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Abstract: The subject of this article was connected with gheblem of finding an effective layout of manufaing
mechanisms in a particular manufacturing hall irLDE Company, where we were part of a project te@he project
team's goal was to solve the problem associatddthdt actual layout with the help of modelling ates$igning. It was
necessary to analyse the actual layout and alsuoogi and possibilities of changes in this parécuhanufacturing
mechanism. It is the manufacturing hall. For thalgsis of the actual layout, we decided to workwdifferent analytical
methods because there were a lot of elementssamrthnufacturing system which have their own chargstics that are
also connected itself or with others. It was nezgst look at all of these characteristics andrtb@nnections, and the
result will be based on a prime scheme model ofgdegariations for finding an effective layout ofamufacturing
mechanisms for a particular hall in DELTA Company.

1 Introduction problem itself but also by fulfilling smaller sulpgs. One

Nowadaysl |Ogistics is one of the most |mp0rtar@f the t-00|S with Wthh it can be achieved iS.tlﬂa.:pSS Of
factors that dynamically effect the world economymodelling and planningstraka, M. et al[4] relies in their
The common trend is globalisation, which is chaggime Work on the fact that "modelling is the processeplacing
traditional management of company objects and tie dynamic system with its simulation model” andoals
management of the company itself. The literaturdextay "Modelling includes the creation of non-simulation
Malindzak, D.[1] states that "the objects of logistics arénodels, and their use can also be used for pramucti
financial, material and information flows, flows péople, Purposes.” .
goods and materials". In the publicationMédarasz, L.~ During modelling, we can not forget about the rule,
etal. [2] is mentioned the fact that "by processwhich is a state inHradecka, J.publication [5] "when
management, we understand the provision of Rjanning and creating, it's also necessary to pt@yton
predetermined goal by means of controlling specifigot only to the practical, aesthetic but also todtgonomic
devices based on evaluation and processing infamat Side” which will lead to the effective layout. Whese are
that aforementioned devices will receive back neit j talking about layout, we mean objects that are risgal
about the object itself, but as well as about tieces of and arranged according to a certain taste undéaicer
the environment on this object.” This leads toshiealled conditions. In our case, it will be from the poafitview of
global optimisation, which requires considerabterstton ~ architecture. The interior design tries to creafiengtional
from experts and engineers whose goal is to comtisiu layout as a part of the overall concept.
improvement, innovation and elimination of system

deficiencies, which will ultimately lead to an iease in
the quality of work, products and the working eaxment
itself while maximising the use of capacities anteptial

2 Literature review
When it comes to the definition of redesign, there
plenty of meanings. For example, it depends on the

while incurring minimal costs connected with it. eTh dictionary that we use. In Merriam-Webster dictigna

definition of the global goal byakala et al[3] states that
a global goal "is given by optimisation criteriatemwhile
"logistics management directly or indirectly solvie
problem of multi-criteria optimisation, such as rimapm
use of equipment capacities, minimisation of eneagg
material consumption, profit maximisation, etc." esd
"these criteria can be supportive or conflicting".
However, the goal of logistics is to meet thesteas,
especially from a time point of view, which willdd to
cost minimisation and profit maximisation [3]. Piieally
optimising the problem and finding an effectiveusiain
and subsequently achieving the global goals cagebiy
achieved not only thanks to an in-depth analysishef

redesign is definite as a "revise in appearancgtion or
content [6]. When it comes to Cambridge dictionary,
redesign is the definition of changing "the way stimng
looks, is made, or works" [7]. Portal Seobilitytetthat
redesign is "visual upgrade or rearrangement of an
existing" subject, system, etc. [8] easily said & plan for
making changes. In the publication, Universal Rpiles of
Design by Lidwell, W. et al. [9] mentioned that tkey
principles of design were selected from variousigites
disciplines based on several factors. The authsosstated
the fact that even the best designers sometimagréis on
the principles of design. When they do so, howethare

is usually some merit attained at the cost of tléation.
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Therefore, unless you are certain of doing as tédl best
to advise the principles [9]. But we can sum itimghe
following steps:

project we were a part of was financed by various
investors, who, however, all set one condition,clihwas
presented by the global optimisation of the entire
production hall and not only the production procésse
problem which we worked on was associated withifigd

design process — examination of the monitoredn effective layout of the manufacturing mechariisitine

object, its elements and description of how iparticular manufacturing hall, which we mentionedier.

1. definition of a goal — what we want to achieve,
2. who is responsible for the redesign,
3.
works, limitations,
4.
object and its functioning,
5. verification of correctness,
6. verification of truthfulness,
7. testing,
8. application [4,8].

Reconsidering the condition of investors, we setgnal,

modelling — creation of an idea of the monitoreavhich was not also to find the most effective layotia

particular manufacturing hall but we needed toudelthe
most effective layout of all mechanisms. Thankis, we
can get closer to global optimisation. But befdrattwe
needed to start by analysing the current state. tlfier
purpose, we used system analysis.

System analysis is a method of general systemsytheo

Modelling includes the creation of models and desig for exact and empirically intuitive investigatior lmasic
other than simulation, and their use can be formthproperties and target systems in various areasumiah

purposes as well. It is important to remember thlagén
creating and designing a layout, it's importarkriow the
dimensions of the space we are working with. Initaaig
it's necessary to pay attention to requiremerth as:

e structures,

e security,

» medical and psychological,

s economic,

e manufacturing,

+ and others.

It is also important to be aware of the basic fiomst of
the space with which we are working, i.e. all atig#g must
be kept in mind, as well as the functions menticaieave
that will be performed and occur at the given wéakp. In
this case, it's necessary to consider the factrifzaspecific
production hall, the workplace will mainly involvihe
movement of people, material handling equipmerd,tha

movement of storage handling equipment. If we ad

planning the layout of the workspace, it's necgssarake
into account a place for relaxation and rest, dsagether
facilities. In addition, we must pay attention thet
following:

» environmental quality (heat, light, ventilationt ai

extraction, air circulation, ...)

» the comfort of space and security

» spatial solutions

* necessary workplace equipment [10].
3  Methodology
The DELTA Company, which is the subject of th
investigation, is currently one of the world leadlén
refrigeration
manufactures. The idea of DELTA Company is contirsio
improvement and innovation to increase the quadity
products, work but also the environment where wekwo
live. Because the company prefers modernisation,
decided to innovate one of its production procegses
particular manufacturing hall in one of its facési The

in the field of hermetic compresso

activity. In the analysis process, we look for indual
systems and try to modify or replace activitiegyrections
or relationships in the given system. The procésgsiem
analysis represents the main activities, such as
definition of the problem (what we are investiggjinthe
research and analysis of the associated systeras, th
determination of the appropriate method of solvihg
given problem, the introduction of a new proposal the
subsequent evaluation and feedback. For this reason
system analysis represents a relatively wide seiffefent
methods and procedures for the most detailed asalyd
analysis [11]. System analysis is a suitable taml f
analysing the state of the system, as it examinesmly

its elements and the relationships and conneclietvgeen
them but also the elements, their properties, dred t
connections between them. Thanks to this, we carmoge
know the system's functioning in detail and subsetiy
derive individual results of observations and eatiins

om the research. This analytical method is used
especially in cases where we want to improve tiwergi
system or completely replace and create a newwdneh

was our case.

th

3.1 Current gate analysis
After we decided which type of analysis we would,us
we could start with an analysis of the currentest#tthe

company's manufacturing hall.

3.1.1 Manufacturing process
Before we could start with modelling and creating a
design of a particular manufacturing hall, it wasessary

S understand how the production works and what

limitations may occur in the process. Usually,litstarts

With entering materials into production, which imese

cases are direct and indirect materials. Directensltis

supplied in 900 kg blocks of Aluminiu from the slipp

and then they are processed into 8 kg ingots éadrthe
anufacturing halls in DELTA Company. Indirect

materials are rotor packets, which are manufactured

directly in the company. The real production praces
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begins with preheating rotor packets at a temperadfi have 99.9% content of Aluminium. Indirect material
450 °C at the induction heating robot. Meanwhilee t includes quality requirements such as strengthiress or
ingots are melting in a melting furnace at a terapge of weight, but also measurements where importaneagth,
750 °C. Both temperatures must be at exact numbersdiameter, thickness and angle of the rotor. Athefinputs
maintain the production process's accuracy, whgedd to must satisfy exact requirements, which will lead to
the final product's final quality. The next stepasnew reaching the highest quality of the final produethijch is
innovation in the production process: the centafug connected with requirements for output. The company
casting of rotors. Then the process continues etiiling, demands control of compliance with production and
and subsequently, the finished products are mowelet technological processes, quality and measureméfitab
finishing station. Under final processes, we caagme products. It's necessary to mention daily manufagu
processes such as cutting, rolling and, of couggality standards, which we couldn't forget because thest i
control. The last step is to load the final produetto strictly observed according to the stated manufawu
pallets. More specific information is in the publiion of plan, which you can see in Table 1 [12].

Spirkova, S.: Analysis of the possibility of chaggthe After observing and recording all requirements, we
layout of production facilities in a particular cqrany could start analysing the current state of the amyis

[12]. manufacturing hall. Supplying the production preces
based on forklift and handling units. It's goodbtont out
3.1.2 Requirements that some special handling units are used in thepaay,

Even if we learned how it would work, checkingtak  which are connected with supplying the ingots. More
details connected with the new production proceas wdetailed information and photos are Bpirkova, S.
necessary. First, we started with the productiacess, publication [12] which | mentioned earlier. The plying
machinery and equipment itself. There were a lot afystem may be considered a small detail, but iretiek it
technical (separation requirements for machinerg ars also animportant part of the system, and wspeaking
equipment), technological (efficiency, performanceabout global optimisation, so it was necessaryta that
speed), mechanical (temperature transfer and abmorp in our analysis. The whole place looks really credid
and one of the most important time requirementshich can lead to many collisions and injuries. Buthat,
(scheduled times within the technological and potida  we decided that we would make an FMEA analysis.
process) which must be observed, because thenntie f

product will not be able to satisfy the final qualiof Table 1 Daily manufacture standard

products, which is most important. Because we a Request for Lndividual manufacturing lines I

speaking about global optimisation, it was alsoessary .| The average .| Daily
to check all requirements for the workplace, inpatisd Manu“fr?gturmg weight of useq hg?;:fsag%g? intakfa
outputs cause they're also part of the successfuptetion Al (g/pcs; (pcs

of the product. As we are speaking about, workplag T 184 1C.7 380(
requirements include manufacturing mechanisms bsed a J 204 1C.7 150(
handling space. But what is specifically importaistthe NB 162 74 950(
quality control of inputs before they enter thedarction EM 16¢ 6.7 910(

process. If it comes to direct material, it is reszey to

1ﬂll]| e T
 Line EM (NB)
L b x5y A I
“Collected stock
& -'—H-1r—]}-
area: 22 1 Newtine (Em)
H A ES
o e g2
Ry stock s S el . T3 1.

Figure 1 Layout of a partlcular manufacturlng hall
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Failure Mode and Effect Analysis (FMEA) belongs to Table 3 FMEA analysis
the group of basic analytical methods, but it isntyaused
in the field of quality, reliability and safety magement. It
acquires its use not only in the field of productiservices,
and many other industries and processes. Thesfeptis
the definition of the problem, the error. In theaed step,
we approach the numerical expressions, which we
calculate based on the monitoring and evaluatiothef
individual investigated phenomena. It is, therefore
necessary to find out the values of the occurrafidhe
error or problem and their significance and asdigm
degree of detection of that problem and error. [akestep
is the product of the individual values, which vgive us
the so-called risk number. According to experts, fiisk
number should not exceed 125. This value is coreside
critical, and errors or problems whose risk nunehexeeds
this value must be corrected or eliminated. We nmast
forget the values that approach this value, wheigealso
necessary to consider their correction [13,14].

Thanks to all information mentioned earlier,
conversations with employees and managers, and our
observation. We were able to puncture risks andlenas
connected with this layout, which you can see below

The analysis of errors and risks in the particular
manufacturing hall can be easily found S$pirkova, S.
publication [6]. FMEA analysis describes in detall
subjects of analysis, the manifestation of errohgir
potential causes and effects, occurrence, detectowl
also possibilities of control, which led us to riskmber.
Since it is global optimisation, it was also neeegdo
recalculate the costs associated with the produptiocess
with this particular layout. You can see the legdin
indicators and monetary expressions connected théh
current layout in Table 2 [12].

The total costs associated with this workplace
amounted to a total of 4.310 euros. The costsertable
are averaged according to the data that the company
monitored for a period of 5 years. However, we halge
included a potential risk indicator in the table. |
represented up to 50 possible risks, which isivelgtlarge
given the dimensions of the production hall of 48,&
36,500 cm. We obtained a potential indicator ofsafisks
based on the FMEA analysis we created. As parhisf t
analysis, we made Table 3 based on observations.

40
60

— o
o0 o0

Risk nr.
240
330

Meaning Occurrence Detection
20
11
3
8
2
6

Possibility of control
education and motivation

for taking responsibility
education and motivation

work organization
for taking responsibility

trainings

wrong decisions of managment system aproach
wrong decisions of managment system aproach

Potentional cause of the error

human factor
human factor
human factor

Analysis of errors and risks in the manufacturing hall
Potential effect

production ineffeciency  human factor

chaotic movemts
opacity

high change of risks
faulty piece

Table 2 Costs and indicators associated with theett layout
Leading indicators and monetary expressions
Indicator: Expressior
Fuels consumption (euro/mon 228(
Electric energy consumption (euro/mol 23C
Maintenance costs (euro/month) 1125
Labour costs (euro/mon 67E
A potential indicator of security ris 5C

Manifestation of error

improper way of using devices high change of failures

crowded working space
small space for manipulation
and movements

losses and wainting
weak/bad qualification

inattention

Subject of analysis
vorkplace enviromen
working methods
employees

il
2
3
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Table 3 includes the basic areas of risks, themuch as possible or removed completely. The othkeies
manifestations and potential impact. The areasbfvere were around the values of 80, 60 and 40. Thesesvalte
mainly represented by the workplace environmentkwo not so alarming, but in general, the FMEA analgsige us
methods and the employees themselves. We themedsigan idea and an indication of the main problem eating
the most common possible manifestations of riskeeése risks and the dangers associated with them [12].
areas. Each risk was assigned a degree of impertanc
which we chose according to the degree of dangerthe 4  Discussion and results
interval from 1 to 10. The greater the degree @anance, The analysis of the current state helped us tamset
the greater the risk. The greatest degree of dangerred goal, which was simply to design and create thetmos
in the area of the workplace environment, whers tisk effective layout where will be minimal risks andaes,
manifested itself in the form of a small space fowhich will lead to global optimisation in the paaiar hall
manipulation and movement, in the area of methodsé  of DELTA Company.
form of losses and waiting, and in the area of eyg#s in
the form of inattention and unqualifiedness [12]. 4.1 Modédling asaturning point

Next step, according to the results of observataor The aim of this work was the analysis of the

monitoring, we assigned values for the number qfossibilites of efficient distribution of produoti
occurrences of given risk manifestations. Subsetyyeve  equipment in the production hall, while the problésn
assigned detection values to each of these maatites$  related to the search for efficient distributiorpodduction
of risks, which represent the values of the exjgeckances equipment in a specific production hall. This tasko
for finding out whether or not it is a risk. Valuegre resylts from the results of the FMEA analysis friime
assigned from an interval of 10 to 1, where theiwalith  previous chapter, where deficiencies were idetifie
the largest number was likely to be the most natie We  precisely within the workplace environment. We waipée

then multiplied all these indicators to obtainskmumber. o come up with results thanks to the workplace etlidy
The risk number represents the value by which Werocess.

determine the degree of danger. Whether the rislsi®o
be eliminated or removed, we find out accordinght® 4.1.1 Model nr. 1

limit value, which is given as the number 125. im case, In this model, we keep maintaining material flowdan
we exceeded this value in 2 cases, in the form @$lka  the original area of manufacturing lines and thieyearea
associated with an overcrowded workplace spaceaandstock. We suggested removing the kanban table,imgish
small space for manipulation and movement itsdlé fisk machine and Cy"nder cover bhecause these types of
number for an overcrowded workplace was 240, which machinery were not connected to our production gssc
almost two times the limit value. Much worse wass tisk and also just to make the whole place less crowwdésl.
number for the small space for manipulation angd|so suggested adding a new line in the originaitjom of
movement, which reached a value of up to 330, which the kanban table and cylinder cover and replachey t
even more than 2.5 times the limit value. Both SaSQvashing machine with the collected stock area. Yau

recorded alarming values and gave us an idea of thge the first variation of the model below.
magnitude of the danger, which must be eliminated a

s | T e nn-__;@ﬂﬂﬁ'fﬂ‘
- f - 2 r¥tia 0O |

Figure 2 Variant nr. 1
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But then there was a question if this is reallybglo line was the oldest one. Conversations with marsaged
optimisation and if we will keep all the old linesd just employees confirmed that there were often a lot of
add a new one. So that was the reason why we detode problems and they required to be repaired allithe.tSo

make a second model. after removing the mentioned machineries and egetippm
we suggested relocating a line NB in an originaé [T/J
4.1.2 Model nr. 2 and relocating the production process from T/h&oNB

Again in this particular layout, we decided to keepine. Next, we did the same with lines NB and EMe ®iso
maintaining material flow and entry stock area. W& replaced the cylinder cover with the collected lstacea,
insist on removing the kanban table, washing machid which ultimately created a new larger space, wi@hcan
cylinder cover for the previously mentioned reas@®  see below.
we also suggested removing line T/J because thisylar

' =, ' Line NB {Tﬂ} ! ”\‘_
) R | Y 4
l -i: --'»‘-Ht 3 rb@%ﬂ

- v
— =
.h,.:h n|13hw--.n ole H_ﬁl =
Figure 3 Variant nr. 2
4.1.3 Modelnr. 3 Based on that, we just slightly changed variant Zjr.

After modelling variant nr. 2, we realised thatssthew everything is almost the same, but the change ithén
space was located at the end of the manufactualhgand relocation of the new line and collected stock aoethe
we would like to add the collected stock area ;ne¢hd so other side of the manufacturing hall, which you
there will be less manipulation with the final puots. below.

Hﬂaﬂﬁ (T/1)
= 'krl-’i"‘

Flgure 4 Variant nr. 3
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4.2 Resultsof the modelling process design, which was slightly edited. After studyingro
Our next step was to submit our models to the coypa models, the company’s project team decided to de\el
The company project team decided to work with ast | new layout, which will be the final model.

e — B T T 5 T AN ML | e e

- |
-t

-'—d—-—*ﬂ i

) Figure 5 Final layout

It was decided to remove line T/J and replace thdefines new monetary expressions and leading costs
production process with line NB. They also editeeitew connected with the new layout, which is in Tabld 2.
line and line EM layout, so it will take a smalfgace and
keep our suggestion to produce rotors NB at line dtfid Table 4 Costs and indicators associated with the lagout

rotors EM at a new line. The washing machine wiih t Leading indicators and monetary expressions
collected area was replaced, but for a specifisameathey Indicator: Expressior
decided to keep the kanban table for future pldings Fuels consumption (euro/mor 111t
whole decision is also connected with empty spadé Electric energ\consumption (euro/mont 5¢
back of the hall. As we look for results, whetheisithe II\_Aai:tuern::scti ?:j:z/ﬁgrr]?/mor 4§E
global optimisation or not, the company projectniea B i e & s 0

GRAPHICAL ASSESSMENT OF LEADING INDICATORS
AND MONETARY EXPRESIONS FOR BOTH LAYOUTS

2280

Figure 6 Comparison of the costs
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In the end, we can state that even if our modelnes principles of Industry 4.0, logistics, 3D modellirapd
final, it was the basis for the final layout, bbat was simulation for streamlining production in the migiand
already the company's intention for the future,olthive  building industry" VEGA 1/0317/19.
couldn't know about, but we still influenced thate
helped to make an effective layout for global opgition, References
and our last step was to review what was achiew#ten [1] MALINDZAK, D.: Vyrobna logistika Technical
we compared the results, we found out that the eomp University of KoSice, 1997. (Original in Slovak)
can save 68.75% of the original monetary, while 2] MADARASZ, L., FOZO, L., ANDOGA, R., BUCKO,
decreased from 4310 euros to 1595 euros per mesittou M.: Z&klady automatického riadeniaElfa s.r.o.,
can see in Figure 6 [12]. Kosice, 2010. (Original in Slovak)

We can consider this a huge achievement, but d sm@] TAKALA, J., MALINDZAK, D., STRAKA, M.
"huge" problem is connected with it. Company stated Manufacturing strategyVaasan yliopisto - University
insist that with this particular layout, it can beached of Vaasa, Vaasa, 2007.
unbelievably zero potential indicators of risks andd] STRAKA, M., SOFRANKO, M.,
problems, which, to be honest, is not possible,amdan GLOVA VEGSOOVA, 0., KOVALCIK, J.
call it utopia because it's practically impossitdeachieve Simulation of homogeneous production processes
something like that. Even if we made the most éffec International Journal of Simulation Modelling,
layout and succeeded in global optimisation, therao Vol. 21, No. 2, pp. 214-225, 2022.
proof that it can be much better in the future amat https://doi.org/10.2507/IJSIMM21-2-597
nothing will happen. It's impossible to state ttatre will  [5] HRADECKA, J.: Skola interiérového designu pro
be no collisions or injuries and no risks and exrdir we vSechny, koho zajima dobré byd|eBfada Publishing
neglect this "fact", we can still state that savafrgost 69% a. s., Praha. 2013. (Original in Czech)
of original costs is a pretty nice achievement anff] WEBSTER, M.: The Merriam-Webster Dictionary
satisfaction, because all the money that will beedecan Merriam-Webster Mass Market, 2004.
be used for new inventions in the future so thegamy [7] MCINTOSH, C.: Cambridge Advanced Learner's
can continue to fulfil its motto. Dictionary, 4" ed., Cambridge University Press, 2013.
[8] PORTAL SEOBILITY: Redesign[Online], Available:

https://www.seobility.net/en/wiki/Redesign

The purpose of the article is to point out the intgiace [12 Sep 2022], 2022.
of modelling in terms of industrial engineering. détling [9] LIDWELL, W., HOLDEN, K., BUTLER, J..Universal
and redesigning the investigated object provides an Principles of Design: 125 Ways to Enhance Usability
opportunity to study the expected results of défertypes Influence Perception, Increase Appeal, Make Better
of designs or models far cheaper than manufacturing Design, Decisions, and Teach through Design
prototypes, not to mention trying it in real lifés easier to Rockport Publishers, 2010.
point out what is wrong and what's not working amake [10] AMBROSE, G., HARRIS, P.:Layout — Velky

5 Conclusion

collisions or errors in the system, which giveaigivin the
best chance for an optimal result in just a fewiards.
Thanks to modelling, we can test and improve hyggek
and make it the most efficient system possible. M#aso
important is that it helps us to make and test-weald

problems safely without any further harm. We could
[12] SPIRKOVA, S.: Analysis of the possibility of

simulate things in a few hours or months, whichid ¢ake
years if we did not simulate them. Modelling satiese
and lowers costs but creates safe and effectivtisos. In
the current position of technologies and usagendfistry
4.0 in companies, there is no doubt that modelang
redesigning is a key parts of the way to efficieranyd
competitiveness. The logistics industry will for resu
continue to advance and integrate new technologyiels

methods to make companies more efficient. In the
upcoming years, strong and adaptable companies will
[14] MALINDZAKOVA, M.:

survive, while resistant companies will languisi &l far
behind their competitors.

Acknowledgement

The VEGA Grant Agency funded this research. The

[13] MARECEK-KOLIBISKY, M,

pruvodce grafickou UrpavoulComputer Press a.s.,
Brno, 2009. (Original in Czech)

[11] MATISKOVA, D.: Systémova analyza a rozhodovaci

proces vyrobného podniku
Available: www.posterus.sk/?p=13677
[12 Sep 2022], 2012. (Original in Slovak)

[Online],

changing the layout of production facilities in a
particular companyTechnical University of KoSice,
2020. (Original in Slovak)

BRLEJ, T,
KUCEROVA, M.: Analysis, practical application and
possible interconnection of industrial engineering
methods and key performance indicatoicta
TecnologiaVol. 8, No. 1, pp. 7-12, 2022.
https://doi.org/10.22306/atec.v8i1.138

Kvalita logistickych
systémoy Technical University of KoSice, 2018.
(Original in Slovak)

submitted paper is a part of the project "Reseamth Review process
development of new smart solutions based on tl&ingle-blind peer review process.

~ 440 ~

Copyright © Acta Logistica, www.actalogistica.eu



