dokaze skenovat’” RFID Stitky. Medzi dalSie
rozdiely patri autondémna navigécia a vyhybanie sa prekdzkam, moZnost' autondmneho
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dokovania a nabijania, moznost’ naplanovat’ si trasy skenovania, nahravanie udajov na server
zakaznika v r6znych formatoch a mnoho d’al$ich inych. [7]

Vicsina RFID robotov funguje na rovnakom principe. Tieto principy dokazeme zhrnut’ do
Styroch bodov.

1. Pri prvej operacii v novom priestore sa RFID robot pohybuje po priestore vac¢Sinou
pomocou aplikacie rozhrania. V tomto kroku subsystém RFID nefunguje.

2. Téato navigacia vedend pouzivatelom umoziiuje automaticky vygenerovat mapu
priestoru. Tento proces mapovania je potrebné vykonat' znova len vtedy, ak sa
rozloZenie priestoru vyrazne zmeni.

3. Pouzivatel naplanuje, kedy ma RFID robot vykonavat’ inventary. Napriklad kazdy den
0 22:00. V uvedenom case sa robot za¢ne autonémne pohybovat’ po priestore, ¢itat
a lokalizovat’ znacky RFID a ukladat’ tieto informacie.

4. Ked dokon¢i inventiru, naviguje sa spét’ do svojej dokovacej stanice, aby sa nabil.

Vyuzitie RFID robota v logistike

Z1¢ riadenie zasob je jednou z najvicsich nocnych mor distribucie, pretoze ma negativny
vplyv a znamena straty pre spolo¢nost’ v dosledku nespravnych udajov o skladovych zasobach
a chyb pri preprave. Pouzivanie RFID robotov ndm umoznuje ziskat’ prehl'ad o tom, kde sa
polozky nachadzaji a kolko zdsob je k dispozicii, aby sme sa vyhli predzisobeniu a
nedostatocnému zasobeniu v doésledku moznych strat vyrobkov. Vyuzitie RFID robotov
pomaha znizit’ poéet I'udskych chyb, ktoré mézu mat’ vyznamny vplyv na riadenie skladu. To
vSetko tiez poméha uvol'nit’ zamestnancov, aby mohli pracovat’ na tilohach s vyssou hodnotou,
ako je optimalizcia riadenia skladu a poskytovanie lepSich sluzieb zakaznikom.

Vyuzivanie RFID robotov v logistike prindsa mnoho vyhod, ale taktiez aj nevyhody, ktoré
st zobrazené v Tab.4.

Tab. 5 Vyhody a nevyhody vyuzitia RFID robota

Vyhody Nevyhody
Vysoka presnost’ Vysoké vstupné naklady
Vysoka rychlost’ Rusenie
Viacnasobné skenovanie Problémy s ochranou dat
Mnoho formatov
ZniZenie nakladov

Z tabul’ky je zrejmé, Ze pouzivanie RFID robotov ndm prindsa viac vyhod ako nevyhod.
RFID robot dokaze rozpoznat’ a zachytit’ 98% vSetkych vyrobkov oznacenych RFID Stitkom.
Co sa tyka rychlosti tak je v priemere 10-krat rychlej§i v porovnani s manualnym séitanim
zasob. TaktieZ dokaze skenovat ovela viac poloZiek naraz oproti ruénym RFID skenerom.
Vsetky naskenované Uidaje s ukladané a zasielané do podnikovych informaénych systémov
spolo¢nosti. Data sa ukladaji v roznych formatoch, aby sme ich d’alej vedeli vyuzivat'. Ked'ze
RFID robot funguje autonémne, dokaZeme tym znizit' mzdové néklady.

Velkou nevyhodou pri implementéacii RFID technologie a kiipe RFID robota st vysokeé
vstupné naklady, ktoré sa nam, ale postupom ¢asu vratia. DalSou z nevyhod vyuZivania RFID
robota moze byt’ nepresnost’ nasnimanych tidajov, pretoze urcité materialy, ako su tazké kovy
a zdroje radiovych vin, mézu rusit prenos udajov. VyuZivanie RFID technoldgie a RFID
robotov mdze predstavovat’ nebezpecenstvo ochrany dat. Do tychto udajov sa nam dokazu
naburat’ hackeri. Z toho dovodu je vel'mi dolezité mat’ dobre zabezpecené tidaje a investovat
do bezpecnostnych softvérov.
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Zaver

Predtym, ako sa rozhodnete vyuzivat’ RFID robotov v logistike, je dolezité zvazit' objem
skladu arealne uspory. Ak vstupné naklady nemézu v priebehu nasledujtcich troch rokov
priniest’ kladnt ndvratnost’, tak z ich zavedenim este pockajte.

Vyuzivanie technologie RFID a RFID robotov sa v sucasnosti stdva uz beznym
Standardom. Vyuzivanie RFID robotov v logistike nam zlepsuje prehl’ad o stave zasob a znizuje
nam naklady. Taktiez ndm poméha odbremenit’ zamestnancov, ktori vykonavaju inventiry
ru¢ne pomocou RFID skenerov. Tito zamestnanci tak dokazu pracovat’ na tlohach, ktoré sa bez
l'udského faktora nedaju vykonavat.
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THE FEATURES OF NEGOTIATIONS WITHIN REVERSE

LOGISTICS COOPERATION
Andrzej KOZINA - Tomasz MALKUS

Abstract: The interest in the implementation of principles of sustainable development in
enterprises relates to improvement through the use of solutions enabling the achievement and
balance of economic and environmental benefits. The way to achieve ecological benefits
includes improvement of solutions in the area of reverse logistics and related closing the loop
in supply chain. Types of operations included in reverse logistics may be carried out by
suppliers of specialized logistics services. Negotiating and updating the terms of cooperation
between the client and the provider of reverse logistics services requires a specific approach.
The objective of the paper is to present specific features of negotiations between cooperating
parties influencing further ability to create and recover the value in reverse logistics.
Keywords: reverse logistics, cooperation, value, negotiations, dimensions of negotiations.

Introduction

The interest in the implementation of principles of sustainable development in enterprises
relates to improvement through the use of solutions enabling the achievement and balance of
economic and environmental benefits. The way to achieve ecological benefits includes
improvement of solutions in the area of reverse logistics and related closing the loop in supply
chain. In the closed-loop supply chain, among the main factors influencing the achievement of
a competitive advantage, special attention is paid to the value associated with logistics solutions
used in creating and delivering the final product to the buyer, as well as solutions used in the
field of reverse logistics.

Reverse logistics is concentrated around three main directions of activity: recycling, reuse,
remanufacturing [1]. The importance of value restoration is also underlined in the definition of
reverse logistics [2]. The values achieved by the reverse logistics activity can be of tangible or
intangible character [3-5].

Types of operations included in reverse logistics may be carried out by suppliers of specialized
logistics services. The issue of cooperation with service providers is treated as one of most
important problems when managing reverse logistics [6]. Activities in the area of reverse
logistics carried out by service providers may be implemented separately but may also be part
of comprehensive logistics service for partners in the supply chain. Due, in particular, to the
characteristics of waste, recyclable materials, its impact on the environment cooperation with
service providers is the subject of numerous regulations of national law as well as international
agreements and conventions [7]. Negotiating and updating the terms of cooperation between
the client and the provider of reverse logistics services requires a specific approach [8].
Considering the above statements, the objective of the paper is to present specific features of
negotiations between cooperating parties influencing further ability to create and recover the
value in reverse logistics. As introductory part of the article the methodology used for
preparation of article is presented. Then, reverse logistics as the activity influencing value
creation is characterized. In next part of the work main units cooperating and negotiating within
reverse logistics are emphasized. The specificity of reverse logistics as environment for
negotiations is presented. Within the next part of the paper the key dimensions of negotiations
within reverse logistics are described, i.e. as a process, methods of conflict management and
reaching agreement, mutual dependence of the parties and processes of: decision making,
communication, mutual exchange and value creation. The part related to conclusions
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synthetizes the major features of the considered negotiations, and also indicates the directions
of research enriching the proposed concept.

Methodology used in the article

The concept of product/service value used in this article refers first of all to generic core
designed to fulfil basic customer needs, surrounded by additional attributes or supplementary
services [9]. The approach refers also to understanding how the relationship between exchange
parties contributes to understanding value. There is also another way to consider value,
presented in literature. It relates to trade-off between benefits and tangible monetary sacrifices,
as well as intangible costs, that customer make to buy the product [10]. This aspect of the value
considerations is not addressed in the article.

As the main approach for the preparation of this article desk research is used. The application
of such a concept is supported by the analysis of studies presented in literature in which
generalizations and detailed experience are presented, concerning value in reverse logistics and
the impact of cooperation with logistics service providers on the processes of value creation
and recovery.

Published studies, that are taken into consideration can be divided into several groups. The first
of these contains basic studies on the genesis and essence of reverse logistics [11,12]. The
second group consists of review papers on the essence of reverse logistics activity, its
contemporary development trends, as well as structures of cooperation in reverse logistics
channel [13-19]. The studies included in this group take also into account the assumptions of
the activity in the field of reverse logistics, principles of shaping the relationship between
participants cooperating in reverse logistics, as well as conditions of cooperation with
specialized service providers, operating in such areas as: transport, storage, processing of
recyclable materials and waste disposal [20-23]. Considered group of studies includes also the
issues of legal regulations regarding the handling of various types of waste and recyclable
materials, in particular the conditions for handling hazardous goods [24-26]. The third group of
studies are those that concern the identification of activities that affect the recovery of values
in reverse logistics [27,28]. The last group of studies used in the preparation of this article are
those in which the issues of negotiating the terms of cooperation, conditions for the occurrence
of conflicts, preparation of contracts, assumptions for limiting conflicts in organizations and
between cooperating units were considered. The authors’ methodological framework was
applied [29], comprising the key dimensions of negotiation’s, including the concepts by other
authors, e.g. [30-34].

The preparation of the content is also supported by authors' individual experience in the area of
designing reverse logistics management systems, negotiating and preparing the terms of
cooperation with service providers specializing in handling used products, products with
expired date of use, recyclable materials, as well as waste.

Reverse logistics as the activity of value recovery

According to one of the early comprehensive descriptions of reverse logistics such contept is
defined as a process of planning, implementing, and controlling the efficient, cost effective flow
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of raw materials, in-process inventory, finished goods and related information from the point
of consumption to the point of origin for the purpose of recapturing value or proper disposal
[35]. The main activities distinguished in the area of reverse logistics include product repair,
recycling, refurbishing, upgrade, disassembly of a defective or used product to recover parts for
reuse, as well as disposal of products with expired date of use and also disposal of waste [36].
The implementation of these activities requires taking into account transport, selection, storage
as well as packaging. More specifically, the characteristics of the tasks related to the flow of
goods in reverse logistics include: [37,38]:

e collection of goods to be returned to supplier — it concerns identification of incorrectly
delivered, redundant, defective goods, as well as the identification of materials, damaged parts
and separation of the number of units to be returned, this process may also apply to goods from
recipients,

¢ collection and sorting of expired used, as well as damaged products, waste and recyclable
materials, it relates to the qualification of mentioned types of goods for further actions (use of
product components in re-manufacturing process, recycling, repair of product),

e recovery of parts suitable for remanufacturing by disassembly of products that turned out
to be defective and were not sold as a result of quality control after the end of production or due
to defects disclosed in the distribution channel,

o recovery of parts from end of life products for use in remanufacturing, which requires
disassembling of these products, inspection and sorting as well as qualifying suitability for
reuse,

¢ repair of damaged product,

o delivery of waste for disposal,

o recycyling of materials for further use in manufacturing proces.

The implementation of the above-mentioned activities becomes possible primarily through the
provision of transport. Similarly to forward logistics activities related to transport are
emphasized among the main activities that significantly affect the effectiveness of value
creation in reverse logistics, [39]. Taking into account four main aspects of economic utility,
which influence the value of product for recipient (the usefulness of the form, place, time and
posession), it should be indicated, that the aforementioned activities related to securing,
preparation and processing relate to the utility of the product form, as well as posession in the
area of reverse logistics. Transport is about the utility of time and place to use this product. It
influences also posession of product.

Types of activities presented so far, influence processes of value creation and value recovery in
reverse logistics, as it is reflected in Figure 1. The diversified impact of individual types of
activities on these processes reflects also the different bargaining power of units specializing in
particular tasks in negotiation with the client.
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Fig. 1 Value creation in reverse logistics (source: own research based on: [40-45]).

Considering the information in Figure 1 it should be added, that the places where the increase
in value is marked do not reflect the differences in the size of the increase. In addition, presented
diagram does not take into account returns of full value goods. In such a case, value creation
scheme is simplified. It covers only the return from the point of sale to the supplier, who, after
receiving this product, prepares it again for sale and passes it to the distribution chain. The place
where a recycled material or a reusable part from disassembled product, accepted for further
use is waiting to be used in the manufacturing process means entering the value chain of product
manufacturing and delivering it to the customer.

It should be also emphasized, that the value created in reverse logistics is not just about
preparing recycled material for reuse in manufacturing process, reusable parts, repairing the
product and restoring its functionality to the customer. These are activities related to recovery
value associated with the product for the customer. Along with such activities, there are other
activities related to the creation of new value, playing also important role. An example is the
creation of energy in the process of waste disposal by a company, often for own use.

Types of companies involved in reverse logistics cooperation

Taking into consideration previously mentioned types of activities in the area of reverse
logistics, relationships between reverse logistics and the flow of goods in manufacturing
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process, as well as the ways of specialization of service providers following types of
participants can be distinguished:

e product suppliers,

e recipients (using the delivered goods in the further production or distribution process),

e end users of products,

e units disassembling worn, damaged, spoiled products,

e units recycling materials for reuse,

e Uunits participating in waste disposal,

e specialized service providers authorized to collect and transfer waste and recyclable
materials to the places of their further use.
In practice, there may be enterprises combining the above-mentioned specializations, in
accordance with legal restrictions related to the handling of waste and recyclable materials.
Product suppliers, by establishing cooperation with further manufacturers or sellers of finished
products negotiate with their recipients the rules of handing over to the supplier of unused
products, products with expired use-by dates, end-of-life products, products being the subject
of a complaint, and packaging for re-use. If the supplier of products is also authorized to collect
materials for recycling and waste for disposal, the rules for collecting these goods may also be
negotiated.
Suppliers may also negotiate with users of finished products the rules for collecting used
products or complaints about broken products, treating it, for example, as an additional element
of the offer as part of the sale of a new product. Also handing over of the generated waste and
materials for recycling (e.g. used packaging, parts replaced during repair) to the supplier may
also be the subject of negotiation. Reverse logistics negotiations can also include the rules of
transfer of waste to final waste disposal companies. It relates to cooperation with product
manufacturers, distributors, units disassemblig products as well as companies recycling
materials.
Taking into consideration the process of transferring waste and recyclable materials, specialized
logistics service providers authorized to collect, segregate and transport waste and recyclable
materials may also participate in negotiation with companies mentioned earlier.
Negotiations on the terms of collection of waste and secondary raw materials with such
companies can be conducted by producers and distributors of products, companies dealing with
disassembly of used and broken products, companies processing recyclable materials into
materials and companies dealing with final waste disposal.

The Dimensions of Negotiations within Reverse Logistics

1. Process of negotiation — due to their complexity and volatility, the negotiation processes in
general, and those considered here in particular, are not easily structured. They can be
disordered, and unpredictable. Some activities are carried out intuitively, spontaneously, and
even instinctively. Other ones are formalized by procedures. Quite large amount of data
facilitates the implementation of these processes, especially the identification and analysis of
the negotiating situation.
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The scope of negotiations in reverse logistics can vary greatly depending on the specific
characteristics of the goods to be exchanged. Sometimes the negotiations cover the terms of the
transaction considering typical, standard elements, and in other cases they concern very specific
products and their parameters. In addition, in the negotiation processes under consideration,
there are restrictions on the freedom of specialist actions due to numerous legal regulations
regarding the way of handling individual types of goods (waste, secondary raw materials,
expired products) - security for the duration of transport and storage, requirements of means of
transport and storage area, storage process, neutralization of threats to the environment,
documentation. Thus, the negotiation processes under consideration may be not only complex,
but also very specific.

An important issue is the selection of the right negotiation partners. Whenever possible, they
should be undertaken with those entities with whom positive relationships can be forged and
maintained. In addition, service providers that have special licenses to handle certain types of
goods, such as liquid goods that need to be transported in special tanks, often must be selected.
When collecting waste and secondary raw materials from customers, you also need to take into
account their preferences, limitations in the ability to prepare for the transfer of waste secondary
raw materials, out-of-date products to suppliers, etc. As a result, some partners may have greater
bargaining power.

There is an increasing need to negotiate with multiple partners at the same time. Undertaking
multiparty negotiations is, however, difficult due to the limited possibilities of analyzing their
context, selecting strategies, arranging meetings and conducting them. Thus, in reverse
logistics, we deal with both bilateral and multilateral negotiations, i.e., with the participation of
the aforementioned partners, cooperating in reverse logistics. In addition, negotiations must
take into account the conditions resulting from legal provisions, but also the individual
conditions of units that specialize in recycling or waste management, etc. As a result, seemingly
bilateral negotiations may be conducted under the influence of conditions imposed by third
parties participating in the processing, etc.

Conducting considered negotiations requires high flexibility of operation and efficient, direct
and multi-directional coordination of activities carried out in networks of numerous
interactions.

2. Managing conflicts — it is a competitive dimension of negotiations within reverse logistics as
their participants strive to achieve their own goals and obtain the best possible results. They
have divergent intentions and different views on the issues under consideration. The
contradictions also concern the values, principles, expectations, perceptions, etc., which creates
the emotional context of the negotiations, significantly influencing the substantive issues.

On the one hand due to the large amount of data with virtually unlimited availability and a wide
exchange of information, the number of potential conflicts between the parties to the considered
negotiations may be large, as a result of many different interactions between them. There are
very violent and sharp disputes over fundamental, mainly material, issues. There may also be
unnecessary data conflicts, very often occurring in practice and sometimes difficult to
recognize, but here they do not result from their lack (as is usually the case) but from their
excess and mutual lack of understanding, which also causes unnecessary disputes. As a result,
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the parties to negotiations are then not able to properly identify and assess the causes, effects
and the course of such conflicts, as well as the negotiating situation.

The available data may be unreliable, erroneous, selective, incorrectly compiled, etc., or
differently interpreted by negotiators. Unnecessary data conflicts can cause other serious
misunderstandings, mostly about values and relationships, and even stimulate real conflicts of
interest. Therefore, it becomes necessary to provide a reliable and comprehensive explanation
of the situation by confronting the possessed information and organizing it based on commonly
agreed standards for its presentation and evaluation. This may allow for a relatively quick and
cheap solution of the discussed conflicts, which will prevent their escalation.

On the other hand, the increasing speed of action, the multiplicity and virtualization of relations,
and sometimes the anonymity of the partners to negotiations mean that possible conflicts are
mostly short-lived, unnoticeable, they cannot fully reveal themselves, let alone develop.
Moreover, due to possible anonymity of partners or incomplete knowledge about them, it is
much more difficult to use competitive negotiation techniques, use the effect of surprise or
asymmetry of information, strengthen bargaining power, threaten and promise, bluff, etc.,
because the parties are "well-informed". It is much easier to explain the nature of short-term
conflicts, their causes and effects. They are and must be dealt with on an ongoing basis, when
and where they appear, directly through their website. You can make better use of their positive
functions, especially stimulating changes that improve performance.

3. Reaching agreement — this dimension concerns their intended result, beneficial to all their
participants, i.e., meeting their needs. They also have common goals, so they are interested in
the results of negotiations, which constitute important values for them (tangible and intangible).
The cooperation of the parties is therefore necessary to achieve the desired level of
effectiveness. This, in turn, requires concluding a number of contracts (implicit and explicit),
specifying the terms of the agreement between them. It is therefore the cooperative dimension
of negotiations.

Nowadays, under the so-called revolution 4.0, the possibilities of identifying new, potential
negotiating partners are large, provided that there is access to data on their reliability,
credibility, etc. The choice of partners, usually made from among many alternatives, is
hypothetically easier, because a relatively good recognition of the negotiation environment
increases the probability of interacting with relevant partners, establishing and maintaining
positive and beneficial relationships based on mutual trust, which reduces the risk for the course
and the effects of negotiations. To achieve this, a reliable analysis of the partners' credibility is
required.

In addition, in the current reality, sometimes limited, short-term or even virtual contracts are
established, which on the one hand frees us from permanent obligations, but on the other hand
increases the risk of losses due to the partners failing to meet contractual arrangements or
concluding incomplete contracts. It should be noted, however, that with broad, virtually
unlimited access to data, signals about disloyal or unreliable partners are easily available in the
negotiating environment. In general, negotiators are more inclined to establish and consolidate
positive relationships and to use cooperative-oriented negotiating techniques.
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It is therefore advisable to rely on proven partners, especially those trusts. Therefore, the scope
of cooperation with them should be expanded.

The virtualization of contacts causes that their implementation is usually faster, and it is often
necessary to consider many different issues and many different goals, both common and
contradictory.

4. Mutual dependence — there is an interaction of the dimensions of cooperation (collaboration)
and competition (rivalry), i.e., the coexistence of contradictory and convergent goals of the
participants in the considered negotiations. It expresses the efforts of the parties to achieve a
favorable result, conditioned by the necessity to resolve the conflict between them. Neither
party can achieve its goals on its own, and at the same time each of them can achieve their goals
by others. If the partners saw alternative and more effective ways of achieving their goals, they
would not negotiate. Thus, such a relationship expresses a close relationship between the two
previously discussed dimensions.

In today’s business the parties are rarely "doomed to each other", much more often negotiating
by choice than by force. On the one hand, a large amount of information available expands the
group of potential partners for cooperation, but on the other hand, it makes it difficult to search
for and select the right partners and analyze them in the context of negotiations, and competition
intensifies, and conflicts may arise. There is much more interaction between the parties to the
negotiation. Mutual relations are varied, usually stronger, symmetrical or asymmetrical,
although sometimes short-lived or momentary, creating complex networks of connections.

It is easier to build and maintain lasting positive relationships, especially partnerships. You are
more likely than usual to establish and maintain positive and beneficial relationships with
negotiators based on mutual trust. The aim is to shape and maintain them in order to ensure
effective cooperation, beneficial to all, but it is not always possible and/or necessary. Signals
about disloyal or unreliable partners are easily available in the negotiating environment.
Moreover, generally "well-informed" negotiating parties are more likely to establish and
maintain positive relationships, and to use cooperative-oriented negotiation techniques.
Cooperation and competition coexist in the form of a coopetition strategy. On the other hand,
establishing and developing partnerships is usually time-consuming and generally costly, and
sometimes unprofitable or risky. Anonymous functioning in a negotiating environment may
turn out to be more beneficial and even safer.

5. Decision-making process — it is the most important interpretation of negotiations as it
expresses direct finding solutions to the negotiated issues by the parties involved. In the
preparatory phase, this process is carried out by them independently of each other, i.e. each of
them analyzes the negotiating situation from the point of view of their goals and interests. On
this basis, they determine initial solutions to negotiated problems based on their own criteria
for selecting solutions. Then they iteratively make the necessary arrangements of possible
alternatives, determining the scope of negotiations, i.e. a set of acceptable solutions to
negotiated problems, based on the analysis of the community and divergence of interests. By
adopting common selection criteria and rules, they find a solution acceptable to everyone.

In negotiations within reverse logistics, all typical activities within the process of interactive
decision-making by negotiators, i.e. identifying problems, collecting and analyzing
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information, generating alternative solutions, selecting criteria for their evaluation, making
choices and the necessary implementation works, are facilitated due to both the wide access to
data and strong relations of the parties, as well as difficult and complex due to the specificity
of the negotiation process itself and the redundancy of information.

Therefore, the information needs of negotiators as decision makers are, in principle, satisfied to
the required degree, so their choices should be accurate, adequate to the problems, made on
time, adequately detailed, etc. That substantially increases the quality of decisions. Moreover,
it significantly reduces the uncertainty of their performance and the effects of negotiations. In
this case, the difficulty may be the excessive amount of data, requiring their careful analysis
and selection.

The disadvantages of the decision-making process in the considered negotiations include the
need to act quickly, forcing the parties to decide, the presence of an excess of information and
the need for careful selection, expanding analyzes, and making choices too quick and hasty. As
a result, decision-making processes can be more time-consuming, although burdened with
lower risk.

Taking this into account, the most significant positive effects of the decision-making process in
negotiations within reverse logistics are better and faster decisions, more settlements in real
time, data availability for innovation and lower costs.

6. Communication process — this dimension concerns the mutual exchange of information,
"penetrating™ all activities of the parties in the negotiation process, from the initial presentation
of positions, through: shaping relations, formulating, and exchanging offers, persuading, asking
questions and answering, listening, clarifying doubts, etc., to final arrangements and drafting
the contract.

On the one hand, as a result of the impact of revolution 4.0, and big data in particular, the
exchange of information in the considered negotiations is significantly enriched. The parties to
the negotiations have practically unlimited access to all necessary data in real time, although,
for obvious reasons, not all information necessary for action is public, presented to everyone
on the forum. High availability of information and transparency of communication allow
negotiators to properly determine how to better achieve goals. It increases the efficiency of
analytical and diagnostic activities. It significantly enriches the tools for conducting
negotiations, i.e., increases the number and quality of offers and the accuracy of arguments,
improves the effectiveness of questions, facilitates clarification of doubts and the effective
selection of negotiation techniques. In addition, virtual negotiations create greater opportunities
for the negotiating team to communicate during the negotiations, allowing for establishing a
common ground.

On the other hand, negotiators are not favored by a kind of artificiality of communication during
online meetings, a kind of "narrow field of view", and especially by limiting non-verbal
communication. It is much more difficult to interpret and analyze the meaning of non-verbal
messages of other negotiation participants and their emotional behavior. It is easier to hide some
inconvenient facts due to the lack of necessity to disclose some data, which may be a condition
for cooperation with negotiation partners. There are fewer opportunities to care for data
protection and security, and limited awareness of potential threats in this area.
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In general, a wide exchange of information and efficient communication allow to better meet
the information needs of the participants to negotiations within rebverse logistics. They improve
the throughput of omni-directional communication channels. They increase the usefulness of
information in terms of its detailed parameters, i.e., reliability, authenticity, proper form,
appropriate detail, etc.

7. Mutual exchange — must take place on terms jointly agreed by the parties, through mutual
agreements and concessions. It is favored by the differences in the hierarchy of negotiators'
goals, i.e., it seeks to obtain significant resources and values, giving back less important but
important for other parties in return. It concerns not only tangible resources, as well as
intangible ones, i.e., ideas, ideas, concepts of solutions.

On the one hand, the positive aspect the negotiations processes under consideration is mainly
expressed by supporting the determination of the scope and conditions of a possible exchange
due to the wide range of interactions and cooperation between the negotiating parties and the
appropriate scope of communication between them. It is much easier to obtain and transmit full
and reliable information about the needs of the parties and to gather the necessary data on
mutual requirements and expectations already in the initial phase of the negotiations, as they
are widely available. In other words, it is not difficult to define and confront the preferences of
the participants in negotiations, as their expectations are not undisclosed or unclear.

Potential exchange offers are precise and well-thought-out, oriented not only towards material
values. There are favorable conditions for the creativity of the parties in the search for
opportunities to exchange immeasurable assets. It is easier for negotiators to create wider
possibilities of meeting their needs mutually. They rarely show a tendency to formulate non-
equivalent exchange proposals only for the purpose of achieving quick and immediate benefits,
especially tangible ones. Negotiations based on interests dominate, not simple haggling. There
are many options for selecting potential exchange partners and their offers. It is easier to obtain
and communicate complete and reliable information about the needs of the parties and to limit
focus on immediate needs at the expense of long-term effects.

On the other hand, the significant acceleration and increase in the complexity of the considered
negotiation processes may cause them to appear too quick and simpler exchange proposals with
a higher "weight”, entailing greater risk. Undoubtedly, greater precision is required when
formulating exchange offers. In addition, there may be opportunities to surprise other
negotiating participants when they are not prepared to accept certain proposals.

8. Creating values — the interdependence of the parties and the process of mutual exchange in
the negotiations allow the parties to the negotiations to achieve mutual benefits by creating
additional value, which would not be possible without negotiation. These common values are a
synergistic effect of the cooperation of the parties. Creating them is also possible when one
party has something to offer that is not worth much for itself but is of great value to other
participants in the negotiation - and vice versa. By exchanging these values, each side loses
little, but gains a lot. Within reverse logistics usually we face the process of values recovery,
creating a new ones. It should be emphasized, that this is another aspect of value creation in
cooperation in reverse logistics, next to the previously presented issue of recovering value
related to the use of parts from damaged products, use of recyclable materials, waste, etc.
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Therefore, negotiations within reverse logistics are characterized by the ease of their parties
agreeing on common values that are to be the subject and effect of cooperation. Orientation not
only on the immediate effects of negotiations, the strength and durability of relationships, their
positive nature, mutual trust of the parties, wide exchange of information about the values
themselves and the possibility of achieving them make their co-creation much easier. At most,
the prospect of quick and measurable benefits as an effect of the temporary cooperation of the
parties may induce them to try to obtain these benefits.

There may, of course, be the danger of unjustified appropriation of resources, and as a result,
reliable partners must be relied upon in the search for common values. In addition, cases of
such unethical activities are exposed online and widely stigmatized. Differences in the
assessment of the values represented by their participants, i.e., different priorities, create the
potential for reaching agreement through the exchange of values that are beneficial to them. On
an ad hoc basis, these values may be of little importance to the parties to the negotiations but
bring them benefits deferred in time. Moreover, potential conflicts of values can and should be
resolved by explaining their causes and by convincing each other about the positive impact of
different values on the negotiation processes.

Conclusions
To sum up, the following features of negotiations within reverse logistics can be indicated:

e substantial acceleration of the conduct of these processes, especially pre-negotiation
analysis,

¢ significant increase of the scope of such analysis in a wider negotiating environment,

e searching for trusted negotiation partners and shaping and maintaining positive relations
with them,

e on the other hand, exercising caution when establishing relationships, i.e., applying the
principle of limited trust,
adopting a broader perspective when looking for possible alternative solutions,
generally greater creativity while looking for them,
increased flexibility of performance, especially when searching for options for solutions,
seeking for new strategies and negotiation techniques aimed at finding a balance between
cooperation and competition,

e enriching the tools of multiparty negotiation, more and more dominant in contemporary
socio-economic life,

o full acceptance of the multicultural nature of the negotiating environment and its creative
use,

e particular attention is related to compliance with limitations resulting from law on
environmental protection, treatment of special types of goods, dangerous goods waste and
recyclable materials as well as with requirements of permits for transport, storage, securing,
etc. resulting from these regulations,

e paying much more attention to information security,

e using modern systems of supporting negotiations via the Internet.
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These are not all the suggestions that are useful in negotiating with service providers in the area
of reverse logistics. Those presented were treated as the most important.
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MOZNOSTI DIMENZOVANIA ZASOBNIKA S VYUZITIM
SIMULACIE
POSSIBILITIES OF DIMENSIONING THE STORAGE TANK
USING SIMULATION

Marek ONDOV- Peter GOMBOS — Ivana KRAJNAKOVA — Karolina BORTAKOVA—
Zuzana SEDLAKOVA

Abstract: Production processes with bulk raw materials need to have a storage tank available
as a collection point as well as an entry point for the raw material in the production process.
From the point of view of costs, it is necessary to appropriately dimension bulk material storage
tanks depending on the filling and emptying of the storage tank. The main factors that influence
this are the hourly performance of the filling equipment, the method and speed of emptying and
the type and capacity of the means of transport into which the material is loaded. Simulation,
as a means of analysis, displays in graphic outputs the development of the amount of stored
material in the storage tank depending on the input parameters.

Abstrakt: Vyrobné procesy so sypkymi surovinami potrebuju mat k dispozicii zdsobnik
ako zberny a zaroven vstupny bod danej suroviny vo vyrobnom procese. Z hladiska nakladov
je potrebné zasobniky sypkych materialov vhodne dimenzovat v zavislosti od charakteru
plnenia a vyprdzdiovania zdsobnika. Hlavné faktory, ktoré na to vplyvaju su hodinova
vykonnost plniaceho zariadenia, sposob a rychlost vyprazdnovania atyp akapacita
dopravnych prostriedkov, do ktorych sa material naklada. Simulacia ako prostriedok analyzy
zobrazi v grafickych vystupoch vyvoj mnozstva uskladneného materialu v zasobniku v zavislosti
od zadanych vstupnych parametrov.

Keywords: Storage, Bulk material, Modelling, Simulation

KPucové slova: Skladovanie, Sypky material, Modelovanie, Simuldcia

Uvod

V primarnom odvetvi priemyslu je dimenzovanie zasobnikov sypkych hmot neoddelitel'nou
sti¢ast'ou logistickych &innosti vo vyrobnom procese. Ulohou zasobnikov je vytvorit’ potrebnii
zasobu materialu, aby sa odstranili vplyvy nerovhomerného prisunu a odsunu materidlu, d’alej
casovo od seba oddelit’ technologické procesy inych charakterov a brat’ do tivahy fyzikéalno-
chemické vlastnosti spracovavanych materidlov. Skladovanie sypkych hmoét v zasobnikoch
ma svoje vyhody aj nevyhody. Medzi hlavné vyhody patri ochrana skladovaného materialu pred
nepriaznivymi poveternostnymi vplyvmi a automatizacia plnenia a vyprazdiiovania zasobnika.
Plnenie zasobnikov sa moéZe vykonavat vrchom, nasypanim, vypUsStanie materidlu je
realizované v spodnej Casti zasobnika v podobe jedného alebo viacerych vypustacich otvorov
[1].

Zasobniky sa delia podl'a viacerych hl'adisk. Z ddlezitého hl'adiska pddorysnych a vySkovych
rozmerov rozliSujeme nizke bunkre a vysoké sila. Bunkre st uréené na kratkodobé skladovanie,
pretoze maju mensiu kapacitu danti geometrickym tvarom. Mo6zu sa v nich uchovavat’ sypké
materialy vSetkych vlastnosti. Bunkre mozu byt umiestnené nad zemou i pod zemou a mavaja
rozny tvar. Sil4 slizia na utvorenie vicSej zdsoby preto su vyuzivané hlavne na dlhodobé
skladovanie a st vhodné len na praskové alebo jemnozrnné drobné sypké materialy [2].
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Pri navrhu zasobnika pre sypké hmoty je dolezité stanovit’ priebeh plnenia a vyprazdiovania
zéasobnika, ¢o uzko suvisi aj s navrhom jeho kapacity. Priebeh plnenia a vyprazdiovania
je zavisly od viacerych faktorov [3]:

e Spdsob a rychlost’ plnenia predstavuje parameter hodinova vykonnost plniaceho

zariadenia, napr. kontinualne pomocou pasového dopravnika.
e Sposob a rychlost’ vyprazdiiovania ¢i kontinudlny alebo v urcitych intervaloch.
e Typ a kapacita dopravnych prostriedkov, napr. ndkladny automobil, Zelezni¢ny vagon,
sustava dopravnych pasov.

Cielom clanku je ukézat moznosti ako zrychlit proces navrhovania kapacity zasobnika
vyuzitim simulac¢ného néstroja. Z ¢iastkovych cielov mdze byt vypichnuté pouzitie simulécie
ako analytického néstroja so zdmerom sledovat spravanie navrhnutého zasobnika a navrh
r6znych opatreni s ciel'om racionalizdcie mnozstva suroviny v zasobniku.
Metodologia
Stanovenie objemu a kapacity uz existujuceho zasobnika sa jednoducho urc¢i vypoctom
na zdklade jeho rozmerov. Iny pripad nastava, ked’ je potrebné navrhnut’ kapacitu a objem
nového zasobnika pre konkrétne prevadzkové podmienky. Objem a kapacitu je nutné navrhnit
efektivne tak, aby nebol predimenzovany alebo poddimenzovany a mohol by predstavovat
uzke miesto vo vyrobnom alebo dopravnom procese. Navrh kapacity a objemu zasobnika
modzeme rozdelit’ na dve Casti. Prva ¢ast’ — vypoctova, je podkladom pre vypracovanie druhe;j
Casti, ktorej zdkladom je zndzornenie grafického priebehu plnenia a vyprazdinovania zasobnika
a nasledné urcenie jeho objemu a rozmerov [4].
Podra algoritmu navrhu zasobnika je nutné postupovat’ tymito krokmi [4]:

1. Navrh tvaru a rozmerov vypustného otvoru zdsobnika

2. Vypocet priepustnosti otvoru

3. Vypocet Casu vyprazdiovania zadsobnika

4. Vypocet cCasu naplnenia zasobnika mnozstvom materidlu pre jeden dopravny
prostriedok
Vypocet minimalneho mnoZzstva materidlu v zdsobniku pred nakladkou

6. Zostrojenie grafu prisunu a odsunu materidlu z a do zasobnika

V tomto bode algoritmu sa pristipi k vyuzitiu simula¢ného nastroja.

7. Urci sa maximalne mnozstvo materialu v zasobniku

8. Mnozstvo materidlu sa prepocita pomocou objemovej sypnej hmotnosti suroviny

9. Stanovenie rozmerov zasobnika
Metodu, pri ktorej skimany systém pretransformujeme do modelu nazyvame simuléciou.
Experimentovanie s modelom prind$a mnoZzstvo dat a informacii, ktoré je mozné aplikovat’
na skuto¢ny systém [5]. Simulacia je vhodnym ndstrojom na vyhodnotenie efektivnosti
vyrobného procesu aj v pripade neinvazivnych zmien, ako je Uprava vyroby, planovanie
a racionalizacia logistickych operacii [6].
V stcasnosti sa pouziva vela simulacnych programov ako TECNOMATIX, SIMULS,
WITNESS, ExtendSim alebo ARENA [7]. ExtendSim je blokovo orientovany simulacny
program, ktory pontika moZznost diskrétnej aj nepretrzitej simuldcie. Programové bloky
su rozdelené do kniznic Value, Item, Plotter, Rate, Utilities a Animation. PocCet blokov v modeli
nie je obmedzeny. Predpripravené bloky so zabudovanym programovacim jazykom ul’ah¢uju
tvorcom logicky pracovat’ s modelom [8].

o

68



Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, ro¢. 25

Trends and Innovative Approaches in Business Processes “2022”, Vol. 25

‘@ TIABP

Tab. 6 Bloky potrebné na vytvorenie simulaéného modelu [8], vlastné spracovanie

Vysledky a diskusia
Zasobnik je mnapliovany kontinualne pracujicim zariadenim a pravidelne cyklicky
vyprazdinovany. Zo zasobnika je surovina nakladana do dopravnych prostriedkov. Ako vzorovy
dopravny prostriedok bol vybrany jednostranny skldpa¢ 6x6, zobrazeny na Obr. 1.
Jeho uzito¢né zat'azenie moze byt 25 000 kg a mdze dosahovat rychlost’ 60 km/h [9].

Funkcia Blok Funkcia
Nutny pre chod diskrétnej ) Cita hodnoty vlastnosti
simulécie. Riadi simulaciu. < danej entity.
Executive Get
| Vytvara entity v simulacii. o L Kumuluje hodnoty, na
‘_fg — poziadanie aj odobera.
ow 1] v get
Create Holding tank
R0 Odobera entity zo simulécie. . Generuje konStantnu
@——y |‘| hodnotu.
_ Bhold
Exit Constant
Simuluje aktivitu, spracovavanie. Tvori ¢iarovy graf pocas
IE‘| ® Fl simulacie.
ow wF Line chart
Activity
Simuluje frontu.
IEF\'D—EHF
Queue

Obr. 3 25t jednostranny sklapa¢ [9]

Skoér, nez bol vytvoreny samotny simulacny model bolo potrebné vykonat’ vypocty podla
algoritmu. Vstupné a vypocitané udaje st uvedené v Tab. 2. Vztahy pre vypocitané hodnoty
uvadzaju autori tychto publikécii [10].
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Tab. 7 Vstupné a vypoéitané hodnoty potrebné pre vytvorenie simulaéného modelu, zdroj: autor

Parameter Hodnota

hodinova vykonnost kontinualneho plniaceho zariadenia Q*, t.h 180
é o | objemova sypnd hmotnost uskladnen¢ho materialu p, t.m?3 1,6
2 :g maximalna vel'kost’ vypustanych kusov v zasobniku z, m 0,05
> kapacita dopravného prostriedku Kpp, t 25

koeficient zaplnenia priecneho prierezu vypustného otvoru ¢ . 0,5

priepustnost’ - vykonnost’ vypustného otvoru zésobnika, Q/, t.h"* 560
“g > &as vyprazdiiovania zasobnika Tyz, min 2,7
5 2 | ¢as manipulécie s dopravnym prostriedkom Tpy, min 4
§§ Cas naplnenia zdsobnika mnozstvom materidlu pre jeden dopravny 8,33
> prostriedok Tpz , min

minimalne mnozstvo materidlu v zasobniku pred nakladkou Kgi” ,t 16,89

Simula¢ny model pre proces plnenia a vyprazdiiovania zasobnika bol vytvoreny v programe
ExtendSim 10 a je zobrazeny na Obr. 2.

o+
- \ -
1
— = ! __1 = =
(1 @
start R L ) D. F Odchod
B : . & tanie kapacity
Prichod k zasobniku Nacitanie kapacity Naklzdanie
want get
25 .
= . Kumulacia dodane) surovimy .
- want; get
Zazobnik

Kumulacia odobrane) suroviny

Obr. 4 Simula¢ny model plnenia a vyprazdiiovania zasobnika

Simulaény model na Obr. 2 je kombinovany simula¢ny model, v ktorom prichod a odchod
nakladnych vozidiel (zelené bloky) je simulovany diskrétne a tok hodndt (sivé bloky) je spojity
so zaznamenavanim v urCitych ¢asovych okamihoch. Blok prichod k zasobniku generuje
vozidlo pravidelne. Blok get nacita jeho kapacitu a odosle poziadavku do zasobnika. Blok
activity simuluje zdrZanie pocas nakladania, manipuléciu a vyprazdiiovanie zasobnika. Blok
plnenie plni zasobnik pravidelne hodnotou generovanou v bloku constant. Kumulaéné bloky
holding tank slizia na kumulovanie hodnoét pre vykreslenie kriviek v grafe.

V prvom experimente st parametre blokov nastavené podl'a tabul’ky vstupnych hodnét. Dizka
simuldcie je jedna pracovna zmena a to 450 mintt.
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Obr. 5 Vysledky experimentu 1

Mnozstvo suroviny v zasobniku sa pocas simuldcie nepostacuj na pokrytie potrieb
nasledujucich procesov. Pocas simulacie bolo naplnenych 67 vozidiel s odberom 1 341,89 t,
¢o znamend, ze vozidla neboli plne vytazené. Plniace zariadene doplnilo 1325 t.
Takto nastaveny proces nie je dlhodobo udrzatelny. Idealny stav by nastal, keby na konci smeny
bolo v zasobniku opit’ mnozstvo K™,

K tomuto idedlnemu stavu sa mézeme priblizit’ bud’ zmenou:

1. vykonnosti plniaceho zariadenia - zvySenim,
2. ¢asu manipulacie — zvySenim,
3. kapacity dopravnych prostriedkov — znizenim.

Na Obr. 4 je zobrazeny experiment 2 pri zmene vykonnosti plniaceho zariadenia zo 180 t/h
na 230 t/h. Pre potrebu simulacie bola prepo¢itand hodnota KJ™ = 22 t pre zadané hodnoty.

No ani tito zmena samotna nie je dostato¢na, preto prichod aut sa predizil z hodnoty kazdych
6,7 minit na 9 minut. Z grafu vyplyva, Ze kapacita v zdsobniku sa mierne zvysi na 100 t
(Cervena krivka) a prisun suroviny (modré krivka) presiahne odber (Cierna krivka).
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Obr. 6 Vysledky experimentu 2

Na Obr. 5 je zobrazeny experiment 3 pri zmene vozidla na vozidlo s kapacitou 15 t,
pri zachovani povodnych podmienok. Pre potrebu simulacie bola prepocitand hodnota ¢asu
naplnenia zasobnika mnozstvom materidlu pre jeden dopravny prostriedok na 5 mint.
Pri takejto zmene kapacita dosiahne na konci simulécie hodnotu az 330t. Z toho vyplyva, Ze nie
je potrebné znizenie kapacity vozidla az o 10 t.
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Zaver

Ked’ od¢itame maximalne mnozstvo materialu v zasobniku KZmax, dané mnoZzstvo prepocitame
na objem VZmax [m3] pomocou sypnej hmotnost’ suroviny, hodnota VZmax je podkladom
pre ur¢enie rozmerov zasobnika a jeho kapacity.

Vykonané experimenty ukazuji vyvoj zasob v zasobniku na zaklade vypocitanych hodndt
podla dostupnych vzorcov. Ani v jednom zexperimentov sa nepodarilo priblizit’
k tzv. idedlnemu stavu. Pre dosiahnutie takého stavu sa javi najvhodnejSia cesta pomocou
kombinacie navrhnutych opatreni. Takéto kombinacia znamend aj odchylenie
sa od vypocitanych hodndt podla zauzivanych vzorcov.

Okrem hore uvedenych prikladov sa v praxi vyprazdiovanie zasobnikov méze vykonavat
do dopravnych prostriedkov rozneho typu a roznej kapacity. Napriklad sa m6zu nakladat’ r6zne
vlakové stpravy o roznom pocte zelezni¢nych voziiov. V tomto pripade treba brat’ do tivahy
aj vymenu vlakovej supravy.
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SIMULACIA MATERIALOVEHO TOKU PRI DOPRAVE
MATERIALU Z PODZEMIA NA POVRCH POMOCOU
DVOJCINNEHO TAZNEHO ZARIADENIA

SIMULATION OF MATERIAL FLOW DURING THE
MATERIAL TRANSPORTATION FROM UNDERGROUND
TO THE SURFACE USING A DUAL-ACTION HOISTING
EQUIPMENT

Janka SADEROVA — Andrea ROSOVA — Marek ONDOV — Marian SOFRANKO —
Tawfik MUDARRI

Abstract: Vertical transport with the help of mining hoisting equipment in the deep mining of
mineral raw materials is a very important part of the entire complex of intra-company transport
at every mining plant. The aim of this paper is the simulation of the material flow ensured by a
double-action hoisting equipment. EXTENDSIm was used as a simulation tool, which
combines the possibilities of discrete and continuous simulation and is used by researchers in
various fields. The paper presents a simulation model of the material flow - transport of coal
from the underground to the surface. The paper also presents the results of the experiments
performed on the created simulation model, too.

Abstrakt: Zvisla doprava pomocou tazného zariadenia pri hlbinnom dobyvani nerastnych
surovin je velmi dolezitym clankom celého komplexu vnutropodnikovej dopravy na banskom
zavode. Cielom tohto prispevku je simulacia materialového toku zabezpecovaného dvojcinnym
taznym zariadenim. Ako simulacny nastroj bol pouzity EXTENDSim, ktory kombinuje moznosti
diskrétnej a spojitej simuldcie, je vyuzivany vyskumnikmi v réznych oblastiach. V
prispevku je prezentovany simulacny model materidalového toku — dopravy uhlia z podzemia na
povrch. V prispevku su prezentované aj vystupy experimentov vykonanych na vytvorenom
simulacnom modeli.

Keywords: hoisting equipment, simulation, model, experiment

KUrucové slova: tazné zariadenie, simulacia, model, experiment

Uvod

Dopravny proces ako jeden z logistickych procesov mé v sucasnosti nezastupite'né miesto
v logistickych systémoch v podnikoch a v dodavatel'skom retazci. Spolo¢nym cielom dopravy,
ako vnutropodnikovej tak aj mimopodnikovej, je uspokojit’ potreby zdkaznikov, t.z. premiestnit’
material v sprdvnom Case, na spravne miesto a vV poZzadovanej kvalite pri efektivnom vyuziti
dopravnych prostriedkov a zariadeni.

V tazobnom priemysle ma vnutropodnikova doprava dodlezité postavenie. V podzemnych
prevadzkach sa vyuZzivaju na horizontalnu dopravu rdzne dopravné systémy (banska kol'ajova
doprava, doprava hrabl'ovymi a pasovymi dopravnikmi, zavesna doprava, banska bezkol'ajova
doprava apod.) Na dopravu materialu z podzemia aaj do podzemia sa najCastejSie
pri hlbinnych baniach vyuZiva zvisla doprava pomocou tazného zariadenia. Zvisla doprava
je preto vel'mi dolezitym ¢lankom celého komplexu vnutropodnikovej dopravy na kazdom
banskom z4vode s hlbinnou t'azbou. Definicie zakladnych pojmov zvislej dopravy st uvedené
vo viacerych publikécidch [1].
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Tazné zariadenia pouzivané pri zvislej doprave sa delia z réznych hladisk. Usporiadanie
a prevadzka zvislej dopravy a tazného zariadenia zavisi od viacerych Cinitelov,
ktoré su pri klasifikacii taznych zariadeni rozhodujuce [2].

Podl’a sposobu dopravy rozlisujeme:

A) Jednoc¢inné tazné zariadenia, Obr. 1a). Vyznacuju sa tym, ze na lane je zavesena iba jedna
dopravnd nadoba. Umozinuju vykonavat' tazbu z Tubovolného tazného obzoru
bez presadzovania taznej nddoby, v porovnani s dvoj¢innymi taznymi zariadeniami
maju polovicny vykon.

B) Dvoj¢inné tazné zariadenia, Obr. 1b). Pouzivaji sa ovela CastejSie ako jedno¢inné tazné
zariadenia. Pri doprave sa pouzivaju dve tazné nadoby, ktoré mozu byt’ zavesené na dvoch
taznych lanach dvojbubnového tazného stroja alebo na obidvoch koncoch jedného lana,
pripadne viacerych taznych lan pri pouziti tazného stroja s trecim koti¢om. Bubnové tazné
stroje pri tomto spOsobe zabezpecuju tazbu z l'ubovolného obzoru, lebo umoziuju
predlzovat’ alebo skracovat’ tazné lano. V pripade tazby pomocou trecieho kotii¢a mozno
dvojcinne t'azit’ len z jedného obzoru.

Niekedy sa pouzivaji kombinované tazné zariadenia, ktoré sa vyznacuju tym, ze majl r6zne

dopravné nddoby zavesené na obidvoch lanach pri bubnovom zariadeni a na obidvoch koncoch

lana pri tazbe pomocou trecieho kotuca.

TAEME Lamd

Tadmé Lang f TATME LAND
.

fadNT STROJ

faiwuy sTROY

fadny STROJ
PROTIZAvakiE

4

e

DOPRAVHE B Boaa

a) b)

Obr. 1 Tazné zariadenia a) jednoc¢inné a b) dvojcinné

Cielom tohto prispevku je prezentacia simulaéného modelu materidlového toku
pri pouZiti dvojéinného t'azného zariadenia. Simulacia ako vedecka metdda je v stiCasnosti
roz§irena vo vyskume a praxi. V stcasnosti sa vyuzivaji pre tvorbu simulaénych modelov
v rdznych oblastiach (dopravné systémy, manipulacné systémy, vyrobné systémy, urbanistické
systémy, logistické systémy, ekologické problémy a pod [3,4]), viaceré simulacné prostriedky
ako st Witness [5], Tecnomatix Plant Simulation [6], Extend [7] a d’alSie.

V tomto prispevku bude vyuzity simulaénom nastroji ExtendSim [8]. Tento simula¢ny
systém kombinuje moznosti diskrétnej a spojitej simulédcie a je vyhl'adavanym simulaénym
nastrojom pre pocitace platformy PC_MS Windows a aj Macintosh. Tento nastroj vyuzili
viaceri autori pri simulacii v roznych oblastiach [7,9,10].
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Metodologia

Pre aplikovanie simulacie a vytvorenie simulacného modelu je potrebné vykonat’ dokladnu
analyzu materialového toku. V tomto pripade bol analyzovany tok uhlia z podzemia na povrch,
ktory je zabezpeCovany skipovym dvojéinnym taznym zariadenim s trecim kotucom,
ktoré sa vyuziva na slovenskej banskej prevadzke. Materidlovy tok je zobrazeny
na formalizovanej schéme na Obr. 2.

PODZEMIE | POVRCH .
VSTUP: uhlie VYSTUP: uhlie

v zasobniku v zasobniku
nakladanie uhliado zdvih skipu vyloZenieuhliazo skipu
III—> skipovejnadoby [~ suhlimzpodzemia [ do zasobnika _.II
v podzemi na povrch na povrchu

—> pohyb uhlia
= pohyb skipu z uhlim
Obr. 2 Tok uhlia z podzemia na povrch

Ako je vidno z Obr. 2, v podzemi sa uhlie nachadza v zasobniku. Do zasobnika je uhlie sypané
cez vysypnu rampu z banskych vozov. Zo zasobnika sa uhlie plni pomocou pasovej vahy do
skipovej dopravnej nadoby. Po nalozeni uhlia do skipu. Po ukonceni nakladania je skip s uhlim
zdvihany na povrch , kde je uhlie cez spodny otvor v skipe vylozené opét’ do zdsobnika, odkial
je nasledne premiestnené pomocou pasovych dopravnikov na d’alSie spracovanie.

Kedze tok uhlia je zabezpecovany dvoj¢innym zariadenim (dva skipy), takze je dolezité
podotknut’, ze v okamihu nakladania uhlia do skipu (1) v podzemi, prebicha na povrchu
vykladanie uhlia zo skipu (2).

Pre tvorbu simula¢nych modelov boli pouzité bloky z kniznic. ,,Item.lix*, ktora obsahuje bloky
pre tvorbu diskrétnych simulacnych modelov a ,,Plotter.lix* — bloky, ktoré umoziuju zobrazit’
priebeh simulacie. Na Obr. 3 je zobrazeny Print Screen vytvoreného simula¢ného modelu toku
uhlia. Bloky pouZité na tvorbu modelu st vysvetlené v Tab. 1.

ls&r SO

oLl 0

nakldan|e uhl

o =

F
i dio skipu

Rand Rand
o o Eh’irirrl.rr
v = El__ oo
O —o=o
O_smm

Obr. 3 Print Screen simulaéného modelu

Vysledky simulécie a diskusia

Na danom simula¢nom modeli boli vykonané viaceré experimenty. Vstupné udaje boli ziskané
priamo z prevadzky. Cas nakladania a vykladania uhlia do skipu azo skipu sa pohybuje
v rozsahu 90-100 s pre hmotnost’ 10 ton uhlia. Tento interval bol zadany do blokov Random
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Number ako vstup pre bloky Activity. Cas zdvihu skipu z uhlim bol namerany v rozsahu 43-50
s, interval bol zadany do bloku Random Number pre blok Transport.

Na simulaénom modeli boli vykonané viaceré¢ experimenty pre simulovany ¢as 1 hodina
(Experiment A) a ¢as odpovedajuci redlnemu ¢asu prace na danom taznom zariadeni 5 hodin
a 30 minut (Experiment B).

Tab. 8 Pouzité bloky

C) ,Executive® — blok pre riadenie Casu simulacie.
- -

| ,,Create® — blok generuje vstupy do simula¢ného modelu, v tomto pripade
o <V vygeneruje davky uhlia.

,»Queue* — zasobnik, predstavuje rad vygenerovanych vstupov (davky uhlia),

g9 ktoré ¢akaju na nakladku.

b b

Blsensor ,Gate“ — ulohou bloku je zabezpecit, ze poziadavka vstupi do procesu v

@l—llﬂ momente ked’ predchadzajica poziadavka dokonc¢i blok Transport, t.z. Ze v
“ tomto pripade zabezpecuje, ze nakladka aj vykladka prebehne v ramci jedného
casového intervalu.

LActivity 1 —blok zdrzi prvok na uréity ¢as, predstavuje ¢innost’ nakladanie

@’E ) uhlia do skipu

Oy ¥F LHActivity 2 “ — blok zdrzi prvok na ur€ity Cas, predstavuje ¢innost’ vykladania
uhlia zo skipu

Rand |, ,Random Number* — bloky generuju vstupy (¢asy) aktivit (nakladania, zdvihu,
Ginimum vylozenia)
g f ,»Iransport® — prepravuje prvky zjedného miesta na druhé, predstavuje

@0 J)E premiestnenie (zdvih) davky uhlia z miesta nakladania na miesto vykladania

DO =]
o "ﬁ L | »EXit” —vystup poziadaviek, pocet vyloZenych davok uhlia
é‘ —a=a ,Plotter, Discrete Event* — blok zo vstupnych hodnét vykresli grafy priebehov
[ —T

simulacie a hodnoty sledovanych vstupov zapise do tabul’ky.

Priemerné vysledky z experimentov su zhrnuté v Tab. 2. Na obr. 4 je zobrazeny jeden
z vystupov Experimentu A. Modré krivka predstavuje pocet vylozenych davok uhlia, ¢ervené
krivky predstavuju pocet nalozenych davok a ich trvanie. Na obrazku je mozné vidiet', Ze prva
davka uhlia bola vylozena v okamziku, ked’ bola v podzemi nalozena druhé4 davka uhlia.

Tab. 2 Vysledky experimentov

Experiment A Experiment B
Simulovany cas 1 hodina 5 hodin 30 mintt
Pocet nalozenych dévok uhlia 26 142
Pocet premiestnenych davok uhlia 26 142
Pocet vylozenych davok uhlia 25 141
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Vyuzitie bloku ,,nakladanie uhlia do skipu‘ 66,5 66,8

Vyuzitie bloku ,,Transport* 33,5% 33,2

Vyuzitie bloku ,,vykladanie uhlia zo skipu 61,5 66,3
Zaver

Simula¢ny model simuluje materidlovy tok zabezpecovany pomocou banskej zvislej dopravy,
ktora je realizovana dvoj¢innym taznym zariadenim. Vysledkom simulacie v experimentoch
je pocet davok uhlia, ktoré boli premiestnené z podzemia na povrch za simulovany cas
a tiez vyuzitie jednotlivych blokov. Takto ziskany pocet je mozné vyuzit’ pre vypocet hodinovej
kapacity tazného zariadenia a dennej kapacity tazného zariadenia.

2] [28] Plotter, Discrete Event =N (=R ="
E]E]E [T [SILPR/[A] 2 ]]
w w -

Plotter, Discrete Event

. e rrriri
] 0] 1200 1800 2400 3000 3600

Time

Obr. 4 Grafické zobrazenie vysledkov Experimentu A

Simulacny model je vhodnym pomocnym ndastrojom pre rozhodovaci proces ¢i uz pri
projektovani novych systémov alebo hodnoteni existujucich. Rozsirenie modelu je mozné aj o
d’alSie ¢innosti, popr. moze predstavovat’ d’alSie Cinnosti, ktorym by sa mal venovat’ vyskum
do buducnosti.
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SIMULACNE SOFTVERY, AKO EFEKTiVNY NASTROJ
OPTIMALIZACIE PROCESOV

SIMULATION SOFTWARE AS AN EFFICIENT TOOL FOR

PROCESS OPTIMIZATION
Marek KLIMENT — Miriam PEKARéiKoyA — Mati§ MATISCSAK - Jana
KRONOVA

Abstract: The aim of the contribution is to point out the advantages of applying simulation
software and its possibilities in solving the improvement of the efficiency of processes,
especially those of production, but also non-production ones. It is necessary to thoroughly
analyze and define all investigated business processes and their parts, after revealing their
bottlenecks, to establish optimization criteria and goals. When implementing simulation
software in this process, it is necessary to carefully select and edit data for the needs of their
application in such software. This activity can often be more demanding than the independent
processing of simulation models and the subsequent testing of options for the actual
improvement of real processes in the digital environment.

Keywords: Simulation, Plant Simulation, Effecienty, Optimalization

Abstrakt: Ciel'om prispevku je poukazat’ na vyhody uplatnenia simula¢ného softvéru a jeho
moznosti pri rieSeni zlepSovania efektivnosti procesov, predovsetkym tych vyrobnych, ale aj
nevyrobnych. Je nevyhnutné dokladne analyzovat’ a definovat vSetky skimané podnikové
procesy a ich Casti, po odhaleni ich uzkych miest stanovit’ kritéria a ciele optimalizacie. Pri
implementécii simula¢ného softvéru do tohto procesu je nevyhnutné dokladne selektovat’ a
editovat’ data pre potreby ich uplatnenia v takomto softvéry. Tato ¢innost’ mdze byt’ Castokrat
naroc¢nejsie ako samostatné spracovanie simula¢nych modelov a nasledné testovanie moznosti
pre samotné zlepSenie redlnych procesov v digitdlnom prostredi.

Kradové slova: Simulacia, Plant Simulation, Efektivita, Optimalizacia

Uvod

Prispevok je akymsi prierezom vybranych projektov, pri ktorych bol pouzity simulacny
softvérovy modul Tecnomatix Plant Simulation. Uplatnenie naSiel tento softvérovy modul v
roznych situdciach v ramci hodnotenie, analyzy a zlepSovania réznych typov a faz podnikovych
procesov. Vyuzity bol napriklad pri rozSirovani vyroby o nové zariadenia, alebo pri overovani
navratnosti investicie pri inovacii niektorych casti vyrobného procesu. Svoj vyznam naSiel aj
pri rieSeni skladovych priestorov a overovani kapacity paletovych miest. Efektivne bol pouzity
pri optimalizécii procesu vyroby karty na separaciu krvnej plazmy Cobas HIV-1. Z uvedenych
je zrejmé, ze svoje opodstatnenie ma jeho implementacia nie len v strojarskom priemysle a
automotive, ale jeho uplatnenie je Sirokospektralne vsade tam kde je mozné analyzovat nejaky
transformacény proces, pripadne pohyb zasob a materialovy tok.

Optimalizacia pri vyrobe karty na separaciu krvnej plazmy Cobas HIV -1

Pri tomto projekte bol simulacny softvér vyuzity pri rieSeni optimalizacie linky na vyrobu kariet
na separaciu krvnej plazmy, ktoré st vyuzivané najmé v rozvojovych krajinach kde je ochorenie
HIV ovela viac roz$irené ako v dneSnom modernom svete vo vyspelejsich krajinach. Pri tomto
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procese je nevyhnutné dodrziavat’ prisne hygienické predpisy a taktiez normy podl’a ktorych sa
vzorky plazmy uschovévaji a nasledne transportujii z miest odberu na miesta kde sa na nich
vykonavaju d’al$ie testy, ktoré nie je mozné vykonat’ na mieste. Preto sa vzorka plazmy uschova
zabezpecena v podobe karty Cobas HIV — 1.

M i
A § \ A

i

Obrizok 1 Simula¢ny model p6vodného stavu

Pri analyze celého procesu bolo odhalené pracovisko aplikacie finalnej (Obrazok 2.) vrstvy
vyhodnotené ako najkritickejSie a je potrebné vyrobu v tomto bode optimalizovat’.

Obrazok 2 Pracovisko aplikacie finilnej vrstvy v povodnom vyrobnom procese

Cielom optimalizécie bolo usetrit’ ¢as v tomto bode vyroby a tym navysit’ aj kapacitu vyroby.
Viacerymi variantmi a navrhmi zlepSenia sa podarilo tito operaciu nakoniec vylepsit’ a celkovy
proces skrati. Proces vyroby sa skratil vd’aka tomu, Ze sme na tomto stanovisti pridala niekol'’ko
operacii, ktoré sa predtym robili jednotlivo a medzi tymito pracoviskami sa predmetny vyrobok
prestuval za pomoci dopravnikov, ktoré sa v tomto bode vyroby odburali.
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Obrazok 3 Simulacny proces po aplikacii zmien

Na obrazku 4 je vidiet’ model vyrobnej stanice aplikacie finalnej vrstvy po zmenach, ktoré boli
vykonané v ramci optimalizanych opatreni.

L

Obrazok 4 Pracovisko aplikacie finalnej vrstvy s implementaciou zlepSovacich navrhov

Porovnanie vysledkov vyrobného prosesu pred a po optimalizécii je viditeI'né v tabulkach
nizsie.

Tabul’ka 1 Vysledky vyrobného procesu pred optimalizaciou

Operacia Nazov vystupu TPH (ks/hod) Produkcia Transport

Vystup Cobas HIV-1 350 52.94% 47.06%
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Tabulka 2Vysledky pri optimalizaciu procesu aplikacie finalnej vrstvy

Operacia Nazov vystupu TPH (ks/hod) Produkcia Transport

Vystup Cobas HIV-1 699 52.94% 47.06%

RozSirovanie vyroby o nové zariadenia

Dal§im projektom, pri ktorom sa uplatnil simulaény softvér Tecnomatix Plant Simulation, bol
projekt overenia navrhovanej kapacity poc¢tu paletovych miest na sklade. Predmetny projekt sa
tykal chladiarenského skladu v potravinarskom priemysle. Ide o sklad, ktory je momentéalne vo
vystavbe a tlohou projektového timu bolo overit’ navrhovant kapacitu, stanovent investorom.
Pri analyze a samotnom rieSeni tohto projektu sa aj vd’aka vysledkom simulacie niekol’ko krat
menilo planované rozlozenie paletovych miest, ako aj layout celého skladu. Tento projekt bol
spracovany na pomerne vysokej grafickej urovni a celé jeho prevedenie bolo prezentované za
pomoci virtualnej prehliadky za pomoci nahlavnej virtudlnej helmy Oculus.

Obrazok 5 3D projekcia skladu pripravena pre detailnu a virtuilnu prehliadku

Pri samotnej realizacii projektu bol v ramci simulacie vyuzity panel funkcii pre spracovanie
automatického naskladniovacieho a vyskladiivacieho systému.

Toolbox

Material Flow Fluids Resources Information Flow User Interface Mobile Units  User Objects Tools HBW
oo
» o} 5 (N

Obriazok 6 Panel pre simulaciu HBW regalov

Automaticky regalovy zaklada¢ je zobrazeny na obrazku 7.
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Obrazok 7 Automaticky regalovy zaklada¢ v simulaénom sofrtvéry

Projekt rozSirenia vyroby o nové stroje a overenie ich vyt’azenosti

Dalsim projektom je rozsirovanie vyroby a zdvojnasobenie poétu vyrobnych zariadeni a
overenie ich vytaZenosti a kapacity vyroby. V pdvodnom stave vyroby figurovalo 8 vyrobnych
liniek, ktoré vyrabali rozne typy vyrobkov v roznych vyrobnych davkach (Obrazok 8). Tieto
vyrobky sa nasledne balili na jednom baliacom stroji a nasledne boli uskladiiované na sklade,
odkial’ smerovali na export k zakaznikom.

Obrazok 8 Simuldcia povodeného stavu vyroby

Poziadavkou spoloc¢nosti, ktora si nechala vypracovat tento projekt, bolo, zdvojnasobit’ pocet
vyrobnych zariadeni v hlavnej vyrobnej hale z 8 vyrobnych liniek na 16 liniek. Zaroven bolo
potrebné overit' potrebny pocet baliacich strojov, ktoré by zabezpecovali plynulé balenie
vyrabanych vyrobkov. V povodnom stave figuroval jeden baliaci stroj, ktory mal znacnu
kapacitni rezervu vo svojej vytazenosti. Otazne bolo, ¢i bude postacujuce pri vyrobe s
dvojndsobnym poctom strojov navysit pocet baliacich zariadeni taktiez na dvojnasobok
vzhl'adom nato, ze 2 z planovanych novych strojov mali mat’ dvojndsobny vykon pri svojej
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vyrobe, €ize, vyroba sa rozsirovala o 6 vyrobnych zariadeni s vyrobnou kapacitou zhodnou s
tymu sufasnymi a 2 zariadenia mali mat dvojnasobny vykon ako aj kapacitu vyroby.
Poziadavkou taktiez bolo navrhnit efektivny sposob zdsobovania vyrobnych zariadeni zo
vstupného skladu. Pri rieSeni projektu sa spracovalo niekol’ko variantov vzh'adom na skiimanie
najlepSicho spdsobu zdsobovania. Riesil sa navrh zdsobovanie za pomoci dopravnikovych
pasov (Obrazok 9).

Obrazok 9 Navrh naskladiiovania za pomoci dopravnikovych pasov

Druhou variantov bolo do vyroby implementovat’ vlacik s niekol’kymi vagoénmi, ktory by
zasoboval zariadenia niekol’kymi jazdami vlacika pocas vyrobnej zmeny po celej vyrobe.

Obrazok 10 Overenie zasobovacieho vlacika vo vyrobe

Poslednou verziou sposobu zasobovania bolo implementacia AGV vozika, ktory by jazdil
podl’a potreby po vyrobe a zdsoboval jednotlivé vyrobné zariadenia.
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Obrazok 11 Uplatnenie AGV vozikov pri zasobavni vyroby

Zaver

Z uvedenych prikladov je vidiet doélezitost' vyuzitia simulacnych softvérov v rdznych
oblastiach priemyslu, nie len v rdmci strojarskych vyrob a automotive, ale napriklad aj
potravinarstve, zdravotnictve papiernictve a podobne. Simulacie st vel'mi potrebny a uzito¢ny
nastroj ako pri overovani moznosti vylepSenia uz existujucich vyrob, tak aj pri rieSeni
uskuto¢nitel'nosti novych prevadzok, ako vyrobnych tak aj nevyrobnych, napriklad
skladovacich a podobne. Je to spdsob ako rychlo a lacno overit’ rozne navrhy a varianty rieSenia
zmien, ktoré sa nasledne aplikuju v praxi v optimalnej podobe.
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VYUZITIE TAGUCHIHO PLANU PRE OPTIMALIZACIU
VYROBNEJ LINKY

Lucia MOZOLOVA — Patrik GRZNAR — Stefan MOZOL — Milan GREGOR — Martin
KRAJCOVIC

Abstrakt: Simulacia, ako nastroj cieleného zistovania predikcii pre produkény systém si
nachadza cCoraz S$irSie uplatnenie v podnikovej praxi. Pocet experimentov na zistenie
interpretovatel'nych vysledkov je vel'mi vysoky. Preto sa Coraz CastejSie vyuzivaji metody pre
planovanie simulaénych experimentov, medzi ktoré patri aj Taguchiho plan experimentov.
Ciel'om ¢lanku je na praktickej pripadovej $tadii poukazat’ na vyhody planovania experimentov
pri simulécii. Pre plan experimentov bola Vv $tidii vyuzitd Taguchiho matica.

Keywords: simulacia, optimalizacia, planovanie experimentov, Taguchiho plan

Uvod

Simulacia bola v minulom storo¢i oznac¢ovana ako technologia 21. storocia [1]. Rast vykonnosti
vypoétovych systémov umoznil simulovat’ rozsiahle akomplikované systémy [2].
Projektovanie a optimalizacia komplexnych vyrobnych a logistickych systémov je ¢innost,
ktord vyzaduje extrémnu pozornost, nakol’ko chyba v projektovani moze vyrazne ovplyvnit
vykon a spravne fungovanie systému po jeho spusteni, s naslednym narastom nakladov [3, 4].
Simula¢né nastroje umoziuju efektivne planovanie vyrobnych a logistickych procesov [5],
nakol’ko je mozné odhalit’ nielen chyby v projektovani materialovych retazcov [6], ale
umoznuji aj vopred zistit' vykon zariadeni ich naklady na chod a definovat’ uzke miesta
v dlhodobom ¢asovom horizonte [7].

Jednym z hlavnych problémov pri simulacnom experimentovani s komplexnej$imi modelmi je
explodujuci pocet potrebnych pokusov [8]. Tento je mozné redukovat’ s vyuzitim postupu, ktory
je znamy ako planovanie experimentov. Pri simulaénom experimentovani pracuje
experimentator s dvomi skupinami hlavnych premennych [9]. Prvai skupinu predstavuju
nezavislé premenné (nazyvané aj vstupné faktory) [10]. Druha skupina je tvorena odozvami
systému (zavislé vystupné premenné) na zmeny vstupnych faktorov [11]. Z mnoziny odoziev
st najdolezitejSie tie, na zdklade ktorych hodnotime cinnost simulovaného systému,
oznacujeme ich aj ako vystupné parametre systému [12].

Nové metddy planovania experimentov, akymi su napriklad Taguchiho plany experimentov,
umoznili drasticku redukciu poctu pokusov, pricom nutny pocet pokusov je v tomto pripade
rovny poctu faktorov plus jedna (k+1). Cielom clanku je na praktickej pripadovej Studii
poukazat’ na vyhody aku planovanie experimentov pri simulécii poskytuje.

Pripadova Studia

V popisovanom priklade sa jedna o optimalizciu Cinnosti vyrobnej linky na opracovanie
loZiskovych krazkov vybranych v nadnérodnej spolo¢nosti, pdsobiacej v Slovenskej republike.
Vyrobna linka je tvorend 27 pracoviskami. V ramci analyzy citlivosti sa urc¢ilo 7 hlavnych
faktorov, ktoré ovplyvituji vyrobny vykon linky.

Hlavné vplyvné faktory:

e A - Modernizécia brisky 1 (A- pdvodny taktovy ¢as, A+ novy taktovy cas)
¢ B - Modernizicia brusky 2 (B- podvodny taktovy ¢as, B+ novy taktovy ¢as)
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e C - ZniZenie poruchovosti zariadenia na meranie vnitornej dimenzie vonkajSieho krizku
(C- povodna dostupnost’ zariadenia, C+ nova dostupnost’ zariadenia)

e D - Modernizacia meracej stanice na meranie vnatornej dimenzie vonkajSieho kruzku (D-
povodny taktovy ¢as, D+ novy taktovy Cas)

e E - Modernizacia meracej stanice na meranie vonkaj$ej dimenzie vnatorného kruzku (E-
povodny taktovy cas, E+ novy taktovy cas)

e F - Doplnenie druhej plnicky guli¢iek (F- bez sekundarneho stroja, F+ s doplnenym strojom)

e G - Automaticka kontrola na vystupe (G- s pracovnikom, G+ bez pracovnika)

Ulohou je pomocou simulacie overit’ vplyv hlavnych faktorov a ich hladin na vybrany vystupny
parameter linky (vyrobny vykon). Pre planovanie experimentov bol vyuzity Taguchiho plan

experimentov.

Na Obr. 1 je zobrazeny layout vyrobnej linky.

Obr. 1 Layout vyrobnej linky

Na Obr. 2 vidiet’ layout simulacného modelu analyzovanej vyrobnej linky.

SimBeh=8

- = ) - S ——— _a. -
.gl 6}

Obr. 2 Layout simula¢ného modelu vyrobnej linky

Vysledky simuldcie ¢innosti vyrobnej linky st uvedené v Tab.1.
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Tab. 1 Taguchiho plin experimentov a vysledky simulécie

Simulaény Faktory Vyrobny vykon (ks)
beh A B C D E F G |V1|V2|V3| V4 | Priemer
1 -1 -1 -1 -1 -1 -1 -1 (33|34 |46 | 39 38,0
2 -1 -1 -1 +1 | +1 | 41 | +1 | 51|36 | 52| 62 50,2
3 -1 +1 | +1 -1 -1 +1 | +1 | 38 |49 | 48 | 44 447
4 1| +1 | 1| +1 | 1| -1 -1 | 61|56 |69 | 58 61,0
5 +1 -1 +1 -1 +1 -1 +1 | 43 | 51 | 54 | 45 48,2
6 +1 -1 +1 | +1 -1 +1 -1 | 57|51 |71 51 57,5
7 +1 | +1 -1 -1 +1 | +1 -1 (45| 31 | 41| 45 40,5
8 +1 | +1 -1 +1 -1 -1 +1 | 45 | 44 | 56 | 46 47,7

P\rj?_r;‘;r 485|485 | 441 | 42,8 | 47,0 | 48,7 | 49,2

Priemer

48,51 48,5|52,8 | 54,1 | 50,0 | 48,2 | 47,7
V(+1)

Ako vidiet z Tab. 1, v ramci experimentu bolo potrebné realizovat' celkom 8 pokusov
(simulaénych behov). V prvych 7. stipcoch a 8 riadkoch je uvedené matica Taguchiho planu.
V nasledovnych $tyroch stipcoch (oznagené symbolom V), sa nachadzaji vysledky (odozvy)
simulacnych behov (4 nezdvislé experimenty), teda v ramci kazdého pokusu (daného nastavenia
hladin faktorov) boli realizované 4 nezavislé simulacné behy. Pre zvySenie presnosti
Statistickych vystupov bolo pre kazdy simulaény beh vykonanych 10 replikacii a v kazdom
experimente boli menené generatory ndhodnych c¢isiel. Pre simulaciu bol vyuZzity simulaény
syst¢ém Plant Simulation firmy Siemens AG. Pre realizaciu pokusov bola vyuzitd funkcia
ExperimentManager, integrovand v simulacnom systéme. Na Obr. 3 je maska pre nastavenie
planu experimentov v ExperimentManager.
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i .Models.Frame1.ExperimentManager.lnput
Specify the input values for the simulation study.

root.MOL3VER.ProcTime

Input Values Description
1 root.MOL3VER.ProcTime Modernizacia brisky 1
2 root, GR1065.ProcTime Modernizacia brisky 2
3 root.MeasurmentinerdimensionB.Availability ZniZenie poruchovosti na merani vnlutornej dimenzie k...
4 root.MeasurmentinerdimensionB.ProcTime Modernizacia meracej stanice na meranie vndtornej di...
5 root.MeasurmentinerdimensionA.ProcTime Modernizacia meracej stanice na meranie vonkajiej di...
1 root. AssemblyBalls1.Entrancelocked Doplnenie druhej pinicky gulifiek
7 root.Visualcontrol.imp active Automaticka kontrola na vystupe

Cancel

Obr. 3 Nastavenie planu experimentov v ExperimentManager

Pre ilustraciu je na Obr. 4 zobrazena Cast’ vysledkov simulacie pre parameter vyrobny vykon,

pre 128 pokusov, kazdy s 10 replikéciami. Na obrazku su pre kazdy pokus zobrazené minimalne
a maximalne hodnoty parametra a jeho kvartily.

Min-Max intervals with quartiles
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Obr. 4 Grafické zobrazenie vysledkov experimentovania
Simulacia bezala na pocitaci s procesorom Intel(R) Core(TM) 19-10850K, ktory obsahoval 10

jadier. Kazdy simula¢ny beh trval 10 sekiind. V Tab. 2 si vypocitané efekty jednotlivych
faktorov a ich hladin.
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Tab. 2 Efekty faktorov a ich hladin

Faktor Efekt Faktor Efekt Faktor Efekt
A- 48,5 C+ 52,875 E 3

A+ 48,5 C 8,75 F- 48,75
A 0 D- 42,875 F+ 48,25
B- 48,5 D+ 54,125 F 0,5
B+ 48,5 D 11,25 G- 49,25
B 0 E- 47 G+ 47,75
C- 44,125 E+ 50 G 15

Na zaklade vysledkov z Tab. 2 mdzeme urcit’ poradie vyznamnosti faktorov a ich hladin: D+,
C+ E+ G-, F-, A B.
Pre spracovanie vysledkov experimentov bol vyuzity Statisticky softvér Minitab. Pri aplikacii
UFE by bolo potrebné realizovat' celkom 27 = 128 pokusov Ak uvazujeme 4 nezavislé
simula¢né behy, kazdy s 10 replikdciami, narastol by pocet replikacii na 5 120. Pri pouZiti
Taguchiho planu experimentov postacuje vykonat celkom 8 pokusov. Pri 4 nezavislych
simulaénych behoch, kazdy s 10 replikaciami, by pocet replikécii bol rovny 320. Na Obr. 5 je
zobrazené spracovanie vysledkov experimentov v softvéri Minitab.

1 Miritat - Minitao.MP)
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Obr. 5 Vysledky experimentov v Minitab
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Zaver

Aj ked’ su principy zékladnych metod planovania experimentov zname uz celé dekady, ich
praktické uplatiovanie v simulécii je nedostatocné. Hlavnymi dovodmi tohto stavu su
neznalost’ danej problematiky a narocnost’ spracovania. Ciel'om ¢lanku bolo na konkrétnom
priklade z praxe poukézat’ na potencionalne prinosy, ktoré planovanie experimentov prinasa.
Jedna sa najmi o znizenie poctu simula¢nych experimentov potrebnych pre exaktné hodnotenie
vahy jednotlivych faktorov, na zaklade ktorych sa mézeme pri optimalizacii ststredit’ prave na
tie faktory, ktoré maji rozhodujuci efekt na systém.
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PRODUCTIVITY OF PRODUCTION AND POSSIBILITIES OF
AUTOMATION OF THE PRODUCTION ENTERPRISE

Matej KRNOUL — Michal SIMON - Pavel VRANEK

Abstract: The article deals with the analysis of the current state of an unnamed manufacturing
company and assesses the level of production productivity. Some changes and suggestions have
been suggested to optimize and increase the overall productivity. In the next part of the text,
possibilities for automation of sub-activities and processes are revealed. Within automation, the
thesis particularly focuses on three main areas with potential for modernization and automation.
The aim of this thesis was to uncover bottlenecks in the current state of the art and to find
opportunities for possible automation of individual activities.

Keywords: Automation, production effectivity, productivity measurement, industry

Introduction
The thesis deals with the topic of production productivity and the possibility of automation in
a company producing silicone semi-finished products for the chemical industry, healthcare and
other commercial applications. The aim of this thesis is to evaluate the productivity of
production and to identify opportunities for automation of the process and its subcomponents
in the environment of this company. The text will start with an assessment of the current state
of the art, where the different processes will be analyzed and evaluated, and a search for areas
with potential for improvement will be carried out. Within automation, this work focuses on
three main directions:

e Automation of manufacturing processes

e Automation of logistics processes

e Digital enterprise
The company did not track OEE in any way, so it was necessary to conduct multiple time studies
of the workers to get an overview of overall productivity and to find possible bottlenecks of the
process.

Summary of the time studies

The time study of the workers' working day revealed some process bottlenecks. Cleaning of
machines is very time consuming and this function needs to be performed at every material
change. On average, the machine operator spends more than 90 minutes per shift manually
cutting material on the rollers and 15 minutes operating the machine control panel. A worker
spends 20 minutes per shift completing documentation, so the information retrieval process
needs to be optimised and revised. Separating the input material when it arrives as a whole
block is a physically very strenuous activity. The shift preparer spends 25 minutes weighing the
finished product into the warehouse and 15 minutes manually winding the packaging film. He
spends 40 minutes out of shift driving with an unloaded handling unit, such as round trips and
after-running. A warehouse worker spends an average of 10 minutes a day loading material into
production. This low time is since the material is picked continuously throughout the duration
of the shift and order. It takes a warehouse worker approximately 10 minutes to load a truck
and 35 minutes to unload a truck. Other bottlenecks and potentially wasteful processes were
identified by monitoring the production process and communicating with workers [3].
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Shortcomings
The following deficiencies have been identified through an analysis of the current state of the
site and production process. In the following, these deficiencies will be presented and described
in more detail.

a. Information transfer at shift change

At the shift change, the worker ending the shift should hand over his/her workstation and the
information about the allocated job to the incoming worker. He should also tell him the time of
the screen change for filtering the dirt material. These screens must be changed several times
per shift and carry a regular material cost. At present, the information on the time of sieve
change is not communicated between the workers, so the incoming worker automatically
changes the sieve immediately, thus avoiding the possibility that the sieve is already clogged
and does not perform its function correctly. This creates material waste, which could be
eliminated, for example, by introducing an information board at each workstation where the
worker would always write the date and exact time of the sieve change. In this way, the
incoming worker would be able to estimate how long the sieve would still be sufficient for its
function and would not have to change it at the beginning of each shift.

b. Obsolete machines and their controls

As mentioned in the previous text, the machines used for production are of an older date of
manufacture and therefore do not meet many of the now standard features of recently
manufactured machines. One of these problems is the lack of automation on most of the
machines used. This entails the need for laborious manual cutting of the material using a spatula
and feeding the material back into the mixing rollers. Another shortcoming of these machines
is the outdated control unit of the machine. For example, if the operator wants to increase a
parameter, he must press the button repeatedly to add a value, where each press increases the
value by only one unit. Modern machines have the option of writing the desired value and then
the machine automatically re-sets itself to that value. This need to repeatedly press the control
unit button delays production operators and distracts them from their productive activities.

C. Material handling

Workplace supply currently operates through the activities of warehousemen who load input
material for production. However, this material is often brought in for the entire job at once and
begins to pile up in the input material area. This leads to a shortage of storage space and the
material is often stored in such a way that it encroaches on the handling aisle. Ideally, input
material should be introduced in such quantity and frequency that it covers the production needs
and there is no build-up in these storage areas. Another problem with material handling is that
the operator is often forced to take the pallet of finished goods away himself using a pallet truck
due to prepper overload, and this keeps him away from his primary function, which is machine
operation and production.

d. Large amounts of paper documentation

Much of the company's internal documentation is in paper form and it takes workers a long time
to fill out the documents they use daily. These documents are often multi-page with many lines
to be filled in and the information value of these documents is not clearly measurable. Digitising
and simplifying these documents would simplify and speed up their completion, while making
them more archivable and traceable when needed.
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Suggestions for increasing productivity

The following section focuses on suggestions for potential productivity improvements in the
production and logistics process. Process locations with potential for improvement were
revealed in the current state analysis chapter. Optimisation of these processes will be proposed
in this text.

a. The technological process

The process flow is not standardised for the material in the current state. There is a wide range
of possible operating temperatures of the different machines and the operation time of the
machines is not standardised. The prescribed production time depends on the type of additive
or dye used. The line operator must therefore know from his own experience how long the
material needs to be mixed in the cylinders before extrusion. The technological procedure is
therefore very individual and not standardised. Standardising the process would standardise
production times and increase the possibilities for planning the use of machine capacity.

b. Modernization of control panels

Most machine control panels are very outdated. By modernising the control panels, it would be
possible to speed up the movement of machine parts and reduce the time required to operate
the machines. The current extruder control panels include buttons to start and stop the main
motor and oil pump, as well as an emergency button to stop the machine and a button to increase
and decrease the screw speed. The screw speed controls the speed at which material is extruded
from the extruder through the screen. Other information that is displayed on the control panel
is the temperature and pressure in the extruder strainer head and the current screw speed. The
auger speed control buttons operate on an analogue basis, so it is necessary to press the button
once to change by one speed unit. Upgrading this control panel would provide the ability to
digitally set the desired speed and the machine would immediately start operating at that speed
without tedious button pressing. Rolling machines have the same problems with control panels.
Compared to extruders, with rolling machines, more production and machine parameters need
to be regulated and controlled. The production flow is dependent on the speed of rotation of the
rollers and the gap between them. The gap between the rollers is used to correct the mechanical
forces and thus mix the material to be produced. This control panel is equipped with a black
and white display which shows the data on the gap between the rollers, the speed of each roller
and the tension on each roller. By upgrading and digitising this equipment, it would be possible
to receive and analyse data in real time, while reducing the time taken to change the working
position of the rollers and the rotation speed. In addition, there would be an option for automatic
process setup using a control program and the operator could have a pre-set mixing program
for each type of material. This would standardise the workflow and make the overall machine
control easier.

C. Optimisation of the production plan

The production plan is drawn up continuously several weeks in advance and the logistics
department is responsible for drawing it up. The production plan process starts with the receipt
of an order from a customer. This order is submitted through the company's German department
and entered the software containing the order list. The logistics department incorporates this
request into the production plan and the order is then confirmed internally. In the next stage,
the input material is either ordered for the date or checked for its presence in stock. At the time
of the scheduled date, the material is produced, and the production cycle continues and the
product flow through the production process illustrated here. In the current state, the production
process is managed with respect to priority orders and top customers, which are given priority
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over other orders when establishing the production plan with respect to deadlines. Each
production order entails high non-productive times due to cleaning of machines after the
production of the material is completed. These times for cleaning and other cleaning operations
after the completion of the job average around 60 minutes per line per shift. This is due to the
nature of chemical production and the high requirements for material quality, required
homogeneity and overall cleanliness. By suitable optimisation of the production schedule, it
would be possible to produce orders of the same material in sequence and thus achieve the
greatest possible reduction in these unproductive times or parts thereof. Reducing machine
downtime would lead to an increase in the possible total machine utilisation and an increase in
production capacity.

Process automation

There are currently several projects where there is considerable potential for automation. These
production improvement initiatives are in the design phase and additional information and
evidence is currently being gathered to assess their potential benefits and the extent to which
production processes can be improved.

Automation of Automation of logistics o )
) Digital enterprise
production processes processes
o _ Automatic production Digitisation of data
Mixing unit ) ]
loading collection

Automatic weighing of )
N o ) Automation of data
Silicone block separator finished products into the

collection
warehouse
Coiling and cutting of Automatic weighing of Reporting and data
packing material dispatch visualisation

Table 1 — Automation options

Automation of production processes

The following section will discuss the possibilities of automating manufacturing processes.
These processes can include all machinery and equipment intended for the production of the
final product and involved in the production process. Several locations with potential for
automation have been identified.

a. Automatic mixing unit on the cylinder
Most of the machines are not equipped with an on-roll mixing unit in the current technical
design. Therefore, the silicone has to be manually and very laboriously separated from the
rollers with a scraper and returned between the rollers to mix well and evenly. Automatic
mixing equipment mixes the silicone many times faster and the worker can concentrate on other
activities while mixing. This device automatically disturbs the material with the paddles and
returns it to the working area of the rollers by moving it sideways. As a result, the material is
mixed faster and better than with manual mixing. The introduction of automatic mixing units
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into the existing technical design of all production lines promises a reduction in laborious
manual work and an overall acceleration of the production process.

b. Automatic separator for large silicone blocks

The base material is very often supplied as a single silicone block. This silicone block
sometimes weighs more than 200 kg and hasto be cut into small pieces, which are then gradually
thrown in between the mixing rollers by the machine operator. The material is cut by hand using
a steel string. This is a very tedious and often very tiring activity for the worker. This separator
would automatically or semi-automatically cut the material into smaller pieces and would save
the machine operator a lot of manual exhausting work and speed up the whole production
process. This equipment would also be mobile so that it could be moved around the production
floor and could serve multiple workstations. By implementing an automated silicone block
material separator, the risk of occupational illness can be reduced. These illnesses occur when
there is a monotonous physical load or periodic use of only one part of the body. These diseases
include carpal tunnel disease, tendon, muscle and joint diseases and other diseases associated
with prolonged excessive physical stress

C. Automatic wrapping film winder and cutter

The films in which the manufactured material is packed have certain standardized dimensions.
The individual parts of the packaging material are cut with a breaking knife from a manual
winder. This wound layer must be wound to a thickness of approximately 10 mm before it can
be cut. The manual winding of the film takes a long time and it is time-consuming and
dangerous to cut off the required piece of packaging material with a cut-off knife. The new
automated machine would roll up a layer of film and automatically cut it into specified lengths
according to the number of pieces required. The introduction of this solution would increase
worker safety and the speed of production support processes. From a snapshot of the working
day of a production preparer, who has film winding in his job description, it was observed that
film winding takes an average of 15 minutes out of a work shift. The introduction of an
automatic machine for winding and cutting packaging film would eliminate this time. The
preparer would just push a button, he could leave to do other work. When the film was unwound
and cut, he would take it to the production line.

Automation of logistics processes

In this chapter the possibility of automating logistics processes will be discussed. The basis for
the implementation of automation of logistics processes is the use of standardised packaging
units. Standard Euro pallets are used in the production process, so there is some potential for
planning autonomous trucks. In the current solution, machine operators often take the finished
pallets of material to the warehouse using pallet trucks. This is done when the warehouse
operators are busy. This process could be automated by acquiring automatically controlled
pallet trucks. The AGV can organise the collection and delivery of the material itself and the
worker can focus on more productive activities. If set up appropriately, these automatically
guided trucks could also deliver material to the workstations and minimize the number of
materials stored at the machines to the necessary inventory levels needed to ensure production.
This solution entails a high initial investment and a thorough payback analysis would be
required. [2]

Digital enterprise

Data digitisation, automated data collection and digital visualisation is becoming the standard
for data collection and subsequent work with data. The collection of large volumes of
production data is now one of the most important bases for the creation of analyses and reports
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and serves as a basis for decision-making processes and predictions of future states. Therefore,
it is important that the data is collected, categorised and managed in the best possible way.

a) Digitisation of data collection

To enable the digitisation of data collection, | propose to equip each machine with an industrial
tablet. A waterproof and dustproof tablet would be used to record downtime and share
information about the line and material produced in the event of a shift change. This operator-
recorded data would be automatically transcribed via a real-time internet connection to a shared
drive or storage device where the collected data could be immediately manipulated by the
supervisor or management, providing an instant overview of production status and machine
downtime. Subsequently, the software would contain information on screen replacements, thus
providing a record of the actual consumption of screens in relation to individual orders. How
such a software could look like is shown in Figure 5. This software would also be used to pass
information between workers at shift changeover and would have a runsheet with the
production process for the material being produced available for writing and reading.

b) Automation of data collection

Automation of data collection is a prerequisite for the creation of databases containing
production information and is an important component for the evaluation and further work with
this data. Data collection can be automated by introducing complex data collection using
sensors through the implementation of new control panels on existing machines as proposed in
the chapter above. Another option is to use individual sensors and deploy these sensors on
important machine parts and then process the collection of this data. With the automation of the
data collection, the volume of data recorded will increase several times and therefore these data
packages will need to be efficiently sorted into a database, standardised and then further
processed. Thanks to data automation, production reports can be automatically recorded on an
ongoing basis and the execution of the production plan can be monitored.

c) Reporting and data visualisation

Automatically collected and digitized data needs to be transformed into valuable outputs. These
outputs need to be further handled and reported on for the purposes of production status
mapping, process optimization and continuous improvement. Data visualisation applications
such as Excel charts or Power Bl can be used for this purpose. Power BI is very suitable for
implementation, as it is very clear, and the evaluated data can be filtered and graphically
visualized [3]. For the reporting capabilities of this data, instead of the existing shopfloor
whiteboard, | propose to place a TV on the wall in the place of the daily meetings, which would
display the production data from the previous day in digital form with the possibility of sorting
the data and a comprehensive evaluation of the production status. In this way, the digital
visualisation of data looks more coherent and is much clearer for the reader than data written
on a whiteboard using a marker. The sequence of the proposed data collection, reporting and
visualization process is schematically shown in Figure 1.
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Figure 1 - the enrolment and data collection process

Conclusion

Optimizing and increasing the productivity of production is a very important aspect of
manufacturing enterprises. The more efficiently an enterprise can produce its products, the more
potential it has for its all-round growth and in the competitive struggle. Therefore, it is important
for every manufacturing enterprise to focus on eliminating all kinds of wastage and uncovering
its potential bottlenecks. Wastage activities and bottlenecks can be detected in several ways
such as direct measurement of production productivity or by using various indicators for
production performance and efficiency. Once these are discovered, corrective action needs to
take place. This can be achieved by rationalisation, workplace optimization or automation of
sub-processes. Businesses that can continuously improve their production processes have the
best chance of succeeding in today's fierce competition and pushing their product through to
the customer. This text looks at production efficiency and automation opportunities in a specific
manufacturing company. First, the theory required for this thesis was introduced, where basic
concepts were defined and options for measuring production productivity and options for
automating sub-processes were presented. In the practical part, an analysis of the current
situation and an introduction of the manufacturing enterprise was made. An analysis of the
company's production was carried out and snapshots of the working day of each job were
developed. As a result, places with potential for improvement were revealed. Furthermore, the
internal production documentation was analysed to reduce the amount of manual paper
documents. For the bottlenecks identified, changes were proposed to increase labour
productivity using automation of sub-processes and machines.
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PREHLED PRUMYSLOVE AUTOMATIZACE
V INDUSTRY 4.0

Tomas BROUM — Miroslav MALAGA — Michal SIMON — Michael FRONEK

Abstrakt: Piispévek se zabyva primyslovou automatizaci, zejména primyslovymi roboty. V
prvni Casti je popsan automatizovany vyrobni a montazni proces, automatizované systémy,
jejich typy, vyhody a nevyhody. V druhé ¢asti jsou popsany moznosti automatizace a divody,
které k ni vedou. Déle je zde automatizace popsana a rozdélena dle velikosti.

Klic¢ova slova: Automatizace, robot, robotika, Industry 4.0

Uvod

V dnesni dob¢ dochazi k rostoucimu zajmu o vyuzivani automatickych vyrobnich zatizeni, a to
predevsim kvili neustale rostoucimu tlaku na zvySeni produktivity a kvality vyroby. DalSim
diivodem je naptiklad zvySeni konkurenceschopnosti firem a jejich udrzeni na finan¢nim trhu.
Diky automatizaci dochazi ke zméndm ve vyrobnich, technologickych a celkové v logistickych
procesech, a to nejen ve strojirenstvi, ale i v dalSich sektorech. V ramci automatizace jak celych
procest, tak jednotlivych tkonl v procesech se v riznych odvétvich ¢im dal vice prosazuji
predevsim manipulatory a roboty. ZvySovani efektivity, kvality a produktivity prace nelze bez
modernizace, rekonstrukce a automatizace vyrobnich zatizeni zajistit.

Automatizovany vyrobni a montaZni proces

Pokud se zamyslime nad futuristickymi vyrobnimi zafizeni a procesy, mize pfijit do mysli
automatizace v prostiedi sci-fi, kde nejsou pfitomni lidé a vyrobni linky jsou fizeny z druhé
strany planety Zemé. V takovych systémech jsou vSechny ¢asti pln€ autonomni, plni tkoly s
neuvéfitelnou piesnosti, nepotiebuji spat, nepotiebuji obCerstveni, neplytvaji, zkratka jsou to
idealni pracovnici, které si kazdy vyrobce pieje. JelikoZ nas tempo ristu technologii rychle
pfenasi do skutecné budoucnosti, vyrobci se musi pozastavit, aby prozkoumali ucel
automatizace a nejlépe tidili jeji smér. Ve vSech primyslovych odvétvich se technologie vyviji
stale silnéji, a proto je tfeba stale sofistikovanéjSich feSeni problémi. Rychlost pokroku lze
popsat jednoduchym srovnanim. Na zacatku tfetiho tisicileti si lidé nemohli pfedstavit celou
fadu programil a sluZeb, jako jsou videokonference, cloudové uloziste, virtualni realita nebo v
neposledni fad€ aplikace pro chytré telefony. Ve vyrobnim procesu by si malokdo piedstavil
uceleny vyrobni systém pocinaje autonomnimi zaskladiovacimi systémy pies zcela
automaticky fungujici obrabéci centra a robotizované montazni linky po expedici, kterd si
vystaci s jednim kédem a vyrobené zbozi bezchybné nalezne svého koncového uzivatele. Strmy
naruist automatizace lze popsat dle celosvétového poctu primyslovych robotd, které jsou jednim
ze zakladnich stavebnich kamenli automatiza¢niho procesu. Z obrazku 1 lze vypozorovat
zacinajici meziro¢ni exponencialni trend v poc¢tu dodanych priimyslovych robott, ktery naplno
vystihuje smér, kterym se soucasny primysl ubira. [1]
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Obr. 1 Pocet implementovanych pramyslovych robotii meziro¢né celosvétoveé [2]

Automatizované systémy

Automatizované systémy zvysuji efektivitu vyroby v tovarnach a sniZuji ¢asovou naro¢nost
vyrobnich operaci. Zaroven tyto systémy zkvalitiluji pracovni podminky a zvySuji jejich
bezpecnost. Tvoii také nepostradatelnou jednotku v oblasti kontroly kvality. Zamé&stnanci by
museli vynalozit mnohondsobné vice Usili, aby dosahli za sménu to, co nyni mohou dosahnout

™ 1 v 1 E p->

Obr. 2 Automatizovay montazni proces [1]
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Automatizované vyrobni systémy se nyni staly normou pro masové vyrobce. Maximalni vykon
a efektivita se staly zlatym standardem pro dodavatele a cokoli méné bude mit za nasledek
ztratu termind a ztratu zisku v disledku pomalé, neefektivni vyroby. Cilem automatizovanych
prumyslovych systému je udrzovat Spickovou ziskovost v uzavieném vyrobnim zavod¢. Nyni
je také nezbytné spravné zavést automatizované vyrobni systémy s cilem zvysit vyrobu a snizit
naklady. Primyslova technologie je daleko za hranici pouZzivani systému "one size fits all". Je
dilezité, aby byla realizovana vlastni feseni s cilem dosahnout maximalniho zisku. [3]

Klady a zapory automatizovanych systému
Vyhody automatizovanych vyrobnich systému jsou podstatné, jakmile jsou implementovany,
ale je otazkou, zda stoji za velké pocatecni investice. V nasledujici ¢asti jsou popsany vyhody
a nevyhody implementace automatizace primyslovych procesu. [4]
Vyhody:

* Bezpecnost,

* Zvysena produktivita,

* ZlepSeni kvality produktu,

* Vys8i vynosy,

* Pfesné;jsi sbér dat.

Nevyhody:
* Néklady na pocatec¢ni investici,
* Vyména néhradnich dild,
* Nutnost servisu.

Nejen, Ze automatizované primyslové systémy zvySuji vyrobni kapacitu, ale zlepsuje se kvalita
této vyroby spolu s vétsi bezpeCnosti obsluhy zafizeni. Tyto systémy mohou byt také
nakonfigurovany tak, aby poskytovaly piesnéjsi udaje pro optimalizaci slabych mist a vyrazné
snizily vady produktt v disledku lidské chyby. [5]

Nejvétsi nevyhodou pro implementaci automatizovanych vyrobnich systému jsou pocatecni
naklady. To zahrnuje nédklady na strojni zafizeni a implementaci automatizovaného
programovani, stejné jako Skoleni zaméstnanci o spravé téchto novych systémi. Avsak

navratnost téchto investic se pohybuje okolo n&kolika let. [5]

Typy automatiza¢nich systémii

Typy automatizacnich systému Ize rozdé€lit do nasledujicich tii kategorii:
* Pevna automatizace,
* Programovatelna automatizace,
* Flexibilni automatizace. [6]

Pevna automatizace
Jedna se o systém, v némz je sekvence operaci urcena konfiguraci zafizeni. Operace v sekvenci
jsou obvykle jednoduché. Jedna se o integraci a koordinaci mnoha takovych operaci do jednoho
zatizeni, které Cini systém slozitym. Typické vlastnosti pevné automatizace jSou:

* Vysoka pocatecni investice pro vybaveni na zakazku,

* Vysoké produkéni sazby,

* Pomérné€ nepruzny pii ptizpiisobovani zmén produktu. [6]
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Ekonomické odiivodnéni fixni automatizace se nachazi ve vyrobcich s velmi vysokymi naroky
na spotiebu a objemy. Vysoka pocate¢ni cena zatfizeni miiZze byt rozloZzena na velmi velky pocet
jednotek, coz ¢ini jednotkové néklady atraktivni ve srovnani s alternativnimi zpiisoby vyroby.
Ptiklady pevné automatizace zahrnuji mechanizované montdzni a obrabéci prenosové linky.
Pevna automatizace je v souc¢asné dobé¢ synonymem hromadné a velkosériové vyroby. [6]

Za priklad pevné automatizace lze povazovat vyrobu Sroubll. Vyznacuje se tim, ze cely cyklus
doprovazeji jednoucelové stroje, které jsou striktné urceny pro jednu ¢innost a nejsou schopny
provozovat jinou ¢innost bez zasadniho zasahu do konstrukce stroje. Tato vyroba je schopna
produkovat tisice i vice kust denné. Na obrazku .. Ize vidét Srouby opoustéjici vyrobni systém
na pasovém dopravniku. [6]

????
-

Programovatelna automatizace
V tomto piipadé je vyrobni zafizeni navrZzeno tak, aby bylo mozné ménit potadi operaci tak,
aby vyhovovaly riznym konfiguracim produktu. Operacni sekvence je fizena programem, ktery
obsahuje sadu instrukci kédovanych tak, ze je systém muze Cist a interpretovat. K vyrobé
novych produktd Ize pfipravit nové programy a vlozit je do zafizeni. Nékteré funkce, které
charakterizuji programovatelnou automatizaci, jsou:

* Vysoka investice do zafizeni pro vSeobecné ucely,

* Nizk4 produkéni sazba ve vztahu k pevné automatizaci,

* Flexibilita pfi feseni zmén v konfiguraci produktu,

* Nejvhodnégjsi pro vyrobu SarZzi. [6]

Automatizované vyrobni systémy, které jsou programovatelné, se pouzivaji v nizkém a
sttednim objemu vyroby. Casti nebo vyrobky jsou obvykle vyrabény v davkach. K vyrobé
kazdé nové davky jiného vyrobku musi byt systém pieprogramovan sadou strojnich pokynt,
které odpovidaji novému produktu. Musi se také ménit fyzické nastaveni stroje: Musi byt
nacteny informace o nastrojich, musi byt pfipevnény piipravky ke stolu stroje a musi byt také
zménéno nastaveni stroje. Tento postup piechodu trva déle. V dasledku toho typicky cyklus
daného produktu zahrnuje dobu, béhem niZ probihd nastaveni a pfeprogramovani, po némz
nasleduje obdobi, ve kterém se vyrabi davka. Pfiklady programované automatizace zahrnuji
numericky fizené obrabéci stroje a primyslové roboty. [8]

Ptikladem programovatelné automatizace je montdz spalovacich motord, kterou lze vidét na
obrazku 1-4, kdy je robot schopen provadét nékolik ¢innosti s bezkonkurenéni rychlosti. V
pfipad¢ zmény sortimentu nebo ¢innosti 1ze robot pouze pieprogramovat na nové podminky
bez nutnosti zdsahu do jeho mechanismii ¢i elektro zapojeni. [§]
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Obr. 4 Automatizovana kompletce spalovaciho motoru [9]

Flexibilni automatizace
Jednd se o rozSifeni programovatelné automatizace. Flexibilni automatizovany systém je
takovy, ktery dokaze vyrabét celou fadu produkti a prakticky neztraci ¢as pti prechodu od
jednoho produktu k druhému. Pii pfeprogramovani systému a pii zméné fyzického nastaveni
stroje nedochdzi ke ztrat¢ vyrobniho casu. V dusledku toho systém mize vyrabét rizné
kombinace a plany vyrobkil misto toho, aby vyzadoval vyrobu oddé€lenych davek jednotlivych
vyrobku. Vlastnosti flexibilni automatizace Ize shrnout takto:

* Vysoka investice pro zakaznicky system,

* Pribézna vyroba proménnych smési produkti,

* Miry stfedni produkce,

* Flexibilita pro feSeni zmén navrhu vyrobku. [6]

Zakladni funkce, které rozlisuji flexibilni automatizaci od programovatelné automatizace, jsou:
* Schopnost ménit dil¢i programy bez ztraty ¢asu vyroby,
* Schopnost piepnout fyzické nastaveni, opét bez ztraty ¢asu vyroby. [6]

Tyto funkce umoznuji automatickému vyrobnimu systému pokracovat v produkci bez
prestavek mezi davkami, které jsou charakteristické pro programovatelnou automatizaci.
Zmeéna dil¢ich programi se obecné provadi pfipravou programt off-line v pocita¢ovém
systému a elektronickym pfenosem programill do automatizovaného vyrobniho systému. Proto
Cas potfebny k programovani pro dalsi ulohu nepierusi vyrobu na aktudlni tlohu. Pokroky v
technologii pocitacovych systéml jsou z velké ¢asti zodpovédné za tuto programovaci
schopnost v pruzné automatizaci. Zména fyzického usporadani mezi jednotlivymi ¢astmi se
provadi tak, ze prepnuti probihd mimo provoz a soucasné se premisti na misto, zatimco dalsi
¢ast se dostane do pozice pro zpracovani. Pouziti paletovych piipravka, které drzi soucasti a
prenasi se na pracovni misto, je jednim ze zplsobl implementace tohoto ptistupu. Aby byla
flexibilni automatizace uspe€sna, je nutné zajistit zpravidla omezenéjsi rozmanitost soucasti nez
v systému fizeném programovatelnou automatizaci. [6]
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MozZnosti automatizace

Pti myslenkach na automatizaci je nutné zvazit, zda bude mit automatizace kyzeny vysledek.
Zaroven je nezbytné provést studie proveditelnosti z ekonomického hlediska. Je nutné
definovat, které vyhody chceme automatizaci dosdhnout, a kterych negativnich vlastnosti
soucasného neautomatizovaného vyrobniho systému se chceme zbavit, respektive
minimalizovat je. Mezi tyto negativni Cinitele mohou patfit vysoké naklady na pracovni silu,
nedostatek kvalifikovanych pracovnikli, nedostate¢nd bezpecnost prace, vysoké rezijni
naklady, apod. Diivody, které vedou k rozhodnuti automatizovat Ize rozdélit do nékolika
skupin. [10]

Vynucena automatizace
V ptipadech, kdy je prace clovéka nahrazena automatem, z divodu urcitych skutecnosti.
Takové ditvody k ndhrad¢ ucasti clovéka na procesech automaty, mohou byt nasledujici:

* Bezprostiedni pfitomnost pfedstavuje pro ¢lovéka nebezpeci (Casto smrtelné), napi. prace
ve velkych hlubinach, u manipulace s vysoce radioaktivnimi materidly, prace spojené s
nebezpecim vybuchu, prace za extrémné vysokych teplot,

* Pfimé ucast ¢lovéka mu zplsobuje fyzickou Unavu nebo na ného proces plisobi jinak
nepiiznivé (teplo, prach, vlhko, otfesy, hluk) s moznymi zdravotnimi nasledky — napt. prace u
vysokych peci, v dolech, cementarnach, chemickych provozovnach, apod.,

« Cinnost ¢lovéka je piicinou chyb, jejichZ nasledky vedou ke znaénym ztratam nebo jsou
znacné neptiznivé. Napft. automatickd navigace letadel v mlze pfii piistavani,

« Clovék neni schopen vykonavat potiebnou &innost z hlediska presnosti, rychlosti, rozsahu
nebo jinych pfic¢in. Jednd se o ptipady fizeni raket, vyroby Cipli nebo ovladani parnich a
spalovacich turbin,

* Musime pouzit automatické zafizeni, protoZze z rtiznych divodi nemuze byt pfitomen
Clovek, ktery by mohl dané cinnosti vykonavat. Jako ptiklad Ize uvést simulator srdce,
automatické signaliza¢ni boje v mofti nebo kosmické sondy,

* Automatické stroje vykonaji pozadované ukony s vyssi jakosti nez ¢lovék. Pfikladem mohou
byt svafovaci ¢i lakovaci priamyslové roboty. Ty jsou schopné vést pohyb mnohem
rovnomérnéji a piesnéji, ¢imz vytvareji kvalitné;si findlni podobu vyrobku,

* Neni mozné si dovolit vazat tolik lidské prace, napf. automatické vydavani jizdenek,
automatickd pocitadla poctu aut na parkovisti a tim pocet volnych mist nebo automaty s
obcerstvenim, které jsou schopné obsluhovat zékazniky v jakykoliv okamzik. [10]

Ekonomicky zdivodnéna automatizace
Z hledisek trzni ekonomiky Ize vychazet z nasledujicich divodi:

* Vyuziti automatického stroje piedstavuje sniZeni jednotkovych a reZijnich nakladi ve
srovnani s neautomatizovanou vyrobou. Zvlasté se jedna o mzdové naklady na pracovni silu a
uspory materialu (stroj pracuje presnéji, a proto produkuje méné odpadu),

* Pouziti automatického pojeti vyroby umoznuje zvySeni produktivity prace a objemu vyroby,
takZe jsme schopni vyrobit vice za méné ¢asu v porovnani s neautomatizovanou vyrobou,

* Pouziti automatiza¢niho zafizeni umoziiuje snizeni ndklada na vyrobni plochy, skladovaci
prostory, opotfebovani stroji, administrativni prace a spotfebu energie,

* Automatizace podporuje zkraceni pritbézné doby vyroby a vyvoje. Diky automatizace je
mozné ziskat konkuren¢ni vyhodu pied ostatnimi,

* Automatizaci lze pruznéji vyhovét pfanim zdkaznika a ziskat si ho tak pro koupi dalSich
vyrobkd.
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» Automatickymi stroji Ize dodat vyrobkim urcité funkcni vlastnosti vitané zékaznikem, takze
se vyrobek proda vétsimu okruhu zédkaznikii,

» Je mozné automatizaci dosdhnout nadstandartni jakosti, kterd se milize promitnout do
zvysené ceny vyrobku,

* Diky automatizovanym vnitrofiremnim informacnim systémim lze ziskat jistou
konkurencni vyhodu. Jedna se o rychlejsi pristup k informacim, o potitebach zadkaznika nebo
rychlejsi napravy problému. [10]

Dalsi pripady automatizace
Mimo vynucené a ekonomicky zdlivodnéné automatizace lze popsat nasledujici ditvody:

* Prestiz jednotlivych firem ¢i instituci, které chtéji dokumentovat své konstrukéni, technické
nebo finan¢ni schopnosti a moznosti

* Snaha zajistit ¢lovéku pohodli, jako priklad Ize uvést napt. veskerd dalkova ovladani
spotiebicil nebo elektronickych zatizeni, které mize pouzivat i neodbornik

* Snaha zajistit nadstandartni pfisun informaci o stavech vyrobnich zafizeni, vyrobnich
podminek, chybach apod.

» ZabezpeCeni ekologického standartu, kterého lze pomoci automatizace docilit bez
jakychkoliv omezeni. Jednd se o rizné monitorovaci systémy, fizeni optimalniho spalovani pro
docileni minimalnich emisnich hodnot apod.

» Automatizace muize byt také zdrojem a pfedmétem zabavy, napf. automatickd losovaci
zafizeni, hraci automaty, simulatory sportovnich her apod. [10]

Velka automatizace

Automatizace povazovana za velkou se opiré o instalaci klasickych primyslovych robotti. Tyto
roboty maji vétSinou hmotnost piesahujici 50kg. Jsou instalovany v kombinaci se
sofistikovanym bezpecnostnim systémem, ktery je tvofen predev§im bezpecnostnimi ploty, ale
také optickymi zavorami, ¢idly a prvky kontrolujicimi vSechny aspekty vyrobniho ¢i
montazniho procesu. Jednd se o automatizace manipulacnich, svafovacich, povrch
upravujicich, paletizacnich nebo fezacich procesli. Vzhledem k nutnosti zajistit bezpec¢nost
pomoci plotii jsou s vyhodou instalovany vétsi skupiny robotli uzce napojeny na dopravnikové
systémy, vyrobni stroje, Cistici stroje apod. Instalace zapadajici do skupiny velkych
automatizaci jsou ve vétSin¢ pripadil zalezitosti investice v fadech milionti K¢, proto jsou
vyhradné voleny ve velkosériovych vyrobach, kde je mozné dosahnout navratnosti investice
behem nékolika let ¢1 diive. Pro tyto instalace jsou moZné pouze minimalni Gipravy vyrabénych
vyrobkd, a to pfedev§im z divodu mechanickych schopnosti celého systému. Roboty jsou
instalovany dle pozadovanych nosnosti a dosahii, proto nelze zménit vyrobu z pohledu
hmotnosti nebo velikosti vyrobku. Pokud jsou i pfes zménu zachovany fyzikalni vlastnosti,
vétSinou se nelze vyhnout upravam uchopovacich prvk, pripravkl ve strojich, na dopravnicich
apod. Jakakoliv zména automaticky generuje naklady spojené s upravou mechanickych prvkd,
pfipadné elektroniky a pneumatiky. [11]
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Klasické primyslové roboty disponuji bezkonkuren¢nimi parametry, které nelze docilit pomoci
pracovnikl. Tyto parametry Ize popsat na n¢kolika ptikladech:

» Maximalni rychlost: 6 m/s,

* Maximalni nosnost: 2300 kg,

» Maximalni dosah: kruh okolo zékladny s polomérem 4683 mm,

* Schopnost pracovat pod vodou,

* Schopnost pracovat v zZivot ohrozujicich podminkach.

Mala automatizace

Na rozdil od velké se mald automatizace vyznacuje jednoduchym nenaro¢nym charakterem
vyrobniho ¢i montaZzniho procesu. Je postavena na kolaborativnich respektive spolupracujicich
robotech a ma své uplatnéni ve smiSené vyrobé, kde se produkuji malé série vysoce
individualizovanych produktt. Jsou idedlni pro automatizaci dil¢ich procesii, u kterych je
zaroven piitomen ¢loveék. Hlavnimi vlastnostmi kolaborativnich robotti jsou pomalejsi rychlosti
a schopnost zastavit pti kontaktu s ¢lovékem. Princip této schopnosti zastavit tkvi v porovnani
vypocitané zatéze na robotické rameno s hodnotami ziskanymi pomoci senzoru, ktery je
soucasti zakladny. Diky témto vlastnostem odpadd nutnost bezpecnostnich plott a dalSich
prvki. Kolaborativni roboty velikostné simuluji stojiciho nebo sediciho ¢lov€ka a jedna se o
finan¢né pfijatelnou automatizaci Casto se opakujicich jednoduchych az trividlnich ukond.
Vzhledem k tomu Ze se cely obor kolaborativnich robotil nachazi zatim pomérné v plenkach, je
legislativa kolaborativii znaén€ nekompletni a vlastné nikdo nevi jak fesit naptiklad skiipnuté
prsty mezi chapadlo robota a ¢ast vyrobku. Problémem je, Ze robot sice zastavi, ale aZ poté co
detekuje pretizeni a to uz mize byt pozdé. [11]
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Obr. 6 Kolaborativni robot Universal Robots [13]

Hlavnimi vyhodami kolaborativnich roboti jsou:
* Jednodussi manipulace,
* Flexibilita,
* Niz8i pofizovaci néklady,
* Jednodussi programovani,
* Minimalizace bezpe¢nostnich prvk.

Zavér

V ramci tohoto ptispévku byl uveden piehled primyslové automatizace v Industry 4.0.
Prispévek Ize rozdélit na dvé ¢asti. V prvni ¢asti byl popsan automatizovany vyrobni a montdzni
proces, automatizované systémy, jejich typy, vyhody a nevyhody. V ¢asti druhé byly popsany
moznosti automatizace a diivody vedouci k potiebé automatizovat. Déle byly popsany typy
automatizace dle velikosti a jejich vhodnost dle charakteru vyrobniho systému.
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SPECIFIKA POUZIVANIA PRIEMYSELNYCH ROBOTOV
VO VYROBNYCH PODNIKOCH NA SLOVENSKU

Juraj SEBO

Abstrakt: Celosvetovo kazdoro¢ne narasta pocet prevadzkovanych priemyselnych robotov,
pricom Slovensko je nad svetovym priemerom ¢o sa tyka hustoty robotov na pocet
zamestnancov vo vyrobnych podnikoch. Cielom tejto Stadie je identifikovat’ vztahy medzi
charakteristikami vyrobnych podnikov a pouzivanim priemyselnych robotov na Slovensku.
Stadia vychadza z dat ziskanych v ramci prieskumu vyrobného potenciilu na Slovensku
realizovaného v ramci celoeurdpskeho vyskumu European Manufacturing Survey v roku 2018
a 2019. Podl'a naSich zisteni s rasticou velkost'ou podniku, rastucou sériovostou vyroby,
rastiicou zlozitost'ou vyrobku, ako aj realizaciou vyskumu a vyvoja rastie percento vyrobnych
spolo¢nosti, ktoré pouzivaju priemyselné roboty.

Krucové slova: priemyselny robot, vyrobny podnik, Slovensko, prieskum.

Abstract: Globally, the number of industrial robots in operation is increasing every year, while
Slovakia is above the world average in terms of the density of robots per number of employees
in manufacturing companies. The aim of this study is to identify the relationships between the
characteristics of manufacturing enterprises and the use of industrial robots in Slovakia. The
study is based on data collected in the Slovakia manufacturing survey conducted as part of the
Europe-wide European Manufacturing Survey in 2018 and 2019. According to our findings,
the percentage of manufacturing companies using industrial robots increases with increasing
company size, increasing batch size, increasing product complexity, as well as the
implementation of research and development.

Keywords: industrial robot, manufacturing company, Slovakia, survey.

Uvod

Na zéklade ISO a International Federation of Robotics (IFR) mdzeme roboty rozdelit’ na dve
skupiny, priemyselné roboty a servisné roboty. Kazdoro¢ne narastd pocet prevadzkovanych
priemyselnych robotov (v roku 2020 podla [1] predstavuje priblizne 3 miliony jednotiek),
pricom v priebehu poslednych rokov pribuda priblizne 400 tisic jednotiek ro¢ne. Podl'a [1], sa
v poslednych rokoch najviac robotov instaluje v elektrotechnickom a automobilovom priemysle
(priblizne 100 tisic v kazdom). Co sa tyka oblasti vyuzitia priemyselnych robotov, v poslednych
rokoch dominuju manipula¢né ¢innosti (priblizne 170 tisic), nasledované zvaranim (priblizne
70 tisic) a montazou (priblizne 40 tisic). Co sa tyka hustoty robotov vo vyrobnych podnikoch
(vyrobnom sektore) (pocita sa v jednotkadch na 10000 zamestnancov), s vel'kym naskokom
vedie Juznd Korea (s viac ako 900 robotmi), nasledovanéa Singapurom (s viac ako 600 robotmi)
,Japonskom a Nemeckom (s takmer 400 robotmi). V tomto rebricku sa ocitlo aj Slovensko so
175 robotmi, pricom celosvetovy priemer je 126 robotov [1].

Pouzivanie robotov, ich zavddzanie v stcasnosti ako aj plany do budicnosti si ovplyvnené
mnohymi faktormi, ¢i uZ na urovni ekonomiky, priemyslu alebo samotného podniku. Z
hl'adiska globélnej ekonomickej situacie, podl'a [2] by mal aj v roku 2022 pokracovat’ narast
objednadvok, aj v stvislosti s vladnymi stimulmi, dopytom elektrotechnického priemyslu a
vyroby kovovych vyrobkov. Na druhej strane, obmedzenia v suvislosti s Covid-19, nedostatok
surovin a polotovarov ako aj neistota (vratane politickej) mdze posobit’ timiaco. V stvislosti s
priemyselnymi robotmi mézeme vnimat rdzne trhové ako aj technologické trendy, ako
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napriklad poskytovanie robotov vo forme sluzby (Robots-as-a-Service), rastca ponuka
lacnych robotov, podpora prispdsobovania zakaznikom (customization), rozvoj v oblasti
strojového videnia a umelej inteligencie, spolupraca robota a ¢loveka stale v zaciatkoch, a v
neposlednom rade tiez vplyv zavadzania robotov na zivotné prostredie, ¢i uz priamo
(Gspornejsie roboty) alebo nepriamo (efektivnejSia vyroba, menej chybnych vyrobkov) [2].
Tato Stadia je zamerana na identifikaciu vztahov medzi charakteristikami vyrobnych podnikov
a pouzivanim priemyselnych robotov na Slovensku.

Metodologia a data

Tato stadia vychadza z dat ziskanych v ramci prieskumu vyrobného potencialu na Slovensku
realizovaného v ramci celoeurdpskeho vyskumu European Manufacturing Survey v roku 2018
a 2019. Z oslovenych priemyselnych (resp, vyrobnych) podnikov s po¢tom zamestnancov viac
ako 20, vyplnilo dotaznik 114 podnikov (n=114). Percentualne zastipenie podnikov v nasej
vzorke 114 vyrobnych podnikov koreSponduje podl'a velkosti (0-49, 50-249 a nad 250) a podl'a
priemyselnych odvetvi (NACE) s percentudlnym zastipenim v celkovej vzorke vyrobnych
podnikov na Slovensku. Vzhl'adom na chybajuce udaje v niektorych dotaznikoch, je pri kazde;j
analyze uvadzany pocet podnikov, ktoré boli do analyzy zahrnuté (napr. n=112). V nasledujuce;j
tabulke (Tab. 1) je stru¢na charakteristika vzorky 114 vyrobnych podnikov.

Tab.9 Charakteristika vzorky 114 vyrobnych podnikov (podiel podnikov v %)

High-technology* Medium-high- Medium-low- Low-technology*
technology* technology*

5% 15% 29 % 51 %

Malé  podniky (<50 | Stredné podniky (50-249 | Velké podniky (> 250

zamestnancov) zamestnancov) zamestnancov)

38 % 45% 17 %

Jednoduchy vyrobok Vyrobok so strednou | Zlozity vyrobok
zlozitostou

25 % 52 % 23 %

Kusova vyroba Malosériova vyroba Velkosériova vyroba

23 % 40 % 37 %

Realizuje alebo zadava | Nerealizuje a nezadava

zakazky na vyskum a | zdkazky na vyskum a

Vyvoj Vyvoj

21% 79 %

* kategorie podl'a NACE Kklasifikacie [3]
Pozn.: do uvadzanych percent nie st zahrnuté podniky s chybajucimi datami v danej charakteristike, t.j.
celkovy pocet podnikov mdze byt’ v jednotlivych charakteristikach o nie¢o nizsi ako 114.

V analytickej casti tejto Studie budeme pomocou vystupov z kontingencnych tabuliek
porovnavat percentudlne zastipenie podnikov, ktoré vyuzivaji akékol'vek priemyselné roboty,
ato v roznych podvzorkach celej vzorky 114 podnikov. Ked'Ze existuje SirSie spektrum robotov,
ako uZ bolo vysSie uvedené v naSich analyzach bude zahrnuté iba vyuZivanie priemyselnych
robotov. Priemyselné roboty st v naSom prieskume rozdelené na dva druhy (priemyselné roboty
pre manipulaéné operdcie a priemyselné roboty pre vyrobné operédcie). V nasledujucej
analytickej Casti za pouZzivanie robotov v podniku povazujeme pouzivanie jedného alebo
obidvoch tychto druhov. Percentudlne zastiipenie podnikov vyuzivajucich priemyselné roboty
v rdmci nasej vzorky je znazornené na nasledujicej schéme (Obr. 1) . Ako moézeme vidiet’ na
Slovensku vyuziva priemyselné roboty podl’a nasho prieskumu 39 % vyrobnych podnikov.
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\

61%

y —

Nepouziva priemyselné roboty
= Pouziva priemyselné roboty pre vyrobné procesy
m PouZiva priemyselné roboty pre manipulac¢né procesy

m Pouziva priemyselné roboty pre vyrobné procesy aj manipulacné procesy

Obr. 1 Vyuzivanie priemyselnych robotov na Slovensku (percento vyrobnych podnikov nad 20
zamestnancov) (n=111) (vlastné spracovanie)

Analyza slovenskych vyrobnych podnikov z hPadiska vzt’ahu medzi charakteristikami
vyroby a vyrobku a vyuZivanim priemyselnych robotov

V nasledujucej Casti budeme postupne interpretovat’ vysledky analyzy (vid Metodologia)
potencialnych vztahov medzi vybranymi siedmymi parametrami (resp. charakteristikami
vyroby alebo vyrobku) apouZivanim priemyselnych robotov v naSej vzorke vyrobnych
podnikov.

e Technologicka vyspelost’ odvetvia

100%
90%
80%
50%
70% 59% 60%
0% 71%
0
50%
40%
30%
20%
10%
0%
High-technology Medium-high- Medium-low- Low-technology
technology technology
B Pouziva priemyselné roboty Nepouziva priemyselné roboty

Obr. 2 Porovnanie vyuZivania priemyselnych robotov podla technologickej vyspelosti odvetvia (%
vyrobnych podnikov) (n=112) (kategorie podPa NACE Klasifikacie [Eurostat, 2022]) (vlastné spracovanie)
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Z grafu na obr.2 mézeme vidiet, Ze vacSie percento vyrobnych podnikov podnikajtcich v High-
technology odvetviach, ako je napriklad farmaceuticky alebo elektrotechnicky priemysel,
vyuziva priemyselné roboty v porovnani s podnikmi podnikajacimi v menej vyspelych
odvetviach. Graf do urcitej miery naznacuje suvislost medzi technologickou vyspelost'ou
odvetvia a vyuzivanim priemyselnych robotov, ale zaroven vyrazne nizsie percento v pripade
Medium-high-tech podnikov, tito stvislost narGsa. Aj vzhl'adom na niz§i pocet firiem
zastipenych v High-tech a Medium-high-tech odvetvi v nasej vzorke je potrebné povazovat’
udaje na tomto grafe za orientacné.

e Sériovost’ vyroby

100%
90%
80% 41%
70% 63%
60%
50%
40%
30%
20%
T
0%
Kusova vyroba Malosériova alebo Velkosériova vyroba
strednosériova vyroba

88%

H PouZiva priemyselné roboty Nepouziva priemyselné roboty

Obr. 3 Porovnanie vyuZivania priemyselnych robotov podla sériovosti vyroby (% vyrobnych podnikov)
(n=106) (vlastné spracovanie)

Ako je mozné vidiet’ na grafe (Obr.3), najvacsSie percento vyrobnych podnikov vyrabajicich
vo vel'kych sériach vyuZiva priemyselné roboty v porovnani s podnikmi vyrabajicimi mensie
série. Z grafu je tiez zrejmé, ze vyrazne najnizSie percento podnikov, ktoré vyuzivaju
priemyselné roboty, je v skupine podnikov zameranych na kusovii vyrobu. Na zéklade tychto
udajov je mozné predpokladat, Ze existuje urcitd stvislost medzi sériovostou vyroby
a vyuzivanim priemyselnych robotov, priCom sa javi, Ze potencial vyuZivania robotov rastie
u vyrobnych firiem s rastom sériovosti ich vyroby. Mdze to suvisiet' napriklad s rozsahom
opakujucich sa ¢innosti.

e Zlozitost’ vyrobku
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Obr. 4 Porovnanie vyuZivania priemyselnych robotov podla zloZitosti vyrobkov (% vyrobnych podnikov)
(n=111) (vlastné spracovanie)

Na grafe (Obr. 4) je mozné vidiet, Zze najvicSie percento vyrobnych podnikov vyrabajucich
zloZité vyrobky vyuziva priemyselné roboty v porovnani s podnikmi vyrabajlicimi menej
zlozité. Z grafu je tiez zrejmé, Ze vyrazne najnizSie percento podnikov, ktoré vyuzivajua
priemyselné roboty, je v skupine podnikov vyrabajucich jednoduché vyrobky. Z tychto zisteni
mdzeme predpokladat’, ze existuje urcita suvislost medzi zlozitost'ou vyrobku a vyuzivanim
priemyselnych robotov, priCom sa javi, ze potencidl vyuzivania robotov rastie u vyrobnych
firiem s rastom zlozitosti ich vyrobku.

e Podiel zamestnancov vo vyrobe
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90%
80%
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0%

Podiel zamestnancov vo vyrobe nizsi ako Podiel zamestnancov vo vyrobe vyssi ako
70 % 70 %

M PouZziva priemyselné roboty m NepouZiva priemyselné roboty

Obr. 5 Porovnanie vyuZivania priemyselnych robotov podl’a percenta zamestnancov vo vyrobe (%
vyrobnych podnikov) (n=111) (vlastné spracovanie)
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Dalsou z charakteristik, ktora sme analyzovali v na$ej $tadii je percento pracovnikov
V podniku, ktori pracuji vo vyrobe a montazi. Vzorku sme rozdelili na dve skupiny, a to podl'a
priemeru uvadzanych hodndt za celu vzorku (v nasom pripade 70,5 % pracovnikov). V prvej
skupine boli zastipené firmy s niz§im ako 70 % (vratane 70 %) zastupenim pracovnikov vo
vyrobe a Vv druhej skupine firmy s vyssim ako 70 % zastipenim. Néasledne sme tieto dve
skupiny porovnali. Ako je mozné vidiet' na obr. 5, priblizne rovnaké percento vyrobnych
podnikov s niz§im ako 70 % zastupenim pracovnikov vo vyrobe vyuziva priemyselné roboty v
porovnani s podnikmi s vy$§im ako 70 % zastiipenim. Aj ked’ sme prave tu predpokladali uréita
suvislost’ medzi percentom vyrobnych zamestnancov a vyuzivanim priemyselnych robotov,
nase data ukazuju, ze to tak pravdepodobne nie je.

e Realizicia vyskumu a vyvoja
100%
90%
80%
70%

45%
66%

60%
50%
40%
30%
20%
10%

0%
Nerealizuju vyskum a vyvoj Realizuju vyskum a vyvoj

M PouZiva priemyselné roboty Nepouziva priemyselné roboty

Obr. 6 Porovnanie vyuZivania priemyselnych robotov podla realizicie vyskumu a vyveja (% vyrobnych
podnikov) (n=107) (vlastné spracovanie)

Dalsim skamanym parametrom bolo zainteresovanie podniku vo vyskume a vyvoji, bud’ vo
forme samotnej realizécia vyskumu a vyvoja, alebo vo forme zadavania zakaziek na vyskum
a vyvoj externym partnerom. Na grafe (obr. 6) je jednoznacne vidiet, Ze vécSie percento
podnikov, ktoré su zainteresované na vyskume a vyvoji, vyuziva priemyselné roboty
V porovnani s podnikmi nezainteresovanymi vo vyskume a vyvoji.

e Rentabilita trZieb
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Obr. 7 Porovnanie vyuZivania priemyselnych robotov podl’a rentability trZieb (% vyrobnych podnikov)
(n=89) (vlastné spracovanie)

Rentabilita trzieb predstavuje jeden zo zakladnych ekonomickych ukazovatel'ov, ktoré podniky
sleduju. Na grafe (obr. 7) mozeme vidiet, Ze v principe s rastiicou rentabilitou percento
vyrobnych podnikov, ktoré¢ vyuziva priemyselné roboty rastie. Vysvetlenie mézeme hladat
V investi¢nej naro¢nosti zavadzania priemyselnych robotov, ale aj v opacnom smere pdsobenia
(tj. roboty — rentabilita) ato napriklad zvySovanim efektivnosti vyroby. Je tu potrebné
podotknut’, ze sice graf do urcitej miery naznacuje suvislost’ medzi rentabilitou a vyuzivanim
priemyselnych robotov, ale zaroven, vyrazne vyssie percento podnikov vyuzivajucich roboty,
pri rentabilite 2-5 %, tuto stvislost’ nartSa. Okrem toho, v pripade tohto ukazovatela
(rentability), ktory sa ¢leni do vécSieho poctu kategérii (pdt), modze nerovnomerné (alebo
nizke) zastipenie podnikov v jednotlivych kategoriach, ktoré suvisi s relativne malou vzorkou
(114 podnikov), znizit' vypovedaciu schopnost’ percentudlneho zastipenie podnikov v
prezentovanom grafe.

e Velkost’ firmy (pocet zamestnancov a vySka ro¢ného obratu)
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Obr. 8 Porovnanie vyuZivania priemyselnych robotov podl’a po¢tu zamestnancov (% vyrobnych
podnikov) (n=108) (vlastné spracovanie)
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Obr. 9 Porovnanie vyuZivania priemyselnych robotov podla ro¢ného obratu (% vyrobnych podnikov)
(n=102) (vlastné spracovanie)

Posledné dve skiimané charakteristiky podniku popisujt v principe jeho velkost. Ako moZzeme
vidiet’ na grafoch (obr. 8, obr. 9), vyrazne najvicsie percento vel'kych vyrobnych podnikov (¢i
podla poctu zamestnancov alebo obratu) vyuZziva priemyselné roboty v porovnani s menSimi
podnikmi. Z grafu (obr. 8) je tieZ zrejmé, Ze existuje vyrazny rozdiel v percente podnikov, ktoré
vyuzivaju priemyselné roboty, aj medzi strednymi a malymi podnikmi. Vysvetlenie moze
suvisiet' napriklad s finan¢nou néro¢nostou alebo potrebou odborného zazemia pri
implementacii priemyselnych robotov vo vyrobnom podniku.
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Zaver

Ciel'om nasej Studie bolo identifikovat’ mozné suvislosti medzi Specifickymi charakteristikami
vyroby a vyrobku vo vyrobnych podnikoch na Slovensku a percentom spolo¢nosti, ktoré
vyuzivaju priemyselné roboty. Z analyzy vybranych charakteristik je zrejmé, ze existuje
suvislost’ medzi vel'kost'ou podniku (¢i uz do poctu zamestnancov alebo obratu), sériovost'ou
vyroby, zlozitostou vyrobku, realizaciou vyskumu a vyvoja a percentom spolocnosti, ktoré
vyuzivaju priemyselné roboty. Podl'a nasich zisteni s rastucou velkostou podniku, rasticou
sériovost'ou vyroby, rastiicou zlozitostou vyrobku, ako aj realizdciou vyskumu a vyvoja rastie
percento vyrobnych spolo¢nosti, ktoré pouzivaji priemyselné roboty.

Je potrebné podotknut’, ze na zédklade nasho vyskumu, nie je mozné stanovit’ ¢i zistené stvislosti
st odrazom kauzalneho vztahu medzi skimanymi dvojicami charakteristik (premennych).
Taktiez, pri niektorych charakteristikach (premennych), ako napr. rentabilita, ktoré sa ¢lenia
do vécsieho poctu kategorii, nerovnomerné (alebo nizke) zastipenie podnikov v jednotlivych
kategoriach, znizuje vypovedaciu schopnost percentudlneho zastipenie podnikov v
prezentovanych grafoch.
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MAPOVANI A MODELOVANI JAKO NASTROJ PRO

ZLEPSOVANI PROCESU
Ing. Toma§ MACHAC - doc. Ing. Michal SIMON, Ph.D.

Abstract: Prispévek se zaméfuje na mapovani a modelovani procesnich diagramt. Zde se pro
modelovani procesti vyuzivd metodika BPMN. Tento projekt se nemohl uskutecnit bez
spoluprace urcité firmy. Kontaktovana byla spole¢nost LINTECH, spol. s r.o0. kterd se zaméiuje
na laserové technologie. Cilem bylo identifikovat a vymodelovat podnikové procesy této
spolecnosti. Nasledné se identifikovala uzka mista na zaklad€ vypracovanych BPMN diagramii
a definovaly se navrhy na zlepSeni. Projekt piinasi zptehlednéni a zjednoduSeni procest tim, ze
se zkratil prabéh procesii a implementovala feseni, kterd v procesu chybéla.

English Article is focused on modelling business processes using BPMN diagrams. The project
was created at LINTECH, spol. s r.o. which focuses on the use of laser technology. Based on
the BPMN diagrams, bottlenecks were identified for which improvements were proposed. The
benefit of the work is the streamlining of processes and shortening their processes and the fact
that there is an effort to clarify and simplify process diagrams.

Kli¢ova slova: Procesni mapy, BPMN diagramy, zlepSovani, identifikace uzkych mist,
racionalizace procesti, mapovani procesl, podnikové procesy.

Keywords: Process maps, BPMN diagrams, improvement, bottleneck identification, process
mapping.

1. Uvod

Zlepsovani podnikovych procest je nezbytnou soucasti pro udrzitelnost a konkurenceschopnost
spole¢nosti. Pribézné zlepsovani procesu je neustaly proces, ktery se nezastavuje, viz Obr. 1.
Pokud se dosahne pozadovaného cile, musi byt snaha o dalsi zlepSovani, jinak mize dojit
k upadku zlepseni. [1]

Dalsi cilovy stav

Cilového stavu je do
urcité miry dosazeno
Obr. 1 Neustaly postup vpi‘ed [2]

Repa [1] popisuje podnikové procesy jako ,,souhrn cinnosti, transformujicich souhrn vstupii na
souhrn vystupii pro jiné lidi nebo procesy, pouzivajice k tomu lidi a ndstroje.

Vstup je pocatecni stav, ktery spousti proces. Se vstupem se poji i zdroj, ktery reprezentuje
prostiedky pouzivané pro transformaci vstupu na vystup. Zdroj mtize byt technologie, material,
finance, informace nebo ¢as. [3]

Vystup piedstavuje konec procesu. Vystup miize byt definovana jako produkt ¢i sluzba.
Vysledek procesu musi pfinaset hodnotu. [3]

Cinnost vede k tgelové pfeméné vstupu na vystup v uréitém ¢ase a posloupnosti. [3]
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Procesy lze popsat z mnoha hledisek, které napomahaji k rozdéleni podle dulezitosti a ucelu.
Zakladni procesy d€lime na: hlavni procesy, fidici procesy a podpirné procesy. Téz dava
ptehled o ptidané hodnot¢ pro zékaznika. [4]

Procesy lze definovat jako hmotné procesy a informacni procesy. Lukoszova [5] definuje
materiadlovy tok jako ,, fyzicky pohyb surovin, materialii, nahradnich dilii, rozpracované vyroby,
hotovych vyrobkit v podniku, ale i mimo néj. V Sirsim pojeti dochazi k materialovému toku u
vSech kategorii zasob, energii a dalsich médii, nastroju a dalsich cinitelit od vyrobniho procesu
az po distribuci. Predmétem logistického rizeni se pak prirozené stavaji takové prvky
informacniho toku, jako napriklad zakazky, objednavky a dodavky vsech vyse uvedenych casti
hmotného toku. “

Dle Tomka a Vavrové [6] pfedstavuje vyrobni proces soucasti hodnototvorného fetézce, ktery

Jo 4

vytvari hmotné statky a sluzby pro splnéni potieb zakazniki.

Mladkova [6] popisuje, Ze je tok informacénich procest spjat s technologickou a lidskou siti.
Jurova [8] ve své publikaci zminuje, ze miizeme plytvani nalézt i v administrativnich procesech,
a to z hlediska spotteby materidlu, ¢asu i financi. Pfikladem lze uvést tvorbu duplicitnich
informaci v systému, chybna nebo chybéjici data a informace. Lambert, Stock a Ellram [9]
uvadi, ze ,, kvalita a rychlost informacnich tokii, které se lisi v zavislosti na diimysinosti systéemu
objednavani a podnikového ridiciho informacniho systému, vyznamné ovliviuji schopnost
vyrobce poskytovat rychlé a spolehlivé (tj. vyrovnané) doby cyklu objednavek, konsolidovat
dopravu a dosahnout co nejnizsi hladiny zasob. *

Nedilnou soucésti informacéniho toku je komunikace. VéEtSinou je ve firmé zavedeny odborny
jazyk, ktery miiZze byt pro nové osoby v administrativé obtizné pochopitelny. Proto je potieba,
aby se zamé&stnanec ve spolecnosti s t€émito procesy seznamil a porozumél jim. [10]

Modelovani procest se uziva k registrovani procest, které probihaji ve spole¢nosti. Soucasné
je zakladnim nastrojem procesniho fizeni a zaroven zefektiviiuje podnikové procesy. K tomu
jsou urceny tzv. procesni diagramy, které graficky vyjadiuji provazanost jednotlivych procest
s textovou zpravou uvnitf buiiky. Toto znazornéni se vytvaii z divodu piehlednosti,
jednoduchosti a tplnosti. [1]

Business Process Modeling Notation (BPMN) reprezentuje standard pro grafické znazornéni
podnikovych procestt v podobé diagramu, které je doplnén o tzv. Business Process Modeling
Language (BPML). Jedna se o jazyk pro modelovani a popis procesti. BPML je urcen pro urcité
aplikace, které grafickou notaci tohoto jazyka specifikuji normou BPMN. Cilem grafické
notace je jednoduché porozuméni pro uzivatele 1 ti€astnika procesu. [11]

2. Pripadova studie
Ptipadova studie se zaméfuje na zpracovani procesnich diagrami spole¢nosti LINTECH.
V procesnich diagramech se identifikuji 1zk4 mista a provedou navrhy na jejich zlepSeni.

2.1. Zpracovani procesnich map

Spolec¢nost LINTECH byla zalozena roku 1993 se sidlem v Chrastavicich. Tehdy spolecnost
LINTECH zapocala podnikani v oblasti vyroby, instalace, opravy elektronickych stroji a
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piistrojii, elektronickych a telekomunika¢nich zafizeni, zamecnictvi, nastrojaistvi a
obrabécstvi. V dasledku rlstu spolecnosti se ¢ast vyroby piesunula do piilehlého mésta

vvvvvv

V prib¢hu doby se spolecnost LINTECH postupné zamétila na vyvoj a vyrobu v oblasti
laserové technologie a automatizace, t€z na stavbu jednoucelovych strojti a zakazkovou vyrobu,
zejména v oblasti primyslového znaceni. Spole¢nost zacala rozsifovat nabidku v oblasti vyroby
razidel, identifika¢nich a vyrobnich stitkl, véetné vyroby ovladacich paneld. S rozsitujicim se
automobilovym primyslem se rozrostly sluzby o montaz elektrotechnickych dili pro
automotive, napf. SKODA AUTO as., Valeo Compressors s.r.o., Varroc, TRW.

Mapovani procesu probihalo na dvou ze tii stfedisek, a to na kliCovych stiediscich
Vv Domazlicich. Jednim je stfedisko zakazkové vyroby, které se zabyvaji zakazkovou vyrobou
v Sirokém spektru. V ptipadé€, ze ma zakaznik specifické pozadavky, stfedisko mu vyhovi.
V urcitém piipad€ dochézi i ke kooperaci s jinou spolecnosti, tak aby se uspokojil pozadavek
zékaznika, prestoze spolecnosti s pozadovanou technologii nedisponuje. Nejvétsi poptavkou je
vyroba raznikll, gravirovani a laserové znafeni dle pozadavkl zakaznika. Unikétnosti je
riznorodost zakazek, a to tak, Ze nejsou totozné. Stiedisko disponuje dvéma vyrobnimi halami.
Kazda hala mé svého mistra vyroby, ktery piimo zodpovidéd za zpracovani zakazky a fizeni
vyroby. Soucasti stfediska je administrativni ¢ast a expedice, v neposledni fadé mensi sklad.

Druhé stredisko se zamétuje na vyrobu jednoucelovych stroji s vyuzitim laserové technologie.
Stiedisko garantuje zakaznikovi vyrobu jednoho stroje v horizontu 10-12 tydnt, tedy piedani
stroje od objednani. Zakazky se piidéluji dvéma projektovym manaZeriim, kteti projekty
ptebiraji od obchodniho asistenta, manazer fidi a zodpovidé za Gsp&$né ukonceni projektu. Na
stiedisku dochazi k mnohem vétsimu propojeni jednotlivych skupin, kdy béhem zpracovani
spole¢né spolupracuje oddéleni montdze, konstrukce, programovani s managementem.
Soucasti tohoto stfediska je 1 mensi mechanicka dilna. Zde se vyrabi i velka ¢ast komponenti.
Ostatni dily jsou vyrabény formou kooperace nebo jako prefabrikat.

Popis podnikovych procesti byl uskutecnén formou rozhovorti se vSemi zainteresovanymi
osobami. Na pocatku prob&hlo sezndmi se skladbou jednotlivych stiedisek, hal a pracovist.
Komunikace o prubéhu procesii se diskutovalo od vedoucich stiedisek a manazérii, az
k samotnym pracovniktim, ktefi obsluhuji stroje na hale. Na zaklad¢ ziskanych informaci a
nacerpanych postichtt z vyroby i prostiedi, se zpracovaly BPMN diagramy, kdy se
zkonzultovany postup ovefoval v realném béhu. Tyto procesni diagramy nasledné slouZzi jako
vstupni tidaj pro identifikaci izkych mist.

Hierarchie procesii — Vyroba jednoticelovych stroju:
e Tvorba nabidky
e Tvorba projektu
e Tvorba modelu
e Zpracovani zakazky
o Spréava zbozi na sklad¢

o Kooperace
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e Ukonceni projektu

e Servis

Hierarchie procesi — Zakazkova vyroba:

e Tvorba zakazky
e Vyroba zakazky
o Detailni technologicky proces nastrojarna
- Externi kooperace
- Interni kooperace

- Proces naskladnéni materialu

o Detailni technologicky proces laser
- Externi kooperace
- Interni kooperace
- Proces naskladnéni materialu
e Expedice zakazky

e Reklamace zakazky

2.2. Identifikace uizkych mist

Na zéakladé zpracovanych BPMN diagrami si identifikujeme uzka mista procesi. Cilem je tato
mista eliminovat, logicky uspotradat ¢i zlepsit. Vysledek je tyto procesni diagramy zjednodusit,
zptehlednit a zrychlit. V procesech mizeme nalézt ¢innosti, které cely proces prodluzuji,
vytvaii slozitéjsi a neprehledny. Tim, Ze tato mista identifikujeme, popiSeme a dokazeme, Ze
ma proces potencial byt jednodussi a pfehlednéjsi. Konkrétni ¢innosti si vyznacime a popiSeme.
Zaroven uvedeme, pro¢ k danym situacim dochézi. Z diivodu rozsahu prace si v pfispévku
predstavime ty nejzasadnéjsi a blize si je predstavime.

a) Uzké misto stiediska vyroby jednoucelovych stroji

Podklad, ktery by mél pfedchazet nabidce, je technicka specifikace zakazky. Jedna se o soupis
jednotlivych technickych naleZitosti, které bude obsahovat budouci zatizeni. O jeho zpracovani
a vyfizeni zodpovida obchodni zastupce. Casto se stava, e je nabidka zpracovana a odeslana
diive, nez se technicka specifikace zakdzky zacne zpracovavat. Musi se dodélavat jiz v dobg,
kdy je pfijata objednavka a doslo k zahajeni projektu. Tyto tidaje jsou nezbytné a v ptipad¢, ze
si urcité nalezitosti spolecnost se zadavatel neupiesnila, je nutné vyvolat dalsi jednéni, viz Obr.
2.

Posttehy z mapovani procest ve spolecnosti:
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- Pti definovani pocatecniho navrhu nékteré podniky pozaduji i nabidky;

- Pteposilani emaild na ostatni oddéleni — zahlcovani emailové posty.

Na zakladé& pfedchoziho
ujednani pozadavku |

:
I

|

| : '
\/ .

Vytvorit Odeslat
Technickou Technickou
specifikaci specifikaci

zakazky zakazky

PoZadovat
poklady k
nabidce

Technicka
specifikace
zakazky

Obr. 2 Uzké misto nabidky [12]

b) Uzké misto stiediska zakizkové vyroby

Privodka, kterou obdrzi mistr na poradé, ma vyplnénou pouze hlavicku. Vyrobni postupy jsou
predvyplnéné, viz Obr. 3. Toto zpusobuje, ze je privodka neptehledna a nelze z privodky
vycist, jaky je technologicky postup. To, jaky je technologicky postup, udrzuje mistr zpaméti.

[ I vianm, osrovam

D Dratofezy Mitsubishi L,
@ CNC gravirovani DATRON | £°-2¢ ¢ | f § 550’y g0’ MM;_ 2. { "L"

Znateni laserem 14 15 1% ‘;‘wl 7‘1
] Navafovani  VISION 4®. | 2 5/ N /M : J
@’Rezam laserem ﬂo , o{\l) //)/@ ”ﬁ/\/ {/ W/

Obr. 3 Priivodka [12]

Proto bylo zfizeni stanovisté kontrolni misto. Zde se umisti vyrobek z kazdého pracovisté po
provedené operaci. Na kontrolnim misté probiha ovéfeni spravné provedené operace, nebo se
stanovi dal$i operace na zakladé prilozené dokumentace v podobé vykrest. V piipade, ze je
vyrobek v pofadku, umist'uje se do dalsi fronty k ptislusnému stroji. [3]
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Pro piiklad zde znézornuji postup vyroby zakazky, ktera obsahuje ti'i vyrobni operace, viz Obr.
4.

KONTROLNi MiSTO

Fronta
3.
2.
1.
—_— D STROJ 1 D STROJ 2 D STROJ 3
Fronta Fronta Fronta

VSTUP
Obr. 4 Piiklad vyroby zakazky [12]

Aby mohla byt zakdzka zpracovana musi projit miniméln¢ dvojnasobkem front, oproti poctu
vyrobnich operaci.

2.3. Navrh na zlepSeni

Zde si nastinime navrhy na zlepSeni, které vychazi z identifikovanych uzkych mist. Navrhy
nahrazuji ¢ervenou ¢ast diagramu. Navrhy na zlepSeni se odlisuji zelenou barvou, tak abychom
rozlisili, ktera ¢ast procesu je zménéna, tedy nova.

a) Navrh pro stirfedisko vyroby jednotucelovych stroji
Pti tvorbé nabidky se zpracovavaji dva zasadni dokumenty. Technicka specifikace zakazky a
podklady pro nabidku. Nasledné je z podkladt vytvorena nabidka, ktera se odesila zakaznikovi.
V ideélnim ptipadé je Technické specifikace odesldna a schvalena zdkaznikem pted odeslanim
nabidky. Ale nastava i situace, kdy je specifikace zatizeni feSena aZ po odeslani nabidky a pfijeti
objednavky. V tomto ptipadé, kdy se konstrukéni oddéleni ma zabyvat modelovanim zatizeni,
se zamétuje na procesy, které mély byt jiz ukoncené.

Navrhem je sjednoceni dokumentti do jednoho dokumentu, ktery se odesila zdkaznikovi, a to
do samostatné nabidky. Zajisti se tak, ze je zdkaznik informovan o vSech naleZitostech, viz Obr.
5.

Programator, konstruktér, aplikacni
specialista, obchodni zastupce

Vytvorit
podklady k
nabidce

PoZadovano
vytvorit nabidku

.'
Poklady k
nabidce v&etné
technické

specifikace

Obr. 5 Sjednoceni dokumentii [12]
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b) Navrh pro stfedisko zakazkové vyroby

Zasadnim uzkym mistem vyroby je velké mnozstvi front. Nejen, ze vyrobek musi prochazet
dvojnésobkem front, aby prosel vyrobnim postupem, ale neni stanoveny ani vyrobni postup.
Privodka vstupuje do vyroby prazdna. Mistr umistuje pruivodku do fronty dle ptilozené¢ho
vykresu a znalosti vyrobnich operaci, které jsou nezbytné pro vytvoreni pozadované zakazky.
V zavéru cely technologicky postup dané zakazky drzi v hlavé. Pti komunikaci s mistrem
vyroby v priméru denné projde vyrobou 50-60 zakazek. Pro zpiehlednéni si mistii zfidili
kontrolni misto, kde umisti po vykonané operaci obsluha stroje vyrobek. [3]

1. Navrhem je eliminace kontrolniho mista a nahradit ho mistem pro hotové vyrobky,
kde se budou shromazd’ovat zpracované vyrobky, které jsou piipravené pro kontrolu
a odvoz na expedici.

2. Snizi se mnozZstvi front, do kterych zakazka vstupuje, a je pevné dany technologicky
postup. Snizeni front je v zavislosti na potifebnych technologickych operacich, které
jsou nezbytné pro zpracovani zakazky. V zakdzkové vyrobé nelze piimo urcit o kolik
se pocet snizi, ale v zavislosti na poctu téchto operaci vzdy o polovinu. Za prib¢h
vyroby zodpovida mistr, ktery je ve vyrobni hale nejzkuSené;si.

3. Kontrolniho mista se nahradi mistem pro hotové vyrobky. Obsluha stroje prenasi
zakazku na dalSi frontu dle technologického postupu privodky, viz Obr. 6.

Posledni
operace?

Umistit do fronty b@

Umistén| zakazku
na kontrgIni misto

Umistit do
nasledujici fronty

Obr. 6 Piedavani zakazky dle technologického postupu [12]
3. Zavér
V zavéreéném shrnuti si pfedstavime nejzasadnéjsi vyhodnocené navrhy procest. Procesy jsou
rozdé€leny na tfi konkrétni kategorie, kterymi ptispivaji ke zlepSeni.

a) Redukce osob v procesu

Ve zhodnoceni procesti musime brat v uvahu, Ze se jednd o malou spolecnost a dochézi ke
kumulaci funkci. Ve spolecnosti probiha nizkosménny provoz, soucasné je nizka fluktuace
zameéstnancl. Nelze provést redukci zaméstnancli, a proto se zaméfit na jejich soucasné
pietizeni a pfi¢iny pietizeni eliminovat. Cinnosti, které nejsou pro proces podstatné je nutné
odstranit. Pfipadné ¢innosti delegovat na jiné osoby, u kterych nedochdzi k ptetiZeni.

b) Zrychleni procesu

Snahou névrhti je zrychleni procesti ve smyslu vycisténi ¢innosti, které nejsou pottebné a
zpomaluji tok procesu.
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Navrh na zlepSeni ze stiediska zakazkové vyroby:

Z vyrobniho procesu se odstrani kontrolni misto. Tim, Ze se odstrani kontrolni misto, se
zrychluje vyroba. Jelikoz se zakazka ptesouva po vyrobni operaci vzdy na kontrolni misto,
eliminujeme tim pocet front na polovinu. V tvahu lze brat kontrolu ptfed nejnakladnéjsi
technologickou operaci.

C) Zpi‘ehlednéni procesu
Procesy nemaji standardizovany pribeh a nelze stanovit jeho fizeni. Proto je potfebné proces
zptehlednit a urcit meze jeho prubéhu.

Navrh na zlepSeni ze stiediska vyroby jednotucelovych strojii:

Zptehlednuje komunikaci aplika¢niho inzenyra se zadavatelem. Zaroven eliminuje obchodniho
zastupce, ktery informace ptedaval. Vstupnim pfedpokladem navrhu je, Ze aplikacni inZzenyr
ma k dispozici kontakt na zadavatele, konkrétn¢ na predem stanovenou osobu pro technické
feSeni zakazky. Zvysuje se zpiehlednéni v procesu a reakéni doba ze strany zadavatele.

Podékovani

Prispévek byl vytvoren za podpory projektu "Vyvojové a tréninkové prostiedky pro interakci
¢loveéka a kyber-fyzického vyrobniho systému" s eviden¢nim ¢islem SGS-2021-028, ktery je
feSen v ramci internich projekti Zapadoc€eské univerzity v Plzni a projektu KEGA 002TUKE-
4/2020.
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NAVRH ROBOTICKEHO RAMENA PRE MECHANICKU
RUKU MECHATE ROBOT

Juraj KOVAC

Abstract: Clanok sa zaoberd navrhom a vyrobou robotického ramena pre mechanickd ruku
MechateRobot. V prvej kapitole ¢lanku je uvedené konstruk¢éné rieSenie ramena, ktoré bolo
namodelované a odsimulované pomocou softvéru Inventor Profesiondl. V nasledujtcej kapitole
je popisana metoda vyroby navrhnutej konstrukcie pomocou aditivnej technologie a ukazka
kompletnej zostavy robotického zariadenia.

The article deals with the design and manufacture of a robotic arm for the MechateRobot
mechanical arm. In the first chapter of the article, the structural solution of the arm is presented,
which was modeled and simulated using Inventor Professional software. The following chapter
describes the method of manufacturing the proposed structure using additive technology and a
demonstration of the complete assembly of the robotic device.

Keywords: robotic hand, robotic arm, 3D printing

Uvod

V poslednych rokoch doslo k obrovskému pokroku vo vyvoji robotickych rik. Za robotickt
ruku mézeme oznacit’ v podstate akékol'vek zariadenie sluziace k pohybovaniu s predmetmi. S
tymto produktom sa mdzeme stretnut’ v priemysle, kde st robotické ruky vyuzivané pre
zvaranie, lakovanie a iné prace, ktoré vyzaduju presnost. V dnesnej dobe je na trhu dostupné
mnozstvo robotickych rik a ramien, ktoré sa od seba liSia konstrukciou, materidlom z ktorého
su vyrobené, réznorodostou koncovych efektorov a v neposlednom rade aj cenou. Ked’ze sa
robotické ruky Coraz viac uplatiiuju v r6znych odvetviach, ako napriklad v priemysle, medicine,
vo vede alebo gastronomii, stale prebieha ich vyvoj a neustale zdokonalovanie.

1. KonStrukény navrh robotického ramena v CAD systéme

Pri navrhu robotického ramena bolo vychadzané z uz existujucej robotickej ruky, ku ktorej bolo
potrebné navrhnut’ zvySok funkéného ramena. PocCas navrhovania sa riesili viaceré varianty,
ktoré sa postupne prispdsobovali a zdokonal'ovali az k vybranému variantu.

* drziak ruky redukcia - upeviovaci diel k zapastiu
* predlaktie

« predlzovaci diel

* laket

¢ drziak serva

* Podlozka pod drziak serva

I Horny klb ramena r

* ramenny horny diel

* horny kib

* predizovaci diel samec a samica
* drziak serva

* podlozka pod drziak serva

I Mechanicka cast ramena — prevody —

* vnitorné ozubenie — laket

* pastorok laket — 28 zubov

* vnitorné ozubenie — horny kib

* pastorok horny kib — 18 zubov

* prirubové puzdro a zaistovaci krizok
* vymedzovaci krdzok — 2mm, 6mm

* servo

* hriadel

Obr. 1 Casti navrhovaného robotického ramena [1]
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Laktova cast’

Drziak ruky — redukcia, je vlastne upeviiovaci diel k zapéstiu. Bol prispésobeny k uz
vyhotovenym dielom zapéstia ruky, aby bolo mozné ich prepojenie. Na nasledujucich
obrazkoch je vidiet’ postupné modelovanie drziaka ruky. V poslednej ¢asti F obrazku
¢.1 je hotovy drziak ruky. [1]

Obr. 2 Drziak ruky — redukcia [1]

Predlaktie

Cast’ predlaktia je navrhnuté tak aby bolo aj neskor mozné jej prediZenie do pozadovanej
dizky ramena a priamo na neho sa upevni servopohon. V tejto Gasti predlaktia sa bude
nachadzat’ prevodové Ustrojenstvo dolnej Casti ramena. Uz hotovy vymodelovany diel sa
nachadza na obrazkuc.3 [1]

Obr. 3 Predlaktie [1]

PredlZovaci diel

PredlZzovaci diel, obrazok ¢.4. je navrhnuty tak, aby ho bolo mozné kedykol'vek vyhotovit’

v potrebnej dizke a pripojit’ k uz existujucemu dielu a tym sa prediZi predlaktie alebo horny
ramenny diel do pozadovanej dizky. Tento predlZovaci diel sa sklad4 z dvoch &asti, a to ,,samec*
a ,,samica“, ¢o zabezpeci jeho jednoduché spojenie. Ako je na obrazku ¢.4 zobrazené, spojenim
zelenej Gasti a oranzovej &asti vznikne celkovy predlZzovaci diel. Dizka zelenej ¢asti ,,samica®
sa da jednoducho a rychlo v CAD systéme upravit’ na pozadovanu dizku. [1]
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Obr. 4 PrediZenie ramien [1]
Lakt'ovy kibovy diel
Na obrazku ¢.5 je zobrazeny lakt'ovy diel ramena. Jeho navrh vychadzal z toho, aby v fiom bolo
mozné umiestnit’ prevodové ustrojenstvo, to znamena aj ¢ast’ predlaktia a aby jeho tvar
umoziioval rotaény pohyb. Prvy variant laktového dielu bol neskor skrateny, pretoze jeho dizka
presahovala moznosti 3D tlaciarne. [1]

Obr. 5 Lakt’ovy diel ramena [1]

Prevodové ustrojenstvo lakt'ového kibu

Pre rieSenie prevodového ustrojenstva na robotickom ramene sa zvazovali viaceré mozné
prevody, ako aj ozubené prevody, ktoré sa pouzivaji na prenos kratiaceho momentu z hnacieho
hriadel’a na hnany hriadel’ bez sklzu. A ked’ze v naSom pripade mame malt osovu vzdialenost’,
rozhodlo sa pre pouZitie ozubeného prevodu s vnutornym ozubenim s priamymi zubami [10].
Na obréazku ¢&.6 je znazorneny cely laktovy kib s loziskami, oskou, presnym uloZenim osky a
vnutornym ozubenym prevodom. Program CAD Inventor Professional umoznil simulovat
presné uloZenie jednotlivych dielov a tym sa predislo riziku nevhodnosti alebo vel'kosti uréitych
Casti alebo komponentov [10] Vonkajsia cast’ laktového prevodu s vnitornym ozubenim ma 80
priamych zubov a vnutorné ozubenie — pastorok ma 28 priamych zubov. Hriadel je pre
jednoduchost’ vyrobené zo zavitovej ty¢e MS, ktora je uchytend v drziakoch hriadele a
jednoradovych gul'6¢kovych loziskach ,,625 Z2* na obidvoch stranach tejto lakt'ovej Casti. [1]
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Obr. 6 Laket’ s prevodom [1]

Nasledujuci obrazok &.7 zobrazuje hriadel’ laktového kibu, ktory je totozny s hriadelom
hornej Casti ramena. Tieto Casti su umiestnené v totoznych drziakoch hriadele (na obrazku
zobrazené zelenou farbou), neskor upevnené skrutkami k predlaktiu a hornej Casti ramena
(nezobrazované na obrdzku), pri¢om cast’ drziaka hriadele je zasunutd v tychto dieloch. Hriadel
je na svojich koncoch uloZeny v gul'6¢kovom lozisku (modra farba) a voc¢i axidlnemu postvaniu
zaistena vymedzovacimi kruzkami (oranzova farba). [1]

Obr. 7 Hriadel, loZiska a vymedzenie lozisk [1]

Ulozenie hriadele s loziskami a drziakmi do predlaktia je zndzornené na obrazku ¢.8.
TaktieZ je vidiet upeviiovacie otvory. DrZiaky hriadele st navrhnuté pre jednoduchsiu vymenu.

Obr. 8 Predlaktie so servom [1
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UloZenie servopohonu predlaktia
Na obrazku ¢.9 je celé predlaktie aj s drziakom ruky, servomotor, uloZenie serva na
drziaku, hriadel s loziskami a prevodové koleso na hriadeli.

Obr. 9 Predlaktie so servom [1]

Druha ¢ast’ ramena
Horna ¢ast’ ramena ruky. Na obrazku ¢. 10 je vymodelovany diel horného ramena ruky.

Obr. 10 Horné rameno ruky [1]

Jeho tvar je podobny ako ¢ast’ predlaktia, odliSuje sa umiestnenim osovej vzdialenosti.

V spodnej casti je viditeI'né spevnenie dielu a takisto je vidiet’ aj otvory na hriadel’, diery na
upevnenie drziakov hriadele pomocou skrutiek. Nasledujuci obrazok ¢. 11 znazornuje osova
vzdialenost’ na hornom ramene, ktora je odlisna od vzdialenosti osovej vzdialenosti osi na
dolnom ramene ruky.

Obr. 11 Osova vzdialenost’ horného ramena [1]
UloZenie servo motora horného kibu Obrazok &.12 zobrazuje horné rameno spolu so servom,

hriadel'om, loziskami a prevodovym ozubenim. UloZenie serva na tomto diele je oproti ulozeniu
serva na predlakti odlisné v dvoch bodoch. Jednym z nich je osova vzdialenost’ medzi osou
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serva a osou hriadele okolo ktorej sa otaca rameno. Druhou odliSnost’ou je otocenie serva o
180°, toto otocenie zabezpecilo, Ze osova vzdialenost’ sa eSte zvicsila a pomocou tejto upravy
bolo mozné dosiahnutie pozadovaného prevodového pomeru a tym aj zabezpeCenie pouzitia
servomotorov s rovnakym vykonom pre obe Casti robotického ramena. [1]

Obr. 12 Horné rameno so servom [1]

Na obrazkoch ¢. 13 je ozubenie horného kibu a znazorneny prevod tohto kibu spolu so servom.
Kvoli nedostatocnej osovej vzdialenosti pre pozadovany prevod bolo rozhodnuté pouzitie
ozubeného prevodu s vnitornym ozubenim s priamymi zubami. V tomto pripade bolo pouZité
90 zubové koleso a pastorok ma 18 zubov. Ked'ze potrebny pohyb ramena bol stanoveny v
rozsahu do 180°, nebolo nutné pouzit' tak ako pri laktovom kibe celé kompletné kruhové
ozubenie, ale iba jeho polovicu. Touto tpravou bolo mozné zmensit' rozmer horného kibového
dielu — ,,horny kib ramena“. Pre spojenie vniitorného ozubenia a horného kibového dielu boli
na ozubeni vymodelované §tyri otvory pre skrutky. [1]

Obr. 13 Prevod horného kibu [1]

Horny kib ramena

Na nasledujucich obrazkoch je postupné modelovanie horného kibu. Obrazok &. 14
znézortiuje zaklad pre horny kib — boéné steny kibu s otvormi pre osku, otvory pre osadenie
lozisk a diery pre skrutky uchytenia prevodového ozubenia.
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Obr. 14 Horny kib ramena [1]

2. Vyroba ramena za pomoci 3D tlace

Jednotlivé Casti ramena robotickej ruky boli tlatené na 3D tlaciarni v laboratériu Technickej
Univerzity v KoSiciach ( obrazok ¢. 15). Ako sa uz bolo uvedené v predchadzajicich kapitolach
¢lanku, jednotlivé Casti boli konstruované v CAD systéme v programe Inventor Professional a
nasledne ulozené v subore STL, ktory je podporovany 3D tlaciarniou. Takto sa postupne upravili
a vytladili vSetky konStruované casti. Na tlac bol pouzity vysSie spominany materidl ABS a
PLA vlakno.

Obr.15 Laboratérium s 3D tlaciariiami [1]

Ked’Ze sa jednd o prototyp tak sa pre lepsiu vizualizaciu jednotlivé Casti ruky sa tlacili odliSnymi
farbami. Obrazok 16 zobrazuje vsetky Casti ramena , ktoré bolo potrebné vytlacit’
na 3D tlaciarni.

Obr. 16 Casti ramena tla¢ené na 3D tlagiarni [1]
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Pohon ramena

Pre pohybové tstrojenstvo robotického ramena bol vybrany servomotor SRT-DL3017 DC, jeho
Specifikacia je v tabul’ke ¢.1. Hlavnym dovodom pre vyber tohto serva s maximalnym taznym
zatazenim 17kg.cm bola vysokéd vaha koncového efektora s jeho pohybovym tustrojenstvom
(zdpastim) dosahujucim skoro 700g a taktiez vzhladom celkova dizku navrhovaného
robotického ramena spolu so spominanym koncovym zariadenim dosahovala skoro 70cm. [3]

Tab. 10 Technické parametre servomotora [3]

Rozmery 40,7 x 20,5 x 39,5 mm
Hmotnost 63,0g

Lozisko dudlne

Pracovna frekvencia 1520us/330hz

Pracovné napatie DC4,8-6V

Pracovna rychlost (4,8V) 0,17s /60 stupriov bez zatazenia
Pracovna rychlost (6V) 0,15s /60 stupriov bez zataZenia
Tazné zatazenie (4,8V) 15,5 kg.cm

Tainé zatazenie (6 V) 17,0 kg.cm

Pohon potenciometra Priamy pohon

Dizka konektora kabla JR 250 mm

Material prevodovky Titan a mosadz
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A na zéaver, na poslednom obrazku ¢. 17 je kompletné robotické rameno ruky Mechate
Robot umiestnenej na tiezZ navrhovanom stojane.

Obr. 17 Roboticka ruka Mechate Robot [1]

Prispevok bol rieseny v ramci projektu KEGA 002TUKE-4/2020, Implementacia inteligentne;j
techniky a pokrokovych technologii pre podporu transformacnych procesov a projektovanie
vyrob budiicnosti a KEGA 019TUKE-4/2022 Priprava manazérov novych vyrobnych Struktar
budicnosti na principoch ,,Overall Equipment Effectiveness (OEE) prostrednictvom
vzdelavania Studentov v predmete Manazment vyroby v Studijnom programe Priemyselné
inzinierstvo, KEGA 009TUKE-4/2020 ,,Transfer digitalizacie do vzdelavania v Studijnom
programe Riadenie a ekonomika podniku“, VEGA 1/0438/20 ,Interakcia digitalnych
technoldgii za Ucelom podpory softvérovej a hardvérovej komunikacie pokrocilej platformy
systému vyroby*, KEGA 001 TUKE-4/2020 ,,Modernizacia vyucby priemyselného inzinierstva
za Ucelom rozvoja zruénosti existujuceho vzdelavacieho programu v Specializovanom
laboratoriu”. Tuto pracu podporila aj Agentira na podporu vyskumu a vyvoja na zaklade
Zmluvy ¢. APVV-19-0418 ,Inteligentné rieSenia pre zvySenie inovacnej schopnosti podnikov
v procese ich transformacie na inteligentné podniky“ a APVV-17-0258 , Aplikacia prvkov
digitalneho inZinierstva pri inovacii a optimalizacii produkénych tokov*. VEGA 1/0508/22
,Inovativne a digitalne technoldgie Vo vyrobnych a logistickych procesoch a systémoch.*

140



Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, ro¢. 25 (_
Trends and Innovative Approaches in Business Processes “2022”, Vol. 25 - ..- T I A B P

Zaver

Ciel'om navrhu bolo vytvorit’ funkény model ramena pre roboticku ruku MechateRobot. Na
vyrobu modelu bola zvolend metoda 3D tlace. Roboticka ruka by mala slizit' pre animacné
ucely a simulaciu pohybu pocas vyucovacieho procesu alebo vyskumu. Vznikol plne funkény
model robotickej ruky. Kazdy zo stupiiov volnosti umoziuje robotickej ruke, ktora je
pripevnena k zépistiu, simulovat’ svoju funkciu identicku s funkciou l'udskej ruky. To zvySuje
vyznam robotickej ruky MechateRobot v animécii a potencidlne vyuzitie v inzinierskej a
vzdelavacej praxi.
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AN OVERVIEW STUDY OF THE
TESTBED 4.0 LABORATORY

Peter TREBUNA — Marek MIZERAK — Mati§ MATISCSAK — Richard DUDA

Abstract: Testbed 4.0 is located at the Technical University of KoSice at the Faculty of
Engineering, specifically in the building of the Department of Industrial and Digital
Engineering. Testbed was created as a response to the needs arising from the currently ongoing
digital transformation of companies and at the same time as a support tool for companies in the
competitive struggle, whether on the market of Slovak companies or on a European scale.

Keywords: Testbed, Industry 4.0, technology.

Uvod

Rozvoj technologii, IT sektora a procesného inzinierstva Zenie priemysel do novej priemyselne;j
revoltcie s poradovym ¢islo Styri ktora vychadzala z predoslych troch. Ak v prvej faze evolicie
priemyslu bolo hlavnym poslanim nahradenie manudlnej prace ¢loveka strojom v dominantnom
zastupeni parnym alebo mechanickym principom chodu. Na tito fazu nadvédzuje druhd faza, ktora sa
primarne venuje organizacii a zefektiviiovaniu prace kde dobrym prikladom st Fordove pracovné linky
a pasové dopravniky implementované vo vyrobe. Tymto posunom vo vyrobe sa in§pirovala tretia faza
ktorej hlavnym tucelom bolo oslobodenie c¢loveka od namdahavej fyzickej prace. Podstatnym
inovativnym palivom tejto evolu¢nej fidzy bola automatizacia a robotizcie, ktord pretrvava do
sucasnosti a pokraCovanim vyvoja priemyslu a otvorenim svetového trhu privadza priemysel do novej
evoluénej fazy priemyslu ato Priemyslu 4.0 resp. Industry 4.0. Prave tato Stvrta faza miery svoje
zameranie na nahradu ¢loveka v riadeni a je postavena na digitalizacii. Dobrou otazkou urcite je, preco
je cielenie tychto inovaénych procesov zamierené na riadenie a manazment podniku v ktorom je cielom
nahradenie l'udského faktora? Po nie vel'mi dlhej tvahe mézeme dospiet’ k zaveru ze uspesnost
podnikania v dnesnej dobe je postavena na kvalite riadenia a ¢lovek na tomto poste sa dostava na limit
svojich schopnosti. Paradoxne pod oznacenim ¢lovek chapeme tvora ktory je nedokonaly, ma v povahe
robit’ chyby, zabtdat’ a Casto riesit’ dané vzniknuté problémy emotivne. Tym padom je viziou Industry
4.0 tieto negativne vplyvy eliminovat’.

Data a ich vyznam pre Industry 4.0

Dolezitym faktorom ktory je kI'i¢om pre vyvoj firiem a zefektivnenie ¢i optimalizacia procesov
V nich st informacie a data. Aj ¢lovek dokaze pri dostatoénom mnozstve informéacii sa rozhodntt’ resp.
zaujat’ stanovisko na zaklade skusenosti a intuicie ale je na povaZenie, ¢i stanovisko ktoré vydal je to
najoptimalnejsie a najlepsie, tym padom je mozné tvrdit' Zze zvySovanim mnozstva dat a zberom
korektnych informacii je mozné spresnit’ usudok a nasledne vybrat lepSie rieSenie. Po zbere
dostatocného mnozstva dat o procesoch je mozné zautomatizovanie procesu a tym uplne vylucenie
Cloveka alebo je mozné poskytnit’ manazérovi nastroje na prijimanie efektivnych a kvalitnych
rozhodnuti. M6Zeme konstatovat’ ze prelomové zmyslanie Industry 4.0 digitalne prepaja vsetky stroje,
procesy, pracovnikov, dodavatel'ov a v neposlednom rade zakaznikov, zbiera data od nich a spracovava
ich na riadiace procesy ktoré produkuju v realnom case vystupy ktoré zefektiviiuji a modifikuju
optimalnost’ procesov.

Tym padom clovek na akomkol'vek postaveni v hierarchii firmy, je oprosteny od rieSenia
problémov mikromanazmentu ainych drobnych problémov spdsobenych hluchymi miestami
vytvorenymi nedostato¢nym datovym obrazom procesu.

Mobzeme teda povedat Ze data musia obsahovat tieto 3 zadkladné vlastnosti aby sa stali
plnohodnotnymi a uzitoénymi a to sii:

e Zmysluplne vyuzite'né
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e Rychlo pristupné
e Chranené pred poskodenim a stratenim

Spracovanie dat a vyhodnocovanie
Ako uz bolo povedané, prioritou firiem by mal byt zber informacii resp. dat o procesoch.
Nastavajicou otazkou je: Aké data by sme mali zbierat? Vo firme prebicha vel'mi vela procesov
v redlnom case o predstavuje kvantum dat ale zatial' sa dari zbierat’ vel'mi maly zlomok tychto
informacii a ostatné nemonitorované procesy a ich informacie ostavaju zabudnuté ¢asom a potencialne
nevyuzité. Samozrejme kazda informdcia sa d& nejak vyuzit’ ale treba si urcit’ prioritné procesy a tym
padom vieme povedat’ aké informacie nas vedu k lepSiemu poznaniu procesov a tym padom ukazuju
neefektivne miesta, priestory alebo ¢asy na ktoré by sme sa mali zamerat’.
Zaverecnou fazou po zbere a spracovani dat by malo nastat’ vyhodnocovanie dat. Pristup pri
spracovani dat sa da rozdelit’ na dva pristupy:
1. Prvy pristup ku datam je vyuzitie na priame riadenie procesov, strojov a vyrobkov
2. Druhy pristup vyuziva ddta na podporu rozhodovania a riadenia procesov za pomoci datove;j
analytiky

Technologie Industry 4.0
Dal§im opornym bodom o ktoré sa bude priemyselnd evolicia Industry 4.0 opierat’ bude
jednoznacne nova technologia. VSeobecne zastdvany nazor a model pocita a prerozdeluje Industry 4.0
do 9 hlavnych pilierov a tu su :
Big data a analytika dat — Spracovanie dat vo vel’kom objeme prijimanych dat efektivne.

o Simulacie — Overovanie a testovanie funk¢énosti a vlastnosti digitalnych procesov a vyrobkov
a nasledna optimalizacia ¢oho prinosom je znizenie nakladov a zvysenie kvality a efektivnosti
procesu. Mozno ju vykonavat este pred samotnou investiciou.

o Horizontilna a vertikalna integracia — Vytvorenie flexibilného prostredia ktoré dokaze
V redlnom c¢ase reagovat’ na vzniknuté podnety

e Priemyselny internet veci - Prepajanie systémov a fyzickych zariadeni pomocou internetu za
ucelom zberu dat ich vymeny a spracovania dat.

o Pokrocila robotika — Vyuzivanie kolaborativnych robotov robotou ktoré dokazu
spolupracovat’ na jednom pracovisku s ¢lovekom bez vzniku ohrozenia ¢loveka.

e Cloud computing a kyberneticka bezpe¢nost’ — Prepozi¢iavanie alebo prenajimanie serverov
ako ulozisko dat a softvérov, tym sa zvySuje vypoctovy vykon, znizuju sa naklady a data
ostavaju chranené a zalohované.

Rozsirena realita — Zobrazenie realneho priestoru s pridanim digitalnych informacii.
e Aditivna technolégia - Siroké uplatnenie pri prototypoch a navrhoch zlozitych tvarov.

Bigdata
aanalytika dat
Adtivia
= uroba

o1
09 8

Horizontalna
[o:] 9 avertikalna
03 integracia

TECHNOLOGICKYCH
ilieroy
Industry 4.0
04

Priemyselny
internet veci

Obr. Piliere Industry 4.0
Testbed
Testbed moézeme povazovat za experimentilne pracovisko ktoré je navrhnuté ako skasobna
testovacia linka alebo ako komplexny celok zariadeni, ktory je vybaveny najmodernejSou technikou.
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Vdaka tymto podmienkam je mozné navrhovat’, overovat,, hodnotit’ produkty, procesy a technologie
digitalizacie. Aplikacie vyuzitia Testbedu siahaji do vyvoja, vyskumu a inovacii v priemysle, a svojim
umiestnenim vramci univerzit ¢i vzdelavacich institucii nachddza uplatnenie aj ako edukacny nastroj,
teda napomédha vzniku novych Studijnych odborov zameranych na digitalizaciu priemyselnych
poziadaviek.

Industry 4.0 otvara jedinec¢né rieSenia pre najrozmanitejSie poziadavky a naroky podnikov a tym
padom je nevyhnutne dolezité aby Testbedy dokézali flexibilne reagovat’ na novovzniknuté problémy
spojené zo zavadzanim novych poziadaviek priemyslu. Z toho vyplyva ze nemozno brat’ Testbed ako
nastroj, ale aj ako pracovisko, lepSie povedané platformu, pre podporu uz vyssie spomenutych oblasti
ako je vyskum a inovacie. Teda Testbed mozeme povazovat’ za podporu pre riesenia konceptov Industry
4.0.

Ked'Ze v strednych a mensich firmach nie je priestor a Casto aj financny kapital na skuSanie novych
technologii, Testbed pontka platformu na skuSanie a hl'adanie optimalnych ciest a navrhov bez toho aby
firmy mali dostato¢né know-how na realizaciu projektov. V testbedoch moézu firmy testovat’ aplikacie
Industry 4.0 bez konkurenc¢ného tlaku, s nizkym rizikom, prijatelnymi nakladmi a vysokou hodnotou
v podobe $pickovych technoldgii a odbornej asistencie.

Velmi dolezitou strategickou vyhodou je vyuzitie Testbedu eSte pred samotnou investiciou do
technoldgii. Tento pristup sa nazyva testovanie pred investovanim alebo anglicky ,.test before invest*
kedy podnik poda svoje poziadavky anavrhy a Testbed im ponuka komplexny strategicky
a technologicky pohlad’ na proces.

Miera oblasti zaberu Testbedov je vel'mi Siroka a pribudanim novych ich poziadavky priemyslu
dokazu presnejsie Specifikovat’. Oblast’ siaha od kybernetickej bezpe€nosti, robotiky, automatizacie,
spracovania dat, pontika rieSenia pre sériové a hromadné vyroby, a siaha az ku umelej inteligencii ¢i
virtualnej a rozsirenej reality. Testbed a jeho Casti dokazu plne komunikovat’ s inymi Testbedmi a teda
stava sa trendom viacpriemyslové prepojenie, teda je bezné Ze strojarsky priemysel je mozné pri vyvoji
a vyskume s inymi priemyslami ako je zdravotnicky, civilny ¢i armadny sektor.

Testbed v zahranici

Slovensko a jeho priemysel je schopny Cerpat’ informacie o problematike Testbedu napriklad zo
zapadnych krajin eurdpskej unie a takym pomyslenym lidrom je jednoznac¢ne Nemecko. Podl'a zisteni
v aktudlnom obdobi roku 2021 ma Nemecko 89 testovacich pracovisk ¢o je spomedzi ostatnych krajin
EU jednoznaéne najviac. Budovanie testbedov je mozné zaznamenat' aj u Ceskej republike a prvé dva
boli vybudované strategicky v Brne a Prahe.

RICAIP ZeMA Testbed Saarbriicken
Testbed Saarbriicken sa nachddza v nemeckom meste Saarbriicken kde zo svojou testovacou
plochou 4000 metrov Stvorcovych zahina dve priemyselné haly a rozne plochy pre experimentalne
demonstracie a prototypy pre vyrobu budicnosti. Hlavnym zamerom je vyuzivanie digitalizacie pre
potreby Industry 4.0 ako aj vyuzivanie umelej inteligencie pre ucely aplikacie vo vyrobnej oblasti
rovnako ako vyuzivanie robotov. Zameranie tohto tesbedu sa prejavuje hlavne v tych oblastiach:
e Senzory a akéné ¢leny — nasadzovanie inteligentnych materialov pre vyvoj a inovaciu novych
produktov a moznosti ich aplikacie
e Automotiv — Rozvoj vyrobnych a testovacich technoldgii pre nadchadzajtice generacie aut
e Robotizacia— Vyvoj na kooperacii Robot-Clovek a aplikacie vyroby spojené s vyuZzitim
umelej inteligencie vo vyrobe
e Manipulaéna technika — Digitalizacie v oblasti logistiky za pomoci digitalizacie a Al

RICAIP Testbed Prague CIIRC CTU

Testbed sa nachddza na Ceskom Institite Informatiky, Robotiky a Kybernetiky na CVUT v Prahe.
Tento Testbed sa rozprestiera na dvoch podlaziach o rozlohe dohromady 1640 metrov $tvorcovych.
Vyuziva sa na vyskum, vyvoj, vzdelavanie a kolaboracie s partnermi. UmozZiuje testovanie rieSeni pre
pokrocilu a integrovanu priemyselni vyrobu a procesy pre inteligentné tovarne. TaktieZ umoziluje
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optimalizaciu energetickej efektivnosti vyrobného systému, diagnostikovat’ a navrhovat’ prediktivnu
udrzbu alebo dokaze spravovat’ data v ramci oblasti zivotného cyklu produktu. Zameranie tohto
Testbedu je dedikované v tychto Castiach priemyslu :
e Systém pre plinovanie vyroby — planovanie vyroby v réznych tirovniach hierarchie ako je
level jedného zariadenia az po level celej vyrobnej linky a logistické systémy
o Digitalne dvojc¢a a digitalny tiefi — Spracovavanie a analyzovanie dat z vyroby ako st vyrobné
procesy, scenare, metrologickych rieSeni a Statistické riadenie procesov
e Ekosystém podniku — prepojenia vyrobnych liniek, logistiky a zakaznickych sluzieb
S podporou autonémneho rozhodovania a planovania vyroby
e Vyvaoj technoldgii — vyvoj laserovej, aditivnej a robotickej technologie

RICAIP Testbed Brno CEITEC BUT
Brno Testbed sa nachadza v priemyselnej hale v areali VUT v Brne, je spravovany Stredoeurdpskou
institiciou Technoldgie (CEITEC) . Infrastruktura pracoviska je zamerana na vyskum, vyvoj,
vzdelavanie a experimentalnu produkciu. Pocas faze strat-upu bol pouzivany v medzinirodnych
vel'koprojektoch na poli Industry 4.0 a velkl ulohu zohrava vyuzitie v automobilovej technologii.
Brnensky Tetsbed je prepojeny s regionalnym inovacnym ekosystémom orientovanym na strojové
a produk¢éné technologie. Hala testbedu je vybavena presnym optickym lokalizaénym systémom
a poskytuje podnikové softvérové riesenia pre navrh, modelovanie, simulaciu a prevadzku vyrobnych
liniek, ako aj najmodernejSiu automatizac¢nu siet. Okrem tychto vyrobnych technologii existuju aj
jedine¢né zariadenia na vyvoj a testovanie vysokovykonnych rotacnych pohonov do vykonu 250 kW
pre priemyselné a automobilové aplikacie a linedrne motorové pohony do vykonu 100 kW. Orientacia
testbedu je teda smerovana do tychto oblasti:
o Flexibilne vyrobné systémy — kombindcia aditivnej a obrabacej technologie ako aj vyvoj
transportnych technologii ako si mobilné manipulatory
e Kooperacia ¢lovek — stroj — robot — 3D lokalizacia robotov a zariadeni ako aj zavadzanie
virtualnej a roz$irenej reality
Diagnostika strojov — predikcie a odhady v oblasti tdrzby a stavov stroja
o Akusticka a vibra¢na diagnoestika — vibrodiagnostika, analyzy akustickych emisii a vyvoj
senzorov pre diagnostiku
e Vyvoj krokovych motorov — vyvoj vysokovykonnych rotaénych a posuvnych motoréekov
a prediktivna udrzba

Engine Testbeds Graz, Austria
Skupina Testbedov nachadzajuca sa v Rakuskom Grazi prepoziciava sluzby testbedov pre svetovo
najprestiznejsie automobilové znacky. Pocas roka dokazu laboratéria otestovat’ cez 150 rozli¢nych
motorov podla akredita¢nych standardov TUV Siid. Zameriavanie testbedov mozno rozdelit na :

o 24 motorovych testbedov — testovanie motorov od 1kW az do 1900kW

e Alternativne paliva

e MontaZne a testovacie zariadenia

TestBed 4.0

Ak by sa prinos TestBedu 4.0 dal zovSeobecnit’ je mozné povedat’, ze prinasa sluzby pre priemysel,
ktoré podnikom umoziuje navrhovanie, testovanie, a hladanie optimalnych a efektivnych rieseni
procesov vzniknutych zavadzani principov Industry 4.0. To umoziiuje firmédm detailny prehlad nad
procesmi ktoré ich investicia prinesie a predostri niekol’ko inych variant ktoré by mali pomdct pri
vybere vhodného riesenia.

Pracovisko Testbedu poukazuje a kladie doraz na pracu s datami od vyvoja vyrobku cez zavedenia
spdsobu a logistické ukony az po samotna vyrobu. Prave tieto potencialne zdroje poskytujuce data
podnecujt k dokladnému zberu a budovani vlastnych informaénych tokov dat. Testbed 4.0 poskytuje
moznost’, zdzemie a radu odbornikov s ktorymi dokazu podniky tieto prehliadané miesta vo vyrobe
lepsie podchytit’ ¢o sa tyka dat, a v d’alSich krokoch ich dostato¢ne kvantifikovat’. Navrh a koncipovanie
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TestBedu 4.0 bolo z umyslom aby ¢o najmenej podlichalo starnutiu zariadeni. Hardvér ktory by sa
v priebehu mesiacov a rokov dal povazovat’ za zastaraly bol zastupeny zariadeniami ktoré st vytvarané
virtudlnom priestore.

Hlavnym poslanim TestBedu 4.0 pre kazdy konkrétny podnik je v SirSom slova zmysle rieSenie,
vytvarané na mieru dané¢ho podniku. RieSenie zahfiia metodiku, koncepciu a postupy pri aplikacii
Industry 4.0 ¢o predstavuje Ciastocnu alebo komplexnll integraciu podnikovych procesov a Siroké
zameranie sa na zber, vymenu, zhromazd’ovanie dat a po ich vyhodnoteni aj premenu na relevantné
informacie. Neodmyslitelnou sucastou pri realizacii navrhu, optimalizacie a overovanie je spravna
aplikacia konceptu digitdlneho dvoj¢ata. Podpora a pritomnost’ digitalneho dvojcata dopomaha pri
vytvarani a kontrole digitdlneho ekosystému priemyselného podniku. Cely ekosystém mdze zahtnat’:

e EPR -rieSenia pokryvajuce potreby MSP
PLM — systém pre riadenie vyvojovych a predvyrobnych faz
CAD/CAM systémy
RTLS - sledovanie toku materidlu, pracovnikov a logistiky
Vyrobné stroje — zariadenia, stroje a roboty prepojené v ekosystéme
e Monitorovanie energetickych nakladov pocas prevadzky
Podla predom stanovenych zdsad Industry 4.0 a moznosti ktoré ponuka TestBed 4.0 pre podniky
Vv priemysle, by sa rieSenia v praxi dalo rozdelit’ do tychto sluzieb:

1. Overovanie investicii — Zaradenie Testbedu vo fize pripravy a projektovania umoziuje
vytvaranie virtudlneho modulu pracovnej linky alebo inak zlozitého pracoviska ktory sluzi ako
idealny model tohto pracoviska. Pri rieSeni a optimalizovani tohto modelu je mozné vykonavat’
zmeny bez investicii a S vyuZitim virtualnej reality pontka aj pohlad na pracovisko. Tymto
overenim je mozne predist’ chybam ktoré by mohli vzniknut’ uz pri realizacii investicii.

2. Vytvaranie parametrického modelu — V procese reorganizacie alebo Upravy pracoviska
s cielom zvysenia vykonu a uspory priestoru vznikaju mnohé komplikacie. Parametricky model
dokaze simulovat’ varianty procesov pri rdznych podmienkach/parametroch a tym ponutka viac
rieSeni pre procesné optimalizacie za cielom zefektivnenia procesu.

3. Virtual comissioning — TestBed 4.0 umoziuje vykonavanie simulécii a testov pred spustenim
vyrobnej linky alebo vyrobného procesu. Tento krok dokéze odskusat’ celé softvérové
vybavenie a teda predchadza moznosti vzniku problémov pri zlom zapojeni do prevadzky, ¢o
by mohlo vyustit’ do poskodenia Casti linky alebo zraneniam ¢loveka.

4. Navrh zberu dat z vyroby — Umoziuje navrhovanie Struktir prepdjania zariadeni pod
principom IoT. Tieto prepojenia strojov a procesov umoziuje zbieranie dat ktoré su podstatné
pre zavisly chod a autondmne riesenie problémov.

5. Monitoring CNC strojov — Automaticky zber dat z PLC riadiacich jednotiek CNC stroja.
Pomocou presného monitorovania, teda zberom dat, je mozné zvysit’ vytazenost' stroja tym
znizit’ ¢as ktory stroj nepracuje ¢o sa prejavi na zisku z daného stroja. Taktiez zber dat o chode
stroja informuju o potrebach servisu a prediktivnej udrzby ¢o ma za nasledok skvalitnenie
vyroby a finan¢nu naro¢nost’ na pripadné opravy stroja.

6. Systém RTLS pre tok ziakazky a logistiku — TestBed 4.0 pomaha pri rieSeni lokalizacie
vyrobkov vo vyrobnej hale ako aj navrhuje ziskavanie informacii o zdsobovani pracovisk.
Technologiou RTLS je mozné sledovat’ stav a polohy zakazky v redlnom case co dava prehl’ad
0 tikonoch ktoré uz boli vykonané, ktoré sa vykonavaju a ktoré budi vykonané a na akom
pracovisku alebo pracovnej stanici sa to vykonava.
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POKROCILE PLANOVANIE A ROZVRHOVANIE VYROBY
AKO SUCAST DIGITALNEHO DVOJCATA

Miriam PEKARCIKOVA— Marek KLIMENT — Jan KOPEC — Michal DIC

Abstract: Traditional planning and scheduling systems (such as MRP 1) go through individual
technological operations step by step and allocate the necessary material and production
capacity to them. This approach is simple, but not adapted to rapid changes in requirements for
production resources or production material. Production material and capacity are planned
separately, and many systems do not consider the availability of material or production
equipment (bottleneck). In such cases, the plans created may be unfeasible. Advanced Planning
and Scheduling is the scheduling that currently forms the basis for the Digital Twin of
production, which has the potential to increase the efficiency of production processes in the
context of mass customization and personalization of products.

Keywords: Planning, scheduling, systems, advanced, digital twin.

Uvod

Zavedenie akéhokol'vek informacného systému v ramci spolo¢nosti prinasa so sebou
mnozstvo vyhod, ale na druhej strane treba uvazovat’ aj s nevyhodami. Jednym z moznych
problémov pri zavedeni je to ak nemé podnik dobre nastavené samotné procesy, ktoré sa v ilom
nachadzaju. To méze sposobit’, ze systém nebude zobrazovat’ stav, ktory zodpoveda realite.
Taktiez so zavedenim IS musia byt stotozneny aj vSetci zamestnanci spolo¢nosti spolu s jeho
vedenim. Preco by sa teda mali zaoberat’ podniky zavadzanim MES? Odpoved’ou na tuto otdzku
je mnozstvo vyhod a zjednoduseni, ktoré samotné systémy ponukaji. Niektoré vyhody zo
zavedenia MES su nasledovné:
* pouzivanie aktualnych a spravnych udajov,
*  poskytovanie informéacii o vykondvanych ¢innostiach,
+ efektivne riadenie vyroby a suvisiacich procesov,
» rychlejSia reakcia na vzniknuté nezhody,
*  znizovanie ¢innosti nepridavajtcich hodnotu,
* odstranenie off-line ziskavania a prenosu informacii medzi jednotlivymi Groviiami, apod.

Pokrocilé planovanie a rozvrhovanie

Sucast MOM/MES rieSeni je Advanced Planning and Scheduling — Pokrocilé
planovanie a rozvrhovanie ktoré sucasne tvori zaklad pre Digital Twin of production — digitalne
dvoj¢a vyroby. Systém bol navrhnuty na zaklade manazérskeho principu, podl'a ktorého
vstupny material a vyrobné kapacity st optimalne vyuzivané pre uspokojenie potreby
zékaznika. Systémy pokrocilého pldnovania a rozvrhovania vyroby st zvlast vhodné pre
prostredie, v ktorom jednoduché planovacie metody nemézu adekvatne pokryt’ rozhodovacie
pravidla pre konkuren¢né (protichodné) priority (viackriterialne rozhodovanie).

Tradi¢né systémy pre planovanie a rozvrhovanie (ako napr. MRP II) prechadzaju
postupne jednotlivé technologické operacie a prideluju im potrebny materidl a vyrobnu
kapacitu. Tento pristup je jednoduchy, ale neprispdsobeny k rychlym zmenam v poziadavkach
na vyrobné zdroje, pripadne vyrobny materidl. Vyrobny material a kapacita st planované
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samostatne a vela systémov neberie na zretel' dostupnost’ materidlu, pripadne vyrobnych

zariadeni (izke miesto). V takychto pripadoch mézu byt’ vytvorené plany nezrealizovatel'né. V

porovnani s predoslymi systémami, systémy APS planuji stcasne poziadavky na material s

dostupnou kapacitou vyrobnych zariadeni, ¢o ma za nasledok ovel’a realistickejsi plan. Hlavnou

vyhodou APS systémov je pouzivanie optimalizacnych metdd pre tvorbu vyrobného planu

(rozvrhu) tak, aby zohladnil aktualny stav priorit v plane. Systémy APS boli najCastejSie

implementované v prostrediach, ktoré spinali nasledujice podmienky:

e Make-To-Order - vyroba na objednavku

e Investi¢ne narocné vyrobné procesy s obmedzenou kapacitou vyroby (nie je mozné pokryt’
vSetky zakaznicke poziadavky)

o Siroky sortiment vyrobkov ,,sitaziacich" o vyrobnu kapacitu zariadeni

e  Produkty so zlozitymi hierarchickymi kusovnikmi (BOM) a technologickymi postupmi

e Vyroba si vyzaduje ¢asti zmenu vyrobného planu (rozvrhu) z dovodu zmien, ktoré nie je
mozné predpovedat’

Typickym prikladom digitdlneho dvojcata moze byt aj koncept closed loop manufacturing
popisany obrazkom obr. 1. ERP vrstva ziska objednavku od zakaznika. Dana objednévka cez
Requirements ( poZziadavky) je spracovana na oddeleni PLM. Ked’ je virtudlna ¢ast’ vyroby
pripravend, PLM uvol'ni BOM -kusovnik do ERP. ERP na zdklade planovacieho modulu zada
poziadavku do MOM vrstvy. MOM vrstva prijme nezatriedeni objednavku a na zéklade
rozvrhovacieho modulu ju zatriedi do planu podl'a rozvrhovacieho algoritmu. Takto zatriedeny
rozvrh ktory berie do uvahy dostupnosti a Specifikd jednotlivych pracovnych stanovist’ je
naspat’ uvolneny do MOM/MES vrstvy. MOM/MES vrstva uvolni danti objednavku do
vyroby. Jednotlivé pracovné stanovistia komunikuju s MES rieSenim obojsmerne a poskytuju
mu aktudlne informacie o rozpracovanosti vyroby a dostupnosti strojov. Informacia ¢i je
objednavka spracovana, kde sa nachadza a ¢i je kompletna sa cez MOM/MES vrstvu naspat’
dostava do ERP.

Process Part Program
Definition (BoP) & Instructions

Requirements
R —

;LJ MES

-
i — Shop Floor
" (Production synchronization) (Produce)
= .
oty [ .
Component | T Engineering Production
List (BoM) Feedback Feedback
- A
O BJ
Component Production
Availability Order List Scheduled
‘ Customer Operations
2 = P
L
e ERP @ . APS
£ o » (What and when to R (Best sequence to
produce) [ <2 produce)
Purchase . B
Production | eeselly Production

Performance Snapshot
(As Built)

Fig. 1 Prepojenie MES — PLM- ERP — APS
V poslednej dobe do konceptu digitdlnych dvojciat vstupuje d’alsi element, ktory sa nachadza

V automatiza¢nej piramide eSte nad vrstvou ERP — Industrial Internet of Things. Je to stale
vrstva ktora sa vyvija.
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Digitalna transformacia
Prepajanie jednotlivych vrstiev ako aj implementaciu novych rieSeni moézeme definovat’
aj ako digitalna transforméacia. Je komplexna prestavba akejkol'vek organizacie tak, aby pracu

v nej v optimalnej miere vykonavali informacné systémy a softvérové nastroje tvoriace spolu

jednotné, plne integrované prostredie. Digitdlnu transformaciu je mozné zaradit’ do oblasti

Industry 4.0/ SmartFactory/ atd’. (pomenovanie iniciativy je zavislé od regionu).

Medzi vyhody digitalnej transformécie patri:

e Usetrenie ¢asu — automatizacia urychli vSetky procesy a zvySuje pracovny vykon.

e  Skratenie Casu pri zavadzani novych sluzieb — vhodné pre firmy, ktorych portfélio sa ¢asto
obmiefa; zmena parametrov sluzby vyzaduje len prepis v tabul'kéach.

e Rychla odozva na poziadavky zakaznikov, flexibilita — od zaslania ponuky dovolenkovej
destinacie po potvrdenie objednavky spolu s pridelenym cislom cestovného poistenia
prejde len zopar minut.

e Rozhodovanie na zdklade dat je umoZnené schopnostou systému jednoducho odpovedat’
na biznis otazky

Digitalna transformacia ovplyviiuje aj vyvoj vyrobnych systémov. S konceptom Closed Loop

Manufacturing spolo¢nost’ Siemens Digital Industries Software prepaja ERP riesenie spolu

sPLM aMES vrstvou. Samotny koncept Closed loop manufacturing je podrobnejSie

vysvetleny na obr. 4 . Samotny tlak priemyslu ale neostava len v koncepte PLM-ERP-MES ale

V buducnosti sa budu pridavat’ d’alSie prvky do konceptu ako QMS/LIMS a podobne. Evoltcia,

ako to vidi dodavatel MOM rieSeni Siemens Digital Industries Software je podrobnejsie

vysvetlena na obr. 2.

Evolicia
Closed Loop Manufacturing —
uzavreté vyrobné prepojenie

PLM-MES-ERP
Closed Loop Quality CLQ
Closed Loop Formulation

o ry—t
-l
l O PLM-MES-ERP (CLF)

O Closed Loop Quality CLQ (S uzatvorené vjrobné

PLM-MES-ERP S pruznou 5 A
X \ i (S uzatvorene vyrobné repojenie s kvalitou a
ROZSF} h PLM-MES pevné spojenie spojkou prepojenie s kvalitou) EIMDS]J

Priemysel i 7 g @ i @ ﬁ Z -!
Fig. 2 Evolucia digitalnej transformacie

Koncept Stvrtej priemyselnej revolicie zacal v roku 2011 na vel'trhu v Hannovery, kde bola
predstavend digitalna tovaren oznacend ako ,,Industrie 4.0“(v preklade Priemysel 4.0). Tento
pojem sa dnes vyvinul a uz sa nezameriava len na vyrobu, ale zahffia v sebe vSetky oblasti dnes
populdrne oznacované ako ,,smart” (mudre, ¢i inteligentné). Tento trend prinesie zmenu do
vSetkych oblasti podnikania, vytvori nové biznis modely naprie¢ vSetkymi oblast’ami produktov
a sluzieb. NajlepSie by sme mohli definovat Industry 4.0 ako informacno-intenzivnu
transforméciu vyroby v prostredi, kde st spojené data, 'udia, procesy, sluzby, systémy a
produkéné aktiva s generovanim, maximalizdciou a vyuzitim uZito€nych informécii ako
prostriedkom na vytvorenie inteligentnej tovarne a novych vyrobnych ekosystémov. Priemysel
4.0 zmeni vSetky oblasti Zivotného cyklu produktu. Viziou v tejto oblasti je vytvorenie
digitalneho retazca od vyvoja produktu, cez planovanie vyroby, logistiku az po s tym spojené
sluzby.
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Zaver

Koncept Stvrtej priemyselnej revoltcie zacal v roku 2011 na veltrhu v Hannovery, kde bola

predstavend digitalna tovarenn oznacend ako ,,Industrie 4.0°(v preklade Priemysel 4.0). Tento

pojem sa dnes vyvinul a uz sa nezameriava len na vyrobu, ale zahffia v sebe vSetky oblasti dnes

popularne oznacované ako ,,smart” (mudre, ¢i inteligentné). Tento trend prinesie zmenu do

vSetkych oblasti podnikania, vytvori nové biznis modely napriec vSetkymi oblastami produktov

a sluzieb. Najlepsie by sme mohli definovat’ Industry 4.0 ako informac¢no-intenzivnu

transformaciu vyroby v prostredi, kde su spojené data, l'udia, procesy, sluzby, systémy a

produkéné aktiva s generovanim, maximalizaciou a vyuzitim uZzitoénych informacii ako

prostriedkom na vytvorenie inteligentnej tovarne a novych vyrobnych ekosystémov. Priemysel

4.0 zmeni vSetky oblasti zivotného cyklu produktu. Viziou v tejto oblasti je vytvorenie

digitalnej siete, ktora pokryje vSetky procesy od vyvoja produktu, cez planovanie vyroby,

logistiku az po s tym spojené sluzby.
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DIGITISATION OF PRODUCTION CLUSTERS AS PART OF
INDUSTRIAL ENTERPRISES

Dominika SUKOPOVA — Jaroslava KADAROVA — Juraj KOVAC

Abstract: This article highlights a very topical issue for successful entrepreneurs -
digitalization and its necessity in industrial enterprises. The article discusses the comparison of
digitization and visualization programs for manufacturing clusters considering several factors
such as student license, user level as well as hardware required. The last step of the article was
the creation of a model of the production hall PK12a of the Technical University of Kosice as
an illustrative example of the use of software products in industry.

Keywords: digitisation, software, software products

Introduction

The goal of every successful entrepreneur is to maintain or continuously improve their market
position. One of the options is to improve the technology used or changes in the field of
visualization. Digitalization represents a big step forward, a technological shift of the company.
It will allow the entrepreneur to discover the shortcomings of his business, save time, financial
costs and make his enterprise more efficient. Thanks to it, he can easily use various advanced
software applications in the areas of online sales or marketing, CRM systems, improve his
communication with customers, but also the internal one, between individual employees. Other
strengths of digitalization include increased productivity in production - producing more,
cheaper and of course easier, the reason being the gathering and creation of information between
individual machines, quickly, efficiently and flexibly. Nowadays, digitization is much more
accessible and necessary, it is already available to small and medium-sized enterprises, whereas
until recently it was only available to large companies.

Programs for creating models of production systems

From a wide range of options, three software products were compared for the digitalization of
the production floor.
Tarakos

This program was designed by the tarakos team GmbH, which focuses on technical and
dynamic 3D imaging. This group develops 3D software tools for planning, animation and
simulation of logistics, material flows and production systems. Their programs are used
especially for the digitization of factories. Software tools tarakos are characterized by their
extensive libraries industry-specific libraries with simple and intuitive operation.

Factory design utilities

Autodesk Factory Design Suite is a software, used to create technical models in 2D and 3D
form. Using the software is mainly used to design production halls, workshops and production
lines. The core products of the software package include AutoCAD Architecture, Autodesk
Navisworks, and Autodesk Inventor, which is enhanced with Autodesk Factory Design Utility.
It provides users with better parametric options that are specific to individual manufacturing
and factory environments. The package also includes a digital library of manufacturing and
peripheral of equipment that allows you to select the necessary equipment to the production
layout.
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SketchUp

SketchUp is a 3D modelling program models. It allows users to work online in browser or by
installing on computer. It is licensed by the American company Trimble Navigation. The use
of this software brings a huge number of possibilities not only for professionals as well as
beginners in various fields - construction, architecture, engineering and other completely free
of charge or after payment of a fee is the portfolio of tools offered to the user is extended.

Software products for production hall visualization

In this case, Twinmotion and Lumion software were compared.

Twinmotion

Twinmotion is 3D software that can be used to create high-quality images, panoramas and
standard or even 360° VR videos. This software was primarily designed for professionals in the
field of architecture, construction, urban planning and landscape design, yet it is very easy to
learn and use, regardless of the size and complexity of the project, material, computer skills of
the user. The transition from BIM model to VR experience in just three clicks is achieved by
the user thanks to the direct synchronization with Archicad. The user interface is really simple,
with the main model cantered in the middle of the screen. Movement in the environment is done
using the mouse also the arrow keys on the keyboard. Instructions are given at the top of the
screen. Tools and program functions are listed on the sides of the screen. On the left side and
at the bottom there are basic tools whether add-ons, equipment or advanced options such as
lighting, weather changes or determining the exact location of an object. On the right side we
can find a list of embedded device objects.

Lumion

Working in Lumion 3D requires no training and after 15 minutes you can learn how to create
images, videos of 360 panoramas (including VR) in high resolution that are ideal for client
presentations. From adding thousands of trees and textured buildings to rendering high-
resolution images in poster format. Lumion is compatible with any 3D CAD program. The idea
behind Lumion is extended compatibility, ensuring that simple and fast architectural
visualization is available to every architect and designer, planner regardless of 3D or CAD
modelling software.

Table 2 Comparison of programs for the digitization of production systems

Software User level Student Advantages Disadvantages
name license
Tarakos advanced user no, just the -Windows and iOS more demanding user
trial version compatibility level
Factory advanced user Yes, free -Windows and iOS High demand for
design while compatibility hardware
utilities studying at -Wide output format more demanding user
university options level
SketchUp beginner free basic -User level Fewer output format
version -Program environment, options
tool portfolio
-Windows and iOS
compatibility
-Output format also for
3D printing

Table 1 shows the main advantages and disadvantages of the three programs for the digitization
of production systems. Considering the user level, the student license and the planned
interfacing with visualization software, SketchUp software is the most suitable alternative.
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Table 3 Comparison of programs for visualization of production systems

Software User level Student Advantages Disadvantages
name license
Lumion Beginner/advanced/professional | Yes (fee for -Easy to use -Degrees of
full version) -High feature difficulty at full use
options (professional
(professional edition)
edition) -fee
Twinmotion beginner Yes -easy operation High demand for

program hardware

-environment with
many functions
-free student
version

Table 2 clearly shows the differences of Twinmotion and Lumion software. After taking into
account the advantages and disadvantages, Twinmotion was used for the visualization itself.

Visualization of the production hall of the Technical University of Kosice

The first step before creating the digital model of the PK12a production hall was a tour of the
space, which consisted of documenting the relevant machinery and equipment, their layout, as
well as obtaining the actual dimensions. The basic model was created in SketchUp, in which
the space of the hall was created and the production machines and equipment were added.
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Fig. 1 The production hall space in SketchUp

The last modification in this software product was the creation of an outdoor painting.
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Fig. 2 Exterior painting of the production hall

The basic model of the PK12a production hall was transferred to the Twinmotion software,
which allowed the materials as well as the colours to be changed.

~

Fig. 3 Model of the production hall in Twinmotion after material modification |

Twinmotion also allows you to add sound effects, various animations, as well as operating
production machines and equipment.
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: Ay
Fig. 4 Model of the production hall in Twinmotion after the addition of machine operators

Twinmotion software allows you to create individual photos, videos of the created model,
allows the user to move around the space, which resembles a real visit to the production hall.

Conclusion

The right choice of a software product for an entrepreneur is greatly influenced by his
experience, knowledge, as well as the question of financial complexity. However, the most
important role is played by the subject matter of the business. Some programs have a richer
selection of tools for the field of architecture, others for industrial production. In our
digitalization example, after creating a basic model of the production hall in SketchUp, we used
Twinmotion, which is more suitable for digitalizing production clusters. It gives a more realistic
look to the models, adds workers, animations, sound effects of individual machines and
equipment. Another great advantage of Twinmotion is its interconnectivity with virtual reality,
which gives an improved view of the model created.
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METODY KVANTIFIKACIE A HODNOTENIA RIZIKA
INVESTICNEHO PROJEKTU

METHODS OF QUANTIFICATION AND ASSESSMENT OF
INVESTMENT PROJECT RISK

Jaroslava JANEKOVA — Alzbeta SUHANYIOVA

Abstract: The paper emphasizes the need for a comprehensive assessment of corporate
investment projects in terms of their economic efficiency, including risk. It represents the risk
management process for internal corporate investment projects. Emphasis is placed on the
methods that can be used in the quantification and assessment of the risk of an investment
project. The choice of methods and their degree of sophistication should correspond to the
complexity of the decision-making process. Due to the fact that the current business
environment is uncertain, when choosing methods, it is necessary to focus on probabilistic
methods, of which the Monte Carlo method currently plays an important role.

Abstrakt: Prispevok zdoraziuje potrebu komplexného posudenia podnikovych investiénych
projektov z hladiska ich ekonomickej efektivnosti vratane rizika. Predstavuje proces
manazmentu rizika pre interné podnikové investi€né projekty. Doraz kladie na metddy
vyuziteI'né pri kvantifikacii a hodnoteni rizika investi¢ného projektu. Vyber metod a ich miera
sofistikovanosti ma zodpovedat’ zlozitosti rozhodovacieho procesu. Vzhladom k tomu, Ze
sucasné podnikatel'ské prostredie je neisté, pri vybere metdd je potrebné zamerat’ sa na
pravdepodobnostné metody, z ktorych v stiasnej dobe vyznamné miesto patri metdéde Monte
Carlo.

Keywords: Investment decision-making, investment project, risk management, risk
quantification and assessment methods.

KPucové slova: Investicné rozhodovanie, investicny projekt, manazment rizika, metody
kvantifikacie a hodnotenia rizika.

Uvod

Jednou z ciest ako zabezpecit’ buducu GspeSnost’ a prosperitu podniku je investovat do obnovy,
resp. rozvoja vyrobnej techniky. Touto cestou dochadza k zvySeniu vyrobnych kapacit podniku,
ktoré moze podnik nasledne vyuzit’ a pruzne reagovat’ na poziadavky trhu. Kazdy investi¢ny
projekt je potrebné posudit’ z hladiska jeho ekonomickej efektivnosti. AvSak budtca
hospodarska ¢innost’ podniku je vzdy spojend s urcitou mierou neistoty, ktori je potrebné
zahrnut' do hodnotenia ekonomickej efektivnosti investicného projektu formou rizika. Riziko
investi¢ného projektu predstavuje moznost, ze skuto¢ne dosiahnuté vysledky (napr. vynosy,
zisk, penazné prijmy, penazné vydavky, ..) sa budd odchylovat od vysledkov
predpokladanych, pricom odchylky mézu byt Ziaduce, resp. neZiaduce a tieZ rdoznej velkosti
[1], [2]. Dovody vzniku odchylok od ocakavanych vysledkov su spojené s nedostatkom
potrebnych informacii, pouzitim nespolahlivych a neoverenych udajov, nedostatocnym
poznanim procesov, nespravnou aplikdciou metdd, nespravnym vyberom metdd, uvazovanim
len s najpravdepodobnej$im scenarom a pod.. Moznost'ou ako tieto nedostatky eliminovat’ a tak
zvysit pravdepodobnost’ ispechu investi¢ného projektu je, aby podniky pre tento ucel vyuzivali
manazmentu rizika. V ramci manazmentu rizika je kladeny doraz na vybrané metody
kvantifikacie a hodnotenia rizika investicného projektu.
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ManaZment rizika investi¢ného projektu

Proces manazmentu rizika investicného projektu, zobrazeny na Obr. 1, je spracovany v stulade
s STN ISO 31000 [5], inSpirovany metodikami autorov Korecky-Trkovsky [3], Fotr-Soucek [1]
a ich odporucaniami, ako aj vlastnymi odbornymi znalostami a praktickymi skusenostami
vV predmetnej oblasti. Metodika je zostavena pre interné podnikové investicné projekty. Ide
0 proces pozostavajuci zo Siestich faz. Kazdéa faza ma definovany ciel’, vstupy, hlavné ¢innosti,
odporicané metddy a vystupy fazy. Priebezne s tymto procesom prebiehaju d’alSie dve aktivity,
a to monitorovanie rizik (vysledkom je identifikdcia novych rizik a upozornenia na vyskyt
d’alSich moznych rizik) a reportovanie o rizikach (vysledkom su spravy o rizikach pre internych
uzivatel'ov). Proces manazmentu rizika investicného projektu je sekvencny, ktory vplyvom
dynamicky sa vyvijajiceho prostredia ma cyklicky charakter.

v |

Iniciagna faza

Posudzovanie rizika

+ Analyza rizika

Fy

h 4

» Identifikacia rizika

v

Kvantifikacia rizika

Iy

[y
Y

Monitorovanie rizik

ry
¥ 1

Reportovanie o rizikdch

[y

Hodnotenie rizika o+ »

] L
L J [

Y

[y
F Y
Y

Zaobchadzanie s rizil

v

Post-audit projektu

Y

Obr. 1 Proces manaZzmentu rizika investi¢éného projektu
Zdroj: vlastné spracovanie

Népliou ,Iniciacnej fazy*“ je vypracovat’ plan manaZmentu rizika investiéného projektu
V primeranom rozsahu tak, aby bola zohl'adnena velkost’, zlozitost’ a vyznamnost’ investi¢éného
projektu pre podnik. Vo faze ,Identifikacia rizika* je potrebné vytvorit komplexny zoznam
rizik, ktoré moézu budiici vyvoj investi¢ného projektu negativne, ale aj pozitivne ovplyvnit, t. j.
vysku o€akavaného Cistého zisku, penazného toku, ¢i hodnotu finanéného kritéria (napr. Cista
sic¢asna hodnota (CSH), diskontovana ekonomicka pridana hodnoty (DEVA), ...). Vo faze
»~Kvantifikécia rizika® sa zist'uje v akom rozsahu mozu rizikd ovplyvnit’ ciele projektu. Najskor
sa stanovi vyznamnost’ jednotlivych rizik a potom velkost’ celkového rizika projektu. Postup
kvantifikacie rizik ovplyviiuje typ projektu, dolezZitost’ projektu pre podnik a rizikovost
projektu. Napliou fazy ,,Hodnotenie rizika“ je rozhodnut’ o prijatelnosti / neprijatel'nosti rizika
projektu a stanovit priority pre oSetrenie rizik. Vyska prijateI'ného rizika zavisi od poziadaviek
a ocakavania vlastnikov a postoja manazmentu k riziku. Vo faze ,,Zaobchadzanie s rizikom” je
snahou obmedzit’ pdsobenie uz existujucich aj buduicich rizik investiéného projektu vyberom
jednej alebo viacerych moznosti minimalizécie rizik a ich naslednej implementacie. Prijimaju
sa opatrenia, ktoré pomahaju eliminovat’ u¢inok neziaducich vplyvov a naopak vyuzivaju sa
prilezitosti pdsobenia pozitivnych vplyvov. Poslednou fdzou manaZzmentu rizika investi¢ného
projektu je faza ,,Post-audit projektu®. Napliiou fazy je identifikovat’ primérne priciny, ktoré
viedli k nedosiahnutiu stanovenych predpokladov v dlhodobom plane investicného projektu.
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Odporuca sa, aby procesom post-auditu presli predovsetkym klIi€ové projekty podniku; sporné
projekty; projekty, ktoré st zakladom pre d’alSie projekty a tiez projekty atypické.

Vybrané metody kvantifikacie a hodnotenia rizika investicného projektu

Kazdé investicné rozhodnutie realizované podnikom ma byt podlozené vysledkami
kvantitativnej analyzy, ktoréa ¢erpa udaje z matematickych / finan¢nych modelov. V sucasnosti
existuje niekolko pristupov a metdd, zameranych na kvantifikaciu a hodnotenie rizika
investi¢nych projektov, ktoré sa od seba liSia sposobom a rozsahom posudenia rizika.
Tradicny pristup vychadza z jediného, spravidla najpravdepodobnejSieho vyvoja rizikovych
faktorov, ktoré ovplyviiuji penazny tok projektu pocas jeho ekonomickej doby zivotnosti.
V tomto pripade riziko suvisiace s projektom sa bud’ nereSpektuje vobec alebo iba nepriamo.
Nerespektovanie rizika je spojené s pouzitim statickych metéd. Nepriame zaclenenie rizika
stavisi s dynamickymi finanénymi kritériami a reSpektovanie rizika sa spaja s rizikovou
prémiou, ktora tvori sucast’ diskontnej sadzby projektu, konkrétne ndkladov na vlastny kapital.
Sofistikovanejsie pristupy integracie rizika st zaznamenané na Obr. 2. Vyber metod
pre kvantifikaciu a hodnotenie rizika a ich miera sofistikovanosti by mala zodpovedat’ zloZitosti
rozhodovacieho problému.

{ Metddy kvantifikacie a hodnotenia rizika investicného projektu

Zalozené na dynamickych . .
[ ozene na dynamicky Pravdepodobnostné Statistické
financénych kritériach
Pomocou Pomocou . . . S
koeficientov upravy diskontnej MM:tog d I Rozhtodovaae lft:;edna Ztocl}astlcl.(a
iStOtV sadzby onte Cario stromy odnota ominancia
- -4 ] ] y 4

Obr. 2 Vybrané metody kvantifikacie a hodnotenia rizika investi¢ného projektu
Zdroj: vlastné spracovanie

Metody zalofené na dynamickych finanénych kritéridch, predovietkym na CSH, umoziuji
nepriame Ciselné urcenie rizika projektu. Zohl'adnenie rizika sa posudzuje len jednou veli¢inou,
zvolenym finanénym kritériom, ktoré je zalozené bud’ na uprave diskontnej sadzby o riziko,
alebo na uprave neistych peniaZznych tokov na isté, t. j. bezpecné. Stru¢na charakteristika
uvedenych metdd je zaznamenand v Tab. 1.

Tab. 11 Metédy kvantifikdcie rizika zaloZené na dynamickych finanénych kritériach

Podmienka
Metéda Charakteristika prijatel’-
nosti
— zaloZena na principe: ¢im vysSie je riziko IP, tym vyssiu diskontnu sadzbu je
potrebné zvolit’ pre vypocet finan¢ného kritéria,
— vypocet sa realizuje pomocou priemernej o¢akavanej hodnoty peiiaznych tokov
_l'lpravy ) (nezohl'adiuje riziko IP) a diskontnej sadzby, ktora riziko zohl'adiuje. Pri jej Napr.
diskontnej stanoveni sa mdze uplatnit’ tento postup: CSH>0
sadzby IP s nizkym rizikom: diskontna sadzba < priemerné naklady na kapital o 1 % - 3 %. B
IP s priemernym rizikom: diskontna sadzba = priemerné naklady na kapital. Ziaduci
Ilz/s vysokym rizikom: diskontna sadzba > priemerné naklady na kapital 0 2 % - 5 Vyvoj:
b.
Koefi- — zaloZena na ﬁp?ave pe.ﬁainé.ho toku koeficientom i§t0ty, o maximum
cientov - thrlota,koef?01ezltE)v ’1stoty je o'dv O do 1; plati: ¢im je koeficient istoty vyssi, tym
istoty su ocakavané penazné toky istejsie,
— hodnoty koeficientov stanovuji financni manazéri, spravidla intuitivne.

Zdroj: vlastné spracovanie podla [6]
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Finanéni odbornici preferujii metddu koeficientov istoty, pretoze pri vypocte oddel’'uje Casovu
hodnotu a riziko. To znamena, Ze najskor sa upravuju peitlazné toky o riziko a nasledne upravené
,» 15té pentazné toky sa prepocitaji bezrizikovou diskontnou sadzbou na ich sti€¢asnt hodnotu.

Pravdepodobnostné metody vychadzaji z vacsieho poctu scenarov a dosledne reSpektuji riziko
a neistotu. Medzi tieto metody patria simula¢nd metoda Monte Carlo a rozhodovacie stromy.
Metoda Monte Carlo umoziuje riesit’ multidimenzionalne problémy. VyuZziva sa v situdciach,
ked nie je mozné pozadovany vysledok priamo spocitat’, napriklad formou vzorca, ale je
potrebné pomocou vypoctovej techniky postup simulovat’. Hlavné komponenty metddy su:

a) Nahodné vstupné premenné. Tie st definované pravdepodobnostnym rozdelenim, ktoré
moze byt ziskané na zaklade teoretickych vedomosti alebo z redlnych historickych
udajov.

b) Systémovy model. Simulacie sa realizuju na vytvorenom simula¢nom modeli, ktory
pomocou matematickych vizieb sleduje vzt'ah medzi vystupnou premennou a viacerymi
vstupnymi premennymi, pricom aspon jedna z nich musi mat’ stochasticky charakter. Pri
konStrukcii simulaéného modelu je potrebné dodrzat’” kompromis medzi presnostou a
komplexnostou modelu a efektivnost'ou jeho vypoctu.

c) Vystupy simulécie. Vystupy su generované v Ciselnej podobe a to formou Statistickych
udajov (Standardnd odchylka, rozptyl, Sikmost, ...), finanénych kritérii, ¢i réznych
reportov; alebo v grafickej podobe formou grafu pravdepodobnostného rozdelenia
vystupnej premennej (histogramu).

d) Zaznam vysledkov simulacii. Vysledky z kazdej simulacie je vhodné archivovat’ (zaznam
vstupnych premennych aj vystupnej premennej) z dovodu analyzy vysledkov simulécie a
tiez preskiimania celkového spravania sa systému.

Simulécie metodou Monte Carlo st realizované pomocou softvérovych produktov, ako
@RISK, Risk Simulator a Crystal Ball.

Rozhodovacie stromy umoziuji stanovit’ optimalnu stratégiu rieSeného problému postupnym
uréovanim optimalnych rozhodnuti v jednotlivych etapach rozhodovacieho procesu, pricom
postup rieSenia zafina vzdy od konca rozhodovacieho stromu. Grafické zobrazenie
viacetapového rozhodovacieho procesu je pomocou uzlov (rozhodovacich a situacnych) a hran,
ktoré z nich vychadzaji. Postup rieSenia mé dva kroky, ktoré sa opakuju pre jednotlivé etapy
rozhodovacieho stromu. Najskor sa vypocita strednd hodnota zvoleného finanéného kritéria pre
situacné uzly poslednej etapy rozhodovacieho procesu, nasledne sa vyberie variant s najlepSou
strednou hodnotou finan¢ného kritéria.

Statistické metédy umoziuju priame &iselné urenie rizika. Zohladnenie rizika sa realizuje
pomocou Statistickych charakteristik variability a zvoleného finan¢ného kritéria, ktorym je
posudena ekonomicka efektivnost’ investiéného projektu. Uplatiiuju sa pri rozhodovani o
vybere  investicného  variantu/projektu zo  suboru  prijatelnych  investiénych
variantov / projektov. Rozhodovanie za rizika sa uskuto¢niuje pomocou pravidiel strednej
hodnoty a rozptylu (Tab. 2), resp. strednej hodnoty a variacného koeficienta a pravidiel
stochastickej dominancie (Tab. 3).

Vysledkom rozhodovania za rizika je ur€enie projektov (dominovanych), ku ktorym v stibore
prijatelnych projektov existuje vyhodnejsi projekt (dominujuci). Dominované projekty sa zo
suboru vylucia a ostava len mensi stibor nedominovanych projektov, ozna¢ovany ako subor
efektivny.
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Tab. 2 Pravidlo strednej hodnoty a rozptylu

Princip pravidla strednej hodnoty a rozptylu

Predpoklady | 1.Averzny postoj k riziku.

pouZitia 2. Priblizna symetria rozdelenia pravdepodobnosti financného kritéria jednotlivych variantov
/ projektov.

3.Do stiboru hodnotenych variantov / projektov sa nezahriiuju tie, ktoré maja vyrazne odlisnu

strednii hodnotu financéného kritéria (vplyv rozsahu a ekonomickej efektivnosti).

Kritéria Stredna hodnota a rozptyl financného kritéria,

hodnotenia finanéné kritérium = kl'iCové kritérium hodnotenia.

Pravidla Projekt A je vyhodnejsi pred projektom B, ak ma:

rozhodovania | — obidve kritérid lepsie, 1. j. vy$8iu strednti hodnotu finanéného kritéria a nizsi rozptyl,

— Jjedno kritérium lepsie a druhé rovnakée.

Pravidlo je nepouzitePné, ak projekt A je lepsi v jednom a horsi v druhom hodnotiacom
kritériu ako projekt B, nepouzitel'nost’ pravidla plati len pre aplikované finanéné kritérium.
Ak treti predpoklad pouZitia nie je dodrzany, odporuca sa pouzit’ pravidlo strednej hodnoty
a varia¢ného koeficienta, ktoré funguje rovnako ako pravidlo strednej hodnoty a rozptylu.

Poznamka

Tab. 3 Pravidla stochastickej dominancie

Principy pravidiel stochastickej dominancie

Predpoklady | — Lubovolny tvar rozdelenia pravdepodobnosti finanéného kritéria (tvar symetricky,
pouZitia nesymetricky).
— Vedomosti 0 pravdepodobnostnych rozdeleniach a Statistickych charakteristikach.
Principy pravidiel stochastickej dominancie
Kritéria — Hodnota finan¢ného vynesového kritéria: CSH, zisk, cash flow, ... .
hodnotenia — Statistické charakteristiky vynosového kritéria: strednd hodnota, rozptyl, Sikmost’, horna
a dolna hranica, ... .
Prvé pravidlo stochastickej dominancie
Pravidla Pravidlo preferuje vyssiu hodnotu vynosového kritérida, bez ohl’adu na postoj k riziku.

rozhodovania | Projekt A je vyhodnejsi pred projektom B, ak:
— graf distribucnej funkcie projektu A lezi vpravo od grafu projektu B a grafy sa navzdajom

nepretinaju.

Nedostatok Pravidlo nepouzitel'né ak grafy distribunych funkcii vynosového kritéria sa pretinaju.
Druhé pravidlo stochastickej dominancie
Pravidla Pravidlo posudzuje velkosti pléch vymedzené grafmi distribucnych funkcii hodnotenych

rozhodovania | rizikovych variantov / projektov, ktoré sa navzajom pretinaju.

Pravidlo plati pre averzny postoj k riziku.

Projekt A je vyhodnejsi pred projektom B, ak:

— plocha medzi grafmi distribucnej funkcie projektu A, ktory lezi vpravo od grafu projektu B

bude vicsia ako plocha medzi tymito grafmi vlavo kde lezi graf distribucnej funkcie B.

Zaver

Zohladnenie rizika pri hodnoteni ekonomickej efektivnosti investiéného projektu vedie k
zvySeniu pravdepodobnosti Uspechu projektov, prijatiu prijatelného rizika s primeranym
zabezpeCenim vo¢i moznému neuspechu a znizeniu nebezpeCenstva takého nelspechu
projektov, ktoré by malo nepriaznivé dosledky na finanénu stabilitu podniku. Naopak,
nereSpektovanie rizika moZze viest' k prijatiu nesprdvnych rozhodnuti, ktoré mézu ohrozit’
samotnu existenciu podniku.

Vyber metéd pre kvantifikaciu a hodnotenie rizika a ich miera sofistikovanosti by mala
zodpovedat’ zlozitosti rozhodovacieho problému. Medzi hlavné determinanty vyberu metod
patria vyznamnost’ rizika, zlozitost’ problému, dostupnost’ udajov, softvér a jeho zvladnutie
atiez naklady s tym spojené. Sucasné neisté podnikatel'ské prostredie len potvrdzuje, Ze
tradicné metddy na kvantifikaciu rizika st nepostacujiice. Vyber metdd je potrebné orientovat

162



Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, ro¢. 25 (_
Trends and Innovative Approaches in Business Processes “2022”, Vol. 25 - ..- T I A B P

na pravdepodobnostné metody, kde v sucasnej dobe vyznamné miesto patri metéde Monte
Carlo.
Prispevok je posudzovany dvoma recenzentmi.

Prispevok bol rieseny v ramci projektov KEGA 019TUKE-4/2022 a VEGA 1/0340/21.
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EFFECTS OF INTANGIBLE ASSETS ON MARKET VALUE:
WHAT DOES REALLY MATTERS?

Jozef GLOVA — Darya DANCAKOVA — Alena ANDREJOVSKA — Michal
GIMERSKY - Vladimira GIMERSKA

Abstract: In our study we examine the role what intangibles assets play in the firm market
valuation besides firm-specific effects. Based on reduced database of 250 publicly traded
companies from France, Germany and Switzerland, the study provides an extension of previous
knowledge about the effect the intangibles might have on investor perception of company value.
Although the results show the positive impact of intangible assets on companies’ market value,
we suggest that investors still assess companies based on their profitability rather than
considering the information on intangible assets the enterprises disclose in their financial
statements.

Keywords: intangible assets, market value, profitability, panel regression.

Introduction

Over the past decades, we have witnessed a sustained increase in investment incorporate
intangible assets and research and development (R&D) projects what has been researched by
Andersson and Saiz [1]. This phenomenon occurs together with the increasing share of
intangible assets market value in the global equity indices. For instance, according to Elsten
and Hill [2] in 2015, the intangible assets market value accounted for almost 85% of US
companies' enterprise value in the S&P 500 and nearly 71% of European companies' value in
S&P 350. The Brand Finance GIFT [3] study showed that the intangible value for the S&P 500
reached a record value of $21 trillion in 2018, which means a 128% increase compared to 2005.
The leading multinational corporations' reported intangible assets such as Pfizer, Johnson &
Johnson, Microsoft, and Facebook accounted for more than 95% of their market value in 2018.
The relevant literature often stresses corporate intangible assets' potential to positively impact
a company’s value creation and competitiveness [4,5, 6, 7, 8, 9]. To respond flexibly to a
continuously changing market, companies should develop the skills and capabilities needed to
generate new knowledge. In this context, a process of knowledge acquisition in a company
closely links to firms’ investments in intangibles in the form of R&D expenditures [10,11]. It
is necessary to note that performing R&D activities discovers new knowledge and creates
valuable intangible assets. Although the intangibles play an unprecedented role in modern
enterprises' business development, the actual value of corporate intangibles can not be fully
recognised and disclosed in financial statements due to the persistent conservatism of
international accounting principles. According to IFRS IAS 38, the accounting disclosure of
intangible assets is necessary to fulfil recognition criteria such as identifiability, controllability,
and guarantee of future economic benefits. Although meeting these three attributes of intangible
assets is from the broader definition of intangibles (including intellectual capital) still a critical
issue. The information on intangibles contained in financial statements often does not reflect
the hidden intangible value of the company and thus makes it impossible to quantify the value
of corporate intellectual capital (IC), as well as to identify an extent the intellectual capital
benefits to the firm [12]. Nevertheless, we believe that knowledge of how the investments in
intangibles reported in financial statements impact the company’s market value may be
beneficial in a diversity of ways for potential investors and managerial decision-making at a
corporate level.
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Research Methodology

The aim of this paper is to determine the impact of intangible corporate assets on companies'
market valuation approximated by Tobin's Q. Referring to this aim, the following research
questions (RQ) are set:

RQI: Is there a statistically significant positive impact of the intangible assets’ intensity on
companies’ market valuation?

RQ2: Is there a statistically significant positive impact of corporate R&D activities on
companies’ market valuation?

RQ3: Is there a statistically significant positive impact of corporate patents and trademarks on
companies' market valuation?

We analyze the data obtained from the "Orbis™ database, which is a database of comparable
financial and business information on European public and private companies. Initially,
retrieved data included 4687 enterprises representing 18 European countries for the ten-year
period from 2009 to 2018. After inaccurate and missing records have been removed from the
extracted data set initially, the data sample was reduced to only 250 companies representing
different sectors and included in particular a piece of information on investments in intangible
assets for the period from 2009 to 2018. The geographical coverage of the final data set is
Germany, France, and Switzerland. The sectoral structure of our final dataset consists of 5
groups representing different areas of business sectors, specifically NACE Rev.2 Section M
covering scientific, and technical activities; NACE Rev.2 Section C covering manufacturing
sector; NACE Rev.2 Section J covering information and telecommunication services; NACE
Rev.2 Section K covering finance and insurance activities; and group S consist of very different
industries, this sector will not be analyzed and interpreted separately. However, we decided to
include the data covered by sector S in our analysis to maintain the number of observations.

In our study we used following dependent variable MV (Tobin's Q = market capitalisation/book
value of total assets), two independent variables IABV (Intangible assets intensity = book value
of intangible assets/book value of total assets) and TABV (Tangible assets intensity = book
value of tangible assets/book value of total assets), plus five control variables CashBV (Cash
holdings intensity = book value of cash holdings / book value of total assets), EBITDABV
(Profitability = EBITDA / book value of total assets), LEV (Leverage = long-term debt/book
value of total assets), SIZE (Company size expressed as the natural logarithm of the total
number of employees), AGE (Firm age expressed as the number of years of incorporation of
the company); and three dummy variables R&D_dummy (Dummy variable, which takes the
value 0 or 1 to indicate the absence or presence of R&D expenditures for the corresponding
year), PATRADE_dummy (Dummy variable, which takes the value 0 or 1 to indicate the
absence or presence of registered patents and trademarks in the company) and Country_Sector
(The categorical variable referring to the individual country or sector).

Using the data as described in the section above, we examined and discussed the impact of
intangible corporate assets along with diverse firm-specific characteristics on firms' market
valuation. A regression analysis of panel data was performed to find the most suitable model
for describing the relationship between independent and dependent variables. The basic
framework for our analysis is a regression model of the form:

Yie = X' iff + Z'ita + &
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Where x,;; contains K regressors without a constant term, z,;,a includes heterogeneity or
individual effects, and it also contains a constant term along with a set of individual or group-
specific variables, which may be observed or unobserved, but they are taken to be constant over
time t.

Research Methodology

Our findings point out important differences that may exist among different business sectors
and countries analysed. Table 1 shows the estimates of the time-fixed effects model parameters.
Table 1 demonstrates the summary results of the analysis carried out for the whole dataset
(Complex model) as well as for each of the countries and sectors being concerned (Germany,
France, Switzerland). Estimates of the parameters of the Complex model shown in the table
indicate the existence of a positive effect of the intensity of intangible corporate assets (IABV)
on Tobin's Q of the analysed sample of companies. However, it should be noted that this
relationship is not statistically significant. Therefore, it is not possible to confirm the
assumption that there is a statistically significant positive effect of the reported intangible assets
on the companies' market valuation. This result was most likely to be caused by the individual
characteristics of the specific companies that had been included in the dataset. With respect to
the existing differences between companies operating in different sectors and countries, besides
the complex model, we decided to construct partial models for each country and business sector
separately.

Table 1. Panel regression results of the impact of particular variables on market value in the
selected countries.

Complex GERMANY FRANCE SWITZERLAND
Model |DE DEC DEJ DEM |FR FRC FRS FRJ FRKFR_M |CH
1ABV 0.717  10.287 -0.559 1.565* -1.743  [0.788 1.065** 0.108 2.500 0.060 0.758* [3.733***
(0.427) [(0.513) (1.212) (0.732) (1.109) [(0.453)(0.410) (0.241) (1.775) (0.323)(0.320) ((0.923)
TABV 0.123 |-1.016 0.475  3.139**-7.939** [0.183 0.057 -0.051 0.246 -0.264 0.238 |2.311
(0.207) |(1.355) (2.381) (0.988) (2.537) |(0.226)(0.359) (0.256) (1.688) (0.227)(0.351) |(1.439)
EBITDABV|(3.926***|10.594*** 12.158** 1.323  12.009***|1.924 3.334***2,927***3,095**0.789 1.426 |11.891***
(1.441) ((2.762) (3.830) (1.116) (2.746) [(1.070)(0.780) (0.644) (1.095) (0.410)(1.731) |(1.111)
LEV -0.874* 10.095 -0.914 -1.848 2.095 -0.860 -0.875* -0.048 -2.850 0.098 -0.835 [-1.292*
(0.413) [(1.069) (1.856) (1.766) (1.587) [(0.483)(0.427) (0.297) (1.653) (0.296)(0.473) |(0.516)
CashBV 1.604* [4.168*** 4.902** 2.039 -0.002 |1.041 1.026** 0.547 -0.961 -0.028 1.934***|3.999**
(0.686) |[(1.264) (1.723) (1.405) (1.429) |(0.589)(0.334) (0.419) (2.445) (0.326)(0.569) |(1.408)
SIZE -0.055 |-0.036  -0.045 0.944* -0.100* [-0.048 0.053 -0.022 -0.176 -0.021 -0.033 |-0.110
(0.034) ((0.063) (0.083) (0.383) (0.040) [(0.036)(0.043) (0.018) (0.160) (0.018)(0.024) ((0.112)
AGE -0.002 }-0.001  -0.003 -0.162 0.000 -0.002 -0.004 0.000 -0.019 0.004 -0.001 |}-0.002
(0.001) ((0.001) (0.002) (0.101) (0.001) |(0.002)(0.003) (0.002) (0.012) (0.004)(0.003) |(0.002)
R&D 0.328*** 0.129* 0.110  0.005 -0.305 0.030 0.208
(0.083) (0.065) (0.086) (0.092) (0.352) (0.081)(0.107)
PATRADE (0.230* [0.088 0.752*** |0.274* 0.131  0.122  1.305 0.097 0.247*
(0.109) ((0.221) (0.201) |(0.111)(0.092) (0.088) (0.800) (0.099)(0.106)
SEKTOR C|[0.114  (0.497 -0.026 1.229*
(0.135) |(0.312) (0.090) (0.532)
Clustering of yes yes yes yes yes  yes yes yes yes  yes yes
random yes
errors:
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The number
of 2500 300 130 40 100 2110 300 470 300 290 750 90
observations:
R? 0.248 0.647 0.676 0.857 0.815 0.144 0.502 0.346 0.189 0.148 0.273 0.864

Adjusted R? [0.242  0.624 0.630 0.757 0.776 0.136 0.470 0320 0.137 0.091 0.256 [0.832

Based on the results of our analysis, we were able to confirm the hypotheses proposed for this
study partially. The RQ1 on the statistically significant positive effect of the intangible assets'
intensity on the companies' market value was not confirmed positively within the complex
model. However, RQ2 and RQ3 were confirmed positively in the complex model. Therefore it
can be concluded that investors respond positively to the presence of innovation-related
activities in companies. Our findings are consistent with the study proposed by Hall and Oriani
[13], who analysed a set of 2 156 publicly traded manufacturing companies for the period
between 1989 and 1998, including German and French firms, and demonstrated that the market
positively assesses the presence of R&D expenses, especially in German and French companies.
From the perspective of intellectual capital development, it is necessary to note that the average
market value of companies in the dataset we used (MV=0.80) suggests that firms did not tend
to use intellectual capital as a tool to identify those types of intangible assets which due to
persisting conservatism in accounting practices could not be recognised in the balance sheet.
However, it should be pointed to the fact that companies operating in the manufacturing sector
as well as in the sector related to the information and communication activities proved to have
their Q Ratios greater than 1. At the same time, the mentioned two sectors proved to have the
highest average levels of R&D intensity among business industries from our dataset. In terms
of innovation performance, it must be noted that the average R&D intensity level was extremely
low. Even the median R&D intensity in the dataset was zero. The findings from the data
description analysis potentially point out the following issues: 1) the companies may not
perform R&D related activities, or 2) they may not disclose the information about R&D
activities performed within the company. Uppenberg [14] seemed to be convinced that the low
R&D intensity is the main reason why the European countries are lagging behind the USA in
terms of economic growth. When looking at the innovation output represented by the total
numbers of patents and trademarks registered by the company, descriptive analysis shows large
discrepancies between companies concerned. The highest number of registered patents and
trademarks was recorded in the manufacturing sector. The presence of patents and trademarks
in companies is often a result of successfully implemented R&D projects in the past. However,
it must be stressed that there is not a clear causality between the total number of registered
patents and R&D expenditures incurred in association with R&D activities. Our results show
that the market responds positively to the R&D activities performed by the company, and
conversely, does not consider the reported book value of companies' intangible assets. These
findings reflect those of Grandi et al. [15], Hall and Oriani [13], and Clausen and Hirth [16],
who also found that market value is greater when companies disclose information about the
amount spent on R&D related projects. Unlike other research carried out in this area by Saif-
Alyousfi et al. [17], we did not find a significant effect of companies age on their motivation to
invest more into intangibles which should potentially be reflected in the increase of the market
value.

Conclusion

Our study provides an extension of previous knowledge about the effect intangible assets may
have on the investors’ view of a company’s value. The value added of this paper is the empirical
evidence of a possible link between the intangible assets’ disclosure and the market value of
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German, French and Swiss enterprises. The importance of our contribution lies in a comparative
analysis carried out to reveal substantial differences in the impact of intangible assets and
innovation activity on firms’ market value in three European countries and across four industry
sectors. Although the results show the positive impact of intangible assets on companies’
market value, we suggest that investors still assess companies based on their profitability rather
than considering the information on intangible assets the enterprises disclose in their financial
statements.
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DETERMINACIA VPLYVU DANOVO NEUZNANYCH
NAKLADOV A VYNOSOV V PROCESE TVORBY ZAKLADU
DANE V PRIEMYSELNOM PODNIKU

DETERMINATION OF THE IMPACT OF TAX-
UNRECOGNIZED COSTS AND REVENUES IN THE
PROCESS OF SETTING THE TAX BASE IN AN INDUSTRIAL
ENTERPRISE

AlZbeta SUHANYIOVA — Jaroslava JANEKOV A

Abstrakt: Danovy zakon Slovenskej republiky uznava pri vypocte danového zakladu pre dan
Z prijmov pravnickych osob len cast’ ndkladov a vynosov zauctovanych v Gétovnictve, alebo
stanovi limit na ich uznanie. Je otazne, ako tieto upravy vplyvaju alebo nevplyvaji na zaklad
dane, splatnt dan z prijmu a sumu vysledku hospodérenia po zdaneni, ktord je urend najmi na
rozdelenie medzi vlastnikov (akcionarov) formou podielu na zisku alebo dividend. Ciel'om
tohto prispevku je skumat proces vypoctu vysledku hospodarenia, mieru vplyvu danovo
neuznanych poloziek na vysku zdkladu dane z prijmov, splatnej dane z prijmov, ako aj na vysku
vysledku hospodéarenia po zdaneni vo vybranom priemyselnom podniku Strojar, s.r.o.
V skimanom obdobi rokov 2019 az 2021. V procese skiimania problematiky boli pouzité
vhodné matematicko-Statistické metddy. Na zaklade vysledkov vyskumu sa zistilo, ze pri
uplatneni daiiovo neuznanych poloziek v procese stanovenia zakladu dane a splatnej dane moze
suma danovo neuznanych poloziek vyrazne ovplyvnit vySku splatnej dane z prijmov
pravnickych osdb a vysledku hospodérenia po zdaneni. Vysledky a zavery ¢lanku mézu byt
vyuzité v praxi pri stanoveni dane z prijmov pravnickych osob.

Kruacové slova: priemyselny podnik, vysledok hospodarenia pred zdanenim, zaklad dane,
splatna dan, vysledok hospodarenia po zdaneni

Abstract: When calculating the tax base for corporate income tax the Tax Code of the Slovak
Republic recognizes only a part of the costs and revenues recorded by the accounting or sets a
limit for their recognition. It is questionable how these adjustments affect or do not affect the
tax base, the income tax payable and the amount of the economic result (profit or loss) after
taxation, which is mainly intended for distribution among the owners (shareholders) in the form
of profit sharing or dividends. The aim of this paper is to examine the process of calculating the
profit/loss, the degree of influence of tax-unrecognized items on the amount of the income tax
base, the income tax payable, as well as the amount of the profit/loss after taxation in the
selected industrial enterprise Strojar, Ltd. in the investigated period of 2019-2021. Appropriate
mathematical and statistical methods were used in the process of examining the issue. Based on
the results of the research, it was found that when applying non-taxable items in the process of
determining the tax base and payable tax, the amount of non-taxable items can significantly
affect the amount of corporate income tax payable and the after-tax profit/loss. The results and
conclusions of the article can be used in practice when determining the corporate income tax
level.

Keywords: industrial enterprise, profit/loss before tax, tax base, tax payable, profit/loss after
tax
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Uvod
Dane su v trhovej ekonomike vel'mi vyznamnym ekonomickym i politickym nastrojom.
Predstavuji takmer 90 % zo vsetkych prijmov Statneho rozpoctu. NajpouzivanejSou definiciou
dane je podla Sirokého ta, ktora definuje dafi ako povinn, zdkonom vopred stanovent &iastku,
ktorou sa odcerpava cast’ nomindlneho dochodku ekonomického subjektu na nendvratnom
principe (Siroky 2008, str. 7).
Dane mozno klasifikovat’ podl'a roznych kritérii, napr. podl'a prijimatel'a daiiového vynosu,
podla spdsobu platenia, podl'a ekonomickych dosledkov a pod. Za najddlezitejSie mozno
povazovat’ podl'a Bastincovej (2016, str. 45) Clenenie dani podla ich vplyvu na danové
subjekty, tzn. ¢lenenie dani na:

e priame a

e nepriame.
Priame dane sa vyberaji priamo od danovnika, ktorého prijmy alebo majetok podliehaju dani.
Ide o dan z prijmov a dail z majetku. Nepriame dane ¢asto nazyvame tiez dane zo spotreby,
ktoré spravidla od danovnikov vybera platitel’ dane. Ide konkrétne o dan z pridanej hodnoty
a spotrebné dane.
Dan z prijmov charakterizuje Paulickova (2006, str. 12) ako najvyznamnejsi druh priamych
dani, ktoré postihuji univerzdlne vSetky prijmy fyzickych aj pravnickych oséb. Tomu
zodpoveda aj konstrukcia normativnej pravnej Upravy dani z prijmov, ktord je komplexna
a kompaktnd, zahfnajuca v jednej zakonnej prévnej uprave reguldciu dvoch dani — dan
zZ prijmov fyzickych osob a dail z prijmov pravnickych osob.
Dan z prijmov fyzickych osdb je univerzdlna dan postihujica vSetky prijmy fyzickych osdb
podliehajucich zdaneniu touto danou.
Dan z prijmov pravnickych osdb je dan korporativneho typu (Kristofik 2009). Subjektmi tejto
dane st pravnické osoby a predmetom dane st prijmy, resp. vynosy zo vSetkych ¢innosti
a z nakladania so vSetkym majetkom, okrem zékonodarcom ustanovenych vynimiek.

Zakladom dane je kvantitativne vyjadrenie predmetu dane. Je to to, z ¢oho sa vypocita dan
(Schultzova 2011, s.36). Zaikladom dane z prijmov pravnickych osob sa v zmysle § 14
aktualneho zédkona 595/2003 Z.z. o dani z prijmov rozumie rozdiel, o ktory zdanitel'né prijmy
prevySuju danové vydavky pri reSpektovani vecnej a asovej suvislosti prijmov a vydavkov
V prisluSnom zdanovacom obdobi. Pri zistovani zédkladu dane z prijmov pravnickych oséb
uctujicich v ststave podvojného uctovnictva sa podla Suhanyiove; (2019) vychadza
z vysledku hospodarenia pred zdanenim. Pri transformacii vysledku hospodarenia na zéklad
dane sa upravuje vysledok hospodérenia zisteny v uctovnictve o pripoc€itate'né a odpocitatel'né
polozky podl'a zékona o dani z prijmov, t.j. o dafilovo neuznané polozky, ktoré zvysuju alebo
znizuju zaklad dane.

Medzi polozky zvysujlice vysledok hospodarenia (nazyva sa aj ako danovo neuznané naklady
alebo pripocitateI'né polozky) patria napriklad:

e ndaklady vynaloZené na reprezentaciu, okrem vydavkov na reklamné predmety
V hodnote neprevysujucej 17 eur za jeden predmet,

e manka a Skody presahujlice prijaté ndhrady, okrem $kody vzniknutej v dosledku zivelnej
pohromy (napr. povodne, krupobitia, laviny, zemetrasenie) alebo sposobenej
nezndmym pachatel'om,

e kladny rozdiel medzi uc¢tovnymi a danovymi odpismi dlhodobého hmotného majetku
(Gctovné odpisy su vyssie ako daniové odpisy),

e poskytnuté dary,
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e naklady vynaloZzené na spotrebované pohonné latky nad limit, ktory je stanoveny
Vv technickom preukaze motorového vozidla,

e cestovné nahrady poskytnuté nad limit, ktory je stanoveny zadkonom o cestovnych
nahradach,

e provizie za sprostredkovanie u prijimatel’a sluzby, a to aj ak ide o sprostredkovanie na
zaklade mandatnych zmlav alebo obdobnych zmlav najviac do vysky 20 % z hodnoty
sprostredkovaného obchodu (nevztahuje sa to na banku, poistoviu, zaistoviiu a na
subjekt osobitného predpisu) — znizit’ danovy zaklad mozu az po zaplateni,

e pokuty, penale a troky z omeskania uctované do nakladov — znizit’ danovy zaklad moézu
az po zaplateni,

e naklady vynaloZené na poradenské a pravne sluzby — znizit’ danovy zaklad mézu az po
zaplateni,

e naklady vynalozené na marketingové a iné Studie a na prieskum trhu — znizit' danovy
zaklad mozu az po zaplateni,

e ndaklady na ziskanie noriem a certifikatov — znizit’ danovy zaklad mézu az po zaplatent,

e tvorbarezerv, okrem tvorby tych rezerv, ktoré zakon o dani z prijmov uznava za daiové
vydavky, ako napriklad rezerva na vyprodukované emisie, rezerva na ndhradu mzdy za
nevycerpané dovolenky,

e tvorba opravnych poloziek, okrem tvorby opravnych poloziek, ktoré zdkon o dani
Z prijmov uznava za danové vydavky, ako napriklad tvorba opravnych poloziek
k pohl'adavkam voci dlznikom v konkurznom konani a restrukturalizaénom konani.

Medzi polozky znizujuce vysledok hospodarenia (nazyva sa aj ako nezdanitel'né vynosy alebo
odpocitatelné polozky) patria napriklad:
e zaporny rozdiel medzi uctovnymi a danovymi odpismi dlhodobého hmotného majetku
(uctovné odpisy st nizsie ako danové odpisy),
e pokuty, pendle a Groky z omeskania i¢tované do vynosov, zvysit' daiiovy zaklad mézu
az po inkasovani,
e prijmy, z ktorych je dan vyberand zraZkou (zrdzkova dan).
Zakon o dani z prijmov od 1. januara 2019 limituje dafiovu uznatel'nost’ aj v pripade prispevku
na rekredciu zamestnanca. Daflovym nakladom prévnickych osdb je len prispevok poskytnuty
na rekreaciu toho zamestnanca, ktor¢ho pracovny pomer u zamestndvatel’a trva nepretrzite
najmenej 24 mesiacov, ak ma zamestnavatel viac neZ 49 zamestnancov, zamestnanec
0 prispevok poziada a zaroven budu splnené aj d’alSie podmienky stanovené Zakonnikom prace
(napr. miesto konania rekreacie je na Slovensku). Tento prispevok je dafovo uznanym
nakladom len vo vySke 55 % vydavkov na rekredciu zamestnanca, najviac vSak v sume 275 eur
za kalendéarny rok.
Zaklad dane je mozné znizit’ aj o dafiovu stratu po€as maximalne Styroch na seba nadvizujacich
danovych obdobi, a to maximalne do vysky 25 % akumulovanej danove;j straty (Juskova 2019).
TaktieZ mozno zéklad dane upravit’ aj o daitové ul'avy, medzi ktoré patria:
e Ulavy na dani pre prijemcov investicnej pomoci — na desat’ za sebou idlcich
zdanovacich obdobi za predpokladu schvélenia investi¢nej pomoci,
e Ulava na dani pre prijimatela stimulov na vedu a vyskum — na tri na seba nadvézujice
zdanovacie obdobia v pripade schvalenia stimulov,
e automaticky odpocet vydavkov na vedu a vyskum — 100 % nad ramec uplatnenych
vydavkov na vedu a vyskum v danom zdaiiovacom obdobi a 100 % z priemerné¢ho
narastu vydavkov na vedu a vyskum za predchadzajice dve zdaniovacie obdobia.
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Moézeme teda konstatovat, ze v Slovenskej republike sa uplatiiuje pri stanoveni zakladu dane
Z prijmov pravnickych o0s6b v zasade kompromisny pristup. Vychodiskom je vysledok
hospodarenia zisteny v sustave podvojného uctovnictva v zmysle zdkona ¢. 431/2002 Z.z. o
uctovnictve, ale upraveny mimo uctovnictva o tie naklady a vynosy, ktoré nie st danovo
uznatelné zakonom o dani z prijmov (Slosarova 2020, PWC 2022). Tato skuto¢nost’ je
zobrazena v tabulke 1.

Tab. 1 Postup v priebehu vypoétu splatnej dane z prijmov pravnickych osob
Cinnosti uskuto¢nené

v sustave podvojného tu¢tovnictva v dafiovom priznani K dani z prijmov pravnickych oséb
vynosy — naklady =y  vysledok hospodarenia pred zdanenim dafiou z prijmov
+

polozky zvysujuce vysledok hospodarenia
polozky znizujice vysledok hospodarenia
+/-
polozky upravujuce zaklad dane alebo danovu stratu

zaklad dane (+) alebo dafova strata (-)

odpocet danovej straty

odpocet nakladov na vyskum a vyvoj

zaklad dane
znizeny o odpocet danovej straty a nakladov na vyskum a vyvoj
X
sadzba dane z prijmov

dan pred uplatnenim tl'av na dani

ulavy na dani z prijmov

- dan
= vysledok hospodarenia —t— splatna dan z prijmov
po zdaneni

zaplatené preddavky na daii z prijmov

dail na uhradu / danovy preplatok

Zdroj: Vlastné spracovanie podl'a Bastincovej (2016, s.127)

Zakladnymi zlozkami, ktoré determinuji vysledok hospodarenia pred zdanenim, st podla
Zalaiho (2016) vynosy andklady. Vysledok hospodarenia pred zdanenim sa jednoducho
povedané pretransformuje na zaklad dane. Pomocou zakladu dane a stanovenej sadzby dane sa
vypocita vySka splatnej dane pravnickych osob. Ak od vysledku hospodarenia pred zdanenim
odpocitame splatni dai z prijmov, zistime sumu vysledku hospodérenia po zdaneni danou
Z prijmu.

Ciele a metody

Hlavnym cielom vyskumu je s vyuzitim kvantitativnych metdd determinovat’ vplyv dafovo
neuznanych nakladov/vynosov v procese tvorby zakladu dane a stanovenia splatnej dane
Z prijmov pravnickych osob. Na dosiahnutia hlavného ciela st vytycené aj Ciastkové ciele
vyskumu, a to skimat’ a zhodnotit’
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e proces tvorby vysledku hospodarenia pred zdanenim,
e vplyv dailovo neuznanych poloziek na vysku zakladu dane z prijmov, splatnej dane
Z prijmov pravnickych osob, ako aj na vysku vysledku hospodarenia po zdaneni.
Prezentovany vyskum je realizovany na vzorke jedného priemyselného podniku, tzv.
jednopripadovym experimentom. Obchodny nazov vybraného skumaného priemyselného
podniku je Strojar, s.r.o., ktorého predmetom cinnosti je najmé vyroba strojnych zariadeni.
Priemyselny podnik uctuje v sustave podvojného uctovnictva a pri vypocte splatnej dane
Z prijmov upravuje svoj vysledok hospodérenia pred zdanenim na zéklad dane o danovo
neuznané polozky. Vy¢islenie splatnej dane z prijmov pravnickej osoby je v sulade s platnym
zakonom o dani z prijmov v skimanom obdobi. Skimanym obdobim je obdobie rokov 2019,
2020 a 2021.
Zdroje pouzité poc¢as vyskumu tvoria uctovné zavierky a danové priznania k dani z prijmov
pravnickych oséb priemyselného podniku Strojar, s.r.0.
V priebehu vyskumu sa vycisl'uji absolitne priame ukazovatele (U) analyzy vynosov,
nakladov a vysledkov hospodarenia, ktoré vyjadruji velkost’ analyzovaného javu bez vztahu
k inému javu. Vy¢€isl'uju sa aj ukazovatele suctovo-rozdielové, ktoré kvantifikuji vysku, rozsah
a uroven analyzovaného javu po aplikovani aditivnej vézby, ako je napr. vysledku hospodarenia
za jednotlivé skimané roky z hospodarskej ¢innosti, finan¢nej ¢innosti a celkom za podnik st
vypocitané (Bondareva 2020):
U=X=+Y [1]
Skumajt sa ¢iselné hodnoty relativnych ukazovatel'ov, ako st:
- podielové ukazovatele, ktoré vypovedaju o Struktire skimanej skuto¢nosti napr. podiel
dane z prijmov podniku na vysledku hospodarenia pred zdanenim, podiel vysledku
hospodarenia po zdaneni na vysledku hospodarenia pred zdanenim, ktoré sa pocitaju

podrla vzorca:
Yi

Y vi [2]

- resp. percentudlna zmena relativnych ukazovatelov v Case (t, t-1), ktoré ukazuju,
0 kol’ko percent sa zmenila hodnota analyzované¢ho ukazovatel’a v jednotlivych rokoch,
napr. naklady, vynosy, vysledok hospodarenia:

Y
% zmeny U =~ R_x 100 - 100 [3]
R-1
Na dosiahnutie stanovenych cielov su pouZzité aj d’alSie metddy deskriptivnej Statistiky,
komparacie, interpretacie, indukcie a dedukcie.

Vysledky a diskusia

V tivodnej Casti naSho ¢lanku sme poukdzali na skutocnost’, Ze danovy systém Slovenskej
republiky reSpektuje zdkladné zésady a principy zakotvené v Uctovnych predpisoch pre
uctovanie nakladov a vynosov, preto povazuje vysledok hospodarenia pred zdanenim zisteny
V sustave podvojného uctovnictva za vychodiskovu bazu, z ktorej sa po zloZitych Gpravach zisti
zaklad dane a nasledne pri uplatneni sadzby dane (ktora je v ostatnych rokoch na tirovni 21 %
zo zakladu dane) aj splatna dail z prijmov pravnickych osob.

Absolutne a relativne ukazovatele suvisiace so stavom a vyvojom vynosov, ndkladov
a vysledku hospodarenia su uvedené v tabulke 2. Tieto ukazovatele st zobrazené aj podla

¢innosti skimaného priemyselného podniku Strojar, s.r.o. v skimanom obdobi rokov 2019 az
2021.

Tab. 2 Stav a vyvoj vynosov, niakladov a vysledku hospodarenia pred zdanenim v skimanom obdobi podla
jednotlivych ¢innosti v podniku Strojar
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Rok | 7 hos 0(\1];;:(1)(?.’ Medziro¢na 7 ﬁl:;};:é?]se}.l Medziroéna Vynosy | Medziro¢na | Medziroéna
P sel zmena (€) " cnel zmena (€) celkom (€) zmena (€) | zmena (%)
¢innosti (€) cinnosti (€)

2019 2 479 407 7 2479414

2020 2 330 399 -149 008 36 29 2 330 435 -148 979 - 6,01

2021 2 362 009 31610 185 149 2362 194 31 759 + 1,36

Rok h(l:lsal;l;gg;ll{lz Medziro¢na : ﬁljl?‘ﬁlg:?f Medziro¢na Néklady | Medziro¢na | Medziro¢na
P , zmena (€) o enel zmena (€) celkom (€) zmena (€) | zmena (%)
¢innost’ (€) ¢innosti (€)

2019 2414 767 29 522 2 444 289

2020 2 299 890 -114 877 26 537 -2 985 2 326 427 -117 862 -4,82

2021 2 205 412 -94 478 25481 -1 056 2 230 893 -95 534 -4,11

Vysledok Vysledok Visledok
Rok hospodarenia | Medziro¢na | hospodarenia | Medziro¢na hos oz{lrenia Medziro¢na | Medziro¢na
Z hospodarskej zmena (€) z finan¢nej zmena (€) cilkom © zmena (€) | zmena (%)
¢innosti (€) ¢innosti (€)

2019 64 640 -29 515 35125

2020 30 509 -34 131 -26 501 3014 4008 -31117 -88,59

2021 156 597 126 088 -25 296 1205 131 301 127 293 +3 175,97

Zdroj: Vlastné spracovanie na zaklade uc¢tovnych zavierok skiimaného podniku

Najvacsiu Cast’ vynosov tvoria v sledovanom obdobi vynosy z hospodarskej ¢innosti, a to
Vv kazdom roku presahuje 99,99 % celkovych vynosov. Na zéklade uvedenych je zrejmé, Ze
vynosy z finan¢nej ¢innosti tvoria nepatrnu ¢ast’” vynosov podniku. Celkové vynosy boli
najvyssie v roku 2019 a najnizsie v roku 2020. Vyrazny pokles vynosov nastal v roku 2020,
ato znizenie o0 6,01 %, ktory pravdepodobne zapri¢inilo vypuknutie pandémie Covid-19 na
Slovensku v marci 2020 a nasledné uplatnenie rozsiahleho lockdownu, ktory zasiahol takmer
celu slovensku ekonomiku. V roku 2021 medziro¢na percentualna zmena c¢inila uz mierne
zvySenie o 1,36 %.

Najvyssie naklady v sledovanom obdobi vynalozil podnik vroku 2019. NajvyraznejSie
znizenie celkovych nakladov nastalo podobne ako pri vynosoch v roku 2020, ato zniZenie
0 117 862 eur. V sledovanom obdobi klesli naklady na hospodarsku ¢innost’ o 8,67 %, naklady
na finan¢nu ¢innost’ klesli 0 13,69 % a celkové nédklady o 8,73 %.

Vysledok hospodarenia z hospodarskej ¢innosti mal najvysSiu hodnotu v roku 2021, kedy
dosiahol sumu 156 597 eur, najnizsia hodnota bola vykazana v roku 2020 v sume 30 509 eur.
Vysledok hospodérenia z finan¢nej ¢innosti v kazdom roku sledovaného obdobia dosiahol
zapornu hodnotu, teda stratu, ktora sa pocas troch rokov znizila o 4 219 eur. Celkovy vysledok
hospodarenia v podniku bol kazdoro¢ne pozitivny. Najvyssi zisk dosiahol podnik v roku 2021
hospodarskej ¢innosti — zisk — sa zvysil v sledovanom obdobi 0 142,26 %, z finan¢nej ¢innosti
sa strata znizila o 14,29 % a celkovy vysledok hospodarenia podniku — zisk — sa zvysil 0 273,81
%. Mozeme teda konStatovat’, Ze napriek znizeniu nakladov v sledovanom obdobi vo vyssej
sume ako vynosov nastalo v podniku v rokoch 2019 az 2021 vel'mi vyrazné zvysenie vysledku
hospodarenia pred zdanenim.

175



Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, ro¢. 25

Trends and Innovative Approaches in Business Processes “2022”, Vol. 25

‘@ TIABP

25296

2019 2020 2021
ROKY

Graf 1 Vysledok hospodarenia pred zdanenim podPa ¢innosti v rokoch 2019 az 2021

Zdroj: Vlastné spracovanie na zaklade Gctovnych zavierok podniku

V nasledujticej Casti sa skiima vplyv upravy vysledku hospodarenia pred zdanenim na danovy
zaklad z prijmov v skimanom podniku v rokoch 2019 az 2021.

Tab. 3 PoloZzKky zvySujtice vysledok hospodarenia — pripo¢itatelné polozky (v €)

Polozka 2019 2020 2021
Vydavky, ktoré nie st danovymi vydavkami podla § 21 alebo

§ 21a zakona o dani z prijmov, alebo ktoré boli vynalozené 8 736,89 8 393,82 6 572,58
v rozpore s § 19, z toho:

Spvotre’ba pohonnych latok zauctovana v nakladoch presahujica 1520,76 1573,56 131582
uréent sumu

Vydavky na repr’eze.ntacm a reklamné predmety okrem 311367 211558 146217
alkoholickych napojov

Mank3 a Skody presahujuce prijaté nahrady 318,32 154,80 -
Pos.kytnute dary Yratane zostatkovej ceny trvale vyradeného 750,03 1 446,68 50,00
majetku darovanim

Tvorba rezerv neuznana za danovy vydavok 1 860,00 1 960,00 1 860,00
Ostatné vydavky neuznané za danové vydavky 1174,11 1 243,20 1 884,59
Sumy, podl'a § 17 ods. 19 zakona o dani z prijmov, ktoré

neboli zaplatené do konca zdanovacieho obdobia 219556 21 637,74 3039,58
Ostatné polozky zvySujuice vysledok hospodarenia 35 174,07 25 561,05 18 394,10
Spolu 46 106,52 55 592,61 65 052,51

Zdroj: Vlastné spracovanie na zaklade dostupnych udajov podniku

Pripocitate'né polozky sa v skimanom obdobi zvysili 0 18 945,99 eur. Najvyssie boli v roku
2021 a najnizsie v roku 2019. V roku 2021 tieto pripocitatel'né polozky ¢inili 2,92 % celkovych
nakladov, v roku 2020 €inili 2,39 % a v roku 2019 ¢inili 1,89 % celkovych nakladov.

Tab. 4 PoloZKky zniZujuce vysledok hospodarenia — odpoditatel’né polozky (v €)

Polozka 2019 2020 2021
Rozdiel, o ktory dafiové odpisy dlhodobého hmotného

majetku prevySuju odpisy tohto majetku uplatnené 19,33 862,51 -
V Gctovnictve

Sumy, podl’a’§ 17 ocvis. 19 zakona o Fianl z prijmov, ktoré 2 484,91 3039,58 2104.37
boli zaplatené v zdanovacom obdobi

Ostatné polozky znizujuce vysledok hospodarenia 37 003,74 26 626,14 76 814,99
Spolu 39 507,98 30 528,23 79 009,36

Zdroj: Vlastné spracovanie na zaklade dostupnych udajov podniku
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Odpocitatel'né polozky, podobne ako pripoéitateIné polozky, boli najvyssie v roku 2021.
V sledovanom obdobi sa tieto polozky zvysili o 39 501,38 eur.

Ostatné polozky upravujice zaklad dane alebo dafiovu stratu uplatnil podnik iba v roku 2020.
Jednalo sa len 0 sumu ¢lenskych prispevkov, ktora v uhrne prevysSovala 5 % zakladu dane, a to
v sume 1 034,02 eur. Zaklad dane v roku 2020 bol teda upraveny touto polozkou z 29 072,38
eur na 30 106,40 eur.

Sledovany podnik vykonal v zmysle zdkona o dani z prijmov Upravu, resp. transformaciu
vysledku hospodarenia pred zdanenim na zaklad dane z prijmov. V tabul’ke 5 je zobrazeny
proces upravy vysledku hospodarenia pred zdanenim na zaklad dane, ako aj d’alSie upravy,
ktoré bolo nutné vykonat’ pri stanoveni danovej povinnosti pravnickej osoby — splatnej dane
v zdaniovacom obdobi.

‘@ TIABP
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Tab. 5 Uprava vysledku hospodarenia pred zdanenim (v €)

Polozka 2019 2020 2021
Vysledok hospodarenia pred zdanenim 35 125,00 4 008,00 131 301,00
Polozky zvySujtice vysledok hospodarenia +46 106,52 | +55592,61 [ +65 052,51
Polozky znizujuce vysledok hospodérenia -39 507,98 -30 528,23 -79 009,36
Polozky upravujice zaklad dane alebo dafiovu stratu 0,00 +1 034,02 0,00
Zaklad dane, danova strata 41 723,54 30 106,40 117 344,15
Sadzba dane 21% 21% 21%
Splatna dan z prijmov 8 761,94 6 322,34 24 642,27
Vysledok hospodarenie po zdaneni 26 363,06 -2 314,34 106 658,73

Zdroj: Vlastné spracovanie

Pomocou vyssie uvedenych uprav vysledku hospodarenia sme vypocitali zaklad dane
vV podniku Strojar. Po uplatneni sadzby dane vo vySke 21 % sme v jednotlivych rokoch
sledovaného obdobia vypocitali splatnti dan z prijmov, ktora v roku v roku 2019 bola v sume
8 761,94 eur, vroku 2020 v sume 6 322,34 eur avroku 2021 vsume 24 642,27 eur. Pri
vypoctoch sa pouzil jednotny spdsob zaokrihlovania zakladu dane a splatnej dane, ato
matematicky s presnostou na dve desatinné miesta.
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0
ROKY ROKY

= Vjsledok haspodarenia pred zdanenim  emmSplatnd dail 2 prijmay Wysledok hospodérenia po wdaneni

Graf 2 Vysledok hospodarenia a splatna dai pri
zohPadneni dafiovo uznanych poloziek v rokoch
2019 az 2021
Zdroj: Vlastné spracovanie

Graf 3 Vysledok hospodarenia a splatna dain bez
zohPadnenia dafiovo uznanych polozZiek v rokoch
2019 az 2021
Zdroj: Vlastné spracovanie

Graf 2 zndzoriiuje vyvoj vysledku hospodarenia pred zdanenim, kedy suma splatnej dane
Z prijmov podniku Strojar sa pri zohl'adneni dafiovo neuznanych poloZiek nezvySuje priamo
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umerne s vySkou vysledku hospodarenia. V roku 2019 dan tvori 24,95%, v roku 2020 tvori
157,74 % a v roku 2021 tvori 18,77 % vysky vysledku hospodarenia pred zdanenim. Dékazom
uvedeného je napriklad rok 2020, kedy suma splatnej dane vypocitanej z danového zakladu pri
21 %-nej sadzbe dane je vysSia o 57,74 % ako suma celkového vysledku hospodarenia pred
zdanenim v podniku.

Graf 3 zobrazuje vyvoj sumy vysledku hospodérenia pred zdanenim, splatnej dane z prijmov
a vysledku hospodérenia po zdaneni dafiou z prijmov pravnickych osob bez toho, aby sa
vykonala uprava vysledku hospodérenia o danovo neuznané polozky, t.j. o pripocitateI'né
polozky, odpocitatelné polozky a iné polozky upravujuce zdklad dane podniku. Na grafe
vidime, Ze splatna dan tvori kazdorocne 21 % vysledku hospodarenia pred zdanenim.

V pripade porovnania obidvoch spdsobov vypoctu splatnej dane a vysledku hospodarenia po
zdaneni m6zeme konstatovat, Ze pri uplatneni danovo neuznanych poloziek zaplatil podnik
pocas troch rokov na daniach 23,31 % a ostalo mu v podniku 76,69 % vysledku hospodarenia
pred zdanenim. Podnik v tomto pripade vykazoval pocas sledovaného obdobia (spolu za roky
2019, 2020 a2021) uctovny zisk v sume 130 707,45 eur. Ak by podnik nemal povinnost
upravit’ vysledok hospodarenia pred zdanenim za tcely zistenia zdkladu dane, zaplatil by na
daniach 21 % a v podniku by ostalo 79 % vysledku hospodarenia pred zdanenim, t.j. 134 642,86
eur, ¢o ¢ini o 3 935,41 eur viac ako v prvom pripade.

Konstatujeme teda, Ze v sledovanom obdobi v procese stanovenia zdkladu dane podniku Strojar
danovo neuznané polozky zvysili vysledok hospodarenia pred zdanenim o 11 %, (+18 740,09
eur). Této skuto€nost’ ovplyviiovala pocas sledovaného obdobia aj vysku splatnej dane o 11 %
(+3 935,41 eur) a vysledok hospodarenia po zdaneni o -2,92 % (-3 935,41 eur).

Zaver

Celkovt vysku vysledku hospodarenia a vyraznym sposobom ovplyviiuje dail z prijmov, ktora
je sucast'ou ndkladov podniku. Dan z prijmov ovplyviuje vysledok hospodarenia po zdaneni,
t.j. Cisty zisk (prip. stratu), ktory je uréeny na rozdelenie medzi vlastnikov (akcionarov) formou
podielu na zisku alebo dividend.

Moéze nastat’ situacia, kedy suma danového zakladu je vyrazne vysSia ako vysledok
hospodarenia pred zdanenim, doésledkom c¢oho podnik UCtujici v ststave podvojného
uctovnictva zaplati vysSiu dan, neZ by platil z vysledku hospodarenia pred zdanenim. Toto
tvrdenie ndm potvrdil aj vysledok skimania vplyvu tychto faktorov. Markantnym dokazom
uvedeného je rok 2020, kedy vysledok hospodarenia pred zdanenim podniku Strojar, s.r.o. €inil
iba 4 008 eur, napriek tomu splatna dan bola v sume 6 322,34 eur a zaroven zisteny vysledok
hospodarenia po zdaneni iSiel do minusového ¢isla (do straty). Tato skutocnost’ je aj graficky
znazornena v grafe 2, t.j. uctovna strata Cinila -2 314,34 eur.

Zistenia naznacuju, Ze skimany podnik vykazoval pocas celého skimaného obdobia 2019-2021
vysledok hospodérenia pred zdanenim v sume 170 434 eur, z toho splatné dan ¢inila 39 726,55
eur a vysledok hospodarenia po zdaneni 130 707,45 eur. Podnik pri uplatneni nedanovych
poloziek zaplatil na dani z prijmov o 3 935,41 eur vySSiu Ciastku, ako by platil z vysledku
hospodéarenia pred zdanenim. Vysledok hospodarenia po zdaneni pri uplatneni danovo
neuznanych poloziek bol nizsi o 3 929,41 eur, ako v pripade neuplatnenia daiiovo neuznanych
poloziek.

Z vysledku vyskumu vyvodime taky vSeobecny zéaver, Ze v pripade uplatnenia danovo
neuznanych poloziek pri stanoveni zékladu dane sa moze vo vacsich podnikoch vyrazne zvysit
suma splatnej dane z prijmov a znizit' vysledok hospodarenia po zdaneni, ktory by mohli
vlastnici ziskat’ formou dividend alebo podielov na zisku pri rozdeleni zisku.
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IMPORTANCE AND METHODS OF EDUCATION IN
COMPANIES

Laura LACHVAJDEROVA — Jaroslava KADAROVA- Denisa RYBAROVA

Abstract: Without the education and development of employees in companies, these
companies may lose quality, flexibility, employee loyalty and customer interest in the near
future. That is why this article is devoted to the importance of education for business
development. This theoretical review will mainly focus on education and the importance of
employee education in companies. Several methods of education are also presented, which are
briefly described.

Keywords: Company Education, Employees, Education Cycle

Introduction

According to Valent, education is the process of acquiring diverse competences, thanks to the
acquisition of all kinds of knowledge, skills, attitudes, and the acquisition of new experiences
[1]. Adult education is a process of purposeful and systematic mediation, acquisition and
consolidation of abilities, knowledge, habits, value attitudes and social forms of action and
behavior of persons who have completed school education and vocational training and entered
the labour market [2].

The meaning of education can be different for individual organizations. Each organization
attaches different importance to education and development, depending on how important the
quality of human capital is for the functioning of the organization's system and what financial
means they have for the implementation of these activities. If a company decides to educate its
employees, the goal of the company becomes identical to the goals of various organizations.

The Importance of Education in Industry
The goals of employee training are specific variables that any organization should not
underestimate when it comes to a successful training activity or action. The goals define what
needs to be taught to the participants, what knowledge and skills they should acquire, or at what
level they should master them for successful work performance [3] (Jain, 2019). Setting goals
is easier if the SMART method is used. SMART is an abbreviation of English terms for different
areas of goal definitions: S (specific), M — (measurable), A — (accepted, activating), R —
(realistic), T — (timed) [4]. The goals of education within the organization have several
sequences and they can result from a specific situation. The most frequently used sequence is:
e performance goal - it is tied to the main task and takes the form of a vision that the
educational action is able to fulfil in the long term,
e educational goal - it is linked to a specific educational event, it is specific knowledge,
skills or behaviors that the participants should master after the end of the given program,
e enabling goal: just like the educational goal, it is linked to a specific educational
program and defines the level of knowledge that the participants should be able to
master at the end of each partial stage of the educational process [5].
In order for the organization to be successful in the market, top managers should contribute to
the proper course of the training process, support the development of employees, formulate a
corporate training policy and be a participant in training projects themselves. Immediate
superiors are tasked with supporting the development policy and recognizing the training needs
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of employees in the company. This is often a lecturer or mentor of subordinates and often
replaces an external trainer. In order for immediate superiors to be able to replace an external
trainer, they need to develop their competencies and also need to be supported by top
management.

An important element of the educational process is also the motivation for workers to learn and
thereby increase their potential. Every competitive company should have the motivation of
employees in education ranked at the top of the list of priorities. The benefits of education are
manifested gradually, over different periods of time. Some can be evaluated already during
education, some only after it ends, and some will become apparent only after a longer period of
time [6]. The cycle of systematic training of employees itself has several phases. The first phase
is the identification of training needs, which deals with the analysis of data and information of
specific companies. The second phase follows the training planning phase, which mainly deals
with the budget, and time schedule, which employees will be covered by the training, areas,
content and training methods. The third phase is the implementation of the education process.
Employee training is costly for the company, and it is necessary to find out whether the set
goals have been achieved and whether the chosen methods and training tools have proven
themselves. Therefore, the next and at the same time the last stage is the evaluation of education.
In this phase, we obtain valuable information that we will use in the next cycle of systematic
education. Business education should thus take place as a constantly repeating cycle [7].

Identification

I of educational ‘

Evaluation of Education
education planning

[ Implementation \

of education

Fig. 1 Cycle of systematic training of employees, Source: [6]

According to Koubek, the need for employee training can arise from assessing the work
performance of employees, the quality of products or services, how resources are used or
working time, etc. So there are many sources of information that can be used. In practice, a
narrower or wider range of data is analyzed, which is obtained from the information system of
the given company or through a special investigation [7].

Methods of training employees
The successful implementation of the educational process depends very much on the correctly
chosen method of employee education. Education methods are primarily divided into two main
groups:
1. On-the-job training - with this method, knowledge, skills and abilities are acquired and
mastered, which are necessary for improving work performance. The application of
training methods at the workplace occurs during the normal course of the work process,
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when employees can train in groups, but mainly individually during the performance of
work.
I.  Instruction, coaching, mentoring, counseling, assisting, job rotation, and others.

Off-the-job training - this method is generally used for the training of executives or
specialists or technical workers.
I.  lecture, lecture combined with discussion, demonstration, case studies,
workshop, brainstorming, simulation and others.

Because methods are an important tool of the educational process, it is necessary to know how
to choose and use them in such a way that they best reflect the needs of the given company.
The choice of methods is conditioned by various factors, which can be seen in Figure 2.

FACTORS AFFECTING THE
SELECTIONS OF METHODS

Education objectives: Human factors:
- knowledge - lecturers

- skills ¢ } - participants

- abilities - environment

- attitudes, values

Subject and content: Time and material factors:
- specific subject and L | - time
requirements of the company § " _ finances

- interdisciplinary difficulties - educational facilities

-+

Education principles:

- motivation

- active engagement

- individual approach

- feedback

- transfer of knowledge

Fig. 2 Factors affecting the selections of methods, Source: [6]

Another method is the online method, the so-called e-learning, which is the connecting point
between on-the-job training and off-the-job training. E-learning is becoming a more popular
and complex form of education, mainly in cases where it is combined with individual methods
of education in the workplace or outside it. Each of the methods mentioned above is something
specific, and e-learning is not just one, it has three types, which are:

independent or separated e-learning, when the participant of the educational program is
connected only to himself and is not coordinated in any way by a lecturer, consultant or
moderator,

live e-learning, when the learner meets with a lecturer, moderator or consultant and his
work process is coordinated by him, but each of them is located in a different place,
collective e-learning, when there is cooperation between several e-learning participants
using chat, discussion forums, etc., where they exchange and sell the necessary
information and knowledge [8].
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If the company decides to combine one of the educational methods in the workplace or outside
it and e-learning, it is necessary to evaluate which type of e-learning will suit the chosen method
the most and then use it.

Conclusion

The topic of education is very current and will be even more important in the future. Possibilities
and development of education in companies should be one of the priorities because this is the
only way the company develops in direct proportion to new technologies. Therefore, every
industrial enterprise should set up regular educational projects and, more importantly, regularly
evaluate them and obtain reports on which part of the enterprise has deficiencies, or which
group of employees has an educational deficit.
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VYUZITEIENOST METODIKY ,,PDCA CYKLUS*
V PODNIKOVEJ PRAXI
USABILITY OF THE "PDCA CYCLE"™ METHODOLOGY IN
BUSINESS PRACTICE

Peter MALEGA

Abstract: The PDCA Cycle can help differentiate a company from its competitors, particularly
in today’s corporate world, where businesses are always searching for ways to streamline their
processes, reduce costs, increase profits, and improve customer satisfaction. Many managers
apply the PDCA Cycle unknowingly to help direct their organizations as it encompasses the
basic tenets of strategic planning. Companies looking to enhance their internal and external
processes often deploy the PDCA methodology to minimize errors and maximize outcomes.
Once established, companies can repeat the PDCA Cycle and make it a standard operating
procedure.

Keywords: PDCA cycle, 6M, 5W1H, 5G, 5x Why

Abstrakt: Cyklus PDCA moéze pomdct odlisit’ spolo¢nost’ od jej konkurentov, najmi v
dnes$nom korporatnom svete, kde podniky vzdy hl'adaju spdsoby, ako zefektivnit’ svoje procesy,
znizit’ néklady, zvysit’ zisk a zvysit spokojnost’ zdkaznikov. Mnoho manazérov nevedomky
pouziva cyklus PDCA, aby pomohli nasmerovat’ svoje organizacie, pretoze zahiiia zakladné
principy strategického planovania. Spolo¢nosti, ktoré chct zlepsit' svoje interné a externé
procesy, Casto pouzivaju metodiku PDCA, aby minimalizovali chyby a maximalizovali
vysledky. Po aplikécii a nauceni sa moZu spolocnosti opakovat’ cyklus PDCA a urobit’ z neho
Standardny operac¢ny postup.

Kracové slova: PDCA cyklus, 6M, SW1H, 5G, 5x preco

Uvod

Metodika zavadzania trvalého zlepSenia kvality sa moze 1iSit" v r6znych organizaciach. Bez
ohl'adu na metodiku programov neustaleho zlepSovania, kazd4 organizicia musi pouZzivat
spravnu kombindciu a vyber néstrojov kvality, metodik a technik v ich procese implementacie.
[1] Neexistuje jeden spravny nastroj alebo technika, ktora by sa mala pouzit’ pre kazdy problém,
ktorému podnik ¢eli. A zaroven nie vSetky nastroje su vhodné pre vSetky problémy. Mali by sa
najprv preskimat’ dostupné nastroje a techniky a nasledne by sa mala pouzit’ jedna alebo viac
najvhodnejsich. Jednym z tychto néstrojov, resp. technik je aj PDCA (Plan, Do, Check, Act)
cyklus. [2, 5]

Koncept metodiky PDCA
PDCA alebo Demingov cyklus je opakovana Stvorkrokova manaZérska metoda pouzivand na

kontrolu a neustale zlepSovanie procesov a produktov. Spoloénym znakom PDCA analyzy a
d’alSich metod kvality je identifikacia potencialnych faktorov, ktoré sposobuju problém. Kazda
pri¢ina nedokonalosti je zdrojom odchylky od Standardu.

Niektori autori tvrdia, ze cyklus PDCA je ovel’a viac ako len jednoduchy néstroj Stihlej vyroby.
Namiesto toho uvadzaju, Ze cyklus PDCA je filozofia neustdleho zlepSovania procesov
zavedena v organiza¢nej kultire spolo¢nosti, ktord je zamerand na kontinudlne vzdelavanie a
na tvorbe vedomosti.

184



@ Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, roé&. 25

Trends and Innovative Approaches in Business Processes “2022”, Vol. 25 .' ‘ T I A B P

Styri benefity pouzitia PDCA cyklu moZno zhrnut takto [3, 9]:

1.

no

Poskytuje Standardizovanii metédu na dosiahnutie neustdleho zlepSovania, ktoré¢ mozu
zamestnanci v akomkol'vek oddeleni pouzit na rieSenie novych a opakujucich sa
problémov.

Zabranuje strate Casu implementaciou neefektivnych alebo zlych rieseni.

Podporuje timovu pracu prostrednictvom brainstormingu a spolo¢nym rieSenim
problémov.

. Relativne nie prili§ ndkladna zalezitost’ — problémy sa rieSia v rdmci.

Kvoli ulahéeniu dokladného Studia vsetkych moznosti sa priiny zvycajne zatried'uji do 6
kategorii, znamych ako metdéda 6M pre analyzu pri¢in a désledkov. Su to:

Men — T'udia, ktokol'vek, kto je do procesu zapojeny.

Machine — stroje, nastroje, akakol'vek vypoctova technika, ktora sa podiel’a na procese.
Method — sposob, akym sa proces vykonava, jednotlivé poziadavky, instrukcie a navody.
Material — surové materialy, komponenty, vSetko, ¢o je pouzité na vyrobu finalneho
produktu.

Measurement — vysledky merani, informdcie, ktoré boli zozbierané pocas procesu a si
vyuzivané na riadenie jeho kvality.

Mother nature — prostredie, v ktorom proces prebieha.

PDCA cyklus pozostava z nasledovnych krokov [4, 13]:

a.

Planuj

Stanovenie cielov a Cinnosti potrebnych na ich dosiahnutie v stlade s ocakavanym
prinosom. Stanovenie pozadovanych vystupov Uplne a presne je sucastou cieleného
zlepSenia. Ak je to mozné, treba zacat v malej miere apostupne testovat’ dopady
jednotlivych akcii.

. Realizuj

V tejto faze cyklu dochadza k implementacii planovanych zmien v procese, alebo
produkte. Jej dolezitou sucast'ou je zber dat a ich analyza v d’alSich dvoch fazach.
Skontroluj

Je kontrola vysledkov implementovanych zmien (data zozbierané vo faze Realizuj)
a porovnanie realneho stavupo ich zavedeni s ocakdvanymi vysledkami (ciele fazy
Planuj). Hladanie odliSnosti v GispeSnosti zavedenych akcii oproti planovanym vysledkom
umoziuje prijimat’ spravne rozhodnutia v d’alSej faze. Grafické zobrazenie vyrazne
ulahcuje prehladnost’ vysledkov jednotlivych PDCA cyklov s cielom zuzitkovat
zozbierané data a premenit’ ich na relevantné fakty. Tie s podstatné pre poslednu fazu.

. Rozhodni/Uprav

Je vznik poziadavky na napravné opatrenia pre zmiernenie negativnych rozdielov medzi
plénovanymi a dosiahnutymi vystupmi. Definuje, kde sa maji aplikovat’” zmeny. Ak sa
napravné opatrenia po aplikdcii PDCA cyklu ukdZzu ako neuc¢inné, cyklus sa zacina
odznova. Je v8ak nutné zmenit’ rozsah faktorov, na ktory sa cyklus aplikuje, pripadne ich
detailnejSie Specifikovat, alebo sa zamerat’ na iné §tddium procesu.

Zakladnym principom PDCA cyklu je jeho opakovanie az do potvrdenia, alebo vyvratenia
hypotézy. Riadi sa predpokladom, Ze jeho opdtovné spustenie znova rozsiri poznatky o danej

185



Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, ro¢. 25 @
Trends and Innovative Approaches in Business Processes “2022”, Vol. 25 -7+ T I A B P

problematike. Takéto opakovanie nas ma priviest vzdy o krok blizSie k cielu, teda
k perfektnému fungovaniu procesu a dosahovaniu spravnych vysledkov.

Skuto¢nost, Ze sa PDCA bude realizovat’ niekol’ko krat umoznuje hromadenie informacii
a neustalu konvergenciu k pozadovanym vysledkom, pricom kazdy d’al$i cyklus bude bliZsie,
ako ten predchadzajiici. Mozno si predstavit’ otvoreny systém, ktory je v slucke aplikacie
PDCA, s kazdym ukoncenym cyklom sa zvySuje urovenn poznatkov o tomto systéme. Toto
zameranie sa zaklad4 na predpoklade, ze nase poznanie a zvyky st nejako limitované, ale je
mozné ich zlepsit’. [13] Na Obr. 1 je zobrazeny princip metodologie PDCA.

Neustale

zlepSovanie \

Implementacia akéného planu - SWI1H.

Vysledky vs. ciele.

ZLEPSOVANIE KVALITY

Implementicia SOP.

CAS

Obr. 1 PDCA cyklus

Podporné nastroje PDCA cyklu

Na vykonanie krokov PDCA cyklu efektivhym sposobom je potrebné pouZit' iné nastroje
kvality. Tieto nastroje mézu pomdct najmé pri analyze problému a definovani opatreni, ktoré
sa maju vykonat’. Praktické sktisenosti svetovych spolo¢nosti ukazuju, Ze rézne nastroje cyklu
PDCA z Obr. 2 boli implementované s pozitivnymi vysledkami a dosiahlo sa zniZenie
nakladov a defektov vo vyrobe, ako aj zlepsenie kvality procesu a vyrobkov. [6]

Obr. 2 Podporné nastroje PDCA cyklu
Ako kIicové podporné metddy pre uspesné vyuzivanie PDCA cyklu je mozné povazovat
nasledujuce [7, 9]:
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1. néstroj SW1H,
2. 5G metodika,
3. nastroj 5x Preco.

SWI1H - je to zakladny nastroj na vytvorenie prehladne definovaného problémového
vyhlasenia pomocou logického pristupu k zaru¢enym otazkam, kde hlavny problém alebo téma
st skimané v diskusii a analyzuju sa s tplnym pohl'adom na vSetky jeho zdkladné aspekty (Obr.
3).

Ako? Kedy?
Zakladné
aspekty
nastroja
SWIH

Ktory? |

Kto?
Obr. 3 Zakladné aspekty nastroja SW1H

Pouziva sa kedykol'vek pri definovani problému, ktory chceme vyriesit. Dalej pocas fazy
planovania Kaizen sa pomocou SW1H objasiiuje vyhlasenie o probléme. Otazky sa pouzivaju
na niekol’kych Girovniach podl'a hibky prieskumu, pomocou ktorého je potrebné jasne definovat’
problém a zhromazdit’ potrebné informéacie “Co sa ma robit™ a “Co nie”” v danom rozsahu. Tato
metdda sa vyuziva dennodenne vo vyrobnom podniku pri definovani a objasiiovani problému.
Hlavnou charakteristikou tejto metody je, ze [8, 10]:

e prinasa rovnaké vnimanie problému pre vSetkych,

e poskytuje Struktirovany pristup na zber udajov,

e pomaha timu vyberat si spravny nastroj Kaizen na rieSenie problému.
Celkovym cielom SWI1H je vytvorenie timu na rieSenie problémov vo vyrobe a nasledne
vytvorit’ revidované vyhlasenie o probléme, ktoré zahfna jasne definovany problém a stopy na
zaklade zhromazdenych udajov a pozorovanych faktov. Priklady pouZzitia SW1H su na Obr. 4
— Obr. 9. [9]

What? Co?

. Co sa stalo, resp. ¢o je nadim problémom?

=  Ako sa prejavuje na produkte?

= Na akom produkte, z akého materialu, pri ktorej referencii?

= Aky ma tvar spozorovany defekt, iné parametre defektu?

=  Fyzické kusy OK-NOK na znazornenie.

= Ske¢ na lepéie popisanie, CO konkrétne je mojim problémom.

=  Rozbor materialu, popis produktu.

Obr. 4 Priklad otazok ,,éo?“ podPa nastroja SW1H
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When? Kedy?

= Kedy sa problém prvykrat vyskytol?

= Ktory defl, mesiac, faza produkcic?

= Pri akej kontrole, zmene, v akom é&ase, po prestavke, pred....?
= Opis obdobia na zaéiatku objavenia problému.

Obr. 5 Priklad otazok ,,Kedy?* podl’a nastroja SW1H

Where? Kde?

Kde bol problém objaveny, na akom zariadeni?
Pri akom teste (vizualna, strojova kontrola)?

Kde by mohol byt’ zachyteny a bol/nebol?

Kde na produkte, komponente, v ktorom sektore?

Kde je isté miesto vzniku, kde je mozné miesto vzniku?

Ktora oblast’ je rizikova a méze ovplyvnit’ vznik defektu?

Layout, ske¢, obrazok na vizualne zobrazenie, farebné odliSenie.

Obr. 6 Priklad otazok ,,Kde?“ podl’a nastroja SW1H
Who? Kto?

=  Kito ovplyviinje, resp. neovplyviiye defekt?

= Je to problém jednotlivcov, timu, zmeny?

=  Je moZné, aby mal operator, jeho unava, &1 konanie vplyv na defekt?

=  Boli operatori adekvatne zagkoleni?

=  Analyza dat podl'a smien, I'udi v rimet zmeny, Skoliace matenaly.

Obr. 7 Priklad otazok ,,Kto?“ podPla nastroja SW1H

Which? Aky?

Obr. 8 Priklad otizok ,,Aky?“ podl’a nastroja SW1H

How? Ako?

Obr. 9 Priklad otizok ,,Ako?“ podl’a nastroja SW1H

Tychto Sest’ otdzok umoznuje odbornikovi na kvalitu ziskat’ Giplny prehl’ad o situacii vo vnutri
zavodu a zamerat’ sa na kl'icova otazku. Otdzky mozu byt rozdelené do réznych Grovni v
zavislosti od toho, do akej hibky problému musi ist’ analyzator.
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5G metodika — je metodika ur¢ena na opis a analyzu javu straty ako defektov, portich a réznych
prevadzkovych anomalii. Tento sa nastroj sa v podstate sklada z piatich faktorov (Tab. 1).
Vysledky nastroja 5G su uzito¢né na dokladné opisanie situdcie, na vytvorenie spojenia medzi
tedriou a praxou, resp. na raciondlny pristup k javom. [9, 11]

Tab. 12 Detail 5G faktorov s originalnymi japonskymi nazvami

"Gemba* ,,Dielna“ Chod’te dolu do dielne.
"Gembutsu‘ ,»,Skuto¢né veci‘ Preskimajte objekt.

"Genjitsu* ,Suvislost™ Skontrolujte fakty a Cisla.
"Genri* ,,leoria‘“ Pozrite teodriu.

"Gensoku* ,Pravidla a principy” |Dodrziavajte prevadzkové normy.

Nastroj 5x Preco

Cielom nastroja 5x preCo je rieSenie problémov, identifikovanie mikropri¢in, abnormalnych
javov ato prostrednictvom po sebe iducich otazok, na ktoré treba odpovedat’. ,,5“ v ndzve
pochadza z empirického pozorovania poctu opakovani, ktoré zvy€ajne vyzaduju identifikaciu
hlavnych pri¢in. Pouziva sa pocas fazy planovania Kaizen a to po dokonceni SW1H. Tento
nastroj sa tieZ pouziva pri dokoncovani analyzy pri¢in (RCA — Root Cause Analysis) pre EWO
(Emergency Work Order — Postup prace pri poruche). Pouziva sa pri kazdom najdenom NOK
stave pocas 4M skumania. Nastroj 5x preco je vyuzitelny vo vyrobnych podnikoch pri
zistovani korena priciny problémovych javov. [9]

Hlavné dovody pouzitia 5x preco su:

urcuje nam hlavnu pric¢inu chyby, alebo problému,

trénuje l'udi, aby nasli odpovede na problémy s pouzitim Struktirovaného pristupu,

ak chceme byt efektivnejsi rieSitelia problémov,

pri spravnom pouziti tohto néstroja je menej pravdepodobné, Ze sa rieSenie problému
nevykona precizne a nezistia sa zakladné pric¢iny problémov.

Pouzitie nastroja 5x preco je nasledovné:
e pre kazdy identifikovany jav zacnite otazkou, preco existuje a zhrnte vSetky odpovede,
e pri kazdej odpovedi sa opytajte znova, az pokial’ sa neobjavi konkrétna pricina,
e namiesto vSeobecnych vyrazov pouzivajte udaje,
e pre kazdu pric¢inu identifikujte akcie, ktoré navzdy odstrania vzniknuty stav.

Vyhody pouzitia nastroja 5x pre€o su:
e uzitoCny pri stretnutiach, resp. diskusiach,
ma Siroké uplatnenie,
pouziva sa samostatne na sporadické zlyhanie, vratane analyzy portch,
Siroko pouzivany vo WCM, vratanie inych technik,
je potrebna disciplina pri overovani kazdého kroku,
prekvapivo silny nastroj,
opakovanie je Ziaduce,
moze viest’ k vyuzitiu nastrojov na vyssej trovni,
dobry pre sporadické zlyhania, ale nie pre chronické straty.

189



Trendy a inovativne pristupy v podnikovych procesoch ,,2022%, ro¢. 25 (_
Trends and Innovative Approaches in Business Processes “2022”, Vol. 25 - ..- T I A B P

Zaver

Metodolégia PDCA vedie k zvySovaniu, rychlemu a efektivnemu zlepSovaniu bez vel'kych
kapitalovych investicii. PDCA cyklus sa moze pouzit’ na zlepSenie hlavnych vykonov, ale aj
vedl'ajSich projektov a procesov. [12]

Prvym krokom je planovanie, ktoré sa tyka stanovenia ciel'ov a kvality monitorovania procesu.
V druhom kroku sa zhromazd’uju udaje a problémy st rozpoznané. V tretom kroku sa
problémy skimaju a analyzuju. Nakoniec sa postupuje podl'a krokov na odstranenie problémov
a na dosiahnutie kvalitativnych ciel’'ov.

Prispevok bol rieSeny v ramci projektu KEGA 019TUKE-4/2022, KEGA 009TUKE-4/2020 a
VEGA 1/0438/20.
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VYHODY A NEVYHODY ROZNYCH METOD 3D TLACE

Jan KOPEC — Peter TREBUNA — Miriam PEKARCIKOVA — Jozef TROJAN

Abstrakt: V kazdom storoc¢i, l'udia prichadzaju s inovaciami v réznych sférach technologii.
Préave jednou z noviniek vo svete je 3D tla¢. Hoci sa o nej hovori uz dlhsie, jej potencial ma
vSestranné vyuzitie vo viacerych oblastiach Zivota. Stretivame sa s fiou v tejto modernej
arychlej dobre pri tvorbe implantatov, vyrobe Stitov pocas pandémie alebo pri vizualizécii
objektov v architekttre. 3D tla¢ vznikla v 90. rokoch minulého storocia a od tej doby presla kus
cesty kvoli svojmu zdokonalovaniu. Vzniklo viacero druhov metdod tlace avsak
najvyuzivanej$im principom tlace je prave FDM — Fused deposition modeling. Jednad sa
0 proces postupného nanaSania vrstvy po vrstve, ktord sa nasledne spaja s d’alSou vrstvou
a vytvara tak celistvy celok. Pri tomto type tlace sa vyuzivaju viaceré druhy materialov ako je
ABS, HIPS alebo nami zvolené PLA a PET-G.

Kracové slova: 3D tlac, FDM, ColorJetPrinting, DOD-PolylJet, SLS

Uvod

Zakladnym principom je, “additive manufacturing™, ¢o v praxi znamend, ze na zaciatku
nemame ziadny velky blok materialu, ale tla¢ za¢ina na Cistej podlozke postupnym nanaSanim
materidlu po jednotlivych vrstvach tak precizne, ako sa len d4. Takymto sposobom tlaciaren
nanasa material po Castiach v 2D priestore. Nasledne sa posunie horizontalne o d’alSiu vrstvu,
az pokial' nevznikne kompletny 3D model. Aj ked sa jednotlivé spdsoby tlace navzajom
odliSuju, nanaSanie materidlu vrstvu po vrstve maju vSetky spolo¢nu. Preto je potrebné 3D
model (najcastejSie vo formate STL) eSte pred samotnou tlatou narezat’ v softvéri, ktory ho
rozdeli na niekol’ko tenkych vrstiev vytvarajucich cely objekt. Hrubka vrstiev najlepSie
kore$ponduje s kvalitou modelu. Cim st jednotlivé vrstvy tensie, tym je preciznejsia kvalita
tlace. Tla¢ v €o najmenSich vrstvach sa teda zda byt najoptimalnejSia kvalitou, ale ma svoje
limitacie. Samotny hardvér ma limity ako tenkt vrstvu dokaze vytvorit. Ak aj hardvér umozni
extrémne tenké vrstvy, stracame vela ¢asu v softvéri, ktory ma model narezat’ na vela vrstiev.
Vyznamne sa predlzuje aj samotna doba tlaCe, pretoze trva dlhSie vytvorit’ jednu vrstvu a
zaroven sa musi vytvorit’ va¢si pocet vrstiev.

FDM (Fused Deposition Modeling)

Princip tejto metddy spociva v taveni materialu. Material vstupujuci do procesu je filament,
ktory sa dostava to tlaCiarenskej hlavy, kde sa ohreje na potrebnu teplotu topenia. Nésledne sa
vytla¢i za pomoci trysky, ktord pomaly nanesie jednotlivé vrstvy na tlaciarensku podlozku

(Obr.1).

tryska vystrekujica

/ roztaveny material

uloieny material

ovladany
’ pohyblivy stol

Obr. 8 FusedDeposition Modeling
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Hlavnou vyhodou tejto technoldgie je vyuzitie vel'mi vel'’kého mnozstva druhov materidlov pre
tento typ tlace. DalSou z vyhod a pozitiv pri tomto druhu tlade je vznik minimalneho mnoZstva
odpadu. Nevyhodou je horsia kvalita kone¢ného povrchu materidlu, ktort uddva minimalna
vyska vrstvy pri tlaci a ta sa hybe priblizne okolo 0,25 mm.

SLA-(VatPhoto - polymerization) Stereolitografia

SLA 3D tla¢ funguje tak, ze najskor je umiestnena stavebnd platforma do nadrze s tekutym
fotopolymérom vo vzdialenosti vysSky jednej vrstvy od povrchu kvapaliny. UV laser vytvara
d’alSiu vrstvu selektivnym vytvrdzovanim a tuhnutim fotopolymérovej zivice. Pocas tuhnutia
sucast'ou procesu fotopolymerizacie sa monomérne uhlikové ret'azce, ktoré tvoria tekuta zivicu,
aktivuju svetlom UV lasera a stand sa pevnymi, ¢im sa medzi sebou vytvoria silné nerozbitné
vizby. Laserovy IU¢ je zaostreny vo vopred stanovenej drahe pomocou sady zrkadiel, nazyvané
galvos (Obr.2).

platforma
= < natieraé

tekuty fotopolymér

\

Priehfadna
- *}{__ obrazovka

. tlatena éast’

nosnd konstrukda

UV laser \@

Obr. 9 Stereolitografie

. X-Y skenovacie zrkadlo

Hlavnou vyhodou pri tejto metode je dobra presnost’ pri tlaceni. Tato metdda je naro€nejsia na
casovu pripravu a dokoncenie, nakol'ko je potrebné odstranit’ podpory ako bolo uZ vyssie
uvedené, Co nazyvame postprocessing.

SLS Selective Laser Sintering (PowderBedFusion)

Metoda SLS vyuZiva pri tlaceni kombinaciu lasera a praSku, ktory je dispergovany v tenkej
vrstve na vrchu ploSiny vo vnutri stavebnej komory. Tlaciaren predhrieva praSok na teplotu o
nieco nizsiu ako je bod topenia suroviny, ¢o ul'ahcuje laseru zvysit’ teplotu Specifickych oblasti
prasSkového 16Zka, ked’ sleduje model, aby vytuhol. Laser skenuje prierez 3D modelu a zahrieva
prasok tesne pod alebo priamo na bod topenia materidlu. Toto mechanicky spoji Castice a
vytvori jednu pevnu Cast’. Netaveny praSok podporuje stc¢iastku pocas tlace a eliminuje potrebu
Specidlnych podpornych Struktar. Platforma sa potom zniZi o jednu vrstvu do zostavovacej
komory, zvycajne medzi 50 az 200 mikronov, a proces sa opakuje pre kazdla vrstvu, kym nie
su diely dokoncené (Obr.3).

Za pomoci tejto metddy je mozné vytlacit’ plne funkény model a vd’aka rozmanitému vyberu
materidlu je si mozné vybrat’ zo Sirokej Skaly ako je napriklad — keramika, polykarbonat, kov,
nylon, atd’. Tato nie je kompaktna pre domacich pouzivatel'ov, pretoze jej rozmery su trocha
vacsie kvoli zabudovanym zasobnikom pripravenych podavat’ rézne druhy materialu priamo z
Casti tlaciarne.
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Obr. 10 Selective Laser Sintering

DOD-PolyJet (MaterialJetting)

Technologia 3D tlace Polylet sa dost” podobd na beznu atramentovu tlaciaren, ktora tlaci na
papier. Pri tejto metode st vyuzivané 2 druhy materidlu: stavebny, ktory tvori zdklad
a podporny materidl, ktory zabezpecuje stabilitu pri tlaciarenskom procese. Za pomoci
tlaciarenskej hlavy je material nanasany na tlaciarensky podklad. Vdaka vel'kému mnozstvu
trysiek, ktorymi tryskova hlava disponuje je mozné nandSat vacSiu Sirku materidlu bez
problémov naraz. Tieto trysky nanesi malé mnozstvo materidlu vo forme kvapiek, ktoré st po
naneseni na materidl okamzite vytvrdnuté za pomoci UV lampy nachadzajticej sa v tlaciarni pri
tlaciarenskej hlave (Obr.4). Hlavnym materidlom je prave fotopolymer a podporny materiél je
mozné odstranit’ za pomoci vody ako aj pri SLS technologii alebo je mozné ju odstranit’ taktiez
aj mechanicky. Tato technologia PolyJet nam dava vysoku kvalitu vytlacenych a nésledne
vycistenych suciastok. Kde pri technologii FDM je minimalna vrstva 0,1 tak tuto je najmensia
moznd vyska uz pri neuveritelnych 0,014 mm. Kedze mdze tlacit’ SirSiu vrstvu materialu je tym
padom tato ovela rychlejsia ako technologia SLA. Sirku tladenej vrstvy mozeme upravovat’ za
pomoci tlaciarenskej hlavy, ktort je mozné vymenit’ na pozadovany rozmer. V neposlednom
rade je na vyber Siroka Skala materidlov a farebnych prevedeni.

UV wtvrdzovadia '

lampa
Vyrowndvacia cepel
— >
\ Atramentové

[ tlatové hlavy \ Stavebny materidl
éml:é:ndfnrn: material

e

l —— Zdvihac

Obr. 11 PolyJet

ColorJetPrinting (BinderJetting)

ColorJetPrinting (CJP) je aditivha vyrobnd technologia s dvoma hlavnymi komponentmi:
material jadra a spojivo. Materidl jadra sa valcekom nanéaSa v tenkych vrstvach na stavebnu
platformu. Po naneseni kazdej vrstvy sa z atramentovych tlacovych hlav selektivne vytlaci
farebné spojivo ato spOsobi stuhnutie jadra. Platforma zostavy sa znizi, aby sa umoZnilo
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rozlozenie a tla¢ kazdej nasledujucej vrstvy, vysledkom ¢oho je plnofarebny trojrozmerny
model (Obr.5).

Dodavia tekutého
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P P ~ '//A

Dodavka 2
pris kového = B
kemiva ToTe— S —

Piest podadvaca prasku Vstavany piest
Komora

Obr. 12 ColorJetPrinting

Ako aj pri DOD metdde je jednou z vyhod rychla tla¢ za pomoci Sirokej tlaciarenskej hlavy,
ktorda vie naniest’ Siroku vrstvu spojiva. Vytlaené modely pomocou tejto metédy nemaju
vysoku pevnost' apreto je ich potrebné pomerne Casto upravit, Cize vyuzit takzvany
postprocessing.

Zaver

V tomto ¢lanku su popisané technologie 3D tlace. Je fakt, ze 3D tlac sa dostava Coraz viac do
povedomia, ¢i uz sa jedna o malosériovu vyrobu sucasti alebo vel'kovyrobu modelov. Vel'kym
prinosom je ich obstardvacia cena, samozrejme je to individudlne pri velkosti tlaiarni,
technologii 3D tlace a pouziti roznych druhov materidlov a softvér pre konvertovanie do
formatu .gcode. dals$im prinosom je jednoduchost tvorby modelu, kedZe softvér si
prekonvertuje model vo formate .stl do .gcode a sdm vypocita cestu extrudera, v pripade, Ze je
to potrebné je mozné konfigurovat’ vlastnosti tlaciarne ako aj modelu v softvéri. Nevyhodou
3D tlace st obCasné nedokonalosti, ktoré méZzu znamenat’ zmenu vlastnosti vysledného modelu
alebo aj potrebu zacat’ tla¢ odznova.
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3D TLAC AKO NASTROJ PRI VIZUALIZACII VYROBNEJ
HALY

Jozef TROJAN — Jan KOPEC — Jan KOSTKA - Martin TREBUNA

Abstrakt: Ciel'om tohto ¢lanku je poukéazat’ na moznost’ vyuzitia 3D tlace pri vizualizacii a to
vytlaCenim modelu vyrobnej haly. Celkovo sa v naSom ¢lanku rozobera postup pripravy a
vyroby 3D modelov v SolidWorks-e. Prostrednictvom architektonického softvéru Twinmotion
sme vytvorili vizualizaciu vyrobnej haly so strojovym parkom priblizujicim sa realnemu
vyobrazeniu povodnej haly a nésledne rozmiestnili efektivnejsie jednotlivé pracovné stroje a
zariadenia do priestoru, ktory by inak nebol vyuzity.

KPucové slova: SolidWorks, Twinmotion, 3D tla¢, KISSlicer

Uvod

Pre vyrobu 3D modelu sme si vybrali vyrobni halu firmy sidliacej v Bardejove, ktord sa
zaobera zhotovovanim zakaziek pre strojarsky priemysel a zamocnickou vyrobou. Po
dokladnom obozndmeni sa s priestormi vyrobnej haly a prilahlymi objektmi, v ktorych sa
vykonava striekanie, nanasanie farby, otrieskavanie povrchu materidlov a sklady materialu sme
si jednotlivé priestory odfotili. Po odfoteni vyrobnych priestorov haly a pozemku sme si
stanovili ciel’ vytvorit’ 3D model hlavnej vyrobnej haly so strojovych vybavenim tak, aby sme
efektivne vyplnili priestor a odprezentovali zakladny strojovy park firmy.

Navrh haly

Na vytvorenie jednotlivych modelov sme pouzili program SolidWorks. Celkovo hala pozostava
z viacerych strojov : noznice, malé noznice, lis, ohybacka, 2ks pilok, stojanova vitacka, bruska,
sustruh, 4 ks stolov, 4 ks zasten, celkova konsStrukcia mostového Zeriava vratane mostovych
pilier s kol'ajnicami, navijakom a hakom. VSetky modely sme kreslili zjednodusene a nasledne
sa tlacili zvlast pre lepSiu tladitel'nost’.

Na prvotnom mieste pri tom vytvarani bolo dblezité vytvorit’ si plochu pozemku, aby sme si
vedeli rozlozit’ jednotlivé budovy s halou a oplotenim pozemku. Po premerani a spravnom
vytvoreni tejto plochy pozemku sme zacali s vytvorenim samotnej haly ku ktorej neskor
pridame kancelarie. Hala sama 0 sebe mé4 rozmery 510 mm na dizku a 360 mm na $irku. Po
namodelovani sme eSte pridali oknd ako je v pdvodnom plane haly. Ked sme mali
namodelovan halu, zacali sme vytvarat’ jednotlivé stroje (Obr.1).

Obr. 13 Vymodelované stroje
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Proces vytvarania fyzického modelu s vyuZzitim 3D tlace

Po celkovom vytvoreni modelov a vSetkych jeho sucasti haly sme si vSetky modely este
nasledne skontrolovali, aby nam pri ich vytla¢eni nevznikol problém pri ich spéjani. Nasledne
sme si modely mohli ulozit’ vo formate STL, ktoré je potrebné vytvorit’ a pouzit’ na spracovanie
v nami zvolenom Kisslicer-i. V tomto programe je mozna transformaciu STL stborov
vytvorenych v 3D softvéri v naSom pripade SolidWorks na potrebny .gcode pre tlac. Taktiez
prostrednictvom tohto programu zaddvame potrebné informacie pre tla¢ (Obr.2), ktord bola
vykonéavana na tlac¢iariiach TRILAB DeltiQ 2 a TRILAB DeltiQ 2 Plus.

Fim Promct Proferences AlModen  Wiuanh e/ inb

oo Ty e T — = I 5 78 [gpea [aem]

Obr. 14 Praca s modelmi v programe Kisslicer

Po schvaleni a odkontrolovani v§etkych parametrov sme pristipili k tla¢i jednotlivych modelov.
Po skompletizovani vSetkych tkonov potrebnych pre zacCiatok tlaCe sme si uz vygenerované
.gcode zadali do procesu tlace. Nasledne sme cakali, ¢i vSetky nami zvolené hodnoty budu
dosiahnuté. V niektorych pripadoch bolo potrebné zvysit teplotu trysky a tlaciarenskej
podlozky z dévodu nekompatibility systému. Kazdy model mal rozli¢nt dobu tlace a lisil sa
mnozstvom pouzitého filamentu. Kazdy model bolo potrebné o¢istit’ od podpory, bez ktorej by
sme tieto modely neboli schopni vytladit’.

Pri tvorbe modelu haly sme pouzili plexisklo o hribke 3 mm. Po narezani plexiskla nam vznikli
2 bocné steny s rozmermi 350x300 a d’alSie 2 steny s rozmermi 506x300. Podorys haly ma
rozmery 500x350 mm.

Tvorba viznalizacie

Obr. 15 Proces tlace a finalny model haly
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Pri vizualizacii sme zacali postupne tvorbou haly so strojmi a nasledne tvorbou celého
komplexu. Vyuzili sme modely, ktoré boli vytvorené v SolidWorks-e a nasledne
pretransformované v obj. formate, aby sme nésledne modely preniesli do TwinMotion
programu a postupne zacali upravovat’ (Obr.4). TwinMotion je 3D architektonicky vizualizacny
softvér, ktory nas prenesie do virtualnej reality v realnom ¢ase. Umoziuje nam vytvarat’ vel'mi
kvalitné snimky svojej prace, ale aj preniest’ sa do tejto reality za pomoci 360° VR vided, ktoré
su kvalitne zhotovené a doba renderovania je oproti inym softvérom podstatne kratsia. Dalsou
moznost'ou je vstup za pomoci VR-okuliarov priamo do uz vytvorené¢ho simula¢ného prostredia
v akomkol'vek ¢ase podla toho, aky si navolime. Okrem mnozstva Gprav a postprodukcie okolia
disponuje Twinmotion Sirokou skalou materialov, ktoré svojim zobrazenim realisticky reaguje
na nastavené svetelné podmienky scény.

Obr. 16 Pociato¢ny model haly

Po preneseni tohto celého komplexu do nasho prostredia bolo potrebné vyriesit' zlu orientaciu
objektu vzhl'adom k zakladnej polohe. V naSom ponimani objekt bol kolmo na plochu
virtualneho prostredia. Po nastudovani jednotlivych tkonov sme si s tym poradili a dany model
sme presmerovali do horizontalnej polohy. Po zorientovani objektu sme sa mohli pustit’ do
naslednych Gprav povrchu, kde sme mu pridali Struktiru kamena (Obr.5). Na zaver sme riesili
zvy$né budovy (Obr.6).

A

Obr. 17 Model haly a jej interior
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Obr. 18 Vizualizacia celého komplexu

Zaver

Predkladany ¢lanok sa zameral na vyrobu vyrobnej haly a jej strojového parku. V ¢lanku je
opisana vyroba 3D modelov strojov. Jednotlivé modely boli vyrobené pomocou technologie
Rapid prototyping za vyuzitia metody FDM- Fused deposition modeling. Modely sa vytvéarali
v programe SolidWorks v 3D rozhrani. Kazdy model sme pretransformovali do formatu STL,
ktory sme nasledne nahrali do programu Kisslicer. V Kisslicer-i sme si nastavili parametre
a vlastnosti tlacenia. Pre vytlacenie modelov strojov do vyrobnej haly boli pouzité 3D tlaciarne
znacky TRILAB DeltiQ 2 PLUS a TRILAB DeltiQ XL. Pre tla¢ modelov sme si zvolili material
PLA a PET-G. Po vytla¢eni modelov sme si odstranili zo vsetkych ¢asti podporu a jednotlivé
modely nésledne spojili za pomoci lepidla. Nasledné modely sme si poukladali do nami
vyrobenej haly z plexiskla spevnenej za pomoci vymodelovanych L-profilov. V neposlednom
rade netreba zabudnut’, ze okrem fyzického modelu haly sme vytvorili aj jej vizualizaciu. Pri
ktorej sme pouzili Twinmotion. Hlavnou vyhodou pri tvorbe tohto objektu s halou je moznost’
vyuZzitia vel'kého mnoZstva materialov, ktoré tento program v kniznici ponuka.
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REVERSE ENGINEERING WITH 3D LASER SCANNING
TECHNOLOGY SUPPORT

Katarina STAFFENOVA —Miroslav RAKYTA— Vladimira BINASOVA

Abstract: This paper describes laser scanning technology as a tool for reverse engineering. The
content includes theoretical starting points and knowledge about 3D models, reverse
engineering and laser scanning. Furthermore, a method of reverse engineering using 3D laser
scanning is proposed, compared with the standard reverse engineering process. The main
contribution is comparing the use of hardware in the form of a scanner and software for post-
processing.

Keywords: 3D laser scanning, reverse engineering, 3D modelling

Introduction

Reverse engineering using 3D laser scanning has been known in industrial practice for more
than ten years. However, technologies, hardware and software solutions developed a lot during
these ten years. Organizations of various natures have designed and applied reverse engineering
process and combinations. With the advent of 3D laser scanning, this process has become faster
and more efficient. This work aims to describe what is represented by the term 3D model,
reverse engineering and 3D laser scanning. The following section describes the proposed
reverse engineering process using FARO Focus hardware and software in conjunction with
Bentley's MicroStationVV8 graphics software. At the end of the work, a comparison of the
proposed process and the process used by a competing company is given.

3D model
3D modelling creates a 3D representation of any surface or object by manipulating polygons,

edges and vertices in a simulated 3D space. 3D modelling is accomplished by hand using
specialized 3D production software that allows the artist to create and deform polygonal
surfaces or by scanning real-world objects into a set of data points used to represent the objects
digitally. 3D modelling is used in various fields, including engineering, architecture,
entertainment, film, special effects, game development, and commercial advertising. 3D
modelling uses software tools, such as computer-aided design (CAD) programs, to create 3D
digital representations of objects. [1]

Although 3D modelling software is based on a complex set of mathematical functions,
programs automate calculations for users and have tool-based user interfaces. 3D models are
the output of 3D modelling based on various digital representations. Boundary representation
(B-rep) uses mathematically defined surfaces such as cones, spheres, and NURBS (non-uniform
rational base splines) connected by topology to represent objects as watertight volumes
accurately. B-rep models are the preferred solution for engineering and many 3D modelling
applications for the design, simulation and manufacturing of consumer and industrial products.
Faceted models approximate surfaces using connected planar polygons and are the preferred
solution for less accurate, high-speed shape representations used in games, animations, and
digital mockups. [2]
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Virtual 3D models can be turned into physical objects using 3D printing or traditional
manufacturing processes. Models can also be converted to static images using 3D rendering,
commonly used to create photorealistic displays for sales, marketing and e-commerce
applications. 3D models can be created through a reverse engineering process in which 3D
scanning technology is used to create digital replicas of real-world objects, including
manufactured parts and assemblies, free-form models designed from clay, and human anatomy.

[3]

Reverse engineering

Reverse engineering is one of the progressive technologies of production systems. It represents
a technological process using which it is possible to create a CAD model of an existing product
or draw documentation according to specific customer requirements. It is used to create
drawings of spare parts, the relevant technical documentation that is either destroyed,
incomplete, or never created. [4] Likewise, creating a complex hand-shaped model from
modelling clay or other prototype parts. The data obtained can be used to produce parts with a
small number in a batch on a 3D printer.

Use of reverse engineering:

+ creation of drawing documentation of prototype parts,
» shortening the development and innovation cycle of the product,
« modernization of the production process,
 design of new parts adapted to existing parts,
+ update drawing documentation of pressing forms.
Digitization, as the main activity in the process of reverse engineering for the field of

engineering products, and the collection of input data from a real object is possible in several
ways, such as manual measurement, semi-automatic measurement with a touch probe, laser
surface scanning, optical 3D surface scanning or CT scanning. [5]

Currently, the most used digitization method for reverse engineering is laser scanning of the
surface using a 3D laser scanner. Thanks to powerful technologies and a proven methodology
for 3D measurement and 3D digitization, we can transfer complex shaped objects from the real
world to digital form. Virtual 3D models are characterized by high accuracy, a prerequisite for
their effective use in CAD systems. We digitize accurate models from the level of a polygonal
network (mesh) and mathematically described objects (surfaces, holes, bevels) to editable
models in CAD systems, all using combined contact measurement and scanning techniques and
advanced reverse engineering methods.

Laser scanning

Laser scanning, especially 3D, is one of the technologies of reverse engineering, which
represents a modern approach to the digitization of spatial information about an object, which
can be used for 3D product and production systems, with a focus on the very realization of
objects (industrial, artistic and historical), with demanding focusing. Accessible and dangerous
spaces, animation and creation of 3D and simulation models. [6,7] We divide the digitization
process according to the following steps:
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Step 1 represents scanning preparation. The described technology represents high dimensional
accuracy of 3D models up to 3 mm. However, we consider 2-5 cm to be sufficient accuracy.
Subsequently, this accuracy affects the quality of the scan. At the beginning of each project, it
is necessary to agree on all the conditions under which the models will be created or how they
will be used in the future. The model can be helpful, for example, for reorganization or
production planning, creating object libraries or analyzing static structures.

Step 2 is the creation of a reference grid. Before the actual scanning, reference points must be
placed throughout the hall to create a reference grid. Each reference point is located at a specific
location and has its coordinates and marker. This creation of a reference grid is later used when
stitching scans and specifies the future virtual model. In the future, the business can use the
reference grid to accurately position production equipment, conveyors, transportation systems,
etc., created in the 3D model. When placing reference points, it is essential to distribute them
so that there are not enough (minimum of three) needed to accurately position the scanner in
space. From one scanning position, it is essential to see at least four reference points, the
distance of which is less than fifteen meters from the scanner.

Step 3 represents laser scanning. The origin of the coordinate system is at the center of the
scanning mirror in the device. The software can automatically recalculate the transformation
matrix so that all reference points have an absolute coordinate system. The core of the entire
system is a built-in operating system that ensures the collection and storage of all data, scanning
and simple data transfer to an external computer. This technology enables efficient, fast and
accurate scanning of the entire production hall. Scanning is not only about a black and white
photo but also about a color representation of measured spatial points - scans. [7]

Step 4 represents the registration and connection of scans. Each scan point has five values:
reflection, X, Y, Z and distance from the scanner. After scanning, it is essential to link the scans.
This process creates a panoramic image, and each point shows one coordinate. FARO Scene
Software for scanners from FARO is used for connecting scans, their overview and navigation
in the scanning hall, measuring the distance and dimensions of objects, and exporting points to
the CAD system. A FARO Scene is a graphical representation of visual perception used to
compare reference points against which other objects can be evaluated. The goal of registration
is to place individual scans in a predetermined coordinate system and link them and insert them
into a fixed single coordinate system. A correctly registered (record of scans consists in their
linking) scan is uniformly placed at the level of the "z" axis with other scans and with the correct
link to other scans.

Step 5 represents the export of data from the graphic presentation to the CAD system. Usually,
the data is exported to the CAD system: AutoCAD, MicroStation, Intergraph, CATIA, etc. With
the help of 3D scans, a new medium is created that is a true reflection of reality. This medium
is rendered into a CAD drawing that represents reality. This drawing is divided into layers
according to the nature of the drawn object and can be dimensioned. Various parametric object
libraries like TriCAD are used to reduce modelling time. This library consists of an extensive
catalogue of 3D objects such as pipes, ventilation systems, electrical wiring, steel structures,
conveyors, transportation systems, etc.

This 3D laser scanning process works with FARO Focus brand scanners.
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Proposed reverse engineering process using 3D laser scanning

The reverse engineering process begins with selecting a tangible object for which it is necessary
to develop technical documentation. An object can be a component, assembly, machine or
building, ventilation, pipe system, etc. For research purposes, a set consisting of six components
was chosen. This assembly serves as an intermediate piece for a piping system in an industrial
plant. The first step is to disassemble the assembly from the entire system and store the assembly
in the area where the 3D laser scanning will be performed. Next is the creation of a reference
grid around the assembly. A reference grid consists of an arrangement of reference points. In
this case, reference bodies are spheres. From every position of the scanner, the sphere has the
same shape, which makes it an ideal reference body. After the creation of the reference network,
i.e. after the placement of the reference bodies, 3D laser scanning follows. The positions of the
scanner are selected according to the need to focus the object and according to the rules of the
reference network. After scanning and data transfer to the FARO Scene software, the scans are
registered. After the overall registration, a 3D point cloud (Fig. 1) of the real object is created.

Fig. 13D point cIou& d‘i‘s:brlay‘ed‘ in FARO Scene software

The next step is to create a 3D model in the MicroStation V8 software environment. The point
cloud is exported from the FARO scene software to the graphics software.

i
|
ln

Fig. 2 3D model of the assembly in the MicroStation V8 software environment

In graphics software, a 3D model is created according to the actual object, in the exact scale
and the real position relative to the zero point. This 3D model is measurable and dimensional
and can be seen in Fig.2 in the MicroStation V8 environment. [9] This graphics software offers
modelling in all six views of the body. Four are primarily used, top, front, right and isometric.
Without a doubt, we need to check the accuracy of the data before completing the reverse
engineering process. It is possible to export the created 3D model in VRML format to the FARO
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Scene software (Fig. 3). The exported model can be placed in a point cloud and visually checked
for deviations and inaccuracies between the dimensions of the actual object and the model.
When creating technical documentation, the deviation should not exceed 1 mm. In this
environment, moving the entire cloud and inspect the model from all sides is possible. We can
also target these deviations using a set of measuring tools in the software.

fosss

Fig. 3 Displaying the 3D model in the point cloud in the FARO Scene software environment

If the model passes inspection, the final output and the last step of the reverse engineering
process is the drawing documentation. Drawing documentation, as part of technical
documentation, is used in 2D. This 2D drawing can be created in MicroStation V8 simply by
exporting the visible and hidden edges in each view that the creator needs to create the 2D
drawing. The drawing is created in HLN format, which is a 2D drawing format. However, other
software cannot process it effectively, so after creating a 2D drawing, it needs to be exported to
DGN format to work flexibly for further use, such as construction.

Conclusion

The proposed procedure differs from the standard procedure used for reverse engineering. To
compare the standard 3D laser scanning process used by a competing company and a
competitively capable reverse engineering process, Tab.1 was compiled.

Tab. 1 Comparison of standard and proposed reverse engineering process

Process parameter

A commonly used process

The proposed process

Use of 3D laser scanning Yes Yes

Brand of scanners used Leica Camera AG FARO Focus Laser
Scanners

The price of scanners Higher Acceptable

Scanning accuracy Good Very good

Point cloud software Leica Cyclone FARO Scene

Compatibility  of  cloud | Medium High

computing  software  with

graphics software

The price of software for | High Medium

working with the cloud

Graphics software used AutoCAD MicroStation V8

Controllability of the software
when creating 3D models

Complex difficulty

Medium difficulty

Compatibility of graphics
software with other graphics
software

Very low

High
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Saving models to standard | Low High
formats

Creating a 2D drawing froma | Yes Yes
3D model

The proposed procedure with the use of hardware and software from FARO Focus and
MicroStation V8 graphics software from Bentley brings the possibility of better and more
accurate targeting of objects, high compatibility of used software with the possibility of fast
data transfer and model export to all standard formats for the use of models in graphics,
visualization and simulation software. It also precisely controls the model's dimensions by
comparing the actual condition displayed in the points cloud.
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