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Abstract: Production must be adapted to the needs of ttauptatructure while meeting the economic requirenef

low cost. As processes will be monitored, managebaptimized in near real-time, decentralizationie€ision-making
processes will also increase. Due to the heterayenstructure of the value chain, its complexityinsreasing,
reorganized, causing changes to the system as ke \ahd will require the creation of appropriaterastructures.
Mastering the value chain dynamics is largely tigrsdl into logistics. This paper deals with theroation of the flow
of technological jigs at the workplace of the pahbp in a company that is oriented to the autoraatidustry. The
design of an optimal solution will be verified ugithe selected software module Tecnomatix Planulsition.

Description and analysis of monitored flows of teclogical preparations are realized in the worl@lBainting. The
simulation model of the original state was creatad by testing alternative solutions the solutibimter-operational
transport was chosen, which is optimal. The useoffware support in the analysis of variant sohgids of great
importance especially in terms of speed of vefiittaand achievement of results from the teste@uss.

1 Introduction Logistics in large halls must be precisely planted
The authors [1] in their study “Industry 4.0 ane th Save time, increase efficiency and thus reduces carsd
Current Status and Future Prospects on Logistmides increase production. The whole material flow must,
on clarifying the impact of the Industry 4.0 concep therefore, be one perfectly functioning system. The
logistics. Under Industry 4.0 they understand th@rowing competitive environment, which forces

introduction of CPS, 10T, oS and Smart Factorythugh ~ companies to reduce production times, inter afiad$ to
the concept of Industry 4.0 is only at the begigniits Ccontinuous improvement in  inter-operational tramspo
development and it is not known how it will be eefled in  [2,3]. _ o . o
practice, its impact on logistics is still uncentaithe The goal by making the logistics model is to sitfypli
authors note its enormous importance and potesftiabe  the mapping of complex logistics systems in ordegdin
especially in the field of logistics. Regarding thénowledge, that can be transferred back to reaesys
introduction of these technologies, the authorsiaripat Without interrupting current flows. In general, the
"Industry 4.0 can, by its very nature, become #ityeanly ~ Simulation model of real logistics system is sirfied

if logistics can provide production systems withe th through abstraction and idealization. The abswacti

required inputs at the right time, quality and fie right allows the real elements, relationships, and aiet
place" [1]. omitted in order to concentrate on the essentiatesy
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components. The idealization, however, allows you trobots and other advanced technologies are notingee-

view these components in the created simulationeinod
but in a simplified form [4-6].

production phases such as planning, design, and

production. Robots and production automation itsetf

For example, as stated in the case study, whastowly replacing human activity, thus avoiding esrim the

simulating a assembly line in automotive, not allrtp
positions that are installed in the vehicle arenshaoThis
abstraction leads to that the simulation model usgthins
manageable and controllable. At the same time réhé
component is represented by idealization in a sofiw
specific component without, for example, displaythg
geometric dimensions more precisely in the modathW
both approaches, it is first necessary to decidéctwh
system components are mapped or how they are Sedpli
Which specific selection decision is made can, hawne
only be made in individual cases and always gaalhted
[7-9]. The higher level is the direction to the ithy
enterprise, i.e. through the creation of a digitaih, it
would be possible to create a fully valuable sysiera
virtual environment with the possibility of virtuakt-up
and process optimization without interfering witte treal
system, and through digital twin, technologies t
implement them directly into the real system [10-14

Currently, there are programs to solve such problerg,

that save time in designing workplaces and logistic
TX Plant Simulation is a software tool that allow
engineers to create digital models and simulatadrixoth
logistics and manufacturing systems. It offers deniange
of modules to monitor the individual production pess
[15-18].

It is these software programs, automation,
robotization of production processes that represbat
fourth industrial revolution. Companies, as well
individuals, are constantly striving to design, elep and
implement new ways of production, simplification,
optimization, and rationalization. In the world Wwaow
today, it is unimaginable that simulation programegdels,

an

production process. All of this takes human societthe
next level and creates a world of technology [63-2

The case study below analyzes the workplace pgintin
in a company focused on the automotive industry,
simulates the current state and concludes wittopgzal
for a solution for inter-operational transport. Plant
Simulation was used to create a simulation model of
current material flows in the workplace painting.

2 Material and Methods
2.1 Description of used software Tecnomatix
Plant Simulation
Tecnomatix Plant Simulation support discrete-event
simulation. It shows the state changes of the model
components at certain points in time, not contityuaver
time. When certain events take place, certain model

%omponents change their state and thus control the

simulation. This software considers these events in
discrete way, step-by-step. The main advantati@isl X
lant Simulation skips the time between the everits.
addition, TX Plant Simulation is an object-oriented

Sapplication, that allows child objects to inhenbperties

from a parent object [15]. Different and very compl
systems and business processes can be represented
realistically and with high accuracy. The objedeoted,
raphic and integrated work environment has inemas
ser acceptance. Working with objects that areritdte

as great advantages:

adjustments are made much faster,

parameter changes are made more securely in the
entire model.

h
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Real data simulation
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Process designer
Virtual planning

Tecnomatix ﬂicrosoft sqQlL
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Figure 1 Company-wide simulation with TX Plant dettion and integration example [7]
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The extraordinary functionality in the creation ofin the entire painting process, which are usedpplya
models, as well as the easy modification and maémee sealant and paint. The paints used in the coataegs are
of created models in TX Plant Simulation have mime water-dilutable and therefore do not significapiiute or
universal and productive use this tool possiblee Tlata damage the environment. The process of applyingt pai
exchange during the simulation run and the completand varnish is flexible, so the company offers save
control of TX Plant Simulation by other programsg(e colors for each model. The amount of color shadesdch
PPS, ERP system, etc.) are important for integratedodel is described in Table 1.
solutions. Via the existing interfaces, TX Plannh8lation
is open for individual extensions and fulfils alaptical Table 1 Quantity of colors for individual modelgtie company

integration requirements. TX Plant Simulation imétgs Model Number of shades
with many other software systems, (Figure 1). A 13
Throughout the automotive manufacturing process, B 14
processes in the paint shop are among the most C 10
technologically demanding, as they include various
processes based on the chemical, thermochemigaicph Analysis of the current state is focused on the fid

and technological properties of the materials usedh as: auxiliary technological jigs, which are not parttbé final
paint, paint, putty, bodywork, chemicals used ufividual  form of the automobile body, as parts or componests
processes, etc. that they do not create the added value of the yatod
These preparations are designed to facilitate thik \of
2.2 Layout Workplace Position Painting Module  operators, but also robots in robotized workpladédse
Throughout the automotive manufacturing processypes of preparations analyzed have a fixationpsttpand
processes in the paint shop are among the maaixiliary function.
technologically demanding, as they include various The fixatives are mainly used to fix the front aedr
processes based on the chemical, thermochemigaicph doors and the front and rear bonnets during deigigas
and technological properties of the materials usaech as: pretreatment and cataphoresis processes. Tharikese
paint, paint, putty, bodywork, chemicals used diividual products, the opening of the individual body pass

processes, etc. prevented since 360 ° rotation occurs during these
The workplace of the paint removal process coneists processes.
two parts. This is from an enclosed and ventilaezh, Supporting products are used mainly during the

where there are three paint removers, a sump fokimg movement of car bodies between individual workpdaafe
with a high-pressure device, and a place for blgwiith  the paint shop, but also in production halls (froime
compressed air. In this part of the workplace,aperator welding shop to the paint shop, from the paint stwmp
inserts resp. removes rotary baskets from painbvens. assembly). Supporting agents are also importaigltine
Here, the paints are removed after each paintingess. process of applying the sealant to the inner b®Hgse pro
This workstation is closed in order to prevent tdor Auxiliaries perform various functions. Whether they
spread of the chemical varnish medium present é tlsimplify opening the front resp. hold the door operile
varnish modules during the varnishing process. 8fbe¢, moving between workstations, or help keep the dpen
during insertion respectively. When removing théamp during the process of applying the sealant tortheri part.
basket from the machine, the worker must use pafsorsome of these formulations also undergo a coatineegss.
protective equipment (face mask for respiratoryeartion,  Jigs that pass through this process must, aftesvahfrom
protective shield, chemical gloves, rubber bodtgneical the manufacturing process, be removed by stripjpiriige
coat, protective headphones). stripping module operated by the operator at positio. 1.
In the case study, an analysis of the flow of aaryl The work positions analyzed in this chapter arelleth
technological products and an analysis of the atirreby external company workers who carry out the arts
working positions that perform the manipulationtwihe and supply of individual workpieces with preparatp
given technological auxiliaries was created. Thayimmrk  operate the stripping module and perform other vewrdt
in the painting process passes through specifigplaces handling activities described in the workflows.
to obtain a final look. Bodies move along the comore
system with a length of 7.5 km. This system alstudes 2.3  Process Flow on workplace painting
a 360 ° rotary immersion system, which is used in In Table 2, the individual preparations which erter
degreasing and pretreatment processes. By medimssef production are described. The table shows in which
processes, the body is free of dirt and grease aalde  workplaces the products enter and exit the prodncfihe
same time in the subsequent cataphoresis processag column of this table shows which operatonisharge
protective layer is applied. There are 80 robotsgrated of transporting the product to the workplace.
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Table 2 Overview of jigs at the workplace painting

Jigs' name

Notice Operator “s manipulation

front hood support (from welding) Welding area Preclean Op.3
Preclean - Welding area
2% rubber stop rear bonnet Welding area Preclean op3
Preclean - Welding area
3. door fixation Welding area paint removing the preparation over the 0Op.3
weekend JIG Station - Welding area
4. door hinge screws Welding area ASSY-Paint removing module Op2
Paint removing module - Welding area
5 fixing the front and rear bonnet Preclean Washing the jigs over the weekend op.3
JIG Station - Preclean
6. magnet into the door Sealer op3
Sealer - JIG Station
T long bonnet support (front and rear Deadener Pad Op.2
bonnet) Deadener Pad - JIG Station
8. artificial roof preparation WAX Op.2
WAX -JIG Station
9. plastic door stop Single use
10 tailgate opening jig WAX WAX - Paint removing module Op.1 Op.2
Paint removing module - Sealer WAX - Paint removing
module
i fuel tank cap holder Deadener Pad WAX - Paint removing module Op.1 Op.2
Paint removing module - Deadener WAX - Paint removing
Pad module
12 front bonnet opener Deadener Pad WAX - Paint removing module Op.1 Op.2
Paint removing module - Deadener WAX - Paint removing
Pad module
13 front bonnet support Deadener Pad Outsourcing Oop.2
WAX - Deadener Pad
14 fixation strip WAX Assembly-Door off op.1
Assembly -WAX
15 pin under the front bonnet WAX Assembly-T220 op.1
Assembly -WAX
16 panoramic roof pin Sunroof Assembly-Door off op.1
Assembly -Sunroof

In the following Figure 2 is a schematic diagranthef
input resp. input circuit output of preparationgfram
production. The solid circle marks the mountingtioé
fixture on the automobile body. Removing the jignfrthe
automobile body is indicated by an empty circlee Till
arrow is characterized by the transport resp. ngptire

disassembly continue to the paint removing moduidtfe
paint removing process.

Color differentiation of individual arrows is creatfor
the transparency of entry and exit of individuajsji
according to workplaces where the jigs are mounted
respectively. removed from the automobile body. Hera
by the full and empty circles are denominations of

mounted fixture on the body during the manufacwirinindividual jigs from the Table 2.

process. Dashed arrows indicate routes of jig whitér
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Figure 2 Scheme of jigs cycle
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2.4  Creation of simulation model of material
flow of technological jigson position: Paint
removal module
The worker in this position carries out the prepama

that can cause contamination of the body surfadénance
quality problems.

In addition to the preparation of support and fosat
products for paint removal and for the operationthef

paint module, this work is also in charge of theduorct

removal or the operation of the removal equipmérihe logistics. The varnished, rinsed and dried prezratare
products and their subsequent logistics for indigld SOrted and stored by the worker and are preparkaidie
workplaces. At the same time, he is in charge dfolleys according to the type of preparation. lier
transporting some types of jigs from assembly tmtpa delivers these product trolleys to Deadener PacSasader.
shop. During thg v_amlshmg process, thls_ worker glscgi;adxare
Paint removal of the formulations is carried out i the logistics of some types of fixtures (fixatitapes,
rotary baskets into which the formulations are esfor P€gS under the front hood and pegs on the panorawofic
according to the prescribed procedure. After thipging from assembly workplaces to paint shops workplaces.
process has been completed, the operator must e
subsequently rinse the preparations with watergusin Movementworker on position: Paint removal module
high-pressure device. After rinsing the cleaningdime, The job description of the employee in this positi®
the worker must remove the residual water pregaratpy "0t only the operation of the workplaces of thenPai
blowing with compressed air to ensure their dryn&se removal modules but also the transport of |nd|_vldua
final rinse and blow-off process of the formulagois Products to the workplaces. The routes along whineh
performed to remove residual amounts of cleaningiumee ~WOrker transports the individual jigs are mapped in

of supporting and fixation products for productioheir

Figure 4.
15t tloor I
f FEFREPARNHEN— — :
CROES BAR
—— MOUNTINGDISMOLNIING
=1 | oot |28
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- | B ——
___________________ |
| I ! I — 1
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- Sealer 1l " 4 L 5A
H — Sealer - o Deadencr Pad M
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Figure 4 Motion map of worker on position: Paintmeval module

After completing the preparatory work, inserting th trolleys. The transport route for the Deadener Rad
fixtures and operating the paint remover, the workenarked in blue. The transport route to Sealer décated
collects and transports the fixtures (panoramid mo, in green.
fixation strip and pin under the front hood) fromet
Assembly Offices (Door off, T220) to the workplace2.5 Suggestion of optimal solution of the flow of
Painting, first to Sunroof and then to WAX. After technological jigsin the examined company.
unloading at the WAX site, the worker returns te aint From the results of observation, data collectiod an
module. The worker's movement along this routedsked  analysis of logistics workers in the workplace piaip
in red. about and subsequent creation of simulation modgls

After the removal process has been completed and §adividual manipulation workplaces, re-design otgh
painting preparations are sorted into prepared lrand
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workplaces was created. This solution is basedlgnam according to the working procedure. Between these

observation and analysis. operations, he must also transport the jigs frosembly
The re-design of the workstation relates to pasitio.1  to the workplace painting
of the painting module and position no.2 of the WAXe When the worker at position no. 2 WAX was observed
proposed change and optimization are to move tlbort downtimes were detected. Assignment of tlwveb
operation: operation does not burden the worker at position 2
» Transfer of painting jigs (tailgate opening jit) significantly, because the operation is performezhgtwo
Sealer. hours.
This process is removed from the workflow for posit
no. 1, and is assigned to the worker of positior2AtAX. Table 3 Comparing the current and proposed stater af
This operation will be a worker at position no. @&hcbe simulation
carried out after the transport of the preparatfons the
WAX workplace, which then proceed to the paint reeio CRmeL I Eropased s
process. After completion of the previous painipping Traveled Distance Traveled Distance
cycle,. when the compositions are pamted,_depletabe _ T e
cleaning medium by a high-pressure device, blowetlri l_nu;m1:1 5294.55m |.MUs.Poziu'a1:l 4631.05m
and sorted intlo_ ready-to-carry carts. Subs_equeti}ig, — — v e
worker at position no. 2 transports the tailgatgs jto Entries Entries
Sealer. .MUs.Pozicial:1 39 -MUs.Pozicial:1 36
The reason for this proposal and optimization &f th
occupancy worker at position no. 1, which is resua _ The proposed change for position no. 1 of the pajnt
for operating the paint remover work module, whichhoqyle and position 2 of the WAX is shown in Figuse
includes three paint removal device. In Figure. 5 is a red highlighted route to the Beaite that

At the same time, it is responsible for the correghe worker had not previously performed in thatifis
storage of the products in _the baske';s..An Imposetivity At the same time in Figure 6 is shown a 3D modehef
is also the proper cleaning of paintings produthsir roposed optimization.

drying with compressed air and subsequent sortibhg i
handling trolleys and their distribution to workpdes,

Welding 523
1t floor
Time 1:47:54.9582

] N R s T e R
] Controls | Settings - CROSS BAR

W > » W0 :l = MOUNTINGDISMOUNTING

@i }m\wa
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Figure 5 Optimization Proposal - Position no. 2 WAX
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Figure 6 3D model of the proposed optimization

After elaboration of the optimization proposal andn this phase, when planning, designing, respe®eghing
subsequent simulation of this proposal are showram 3 both production and non-production processes is an
taken into account and compared two indicatorshef timportant factor in time. Simulation programs sfgaintly
current and proposed state, namely the distanegléihby reduce this time compared to mathematical modeig. re
the worker in position no. 1 during a 12-hour claagd experiment during operation. Along with the redoistof
the number of inputs to workplaces. The currentesys time, the costs of introducing new or changes te th
will pass 5294.55 meters and the proposed is 4631.0riginal system are also reduced. These two vasatéhn
meters. The difference between these distance63$6 be characterized as important indicators in th@éhiction
meters. The distance that has been shortened teotlker  of new resp. changes to legacy systems. Befordajgng
at position no. 1, when transporting the prepanatio the a simulation model in this case study, it was nesgsto
workplace, Sealer creates a time reserve. Thankisiso develop an in-depth analysis of the system witbcai$ on
time reserve, the worker can focus on the procested logistics staff. Workers in these positions arepoesible
to the painting process, in particular the procgsse for transporting a group of products between thévidual
rinsing off the painting jigs with a high-pressdevice and workplaces of the painting.
the subsequent blowing off of the cleaning medium The analysis was created from the results of
residues. Focusing on this process is very impbasithis observation and data collection, in a workplacetiag in
process avoids the possible contamination of theecompany focused on the automotive industry. éfatte
automobile body and hence quality problems. analysis is the characteristics of the monitoreth jo

The second indicator that points to an increasthén positions. The next part of the analysis was thekfiaw,
necessary time reserve is the number of inputs which is processed in the tables. Subsequentbhla tvas
workplaces. When comparing the current and theqeeg drawn up of the jigs that the worker transportetiveen
situation, we can point to a reduction in the numiie workplaces. The next section describes the rolagsuts

inputs to 36 compared to the original 39. of workplaces and handling trucks on which the weork
» Transfer of painting jigs (tailgate opening jiy) transports the jigs. The simulation model of therent
Sealer. system was developed from the knowledge from aisalys
and observation. The final part is a proposal foe t
3 Result and discussion optimization of the current system. Optimizatiotated to

The use of simulations and the creation of simmiati POSition no. 1 Paint removing module from which the
models is nowadays an essential part of modermistes Process Movement of the painting jigs (tailgate ropg
for maintaining but also increasing their compeditiess in 1i9S) was taken away to the Sealer position. Thisration

the market. The use of simulation software faddigabut Nas been assigned to the worker of position no.AXW
mainly speeds up the pre-production phase of theegs. thereby reducing the time and physical intensityasfition
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no. 1. This proposal is based on observation asutpth Computers in IndustryVol. 89, pp. 23-34, 2017.
analysis of the current system directly in the camp doi.org/10.1016/j.compind.2017.04.002

The results of the simulation of the current an{] MARASOVA, D., SADEROVA, J., AMBRISKO, L.:
proposed status were compared based on two indicato Simulation of the Use of the Material Handling
namely the distance travelled by the worker duting Equipment in the Operation ProcessDpen
change and the number of entrances to the worlplace Engineering Vol. 10, No. 1, pp. 216-223, 2020.
When comparing the distance indicator between the doi.org/10.1515/eng-2020-0015
current and the proposed condition, a differencé6®.5 [3] GRZNAR, P., GREGOR, M., MOZOL, S,
meters was made. The difference in the two indisato KRAJCOVIC, M., DULINA, L., GASO, M., MAJOR,

results in a new time pool that the worker cantadecus

on rinsing and blowing processes, which are very Progress
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