Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 165-173 ISSN 1339-5629

Streamlining utilisation of the assembly line using computer simulation
Lucia Mozolova, Patrik Grznar, Stefan Mozol, Martin Krajcovic

https://doi.org/10.22306/al.v10i2.365 ReceivedDi. 2022; Revised: 01 Feb. 2023; AcceptedA20 2023

Streamlining utilisation of the assembly line using computer simulation

Lucia Mozolova
Department of Industrial Engineering, UniversityZiiina, Univerzitna 8215/1, 010 26 Zilina, SlovRlepublic, EU,
lucia.mozolova@fstroj.uniza.sk
Patrik Grznar
Department of Industrial Engineering, UniversityZiiina, Univerzitna 8215/1, 010 26 Zilina, SlovRlepublic, EU,
patrik.grznar@fstroj.uniza.sk

Stefan M ozol
Department of Industrial Engineering, UniversityZiiina, Univerzitna 8215/1, 010 26 Zilina, SlovRlepublic, EU,
stefan.mozol@fstroj.uniza.sk (corresponding author)
Martin Krajcovic
Department of Industrial Engineering, UniversityZiiina, Univerzitna 8215/1, 010 26 Zilina, SlovRlepublic, EU,
martin.krajcovic@fstroj.uniza.sk

Keywords: modelling, simulation, manual assembly, advanaddstrial engineering.

Abstract: The increase in computer computing power and éheldpment of simulation software make it posstble
realise very accurate predictions of the impaatemfisions on systems. The cost of investmentsaarstlining logistics
and manufacturing systems is usually high. Theegfeerifying whether the implemented improvemerit nave a real
intended impact on the system is necessary. Thefusmulation helps reduce the risk of uncertaintguch projects.
The article describes the simulation performedhim $oftware Tecnomatix Plant Simulation 15.2 aradrthse in its
described methodology for simulation study with iaehd results. The study was carried out to stresemhanual
assembly in a company engaged in the producti@ao$eats, namely car rear seats and their matigoulgrocesses.
The simulation itself was supposed to answer ttestipn of whether it is possible to produce fastestomer line tact
and whether it is possible to reduce the numberaskers without influencing line performance. Therywdesign of the
content and number of simulation experiments waksed in two main aspects. These aspects are arhetthnging the
organisation of the workplace will bring the dedieffect and whether the installation of new equéptrcan improve
performance even more. The resulting solution leetpeuce the investment uncertainty and estimétcthe best two
solutions would increase the assembly line perfarady 0.94% or 6.89%, respectively.

1 Introduction In other words, just as we set up an efficientdfammation

Manufacturing companies are now increasingly facingrocess, such results we will be able to expectnyMa
problems of rapid implementation of change to theifompanies have been successful for a long timesefgc
processes. Often these changes are introduced unithBecause they are volatilely trying to optimise and
careful consideration of all benefits and negatiésese Streamline their internal processes [2,3]. Thiagsiadded
negatives can outweigh all the benefits, and bssiewill Value to companies, especially in reduced costs or
only find out after all the changes and innovatibase increased production. Various techniques from LEAN
been introduced. Therefore, during production, thaye through Sig Sigma are used in optimising productiod
to deal with problems for which they were not siiéfintly ~ a@ssembly systems. However, only some of the methods
prepared. Ultimately, this can lead to higher wtakp allow a glimpse into the future as accurately asraputer
failure and, thus, a decrease in performance. Hewéve Simulation [4,5].
need for these Changes is increasing to improve Computer simulation imitates system behaviour and
performance and quality. internal processes over time and appropriately lodes

Potential problems can be avoided by using variogystem behaviour. Simulation models are compilédgus
tools to predict the future state of the deviced #me the simulation software. [6]. The simulation is dise
advantages and disadvantages of the individuatisnki Predict the effect of changes on existing systentsthe
proposed. Current trends in the support tools odipction ~ Performance of new systems. Computer simulatiamesl
systems designed to solve the problem of rapidcsieay  Verification of decisions and their variation tohave
of change are directed to digitisation, makingoisgible to maximum synergy effect without interference with teal
solve decision-making tasks in the digital enviremt System [7]. It is most often used in processes evier
Now the trends of Industry 4.0 have become emerigentdesign new systems and do not know their specific
companies. Industry 4.0 technologies include sitiola behaviour, so their applicability ranges from metgtal
[1]. The production system, as we know, has thrg@rocesses [8-10] to production processes [11]. dhisvs
components (inputs, transformation process andutsjtp Us, for example, to accelerate the start-up of peaalucts,
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verify future investments, verify our schedulingamps, longer sufficient. It has been applied to a widdets of
check the current state of planning, optimise arehmline settings. The following are just a few samples i&faa
the current system. Using simulation is possibldind where simulation has been used to understand e
many statistics that help detect bottlenecks, évgaces the system's effectiveness: airports, hospitalsitspo
where they are seen in normal view. The advantafes mining, amusement parks, call centres, supply hain
using simulation lie in its benefits. The simulatican manufacturing, military, telecommunications, thientnal
provide information on the proposed solutions alyea justice system, emergency response system, puddiors
during the decision-making process. On this basis, and customer service [7]. The simulation findslgminant
optimal solution can be chosen. application mainly in industry, where vast volumefs

The saving of time and mainly costs that the sitta money must be invested to establish productionaitps
provides is a great asset due to the increasirggpre on Therefore, the result we want to achieve must bifieg
the necessity of change. It is a very effectivel,tooin advance to achieve maximum effect. The prodactio
especially in assembly processes, where it carctdatel area covers both the area of manufacturing andtlogi
remove bottlenecks, thus improving the overall iqpal Several works were involved in the application of
whether product or production plan. The assemhbggss simulation in production. The simulation of the guation
is a process that is particularly sensitive to tineely facilities and production flows was dealt with BA4{17].
follow-up of processes. In other words, the perfonoe of The simulation of logistics processes carried babugh
our system will be just as high as it is in itstlesteck supply tractors was dealt with by [18] testing eliéint
place. This is especially true in processes whers i layouts of multi-company multimodal logistics syste
impossible to create buffers that compensate fme ti [19] by analysing simulation techniques in logist[0],
disproportionates. The height of the output frone thoptimising logistics warehouses [21] and [22], deting
assembly system depends on good line balancinghend logistical flow using the kanban system [23]. Bylating
correct distribution of logistics activities. Compu workers using genetic algorithms solved [24], worke
simulation allows testing the layout of activities that allocation planning of a medical device distribatientre
times for individual workplaces are as close asitdes. [25], and evaluation of the effect of worker tureovon

As it turned out in practice, the application ofproductivity [21]. The simulation of reconfigurable
simulation has problems. Most often, problems dassd production systems was solved by [20] simulation of
with  communication between the designer and thgrogressive production concepts through metamadels
simulation specialist are pointed out. The basiswfh [26]. From the width of the current use of simudatiin
issues can be a need for more knowledge about ttiatabases, it can be assessed that the application
possibilities of applying simulation on the part tfe  simulation in production will only grow. The articltself
designers or their excessively high requirements fis an extension of existing knowledge and its use,
simulation [12]. Here, too, it is necessary toissathat a especially in manual assembly.
simulation is only a support tool for decision- it , .
cannot replace tge desigﬁer's creativity, andémmlggthe 2.1 Chosen simulation study methodology and
designer must make the fundamental decisions & ta simulation tool _ _
full responsibility for them [13]. These problemsmgdually The actual implementation has been realised acuprdi
disappear after the participation of designerhénsplution t0 the general methodology of conducting a simoiteti
of several simulation studies. Designers betteerstdnd study for the manual assembly workplace and itpsste
the possibilities of simulation, penetrate into tepth of defined in Figure 1. o _
problems, gradually become familiar with the sirtiola The simulation project begins with an analysishef t
system and, over time, can solve simple task§al system, a definition of the problem, and &farg the
independently. Such a procedure is usually the mogfnulation's aim. For the needs of the computerehat
advantageous for project departments in companies. IS hecessary to collect and process as much infmmas

At its core, the article describes the use of caewpu POssible about the means of production or knowlesfge
simulation for streamlining manual assembly respelyt the workers themselves from the solved assembly lin
for determining the results of individual decisions a Since it is a manual assembly. After this stepalstract
solved system. The simulation model creation wagech logical model is then created, and the model cceatea
out in cooperation between the simulation spetialisl Computer is validated. The next step is to cre@enodel
the responsible workers on the line, and the sitioniavas ~ itself and verify the correctness of the model esning
realised in cooperation between the specialist thed the formulated parameters — verification and pilats.
designer. Tecnomatix Plant Simulation 15.2 softwiare After that, simulation experiments are planned and

used for simulation, allowing dynamic system sirtiola ~ Prepared. We carry out experiments by changing
parameters or modifying the model. Given resutisfthe

2 Materialsand methods experiments carried out are evaluated and procekisbe
Modelling and simulation find their application inresults of the experiments are satisfactory, chewbgehe
dealing with many tasks for which a routine estignatno real system shall be applied.

~ 166 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 165-173 ISSN 1339-5629

Streamlining utilisation of the assembly line using computer simulation
Lucia Mozolova, Patrik Grznar, Stefan Mozol, Martin Krajcovic

1. Problem definition, analysis In case of inconsistencies in comparing the ohjesti
and results of the simulation, a model change dtwll
simulations for the specified real made. Tecnomatix Plant Simulation 15.2 has beeutes
system as a simulation tool. This is software allowing dymic
T — simulation of the system. The functions of Tecnamat
Plant Simulation enable the creation of a digitaidel of
real logistic systems (for example, production flow
material flow in supplying, etc.), thanks to which

and determination of target

2. Collection of real system data

Al el experiments and control of individual courses aystesn
________________________________________________________________ T characteristics can be done.
2. Design of a simulation model 2.2 Description of the simulated process
In the previous chapter, the methodology descnites
 Conceptual model development | used to conduct a simulation study on the asselimglyn

which the rear seats of a passenger car are mwpnuall
assembled. The display of the final product andutinp
materials can be found in Figure 2.

The informal conceptual model
' nd its validation

_____________ v e a ) .
Formal specification concept.
A formal conceptual model and
its validation :
3. Creating a simulation model
Computer model, its verification and
testing $
00
Inserting and adjustingthe raster % ‘ - !
L €N il N
e Figure 2 lllustration (a) of the final product; (lof the input
% materials
0
Insertion of working positions ' 2 Itis a process where heat"?g’ pressure se_nsdgscab
L R } cover, and isofix are gradually installed in thstatlation
_ v | process. The initial hypothesis is that theredgstibution
Defining object attributes ] of activities and fewer workers where the outputtiaf
— v - jf workplace is comparable to the current one. Theuapf
Defining the Jogic of activities and. 1 the selected material flow assembly process itselh
actions. Figure 3. The selected assembly process and tivitiast
carried out in it do not have specified times fbe t
T operation but are determined by the customer'sthoe
4. Simulation Thereforg, there is a situation where the tact beakigher
: or lower in the workplace. A workflow is definedrfeach
Realization of simulation runs ) workplac_e to ensure the req_uired quality of thedqu.
N The static position of material and workplace bisffes
................................................... e also defined. In the workplace, various variantsesits are
Simulation results and assembled. These differ in foam, cover (vinyl-skeaiher,
operational validation leather, textiles), and heating.
............................................................................................................ The assembly procedure is the same for all types of
e Tr— J products, except the case of heating installafi@n. this
5. Analysis of results (comparison case, time is different due to the installation this
of goals and simulation results) component. The supply of material to the assemtuggss

] s — o is considered 100% as the downtime is neg“g'bmswch,
Figure 1 General procedure for carrying out a siation study  {pe assembly process follows the processes of fingytae
for a manual assembly workplace input material and workplaces, where the instafatf the
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simulation experiments are to be carried out, testdn
also be expected as the inputs are precisely defiflee
definition and interpretation of the collected datve an
delaying. Both processes then affect loading thisHied important role, the correctness of which is conéichat the
paired parts into the technological pallet for auatic put- verification and validation stage.

away. When creating a simulation model on which

upper part of the seat is carried out and at thkplace
EO4_2, are paired. Therefore, these processeadthtand
when it is unsynchronous, one process affectsttier by

e
g ¢
H B
EO02 E -
£
s / =] —
E02_buffer EDZ/ ConvzyorTo Heater E03

Heater

EO1_buffer E01_1

=

EO3

ke

D D

Eolb EO1la

le

o TechPalleteTo

= 8 i Store

-

Conveyorl
U '

Figure 3 The layout of the manual assembly worlgkaed material flow

The data collection is based on the objective ef tt3 Results

simulation project itself, based on which abstarctand The created simulation model consists of a line ehod
reduction steps were carried out. As already meetlp in which the entire process of assembling the protitkes
variations of the product differ in the foam us&HEV, place. Creation of a simulation model consistingteps
HEVSB, HEV, SB, 5DR, CUV), cover (vinyl-semi leathe defined in the general methodology for conducting a
leather, textiles), and heating (contains, doescontain).  simulation study in an environment of manual assgmb
The material flow of the product is shown in Fig8reThe  First, a raster was inserted from the CAD file,dshsn
main flow of products is shown in red. The placés auhich the objects were modelled to actual dimersion
installation of the material are colour purple. Theation This is due to the correct distances for walkingkeos and

of activities in the workplace needs to be pregiselthe right restrictive conditions. After insertingnca
determined. Their duration had to be measuredttyret modelling objects, parameters have been defined for
production. Based on data and the reduction of eésna objects, workers, and products with assigned ldgica

time has been set for three types of covers. Foaves) if
they are different, do not change the durationrétfor

critical rules. In the end, the model is verifiediavalidated
once more. It is validated using order sheets.ni arder

aCtIVIty A triangular distribution is selected ftire data sheet is printed time when the order of 8 seatsrgrihe

since, in production, it is possible to measureti@mum,

real assembly system. When the following order sé&ts

maximum and medium duration of the activity, and thenters, the time is also recorded to determine muwh
activities performed by humans are reflected intth®  time consumption this order takes. This was donefe
variation. For the possibility of future balancin§such  hundred orders. The resulting difference with teal r
times, the operation of the installation itselfiisided into  system was +/- 0.38%. The simulation model cret&®
several activities. The activities come from wookis and and 3D graphics is in Figure 4. For the design of
are in the order in which they are carried out. Thexperiments, it is necessary to consider the cogipan

description of the process is as follows; takefdlaen, stick
the pressure sensor, if it requires a heating egupdin, then
cover with a cover, shoot the cover on the sewtcét the
cover and attach it to the bottom of the seat,gihgin the
heating unit and cabling, straightening, heatingtalling
the isofix, ironing and checking, assigning a label
control quality by the pressure sensor, final ictipa and
loading.

questions, whether it is possible to produce faststomer
line tact and whether it is possible to reducerttmber of
workers without influencing the
Furthermore, it is necessary to analyse the reBuolts the
simulation model, which is validated with the resme.
Essential indicators include the worker's utilisatgraph
Figure 5 and the workplace utilisation graph Figéire

In the production line, it is possible to identifyo
bottlenecks, namely the places with the highesttiaes,
EO1 and EO4_2. Looking at the workplace workloaapbr
Figure 6, it can be identified that the E0O4_2 @eah
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MeasuringStation blocking and secondary blocking aéfmployees, the deployment of work activities, their
E04_1. Also, the E02 and EO03 workplaces are blocked necessity and the ability to meet the requiremdots
to EO4_2 influence. The EO1 workplace causes thmistomer line tact. Atfirst, a series of mergingeriments
blocking of the EO1_1. The current output is 3Qpfetes were carried out to determine the possibility ofrgieg
per hour. The experiments were conducted based workplaces.

analysis and are a combination of the number of

4 _
100 [ Setting-up
[ working
90 Bl Repairing
[ Carrying
| [ walking to Job
80 [ Waiting for Importers
[ waiting for Mus
70 Il Failed
Hl Faused
60 [ Unplanned
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% 50 A
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i
30 1
| |
-
20
[
| |
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i
-
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Workplace
Figure 5 Chart of current worker's utilisation
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Figure 6 Chart of current workplace utilisation
From the resulting statistics, only in one case [a Exp.¢ EO01_1 and DC 28.87
minimum tact of the customer line was achieved, elgm Exp. & EO02 and EQ 19.06
in merging the EO1_1 and D09 workplace activitigsich Exp. € E02 and E04 15.77
is not enough for the medium or faster tact ofdihstomer Exp. i E02 and DO 22.80
line. However, there is the potential for testimg the Exp. € EO3 and E04 18
distribution of activities. The next series of espeents is Exp. ¢ EO3 and DO 2518
realised based on the distribution of activitiestsat the Exp. A( EO4 1 and DC 24.06
line is in reasonable balance. Experiment 12 igdam Exp. 1. EOL1 1and EC 20.68

leaving the same number of workers. The worker frorr
position EO2 is helping in the EO1_1 workplace, ané
activity has been moved from the EO1 workplace
Experiment 13 is an experiment without changing th
number of workers. A worker from EO2 is helpingtlz
EO1_1 workplace, where one of the activities of Hd
workplace has been moved. Also, the MeasuringS$tatic
and EO4_1 were switched in this case. Experimetid &4
experiment without changing the number of workarg] .«
MeasuringStations, and EO4_1 were switched. Exgarim

15 is an experiment with changing the number ofkers.

A worker from EO2's position is helping at the ED1
workplace, where one activity has been moved frben t
EO1. The MeasuringStation and E04_1 have alsolsedtc *""
The worker from the EO4_2 are removed, and hisities

=

are transferred to D09 workplace and worker. The Figure 7 lllustration of positiohs after switching
switching of MeasuringStation and E04_1 is depidted MeasuringStation with E04_1
Figure 7.

Experiment 16 is an experiment without changing the
Table 1 Experiments carried out to identify thegpoitity of number of workers. EO1_Instal_LSHog worker from B02

merging workplaces and their activities position assists in the E01_1 workplace, wher&bikesite
Experiment|  Workplaces whose Output has been moved, and the MeasuringStation reschgduli
numbe activities are merge [Pcs./hout with E04_1 has been carried out. At the same tiime,
Exp. ] EO01_1 and EC 20.68 conveyor and EO4_2 activities are transferred t8_0DGand
Exp. 2 EO01_1 and EC 5.20 D09_2. The depiction of the location of the comgxdet
Exp. & EO1 1 and EO4 20.30 conveyor is in Figure 8.
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Figure 8 lllustration of the position of the supplented
conveyor

Table 2 shows the experiments and results achieved.

Table 2 Experiments and their impact on hourly line

performance
Experiment numbe¢ | Output [Pcs./hou
Exp. 1: 30.74
Exp. 11 30.27
Exp. 1¢ 30.14
Exp. 1¢ 31.04
Exp. 1¢ 32.87

A Figure 9 graph is created to better understarttli an
interpret the experiment's results.

1 W Number of workers B Output [Pes./hour]
w
N
g . g g gl Bl =
~J =] ~d i S o ~
wn o0 ¥} &~ ~J s &

~J [0 g

I b

= 2

5 6

Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp Exp |Exp ||Exp
1 2 3 4 5 6 7 8 9 10 11 12 13 14 |15 ]]16

Figure 9 Summary graph of experimental results

In the graph in Figure 9, two experiments 15 andrg6 buffers in which pieces accumulate, the bottleneck
marked. If we consider reducing the number of wzke locations without a time study are more difficaltdetect.
and, simultaneously, the highest possible outjein the Computer simulation helps to detect bottleneckhef
result from experiment 15 is optimal. If we considereasons for their emergence as well as follow-oplpms.
streamlining the line to cover even faster tacimfrthe A simulation model that is properly validated by #ictual
customer line, then the solution from experimenislitest. system helps us verify our decisions without inéeiag in

a real system. Most bad decisions are characterigéie
4 Conclusions fact that their correction or retention has a negampact

In the current market competitive environment, th&n production as well as costs.
success of each company depends on the ab|||tgapta The article aims to describe the use of simulation
which is a prerequisite for satisfying Customeﬁarried out in the framework of the simulation S{lﬂ]d
requirements. Each competitive company examines #f#e results achieved. The study was implementetyusi
processes to make them more efficient so thatithately ~computer simulation realised based on general atioul
obtains an increase in production or reduces waste Study methodology to increase the efficiency of the
resources (e.g. materials, raw materials, capagitie@ssembly line inthe company. The case study destin
money). In assembly processes where there is a titfi¢ article used a simulation tool, Siemens's Terix
follow-up, the height of times along the line mum¢ Plant Simulation 15.2, to perform computer simolasi
balanced, and the bottlenecks must minimally affaet As part of the solution, the essential requirenfen the
final output. Sometimes such bottlenecks can bectied COrporate hypothesis that there is such a newilision
normally by looking, especially if there are buffén the ~©f workers and activities where there will be acréase in

system that display this state. However, if the lms no Performance was met. Two proposed variants, wheee o
allows the number of workers to be reduced by ooeker
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and meets the requirements for medium and slovomest https://doi.org/10.1051/matecconf/201824401024

tact of the line by better organisation and logstimatch [9] SINAY, J., BRESTOVIC, T., MARKOVIC, J.,
this hypothesis. At the same time, performance will GLATZ, J., GORZAS, M., VARGOVA, M.: Analysis
improve by 0.94% by using this variant. A fastestomer of the Risks of Hydrogen Leakage from Hydrogen-
tact can be achieved without reducing the number of Powered Cars and Their Possible Impact on
workers, and performance might increase by 6.89%6. T  Automotive Market Share Increasépplied Science
proposed simulation study methodology is especially Vol. 10, No. 12, pp. 1-13, 2020.

suitable for companies with essential data andutsyand https://doi.org/10.3390/app10124292

needs to verify their optimisation solutions asatexd with  [10] STEISUNAS, S., DIZO, J., BUREIKA, G,

investment costs. ZURAULIS, V.: Examination of Vertical Dynamics
of Passenger Car with Wheel Flat Considering
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