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Abstract: This paper points out the possibilities of streaim$j production processes based on simulatiomtedeby the
simulation software FlexSim. The intention is tonp@ut the importance of simulation in the chadgsign phase. The
main task is to create a quality model that shoeftéct the real conditions on the line, and toiglesontrol logic to
ensure that the line model works as a real line.

1 Introduction biggest advantage of the program is the simplicity
The paper points out the need and importance Bfodeling thanks to the drug and drop principle.
creating digital models, on which we can experinweitit Thanks to the fact that the program allows the impo

optimizations and then we can implement these igerif Of 3D models or CAD drawings, the simulation beceme
and simulation-based optimizations into real openaand ~reliable, as it is created according to real dirf@rss This
thus save costs thanks to the established meaSareing Prings not only the visual but also the factuahfanto the
costs is the main purpose of why we create digiadlels Simulation [5,6]. . . _
based on which we optimize the process. The ditiitel The Process Flow tool is a great benefit when ninglel
model can also serve as a subject for early diagrafs More complex processes. To create simple modeis, it
problems or, if necessary, line analysis [1,2]. Bim of €nough to define the properties of objects, for enor
the paper is to present the possibilities for imgat complex models we use Process Flow. This Process Fl
simulation models in the FlexSim software applimatnd is used to create logic, which we create usingksiac the

to present the possibilities of how to work withitd create form of flowcharts.
digital models. The company has developed a scripting languageccall

FlexScript and is also a program compatible with@h++
programming language, which allows almost unlimited

2 FlexSim sotware i
@ossmllltles.

FlexSim is a simulation software whose softwar . . .
package includes FlexSim Healthcare, OptQuest and After modeling and simulations, the program allows

ExpertFit in addition to the simulation softwarseit. Used you to analyze events fand results: which we ob_tqt_he
to model, simulate, visualize and optimize systéms form of graphs or diagrams with the possibility of

various industries [3,4]. In addition to its provieenefits, ©XPOrting to a table. Based on the results of itelation,
this program delivers high-level graphics. Compated we can then _evaluat_e anq propose changes to _anpfpar
older simulation software, thanks to this realiggen a 1€ Systém without financial loss, as we work wirtual

layman can easily understand what is going on & ggnvironment [7'9]: .F'eXS'”.‘ is used in areas such.as
process. Thanks to ExpertFit, we can determineobtiee  Varehouses, logistics, — airports, healthcare,  servic
40 statistical distributions for the data obtairtads taking trarzfon,lmlg!ng. th h i th
into account the variability that occurs in reabgesses. | er loa 'ngfthe program, 'theih user will see the
This program allows you to analyze the system, avhilV€'COMe Menu ofthe program with the menu.

modeling we get a realistic form of the processh&es the Part of th'.s menu is the menu, which allows the tse
do the following:
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1. Explore Tutorials - after clicking on Explore sdadal x|
Tutorials, a new window will appear, which is a
kind of manual for creation. It is chronologically Tme Unks Seconds
arranged and progresses from basic to more Lancth Uvis —
complex functions. It contains instructions for
creating models, instructions for entering tasks, a At o
description of the Process Flow function and many Modd Start Time 8:00:00 .
other tips, instructions and procedures needed for 25. 1.2020 v
creation.

2. What's new in FlexSim - by clicking on this we are
redirected to the FlexSim website. The goal is for Height Time 3.7
the user to be constantly aware of the developers' = % 0=003 -
news. : e

3. FlexSim in Education - After clicking on this icon,
we are redirected back to the FlexSim website. This
section provides basic information about learning
opportunities in this program. It writes about
student versions of this software, but also about ,
training opportunities for companies. (2] Show this window for each new moded

4. New model - By clicking on New model, we will
first see the option of the most basic settings, Figure 1 Initial settings
namely units of time, distance, flow. After choagsin
these quantities, we get to the basic working rq. oynianation, we divide this space into sevesals
environment, which allows us to model and(Figure 2).
simulate. L C 1. This area is reserved for modeling space. Watera

5. Open model - Clicking on this will bring up a new 1, qqe| i this space and the model simulation alss r
window that will allow us to search the computer ;. \we can edit the area in various ways, eitter
and open models c_regited by FI_e?<S|m. . changing the color or by adding a grid. In engimegr

6. Getting Started - Similar to position 1 and corgain practice, the background of this area is ofteridfeut
instructions for creating models.. or floor f)lan of the line.

7. Preferences - The Preferences icon allows us t0 $£tg ) the point of view of creating a simulatithis part
preferred settings such as fonts, @fferent Pat is the most important as it contains objects fronictv
colors, different  templates, ~allowing object o create a process model. It is a kind of libmfrgl
rotations and resizing, library selection, panel o 5, 5ijaple tools needed for modeling. In this secfiou
customizations, chart settings, and various other iy fing inputs, outputs, buffers, processors afious
spftware settings in the form O.f preferen_ces. characters, conveyors, operators, trucks, robots,

8. Licensing - in this menu we will see a window that - oements used for control and much more. We place
allows you to enter the activation code and provide ihage objects in the space for modeling with the
information about licenses and license conditions. principle of drug and drop.

9. User Manual - again provides us with a manual that

is very similar to points 1 and 6.
After clicking on New Model, we get to the settiofy
basic quantities (Figure 1).
After setting the basic values, click OK and the
basic workspace for creation is loaded.

4,

Main bar. This bar is used for control itselhi§ bar
contains icons for opening and saving, tools for
creating objects, linking to Excel, an icon for
previewing the tree structure of model creatiorphe
dashboards or reports, Process Flow for creatigig lo
of more complex processes, and. i.

This part is used to control the created sinaiatUse
the icons in this section to start, stop and réiset
simulation. Here we set the speed of the simulatiah
especially the duration of the simulation, whichcaa
set either in the manner of the specified timenahe
form from - to.

. This window makes our work easier as we have fas

properties in this window, such as switching betwee
modes or setting the basic environment and marer oth
useful tools after clicking on objects that willegal up
the work.
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Figure 2 Basi ¢ workspace

In order to have a good understanding of modetiorea on to a comprehensive line model used in practitich
and consequently more complex line models, westalit ~ will then be functionally described.
by modeling the simple processes that make up trem  We will create a simple process using objects ftioen
complex production line processes. We will expldie Fixed Resources library. We get objects into spage
basic functions that we set on elementary obje&fter  dragging from the library to the modeling area. ¥anect
introducing the issue of modeling in this prograva,move the individual objects in the direction of the réqd
material flow with the A key (Figure 3).
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Figure 3 Smple process

Sourcel - is an input that generates simple ge@netguantity and time of object generation - it carebtered as
objects. It is possible to generate other CAD nmodéler a fixed number but also in the form of a mathenadtic
importing the model into the library. After doultbeking  function, and other properties. The material flovll w
on Source 1, a menu will appear where we can chinege follow the orientation of the arrow.
appearance and size of the source itself, porripeis
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Queue 1 - serves as an intermediate buffer. Heee, toperates so that the object that enters the pracsss/s in
generated objects from Sourcel are collected. Aftér according to the processing time and then prdsee

clicking, we change similar functions as with Salrcie
the visual appearance, port priorities, and espediae

capacity of Queuel itself. The object jumps to the Sinkl - This object can be understood as the place

Processorl imaginary as it is directly connected,this
translation is often performed by the operatorptptyuck
or. conveyor. We will ensure that the object doatgump
into the process by selecting the Use transpodtifom in
the Queuel properties, thus the object that isexied to
the central port will be used for transport. Wegdthe
required form of transport into the model and catrie
with the buffer.

Transport is again imaginary, but again we can ipeoit
similarly to Queuel.

where the process ends. It is a kind of output. rémpend
of the process, where when the objects cross tieealnd
reach the Sink, they are counted in the producezkgiand
then lost in the Sink.

Combiner 1 - The function is similar to the classic

Processor, but the difference is that Combiner2haputs
and 1 output (Figure 4). This means that the gjwexess
and processing time in Combinery will not startiluthite

Processorl - represents an operation that can dav€ombiner has received an object from both inputispdihe

different character. This Processorl can represest
process of drilling, welding, grinding, assemblic.eNe
set the classic settings again, and in additionsetethe
maximum contents of the processor, the processimg t
the length of the fault on the machine, the seirap. We
can enter these times fixedly, but the vast mgjaaite
based on the statistical processing of the valbésired
from the real process and thus determine the loligtoin
that best characterizes the values obtained. Procds
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number of inputs to start can be set. In simpljcitys
means that for a given process we need e.g. amgefland
4 screws to it, the process will not start untéréhis one
flange and exactly 4 screws in Combinery1.
Separatorl - is an inversion of the combiner, & tiae
input and two outputs (Figure 4). The input is bt @ort

and contains min. 2 combined components which nemai

in the separator for a process time and subseguexitl
already separated from the two or more output ports

400 -

» RunSpesd: |

Figure 4 Principle of operation Combiner and Separator

Multiprocessorl - It is a processor that is able tgiven object leaves the multiprocessor only aftér a

perform multiple operations (Figure 5). We defieseral

processes have run, ie after all processing time® h

processes for the multiprocessor and the individualapsed.

processing times are determined for these procethes
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Figure 5 The principle of operation of MultiProcessor

Other software libraries offer an additional numbér and a library with blocks needed for creating lowil
options for setting model parameters. open.

In the library, in the Task Executers section, \a®eh Our purpose of the simulation is to obtain datehan
objects performing tasks. This offer includes ofimg use of machines and operators, which we can fuaseto
trucks, robots, elevators, cranes, but also funatity for ~ streamline and optimize processes. To obtain sath, d
control in the case of multiple objects performimgltiple  click on the Dashboards menu in the top bar. It @pken
operations, namely the Dispatcher function. An ingn@t  in a new window, in which a menu of dashboards will
setting in this section is speed, acceleration arappear after double-clicking. From this menu we can
deceleration. choose the form in which we want to display thexdedm

The Travel Networks library has a tool for creatmg the simulation. The simulation data is in most sase
sidewalk for moving objects. Such walkways are seagy  displayed in the form of graphs and bar graphserAft
if we have the limits and standards that the operean double-clicking again, a window will appear in whiwe
walk during the change, and this walkway is alseduié define for which objects we want to draw a graph or
we want to avoid collision situations, ie the truges diagram. The dashboard will be previewed latetterine
around the machine and does not pass through it. Wmdels.
perceive this as a lack of simulation software the&nnot The creation of the line model is still preceded by
detect an obstacle in the path of motion. analysis and determination of the purpose of @aafihe

In the library we have the offer Conveyors, whictsubject of the analysis is the acquisition of daiah as
relates to conveyors. It contains a tool for modgla process times, the occurrence of failures, lin@uhybut
straight, curved conveyor, a tool for connectingveyors, also factors such as logistics supply but alsorcibpects
a photo gateway, decision points in case we avottlat are not directly related to the process bwehan
collisions if we connect several conveyors on whicimpact on it. In order for the simulation to beditde, we
products go, station - which works by stoppingftber at need to know the nature of the individual processesit
this point. is necessary to study the given process so thatame

The library also uses the Visual menu to simulatdevelop a quality model. Without a thorough analytie
processes, which contains tools for comments, shapel simulation results will be unrepresentative and the
backgrounds. proposed changes will be unattainable.

The Process Flow tool is used to create logic foram An important basis for creating a line model is the
complex processes, where the options offered aftearrent line layout. Layout is a graphical repréagan of
clicking on objects are no longer enough, butiitiseessary the arrangement of either the assembly or productio
to define relationships, variables or conditions. this system or. lines. The workstations are arrangedgaibe
section we will get acquainted with the environmefit line and connected to each other by a conveyor fgie
creating logic using Process Flow. After clickingy o layout is necessary for the creation of the modebbse it
Process Flow on the top bar, the environment feat@wn gives us the arrangement of processes, distantesdre
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stations and thus the lengths of conveyors betstions. FlexSim and thanks to that it creates a kind okgemund

It is also important for managing the movementrofks on the modeling floor, thanks to which we can @eat
or people, as it allows us to model the size ofkptaces model according to real conditions.

or other objects such as walls, which in the ewent We see that the line is, so to speak, seated daybet

movement are an obstacle for moving objects. Thémks (Figure 6), and thus copies the actual dimensidrihe
this, we get a realistic form of simulations. Thésguts line, while the model is made up of simple obj¢letd have
are most often created to scale and thereforetirabsize been described and that are interconnected.

in a CAD program. We can import such a CAD layotb i
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Figure 6 Smulation environment using production hall layout
3 Modd control logic based on the simulation, we obtain results. Weuwsil the
Process control is given by the logic created gy tHPashboard tool to interpret these results. The tutzesidl
Process Flow tool (Figure 7). tool allows us various forms of graphical interptin of

This logic controls all manually executed processas the results, while we have included in the diagrae
are executed by the operator. Whereas in automa@ibjects we want to analyze (Figure 8). By simulgtiae
processes modeling is a bit simpler because itdsgh to  found that the model is reliable because accortbrigpe
enter only the processing time or faults and tlastng Simulation, the operation \_N|II create 1900 piecesich is
time, so manual processes are more complicatedtiiem the same as the production standard of one chamge,
point of view of modeling. For this reason, thetwoHogic ~ therefore the simulation can be considered reptates
is developed using logic blocks. One universaldagi Thanks to a quality model, we can propose charigpesed

created for these manual stations, which we cangshand On the simulation results, we can identify oppaittas for
adapt to the circumstances. improvement and suggest possible optimizations what

can consider achievable based on a well-developed |
4 Result of the simulation - obtaining a Model and logic.

report
This part is the most important phase of computer
simulation. Based on the model, logic of the maated
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Figure 7 Logic demonstration in Process Flow
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5 Conclusions

Using any simulation software, the goal is to tfans
the real form of production to the digital one d@ndmap
possible bottlenecks and opportunities for improgetin
production processes [10-12].

The main purpose was to obtain data on produabion,
utilization, on the phenomena that occur during the
process, on the state of the bottleneck - bottlenad thus
on obtaining reports. Based on a credible simulatind
data obtained from it, we formulated conclusionse W
discovered the potential of the line, we found tise of
resources, processes but also operators. Basedheon t
report, we concluded that there are opportunitiess f
improvement. Based on the simulation, various wasiaf
improvement can be evaluated quickly, efficientyda
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105-118, 2018.

[4] PLINTA, D., KRAJCOVIC, M.: Production System

Designing with the Use of Digital Factory and
Augmented Reality TechnologiesAdvances in
Intelligent Systems and Computing, Vol. 350, pp. 187-
196, 2016.

[5] GREGOR, T., KRAJCOVIC, M., WIECEK, DSmart

Connected Logigtics, Procedia Engineering, Vol. 192,
Transcom 2017, 12 International Scientific
Conference of Young Scientists on Sustainable,
Modern and Safe Transport, High Tatras, Grand Hotel
Bellevue, Slovakia, 31.05.-02.06.2017, pp. 265-270,
2017.

most importantly, without the need for physical6] BUCKOVA, M., KRAJCOVIC, M. EDL, M.

interventions in the ongoing production. These
interventions are physically performed even after
verification of the most advantageous variant witel, ie
simulation form.

Computer Smulation and Optimization of Transport
Distances of Order Picking Processes, Procedia
Engineering 2017, Vol. 192, pp. 69-74, 2017.
https://doi.org/10.1016/j.proeng.2017.06.012

[7] KOBLASA, F., KRALIKOVA, R., VOTRUBEC, R.:

Acknowledgement

This article was created by the implementatiorhefgrant
projects: APVV-17-0258 Digital engineering elentent
application in innovation and optimization of pratian

flows. APVV-19-0418 Intelligent solutions to enhanc [8] SANIUK,

business innovation capability in the process of
transforming them into smart businesses. VEGA 1302(B
Interaction of digital technologies to support aafte and

hardware communication of the advanced productid§] FIDLEROVA,

system platform. KEGA 001TUKE-4/2020 Modernizing
Industrial Engineering education to Develop Exigtin
Training Program Skills in a Specialized Laboratory
VEGA 1/0508/22 ,Innovative and digital technologies
manufacturing and logistics processes and system®.

References

[1] PLINTA, D., DULINA, L.: ErgonomicsAnalysisin the
Context of a Digital Factory, In: Information Systems
Architecture and Technology, Proceedings of" 38
International Conference on Information Systems
Architecture and Terchnoilogy - ISAT 2017 &d.,
Springer International Publishing AG, 2018, pp. 304
313, 2018.

[2] KLOS, S.:Implementation of the AHP Method in ERP-
Based Decision Support Systems for a New Product
Development, In: Dregvaite, G., Damasevicius, R. (eds)
Information and Software Technologies. ICIST 2015.
Communications in Computer and Information
Science, Vol. 538, Springer, Cham,
https://doi.org/10.1007/978-3-319-24770-0_18

[3] STRAKA, M., LENORT, R., KHOURI, S., FELIKS,
J.: Design of large-scale logistics systems using

Influence of EA Control Parameters to Optimization
Process of FISSP Problemnternational Journal of
Smulation Moddlling, Vol. 19, No. 3, pp. 387-398,
2020. https://doi.org/10.2507/ijsimm19-3-519

S., SANIUK, A., LENORT, R,
SAMOLEJOVA, A.: Formation and planning of virtual

production networks in metallurgical clusters,
Metalurgija, Vol. 53, pp. 725-727, 2014.
H., MAKYSOVA, H.,

SKLENAROVA, L., BAJDOR, P.: Streamlining
packaging as part of sustainable reverse logistics
processesActa logistica, Vol. 8, No. 4, pp. 423-433,
2021. https://doi.org/10.22306/al.v8i4.249

[10] CECH, M., LENORT, R.: Modelling of financial

resource allocation for increasing the supply chain
resilience using Markov chainAgta logigtica, Vol.

8, No. 2, pp. 141-151, 2021.
https://doi.org/10.22306/al.v8i2.213

[11] MOZOLOVA, L., MOZOL, $., GREGOR, M.,

GRZNAR, P.: Influence of display mode on distances
in software Tecnomatix Plant Simulatiomcta
Smulatio, Vol. 7, No. 4, pp. 25-29, 2021.
https://doi.org/10.22306/asim.v7i4.63

[12] MOZOL, S., GRZNAR, P., KRAJOVIC, M.

Design of system for more effective data actuabisat
in simulation,Acta Smulatio, Vol. 6, No. 4, pp. 19-
22, 2020. https://doi.org/10.22306/asim.v6i4.58

2015Review process
Single-blind peer review process.

~8~

Copyright © Acta Simulatio, www.actasimulatio.eu



