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PREHLAD TECHNOLOGII 3D TLACE
Jozef TROJAN — Peter TREBUNA — Marek MIZERAK — Stefan KRAL

Abstract: Tento ¢lanok je venovany prehl'adu roznych 3D technologii. Riesi vlastnosti kazdej
technologie a popisuje rozne vyhody jednotlivych technologii 3D tlace, ale aj tvorbu 3D
modelov pomocou CAD programov, ktoré maju v dnesnej dobe Siroké zastiipenie na trhu. Tento
¢lanok tiez popisuje vyznam 3D tlace, ktord je dnes neoddelitelnou sucastou nielen
automobilového priemyslu, ale aj lekarskeho priemyslu, kde dokaze vytvarat implantaty
nahradzujuce Casti l'udského tela. 3D tlac sa pouziva takmer v kazdom priemysle, ktory je pod
vplyvom Tl'udského vedenia. 3D model sa pouziva hlavne v oblasti architektiry a bytového
dizajnu, pri 3D implementécii budiceho modelu. Takto je mozné popisat’ modely vyrobené zo
sadrového kompozitu. Je preto skutocnost'ou, ze 3D tla¢ ul'ahcuje a zjednodusuje mnozstvo
zlozitych a vel'mi nakladnych procesov, a prispieva tak k ich d’alSej inovacii.

Keywords: 3D tla¢, 3D tlaciaren, technoldgia

Uvod

Okolo 3D tlaciarni existuje stigma, vd’aka ktorej sa neinformovani 'udia domnievaja, ze 3D
tla€ nie je prakticka a jej ucelom je vytvarat zbytocné modely a figurky. To nie je ani zd’aleka
pravda. Vyvoj modernych vyrobnych procesov je uzko spojeny s vynalezmi, ako su
profesiondlne stolné 3D tlaciarne, ktoré umoziuju znizit’ ndklady a ¢as vyroby na minimum.
Modernou technoldégiou 3D tlace je mozné vytvorit objekty vyuzivanim réznych
technologickych postupov. Pod 3D tlacou je mozné rozumiet’ aditivnu vyrobu, teda proces,
pocas ktorého sa z elektronickych dat vyraba model vo fyzickej podobe postupnym vrstvenim
materidlu. Medzi tieto materidly mozno zaradit’ sadrovy kompozit, rozne druhy plastov, vosky,
zivice, kovy, sklo, ale aj keramiku [1].

NajcCastejSimi sposobmi pre vytvorenie elektronického modelu sa CAD systémy, 3D
skenovanie prostrednictvom 3D skenovacich zariadeni. Takisto sem patria aj technické data
vyuzivané v medicinskych zobrazovacich systémoch. Model, ktory je vytvoreny v pocitaovom
programe, je potrebné rozdelit na tenké horizontdlne vrstvy a takto upraveny model je
pripraveny na odoslanie ako informacia do 3D tlaciarne.

3D tla¢ je vyuzivana takmer v kazdom odveti, ktoré je pod vplyvom l'udského vedenia. 3D
model je vyuZivany najmid v oblasti architektoniky a bytového dizajnu, pri 3D realizacii
budiuceho modelu. Takto je mnozné opisat modely vyrobené zo spominané¢ho sadrového
kompozitu. 3D tla¢ sa nevyhla ani umeleckému odvetviu. Ocenia ju napriklad reStauratori,
ktorym 3D model posliZzi na zobrazenie nendvratného artefaktu kultary. Sluzi aj ako pomoc
lekdrom ¢i Studentom mediciny na doslednu pripravu operécie, alebo ako moZnost’ blizsie
Studovat’ jednotlivé Casti I'udského tela. Je teda fakt, ze 3D tla¢ ulahcuje a zjednodusuje
mnozstvo zlozitych a veI'mi nakladnych procesov a tym prispieva k ich d’alsej inovacii [2].

Technolégie 3D tlace

Pod samotnou 3D tlacou rozumieme aditivny postup vyroby, t.j. postupné nanasanie materialu,
jeho spéjanie az do vzniku naprogramovaného modelu. Dne$né modely 3D tlaciarni vyuzivaju
celé spektrum technologii pre 3D tlac.
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Fuseddeposition modeling (FDM)

Tato technologia umoznuje stavat’ objekty s vyrobnymi termoplastami. Modely sa vyrabaju
zahrievanim termoplastického vlakna na danu teplotu topenia a extrudovanim termoplastickej
vrstvy po vrstve (Obr. 1).
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Obr. 1 Schéma technologie FDM

Na vytvorenie zlozitejSich Struktir mozno pouzit’ Specialne techniky. Napriklad tlac¢iarenn moze
tlaCit’ druhy material, ktory bude podpornym materidlom pre predmet, ktory sa tlac¢i pocas
procesu prvej tlace. Tento nosny materidl je mozné neskor odstranit” alebo rozpustit’. Toto je
najrozsirenejsia a cenovo najdostupnejsia technoldgia, ktora je Casto pouzita pri prezentaciach
prototypov a vzoriek vyrobkov. Tlaciarenn vyraba pevné a tvarovo stale modely vhodné presne
pre tieto ucely [3].

Selective Laser Sintering (SLS) a Direct Metal Laser Sintering (DMLS)

Ide 0 proces na zaklade zapekania kovového alebo polymérového prasku vo vrstvach pomocou
lasera na pozadovany model. Modely z tychto tlaciarni st vel'mi presné. Samotna prevadzka
a obstaravanie tychto tlagiarni byva vel'mi nakladna. Cast’ praskového materialu, ktora neprejde
spekanim, mdze byt pouzita na vytvorenie nosnej Struktiry a tento material je mozné odstranit’
po vyrobe samotného predmetu na opiatovné pouzitie. S touto technoldgiou je mozné stretntit’
sanajma v automobilovom a strojarenskom priemysle, ale rovnako aj v medicine.

Electronbeammelting (EBM)

Vystavba modelov pomocou tavenia kovového prasku (zliatiny titdnu) vo vrstvach pomocou
lucov elektronov vo vysokom vakuu. NajviacSou prednostou tejto technoldgie je vynimocna
presnost’ a vynikajuce technické vlastnosti vytlacenych vyrobkov. Technoldgia sa vyuZiva v
automobilovom, strojarskom priemysle a medicine, avSak vyhotovenie produktov pomocou
tejto metddy je velmi nakladné [4].

Inkjethead 3D printing

Vytvaranie modelu pomocou nanaSania tenkej vrstvy praSku (sadra alebo Zivica) a tlacou
spojovacieho lepidla z tlacovych hlav (obdoba injektovej tlaciarne). V ramci moznosti dostupna
a ekonomicky vyhodna technologia s vyuzitim v modelarstve, architekture a dizajnérstve.
Touto technoldgiou je mozné vyuzit’ aj plnofarebnu tlag.
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Laminatedobjectmanufacturing (LOM)

Zlepovanie vrstiev lepiaceho papiera, plastu alebo kovovej folie na seba a nasledné tvarovanie
nozom alebo laserom. Vytvara velmi presné modely s kvalitnym povrchom a naklady na jej
obstaranie nie su prili§ vysoké. Tento spdsob je momentalne na ustupe a vyuziva sa prevazne v
architektare a geografii [5].

PolyjetMatriX
Vytlacanie fotopolyméru tlatovymi hlavami a nasledné vytvrdzovanie (schnutie) pomocou UV

lampy. Vytvdra modely s velmi kvalitnym povrchom a hodi sa pre vytvaranie detailov.
NajcastejSie vyuzivané v automobilovom priemysle, elektronike, medicine, ale pri vyrobe
odevov.

MultiJetModelling

Vytlacanie vosku tlaovymi hlavami. Modely vytvorené pomocou tejto technoldgie su presné
a detailné, no ich nevyhodou je, Ze su prili§ jemné, ateda manipuldcia s nimi je naro¢na.
Vyuzitie vyrobkov vyrobenych touto metdédou je najmi v konStrukénych kancelaridch na
vytvaranie mensich vzoriek [6].

Stereolitografia (SLA)

Ako vychodiskovy material vyuziva tekuty plast/kompozit (fotopolymér) atento plast
transformuje na 3D objektovi vrstvu po vrstve. Zivica je umiestena do kade, ktora ma
prichladné dno. Nasledne UV laser sleduje stopu tekutej Zivice od dna nadoby, aby vytvrdil
a vytuhol vrstvu zivice (Obr. 2).
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Obr. 2 Schéma technologie SLA

Spevnena Struktara je nasledne tahand zdvihacou ploSinou nahor, zatial' ¢o laser vytvara pre
kazda vrstvu iny vzor pre vytvorenie pozadovaného tvaru 3D modelu. Vysledkom st presné
modely s hladkym povrchom. Pomocou tejto technologie je mozné vytvorit’ prevazne vacsie
modely. Nevyhodou tejto metddy je obmedzenost’ pri vybere materialu [7].

Zaver

Pomocou najnovsich technoldgii dokéze 3D tlaciarenl nanaSat’ tekuty material vrstvu po vrstve.
Nasledne vrstvy postupne tvrdnu az do vzajomného spojenia a tym vytvoria findlnu podobu
produktu. Tento proces trva niekol’ko hodin. Cas tejto operéacie zalezi od materidlu, spdsobu
vyroby a naro¢nosti modelu na vyrobu. Nové technologie sa vSak snazia tento proces
minimalizovat’. V budtcnosti bude 3D tlaciareii vyznamnym strojom pre aktkol'vek vyrobu.
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Narastajtica popularita 3D tlaciarni je zapriinena tym, Ze za relativne kratky ¢as mozno vyrobit
takmer vSetko z rozlicnych odvetvi, akymi st napriklad bytovy dizajn, strojarstvo, ¢i uz
spominané zdravotnictvo [8].
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FYZICKE MODELOVANIE VYROBNYCH STRUKTUR
POMOCOU 3D TLACE

Juraj Kovac — Vladimir Rudy— Katarina Kormosova

Abstract: Clanok sa zaobera fyzickym projektovanim vyrobnych systémov. Popisuje moznosti
vyroby fyzickych modelov strojov a ich nasledné vyuzitie pri projektovani.
Keywords: Fyzické modelovanie, 3D tla¢, projektovanie.

Uvod

Priestorové modely st néstrojom na lepSie a kvalitnejSie ponatie planu ¢i projektu. Voci
plosnym modelom su kvézi o level vy$Sou metédou zobrazenia spornej témy. Jestvuje niekol'ko
metdd ich produkcie a materidlov na pouzitie. Prikladom ich vyroby a vyuzitia mézu byt
trojrozmerné vytlacky umiestnené v priehladnom plastovom modely na ucel demonstracie
zauzivanych i novych sposobov priestorovej studie v strojarskom podniku. Vyuzitie aditivnej
vyroby v sucasnosti naberd na popularite vd’aka terajSej dobe vyzadujucej ekologickost’ a
udrzatel'nost’. Pre svoju vSestrannost’ nachadza svoje uplatnenie v niekol’kych odvetviach.

1. Fyzické modely a vyuzitie 3D tlace pri ich tvorbe

Model je existujuci objekt, ktory je do urcitej miery zhodny s inym objektom z hladiska jeho
fyzickych vlastnosti a geometrickych tvarov. Hlavnou charakteristikou fyzickych modelov je
to, ze su zhotovené na zaklade redukcie mierky v porovnani so skutocnostou, preto sa tiez
nazyvaju mierkové modely. Model je teda zmenSenda napodobenina nejakého objektu
(originalu),a mé dve ulohy: byt objektom badania a sluzit' ako prostriedok pre skiimanie

originalu, alebo sluzi ako demostrativny model skoto¢ného objektu. Na obr.1 st uvedené mozné
materidly pre vyrobu zmensenych fyzickych modelov.

PLASTY
KOVY

. ............ DREVD

_ . PAPIER
MATERIALY PRE 4‘ RIS SR I AL
FYZICKE MODELY : | HLINA

KERAMIKA

SKLO

Obr. 1 Materialy pouZitené pre tvorbu fyzickych modelov [3]
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Pre lep$iu analyzu priestoru a jeho rieSenia mézu byt napomocné prave fyzické modely. Tie
mdzeme chépat’ ako zmenseninu vyrobného zariadenia ¢i vyrobného systému ako
celku.Modely mézu posluzit’ ako pomdcka pri projektovani vtedy, kedy sa mozné rieSenia na
vykrese znazoriiuju zlozito alebo ich znézornenie je tazko Citatel'né. Taktiez mozu sluzit’ ako
pomdcka pre lepSiu demonstraciu vysledného riesenia.

Tab.1 Vyhody a nevyhody vyuZivania fyzickych modelov pri projektovani

VYHODY NEVYHODY
Lepsia predstava riesenej Nie je istota, Ze sa realne dosiahnu
problematiky lepsie vysledky

Nutnost uréitych vedomosti a

Timova praca M : :
P praktickych skusenosti

MozZnost projektovania pomocou
jednoduchych modelovz papiera, Pracna vyroba a skladovanie modelov
dreva,...

Rychla alacnda vyroba jednoduchych
modelov

Su napomocné, ked znazornenie na
vykresoch je nepostacujlce

Komplikované zaznamenavanie rieseni

Vysdie naklady na vyrobu modelov

2. Zhotovenie 3D modelov vo zvolenom programe pre fyzicku vyrobu

SolidWorks je program pre parametrické plosné a objemové modelovanie vhodny do
strojarskeho odvetvia. UmozZiuje zhotovenie 2D 1 3D navrhov a nasledne ich rendering do
realistickych ukdzok. Taktiez ponika moznost” animovania modelov. Svojim jednoduchym
uzivatel'skym rozhranim je blizky 1 beznym pouZivatelom. Okrem toho na rozdiel od inych
softvérov nie je tak narocny na procesor, graficki kartu a pamiat RAM pocitaca, ¢im je i
prijatelnej$i pre pocitace so slabsimi technickymi parametrami. SolidWorks dovoluje
pracovat’s navrhom v 3 rezimoch. Zauzivany postup pri ich tvorbe pozostaval z nakreslenia
zakladného tvaru kresliacimi néstrojmi, pridania objemu v priestore pomocou nastroja Extrude
a upravy do kone¢nej podoby zaoblenim (skosenim), vyrezanim diery ¢i zhotovenim Skrupiny.
Nasledujtice obrazky ukazuju hotové jednotlivé sti¢asti a ich nasledné spojenie do vysledného
modelu. Tieto vysledné modely je mozné ulozit vo formate stl pre samotnu 3D tla¢ fyzickych
modelov.

W Vel
%
w

<l w |

s
S@QPC T

Obr.2 3D model frézky, CNC sistruhu a stlpobej vrtac¢ky [3]
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3. Aditivna vyroba fyzickych modelov strojov

Pred samotnou tlaCou sa v programe prislichajucom Kk tlac¢iarni usporiadaju STL subory
budicich vytlackov. Na obrazku 3 mozno vidiet’, Ze je mozné tlacit’ na jeden raz viac kusov
modelov v tomto pripade sa z kazdej stucasti vytvoria tri duplikaty a jednoducho sa rozmiestnia
na virtualnu tlaciarenskt plosinu. Priebeh tlace podl'a virtualnej predlohy a cievka s navinutym
vlaknom plastového materialu st zachytené na obrazku 4. Tla¢ prebieha v laboratériu, kde je
ku tla¢iarnam priradeny aj prislusny pocita¢, vid’ obrazok 4.

Obr.3 Priebeh tlace modelov Obr.4.Ukazka pracovného prostredia
v procese 3D tlace

Po vytlaceni na modeloch sa mézu vyskytnat” nerovnosti spésobené tlaciarnou. Zvyc¢ajne sa
nachadzaju na prvej vrstve materialu, ktord je v priamom styku s tlaCovou plochou. Vznikaju v
dosledku stale trvajiceho kvapalného skupenstva materidlu, ktory sa po tlaciarenskej plosine
zl'ahka rozpusti. Necisté linie m6ézu vzniknut’ i pri Sikmych stendch stapajicich do vysky po osi
Y .Oboje tieto nerovnosti mozno 'ahko odstranit’ oSkrabanim ostrym predmetom ¢i pilnikom.
Tlaciarenské zariadenie si pri tlaci poméha pomocnymi vrstvami (vladknami), ktoré pripominaja
tenké, jemné vlasocnice. Tie su vidiet’ napriklad pri vel'mi blizkom umiestneni komponentov
na tlaciarenskej ploSine priamo medzi nimi a tiez pri nepravidelnych tvaroch na modeloch
(obluky, skrupiny). Ked’Ze st jemné, daji sa 'ahko odstranit’ aj vol'nou rukou. Tieto uvedené
nerovnosti po odstraneni chapeme ako odpad, ktorého mnozstvo je skuto¢ne minimalne. [3]

Obr. 5 Fyzicky model frézky [3]
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= e

Obr. 6 Fyzicky model stistruhu

Obr. 7 Fyzicky model stipovej vitatky [3]

Z kazdého typu modelu je potrebne vytlacit' viacero kusov. Tym paddom vznika kniZnica
fyzickych modelov ktord najde vyuZitie pri hl'adani rieSenia vhodnej dispozicie, kedy sa
nepotrebné modely mozu odlozit’ bokom alebo pridat’ do dispozicie vyrobného systému.

4. Projektovanie vyrobného systému pomocou fyzickych modelov

Pri tvorbe dispozi¢ného rieSenia pracoviska sa z kniznice vybera potrebny pocet modelov
vybranych zariadeni, dodrZiavaju sastanovené pravidld vyplyvajlice z noriem (vzdialenosti
medzi strojmi, od stien a stipov, oddopravnej drahy/dopravnika) atd. Model méze byt
vybaveny aj RGB ledkami. Tie mézu sluzit’ ako svetelnd signalizécia pri vyskyte prepravného
zariadenia na dopravnej drahe.

Obr. 8 Riadiaca doska arduino a RGB ledky[ 3]
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Obr. 9 Detailny pohl’ad na umiestnenie RGB lediek a arduina [3]

V ramci umiestnenia fyzickych modelov vyrobnych prostriedkov je potrebné zvolit’ vyber
mierky rastra pddorysnej plochy urcenej pre rieSenie Struktiry vyrobného systému kvoli
priestorovej lokalizacii kritickych ploch a ich 2D identifikécii (dvere, rozvody energii a
pod.). [1]

Obr.10 pohlad z hora na raster vyrobnej plochy [3]

Priklad fyzyckého projektovania vyrobného systému v edukacnej ¢innosti Studentov je uvedeny
na obr. 11. Fyzické projektovania umoznujé aplikovat' timovu pracu projektantov, alebo
Studentov. V kratkom ¢ase menit’ a upravovat’ dispoziciu strojov a vytvarat’ varianty
usporiadania vyrobného systému.

Obr.11 Aplikacia systému modelového projektovania vyrobnych systémov
v tréningovom procese vyucby [2]
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Zaver

Fyzické modely a fyzické projektovanie mozu byt naro¢né po casovej stranke, pracne na
vyrobu, ale vysledok vzdy prinesie nejaky vedomostny, prakticky aj edukativny prinos. Okrem
iné¢ho su udrzateI'né, daju sa vyuzit opakovane, prislichajiica kniznica sa moze d’alej rozSirovat’
o d’alSie modely, ktoré mozu, ale nemusia spadat’ aj do iné¢ho nez strojarskeho odvetvia.
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PERFORMANCE MEASUREMENT AND PERFORMANCE
INDICATORS

Michaela KOCISOVA — Jaroslava KADAROVA — Laura LACHVAJDEROVA

Abstract: In this article we discussed the principles of performance measurement and
evaluation in performance management. We are interested in performance indicators as key
performance indicators. Key Performance Indicators are one of the most powerful tools
available to enable companies to achieve performance improvement which should be a core
goal of any performance management system.

Keywords: Performance measurement, Performance management, Performance measure,
Performance indicator.

Introduction

The definition of Corporate Performance Management - CPM has been consistent since
industry analysts Gartner Research introduced CPM in 2001. CPM is an umbrella term that
describes all of the processes, methodologies, metrics and systems needed to measure and
manage the performance of an organization. CPM is used for monitoring, performance control
and efficiency of companies. CPM means an integration and automation of Scorecarding,
Business intelligence (or decision support), including financial reporting and consolidation,
Planning. These technologies are as key to CRM’s value in letting organizations answer the
essential business decisions.

Performance measurement

A controllable performance measure reflects the consequences of the actions taken by the
decision maker. Intuition suggests that we hold decision makers accountable only for costs and
benefits that they can control that is, costs and benefits that change because of their actions.
Thus, we should hold a production manager accountable for production delays but not for the
overall volume of production.

Marketing managers have the authority to change prices and offer promotions that affect actual
sales, which determine the required production.

Production managers, therefore, have little control over the volume of production. It is not
reasonable to hold them accountable for someone else’s decisions or random market conditions.
Likewise, the manager of a restaurant in a beach resort can do little to avoid losses due to a
hurricane.

While intuitive, the controllability principle is not always the right approach for choosing
performance measures. Instead, we should rely on the informativeness principle. A
performance measure is informative if it provides information about a manager’s effort, even if
the manager does not have control over it.

Most controllable measures are informative. Students control their performance on a quiz, and
their score is informative about their grasp of the subject matter. However, an informative
measure is not necessarily controllable. Consider the practice of grading on a curve, in which a
student’s grade also reflects overall class performance. What does this relative grading
accomplish? Well, it controls for the level of difficulty of the exam. In an exam where the top
score is 70 out of 100, a score of 69 is a high mark. An individual student has little control over
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how the rest of the class performs. Yet, the overall class performance is useful information in
evaluating each individual student’s performance because it tells us how hard the exam is.
This example extends readily to business settings. If a firm incurs losses when other firms in
the industry are highly profitable, we may attribute those losses to poor managerial
performance. However, if other firms in the industry are doing even worse, then the firm’s
management may actually be doing a terrific job of dealing with adverse business conditions.
Thus, evaluating a firm relative to other firms in the industry, or relative performance
evaluation, is useful, even though the firm’s managers may have little control over how other
firms do.
An ideal performance measure:

¢ Aligns employee and organizational goals.

e Yields maximum information about the decisions or actions of the individual or

organizational unit.

e Is easy to measure.

Is easy to understand and communicate.

A single performance measure rarely possesses all of these characteristics. Rewarding
employees based on customer satisfaction can help align organizational and employee goals.
The measure motivates employees to pay attention to customers, and happy customers are the
sources of future profit. But, customer satisfaction is subjective and difficult to measure. Some
school districts rely heavily on objective test scores to evaluate the performance of their
employees (such as grade school teachers). These scores might divert employees’ attention
from building other important skills such as creative thinking, which are hard to measure. To
make effective trade-offs among the attributes, organizations often use a combination of
performance measures. Let us apply these principles to KCPC and select performance measures
for its cost and profit centers.

Cost center managers serve two roles in organizations: achieving cost targets for a given level
of output in the short term, and making continuous efficiency improvements to cut costs in the
long term.

Organizations typically use budget variances to measure cost center performance. Operating
budgets specify the resources needed to achieve a targeted level of output or service for the plan
period.

The budget makes assumptions about materials usage and prices to determine the expected
quantities of raw materials and their costs. We analyzed flexible budget variances to evaluate
performance during a budget period. For example, we can employ usage variances to evaluate
the Production Department and raw material price variances to evaluate the purchasing
function.

Ever since Aaron began KCPC, he has followed a practice of making detailed budgets for each
branch. These budgets specify expected sales volume by product and the costs of providing the
requisite service. At the end of each week, Aaron performs a variance analysis, by branch, to
highlight problem areas and institute immediate corrective action.

To achieve long-term reductions in cost, organizations use performance measures arising from
techniques such as benchmarking and kaizen.
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Tab. 1 Performance measurement [6]

Concepts and systems for performance evaluation

Strategic Planning Strategic Alliances Open Innovation

Mission and Vision Statement Customer Segmentation Price Optimization Models

Customer Relationship | Knowledge management Downsizing

Management (CRM)

Balanced Scorecard (BSC) Scenario and Contingency Planning | Data Envelopment Analysis (DEA)

Benchmarking Satisfaction and Loyalty | Performance management processes
Management by Sink and Tuttle

Outsourcing Supply Chain Management (SCM) | Performance pyramid

Change management Risk management Rapid Prototyping

Core Competencies Mergers and Acquisition Social Media Program

Six Sigma Lean Thinking Theory of Constraints

Kaizen Total Quality Management Pay for Performance (P4P)

Benchmarking is a process that involves comparing the effectiveness and efficiency of various
activities and business processes in a firm against the best practices in the industry. Such best
practices are not controllable by the decision maker but still are useful performance measures.
For example, a firm may hold a manager accountable for achieving greater reductions in cycle
time than attained by immediate competitors.

Kaizen is a philosophy of continuous improvement. This initiative encourages and rewards
employees who constantly seek and suggest improvements to activities and business processes.
One way to implement continuous improvement is to hold managers accountable for achieving
permanent cost reductions. Within KCPC, Aaron has tried to instill a spirit of continuous
improvement. He routinely benchmarks the costs in one branch versus the others. If a branch
consistently turns in a poor performance, Aaron steps in to help the manager find ways to reduce
costs. Each month, Aaron also recognizes the employee with the “best cost saving idea for the
month,” and implements the idea in all branches. On an inflation-adjusted basis, his goal is to
obtain a 5% reduction in overall costs each year.
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Improve machine and line efficiency
Increase asset utilization

Reduce downtime/rate loss

Increase plant reliability

increase energy efficiency Reduce running costs

Increase plant utilization -
increaselabor efficiency Reduce operating costs
Increase production yield

Improve variability control Reduce waste/rejects

Improve production quality Reduce re-work

Increase plant availability Reduce maintenance costs

Increase maintenance efficiency

Fig. 1 Relations between profitability improving [11]

Efficiency is a relative measure and efficiency score depend on the companies, which are
compared. The measurement of relative efficiency where there are multiple possibly
incommensurate inputs and outputs was addressed by Farrell and developed by Farrell and
Fieldhouse, focusing on the construction of a hypothetical efficient unit, as a weighted average
of efficient units, to act as a comparator for an inefficient unit.

Key Performance Indicators

Key Performance Indicators (KPIs) help companies understand how well they are
performing in relation to their strategic goals and objectives. They describe some form of data
quantification and performance metrics used to performance measuring.

Learning and
performance
Improvement

External Reporting and
Compliance

V.

Controlling and
Monitoring People

Fig. 2 Performance measurement [4]

Process of Performance measurement includes three fields:
1. Measuring for learning and improvement is the most natural form of using KPIs and
something we do every day in our daily lives. The aim is to equip our employees with the
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information they need to make better informed decisions that lead to improvements. In this
context, KPIs are used internally as the evidence to inform management decisions, to
challenge strategic assumptions and for continuous learning and improvement.

2. Another reason for collecting KPIs is to inform external stakeholders and to comply with
external reporting regulations and information requests. When measuring for external
reporting and compliance purposes, any reports and associated indicators either have to be
produced on a compulsory basis such as annual financial statements, accounts, or
performance reports for regulators.

3. Measuring to control and monitor people - KPIs can also be used to guide and control
people’s behaviors and actions.

For clearly identifying the information needs and then carefully designing the most appropriate
performance indicators the ICE approach is often used.

Identify what is
easy to measure 8

Collect. measure and
report everything

that is easy to measure
and count

E

End up confused
about what to do
with all the data
stuff

oy —
Fig. 3 ICE approach [4]

Key Performance Indicators are one of the most powerful tools available to enable companies
to achieve performance improvement which should be a core goal of any performance
management system. But using KPIs appropriately comes replete with challenges. KPIs should
be primarily deployed for learning and improvement and not for command control. When KPIs
are used inappropriately they also become the most resisted of management tools.

Selecting and implementing effective KPIs is important for any company. Without good KPIs
a company has no way to measure their performance in relation to their strategic goals.

Conclusion

Currently, there are many the strategic tools and systems for the evaluation of the company
performance. Only a company that meets the predefined objectives defined in the strategy can
be considered as efficient and executive in the long term. Performance effectiveness is about
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executives having all necessary information when they make long-term decisions about the
strategic direction of the company. It is also about strategic planning, removing constraints, and
helping the executive level set new targets and goals. The gains promised by a CPM vision are
realized by the automated and integrated CPM system.
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ECONOMIC INFORMATION FOR PERFORMANCE
MEASUREMENT

Jaroslava KADAROVA — Michaela KOCISOVA — Martin TREBUNA

Abstract: The basics resources of the financial and economic information are financial
statements. There are three financial statements: the balance sheet, the income statement and
the cash flow statement. The balance sheet represents the funding and financial position of the
business, the income statement represents the performance of the business and the cash flow
statement represents the health of the business. The financial statements are prepared according
to accounting principles and conventions.

Keywords: Economic information, Performance measurement, Balanced sheet, Income
statement, Cash-flow.

Introduction

To be successful executives must be more knowledgeable than ever as they select the right
management tools and information for their companies. The selection process itself can be as
complicated as the business issues they need to solve. They must choose the tools and
information that will best help them make the business decisions that lead to: (1) enhanced
processes and products, (2) result in superior performance and profits. Successful use of such
tools and information requires an understanding of the strengths and weaknesses of each tool
as well as an ability to creatively integrate the right tools, in the right way, at the right time.

Organization of the economic center
Organizations need effective performance measurement systems, to evaluate the decisions of
various responsibility centers and to set appropriate incentives for their managers. Indeed,
Aaron’s problem at KCPC is the lack of such a system. What should Aaron measure to evaluate
performance? How should he measure the chosen items? How should he use these measures in
incentive contracts? Let us address these questions next.
The finance department of a company or corporation usually has two major functions:
e The treasury that is responsible for managing the cash and investments of cash in the
financial markets (marketable securities) and managing the company’s debt.
e The controller that is responsible for functions like cost accounting, financial accounting,
and tax.
The chief financial officer (CFO) is responsible for both of these functions. Another function
within the domain of the CFO is broadly called the financial management of a company.
Financial management aims to maximize value for the shareholders while managing the risk
profile of the company. The opportunities for the financial manager to create value for the
company are in arranging the company’s financing efficiently and in using these finances
effectively. As a result, the type of decisions required of financial managers can be classified
as either financing decisions or investment decisions.

22



Trendy a inovativne pristupy v podnikovych procesoch ,,2020%, ro¢. 23 @
Trends and Innovative Approaches in Business Processes “2020”, Vol. 23 - ."- T I A B P

Board of Directors

President (CEOQ)

. ) i VicesPresident: Finance . . . .
Vice-President: Sales (Chief Financial Officer) Vice-President: Manufacturing

Treasurer | Controller I

1. Marketable securities.

2. Capital structure. 1. Cost accounting.

3. Credit management. 2. Financial accoumindg.

4. Inventory management, 3. Tax department and accounting.
5. Capital budgeting.

Fig. 1 Functional roles of the finance in a company [3]

The above discussion focuses on evaluating cost centers for which there is a clear relation
between inputs and outputs. Such centers are termed engineered cost centers. However, many
managers oversee discretionary cost centers where measuring output can be difficult. For
example, members of the corporate legal staff guide and counsel management, but their output
is intangible as it pertains to the quality of corporate decisions. Because there is no obvious
relation between inputs and outputs in discretionary cost centers, the concerned managers’
evaluation is primarily subjective. Often, the manager is required to operate within a fixed
budget set at top management’s discretion. The manager also is responsible for meeting
qualitative targets, such as promptness in responding to inquiries or anticipating and heading
off problems. Being relatively small, KCPC does not have many discretionary cost centers.
Aaron has outsourced most services such as accounting, advertising, IT support, and legal.
Periodically, he evaluates the efficiency and effectiveness of the purchased services by
obtaining competing price quotes and querying his managers about their satisfaction with the
level of service.

As shown in Figure 2, let us consider in detail the three common forms of responsibility
centers listed below. Each of these organizational subunits corresponds to the nature of
decisions made by the managers of the subunit.

COST CENTERS
)
Types of
responsibility PROFIT CENTERS
centers
INVESTMENT CENTERS

4

Fig. 2 Types of responsibility centers [2]
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Let us now review the decision rights delegated to each type of responsibility center. In this
article, we focus on the first issue of how to pick performance measures for each kind of
responsibility center.

Cost Centers

Cost center managers exercise control over costs, but not revenues and investments. Their
charge is to minimize the cost of producing a specified level of output or the cost of delivering
a specified level of service. The objective of cost center managers is to improve the efficiency
of operations by finding ways to cut costs and minimize waste.

Examples of cost centers include departments such as plant maintenance, data processing,
human resources, production, and general administration. We could also consider departments
such as machining and assembly, both of which are involved in making product, as cost centers.
In KCPC, copy operations and PC operations in each location are cost centers.

Profit Centers
Profit center managers focus on profit. Their goal is to both minimize costs and to maximize
revenues. KCPC’s operations in each of the three regions are profit centers. Other examples
include individual product lines in firms such as Procter and Gamble and retail stores of firms
such as Sears.

Investment Centers

Managers of investment centers make decisions that influence costs, revenues, and investments.
Their mandate is to maximize the returns from invested capital, or to put the capital invested
by owners and shareholders of their organizations to the most profitable use.

Examples of investment centers include large independent divisions in organizations such as
Sony, Siemens, Microsoft, and Procter and Gamble. In the case of KCPC, the only individual
with control over investments is Aaron, as he has not delegated this authority to any of his
managers.

Information flows in the companies

The aim of a company is to meet a market need. Purchasing the company’s products will
satisfy the customer’s needs. In order to provide this product or service, the company embarks
on a project that requires a production facility to manufacture the product and a distribution
network to bring the product or service to market. The company requires capital for the
acquisition of the assets to do this. The company raises the capital it requires from two main
sources:

e Shareholders that are part owners of the company. They are rewarded for the risk they take
in investing in the company through the increased value of the company (the capital gain),
and through regular cash payments made by the company (the dividends).

e Debt-holders require the loan to be repaid in full, and are rewarded for the risk that they
take by earning interest at regular intervals on the loan. The company’s lenders loan money
to the company. A loan is also called debt, and the lenders are also called debt-holders.
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Fig. 3 Flow diagram representing the investment and operating transactions of the company [4]

In addition to raising capital from shareholders and debt-holders, the company can obtain short-
term finance from creditors in the form of the credit terms offered by suppliers. The capital
that is raised from investors is used to meet the market need by building the production facility,
making the product, and selling the product to customers for more than it costs to make the
product. The business does this so that it can pay taxes, repay the interest and principal on loans
to the debt-holders, retain some earnings for the future, and pay the shareholders a return in the
form of a dividend. The activities of the company and the profit from these activities benefit
society through the meeting of the customer’s need and the employment of people, benefit the
government through the paying of taxes, benefit the banks and other debt providers through the
paying of interest, and benefit the shareholders through the paying of dividends and the
increased value of the company.

Basic statements in the companies

The interaction of capital and profit shown in Figure 4 is the basis for the development of the
balance sheet and the income statement.

The reporting “domain” for both the income statement and the balance sheet is shown in Figure
4.
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Fig. 4 The areas of interest to the income statement and balance sheet in reporting the company’s
transactions [4]

The financial statements are prepared for a reporting period. The balance sheet, which
represents conserved quantities because of the dual nature of transactions, is the balance from
the beginning of the company’s life to the reporting date. The income statement and the cash
flow statement do not represent conserved quantities, and are therefore balances between two
points in time, that is, from the beginning of the reporting period to the end of the reporting
period.

Income Statement

The purpose of a business is to create value by making a profit. The income statement, also
known as the “profit and loss” account reports how much profit a business has made during a
particular period of operation, known as the reporting period.

In order to determine the profit, the revenues and the expenses must be identified. The
revenues, the result of a cash sale or a credit sale, may be generated in different ways depending
on the nature of the business. For a manufacturer, this is the amount received for the sale of the
manufactured goods; for an engineering consultancy, this is the fee received for the services;
for a bank, this is the interest received on loans.

The expenses represent the out-flows incurred in generating the revenues. In the same way in
which revenue can be a result of cash or credit sales, expenses may result in direct cash out-
flows or in increases in the liabilities. Expenses are the costs of purchasing the raw materials
that are transformed into the company’s products, as well as the salaries and wages, advertising,
rent, transportation, insurance, telephone and many others costs of doing business.
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The profit is the difference between the total revenue for the period and the total expenses for
the period. If this is negative, that is, the expenses exceed the revenues, and then a loss is
incurred.

The format of the income statement may vary depending on the business and the financial
reporting standards of the country in which the business is incorporated.

There are slight differences in the format of the income statement and the profit and loss
account. Usually the values for the current reporting period and the previous period are given,
enabling the comparison of the performance of the company in the current period with that in
the previous period.

The expenses are separated in more useful categories than lumping them all. These different
categories will be discussed in the order that they are usually found in the income statement.
The first section of the income statement is concerned with calculating the gross profit (also
called gross margin). The Revenue, or Sales, is the first item in the income statement, and the
Cost of Sales, or the Cost of Goods Sold, follows this item. The costs of goods sold are the
direct costs incurred in the delivery of the product or the service to the customer. The difference
between the Revenue and the Cost of Goods Sold is the gross margin or gross profit.

The next section of the income statement is concerned with the Overheads or the Selling,
General and Administrative category. These are the expenses other than the direct costs of
producing the company’s products or services that are incurred in the running of the business.
They include the distribution costs of the product, the costs of the marketing and the sales
departments, finance and administration costs, and research and development costs.

The final section involves the deduction of interest, depreciation (if it hasn’t been included in
the overheads) and taxation. The figure arrived at is the net profit, or “bottom line,” which
indicates how much value the company has created during the period.

The income statement can be derived from Figure 3 and reported in the same order in which it
was discussed. Thus beginning with the operations, following the flow diagram around to net
profit, the income statement for the company.

Balance Sheet

The income statement measures performance of a company over the reporting period; the
balance sheet reports the value of the company at a point in time. It details the forms in which
the wealth of the company is held, and how much is held in each form. The balance sheet is an
implementation of the accounting equation, in which assets of the business are balanced by the
claims against the business. It was shown in that section that the claims against a business are
of two types, the liabilities of the business, and the owners’ equity. Before we examine the
format of the balance sheet, we need to examine each of these terms.

e Assets are the resources that have monetary value and are owned by the business. The
value of an asset can arise through its use, or through its hire or sale. An obsolete piece of
equipment that can be sold for scrap is an asset, while that which cannot be sold is not an
asset. The owner must have an exclusive right to or control of the asset and the transaction
that resulted in this right must have already been concluded. Assets are normally divided
into two categories:

e Fixed assets, or non-current assets, are tangible items that are acquired for the purpose of
being used to generate revenue (rather than for resale). Fixed assets are the equipment used
by the business in generation of the company’s products; they are not consumed quickly
during their use. Typical fixed assets are items like land, buildings, plant and equipment,
fixtures and fittings, and vehicles. Most companies will have an authorisation procedure
for the acquisition of fixed assets. Although definitions will differ from one organisation
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to another, this procedure is commonly known as capital expenditure. The value of a fixed
asset represented on the balance sheet is the “book value,” that is, the original cost of the
asset less the accumulated depreciation.

e Current assets are those items that can or will be turned into cash relatively quickly, that
is, in less than a year. For example, the company purchase stock, and sells the product to
the customer on credit. These two transactions involve three items that are current assets:
cash; stocks or inventory; and debtors. The stock is purchased with cash and the product
sold on credit increases the debtors. (Debtors still owe the company for the products they
have purchased from the company. Debtors are also called accounts receivable.)

o Liabilities represent claims that others, except the owner of the business, have against the
business. These claims usually arise from lending money to the business, or supplying
goods to the business on credit terms. Once a liability has been incurred, it remains an
obligation of the business until it is settled. The liabilities are divided into current liabilities
and long-term liabilities. Long term liabilities are not due for more than a year, whereas
current liabilities are due within a year. Long-term liabilities are items such as loans, while
current liabilities are items such as creditors and the bank overdraft. Creditors, to whom
the company owes money for the supply of stock, are sometimes called accounts payable.

e Equity in a business is the amount that is owed to the owners or shareholders of the
business. The equity arises from two main mechanisms:

= The capital that was raised from shareholders and owners to start the business. The
investment by the owners of the business is called the share capital or the common
stock on the balance sheet.
= The profit earned by the business and not paid out to the shareholders.
The profits that are retained by the company (that is, not paid to the shareholders) are called the
reserves or retained earnings. Thus the retained earnings or profits are the sum of all profits
made by the company during its history less all the dividends paid to the shareholders during
the company’s history.
The relationship between these categories is given by the accounting equation, which is
expressed as follows:

Assets = Liabilities + Equity Q)

Since the assets are comprised of fixed assets and current assets and the liabilities consist of
long-term liabilities and current liabilities, the accounting equation can be expanded to give the
following equation:

(Fixed Assets) + (Current Assets) = (Long term Liabilities) + (Current Liabilities) + Equity
)

The difference between current assets and current liabilities is called the working capital.

Cash Flow Statement

The income statement provides a view of the business based on the revenue and expenses, not
the cash receipts and payments. Because accrual accounting is used and because profit includes
non-cash items such as depreciation, there may not be a one to- one relationship between profit
and cash. It is possible for a profitable company to go out of business due to a shortage of cash;
indeed, a shortage of cash is the most common cause of business failure. A shortage of cash in
a business is referred to as commercial insolvency.

28



Trendy a inovativne pristupy v podnikovych procesoch ,,2020%, ro¢. 23 ‘_
Trends and Innovative Approaches in Business Processes “2020”, Vol. 23 .- T I A B P

The cash flow statement is a formal statement of the cash payments and receipts for the
reporting period. The cash flow statement, shown in Figure 19, represents the cash generated
or consumed in the operating, investment and financing activities of the business.

e Operating activities - The operating cash flow represents the cash received from
customers and cash paid to suppliers and employees. There are two methods for
determining the cash flow from operating activities: the direct method and the indirect
method. The direct method involves separating all the cash transactions into those that
involve operating activities and those that do not. The indirect method determines the cash
generated by calculation from profit (net income) obtained from the income statement. The
indirect method is the method most adopted in practice. The operating cash flow is
calculated by adjusting the net income for two things: the non-cash items, such as
depreciation, and the change in working capital.

¢ Investment activities - Investing activities report the acquisition or disposal of long-term
assets. The change between the current period and the previous period in the fixed assets
on the balance sheet represents the change in the cash position as a result of investment
activities by the company. This is given by the following expression:

e Financing activities - The company can raise funds for its activities from a combination
of equity and loans. The financing activities of the cash flow statement reflect these
activities of the company for the reporting period. The results for these two activities can
be derived from the change in the long and short-term loans over the reporting period, and
the change in equity capital (not retained earnings). The payment of a dividend to the
shareholders by the company will reduce the cash position and is represented in this
section. Therefore, the cash flow as a result of financing activities is given by the following
expression Net cash flow and cash equivalents - The net cash flow for the reporting period
is the sum of the cash flows for the operating, investment and financing activities of the
company. The final section on the cash flow statement summarizes the cash position of the
company.

Conclusion

The basic financial statements are prepared according to accounting principles and conventions.
Two of those that impact on the general understanding of the financial statements are accrual
accounting and the historical cost conventions. Accrual accounting recognizes transactions
when a company commitment has been made, rather than when the payment is made. This
allows for the accurate recording of credit transactions. The financial accounts are prepared on
the basis of historical costs, rather than current market values. They represent a true reflection
of the transactions at the time at which they occurred. This particularly affects assets, whose
book value may have no bearing on its market value or its operational value.

The dual nature of transactions was considered, which lead to an expression known as the
accounting equation. The accounting equation is the basis of the balance sheet, and states that
the value of the assets of a company is equal to the liabilities plus the owner’s equity.

The business process was considered in the form of a flow diagram with a feedback loop. The
construction of the income statement from the business process was discussed. The construction
of the balance sheet from the accounting equation was presented, and the derivation of the cash
flow statement from the other two statements was discussed. The interaction between the
financial statements was derived.
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PROCESS MANAGEMENT AS AN EFFECTIVE WAY TO
TARGET FOR INNOVATIVE COMPANIES

Peter MALEGA

Abstract: This paper deals with process management, which in today’s competitive
environment is the effective way to target for companies, especially when they are innovative.
This paper is divided into four main sections. First section treats the reasons for introducing
innovations Second section is oriented on the process domain and there are facts about types,
method of management and general characteristics of processes. Third section deals with
process characteristics and connections between process and related tasks. Fourth section is
about business process management and process mapping.

Keywords: process, business process management, innovation, company

Introduction

Innovation are very popular nowadays. They are known as a key action for achieving the
business climate of the 21st century. All companies have to be innovative, because only in this
way they can ensure their operation, competitiveness and thus their future profit. Most
companies, especially small and medium enterprises (SME), do not always know that
innovation is not exclusively the privilege of high - tech companies, but that every individual,
every company, in every industry, can be innovative. It is clear that innovation is a process that
can be learned.

There are many new ideas, but only if value is created from these ideas, they become innovation.
Innovation is sometimes based on an existing idea, concept or product and its improvement.
The company achieves strategic advantages especially when it is a leader of change, the only
way to achieve this is to be innovative.

One of the possible ways to improve the success of the company, to produce products of the
highest possible quality and as quickly as possible at the lowest cost, is to improve individual
processes, i.e. their innovation.

Reasons for introducing innovations

The financial size of every company is strongly dependent on successful innovation. Innovation
is a key driver of economic development and brings many benefits. Our life standard is
increasing by ideas and discoveries. Innovation alone can help increase safety, improve
healthcare, improve product quality, develop environmentally friendly products and reduce
environmental damage. Another reason for innovation is the opening of new markets and a
share in these markets. Also, innovation, especially of processes, improves the flexibility of
production and reduces production costs, which is a very important point for a prosperous
company and innovation also leads to improved working conditions for employees. [1]

Today, a rapidly changing world offers companies many challenges and opportunities, and it is
innovation that helps them succeed in business. Technologies, competition, the legislative
environment, the globalized market and changing customer requirements and expectations
create space for formation of innovation. Innovation, with all its benefits, is the driving force
of performance. In Fig. 1 are the benefits that innovation brings for company.
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Innovative processes
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production costs - competitiveness
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Fig. 1 Benefits of innovation for the company [5]

Process domain

The process domain describes how activities are performed and interconnected. As companies
involve a wide range of different processes representing different internal and external
activities, a degree of classification has been introduced. The process domain is characterized
by primary processes, process behavior, process dependency, and process boundaries.

Primary processes are those processes that primarily involve their participants. These processes
are crucial for the creation and delivery of products and services. Processes also have specific
behavior such as sequence and conditions. In addition, the processes have a certain range, i.e.
boundaries. There is also a dependency between the individual processes, for example such that
it is necessary to complete one process in order to be able to perform another process. [2]

The scheme shown in Fig. 2 clearly and simply shows the basic sequence of processes and the
transformation of inputs into outputs. In the transformation process, other resources enter the
course of the processes, which in the final phase produce output, or the so-called product
respectively service for an internal or external customer.

Inputs: Transformation process: Outputs:
e Men e Maintenance e Services
e Machine e Production control e Products
e Material e Product design e Waste
e Data e Planning of process ¢ Information
o Capital e Semi-products
Control:
e Costs
e Quality
¢ Inventory

Fig. 2 Process diagram [4]

Depending on the company, industry sector, nature of work, character of processes, process
content, structure, frequency of process repetition, purpose or their importance, business
processes are divided into different categories. Processes can be categorized into three basic
groups:
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Management processes — deal with the measurement, monitoring and control of
activities related to business procedures and the system. These processes include
internal communication, management, strategic planning, budgeting, management of
infrastructure and business performance. Like support processes, management
processes do not provide value to customers directly. They create conditions for the
functioning of other processes by ensuring the integrity and functioning of the company.
Primary processes (operational processes) deal with the value chain. These processes
bring value to the customer in the form of a product or service. They represent basic
business activities and fulfill goals of the company, e.g. generate revenues.

Secondary processes (support processes) — unlike primary processes, they do not create
value for the customer. These processes include accounting, human resource
management, workplace safety and others.

In Tab. 1 are types, method of management and general characteristics of processes.

Tab. 1 Types, method of management and general characteristics of processes [3]

Process characteristics
Process | Thewayto |Doesitadd| Doesitrun | Does it have Does it
type be managed | value? across the external generate sales

organization? | customers? (profit)?

Primary | performance YES YES YES YES

Management cost NO YES NO NO

Secondary |performance,
outsourcing YES NO NO NO
possibility

Process characteristics
There are defined 10 basic process characteristics, which are important for its existence and
course. These are the following:

1. Defined process goal and measurable indicators — each process has its own goal, which

should be able to achieve. This goal should contribute to the fulfillment of higher goals
and the mission of the whole company. In order to monitor how the process succeeds in
achieving the set goals, it is necessary to determine equivalent indicators that will
evaluate the course of the processes.

Process owner — it is a person which is responsible for fulfillment of the process goals,
takes responsibility for the course and its long-term operation. If problems occur, it
solves them during the process and systematically improves and monitors it.

Internal and external customer — the customer of the process represents the subject for
which the value is created — the product or service. The subject can be a person, another
organization, or the following process. The external customer can be the subject that is
outside the company. The internal customer is the subject that belongs to a given
organization and uses the outputs of processes as inputs into the process that it performs
itself.

Inputs — they are used when starting processes. They arise from suppliers or are obtained
from the outputs of previous processes. The value is added to the inputs, so each input
is transformed into the output.
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Resources — the basic difference from inputs is that with the help of resources, inputs
are transformed into outputs. We can consider material, technologies, human resources,
financial resources, information, data, knowledge, documents, applications and time as
resources.

Outputs — the output of a process is the result that is sold to the customer. The outputs
have to be identical to the input to the next process and must have a guarantee of
efficiency.

Process risks — they have an undesirable impact on the process results and the
achievement of goals. These are events, states or actions that have a negative impact on
the course or results of the process.

Management regulators — these are laws, notices, standards, internal and external
directives that are mandatory and should be observed and respected in the process
implementation.

Set of activities — within the process they are understood as a complete process of work
tasks, which are usually performed within one organizational unit and have one
measurable product or service at the output, to which one primary source can be
assigned. They can be individually — performed by an individual or together — performed
by a group of people.

Definition of the start, end and overall time process interface — it is important to know
all these time data so that its sequence to other processes can be clearly identified.

Processes can be qualified as very rigid (production processes), more flexible (sales) and ad-
hoc (the process that can occur during operation).

Processes are usually used as a tool of analysis, optimization and control. During operation,
respectively the production, operator performs certain tasks without necessarily concentration
on the process as a whole. Process and related tasks are shown in Fig. 3.

DEPARTMENT 1

i

Function 1

Function 2

n Function 3

Function 1

Function 2

' Function 3 Task 6 Taskn Z:Q',B

DEPARTMENT 2
Fig. 3 Process and related tasks

The question is how the company can be flexible and at the same time stabile (Fig. 4). To
achieve such a balance, the organization have to be "at the border of chaos."
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Modern theories follow approaches that take into account the dynamics in companies and
markets and thus overcome fixed organizational principles. [7]

Connectivity Balance

i between
stability and
flexbality

Low

. Low
Intensity ks

of control
The border of chaos is reached when connectivity is
high and intensity of control is as low as possible.

Fig. 4 Balance between stability and flexibility

Business process management and process mapping

Business process management (BPM) is a systematic approach to process improvement,
evaluation, measurement and visualization. [2]

The basic characteristic of process management is the ability to respond quickly and flexibly to
customer requirements and their fulfillment. If a company is unable to perform some business
processes internally due to high costs or lack of resources, the company can use business
process outsourcing. [9]

Many companies transfer internal matters such as wages, human resources or accounting to
another subjects (third parties).

Following the categorization of processes into management, primary and secondary, it is
necessary to relate the processes with three areas [6]:

e Knowledge of processes — every company know its processes, which are performed, as
well as its inputs, outputs, resources, but also the way in which inputs are transformed
into inputs and the fact, what resources are used in the transformation.

e Verification of activities for the transformation of inputs into outputs — all activities that
are part of the process are described and have their parameters. This means that they
contain performance characteristics. Therefore, it is important that all participants in the
process have to know its role in the transformation of inputs into outputs.

e Monitoring, measurement and continuous improvement — people responsible for the
process (usually managers) have data about the efficiency and effectiveness of the
processes. Based on the data and indicators, they then propose and modify changes in
order to their optimization.

To measure the success of business processes, the organization monitors the successful
completion of individual activities within the process, by benchmarking or monitoring the end
point of the process. If business processes do not help the company achieve its goal on time or
with available resources, there are several strategies for improving those processes. One of these
strategies is the business processes mapping. [8]
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Using process mapping, we can clearly identify how it works in the company. The goal of
process mapping is a clear representation of individual processes using a map. The process map
is used for simplified decision-making by managers and management of the system and its
processes. A well-designed map can help identify weaknesses in the company. The process map
must be so clear and truthful that the following points must be clear at a glance:

e what processes take place in the company,

e how the processes are divided,

e who takes responsibility for the processes,

e which processes are connected or interconnected,

e what the company deals with and in which professional area it operates,

e how clearly the inputs, outputs, sources and other parameters are defined.

Conclusion

In today's world, the innovative ability of the company is very important and necessary for the
production company, whether in terms of technological development, competitiveness,
adaptation to customer requirements or globalization. Thus, innovation is represented by all
new ideas that are implemented in the company and help to achieve business goals more
effectively.

By innovating processes, the company achieves a significantly improved way of production or
certain processes, which means, for example, that it increases productivity, efficiency, reduces
costs and many other benefits that help the successful progress of the company.

This article was created by implementation of the grant project KEGA 009TUKE-4/2020
Transfer of Digitization into Education in the Study Program Business Management and
Economics.
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ANALYTICAL COMPARISON OF ELECTRIC AND
CONVENTIONAL ENGINES

Laura LACHVAJDEROVA — Jaroslava KADAROVA

Abstract: The main purpose of this article is to compare a conventional engine with an electric
one. It is a statistical analysis performed on the basis of numerical data from the manufacturers
of individual vehicles models. The study also focuses on the development of vehicles sales over
the last 10 years in the European Union. Based on simple numerical calculations, the output is
the evaluation and comparison of selected models in the form of graphs. The article answers
the question of whether it is possible to fully replace a conventional engine with an electric one
on the basis of facts obtained.

Keywords: electromobility, alternative propulsions, statistical analysis

Introduction

Mobility has still been, remains a basic human need and will continue to make a significant
contribution to a standard of living motivated by the need for the rapid and individual transport
of goods and people. The uncontrollable increase in the number of cars is causing problems
today, whether it is parking, traffic jams or, last but not least, environmental pollution. The vast
majority of today's cars use an internal combustion engine, either petrol or diesel. It is these
engines that cause air pollution and, in large cities where there are significantly more cars,
burden human health by creating smog. This is one of the reasons why electric motors used in
electric vehicles (EVs) could replace internal combustion engines. It is this alternative that is
supposed to bring an ecological solution to the world and finally stop the enormous increase in
emissions from transport.

The topicality of this subject calls for attention in every sector, whether from the point of view
of the environment, the economy or global technological development. Every day, the world
welcomes news in the world of electromobility and it is only a matter of time before the EV
overtakes its conventional rival. However, with so many positive reports, the question arises as
to whether an EV is a practical choice for every type of user. There are several factors that
affect the practicality of an EV. It is about the comfort of the passenger, the possibility of
refueling, resp. energy but especially the total range. Logically, these are factors that
significantly affect the purchase of each means of transport.

Vehicles powered by an electric motor can be found in all possible variations, from electric
bicycles and scooters, through EVs to electric buses. The most numerous group of means of
transport consists of passenger EVs. Electromobility can also be characterized as a road
transport system that is based on EVs. The relevant differences between electrical and
conventional technology concern the basic components of the system - a rechargeable battery
used to store energy and an electric motor that transforms electricity into a driving force. Some
of these vehicles are equipped with technologies that enable them to generate their own
electricity (e.g. hybrids or plug-in hybrids). Others use energy that is supplied from a source of
electricity outside the vehicle - usually from the electrical system. [1] As the vast majority of
people are used to the fact that the range of a regular vehicle is just over 500 km per refueling,
it is difficult to persuade someone to choose a greener option when buying a new vehicle, of
course in many cases more expensive, with a maximum quarter of the range. Mainly, for this
reason, it is very important to increase the maximum range of the EV, as well as to build a
network of charging stations, which should be similarly heavy as the network of filling stations.
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From a political point of view, EVs are promoted by various subsidy programs or even tax
breaks. At the end of 2019, the registration of potential applicants for an EV took place in the
Slovak Republic. The Ministry of Economy of the Slovak Republic thus supported the
development of electromobility by offering a subsidy in the total amount of 6 million euros for
buyers of EVs. This money was redistributed in a record 3 minutes and 41 seconds among 668
applicants who applied for a subsidy for 786 EVs. Of this, 12.5% of registrations were
applications for subsidies for the plug-in hybrid and 87.5% belonged to pure electric propulsion.
It is clear from this that interest in the electric car in Slovakia is high, but funding is still limited.
Just out of curiosity, if the subsidies were redistributed among the people in the first 40 minutes,
the state would need about 25 million euros. The total subsidy for an electric car with a hybrid
drive is EUR 5,000 per applicant, provided that the subsidy applies only to new vehicles
purchased in the Slovak Republic and the limit for the purchase of a vehicle is up to EUR
50,000, VAT included. For pure EV, the amount is a little higher, EUR 8,000 with the same
conditions. [2]

Electromobility

The modern history of electromobility dates back to 2010 when the first models of EVs began
to be mass-produced. Since then, the infrastructure of charging stations has been built and new
models have been launched. The gradual advent of technology may seem like a problem, but
that does not make it as close as the caution and hesitation of retailers and manufacturers to
what the competition is likely to do. With the arrival of models with a range of up to 400 km,
there was an adequate and sufficient replacement for internal combustion engines. With the
growing demand for EVs, the quality infrastructure of charging stations also grew, without
which the electric car would not be able to function. Another option that was supposed to serve
the customer as a sufficient replacement for a vehicle with an internal combustion engine is the
plug-in-hybrid. The vast majority of these vehicles can be registered on the market in the last
four years. The offer of this variant can be found today in the catalogue of every car
company. [3] In the graph below (Fig. 1) we can see the percentage of sales of gasoline, diesel
and electric engines in the years 2010 - 2019. The number of registered EVs, including hybrids
and plug-in hybrids, is growing every year. The sale of petrol vehicles has been the best since
2014 when the demand for this type of drive is rising every year. In 2019 alone, they accounted
for 59% of registered vehicles worldwide. On the contrary, sales of diesel engines are declining
mainly due to declining supply of vehicles, which are governed by EU emission standards. It
seems that the classic petrol engine is far from over. [4]
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Fig. 1 Vehicles sales by engine type in recent years [4]
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Statistical analysis

From the manufacturer's point of view, it is important to focus on reducing emissions, from
the user's point of view, the overall range, time and financial costs become a priority. In order
for EVs to function as a full-fledged means of transport, the driver should not consider
whether has to be a plan of stops before a long journey and calculate how many times the EV
will have to be recharged. This is one of the reasons why various alternative propulsions are
being introduced to meet the expectations of every driver.

The subject of the next part will be the simulation of statistical analysis, where it will be a

selection of three mutually different propulsions. Three types of vehicles will be presented on
a predetermined route under ideal conditions, i. j. in smooth road traffic without unexpected
traffic restrictions, in sunny weather (15 ° C). The vehicle types will be a battery electric vehicle
(BEV) and an internal combustion engine vehicle (ICEV), in this case, a petrol engine type.
Both vehicles are in the same price category - € 65,000 to € 75,000. The parameters on which
this experiment focuses are the engine powers that are decisive for the simulation and the
maximum speeds. The output will be the evaluation and observation of three factors:

e Total costs

e Total range to the full tank/battery

e Total time spent on the road
From the customer's point of view, these factors are among the key, resp. the customer also
makes a decision based on this information. The simulation, based on simple statistical
calculations, will help to specify the ability of the EV to match the conventional rival.
It was necessary to plan a variety, resp. a combined road that would include both municipalities
and 1st and 2nd class district roads when the road was chosen with regard to the evaluation of
selected vehicles in the given categories. This is due to the fact that the so-called combined
consumption (average consumption that the car achieves when it changes speeds up to 50 km/h
and above 50 km/ h). The total length of the road is 860 km. The starting point, the place from
which the vehicle starts, is located in Bratislava. The second point is Lucenec, next Presov and
Ruzomberok. From Ruzomberok, the vehicles are moved back to Bratislava, which is also the
destination of the specified route (Fig.2). For objectivity in both categories, the chosen road
avoids all paid sections, as this could affect the price per kilometer. Therefore, the highway will
not be considered in this analysis. The current infrastructure of the charging stations on the
selected road is sufficient and does not represent any major restrictions for the driver of the EV.
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Evaluation of factors

The first model to be evaluated on this road is the Mercedes-Benz EQC 400. It is a pure electric
vehicle (BEV). The engine power of the electric car is 300 kW and the battery capacity is 80
kWh. Based on these values, the manufacturer states the consumption of 25 kWh/100 km. The
combined range is 300 km. Emissions emitted when using an electric car are zero,
I.J.0g CO2/1 km. The following calculations determine how many times EV will have to
recharge the battery for a given road to reach its destination. The calculations will take into
account the price for recharging at the fast-charging stations of the company ZSE (West Slovak
energy), which represents 0.39 €/kWh, that means 9.75 €/100 km, thus 0.0975 €/1 km. For
clearer calculations, this amount is rounded up to 0.10 euros per 1 km. The first evaluated factor
will be the total cost of the route, resp. the price for the fuel/electricity needed to complete the
route. The average price for recharging at a distance of 100 km, according to data obtained on
the ZSE website, is € 9.75. From this information, the output is therefore the amount that is the
fuel cost for the specified route. As the battery charge per 1 km, according to data from ZSE,
means 0.10 € and the length of the route is 860 km, the final amount in the case of BEV is
statistically 86 €. This means that the EV will have to recharge the battery 2.7 times on the
selected route. The maximum range of a fully charged battery, based on battery capacity (80
kwh) and its combined consumption per 100 km (25 kwh), is 320 km. The analysis counts
with an average speed of 70 km/h (an average of maximum speeds inside and outside the
village). According to this statement, both types of vehicles should cross the 860 km route in
12.3 hours (738 minutes). In the case of BEV, battery charging should be considered, in
particular from 0 to 100%, it represents approximately 1 hour and 30 minutes (90 min).
Therefore, the time for which this vehicle travels a given distance is extended by 4 hours (243
min). The total time spent on the route by the EV is 16.4 hours (981 min).

The second model to be analyzed is the Jaguar F-Pace, powered by a petrol engine. Under the
hood is an engine with an output of 300 kW. The capacity of the fuel tank is 82 liters, which
with a combined consumption (municipality/outside the municipality) of 8 1/100 km represents
a range of 1025 km. The calculation of the total cost of the route is based on the average price
of gasoline for 2019, which is 1.334 € per 1 liter. The average price of petrol per 1 km for
combined consumption after rounding is 0.11 €/ 1 km. It follows that the total price of fuel and
at the same time the total cost of the 860 km long route is € 94.6. In terms of time, the car does
not have to stop at the gas station. Due to its combined consumption and range, the vehicle will
suffice. The total time for this type of vehicle is 12.3 hours.

Tab. 1 Results of statistical analysis

BEV ICEV

Total costs (€) 86 94,6

Total range to the full tank/battery (km) 320 1025
Total time spent on the road (h) 16,4 12,3

The total costs for selected models vary with respect to consumption and drive type. The
analysis focused only on fuel, but there are many more factors that affect the overall cost of
driving: tire wear, maintenance, fines, unexpected travel expenses and much more. The plan of
this analysis, however, was to focus only on fuel under ideal conditions throughout the journey,
resp. the lapse of the route would be smooth and without incidental expenses. Calculations have
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shown that an electric car pays € 0.10 per 1 km of energy consumed. At first glance, this amount
seems ridiculous, but after a sharp increase in the price of charging, the possibility of using only
an EV appears as a nightmare for a person with an average Slovak salary. People would expect
that in the case of a gasoline internal combustion engine, the amount for the total cost will be
horrible, but this is not this case (Fig. 3).

94,6

86

Total costs (€)

EBEV mICEV

Fig. 3 Comparison of total costs

As with the economic factor, we must not forget the factors that affect the total range of the
vehicle. Both models have different propulsions and consumption, which are key to the overall
range. In the case of an EV, it is an electric motor with a battery, which has the appropriate
capacity and which affects the range of the vehicle itself. Of course, we must not forget the fact
that the total battery consumption depends on the outside air temperature but also on the driving
style, so this analysis had ideal conditions, i. j. an average speed of 70 km / h, when the total
range of the electric car is most ideal and the outside air temperature would be around 15 ° C,
which means that the battery is not discharged due to the heating or air conditioning. ICEV will
have a maximum range under combined conditions under ideal conditions, which fits our
analysis favorably (Fig. 4).

1025

320

Total range (km)

HBEV MICEV

Fig. 4 Comparison of the total range
An interesting criterion is total time. Interesting because in today's modern age is full of hurried

people, it is, unfortunately, true that time means money. In other words, in the shortest possible
time, people want to either save the most or earn the most. To explain this factor in more detail
in a given analysis, the following example explains. A certain courier must deliver the shipment
to a certain place. It will be important for both the customer and the employer to deliver the
shipment as soon as possible. From the customer's point of view, the reason is simple, it is
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mainly about impatience and the anticipated need for the ordered goods. The reason from the
employer's point of view is certainly satisfaction, good feedback and evaluation of customer
services in case the shipment is delivered in the shortest possible time, but the main reason on
the part of the employer is to save the most time from which the total courier salary is derived.
It is therefore clear from this example that time plays a major role today. In figure 5 it can be
seen that the EV, with the necessary need to recharge the battery 2.7 times during the entire
route, would certainly not please any owner of the courier company. The ICEV fulfil what was
expected from the beginning - the fastest way to finish the planned route. In terms of time, a
vehicle with an internal combustion engine is most suitable.

16,4

Total time (h)

HBEV ICEW
Fig. 5 Comparison of the total time spent on the route

Conclusion

In the case of simulated statistical analysis, this is an ideal case that a person would find very
difficult to encounter in everyday life. It should be mentioned that errors and uncertainties arise
mainly due to the fact that the problem has adapted to the least expected course of the route.
Few people adhere to a precise speed in and out of municipalities, so the average speed in real
life would be certainly higher than 70 km/h. As for the condition of the planned route, it is
unnecessary to argue that it will be as ideal as presented in the design and that the vehicle would
not suffer any technical failure. Also unexpected traffic restrictions, construction/repair of
roads, which would significantly affect the total time of the route. As the average speed
increases, so do consumption, and thus the expected range decreases. For example, in the case
of an EV, the total consumption increases only when the weather changes, that is why analysis
designed 15 ° C, which guaranteed us the lowest energy consumption from the battery. The
guarantee of good weather is never one hundred percent.

The output of this simulation is an opinion where none of the options can be assessed as the
best in general. BEV alone is clearly not the best choice for the impatient resp. time-limited
people who need to move from point A to point B in the shortest possible time. On the contrary,
ICEV guarantees a fast, in terms of range, safe, a little more expensive range to the finish
destination. There are many more factors that influence the choice of a particular type of
propulsion. Emissions from transport are one of the possible factors. It is well known that during
the use stage of BEVSs, the vehicle does not emit any emissions and ICEV probably eliminates
them way too much. This is how you can go ahead and look for the pros and cons of each
propulsion. Based on the evaluation, everyone can form their own opinion and choose the best
option, which means that the BEV would be able to fulfil the expectations of each driver, only
to the extent that the driver's demands allow.
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APPLICATION OF DEVIATION ANALYSIS METHODS
IN INVESTMENT MANAGEMENT

Jaroslava JANEKOVA - Jana FABIANOVA - Daniela ONOFREJOVA

Abstract: The article presents a case study, where the method of Deviation analysis is applied
in the utilisation phase of the assessed investment project. Conducted analysis of deviations is
supplemented by specifying the causes of deviations and taking measures leading to a reduction
in the probability of their occurrence.

Keywords: Investment, deviation analysis, cash flow, Net Present Value.

Introduction

Due to the specification of the expected financial results of the investment project it is necessary
to analyze currently achieved economic results with planned results, even in the phase of its
implementation. Conducted analysis of deviations must be accompanied by finding the causes
of deviations or accountability for deviations, and measures leading to a reduction in the
probability of their occurrence.

Case study description and problem definition

The object of the study is the investment project "Reprographic Centre." Its mission is to
provide comprehensive, high quality, fast and principally cheaper copying services than
competing facilities. The Centre is located near the university, in areas that had long been
unused. For its service, it was necessary to invest in new equipment required for the
performance of services. The most significant cost items consist of two powerful copy machines
and furniture with a service desk in a total value of EUR 10,000. Remaining devices have been
purchased but were not used before.

The aim of this paper is to measure the deviations of cash flow actually achieved from operating
activities against the planned cash flow, with emphasis on the planned EBITDA indicator, from
the first year of operation of the project. Moreover, in case of significant negative deviations
propose measures for their elimination in the coming years of the economic life of the
investment project.

Materials and methodology

Economic evaluation of the investment project. The evaluation is realized by the financial
criteria Net Present Value (NPV) for the economic life of four years (1).

N CF,
NPV _;m IC 1)

Where: CFn is cash flow in year n, IC investment costs, N economic life of the investment, n
number of years of economic life of the investment and i discount rate.

The NPV indicator value is determined by the amount of annual cash flow from the investment,

and value of one-time investment costs. Substantial impact on the NPV has an indicator CF,
thus generally for investments only cash flow from operating activities is considered. Impact of
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funding investment is taken into account when discounted at a discount rate that includes a risk
of the owner, including the risk of creditors. Relationship for predicting annual CF from
operating activities can be expressed, as follows:

CF = EBIT - (1—t) + D — ANCWC @)
CF = (EBITDA - D)-(1—t) + D— ANCWC 3)
EBITDA = P - Pl + P, PZ — Clariablet * Pl —Cyariable2 * PZ _Cfixed (4)

Where:EBIT is Earning Before Interest and Tax, EBITDA Earning Before Interest, Tax,
Depreciation and Amortization, D depreciation, t income tax rate, NCWC Non Cash Working
Capital, p price, P production, Cvariavle Variable costs and Crixea fixed costs.

EBITDA height can be influenced solely by manufacturing and sales activities, what confirms
its calculation method of (4). In the calculation it is considered that the object of production is
characterised by two types of printing paper (1 - color print, size A4, 2 - black-and-white print,
size A4) sold at different prices. Input variables for the case study were scheduled based on
demand for the services the Centre provides.

Deviation analysis. Deviation means the difference between the two values of the monitored
variables. They can be monitored on a comparison of fact — fact, plan - fact and plan-
expectations (Scholleova, 2009). Just deviations in plan - expectations are the subject of this
study. This forecasts the delays in implementing the plan. Expectations already include the
effect of the measures as a result of last evaluation plan - fact. This comparison is focused on
the future and respects the principle of ex-ante evaluation.

Procedure of Deviation Analysis. The application of this method is carried out in three steps:

1. Selection of a synthetic indicator and its pyramidal decomposition (Figure 1). Among the
indicators of pyramidal decomposition there are logical links, expressed by simple
mathematical operations and mutual conditioning, which means that the indicator of a lower
degree is an economic criteria for indicator of a higher degree.

EBITDA

|
Sales total - Costs total
] | |
Salesl + Sales2 Variable costs1) + Variable costs)] + Fixed costs
Variable Variable
Productionl | - |Pricel per uni Production2 | - |Price2 per unit Productionl | - | costsl per Production2 | - | costsl per
unit unit

Fig. 1 Pyramidal decomposition of the EBITDA indicator
2. Quantification of the impacts of different analytical parameters to change in the synthetic

indicator. The calculation algorithm depends on the type of linkage among analytical
indicators whose effects are calculated. Input data for the calculation of the synthetic
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indicator X, whose value in this case is determined by two analytical indicators and A, B.
The expected value of the indicators are Xo, Ao, Bo,, actual values Xi, Az, Bs.

Effects of changes in the analytical parameters on change in the synthetic indicator X at
additive binding can be quantified, as follows:

Absolute deviation X:
AX =X;=Xo=(A+B)— (A +By) =(A—A)—(B,—By) =AA+AB (%)

Relative deviation of percentage change in X:
ax o Xi=Xo _AATAB _AA AB
X0 XO XO XO

(6)

Relative deviation on total change in X in percent:

a, —1)-100=§-(|X —1)-100+§-(|X _1)-100 @)

For binding has the method of calculating the effects the same concept as previous one,
except the fact, that the indicator B is deducted from A by minus sign.

Effects of changes in the analytical parameters on change in the synthetic indicator for
multiplicative binding can be quantified by several methods. This contribution applies the
logarithmic method, which is based on the logarithmic indicator index scaling. Effect of
changes in analytical indicators on change in the synthetic indicator X for binding is
quantified as follows:

Absolute expression of impact:

Ax =1091a Ay, Jogls (8)
logly logly

Relative expression of impact:
logl, loglg

(I, —1)-100= o Iy —1)-100+I | (I, =1)-100 9)
09

X 0gly

For binding has the method of calculating the effects the same concept as previous one,
except the fact, that the indicator B is deducted from A by minus sign.

3. Evaluation of deviation and corrective action. After quantifying the deviations, the causes
must be found, and the measures taken, in order to significantly reduce the probability of
such deviations in the future.

Results

The method of Deviation analysis is implemented on the investment project of the
"Reprographic Centre". The project is economically evaluated using the indicator NPV, and its
value is expected to EUR 17,493 for the period of four years. The most important factor that
influences the resulting NPV is CF from operating activities. Due to the fact that a depreciation
and rate of income tax have on CF from operating activities generally zero, respectively
minimal impact, the Deviation analysis focuses only on the EBITDA indicator, which is
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calculated according to equation (4). It is accmplished by a pyramid decomposition of the
EBITDA indicator, shown in Figure 1. The challenge is to identify which variables have the
strongest impact and positively or negatively affect the decline in actual results compared with
EBITDA projected value after the first year of the operation of the project. Input data for the
calculation of the deviations are shown in Table 1. For each monitored indicator, three
variations are quantified. The calculation procedure is determined by binding among analytical
indicators. The values of calculated deviations are shown in the chart in Figure 2 in following
order starting from absolute deviation, relative deviation of percentage changes in the synthetic
indicator and the relative deviation in the total change of the synthetic indicator.

Table 1 The values of variables and changes that are part of the pyramid model EBITDA

Indicator Plan Actual Absolute Relative Index
for 1tyear | for 1%t year change change changes
1 2 3 3-2 [(3-2)/2] (32)
Productionl 15,000 13,245 -1,755 -0.1170 0.8830
Production2 100,000 104,258 4,258 0.0426 1.0426
Pricel per unit 0.30 0.25 -0.05 -0.1667 0.8333
Price2 per unit 0.05 0.05 0.00 0.0000 0.0000
Variable costsl per unit 0.03 0.0287 -0.0013 -0.0433 0.9567
Variable costs2 per unit 0.005 0.0068 0.0018 0.3600 1.3600
Fixed costs 700 630.46 -69.54 -0.0993 0.9007
Salesl 4,500 3,311.25 -1,188.75 -0.2642 0.7358
Sales2 5,000 5,212.90 212.90 0.0426 1.0426
Sales total 9,500 8,524.15 -975.85 -0.1027 0.8973
Variable costsl 450 380.13 -69.87 -0.1553 0.8447
Variable costs2 500 708.95 208.95 0.4179 1.4179
Variable costs 950 1,089.09 139.09 0.1464 1.1464
Costs total 1,650 1,719.55 69.55 0.0421 1.0421
EBITDA 7,850 6,804.60 -1,045.40 -0.1332 0.8668

EBITDA
-1,045.40
-13.32%

100.00%

|
Sales total Costs total

-575.85 £9.55
-12.43p.p. 0.85p.p.
93.35p.p. -6.65p.p.

Salesl + Sales2 Variable costsl + Variable costs2 + Fixed costs
-1.188.75 212.30 -53.87 208.35 -65.53
-15.14p.p. 2.71p.p. -0.859p.p. 2.67p.p. -0.8%9p.p.
113.71p.p. -20.36p.p. £.63p.p. -19.98p.p. B.65p.p.

1] 1] 1 1
Productionl | . | Pricel per unit Production2 | . | Price per unit Productionl | . Variahlenl:rslsl Production2 | . Variablectl:rslsz
per unit per unit

-481.83 -706.82 212.30 0.00 -51.57 -18.30 24.55 134.00
-5.14p.p. -3.00p.p. 2.71p.p. 0.00p.p. -0.66p.p. -0.23p.p. 0.32p.p. 2.35p.p.
46.10p.p. B7.61p.p. -20.36p.p. 0.00p.p. 4.93p.p. 1.75p.p. -1.33p.p. -17.60p.p.

Figure 2 Decomposition values of the pyramid model EBITDA
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Evaluation of deviations. The total deviation of EBITDA indicator is negative. Its value in the
first year of operation decreased by 13.32 % against the planned investment. This decline is due
to the decrease in revenues (sales total) by 12.43 percentage points and increased costs (costs
total) by 0.89 percentage points.

Decline in total sales was negatively affected by revenues from the sale of color printing (salesl)
by 15.14 percentage points and positively by increase in revenues from sales of black and white
printing (sales2) by 2.71 percentage points. Most problematic areas include the price of color
printing format A4, which decreased by 16.67 % but the impact on the overall deviation is 61.67
percentage points and a decrease in sales volume of color printing format A4 of 11.70 % with
an impact on the overall deviation of 46.10 percentage points. Increase in costs total was caused
by negative increase in variable costs for black and white printing (variable costs2 per unit) of
36.00 % with an impact on the overall deviation of 19.98 percentage points. Positive impact on
total costs had both, variable costs 1 and fixed costs.

Draft measures. The anomalies and their causes form the basis for decisions on management
of investment projects in the coming years of its economic life. The problem can be solved in
several ways. Here, two variants are analyzed. The first variant considers the cost of color
printing A4 format in actual amount of EUR 0.25 while maintaining the originally planned
production. The second alternative solution considers the increase in the price of color printing
A4 format from EUR 0.25 on the originally planned price of EUR 0.30, while reducing the
originally planned production by 9 %. For comparison of benefiting from the solutions
proposed, the expected values of the NPV are shown in Table 2.

Table 2 The NPV values

Variant NPVpian NPV actual NPV 1 variant NPV2 variant

NPV in EUR 17,493 16,752 14,989 15,800

Absolut change from NPVpian in EUR - -741 -2,504 -1,693
Relative change from NPVpian in % - -4.24 -14.31 -9.68

Market reaction to the price of color printing can be positive or negative, that’s the reason why
it is appropriate to apply the method of Deviation analysis even after the second year of life of
the investment, and thus to assess the investment according to current information. Such
approach just confirms the nature of the Deviation analysis that is understood as a continuous,
systematic, repeated and never-ending process.

Conclusion

Investment project management in practice mainly focuses on the preparation and
implementation of a phase of investment. During the use of investment, a management of
deviations in the planned indicators’ values (e.g. CF or costs) is often neglected, but no less
important to the overall success of the investment project. Early identification of the sources
and causes of deviations creates an opportunity for implementing appropriate measures in order
to eliminate or compensate for the differences and achieving the intended project outcomes.

The presented case study highlighted the importance and possibilities of ex-post analysis of the
investment project as part of project management. An illustration of the Deviation analysis
demonstrated on the EBITDA indicator may remain as a model for similar analysis, and after
appropriate modifications is applicable anywhere in the corporate practice.
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CAR PRODUCTION AS A CORE COMPONENT IN THE
ECONOMY OF THE SLOVAK REPUBLIC

Peter MALEGA

Abstract: This paper deals car production in the Slovak republic, which is strongly affected
with pandemic Covid-19. Automotive industry in Slovakia is the key element, because it is
about 50% of overall industry in Slovakia for several years. Components and material
composition of the car is therefore in the centre of the attention of many studies that is oriented
on the Slovak economy. Current situation in automotive industry is very hard, but for the clever
automotive producers is also the possibility to rise and to bring new innovation for customers.
Keywords: car, production process, Slovak republic, automotive industry, Covid-19

Introduction

The development of innovations in the field of digitization and automation of production
processes is constantly proceed. Today, the processing of these tools is at a high level, which
greatly helps in production processes planning. [6, 7]

Car production in Slovakia increased slightly in 2019 and set a record. In total, more than 1.1
million cars were produced, compared to 1.09 million in 2018. Slovakia thus maintained its
position as a world No. 1 in car production per capita.

The automotive industry is still the main driver of the Slovak economy. The share of the
automotive industry in the performance of industry reached 49.5% in 2018.

In connection with the spread of the deadly coronavirus Covid-19, the risk of decreasing of the
entire automotive industry (not only in Slovakia) also increased significantly. According to
experts, the negative effects on the Central European economies (including the Slovak
economy) will be significant.

As in 2019 the automotive industry faced many challenges and obstacles. It was caused, because
of the overall slowdown in the global economy. Car sales in major world markets decreased.
Several experts from insurance companies expect that by the end of 2020, the production of this
sector worldwide will start to decrease by about 75%.

Despite the current problems, automotive industry in Slovakia is expected to remain a priority
sector in next years.

Components and material composition of the car

Today's modern cars achieve high quality in terms of safety, quality, passenger comfort, but
high emphasis is also placed on the car's construction, which affects its look and other
properties, such as aerodynamics. In Fig. 1 we can see an overview of the components of today's
modern middle class car, which today consists of about 9000 parts. [2, 3]

Development in the field of automobiles today is constantly going ahead, and this is also the
fact in the production processes in the automotive production. [1] Today, the car is a complex
structural unit made up of a wide range of materials to achieve the best possible construction
properties in terms of strength, durability and lifetime. In Fig. 2 is an overview of the materials
used for the production of a conventional middle-class passenger car in percentage. [4, 8]
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Fig. 1 Overview of components in the car
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Fig. 2 Material composition of the car in %

Car production process

In Fig. 3 you can see the course of the main processes in the production of the car in the
automotive company. The principle of automotive company operation is based largely on
assembly processes. The blue line represents the operation of the vehicle body processes until
its final assembly and the green line represents the completion of the vehicle's powertrains
(engine, transmission, exhaust system, etc.), which are mounted in the vehicle body only in the
final assembly. [5, 9]
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Fig. 3 The course of the main processes in the production of a car

1. Pressshop
In the press shop (Fig. 4) the whole process of car production begins, where the individual body
parts are produced by a technological process, pressing. The process begins in such a way that
pieces of sheet metal of the desired size are cut from a roll of sheet metal, which is unwound,
subsequently cleaned, levelled, which then travel to the pressing machine. In the pressing
machine, a pressing process is thus created and finished mouldings are formed, which travel to
the next process of the car producer, i.e. body shop.

TS
L] *

Kok =

b

Fig‘. Example of a press shop

2. Body shop

The second production process in the automotive factory, which works with a help of number
of robots (Fig. 5), which perform a number of functions (including feeding, welding, etc.), thus
forming the body skeletons from the individual profiles and mouldings created in the previous
moulding process. The skeleton thus forms the basis of the car, it is its supporting part, on which
all other components are further assembled. The vehicle begins to have the contours of its future
form. The result in the body shop is the skeleton of the vehicle and its body, which then travels
to the paint shop. In Fig. 6 it is possible to see the individual parts of the vehicle body.

53



@ TIABP

@ Trendy a inovativne pristupy v podnikovych procesoch ,,2020%, ro¢. 23

Trends and Innovative Approaches in Business Processes “2020”, Vol. 23

= Sheets
= Profiles
mm Castings

Fig. 6 Parts of car body

3. Pre-treatment body for painting
It is a very important process, because it has a great impact on the quality of the resulting vehicle
body paint. It is divided into three phases:

e Degreasing — It dissolves and removes all dirt from the body, such as oil, etc.

e Rinsing — It removes dirt residues by rinsing the body.

e Phosphating — It protects the surface from water.

Subsequently, the cleaned and surface-treated body travels to the paint shop.

4. Paint shop
After accurate cleaning of the body, the paint application process is as follows:

e Cataphoresis — is an electrophoretic method of applying tricationic phosphate by
immersion, where the body is a cathode that attracts cations of paint. Subsequently, the
layer hardens at a temperature of 180 ° C for about 30 minutes. It is the best method of
body surface treatment. This process is illustrated in Fig. 7
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e Basic color (filler) — another layer, which is applied to the vehicle body and is applied
in three stages:
o spraying the surface,
o manual spraying of hard-to-reach places,
o completion of spraying.
After spraying, the bodies are dried at 180 ° C and then cooled to 40 ° C.
e Firstand second layer of paint — in this phase, the first and then the second layer of paint
is sprayed onto the base paint.
e Final layer — application of wax and preservative spray.

5. Final assembly

It takes place on assembly lines, where individual parts and components are assembled into an
already painted and surface-treated body. Automation and robotization are widely used. The
process consists of identification of the body to complete the vehicle according to the exact
requirements of the customer. Subsequently, the assembly of individual parts, such as
dashboards, seats, powertrains and others, takes place, which results in a complete car. The
moment of body connection to the chassis is significant. Fig. 8 shows the final assembly of the
car.

Fig. 8 Example of final assembly

55



Trendy a inovativne pristupy v podnikovych procesoch ,,2020%, ro¢. 23 ‘_
Trends and Innovative Approaches in Business Processes “2020”, Vol. 23 .- T I A B P

6. Inspection and testing
The last hall that the car passes through in the production process is the inspection center, which
consists of inspection and testing of the vehicle and subsequent possible correction of the
identified deficiencies. For example, electronics, car control unit, dynamic properties on the test
circuit, water test and others are checked.

7. Distribution
After inspection and testing, the car is distributed to stores and showrooms, where it is already
fully functional and ready for its future owner.

Conclusion

The coronavirus-causing COVID-19 pandemic has almost sopped car production worldwide.
According to the Slovak Investment and Trade Development Agency (SARIO), there are 350
medium-sized and large companies in Slovakia, which produce components necessary for the
production of vehicles. Ultimately, the crisis in the automotive industry is affecting 50 % of
industrial production in Slovakia, including a number of smaller companies.

These companies are connected not only to Slovak car manufacturers. Components made in
Slovakia usually travel to customer plants of various producers in Europe, Asia and North
America. And it is the automotive industry that has experienced perhaps the biggest crisis in
history due to the coronavirus pandemic.

It is clear that the new start in the automotive industry is and will be gradual, and it is therefore
important for car manufacturers to realize that now more than ever, the customer is the decisive
element. Many car manufacturers therefore decided to respond to the current situation in the
world and launched the so-called "contactless™ test drives and "door to door" car delivery, began
working on special "disinfected" vehicles with drone delivery of keys to buyers, or even testing
a system to perfume vehicle models with the aroma of traditional Chinese medicine.

This article was created by implementation of the grant project VEGA 1/0438 / 20 Interaction
of digital technologies to support software and hardware communication of an advanced
production system platform.
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MAPPING OF CIRCULAR ECONOMY INDICATORS ON
MICRO LEVEL BASED ON PRODUCT LIFE CYCLE AND
RESOLVE FRAMEWORK

Juraj SEBO

Abstract: The objective of this paper is to map CE indicators on micro level based on product
life cycle and ReSOLVE framework. 62 micro level CE indicators were identified based on
actual studies. The highest numbers of indicators are in Loop and Optimize action on the side
of ReSOLVE framework and in EOL phase, whole life cycle and Use phase on the side of
product life-cycle phases. The most indicators cover EOL life-cycle phase (21) and Loops
ReSOLVE action (19). Found uneven distribution of micro level CE indicators according to
product life-cycle phases and six ReSOLVE business actions led us to the question, if current
package of the indicators correctly describes whole picture of companies’ progress towards CE.
Keywords: circular economy, indicator, life cycle, ReSOLVE

Introduction

The circular economy concept is to an increasing extent penetrating political, scientific and also
business sphere of the society. The CE concept in eco-industrial perspective could be
understood as “realization of closed loop material flow in the whole economic system” (Geng,
2008). Simultaneous consideration of economic and environmental side is present in Ellen
Macarthur Foundation (2013) definition of CE as “an industrial economy that is restorative or
regenerative by intention and design”. Korhonen (2018) argue that there is quite little that is
truly new in the CE concept in terms of sustainability science research, except for it highlights
the importance of high value and high-quality material cycles in a new manner and it shows the
possibilities of the sharing economy. In addition, Kristensen (2020) stated, that the assumed
sustainability benefits of CE are not yet understood in practice, although CE is highlighted as
having the potential to support sustainable development.

CE studies follow three main lines of action: the first aims to change the social and economic
dynamics at macro and administrative level; the second to support firms in circular processes
implementation at micro level to spread new forms of consumption and product design; the
third, developed at meso level, discusses industrial symbiosis experiences (Merli, 2018). Lieder
(2016) suggests that simultaneous focus on the three perspectives ensures concurrent and
equivalent visibility of limitations of natural resources, environmental concerns including waste
and individual business needs. He also concludes that for succeeding in CE implementation a
concurrent top-down and bottom-up strategy is required to maintain the interests of all
stakeholders, i.e. policy makers, governmental bodies and manufacturing industries. Despite
his arguments there is number of CE studies (e.g. (Kristensen, 2020; Kravchenko, 2019)) that
focus on one level, in this case on micro level. In line with these studies, our study focuses on
micro level CE indicators. The goal of the study is to identify and map relevant micro level CE
indicators according to product life cycle and ReSOLVE framework.

CE indicators on micro level

Elia (2017) stated that currently there is no standardized way to measure micro level circularity.
Also Cayzer (2017) stated that “product circularity depends on the lens through which it is
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viewed”, in other words could mean different understandings of what matters when measuring
circularity by different CE indicators.

Kristensen (2020) found in 30 reviewed micro level CE indicators three types: single
quantitative indicators, analytical guidelines or tools, and composite indicator set. Their even
distribution also demonstrates a diverse approach to measuring CE. The diversity is also evident
in number of principles entailed in the indicator ranging from one (e.g. recycling) to a broad
CE perspective of multiple CE principles. In addition, the study shows that on micro level the
indicators for recycling are more developed than indicators for reuse and repair, while no
indicator clearly considered the inner circle of repair and maintenance in measurable ways. It
also shows the limited inclusion of all three dimensions of sustainability (economic,
environmental and social) in micro level CE indicators, while economy has more weight, and
environmental and especially social aspects are downgraded. As she further pointed out, the
indicators for CE should consider a prioritization of CE principles to be able to fully capture
the potential benefits of CE, and not equate reuse with recycling, which is often the case for CE
indicators at micro level. In addition she pointed out the issue of sub-optimization, which could
be relevant if we focus on e.g. recycled content, which could be easily increased by e.g. increase
in overall weight of the product, but could negatively influence other CE principles, e.g.
reduction of material use. As she concludes, this above presented diversity of type, entailed
principles and sustainability dimensions makes the landscape of micro level indicators difficult
for organizations to navigate within, what is further emphasized by the risk of sub-optimizations
and trade-offs when employing indicators, and more attention must be paid to the
interconnection between the three sustainability dimensions and prioritization of CE principles
in micro level CE (Kristensen, 2020).

Mapping of CE indicators on micro level based on product life cycle and ReSOLVE
framework

In this part of the paper the mapping of relevant micro level (i.e company level) CE indicators
is presented. 62 micro level CE indicators were identified based on actual studies (e.g.
(Kravchenko,2019; Kristensen, 2020; Rincon-Moreno, 2021; Rossi, 2020; Esposito, 2015;
Govindan, 2020)). The studies were searched in Google Scholar and ScienceDirect database by
key words “circular economy” +*“indicator”.

The study systemizes 62 identified indicators according to two relevant characteristics, the life
cycle phase and ReSOLVE actions. The considered life cycle phases are raw material
extraction, production, use and end of life phase (see e.g. (EUROPEAN ENVIRONMENT
AGENCY, 2018)), to which were added product design phase and distribution/transportation
phase. The considered ReSOLVE actions: Regenerate, Share, Optimize, Loops, Virtualize,
Exchange are six business actions to guide organizations through implementing the principles
of the CE (Ellen MacArthur Foundation 2015). The following table (Tab. 1) shows number of
indicators in each life cycle phase, and for each phase it also shows their distribution in relation
to ReSOLVE actions. We can see the highest numbers of indicators in Loop and Optimize on
the side of ReSOLVE actions and in EOL phase, whole life cycle and Use phase on the side of
product life cycle phases. The most indicators cover EOL life cycle phase (21) and Loops
ReSOLVE action (19). Figure 1 shows how many of researched micro level CE indicators are
relevant to each product life cycle phase and whole life cycle. Figure 2 shows how many of
researched micro level CE indicators are relevant to different ReSOLVE action and to whole
ReSOLVE framework.
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Tab.2 Mapping of CE indicators according to six life cycle phases and six ReSOLVE actions

Whole Not fitting Lack of
ReSOLVE [toany information for
Regenerate Share Optimize Loops Virtualize Exchange |framework|group assignment Total
Product design 2 1 1 4
Raw material extraction 1 1
Production / manufacturing 1 1 1 3
Distribution / transportation 3 3
Use / maitanance 5 2 1 8
End-of-life management 2 15 3 1 21
[Whole life-cycle 1 7 1 1 3 1 | 17
Not fitting any stage 0
Lack of information for assignment 5| 5
Total 4 6 13 19 4 5 3 2 6 62
Product design |EE—_—_—_—
Raw material extraction M
Production / manufacturing I
Distribution / transportation N
Use / maitanance G
End-of-life management I
Whole life-cycle -
Not fitting any stage
Lack of information for assignment I
0 5 10 15 20 25

Number of CE indicators

Fig. 1 Comparison of the number of micro level CE indicators relevant to different life cycle phases
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Fig. 2 Comparison of the number of micro level CE indicators relevant to different ReSOLVE actions
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Conclusion

The present study showed uneven distribution of micro level CE indicators according to product
life cycle phases and according to six ReSOLVE business actions. It led us to the question, if
current package of micro level CE indicators correctly describes whole picture of companies’
progress towards CE.
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ERGONOMICS IN THE HEALTHCARE

Ivona FILIPOVA — Luboslav DULINA — Martin GASO — Eleonéra BIGOSOVA

Abstract: Today's times offer several technical options to make work easier. Applying
ergonomics at work means that we try to find the simplest possible way for the worker to work
while maintaining high quality and productivity. We meet this quite often in production, but in
the area of providing services, it is rare. The field of healthcare is hectic today. This article,
therefore, addresses the need to assess ergonomics in the healthcare area and how to solve
problems of staff.

Keywords: Ergonomics, Nurse, Working position, Evaluation of work

Introduction

The role of ergonomics is to adapt work to human needs. While in the industry, we can already
observe the effort to look at work ergonomically, in the healthcare area, this is not very
widespread. Nevertheless, there is a need to evaluate ergonomics in this segment, as well,
handle medicines, laboratories samples [1,2]. The largest group of staff caring for patients are
nurses. They are spending most of the working day caring for patients. Handling them is very
specific. The patient is not a classic load. It does not have special grips, it moves during handling
and also has a weight which, in the case of adults, often exceeds the legislation work limits
several times over. These are also the reasons why nurses exposed to significant physical and
mental pressure in their work. The psychological side is relatively difficult to assess. These are
subjective feelings that can only be collected as information from the observed person. We are
all different; we react differently to situations. In contrast, physical activity can be assessed both
subjectively and objectively by the observer.

Profession of nurse

The reason why nurses were chosen for the evaluation is that with a share of 40 %, they form
the majority of employees in health care. However, their number is declining but declining
every year. Majority of nurses are women. Men make up only about 2 % of all nurses. This job
is often physically hard, and therefore more suitable for men.

Another problem is the increasing proportion of nurses aged 40 and over. In 2009 the proportion
of nurses aged 40 and older was 56.4 %. There was 3.8 % over 60, which means women in
almost retirement and retirement age. Until 2018, this figure had risen to 76.1 %. There is now
10.2 % of nurses over 60 years old [2].

Problems in the work of nurse

The problem with the growing age of the nurses is that with increasing age, the limit for
the maximum possible weight of the load (patient) decreases. Besides, the table provides for
a maximum age of 60 years, so the weight limit for older working women should be even lower,
but its value should not be specified. Weight limits for loads with the indication of the maximum
age and limits for women are in Tab. 1. Exceeding the weight limits leads to overweight and
exhaustion, which is unacceptable for ergonomics.
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Tab. 3 Load weight limits [3]

s Maximum load weight (kg) Maximum load weight per shift (
Age Conditions Men \g!.’omelgl Men Women kgL
18 — 29 favorable 50 15 10000 6500
unfavorable 40 10 8000 5500
30-39 favorable 45 15 7500 6500
unfavorable 40 10 7200 5500
40— 49 favorable 40 15 6500 6500
unfavorable 35 10 6000 5500
S0-60 favorable 35 15 5500 5000
unfavorable 30 5 5000 4000

Many overtime hours and their low payment are showing to be a problem. In a research made
by the Slovak Chamber of Nurses and Midwives states that up to 53 % of respondents work
more than 23 hours overtime, while only 42.3 % of them have paid for it. That means
overworking, but also frustration with inadequate financial appreciation [4].

Risks in the work of nurse

There are various risks involved in this profession that can cause injuries. The breakdown
of these threats is below:
Risks associated with work responsibilities

* Application of force: the degree of physical effort required to perform an activity (such as
lifting heavy loads, moving and towing) or to maintain equipment and tools. Safe patient
handling techniques are one of the essential preconditions for the prevention of spinal cord
injury. Therefore, they should be given increased attention. The current trend is aimed at
minimizing the tasks associated with lifting and carrying the patient and the application
of appropriate technical means. The emphasis is on patient cooperation.

* Repetition: continuous or frequent execution of the same movement or series of movements
during working hours.

« Improper positions: adopted positions that strain the body, such as leaning over the bed,
kneeling or rotating the torso during lifting.
Risks associated with patient
Patients cannot be lifted as classic loads. Safe rules cannot be used when handling a patient:

* Patients cannot be kept close to the body.

* Patients do not have handles.

* It is never possible to predict what will happen during patient handling.

* Patients are obese.
Risks associated with surroundings

* Risk of slipping, tripping and falling.

» Uneven work surfaces.

* Space limitations (small spaces, lots of equipment).
Other risks

* Help is not available.

» Unsuitable equipment.

* Unsuitable footwear and clothing.

* Lack of knowledge or insufficient training [5]

The dangers arising from patient manipulation are mainly related to the spine. It is most loaded

with simultaneous pressure and rotation. The riskiest part of the spine is the bottom part
(L5/ S1). Fig. 1 shows the spine and the movements that occur on it during the manipulation
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of the patient. Because of this, there is no gentle way to manipulate the patient. There may come
the danger of Musculoskeletal disorders. The physical effort required to lift and move
the patients repeatedly is more significant than the musculoskeletal system can tolerate [6].

Arrows show
direction of load
or force on lower
back (L5/S1) when
manually lifting
and moving
patients

Shearing

Fig. 3 Movement of the spine under load [6]

There are various principles of handling to reduce these risks. Here are some of them:
* Principles of load handling.
* Principles of kinesthetics.
* Principles of solid parts and gaps.

All these principles are intended to facilitate and simplify the work and also to involve
the patient himself in the process of transferring himself as much as possible. Education in
the field of ergonomics, which approximates the above-mentioned principles, is already
included in the secondary school study.

Scientific problem

Specific activities in the work of nurses and requirements for workplace types of equipment
also require specific evaluation. Despite the existence of general evaluation methods, these are
not suitable for the overall evaluation of all, especially specific activities in terms
of the application of ergonomics. Therefore, within the research in the Department of Industrial
Engineering at UNIZA, a procedure was created aimed at evaluating the work of nurses, which
takes into account all the specifics. We are currently working on its verification in real
conditions.

Evaluation of ergonomics in the workplace

The ward of the surgical intensive care unit (ICU) in the Hospital with a polyclinic in Povazska
Bystrica was selected for the evaluation by the proposed procedure. Ergonomics was evaluated
by a new evaluation procedure created in the Department of Industrial Engineering at
the University of Zilina. The evaluation was made by marking information in worksheets in
the xlIsx format. In this ward work a total of 10 nurses, and their shifts takes 12 hours. There can
be a maximum of six patients in the ward, and this capacity is usually full. The nurses were
evaluated on the morning shift; there are two in the ward during the service. There were six
patients in the ward during the evaluation.
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Fig. 4 Selected ward [7]

Workplace analysis

The subjective analysis was performed using a modified Nordic Questionnaire (NQ). Questions
were adapted specifically for the work of sisters. There are four different parts:

* 1. Part — General Information.

» 2. Part — Subjective evaluation of difficulties with the musculoskeletal system.

» 3. Part — Subjective evaluation of the response to specific situations.

* 4. Part — Knowledge and use of specific terms [8].

After the evaluation of NQ, the age structure of nurses was determined, shown in Graph 3.
The graph shows that in the age group 18 - 29 years there is only one nurse. There is five nurses
in the age group of 30 - 39 years and two nurses aged 40 - 49 and 50 - 60 years in each group.
Graph 4 evaluates the difficulties experienced in each part of the body and visits the doctor
because of them. Most of the nurses experience or have experienced difficulties, very few
of them have even visited a doctor because of this.

Evaluation of NQ

=

Number of answers
ORNWAUNONOWO

Observed bodypart

M Perceived difficulties B Visit a doctor / physioherapist due to difficulties

Graph 1 Evaluation of difficulties from NQ

In Tab. 2, there is an evaluation of the feeling loaded from individual work activities. They were
evaluated according to the Borg scale, where the answers were marked from 0 to 10, according
to the subjective feelings. The most difficulties for nurses are lifting and carrying the
load/patient. These are the activities in which they have to exert the most significant amount
of force. Based on the average values, we can say that the nurses feel a medium loaded in their
work, as most of the values are in this interval. A small load was indicated when working with
the hands overhead. The situation occurs, especially when administering infusions, blood,
or setting up monitors that measure the patient's vital signs and are located above his bed.
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The lowest feeling of the load is given in situations involving the temperature in the workplace,
which is the ward is air-conditioned and thanks to the possibility of setting a pleasant
temperature, almost no load is created.

Tab. 4 Evaluation of load

Sitution No load Low load Medium load Average
values
0 1 2 3 4 5) 6 7 8
2

Rushing / time pressure 4 1 8
Long-time work in the same positions 3 2 8
Forward bend, torso rotation 1 2 5 8
Overtime work, long work shifts 2 3 3 7
Work on the edge of physical 2 1 2 3 7
strength

Poor quality of handling aids 1 1 4 2 7
Insufficient rest breaks 4 2 1 7
Uncomfortable working position 3 2 4 6
Bad training on how to work properly 1 1 3 3 1 6
Working overhead 1 3 4 2 5
Cold, heat, humidity in the workplace 3 4 2 1 2

The last part of the NQ is supplementary questions. These are aimed at finding out
the knowledge of nurses of terms that should be known and helpful at work, and if they even
use them. These are principles that help make it easier to work with the load. Their use can
eliminate the possibility of injury, for example, in the sacral area, which is one of the most
stressed areas on the body. Four questions were asked, which are discussed in detail below,
along with an evaluation of the answers. The questions, together with the possible answers and
the number of answers, are listed below, in Fig. 3.

1. Do you know the concept of 3. Do you know the concept of
ergonomics? kinesthetic?

1. Yes, | know what ergonomics is 9 1. Yes, | know what kinesthetic is 7
2. | have heard, but | can't explain 1 2. I have heard, but | can't explain 2
3. No, | have never heard befare 0 3. No, | have never heard befare 1

2. Do you know the principles of proper 4. Do you know the principle of solid

handling of heavy loads / patients? parts and gaps?

1. Yes, | know this principle 7 1. Yes, | know this principle 3
2. | have heard, but | can't explain 3 2. I have heard, but | can't explain

3. No, | have never heard before 0 3. Mo, | have never heard before 5

Fig. 5 NQ supplementary questions

Above answers says that these are principles that nurses should know, but not all of them use
them or know them at all. These are terms that should be known to them from high schools.
Itis, therefore, necessary to include this topic more in teaching at secondary schools and
universities, or in training that takes place even during employment. That is about the health
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of both nurses and patients. By proper handling, we can reduce the risk of injury or
the occurrence of an occupational disease.

The objective analysis assessed the factor of work duration and personnel and material security.
The overall assessment of these factors pointed to a possible risk of damage to health.
The evaluation sheet with the values XX at the given workplace is shown in Fig. 4

PHYSICAL LOAD IN THE WORK OF NURSES lfg%@
(&

Duration of workshift| Duration of breaks Total duration of

Rough evaluation

[min] [min] work [min]
Factor: 720 30 690
duration of work
Total score
1,50

Personnel equipment

Number of patients | Number of nurses | Number of patients
per ward per ward per nurse
6 2 3
Otla ore
Factor: 1,00
personnel Material equipment
and material Number of Number of beds Number of
equipment adjustable beds trapeze wheelchairs
6 6 0
Partial score

1 1 2
Total score
Risk of health damage due to physical activity
Evaluation Description and recommendation

The risk of health damage due to physical activity is moderate.
There is a possibility of health damage due to physical activity in
less physically fit individuals. Corrective measures should be
considered.

Fig. 6 Evaluation sheet

3,0

In the detailed evaluation, the observed activities were divided into four groups, according
to the type of work performed. The categories of work are divided as follows:

» Administration — a depreciation of medicines to patients, registration of new and disposal
of patients,

« Patient positioning — helping the patient to change position to lie down, sit down, get up, help
with changing clothes,

* Medicines preparation — tablets, injections, blood for transfusion, infusions,

» Medicines administration — mentioned in the previous category.

It can be seen from Graph 2 that the number of non-physiological positions (learned,
conditionally acceptable, unacceptable) is highest in patient positioning and medicines
administration. Patient handling makes up the majority of nurses worktime. It is necessary to
take corrective measures that increase the number of physiological positions in order to prevent
the development of damage to health.
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Graph 2 The evaluation of all work categories

When comparing the perceived difficulties of nurses and the highest incidence of non-
physiological positions of the body at work, it was found that most of them are located in body
parts that the nurses mentioned as the body parts where they feel the most difficulties.
The intersection is shown in red in Graph 3.

Evaluation of NQ

Number of answers
O=NWEUNN-NOODO

o & & & o & i 5 ol
2+ 2 & & & & &
Nl & & = o & &
o \'o‘* = * z z‘,'a
¥ & &-\
Q@o S w©
Observed bodypart
B Perceived difficulties m Visit a doctor / physioherapist due to difficulties

Graph 3 Intersection of physiological and non-physiological body positions

Recommendations for corrective measures

The results show that the ergonomics in the ward is not right. It, therefore, needs to be solved.
It should be started by teaching about existing principles that will increase nurses' knowledge
of safe work and reduce the risk of injury. However, no manual handling is entirely safe. Since
the most significant risk came from manipulating the patient, nurses need to be relieved
the most in this area. In this, handling aids such as lifting devices for handling the patient, which
would do this most massive work instead of nurses, will help. The price of this device is around
1000 €.

Conclusion

Based on the performed analysis, it was found that it is necessary to solve ergonomics in
healthcare, due to its insufficient provision. Improving teaching in schools and trainings would
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increase nurses' awareness of safer and easier work. Learning could also prevent the emergence
of new learned positions that are not physiological. Nevertheless, it is necessary to provide
a lifting device that did the most heavy work - lifting and transporting patients instead of nurses.
The role of nurses in the patient's treatment process is irreplaceable and therefore care must be
taken to ensure their health and well-being in the workplace.
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EXOSKELETONS AS ERGONOMIC CORRECTIVE
MEASURE

Daniela ONOFREJOVA — Miroslav AGALAREV

Abstract: Manufacturers are experiencing an increased number of musculoskeletal disorders
(MSDs). Their occurrence is not desirable not only for the health consequences on the human
population, but also for economic consequences on employers. Preventive measures and
identifying methods on how to work more preventatively with body parts ergonomics in early
phases of product and production development are preferred. Studies to verify the suitability of
exoskeletons as corrective measures are being performed and can be a benefit for the area.
Keywords: musculoskeletal disorders, exoskeletons, physical load, injuries, preventive
ergonomics.

Introduction

Manufacturers worldwide, either in Slovakia, want to offer and maintain a safe work
environment that meets or exceeds current standards and legislations globally. The motives
include preventing injuries but also point to the physical and psychosocial aspects in all
processes of the organization from product design to production processes [1]. Surveys in
Slovakia, Europe [2 - 4] have observed an increased frequency of hand injuries among operators
in the assembly plants, where manual operations are highly frequent. Compared to other
engineering production processes, in assembly predominate particularly manual or mechanized
hand work. In final assembly, hands are indispensable due to their ability of conducting
precision work. [5]

Musculoskeletal disorders (MSDs) remain the most common work-related health problem in
the European Union (EU) in all sectors and occupations. Besides the effects on workers
themselves, they lead to high costs to enterprises and society [4]. Currently, studies are initiated
in order to investigate possible clarification of the increase of injuries in upper body parts in the
assembly operations [5], [6]. They want to identify methods on how to work more
preventatively with body parts ergonomics in early phases of product and production
development.

Preventing workers from suffering MSDs and promoting workers’ musculoskeletal health
throughout their working life, from their first job onwards, are crucial to allowing them to work
for longer. This therefore contributes to addressing the long-term effects of demographic
ageing, in line with the Europe 2020 strategy’s objectives for smart, sustainable and inclusive
growth. [4]

Injuries associated with lifting and shifting heavy workloads are a major problem for trade
unions, human resources departments and government regulators. Reducing the workload,
improving ergonomics and reducing the time spent moving heavy objects have been in a focus
already, nevertheless workers are still injured. There are few options manufacturers have for
change of situation: process redesign, automation, manipulators, etc., even exoskeletons could
be a solution.

Exoskeletal devices are places on the user's body that act as amplifiers and multipliers to
enhance or restore human performance. There are more and more applications for the
exoskeleton, such as reduced fatigue and increased productivity when unloading or dropping
material. Powered exoskeletal devices can easily allow a man to transport heavy objects
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weighing up to 300 to 400 kg while running or climbing stairs, that is being developed for army
purposes particularly.

On the other hand, for medical purposes, the exoskeleton can improve the quality of life of
patients who have lost their legs, because its self-service system can easily help with walking
or even running. After installation in the exoskeleton, the user can operate the device without
the need for any external assistance. [6]

The field of exoskeletal systems is constantly evolving and re-emerging. In the past,
exoskeletons were difficult to carry. Recent advances in robotics have helped create intelligent
solutions that facilitate heavy loads from the backs of human workers.

Exoskeletons are used by various industries. In the medical field, patients were able to provide
exoskeletons that allow paraplegics, people with disabilities as lost limb and others, to walk
again. The agricultural industry involves considerable manual labor, so farmers can use
exoskeletons to relieve the burden. Logistics companies see workers moving faster and more
efficiently when storing and filling applications. [7]

Physical Load Consequences And Other Working Health Risks
In the European Union, around a third of all employees have to work with workloads daily and

spend most of their working time there. Hand handling weights mean lifting, holding, carrying,
storing or pulling heavy objects, either individually or by several employees at the same time.
Manual handling of the weight can cause:
« damage to health caused by constant and gradual deterioration of the skeleton and muscles
(e.g. lower back pain);

* serious damage (e.g. bone fractures; bruises or injuries caused by accidents).

MSDs reported as a work-related health problem form 60 % of all reported health problems.
Thence, Backache as work-related health complaint was reported by 45.0 % male workers,
Upper limbs muscular health problems by 44 % male workers, lower limbs problems report 30
%, one or more musculoskeletal disorders report 60 % of male workers. Females report similar
but few percent less numbers. [4]

Manually handling the weight is dangerous due to several risk factors and increases the
likelihood of injury. A handling task may pose a health risk if:

» we achieve it only with great physical effort; it is performed too often or for too long;

* it can be achieved only by turning the torso;

* may cause sudden movement of the weight;

« is performed with an uncertain or uncomfortable position of the body (including
uncomfortable positions or movements, such as bending or rotating the body, lifting arms,
bending the wrist, excessive load).

Working conditions may pose a health risk if:

» the available space is not sufficient for handling (especially in the vertical direction);

» the floor is unstable or slippery, which poses a risk of falling;

* handling work must be performed at different levels of the floor or surface;

* the soil 1s unstable;

» air temperature or humidity is not suitable for handling or ventilation is not required.
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The heat makes employees sluggish and sweating makes it difficult to hold things in their hands
- so employees need to use more force. Low temperatures can numb the hands, making it
difficult to grip.
An employee's personal characteristics may pose a health risk if:

* the employee is not adequately trained in handling;

» the physical characteristics and abilities of the employee (e.g. height, weight, strength) are

unsuitable for a specific task;

* The employee has previously had back problems.
The differentiation of the prevalence of MSDs by gender, age and level of education
underlines that there is a need for diversity-sensitive approaches/risk assessments to better
prevent and manage MSDs.

Exoskeletons — Features, Function

Difference between robotics and exoskeleton engineering application is that robotics
application replaces human labor, while the exoskeleton is the mechanical application, often
involves Robotics and Biomechatronics to expand human opportunities in performing various
tasks. [7]

Generally Exoskeletons:

« are located on the user's body and act as amplifiers that increase, enhance or restore human
performance. The opposite would be a mechanical prosthesis, such as a robotic arm or leg
that replaces the original body part.

« can be made of rigid materials such as metal or carbon fibers, or they can be made entirely
of soft and elastic parts.

« can be powered and equipped with sensors and controls, or they can be completely passive.

« can be mobile or fixed /suspended (usually for rehabilitation or teleoperation).

« can cover the whole body, only the upper or lower limbs or even a specific segment of the
body, such as ankle.

Placing tools on a high shelf or occasionally replacing a component overhead may not be
difficult, but imagine performing one of these tasks 4,600 times a day, or about 1 million times
a year. This is the approximate number of car assembly line workers who raise their hands
above their heads during working hours. At this rate, the likelihood of fatigue or injury to the
body increases significantly. A new wearable upper body tool helps reduce the likelihood of

injury (Fig. 1).

_— - -~

B! AR E < = {
Fig. 1 Wearable upper body exoskeleton suitable for work overhead
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Passive lower back exoskeleton supports static posture work as well as dynamic transfer
activities of load manipulation through mechanical action on the body. If a person leaning
forward is supported, the load is transferred to the thighs. This reduces the stress on the lower
back. The stress on the lower back can be reduced with the help of the Laevo exoskeleton (Fig.

2).

Fig. 2 Laevo exoskeleton inhe testing phase in assembly operations

Chairless Chair enables employees to sit down even with short assembly intervals. Body
weight is diverted into the floor via two adjustable elements. Enables work that is easy on the
joints and back and improves posture. Preventive protection against back and knee problems
and mostly positive feedback from employees is the intention.

Fig. 3 Chairless chair exoskeleton in various working positions
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Health effects are not yet recorded, neither positive nor negative. Therefore, carrying out
scientific studies to verify the reduction in stress through the use of the Chairless Chair and
other types of exoskeletons have to be performed, as well as definition of health exclusion
criteria considered.

Conclusion

Most employees work in establishments that provide training on how to lift and move heavy
loads and on how to properly use and adjust their employees’ equipment. Prevention of
psychosocial risks is provided less. Other preventive ergonomic measures are rotation of tasks
to reduce repetitive movements, regular breaks, provision of ergonomic equipment and
provision of equipment to help lifting or moving.

The goal of performance-enhancing exoskeletons is to increase the strength and resilience of
the human body and thus make laborious work easier for operators. These exoskeletons are not
used for rehabilitation, but are used for healthy operators. The word "exoskeleton™ literally
means "outer skeleton.” Today, exoskeletons can be defined as wearable devices that work with
or without human commands. Advantages or their disadvantages and effects on human health
are subject for further studies.

This work has been supported by the Applied Research and Development Agency APVV-19-
0418 and Slovak Grant Agency KEGA 009TUKE-4/2020.
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CLOUD-BASED DESIGN AND MANUFACTURING
Ivan ANTONIUK — Martin KRAJCOVIC - Radovan SVITEK — Marian STAREK

Abstract: Cloud-based design and manufacturing (CBDM) can be assigned to the service-
oriented network product development model. In such a model, customers can change the
configuration, select and use customized resources and services to realize products, whether it
IS computer software or a reconfigurable production system. The discussion surrounding
CBDM can be divided into several aspects, such as definitions, basic characteristics, computer
architectures, communication and collaboration, crowdsourcing processes, information and
communication infrastructure, programming models, data storage and new business models
related to CBDM. The article includes the definition of CBDM, the identification of basic
characteristics and the definition of the list of CBDM requirements, and the comparison of
CBDM with other relevant but more traditional collaborative designs and distributed
manufacturing systems. such as web and agent design and manufacturing systems.

Keywords: CBDM, Crowdsourcing, Customer-oriented manufacturing.

Introduction

Cloud computing also uses technologies such as auxiliary computing, parallel computing, and
virtualization, and therefore in the field of information technology (IT) it has proven to be
a disruptive technology. Scalability, agility, elasticity, on-demand computing, and the provision
of self-service services - these are its key features. Cloud design and production is adapted to
the original paradigm of cloud computing and is introduced into the sphere of computer product
development, thus gaining significant dynamics and attention from the academic and industrial
spheres. CBDM is a network model of product development, meaning that service customers
are allowed to configure, select, and use customized resources and services to implement
products from CAE software to reconfigurable manufacturing systems.

Development of manufacturing systems

Due to changing market requirements and new technologies, production systems have
undergone many significant changes [1]. Tab. 1 shows a brief evolution of production principles
- from the assembly line, to Toyota production systems (TPS), to flexible production systems
(FMS), to reconfigurable production systems (RMS), to web-based and agent-based production
systems, and finally to Cloud-oriented production.

For example, Henry Ford created the first assembly line, which allows the gradual addition
of replaceable parts to the product, then the finished products were produced more efficiently
and cheaper. In the 1960s, TPS was designed to reduce production costs, also known as
just- in- time production systems. TPS are characterized by several principles that help
eliminate losses by reducing waiting time, inventory and the number of defective products.
In the 1980s, FMSs were developed to provide new product variants, allowing a high degree of
functional flexibility. The main advantage of FMS is that it allows the exchange of parts and
assemblies, however, its implementation is usually expensive. According to [2], in order to
quickly adapt production capacity and functionality within a component group in response to
sudden market changes or regulatory requirements, design systems (RMS) are initially designed
for rapid structural change as well as in hardware. and software components [2]. Key features
of RMS include modularity, integrability, customization, convertibility, and diagnostics [3].
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Tab. 1 Evolution of manufacturing systems [1]

Period System Configuration Characteristics
1900th Assembly line Centralized Reduced labor costs
Increased speed of manufacturing
1960th Toyota production Centralized Reduced total production losses
system
Reduced waiting times
Reduced rejects
Continuous improvement
1980th Flexible production Centralized Reduced stocks
systems
Increased productivity
Increased system reliability
Increased diversity of production
Increased utilization of machines
A more flexible response to changes in
production
1990th Reconfigurable Centralized Increased response to market changes
production systems
Reduced time for product commissioning
Shortened delivery time for the implementation
of new production systems
Rapid integration of new technologies
2000th Web and agent- Distributed Improved information sharing
oriented production .
systems Resource reusing
Improved computing performance
Remote monitoring and control
2010- Cloud-based Distributed Reduced time to market
present | manufacturing systems

Reduced costs

Digital environment

Joint production resources

Improved information sharing

Improved resource reusing

Improved machine utilization
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The production systems mentioned before belongs to the category of centralized production
with significant changes in machine tools, plant layouts and business models.
With the development of the Internet, industry is gradually expanding distributed
manufacturing systems. The two main approaches to distributed manufacturing are web-based
and agent-based manufacturing systems. Web systems use a client-server architecture along
with the Internet and provide an easy platform for geographically dispersed teams to access and
share production information through a web browser [4]. Similarly, with the increasing
structural and functional complexity of web-based production systems, agent-based production
systems focus on improving computing performance and agent-based communication [5].
Agent-based manufacturing systems consist of elements (such as manufacturing cells, machine
tools, and robots) that exhibit autonomous and intelligent behaviors, such as search, reasoning,
and learning. For example, an agent is an independent problem solver capable of making
decisions by interacting with other agents and their environment [6].

Requirements for cloud-oriented design and production

Based on the characteristics of Cloud-oriented production systems, it is possible to derive
a checklist of requirements that the design and production system should meet in order to
belong to the area of Cloud-oriented production, and these are [9]:

¢ Providing of social media to promote communication, information and knowledge sharing
in a network design and production environment.

eProviding of distributed cloud-based file systems that allow users ubiquitous access
to design and production data.

e It should have an open programming framework that can process and analyze large data
stored in the cloud.

¢ Providing of a multi-purpose environment where different software can be connected to each
other and cooperate.

e It should be able to collect real-time data from production sources (eg machines, robots and
assembly lines), store this data in the cloud, remotely monitor and manage these production
sources.

e It should support users with a smart search tool to help them answer questions.

e It should provide a tool for pricing and generating immediate bids based on design and
manufacturing specifications.

Communication

Improving communication in the design process is one of the ultimate goals of research in
the field of engineering design. The design of any product is an integral part of the social and
technical process. A key issue in improving design communication is the extent to which design
engineers fully understand the complex design process, in particular the design tasks to be
completed, the individuals from whom specific information can be accessed, the extent to which
the information obtained is distorted, and the impact distorted information on design [10].
In traditional design, communication can be seen as a one-way process with a linear sequence
of design phases, as shown in Figure 1 (a). Due to the use of social media in CBD settings, it is
possible to improve design communication through multiple information channels (e.g., social
networking sites and product control sites), in which information can flow in multiple
directions, as shown in Figure 1 (b). [7]. For example, social media allows design engineers to
work with customers simultaneously by obtaining immediate feedback from customers.
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Fig. 1 Communication in designing process [7]

In addition, traditional computer-aided application tools (eg, CAD / CAE / CAM) were separate
systems and designed for a single user without communicating and collaborating with others.
In CBD settings, engineering design requires more communication and collaboration across
organizations to model, analyze, and optimize design. The use of virtualization and multiple
leasing in CBDM has the potential to enable concurrency with computer-aided design,
engineering analysis, and manufacturing tools. In particular, computer-aided design,
engineering analysis, and manufacturing tools in CBDM settings will allow users in
an interdisciplinary design team to simultaneously create and modify structural elements
of a product model. In addition, according to a recent survey, design engineers spend an average
of 15% of their working time on the phone and receive an average of 50 emails per day.
Communication tools (such as instant messaging, virtual meetings, screen sharing, and social
networking sites) integrated into computer application tools enable multiple channels
of information transfer, which can significantly increase productivity [8].

The process of obtaining resources in the context of CBDM

CBDM enables service consumers to quickly and easily find qualified service providers that
offer design and manufacturing services such as CNC machining, plastic injection, casting or
3D printing through a cloud-based sourcing platform. Fig. 3 illustrates a cloud acquisition
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process that allows consumers to submit RFQs to a search engine and receive a list of qualified
service providers.

Search Engine Consumer

Ly

Crawler

RFQ

Manufacturing Process
CAD Drawings
Expected Price
Expected Lead Time
Expected Quality Level

Manufacturing
Service

A
/
Response to RFQ

o Estimated Price
& o Estimated Lead Time
Service o Estimated Quality Level
Other Content 2
Sources Query
Server

Fig. 2 Crowdsourcing process for RFQ in CBDM systems [8]

The search engine consists of a crawler, indexes, and query servers. The crawler collects
production-related data (such as process variables, machine specifications) from databases,
document servers, and other content sources and stores them in an index. The index sorts this
data by metrics (e.g., price, quality, and geographic location) that users specify. The search
appliance query server provides consumers with search query results in response to an RFQ.
Results are based on specifications such as expected prices, lead times and quality levels.
However, when it comes to web and agent-based design and manufacturing systems, it is not
possible to implement such a computationally expensive sourcing platform that connects
consumers and service providers around the world. Unlike existing 3D printing services, where
users upload design files and print objects from a single location, CBDM allows users to print
their designs to any 3D printer in the cloud, rather than to a specific location. [11]

Information and communication infrastructure

In terms of information and communication infrastructure, CBDM uses 10T (e.g., RFID),
a smart sensor, and wireless devices (e.g., a smart phone) to collect real-time design and
manufacturing data, as shown in Fig. 3.
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Fig. 3 Information and communication structure in CBDM systems [8]

The essence of 10T and built-in sensors is to capture events (eg. inventory levels), represent
physical objects (eg. machine tools) in digital form and finally connect machines to people. For
example, 10T allows engineers to access data such as machine usage, equipment conditions,
and the percentage of defective products from anywhere. For large data generated by IoT-
related devices, engineers can apply big data analytics for forecasting, proactive maintenance,
and automation. However, such seamless connections cannot be provided in web-based design
and manufacturing systems and agents due to their limited data acquisition and computing
capabilities. [8]

Conclusion

In this paper, was discussed the definition for CBDM, identified common key characteristics,
defined a checklist of requirements that any idealized CBDM system should meet, and
compared CBDM with other relevant but more traditional collaborative designs and distributed
manufacturing systems from several perspectives. In particular, CBDM is characterized by
scalability, agility, high performance and affordable computing environments, network
environments, ubiquitous access, self-service, big data, search tools, social media, real-time
bidding, pay-per-use, pooling resources, virtualization, multi-use, crowdsourcing.
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MANUFACTURING EXECUTION SYSTEM OR INDUSTRIAL
INTERNET OF THINGS FOR SMART MANUFACTURING

Miriam PEKARCIKOVA — Michal DIC - Peter TREBUNA

Abstract: This article deals with complexity of Manufacturing Operations Management
compare to Industrial Internet of Things. To understand strategic advantages of the both systems
and understanding how those system will change the way how we produce our products.
Industrial Internet of Things is trying to disturb manufacturing automations standards as ISA-
95 with new functionalities and different models in implementation. 110T brings new way how
to connect our shop floor and brings low cost solutions.

Keywords: manufacturing, internet of things, automatization, system

Introduction
Due to historical reasons, a large amount of the knowledge about production processes

& coordination, machinery usage and ad hoc changes typically resides within workers' heads
(tribal knowledge). Even if this information is captured, it is typically captured in disparate
shop floor systems or in paper based processes. This information is difficult to access and when
complemented with newer technologies, it is creating a counter-productive situation for
manufacturers and production floor. With all the technological advancements happening in
concept ideation, design & manufacturing engineering processes and production/automation
technologies, production processes are challenged with unknown or un-validated “tribal
knowledge”. This gap will be a bottleneck to be more competitive in market space. Early
manufacturing considerations and process maturity should be complemented with meaningful
information capture from production, specifically, shop floor events combined with product
and process context. This information is of tremendous value to support continuous
improvement initiatives. Data collected from shop-floor processes has impact and influence to
many groups within an organization as shown below. The relevant shop-floor information
coupled with context understandable to each target groups will enable the upstream processes
to continuously improve and resolve issues way early in the process. Focused feedback from
upstream engineering can streamline the production orchestration complexities with corrective
actions and process adherence check points within shop-floor.

The Industrial Internet of Things (110T), Cloud and smart devices are bringing a new era
in manufacturing. Creating a ‘Smart Factory’ or ‘Industry 4.0’ production model, they offer a
way for the industry to stay ahead of the curve, producing increasingly sophisticated devices
with greater efficiency and reliability than ever before. Does this mean a move away from
manufacturing execution systems (MES) to a production model that only uses the 110T? f MES
is selected, does that mean systems will not use the power of 110T?

The answer to all these questions is ‘No’. In fact, the answer to whether you should
choose 10T or MES is that, to get the best efficiency, agility and quality from your production
facilities, you should have both.
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Industrial Internet Of Things

The role of the 10T is becoming more prominent in enabling access to devices and
machines, which in manufacturing systems , were hidden in well-designed silos. This evolution
will allow the IT to penetrate further the digitized manufacturing systems. The 10T will connect
the factory to a completely new range of applications, which run around the production. This
could range from connecting the factory to the smart grid, sharing the production facility as
a service or allowing more agility and flexibility within the production systems themselves. The
evolutionary steps towards smart factory require enabling access to external stakeholders in
order to interact with an loT- enabled manufacturing system that is formed of connected
industrial systems that communicate and coordinate their data analytics and actions to improve
performance and efficiency and reduce or eliminate downtimes. These stakeolders could
include the suppliers of the production tools (e.g. machines, robots), as well as the production
logistics (e.g. material flow, supply chain management), and maintenance and re-tooling actors.
The manufacturing services and applications do not need to be defined in an interwinded and
stricly linked manner to the physical system, but rather run as services in a shared physical
world. Some of the main challengges associated with the implemaentation of cyber-physical
systems in include affordability, network integration and the interoperability of engineering
systems. Most companies have a difficult time justifying risky, expensive and uncertain
investments for smart manufacturing across the company and factory level. Changes to the
structure, organization and culture of manufacturing occur slowly, which hinders technology
integration. Pre-digital age control systems are infrequently replaced becaouse they are still
serviceable. Retrofitting these existing plants with cyber-physical systems is difficuktand
expensive.

Manufacturing Operations Management / Manufacturing Execution system

MES is designed to fulfill the needs of a broad manufacturing enterprise, by coupling
front office accounting with the factory supervisory control systems and products. In addition
to linking, MES also closely ties the outputs of these three layers of information systems those
residing in the planning functions, such as MRP, execution functions, such as supervisory
control software or quality control, and control systems that create the data utilized, so that the
enterprise has full access to the separate databases of information that exist within the
organization. MES’s functions such as scheduling, resource allocation, process management,
quality management, and operation analysis, all operate to “translate” the real-time data
occurring on the factory floor into information that is useful from a process control/management
standpoint. This further ripples into other adjunct processes such as labor, equipment, and
materials management; product tracking; and supportive systems such as quality and
documentation.
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Fig. 1 Example of integration of Manufacturing operations system in Smart Manufacturing environment

Next level of Smart manufacturing
The forht industrial revulution, and hence the 4.0 will come about via the Internet of
Things and the internet of services becoming integrated with the manufacturing environment.

The four main characteristics of Industry 4.0/ smart manufacturing

1. Vertical integration of smart production systems — factories are not designed on
a standalone basis. There is a need for the networking of smart factories and smart
production systems

2. Horizontal integration through global value chain network - Integration will facilitate
the establishment and maintenance of networks that create and add value. The first
relationship that comes to mind when we talk of horizontal integration is the one
between the business partners and the customers.

3. Through-engineering across the entire value chain - The whole value chain in industry
is subjected to what is termed through-engineering, where the complete I ifecycle of the
product is traced from production to retirement.

4. Acceleration of manufacturing - Business operations, particularly those involved in
manufacturing, make use of many technologies, most are not innovative or expensive,
and most of them already exist.

In Smart Manufacturing environment, traditional understanding of MES, acting as
a centrilized monolith between the ERP and shop floor automation don’t neccesarily fit with
the use of distributed intelligence and the 110T. This era of systems is coming to their end. It is
important to have lioT connection capabilities within the MES which takes Smart
manufacturing to the next leve. While sophisticated lioT platform can provide data aggregation,
visualization and analysis, its bottom-up approach means it doesn’t see the wider perspective
of manufacturing. Adding an MES solution that is implemented and designed to work within
the lioT environment adds context and end-to-end process connections. This brings enablement
of standardization, enforcement of quality processes and clearer visibility of events in supply
chain.
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Connection between IloT and MES

Collaboration: Modern MES can be understand as common information system for shop
floor, not only throughout plant operations, but also across multiple facilities, suppliers ect.
The key advantage is data consistency, enabling people or temas to work collaboratively and
share data. Modern MES solution brings traceability of components on required level
without any risk of data distortion.

Orchestration: Even separate applications on an 10T platform might carry out the required
functions for smart manufacturing, an MES connect all these peices together for better
optimization and operational outcomes.

Enforcement: we can identify many different processes and procedures in standard
production environment. Whether manual or automatic, machine or Robot or human —
driven, amodern MES is able to controll all processes, policies, procedures and data
correctly. An lloT platform is not aware of the full breadth of operational activities covering
all business processes (Sales, trainings, logistics, assembly, ect.)

Standardization: 1loT environment might bring standardization to difficult level to achieve.
In case of connection 10T and MES, its enables workflows and processes to be roleld out
easily and consistently. 11oT enables machine learning and is adding context which is
provided by the MES so best practices can be clearly recognized and adopted to help increase
engineering efficiency and enhance production performance.

Digital Twin: We can understand MOM/MES solutions as digital twin of the plant and
processes. This digital twin can be used as kind of the framework for dynamic activities
between devices. Value-add and non-value-add production steps can be identified to help
further tune of efficiency. With data about supply chain and business results, the digital twin
creates environment whereby the plant can be fully optimized and business goals met. The
digital twin also helps faculitate faster process introduction by providing rapid feedback and
detailed information about production steps.

Conclusion

When we are talking about new era of production, Industry 4.0 or smart manufacturing,

we are also talking about new era of production systems such as MES or I1oT. However, real
distrubction is decentralization logic and new design which takes an IlloT production
environment to new levels of efficiency. The future shop floor systems should be highly
adaptable and configurable to specific and changing business needs. It needs to enforces,
monitor and help continually with focus on improvement of existing manufacturing processes
as dynamic environment. 10T is one of the biggest leaps forward in last years of manufacturing
technology. It brings many benefits and it cannot be ignored. Modern MES systems shoul be
designed to realize these benefits, enabling and optimizing the transition to an IlloT
environment.
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NEW APPROACHES IN THE DESIGN OF PRODUCTION
AND LOGISTICS SYSTEMS

Olha KOLESNYK — Peter BUBENIK — Miroslava BARBUSOVA — CAPEK Juraj

Abstract: Most small and medium-sized enterprises still use backward types of information
technology and practice. To improve business logistics through the full use of state-of-the-art
technology and policy, this document offers a multi-level cloud platform with computer system
support for virtualization and logistics management, execution, real-time reconfiguration, and
simultaneous and accurate process synchronization. industrial wear technology transforms
traditional assets into cloud assets. In the cyber world, synchronization mechanisms improve
the use of space and resources, while reducing expectations and waste. The platform is being
implemented through two main pilot cases.

Keywords: Cyber-physical E-Commerce Logistics System, iCoordinator, Mobile Gateway
Operating System.

Introduction

The new operating model requires the use of advanced system technologies. However,
information technology and practices still lag in most small and medium-sized enterprises
(SMEs) due to capital constraints and technical thresholds.

IT architecture and solutions lag: there is still a gap between the level of planning and decision-
making and the level of implementation.

» The traditional method of data collection and interaction: operations involve intensive
manual data collection on paper. Information is delayed, and sometimes even missing.

» Unsynchronized resource scheduling and order fulfillment: Unsynchronized sorting can
limit storage space usage. Initial deliveries may take up limited space before waiting and
waiting for the next items in the cache.

 Unstructured automation: A fully automated solution is usually capital-intensive and
equipped with state-of-the-art robotics and equipment.

Several state-of-the-art technologies can be used to facilitate flexible business management.
A cyber-physical system (CPS) is defined as a transformation technology for managing
interconnected systems between its physical assets and computing power. Human-centered
activities in cyber-physical production are developed, modeled, and evaluated to improve
the overall productivity and organization of the plant.

The cyber-physical architecture of logistics e-commerce system

Based on CPS technologies, it develops the structure of the Unified Cyber-physical
E - Commerce Logistics System (CPeLS) from real-time field data collection, through
heterogeneous coordination and resource planning to optimal supply chain synchronization
solutions [1].

The common platform is built on a cloud architecture that provides three levels of cloud service:
Infrastructure as a Service (laaS), Platform as a Service (PaaS), and Software as a Service
(SaaS) in Fig. 1. Which provides systematic integration, deployment, and sharing of several
technologies at logical levels. The implementation of corporate information systems that meet
this standard hierarchy will ensure the suitability and expansion of the system for companies.
Seamless two-way connectivity and real-time compatibility can be achieved between
enterprise, workstation, workstation, and loT application systems. The approach to creating
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a CPS-enabled business logistics platform is generally applicable when other management
standards, strategies or facilities are adopted, whether they replace or complement existing

solutions [1].
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Fig. 1 General architecture of the logistics platform with CPS enabled [1]

At the laaS level, cloud logistics asset (CLA) is the core technology for converting physical
logistics assets into virtualized cloud agents. The main element of the CLA is the Industrial
Wearable Object (IWO), which combines sensor technology and industrial wearables. MGOS
(Mobile Gateway Operating System) is another key technology for achieving virtualization
of physical resources and for the implementation of intelligent management in the software
aspect [2].

At the PaaS level, the following two key components are included: 1 - intelligent coordination
system (iCoordinator), as the main technology at the implementation level, facilitates
the execution of a synchronized order fulfilment process; 2 - intelligent synchronization system
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(iSync), which works at the planning level, is designed to solve synchronization problems in
the logistics parks of the store [2].

At the SaaS level, three services are included: 1 - various stakeholders provide
a multidimensional visualization tool to control relevant synchronization information; 2 -
cyberspace management tool includes the concept of "virtual enterprise” and coordinates
different business logistics scenarios in distributed geographical areas with different business
goals. CPeLS using standardized and open application programming interfaces. CPeLS also
separates the operating environment for deploying prepaid services and provides a secure cloud
for enterprise users. Third, the value-added data analysis tool preserves theoretical and
empirical models for optimizing supply-side and demand-side processes [2].

To ensure data security, all API calls in the proposed system must process authentication. It can
dynamically issue certificates to users, allowing them to enter the active directory environment
as if they had a smart card. In addition, information labels should be used so that the system
can recognize the level of sensitivity of the data when used as outgoing messages [3].

iCoordinator for intelligent operations

Many of the implemented examples are based on innovative CLA technologies. Thanks to
the real working environment in the e-commerce logistics fleet, three typical operations with
CLA support have been created, including intelligent caching, intelligent patrolling
and intelligent consolidation. iCoordinator will provide touch compatibility of these intelligent
operations [3].

¥ Locating and sensing
Cloud Forklifts ¥ Automated guided forklift
¥ Predictive maintenance

BLE Tag

Cloud Pallets Cloud -"“’”W

B . . & Proactive product locating
8 Visioility & Traceability 4 Environment perceiving

¥ Lifecycle management ¥} Smart inventory controlling

Fig. 2 Smart caching with CLA support [3]

Intelligent buffering determines the operational process of internal movement of stored goods
from a specific storage location to another storage location by loaders. This operation involves
various assets, such as pallets, forklifts, shelves and racks. At present, these assets operate
independently and are difficult to manage. Intelligent caching consists of three main
components: cloud loaders, cloud pallets, and cloud storage. Intelligent caching makes physical
assets smart because they can be perceived by others and perceived by those around them. [4]
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iCoordinator performs two main functions, as shown in Fig. 2. On the one hand, it handles
service requests from iSync at a higher cloud level. On the other hand, it collects and distributes
real-time notifications from different types of CLAs through intelligent consolidation, caching,
and patrol operations [4].

InSync for intelligent processes

InSync is responsible for developing optimal task distribution plans and local work and process
plans in stores using advanced mathematical models or solution algorithms. Key users can be
managers, designers, and planners. As shown in Fig. 3, iSync includes delivery synchronization,
transaction synchronization, and order synchronization that correspond to the delivery process,
the warehouse consolidation process, and the delivery process. Different users can use special
synchronization tools and user-friendly interfaces to perform their daily operations and
decision-making. The developed operating mechanisms and optimization methods correspond
to all these synchronization scenarios [5].
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Fig.3 General synchronization scenarios in the e-commerce logistics park [5]

Conclusion

Cloud logistics assets that are subject to industrial transformation transform the company's
traditional logistics assets into intelligent agents with real-time scanning, communication, and
recognition functions. mGOS also provides tools for managing the (re) configuration
of these decentralized collaboration tools.

The CPeLS platform implements the modularization of technological applications. All
the proposed technologies are integrated into a systematic platform that can be easily and
quickly accessed by different users.

To continuously improve the CPeLS platform, it is recommended to conduct future research in
several aspects. First, in addition to technical improvements, it must create an efficient and
effective business model. Gaming theory-based approaches to revenue management should be
explored, considering the preferences of different stakeholders in e-commerce logistics chains.
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Second, during the implementation of the platform, you can capture and collect a huge amount
of data on transactions and transactions. Such data contains a wealth of implicit information
and knowledge that advanced technologies, such as Big Data Analytics, require the provision
of management information and practical guidance in real life. Finally, the impact of the new
policies and regulations on the CPeLS platform is also extraordinary.
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EVALUATION OF PRODUCTION WORKER UTILIZATION
WITH A DIGITAL PARAMETRIC MODEL

Radovan SVITEK — Martin KRAJCOVIC — Ivan ANTONIUK — Marian STAREK

Abstract: The plants are primarily focused on increasing the efficiency of internal processes.
The management of production plants therefore needs to know a realistic picture of their current
state, risks and opportunities, so that the plant's presence on the market is not jeopardized and
they are able to effectively manage internal and external processes. All this will be possible
only through the implementation of new technologies and the transformation of existing
factories through digitization. This combination must be based on the scheduling currently
provided by interactive software scheduling systems. The article deals with the area of using
a software solution for interactive evaluation and capacity sizing of production workers.
Keywords: Industrial Engineering, Digital Factory, Software Solutions.

Introduction

In current industrial practice, innovative solutions are proposed to improve production and
assembly processes or entire production or logistics systems [1]. To implement new
technologies, companies must be able to combine the use of the latest and most available
technologies. The smart solution in the field of production design and evaluation, which
corresponds to current industry trends and the Industry 4.0 concept, is the software known as
CEIT Table.

Recently, great emphasis has been placed on the development of functions in the field
of capacity planning of production workers. Based on these functions, the user is allowed to
create a parametric model of production with a link to individual work tasks. When changing
the production volume, production technology, measuring or setting procedures, the workloads
of individual work positions are recalculated.

Defining current problems of production plants.

Management in the capacity sizing of production workers lacks data, information, methods and
tools for clear evaluation. The problem is that planning is based on principles that have been in
use for more than a hundred years. In companies, many data in electronic form (about 60%) is
a problem, however, that the data do not form structural units that could be used for capacity
dimensioning and evaluation of production workload.

Some data (approximately 40 %) are collected and evaluated at one-day intervals and stored
in paper form, operatively used to identify production problems stored in company archives.
Their use is very laborious and time consuming.

At present, companies also lack a unified software solution for detailed capacity sizing
of employees, which would be based on data from production processes, linked to specific
activities of the production process (absence of digital data model of production).
The combination of long-defined principles of capacity planning with digitization brings
a completely new quality of data necessary for decision-making [2].

The paper deals with own research in the field of using a software tool for capacity sizing
of production workers (creation of a parametric data model of production) and evaluation
of production disposition. The research is carried out in a company engaged in the production
of automotive components. Among the current problems related to the capacity dimensioning
of production workers after the analysis of the current state in the company, we include:
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« Inaccurate planning due to inaccurate or incomplete data.

+ Missing or inconsistent software and evaluation rules, shortcomings in the information flow.

« Human mistakes resulting from an insufficient system of work, missing rules, motivation.

« Oversized, undersized capacities (workers, handling equipment, areas).

« Problematic data acquisition, insufficient validity, and outdated data.

 Undefined valid regulations or only partially, missing regulations, insufficient overview
of the flow of information.

How to solve the problem.
Best methodological procedures, which were at a high level, were supplemented by new
technologies (algorithms) for processing data structures for the needs of capacitive
dimensioning. Evaluation and planning of production capacities consists in collecting
information, processing them, creating analyzes, finding the best design and its verification.
It is a classic methodological procedure, but new technological possibilities give it a completely
different dimension and added value [3, 4]. A digital data copy of a real system is analyzed with
the help of a software tool easier (from the point of view of labor, the possibility to make
a change, etc.) than this analysis would have been done in the past.
CEIT Table software was used for the solution, which was the subject of research in the
previous activity. Capacitive dimensioning in the software consists at the very beginning in
the processing of input data. The basic input data needed for the analysis of the capacity
utilization of workers can be divided into the following categories, data directly related to
the machinery:
* Regular activities (activities related to the volume of production).
= Loading / unloading on a belt, directly into the machine with workpiece clamping, on
a pallet.
* Visual inspection of part machining.
= Semi regular activities (semi - regular activities).
= After a certain number of pieces, check the sample (hardening process, etc.).
« Irregular activities (activities that do not change with the volume of production).
= Service activities at the workplace, cleaning, morning consultation with the manager.
« SMED activity (proportion of sorting time per change).
+ Autonomous maintenance activities (share of maintenance time per change) [7, 8].

s =y

Fig. 7 Hierarchy of assembled digital model of production dispositio_n

[Source: Authors, 2020]
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The creation of a data model of the production system takes place based on the current state,
automatic import of data or their manual insertion. After entering and hierarchical assignment
of all data Fig. 1, the calculation takes place in the background and its constant updating.
Mathematical algorithms connect the structures of individual input data and generate output
data using established rules, from which output analyzes of capacity utilization of production
workers are created.

From the collected data, a digital data model is created in the software environment, which is
supplemented by a 3D Fig. 2 representation of the production space for a better perception
of the interconnections of some data and data structures.

Fig. 8 Virtual representation of production space in a software environment
[Source: Authors, 2020]

Based on the creation of a digital representation of individual work tasks (with a defined time
intensity), it is possible to assign them in the software to job positions on the basis
of a technological process, or the knowledge of production managers [5, 6]. It is then possible
to quantify the amount of capacity required for multi-machine operation or to evaluate
the uneven capacity utilization of production personnel.

After changing any input parameter of the digital data model of production, the created links
are recalculated in the software and the user has an up-to-date overview of the impact
of the entered changes. The basic parameter that influences the change in the workload
of production workers is the production quantity of individual products just determined (Fig. 3).
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Fig. 9 Overview of produced quantities of individual product groups
[Source: Authors, 2020]

Evaluation of the results of practical application
At the production stage, the production workers have the task of machining the supplied raw
material in the form of a forging into the form of a finished customer component, which will
serve as an input to the assembly of the engine or gearbox.
Manufacturing operations are divided into individual points according to the nature
of machining, starting with hard turning and ending with thermo-chemical surface treatment
of the machined component.
Workers have prescribed tasks that ensure the smooth running of production.
These are measuring operations according to established test procedures. Tool change, subject
to adjustment, based on a delta of machining tools. Operations related to the regular inspection
of machine parts or operating fluids in the form of prescribed work procedures.
With the help of the tool, we created several variants of the layout of prescribed production
operations for individual job positions / workers.
After making any change, the system interactively evaluated the impact and recalculated
the resulting parameters of the required capacity of the personnel of the proposed production
system. The production system has changed:
« Distribution of operations evenly on individual employees according to the analyzed time
consumption of the given operations using the MTM UAS methodology.
* Number of individual workers at individual production workplaces.
« Installation of workplaces (Fig. 2), placement of material entering the assembly in range
zones up to 3 [m] (prevention of losses caused by walking).
» Replacement of machinery, more modern design, automated some operations, automatic
detection of material defects after processing.
* Inter-operational manipulation at individual workplaces, use of drop conveyors, storage
conveyors, etc.

The results of the analyzes confirmed the above-mentioned problems with the capacity
dimensioning of production workers (by creating a parametric data model of production) and
the evaluation of production disposition.
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Pozicia_6 Pozicia_TL

Fig. 10 Capacity utilization of employees by prescribed activities in valid documentation
[Source: Authors, 2020]

There is a discrepancy between the software evaluation see Fig. 4 and the opinion
(expert judgment based on experience) of the production capacity planning officer.
After the presentation of all input data, the opinion is concluded that there are still activities that
are not prescribed by the valid documentation or are not clearly quantified in terms of frequency
/ duration. Tab. 1 shows an example, the analysis of the capacity utilization of the workers
of the production stage by the activities defined by the valid documentation. Subsequently,
an increase in capacity utilization by activities that do not have a valid agreed regulation (valid
documentation), but from the point of view of the process are necessary to maintain the quality
set by the customer (absent in the calculation, it is generating a loss of 28.9% of production
staff capacity).

Tab. 5 Analysis of capacity utilization of production workers [Source: Authors, 2020]

Rankings: According to the At the discretion of TL [%0]: Difference [%0]:
documentation [%6]:
Person 1 87,9 90,0 2,1
Person 2 86,1 86,1 0
Person 3 112.,4 112,4 0
Person 4 55,4 82,2 26,8
Person 5 111,9 111,9 0
Person 6 70,4 70,4 0
Person TL 33,7 33,7 0
Sum: 28,9

Distribution of individual production operations based on the analysis of them time
consumption allowed us to more optimally distribute the tasks (Fig. 5) of job positions (Fig. 6)
and thus more evenly utilize individual production workers.

Paozicia_6 Pozicia TL

Fig. 11 Utilization of employees capacities by activities without valid documentation
[Source: Authors, 2020]
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Together with the elimination of waste in the form of: walking between machines, unstable
machinery, or incorrect redistribution of mandatory tasks, the proposed changes found that
the need for production workers at a particular stage is two less than the number actually
allocated for production (personnel records — nine employees). This represents a significant
saving (22 % reduction) in terms of staffing needs.

Fig. 12 Hlustrative filling of individual job positions in production (without TL)
[Source: Authors, 2020]

Based on the mentioned changes and research in this area, it is possible to design production
workplaces and capacity utilization of workers more optimally. With the help of a software
solution, it is possible to reveal a significant potential for the redesign of existing production
systems.

Conclusion

New functionalities of software solutions are now necessary in creating and evaluating
the design of complex production structures. Software solutions that encourage mutual
communication and interaction of individual system objects offer an effective tool for creating
a design, which can then be changed without demanding changes to each element of the system.
Thus, a supportive design tool with interconnected and communicating elements can provide
information and feedback in the process of creating change for further decision-making
of industry organizations. It helps to reveal a discrepancy between the design and reality,
quantifies the difference, helps to reduce unnecessary losses of the production company.
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NAVRH A IMPLEMENTACIA OPTIMALIZACIE PRACOVISKA NA
VYROBU ELEKTROMOTOROV

Michal SASIADEK — Jozef TROJAN — Marek MIZERAK — Ladislav ROSOCHA

Abstract: Digitalna budicnost’ priemyslu je jedna z najnalichavejSich tém vo svete, aj na
Slovensku. Digitalizacia otvara vyrobnym tovariiam nové prilezitosti pre zrychlenie a
zefektivnenie vyroby. Ulohou ¢loveka je zabezpeéit' zodpovednu “inteligentnii” infradtrukturu
na novodobé poziadavky. Preto je ddlezité porozumiet’ vplyvu digitalizacie na podnikanie
firiem ¢i na ekonomiku, vplyvu inteligentnych technoldgii na okolité prostredie a jednotlivé
procesy. Digitalizacia zasadne ovplyvni ako budeme v buducnosti vyrabat’ produkty a ako buda
vyzerat’ energetické siete, ale prinesie aj zdsadné ekonomické a socidlne zmeny. S pomocou
nastroja Tecnomatix Process Simulate budeme modelovat’, analyzovat’ a verifikovat procesy
na urovni vyrobnej tovarne az na uroven vyrobnych liniek a pracovnych stanic. V modeli buda
zakomponované inteligentné prvky konceptu ,,Priemysel 4.0%.

Keywords: automatizacia, digitalizacia, Priemysel 4.0, Tecnomatix

Uvod

V sucasnosti priemyselnd vyroba prechddza vyznamnou transformaciou, ¢o sa tyka spdsobu,
akym vyrabame vyrobky - vd’aka digitalizacii vyroby. Tento prechod predstavuje autonémnu
automatizaciu v priemyselnych procesoch, a oznacuje sa ako Priemysel 4.0, ktory predstavuje
Stvrta revoluciu, ku ktorej doslo vo vyrobe.

Priemysel 4.0 prinasa to, ¢o sa nazyva "inteligentna tovaren", v ktorom kybernetické fyzické
systémy monitoruju fyzické procesy tovarne a robia decentralizované rozhodnutia. Fyzické
systémy sa stavaju internetom veci, komunikuji a spolupracuju navzajom aj s 'ud’'mi v redlnom
Case prostrednictvom bezdrotového webu [1], [2].

Industry 4.0 je prechodom, ktory je zaloZeny na datovej a automatizacnej technologii, ktora
moze transformovat’ kazdy krok vyrobného procesu z dodavatel'ského retazca a podniku na
obchodnych a koncovych uZivatel'ov. Cielom je zvysit' produktivitu a inovéacie a posilnit
podnikanie v integrovanom vyrobnom prostredi riadenom udajmi.

V naSom ¢lanku sa budeme venovat’ optimalizéacii vybraného pracoviska vo vyrobnom podniku
prostrednictvom softvéru Tecnomatix Process Simulate od spolo€nosti Siemens. Dané
pracovisko nutne potrebovalo technologicki a softvérovii modernizaciu, odstranenie
niektorych zbytocnych tikonov a znizenie vel'kého poctu operacii. V spominanom softvéri sme
si vytvorili sifasny stav pracoviska a postupne sme ho pretvarali na modernejsi a uspornejsi
poZzadovany stav. Nakoniec sa ndm podarilo dosiahnut’ stanoveny ciel’, ktoré¢ho vysledky buda
blizsie rozobraté v ¢lanku [3].

Porovnanie povodného stavu pracoviska s novonavrhnutym

Z hladiska inovativnych technolégii je povodny stav pracoviska zastarany. Mnoho uloh sa tu
vykonava rucne, takZe je nutnd reorganizdcia a optimalizacia [4]. Pracovisko na vyrobu
elektromotora pozostava z 27 prevadzok, ktoré su oznacené velkymi pismenami Pl a
zodpovedajucim ¢islom prevadzky. Takto oznaceny proces vyroby je od prvotnej kontroly, cez
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lisovanie, testovanie, vytvrdzovanie, lepenie, montdZ az po konec¢nll kontrolu. Obrazok 1
zobrazuje pdvodné usporiadanie pracoviska.
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Obr. 1 Pévodné usporiadanie pracoviska

V tabulke 1 vidime prislusné casy, pocas ktorych sa vykondvaju operacie na pracoviskach a
celkovy ¢as vyroby motora. Operacie, ktoré potom zoskupime, su farebne zafarbené.

Tab. 6 Trvanie jednotlivych operacii

Previdzkové | o o min) | PI-100 0,0333

oznacenie
PI-20 0,7725 PI-110 0,2525

PI-20 2 0,236 PI-120 0,1801
PI-30 0.2390 PI- 130 0,0717
PI- 40 0,268 PI-220 0,1301
P1-50 0,1967 PI - 230 0,146
PI- 60 0,1336 PI - 240 0,144
PI-70 0,2813 PI - 250 0,2661

~ Celkovy ¢as |
PI - 80 0,196 PI-300 0,01 viroby 5,3158
motora

PI-90 0,3042

Po zluceni prevadzok, ktoré boli v tabul'ke oznacené Zltou, modrou a fialovou farbou, sme
vytvorili ucelenejSie a transparentnejSie usporiadanie a plynulejsi tok materialu pocas vyroby.
Farebne oznacCené operacie sme nahradili tromi vysoko presnymi robotickymi strojmi, ktoré
vykonavaju tlohu ovela rychlejsie a efektivnejsie (Obr. 2). Ulohou &loveka bolo umiestnit
material na ur¢ité definované miesta v tychto strojoch a potom odniest” hotové vyrobky [5], [6].
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Obr. 2 Optimalizované pracovisko

V tabul’ke 2 mdZeme vidiet’ vyrobné ¢asy na jednotlivych pracoviskach po zmene. Vidime, Ze
pocet operacii klesol z 27 na 11, €o je viac ako polovica. Nahradenie manualnej prace robotmi
nam umoznilo znizit’ ¢as vyroby jedného elektromotora z 5,38 minuty na 2,24 minuty, ¢o ma
pre tuto spolo¢nost’ vel'ky vyznam.

Tab. 7 Trvanie operacii po zmene

Prevadzkové

oynafenie Cas (min.) P1-90 0,3948
PI-30 0,239 PI - 100 0,0259
PI - 40 0,2812 Stroj 1 0,2666
Pl -50 0,2589 Stroj 2 0,2666
PI - 60 0,1777 Stroj 3 0,2666
PI-70 0,2893 Vﬁi‘;‘;zoé;sm 2,2415
PI - 80 0,2951

Zaver

Dnes modzu roboty vykonavat' rézne ulohy a pouzivaju sa takmer v kazdom priemysle.
Interakcia ¢lovek - stroj sa Coskoro stane beznou kazdodennou praxou. Na danom pracovisku
sme sa preto rozhodli nahradit’ manudlne naro¢né operacie robotmi [7], [8]. Vysledkom je
plynulej$i tok materialu, zjednodusenie vyrobného procesu a po prvé skratenie vyroby
elektromotora o viac ako 3 minuty. Po zavedeni tejto inovacie mdze spolo¢nost’ vyrabat’ viac
elektromotorov stcasne.
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THE IMPACT OF DIGITIZATION ON THE DEVELOPMENT
OF HUMAN POTENTIAL

Miriam PEKARCIKOVA — Peter TREBUNA - Stefan KRAL — Michal DIC

Abstract: Existuje mnoho l'udi, ktori tvrdia, Ze 'udsky faktor uz nebude v buducnosti vo vyrobe
potrebny. Nie je to len nespravne, ale z ekonomickych dovodov to nemé zmysel. Inteligentna
vyroba znamena nielen vysoky stupen automatizacie, ale taktiez zvysSenu potrebu pracovnikov,
ktori  disponuju  expertnymi  vedomostami  V Specifickych  odvetviach, taktiez
interdisciplinarnymi schopnostami a zrucnostami ovladat nové technologie a softvéry
Vv sucinnosti S tzv. mikkymi zru¢nostami, ktoré nie je mozné automatizovat’ ako planovanie,
koordinacia, vedenie, kooperacia. Clanok sa orientuje do problematiky buducnosti pracovnej
sily v kontexte digitalizacie.

Abstract: Many people claim that the human factor will no longer be needed in production in
the future. Not only is this incorrect, but for economic reasons it does not make sense. Intelligent
production means not only a high degree of automation, but also an increased need for workers
who have expert knowledge in specific industries, as well as interdisciplinary skills and abilities
to control new technologies and software in conjunction with the so-called soft skills that cannot
be automated such as planning, coordination, leadership, cooperation. The article focuses on
the future of the workforce in the context of digitization.

Keywords: digitalization, work, automatization, technology

Krudové slova: digitalizacia, praca, automatizacia, technologia

Uvod

Technologicky pokrok rapidne posuva hranice medzi pracovnymi tlohami, ktoré realizuju
ludia aktoré st zabezpeCované prostrednictvom strojov a algoritmov. Pokial' bude tato
transformécia vedend rozumne, povedie nielen k zvySeniu produktivity, ale taktiez k
zvySovaniu kvality Zivotnej irovne. V opa¢nom pripade moze predstavovat riziko rozSirovania
rozdielov v kvalifikacii, nerovnosti a vd¢sej polarizacii. Vyskumy World Economic Forum
spracované v sprave (pre ¢asovy ramec 2018-2022) ,,Future of Jobs Survey 2018 naznacuju,
ze do roku 2022 je mozné vplyvom zavadzania technoldgii do existujucich pracovnych miest
o¢akavat’ uvol'nenie pracovnikov a ich presun na pracovné miesta, ktoré budii zamerané na
uvazovanie a rozhodovanie.

Rozdiely medzi pracou dnes a v budiicnosti, ktoré stivisia so zavadzanim novych technologii a
digitalizaciou su zobrazena na obr.l. Jednd sa o zmenu charakteru Cinnosti, ktoré budia
zabezpeCované pracovnikom, a ktoré budi automatizované. Pracovnik uZz nebude priamo
zabezpecovat’ tvorbu pridanej hodnoty, ale napli jeho prace bude zamerand na monitorovanie
procesov a robotov, udrzbu zariadeni, = vyhodnocovanie dat a spracovanie analyz,
a pod. Cielom transformacie by malo byt’ vyuzitie novych technologii pre dosiahnutie vyssej
urovne efektivnosti vyroby a spotreby, expandovanie na nové trhy s vyrobkami, ktoré
reflektuju potreby globalnej spotrebitel’skej zakladne.
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RozDIELY MEDZI SUCASNOU A BUDUCOU PRACOU VO VYROBE
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Zdroj: Roland Berger

Fig. 1 Rozdiely medzi pracou dnes a v budiicnosti vplyvom Industry 4.0 [19]

Podla zdroja [18] budu vplyvom Industry 4.0 vznikat’ nové hybridné odvetvia, ako digitalna
medicina, presné polnohospodarstvo a inteligentna vyroba. Tie podporia vznik novych
pracovnych miest, ktoré mo6zu mat’ podobny charakter, ale budu si vyzadovat’ vynikajlice
analytické schopnosti a zrucnosti pri pouzivani digitdlnych technoldgii. Stroje preberu
manudlnu a rutinnu pracu a l'udia sa budu realizovat’ cez svoje jedine¢né schopnosti a zru¢nosti,
ako su tvorivé rieSenie problémov, komplexné formy komunikacie, schopnost’ prisposobit’ sa
nezndmym situaciam.

Spolupraca ¢lovek vs. robot predstavuje iny spdsob zvySovania produktivity, kedze je
vysledkom kombinacie flexibility ¢loveka a presnosti a konzistencie stroja (prikladom je napr.
spolo¢nost’ Amazon, ktora v dosledku kooperacie ¢lovek - robot plni objednavky az o 70%
rychlejSie — roboti zabezpecuji vychystdvanie, l'udia zlepSuju procesy zaskladiovania,
vychystavania a kompletizacie objednavok). Internet vyuzivany v priemysle zvySuje pruznost’
systému ako celku. Pripojenim sa do siete odkialkol'vek je pracovnik schopny asynchronne
a dial’kovo pracovat’ na rieSeni problémov tykajucich sa strojov, nastaveni strojov samostatne,
resp. v koordinécii s on-line pripojenymi spolupracovnikmi.

Vplyv digitalizacie na rozvoj Pudského faktora

Ludsky faktor v kontexte Industry 4.0 bude stdle jednym z najdolezitejSich faktorov. Bude
stCastou inteligentnej tovarne prostrednictvom kreativnych a asociativnych kompetencii.
Jedna sa o prirodzené schopnosti ¢loveka jeho inteligenciu, kreativitu, motoriku a empatiu
zodpovedne a rozumne nasadit’ pri rieSeni roznych situacii. Toto bude rozhodujice pre uspech
Industry 4.0. Ulohy a aktivity, ktoré by mal 'udsky faktor v zmysle Industry 4.0 zastavat’ je
podl'a [ 18] mozné kategorizovat’ nasledovne:

1. Ludské zmyslové (senzorick€¢) schopnosti: aj Vv buducnosti budi vo vyrobnych
procesoch vznikat’ zlozit¢é a nejednoznacné situdcie, ktoré bude potrebné riesit’
nasadenim l'udského faktora.

2. Ludska schopnost’ rozhodovat’ sa, a s tym spojeny spdsob myslenia: riesit’ konflikty
medzi zosietovanymi strojmi a zariadeniami, rozhodovanie v kritickych situaciach.

3. Ludska reakcieschopnost’ a schopnost’ vyjednavat’: zloZitost' systému, nepravidelné
opakovanie, flexibilita, vyuzitie modernych technolégii, reakcie v redlnom case.
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Monotonne Cinnosti sa zautomatizuju a zrobotizuju, ¢im sa dosiahne vysSia produktivita,
efektivnost’ a kvalita produkcie, zlepsi sa vyuzite'nost’ pracovného Casu, ked’ze straty ¢asu uz
nebudl tvorit’ prestoje suvisiace s prestavenim a nastavenim stroja, resp. s jeho udrzbou. So
zvySovanim produktivity, dochaddza aj k zvySovaniu miezd a zvySovaniu Zivotnej urovne. V
zdroji [18] je uvedené, ze v sti¢asnosti je v priemysle zavedenych 2 miliony robotov, v SR je to
predovsetkym vo finaliza¢nych tovariiach automobiliek. Samotné pridavanie robotov (nejedna
sa 0 vymenu l'udi za robotov) vytvéara celosvetovo az 0,4% HDP ro¢ne. Robotizécia teda
neznamend zvySovanie nezamestnanosti, ale zmenu charakteru naplne prace, zvysené naroky
na kvalifikdciu, nadobudnutie novych znalosti a kompetencii so zameranim na sofistikované
aktivity.

Podra prof. Mindella (prickopnik autonémnej robotiky) najvysSou formou technologie nie je
uplna samostatnost’, ale automatizacia a autondmnost’ stroja ,,elegantne* prepojena s 'ndskym
operatorom.

Clovek bude zastavat’ vyznamné postavenie v svislosti Sjeho odbornymi znalostami
a zrucnostami v oblasti vyrobnych a zdkaznickych potrieb s potencidlom vyvoja technologii,
ktoré budu odpovedat’ na nové buduice trendy. Hlavnym cielom Industry 4.0 je vyuzit’ silné
stranky 'udi a robotov a smerovat’ k ¢o najvyssej miere efektivnosti a produktivity vyroby, obr.

.
Fig. 2 Ludsky faktor v Industry 4.0 [18]

Hlavnym hnacim motorom organizicie prace v budicnosti bude schopnost’ kreativne
a inovativne mysliet’ a zrealizovat’ ndvrhy prostrednictvom existujucich technologii. Hlavnou
ulohou manazmentu podniku bude predovSetkym motivacia svojich zamestnancov. Roboti
budu nad’alej dostavat’ inStrukcie od ¢loveka. [18] Vyrazne stipne vyznam tzv. emocnej
inteligencie, ktora je predpokladom prace v timoch. Vzajomna interakcia a motivacia buda
hlavnym motorom rozvoja podnikov. Potrebna je zmena hierarchie hodnot ¢loveka a podniku,
ktoré by mali byt’ postavené na pocite istoty.

Industry 4.0 je potrebné chapat ako koncept, ktorého cielom je zvySovanie
konkurencieschopnosti cez kolaboraciu a zosietovanie, podporu kreativity a inovativnosti,
efektivneho vyuzivania zdrojov, odstranenie monoténnej a fyzicky namdahavej préace,
vytvarania cCistejSiecho a bezpecnejSicho pracovného prostredia, zostladenie pracovného
a rodinného Zivota.

Sprava ,,Future of Jobs* (2016, Svetové ekonomické forum) poukazuje na potrebu zavadzania
modelu celozivotného vzdeldvania, ako jednu z moznosti pripravy odbornikov v pozadovanom
odbore. S tym vsak stvisi potreba tvorby novej infrastruktiry vzdelavania, ktora zabezpeci
kontinualnu zmenu profesnej a vzdelanostnej Urovne. V tejto stvislosti vyvstdvaji dva
problémy, a to mentalna sposobilost’ populécie k trvalym procesom v tvorivej praci a problém
adaptacie populacie na transformaciu komplexnych systémov. V dosledku geografickych
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nerovnomernosti a polarizacie globalneho trhu prace a Vv sucinnosti s narastajicou silou
informac¢no-komunikacnych technoldgii vzrastie vyznam prace na dialku (flexibilna praca).
Snahou bude zabezpecit kvalifikovani pracovnu silu so zru¢nost’ami, ktoré podniky potrebuju.
Tradicné modely zamerané na trvalé pracovné pomery budu vytlacané ,,pracovnikmi na vol'nej
nohe®, ktori budu schopni zaplnit’ tento deficit zruénosti. [15, 16, 17]

Inteligentnd vyroba znamena nielen vysoky stupeii automatizacie, ale taktiez zvySenu potrebu
pracovnikov, ktori disponuju expertnymi vedomostami v Specifickych odvetviach, taktiez
interdisciplinarnymi schopnostami a zru¢nostami ovlddat’ nové technoldgie a softvéry
V sucinnosti s tzv. makkymi zru¢nost’ami, ktoré nie je mozné automatizovat’ ako planovanie,
koordinacia, vedenie, kooperacia, apod. Zvysi sa dopyt po tradi¢nych pracovnych poziciach
Vv oblasti IT (vyvoj softvéru, vyvoj a vyskum systémov pre zvysenie elektronickej bezpecnosti,
tvorba dizajnu informacno-komunikacnych sieti, apod.). Novy trh prace bude vyzadovat nové
zrucnosti a schopnosti zaloZzené na podpore integracie digitalnej a I'udskej pracovnej sily.
Funk¢nost’ zariadeni a vyuzitelnost technologii je zavisla od znalosti zamestnancov s takymito
zariadeniami a technoldgiami pracovat. Dolezité klast doraz na efektivnu pripravu
a vzdelavanie v Skoléch aj vo firméch.

Vzdelavanie sa bude musiet’ zdynamizovat’ a prisposobit’ sa neustdlemu vyvoju digitalnych
technoldgii a zabezpecCovat’ pravidelné aktualizovanie znalosti a zrucnosti pracovnej sily
v podobe tvorby platforiem pre proces neustaleho ucenia sa. Skolenia a tréningy sa stan(i
Standardom v procese neustaleho zlepSovania podnikovych procesov s cielom dosiahnut’
konzistentné vysledky. Pokrok nielen v oblasti technol6gii znamena, ze pracovnik bude musiet’
disponovat’ znalostami a kompetenciami v réznych odboroch. Pre podnik sa stane pracovnik
investiciou a nie ndkladom. Uz teraz je potrebné reflektovat’ na tieto skutocnosti a 'udi nastavit’
na proces celozivotného vzdelavania.

Zaver

Dosledkom vplyvu digitalnych technologii na vyrobné a obchodné procesy budi zmeny,

ktorym bude potrebné Celit” experimentovanim s novymi modelmi a reformovanim systému

vzdelavania a odbornej pripravy. Flexibilné vzdelavanie bude musiet’ kopirovat’ potreby trhu

prace. Klasicky sposob vzdeldvania formou vykladu sa bude musiet’ pretransformovat’ na

interaktivny spOsob zamerany na podporu rozvijania kreativity, analytickych schopnosti

a kritického myslenia.

,,Podrla stidie McKinsey (2017) by do roku 2030 mala automatizacia nahradit’ celosvetovo 400

az 800 mil. pracovnych miest aazv 60% povolani musi byt viac ako 30% cinnosti

automatizovanych. Podl'a analyz az 65% deti nastupujtcich dnes do zakladnych §kdl skonci

V type povolani, ktoré dnes este neexistuji.* [14]

S ciel'om vyuzit’ transformacny potencial Stvrtej priemyselnej revoltcie budu lidri podnikov vo

vSetkych odvetviach a regionoch stale viac podnecovani k vypracovaniu komplexnej stratégie

pracovnej sily, ktord bude pripravena reagovat’ na vyzvy tejto novej éry urychl'ujicich sa zmien

a inovacii.

Medzi kl'acové faktory, ktoré budi musiet’ zvazit’ patri [13]:

* zmapovanie rozsahu prebiehajucich zmien v zamestnani a dokumentovanie vznikajucich a
klesajucich typov pracovnych miest,

+ zdodraznenie prilezitosti na vyuZivanie novych technoldgii na zefektivnenie 'udskej prace a
zlepSenie kvality pracovnych miest,

* sledovanie vyvoja zru¢nosti pozadovanych v suvislosti so s pracou,

* zdokumentovanie potrieb investicii do rekvalifikdcie, zvySovania kvalifikdcie a
transformécie pracovne;j sily.
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VYLEPSENIE VYROBNYCH PARAMETROV V ZAVODE NA
SPRACOVANIE RYB ZA POMOCI SIMULACIE

Marek KLIMENT — Peter TREBUNA — Richard DUDA — Tom4s§ SVANTNER — Jin
KOPEC

Abstrakt: Prispevok sa zaobera ¢innost'ou vyrobnej spolo¢nosti na spracovania ryb a vyrobu
roznych vyrobkov z nich. Popisuje vyrobny proces niektorych druhov vyrobkov, jeho potreby
a mozné nedostatky. Ciel'om projektu je eliminovat’ niektoré nedostatky v tomto vyrobnom
procese, pripadne ich inovovat’ a vylepsit. Pre demonstraciu zlepSenia parametrov vyrobného
procesu sme vyuzili prostriedok simulacie. Ako simula¢ny néstroj sme uplatnili softvér
Tecnomatix Plant Simulation a niektoré jeho prostriedky.

Kruacové slova: Simulécia, kvalita, vyrobny proces, efektivita

Uvod
Simulaciu je mozné definovat’ ako imitaciu redlneho procesu, alebo systému v priebehu casu.
Na to aby bolo mozné simulédciu vytvorit’ je potrebné najprv vytvorit’ model. Model musi
obsahovat’ hlavnl charakteristiku alebo funkciu daného fyzického alebo abstraktného procesu,
alebo objektu. Simulédcia predstavuje cinnost” suboru procesov v case, pricom model
predstavuje samostatny systém. Je mozné ju uplatnit’ za réznych okolnosti, za tcelom
optimalizacie vyrobného procesu ako celku, za ucelom optimalizacie vykonu niektorej z Casti
systému, pre overenie celkovej efektivnosti tohto systému. Dalej sa moZe pouZit’ na preukazanie
pripadnych skuto¢nych u¢inkov alternativnych podmienok a postupov. Simulacia sa pouziva aj
vtedy, ked’ skuto€ny systém nie je mozné zapojit, pretoze nemusi byt pristupny, alebo moze
byt nebezpecné alebo neprijatelné zapojit’ sa, alebo je navrhnuty, ale este nie je postaveny.
Cielom simulécie je dosiahnut’ vysledky, ktoré moZno preniest’ do inStaldcie v skuto¢nom
svete. Navyse, simuldcia definuje pripravu, vykonanie a vyhodnotenie starostlivo riadenych
experimentov v ramci a simula¢ny model. Spravidla spustite simula¢ni $tadiu pomocou
nasledujtcich krokov, ktoré su zobrazené¢ na Obr. 1:
e Najprv sa pozrite na inStalaciu v skuto¢nom svete, ktoru chcete modelovat’ a zozbierajte
udaje, ktoré ste potrebovali na vytvorenie simulaéného modelu.
e Tuto abstraktnu inStalaciu potom abstraktne vytvorite a vytvorite svoj simulacny model
podla cielov simula¢nych $tadii
e Potom spustite experimenty, t.j. vykonate simulacné procesy s vasim simulaénym
modelom. To prinesie mnoZstvo vysledkov, napriklad ako Casto stroje zlyhaju, ako
Casto su blokované
e Dalsim krokom bude interpretacia udajov, ktoré simulaéné procesy produkuju.
e Nakoniec, vedenie manazmentu pouZzije vysledky ako zadklad pre svoje rozhodnutia o
optimalizacii
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Obr. 3 Principy similacie

Simula¢né modelovanie bezpecne a efektivne poskytuje rieSenie problémov v skuto¢nom svete.
Poskytuje dolezitt metédu analyzy, ktord je Tlahko overitelnd, komunikovatelna
a zrozumitel'nd. Simula¢né modelovanie v r6znych odvetviach a disciplinach poskytuje cenné
rieSenia tym, ze poskytuje jasny prehl’ad o zlozitych systémoch. Velkymi vyhodami su:

e Bezrizikové prostredie,
Uspora ¢asu a pefiazi,
Vizualizacia,
Néhl'ad do dynamiky,
Zvysend presnost’,
Zvladnutie neistoty.

Vyrobny proces v spolo¢nosti

Spolocnost’, ktorej problematikou sa zaobera tento prispevok posobi na domiacom ako aj
medzinarodnom trhu niekol’ko desatro¢i a vo svojom sortimente ponuka velké mnozstvo
produktov rozneho druhu. Ide o rézne druhy Salatov, zavinacov, mrazenych a idenych rybacich
vyrobkov a podobne. Bolo by vel'mi narocné v jednom simulacnom projekte zachytit’ vyrobu
vSetkych druhov vyrobkov naraz, preto bolo zvolenych niekol’ko vyznamnych vyrobkovych
reprezentantov a pri tychto boli rieSiené dané vyrobné problémy. Tymito vyrobnymi
reprezentantmi budu Treska a Parizsky Salat. Tieto vyrobky patria medzi najpredavanejSie
produkty tohto vyrobcu doma aj v zahranici.

Priebeh vyroby tresky
Vyrobny proces Tresky sa zacina prijatim zmrazenych ryb zo skladu. Pred spracovanim

sa mrazena rybacia surovina vybali z transportnych obalov a uklada sa do rozmrazovacieho
boxu, kde nastadva samotny proces rozmrazovania. Rozmrazovanie prebieha v popoludnajsich
a no¢nych hodinach. Doba rozmrazovania je 15 az 24 hodin. Po ukonceni rozmrazovacieho
procesu sa surovina vybali z folif a zarove sa kontroluje kvalita rozmrazenej suroviny. Dal§im
procesom je varenie vo varnych komorach, ktoré trva priblizne 90 minut. Po uvareni sa surovina
schladzuje vzduchom v ochladzovacej komore priblizne 30 az 45 mintt. Nasledne sa uvarena
ryba dochladzuje vodou priblizne 30 az 45 minat. Vychladena uvarend rybacia surovina
sa postiva na marinovanie, ktoré trva 12 az 15 hodin. Po uplynuti doby marinovania sa lak
vypusti a ndsledne sa surovina poreze na mlynceku. Takto spracovany polotovar je pripraveny
na vyrobu Tresky. Dal§im procesom je pripravenie sterilizovanej zeleniny, ktora sa musi
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oplachnut’ a nasledne po vysypani do naddob so sitom nechd minimalne 5 minat odkvapkat.
Dalsie potrebné polotovary ako majonéza st vopred pripravené a ulozené na svojom mieste,
odkial’ sa presunie predpokladany objem na dany deil na navazku. Ostatné pridavné latky
sa navazia podl'a materidlovej normy a priddvaju sa pri navazke zmesi na Tresku. Po navazeni
jednotlivych polotovarov a pridavnych latok sa nddoba presunie do vyrobnej miestnosti, kde
prebieha predposledna faza vyroby. Navazena zmes sa vysype do stroja, v ktorom prebicha
mieSanie a vymie$and zmes Tresky sa nésledne presuva do zasobnika. Zmes zo zéasobnika
sa postupne presuva do stroja a prichadza k samotnému plneniu Tresky do vopred oznacenych
téglikov. Stroj vyznaci spravny datum spotreby. Vyrobky sa nasledne presuvaji po dopravniku
ku procesu balenia. Na tomto dopravniku je umiestneny snimag, ktory skenuje cely vyrobok.
Tento snima¢ kontroluje, ¢i je na tégliku spravne vytlateny dadtum minimélnej spotreby

(Obr. 2 a)).
b)

Obr. 4 Kontrola ditumu minimalnej spotreby b) Balenie vyrobkov do kartonov

Pokial’ na baleni datum nie je vytlaceny, snimac tento vyrobok automaticky vyradi pomocou
vyklopky do zésobnika pri dopravniku. Tieto vyrobky nasledne obsluha vrati naspit
do oznacovacieho zariadenia pre uvedenie datumu minimalnej spotreby. Pracovnik zabali
pozadovany pocet 16 kusov vyrobkov do papierového kartonu a prelozi na paletu (Obr. 2 b)).
Pokial’ ide o vyrobky pre vyssie uvedené¢ho zdkaznika, ktory pozaduje navyse kontrolu
na pritomnost’ neziadlcich telies, tak sa celd paleta s vyrobkami presiiva k samostatne
stojacemu detektoru. Na tomto detektore sa postupne kontroluju vSetky vyrobky zabalené
V papierovom kartone. Tuto kontrolu vykonava pracovnik, ktory postupne z palety berie
kartony s vyrobkami a vklada ich do detektora. Pokial’ detektor zaznamena neZiaduce Castice,
cely karton je automaticky vyradeny. Kartony, ktoré su v poriadku pracovnik ulozi naspat’ na
paletu a tato postupuje d’alej na zabalenie palety foliou na bezpecny prevoz vyrobkov do
expedicného skladu odkiall sa postupne rozvazaji podla objednavok do pobociek
a k zakaznikom.

Priebeh vyroby PariZskeho Salatu

Vyrobny proces Parizskeho Salatu je vel'mi podobny ako je tomu pri vyrobe Tresky. Proces
sa odliSuje na zaciatku vyrobného procesu, kde sa namiesto spracovania treskovitych ryb
spracovava salama. Salama sa nakraja na automatickom krajaci. Po nakrajani sa salama lakuje
priblizne 2 hodiny. Po uplynuti ¢asu lakovania sa lak vypusti, vymarinovana salama sa necha
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odtiect’ a nasledne sa pouZiva pri vyrobe $alatu. Dalsim procesom je pripravenie sterilizovanej
zeleniny, ktora sa musi oplachnut' a nasledne po vysypani do nadob so sitom sa necha
minimalne 5 minut odkvapkat. Majonéza ako polotovar je vopred pripravend a ulozena
na svojom mieste, odkial' sa presunie predpokladany objem na dany denn pomocou FIFO
systému na navazku. Od tohto kroku je vyrobny proces s treskou zhodny, 1isi sa len recepturou,
ktora sa pri jednotlivych krokoch a navazovani surovym riadi materidlovou normou daného
vyrobku.

Niektori zakaznici predmetného vyrobcu z hl'adiska kvality pozaduju okrem beznych kontrol,
ktoré vyrobca vykonava vo vlastnych laboratéridch a veterinarnych kontrol, ktoré
su vykonavané externe, navyse kontrolu na pritomnost’ cudzich nebezpecnych cCastic ako su
kovy, sklo, plasty, drevo a podobne. Tieto kontroly pre tychto zakaznikov vykonéava vyrobca
vo svojej rézii na samostatnom detektore, ktory ma umiestneny vo vyrobnom procese. Kontrola
na tomto detektore prebicha tak, Ze zamestnanec vsetky vyrobky pobalené v kartonovych
obaloch privezie k tomuto detektoru. Vyrobky berie po karténoch z palety a vklada ich do X-
Ray detektora. Pokial' je balenie v poriadku, zamestnanec ho vrati naspdat’ na paletu, ktora
nasledne po zabezpeceni na prevoz posunie do skladu hotovych vyrobkov. Takato kontrola
zaberd pomerne vel'ké mnozstvo ¢asu a vyzaduje si pritomnost’ samostatného operatora, ktory
toto zariadenie obsluhuje. Spolo¢nost’ ma v plane vyriesit' problém s kontrolou svojich
vyrobkov aplikovanim takéhoto snimaca priamo na vyrobnu linku, na ktorej by prebiehala
takato kontrola na vSetkych vyrobkoch a tym by mohla deklarovat’ nezdvadnost’ a zvySenie
kvality vSetkych vyrobkov. Spolo¢nost’ d’alej planuje zautomatizovat’ proces balenia nasadenim
manipula¢ného robota k linke. Tento robot by zabezpecil balenie vyrobkov do kartonovych
krabic a tym by ul'ah¢il pracu operatorovi, ktory tuto ¢innost’ vykonava manualne pocas celej
pracovnej zmeny.

Simulicia vyrobného procesu

Po zmapovani a dokladnej analyze celého vyrobného procesu predmetnych produktov bolo
mozné pristupit’ k spracovaniu simulaéného modelu. Vyrobny proces obidvoch produktov
postupne prebieha na dvoch poschodiach vyrobnej haly vyrobcu.

1.floor

\

Obr. 5 Digitalna podoba vyrobného procesu v simulaénom module Tecnomatix Plant Simulation
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Vo vyrobnych priestoroch na oboch poschodiach prebieha vyroba dalSich vyrobkov
zo sortimentu spolo¢nosti. Simulacny model, sme vsSak tvorili len na nami vybrané
reprezentativne vyrobky. V tomto simula¢cnom modely nie je zahrnuta kontrola na X-ray
detektore a balenie tu prebieha sti¢asnym spdsobom. Pracovnik ru¢ne prenasa vyrobky a uklada
ich do kartonov (Obr. 4).

Obr. 6 Sucasny stav na pracovisku balenia vyrobkov

Na Obr. 5 mézeme vidiet’ Statistické zhodnotenie takéhoto vyrobného procesu v normalnom
a doterajSom stave. Zo softvéru sme prevzali Statistické tidaje o zdkladnych ukazovatel'och, ako
su napriklad: Produktivita vyrobného procesu, ktora je pri tomto procese na trovni 46,15%.
d’alej mozZeme sledovat’ to, kol’ko boli jednotlivé zariadenia v pracovnom rezime, ako dlho boli
blokované inym stvisiacimi operaciami, alebo ako dlho ¢akali na dokoncenie operécii pred
nimi.

Cumulated Statistics of the Parts which the Drain Deleted
Object Name Mean Life Time|Th hput | TPH| Production | Ti rt [Storage |Value added Portion
End_of_production|Pallete_of_cod 1:59:01.0441 7 1 46.15% 53.85%| 0.00% 0.00% | I
—
Object Working | Set-up | Waiting | Blocked Portion

Weighing_of_cod 6.25%| 0.00%| 62.06%| 31.69%

Cod_decantation 51.00%| 0.00%| 0.00%| 49.00% | FES
B
I

Mixing_of_cod 15.63%| 0.00%| 9.01%| 75.36%
Cod_tray 0.15%) 0.00%| 5.93%| 93.92%
DS_2500 33.41%| 0.00%| 5.94%| 60.65%

|
Packaging_of_cod | 50.00%| 0.00%( 50.00%| 0.00% | N
Palletizing_of_cod| 55.53%| 0.00%| 44.47%| 0.00% | N

Obr. 7 Statistické zhodnotenie sii¢asného stavu pri beznej vyrobe

Vyrobny proces pri kontrole pomocou X-ray detektoru

Na d’alSom obrazku je zndzorneni do vyroby zapojeny aj spominany detektor na pritomnost’
neziaducich telies vo vyrobkoch, ako st kovy, plasty, sklo a podobne.

115



Trendy a inovativne pristupy v podnikovych procesoch ,,2020%, ro¢. 23 @
Trends and Innovative Approaches in Business Processes “2020”, Vol. 23 - ."- T I A B P

X-Ray detector

2

Obr X- Ray detector vo vyrobnom procese

Statistické tidaje zo softvéru pri takomto rezime vyroby su znizornené na nasledujicom
obrazku (Obr. €. 7). Je nazorne viditeI'né, ze vyrobny proces v takomto rezime je ovel'a mene;j
produktivny ako v predchadzajicom pripade, kedy sa takato kontrola nevykonavala. Z tohto
dovodu chce vyrobca proces tejto kontroly vylepsit a zvysit tym efektivitu a produktivity
vyroby vsetkych produktov.

Cumulated Statistics of the Parts which the Drain Deleted
Object Name Mean Life Time | Thr h TPH|Production [ Transport|Storage | Value added Portion
End_of production|Pallete_of cod| 4:39:41.899% 5 1 15.03%| 80.97%| 0.00% 0.00% |
Object Working | Set-up | Waiting | Blocked Portion

Cod_decantation | 51.00%| 0.00%| 0.00%/| 49.00% | NI
Grinding_of_cod 69.88%| 0.00%| 0.05%| 30.06% | NE——
i
|

Weighing_of_cod | 6.25%| 0.00%| 62.06%| 31.69%
Mixing_of_cod 15.63%| 0.00%| 9.01%| 75.36%
Cod_tray 0.15%| 0.00%| 5.93%( 93.92%
DS_2500 33.41%| 0.00%| 5.94%| 60.65% | NN

Packaging_of_cod | 50.00%| 0.00%| 50.00%| 0.00% | s
Palletizing_of_cod| 55.53%| 0.00%| 44.47%| 0.00% | NS
X_ray_detector 51.28%| 0.00%| 18.60% | 30.11% | NN

Obr. 9 Statistické zhodnotenie pri ¢innosti X-Ray detector

Navrhy na zlepSenie vyrobného procesu

Spolo¢nost’ sa v prvom rade zaoberd rieSenim otdzky eliminacie Casovej straty pri potrebe
pouzitia X-Ray detektoru pri objednavkach pre zakaznikov, ktory tuto kontrolu vyzaduju.
Inovéacia vyrobného procesu by mala nastat’ aplikaciou detektoru priamo na vyrobnu linku.
Tento detektor by fungoval obdobnym spoésobom ako v sucasnosti funguje snimac¢ na datum
minimalnej spotreby produktu. Produkt sa presuva po dopravnikovom pase a pokial’ snimac
nezachyti vyznaceny datum spotreby vyhybka na dopravniku tento vyrobok vyradi mimo
dopravnik. Pri tomto mieste vo vyrobe stoji operator a takyto produkt vrati spat’ do vyroby
na miesto kde sa datum vyznacuje. Takymto spdsobom sa planuje vyrieSit' aj aplikacia
detektoru na pritomnost’ neziaducich ¢asti vo vyrobkoch. Produkt, v ktorom sa zaznamena
nezhoda, bude vyradeny automaticky mimo vyrobu a nésledne celkov vyradeny z vyroby.
Takymto sposobom dojde jednak k skrateniu sti€asného Casu tejto kontroly na externom
detektore. Taktiez sa znizi poCet vyradenych vyrobkov. V sti¢asnom stave kontroly sa kontrola
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uskutociiuje na vyrobkoch, ktoré su zabalené v kartdbnovom obale, podl'a predpisaného poctu
kusov téglikov s vyrobkami na jedno balenie. Pokial' X-Ray detektor zaznamena nezhodu,
mimo vyrobu je vyradené celé¢ balenie niekolkych produktov. Po inovacii, by sa mali
kontrolovat’ vSetky tégliky s vyrobkami samostatne a vyradeny bude len konkrétny téglik,
pri ktorom sa zachyti nezhoda. Aplikaciou tejto kontroly bude spolo¢nost’ schopna deklarovat’
vykondavanie takejto kontroly u vSetkych svojich vyrobkov, nie len u vyrobkov pre konkrétneho
odberatel’a, ktory ju pozaduje. Tymto sa zvysi kvalita vSetkych vyrobkov a vylepsi sa spdsob
deklarovania zdravotnej nezdvadnosti produktov. Takyto spdsob kontroly priamo vo vyrobnom
procese by trval priblizne sekundu na kazdy produkt. Celkovy vyrobny takt by sa o tento ¢as
predizil. Tento ¢asovy narast by sa, ale eliminoval aplikdciou automatizovaného prvku
do procesu balenia vyrobkov do kartonov. Tymto krokom by sa odburala zataz pracovnika,
ktory takéto balenie vykondval manualne a kazdy vyrobok jednotlivo ru¢ne ukladal do karténov
na paletu. Tento pracovnik by sa z pozicie balenia mohol presuntit’ na pohodlnejSiu a mene;j
namahavu poziciu ku Alien body detector a vykonavat odoberanie vyrobkov, ktoré by tento
detector oznacil ako chybné. Na obrazku 8 st znazornené obidve navrhy zlepSenia vyrobného
procesu v simula¢nom modely.

Alien body detector

.‘ '

| -

—

14

et J

Obr. 10 Navrh implementacie inova¢nych rieSeni vo vyrobnom procese

Na Statistickom vyhodnoteni tychto navrhov je viditené zlepSenie stcasnych parametrov
vyroby. Celkova produktivita modelovanej vyroby by vzrastla na 47,16%. Oproti povodnému
stavu vyroby, v ktorom sa nevykonavala ani kontrola neZiadtcich casti vo vyrobkoch
a manipulaciu vykonaval manualne pracovnik doslo k narastu o 1,1% celkovej produkcie.
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Cumulated Statistics of the Parts which the Drain Deleted
Object [ Name  [Mean Life Time| [veH] ion [Transport [Storage [Value added| Portion
End_of_production| Pallete_of_cod| 1:25:53.6496| 10 1| a7.16%| s52.84%| 0.00%| 0.005% | E—
Object Working| Set-up | Waiting | Blocked Portion
Cod_decantation 58.20%| 0.00%| 0.00%| 41.79%
Grinding_of_cod 80.96%| 0.00%| 0.05%| 18.98% | n——
Weighing_of_cod 7.50%| 0.00%| 71.62%| 20.88%| =
Mixinf_of_cod 18.62%| 0.00%| 10.83%| 70.56%
Cod_tray 0.18%| 0.00%| 5.93%| 93.89%

DS_2500 26.30%)| 0.00%| 47.29% | 26.42% |

Alien_body_detector| 40.09%| 0.00%| 33.52%| 26.39%
Packaging_of_cod 33.40%)| 0.00%| 53.62%| 12.98% |
manipulator 32.63%)| 0.00%| 50.69% | 16.68% | =
Palletizing_of_cod 33.37%| 0.00%| 66.63%| 0.00%

Obr. 11 Statistické zhodnotenie pri implementacii navrhovanych rieSeni

Zaver

Zo simulacii a Statistickych vysledkov z nich je zrejmé, Ze uplatnenie takéhoto néstroja
Vv stcasnosti nachadza uplatnenie v rdznych oblastiach vyroby. Je zrejmé, ze aplikdcia simulacie
ma vyznam nie len v oblasti automotive, ale aj v potravinarskom a inom priemysle. Simula¢né
nastroje dokdzu napomadahat’ nie len pri projektovani novych planovanych vyrob, ale aj
pri vylepSovani uz existujicich vyrob. Napomahaju v rozhodovacom procese, aki zmenu
VO vyrobnom procese uskutoCnit bez nutnosti fyzického zasahu do tohto procesu.
Po dokladnom analyzovani vSetkych moZnosti zlepSenia z r6znych hl'adisk sa mézu vopred
pripravit moduly, ktoré sa do vyroby nasadia, alebo nahradia, bez potreby prerusit’ vyroby
na zdihavi prestavbu linky, ktora by si vyzadovala dlht odstavku vyroby. Aj v tomto pripade
je viditel'né zlepSenie v navrhu oproti povodne;j situacii o 1,1%. Takyto narast sa nemusi zdat’
vel'mi zavratny a na mieste je otazka, aka by bola navratnost’ takejto investicie pre spolo¢nost’.
Do uvahy vsak treba brat’ fakt, ze uvedenti simulacna $tuda bola vykonana len na malom pocte
vyrobkovych reprezentantov a v uvode je uvedené ze vyrobna spolo¢nost’ ma v portféliu svojej
ponuky niekol’ko desiatok druhov vyrobkov. Vicsina tychto produktov sa vyrdba, alebo aspon
bali podobnym sposobom uvadzané produkty, ktoré boli zvolené ako priklad pre tvorbu
takychto modelov. Pokial’ by sa u kazdého vyrobku potvrdilo podobné navysenie produktivity,
doba navratnosti takychto investicii by sa zna¢ne skratila.
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METHODOLOGY OF CREATING A VIRTUAL
ENVIRONMENT USING UNITY 3D GAME ENGINE

Marian Matys — Martin Krajcovi¢ — Gabriela Gabajova — Beata Furmannova — Natalia
Burganova

Abstract: Nowadays, it may be challenging to unify the process of creating a virtual
environment for virtual reality (VR) utilization. This article presents a methodology, that
proposes a uniform method of creating the virtual environment with emphasis on simplicity and
straightforward workflow. Methodology describes every necessary step, from preparation,
through scene building, to walking through scene using VR headset. As a verification,
methodology was used as a tool for manufacturing system design in VR, to test its effectivity
and capability. Creating a 3D virtual environment from a proposed 2D layout design, that allows
walking through built scene using VR headset.

Keywords: Virtual environment, virtual reality, methodology, Unity 3D.

Introduction

Modern innovative solutions are continually proposed, and it is important to be able to
implement these technologies the most optimal way [1]. Industry 4.0 influence creates the ideal
environment for these implementations [2]. Virtual reality (VR) is slowly becoming a stable
technology in many fields. Testing the proposed solutions in virtual world before its
implementation can be crucial, especially with current trends focused on constant cost reduction
[3]. Moreover, potential shortcomings and dangers can be captured in virtual simulations before
a real-life implementation. Thanks to that, companies can focus on increasing the production
speed and overall quality, while emphasize on physical health of its employees [4].
Virtual reality can also become a new prime teaching method. With educational centres
implementing this technology, VR can even become a new mass medium [5]. Virtual reality
training programs for employees are also steadily raising in popularity.

However, to correctly integrate the technology into selected solutions, one needs to know
the principles of creating VR capable environment. To ensure the sufficient immersion of VR
user, it is important to create a virtual environment corresponding with its real-life counterpart,
containing all its elements [6-7]. This is no easy task, since correct replication of real
environment requires simulation of its object, functions, and processes.

Presented methodology proposes a uniform method of creating a virtual environment using
a game engine Unity 3D. Methodology contains methods and principles to ensure the smooth
workflow and minimalization of errors, while focusing on creating an immersive virtual reality
experience.

Methodology of creating a virtual environment

Main goal of the methodology is turning an existing or designed environment into the virtual
one capable of VR immersion. It is relatively complex process consisting of several tasks that
need to be done. After completion of every necessary step, the user can walk through the created
virtual environment using VR headset and additional accessories. such as controller (joystick).
However, before building the scene itself, some preparations are required. User must collect all
necessary materials and references, such as layout, 3D models, dimensions etc. After that,
the process of building the virtual environment using Unity 3D can begin.
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To ensure that methodology is straightforward and easy to understand, entire workflow is
visualized through the flowchart. This flowchart shows all the necessary task and requirements
for the project’s completions step by step. Flowchart is presented at Fig 1.

Preparation stage
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settings
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Fig. 13 Methodology flowchart [authors]

Preparation stage
Preparation stage takes place before the building the virtual scene in Unity 3D. Required task
differ depending on the assignment, but the core remains the same. User needs to analyse
presented scene and determine all means to create a realistic copy. Key part of building
the scene is the 3D models library. User may have access to all necessary 3D models, but that
will not always be possible. In that case, user must gather needed reference data (photos,
dimensions) and create missing 3D models himself using 3D modelling software (Blender,
Maya etc.).
When modelling, user must keep in mind that these objects will most likely be used to create
a complex scene. This means that models should be adapted for this purpose. User should find
a balance between how detailed these models are and how hard it will be to render them.
Best solution is to stick to the basic principles. The most detailed objects are those that:

* Are important to simulate the basic functions of the scene.

* Are spacious, thus easy to notice and examine.

« Are ones that player will interact with.
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If user has access to all models beforehand, it is good practice to check all of them before using
them. Some of them may have to be simplified to reduce their performance impact.
Simplification process can be done in 3D modelling software. Complexity of a object is
determined by number vertices, the basic element of 3D model.

As an example, Fig. 2 shows the two versions of the cup model. One of them is very simple
and the other one much more detailed. But both clearly indicate that object is, in fact, a cup.
However, aside from case when this cup would be one the main object in the scene,
the simplified version should be enough. Object like a cup will probably be put in the scene for
aesthetic purposes rather than functional. Nevertheless, this version is likely too oversimplified.
Nowadays, hardware is evolving at breakneck speed and even cheaper machines can handle
a set of detailed objects. As mentioned before, it is all about finding a balanced depending on
performance of user's hardware.

Fig. 14 Object complexity [authors]

Project creation and basic settings

After accumulating all necessary means for creation of selected virtual environment, user can
begin to build his project in Unity 3D. Unity 3D is a game engine used for creation of various
games and application. For this project, user will not use any complex Unity 3D function, so
even a complete beginner can learn basics quickly, and then proceed to follow the methodology
itself.

Firstly, user needs to decide on platform that scene will be built on. The two most valid option
are PC (Windows) or a smartphone (Android, i0S). However, these two variants offer
a different experience. Smartphone VR headset offers a cheap, but mobile VR experience, in
exchange for low immersion and interaction options. On the other hand, desktop VR headset
offers much vivid experience with rich spectrum of interaction, complimented by much higher
price. Depending on chosen platform, user then may download a software development kit
(SDK) that contains a lot useful tools. SDKSs such as GoogleVR or SteamVR can be downloaded
from the internet for free. Subsequently, it is time to create a new project in Unity 3D and set
a basic parameters depending on preferred options. User must select platform he decided on,
import SDK, if necessary, and finally fill in basic project settings (such as name, concrete VR
hardware etc.) Fig. 3 shows the process of platform and project setup.
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Fig. 15 Project setup [authors]

The next step is an import of the model library into the Unity 3D. At this point every object
should ready, that means all shortcomings were removed. Objects must be saved in correct
format that Unity supports (such as .Fbx). Fig. 4 shows the import of object library to Unity

3D.
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Fig. 16 Objects import [authors]

Creating a VR capable copy of the real environment

After importing all objects, the building of the scene itself is fairly straightforward. User simply
drags and drops models to the scene and places them to match its real-life counterpart. A built-
in coordinate system can be used to make that sure all object are within the correct distance

from each other.
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The approach for creating a scene depends on the user's preference. However, to prevent
unnecessary mistakes and confusion, it is important to create a unified approach for a scene
creation. Such approaches may be:
* Placing objects depending on their significance to the scene. For example, the most
important objects will be placed first, followed by less significant ones.
« Gradual placing the objects from one side of the scene to the other. For example, placing
the objects from left side to the right side. Objects all the way to the left will be placed first.
« Diving the scene into multiple areas. Each area can serve a different purpose or store
different kinds of object. Scene then will be created by building area after area.
Fig. 5 shows an example of scene creation using the area by area method.
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Fig. 17 Scene creation [authors]

Interaction programming

After the scene is completed, user needs to add means for player to interact with a virtual
environment. This can be achieved by creating a script. Scripts are programs created with
programming language C#. They allow user to create various scenarios to make a scene
interactable and more vivid. The most basic script for virtual environment is addition
of horizontal movement for a player. This may be enough if the goal of the scene is to showcase
the created environment that represents a real or designed space. User needs to know
the purpose of the VR scene he is creating and write required scripts accordingly. However, it
is possible to find various scripts online, so even user with little programming experience can
use and combine those, to achieve the state he needs.

Application testing

To test the current progress or the final product, user can build the application and run it with
his head-mounted device (VR headset). He can launch the app on the pc, or export it to
the smartphone, depending on the selected platform.

It is vital to find a fix any problems to ensure that the app is running smoothly. Inviting people
to test it may bring extra data and new perspective for possible improvements. After perfecting
the last details, the app is ready for its designed use. End user will export this app to his device.
After launching it with his VR headset on, he must be able to walk through the scene using
an assigned controller.

124



Trendy a inovativne pristupy v podnikovych procesoch ,,2020%, ro¢. 23 @
Trends and Innovative Approaches in Business Processes “2020”, Vol. 23 "%+ T I A B P

Methodology in practical use

To demonstrate the capability of the presented methodology, it was tested in a practical use.
Concrete VR ready virtual environment was created using its principles. Firstly, a 2D layout
of a bar material processing workplace was designed. The objective was to transform the
assigned 2D layout into VR ready virtual workplace as a form of project visualization. This VR
environment was then used for presentation of proposed workplace. Presentation participants
could use the VR headset and controller to walk through the virtual 3D representation
of designed 2D layout. A simple mobile VR headset was used, but for the presentation purpose,
which minimize the user interaction options, it is a viable and significantly cheaper method.
Thanks to that, participants got much closer look on every detail of proposed project, freely
exploring every part. Fig. 6 shows the process of creating a virtual environment from assigned
2D layout. Fig. 7 shows the app itself.

2D layout

Testing the VR application

Modelling
the required
objects

Interaction
SPER programming
: (player

————— movement
Building of NHIRITUINR script)

the virtual e \
environment

:‘T—f'-.!ge-_-nmvlliq

| EEREEEEENDEREEEREE

Fig. 18 Creating a virtual environment using presented methodology [authors]
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~ —

Fig. 19 Proposed workplace in VR [authors]

Conclusion

Virtual reality is a technology that will most likely be part of many projects and processes in
the near future. For this reason, article presents a methodology that will enable user to create
a VR capable virtual environment. This methodology will lead the user through every necessary
steps. From preparations, creating 3D models to testing the scene using VR headset.
Methodology propose a several principles user should follow to ensure a simple and
straightforward workflow.

To test the methodology in practical use, a concrete VR ready scene was created. Main goal
was to turn an assigned 2D layout into VR capable 3D environment. User used presented
methodology for every necessary steps. As the end result, user created a virtual environment
capable of VR immersion suitable for its goal, which was the presentation of proposed
workplace.

Methodology proved to be usable in the process of creating a virtual environment.
Further experiment will be conducted to improve overall workflow to make it even more
powerful tool in the field of virtual reality.
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VIRTUAL MANUFACTURING LINES

Stefan MOZOL — Patrik GRZNAR — Milan GREGOR — Vladimir VAVRIK —
Marek SCHICKERLE

Abstract: Manufacturing and assembly lines are currently designed as a series of connected
production facilities which used conveyor or other means of transport. The flow between these
production facilities is regular. In the case of production facilities of fixed interconnected
equipment products are processed in sequences. However, assembly lines that work with
different product variations, as is the case in the automotive industry, are due
to the impossibility of skipping a sequence have extended lead times. Virtual lines can be
understood as production facilities which do not have fixed flows, and the final flow is decided
by the bill of material (BOM) itself and the current state of production. Virtual lines,
the compilation of which is determined by the BOM and the current situation, work on
a negotiation mechanism where each production facility or production cell behaves as a service
provider and the product as the customer who negotiates the best terms.

Keywords: virtual manufacturing line, dynamic control, competency islands

Introduction

Efficiency of manufacturing processes is often measured by the production lead time.
Production lead times means time over which the production requirement is converted into
the final product. In reducing it in production and assembly processes, the concept
of optimisation can be encountered when current processes are examined from a product bill
of material (BOM) perspective and on the basis of which action is decided [1,2]. However, this
approach is not applicable everywhere. In the case of assembly processes in the automotive
industry where there is a high degree of product portfolio variation, the problem arises of long
production lead times and lower production and assembly capacity. An important role in
the future will be played by the newly developed concept of competency islands, which is based
on the division of usually continuous assembly lines into islands that provide services.
The assembled car behaves with its platform as an autonomous element that follow its target
(ie. installation of all components at the lowest possible production lead time and at the lowest
cost). The competency islands which providing services negotiate with these agent products
about their state and the services that must be provided. The route is thus no longer created
fixed but is virtual selected on the basis of the current state and best conditions. Some rolling
planning is taking place as part of this process, but the final decision on the route takes place
only on the basis of a decision at the decision points. In this way, it is possible to reduce
the production lead time at optimal cost and also obtain maximal equipment utilization.
The article describes the dynamic planning of production as well as the description of the virtual
production line creation (i.e. line which does not physically show any connection but
the product chooses the route according to the current state so called virtual route).

Dynamic manufacturing control

Manufacturing planning is the arrangement of the company's future activities on the basis
of anticipated (predicted) requirements for the type and quantity of products or known
production orders when real production capacities are accepted [3]. This is especially useful
when forecasts tend to be accurate and the order of fixed orders does not need to be adjusted.
It is also based on a number of installations, their availability and the various other constants
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needed for capacity planning and scheduling [4,5]. However, the production environment is not
constant and constantly changes (internal or external) and these are also reflected in production
planning. Changing customer requirements and the application of personalised production
normally takes production planning and management to the limit of efficient production
possibilities. Current trends in production approaches are mainly in applications based on
agents-based manufacturing. In such production, each entity in the production system gradually
becomes an autonomous agent capable of autonomous action. Thanks to the application of
agents, it is possible to plan production dynamically with over time evolving variables that
represent individual system agents. In this way, it is possible to react much more flexibly to
a change such as missing material, machine and equipment outages, contract prioritisation, etc.
Reconfigurable manufacturing systems present potential in production opportunities precisely
in systems whose capacities and functionality are constantly changing over time and a transition
from classical manufacturing planning to dynamic is necessary [6]. For a competency island
system that uses the principles of reconfigurability, it will be necessary, more than elsewhere,
to use dynamic manufacturing planning and control because the route taken by the product may
not always be the same as an identical product that was produced at a different point in time.
The product creates a virtual manufacturing line at any moment according to the current status.

Virtual manufacturing lines and product as a central element of production

In the virtual manufacturing line in the Factories of the Future, the agent chooses where and
how the operations are to be carried out so that the product is complete. The communication
centre is an agent product. The agent product is created according to the production plan.
Production facilities acting as agents share their current status and simulation of future status
so that we have a complete environment for filtering appropriate data. Agent-based
manufacturing, similar to cloud-based composite design and production, enables the application
of a negation mechanism in which the agent filters the product and chooses its best route based
on the current shared content of the production facilities. The direction of the optimal route
is decided at the decision points see Fig 1.

Competence island | Competence island
A
. B

]

of island

of island
= - =

HEB
Assembly area

| Assembly area

Decision
point

Route of agent
product

Fig. 1 Decision point as optimal route routing (Authors)

The direction of the optimal route is decided at the decision points. The manufactured product
will behave like a smart entity in production, able to communicate with its surroundings and
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able to organize its processing completely autonomously. Such a product will determine its own
sequence of processing, allocate the required capacity in the relevant competency islands and
summon a mobile robot to transport it in production [7]. The decision point is the space where
both calculation and negotiation take place after leaving the space in which the last operation
was performed. The optimal route is therefore not determined at one point, but is gradually
formed by means of the decision points see Fig. 2. There is therefore no decision on the route
in advance, but there is an approximate plan in the context of the rolling planning. The route
direction will therefore be decided by various parameters, such as:

. Services offered and their scope.

. Order queue for services entered by the product.

. Occupancy of the workplace

. Fault signalling.

. Predictive fault signalling.

. Current production costs.

Route Completed
start product
O o> ’—|‘ j
. .

®| Decision point B | Competency island
Route of agent product without realized operation
— Route of agent product in processing process
— Route of agent product after realization of requesting operation

Fig. 2 Virtual manufacturing line (Authors)

Concept of competency islands

The competency Islands (Cl), as a system, are based on a decentralised control in which each
agent in the system knows its function. They are conceived as small, highly flexible production
units which are deployed where there is sufficient real demand. Such production systems will
be designed for the production of a selected product family, which requires their concept to be
built on the principles of reconfigurable manufacturing systems [7]. Competency islands can
be imagined as cells that are capable of carrying out certain activities (competencies). Their
task is to provide a service to the manufactured product so that after carrying out operations
on several competency island the product is complete. The competency islands are not
interconnected by any conveyor-like device. However, they have the ability to communicate
with their surroundings. Product transport is provided by means of mobile robotic systems and
mobile automated platforms. Agents shall cooperate with each other to follow their own
objectives, with the emergent behaviour of the elements of the system. Manufacturing will
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appear to be in chaos, but at the digital level there will be a strict logic resulting in organised
chaos. To Fig. 3 can see a comparison of the current classic automotive assembly line and
the concept of competency islands.

Fig. 3 Comparison of the current classic automotive assembly line and the concept of competency islands

(8]

Conclusion

The value of the production lead times and assembly time of the product is an important
indicator which suggests the efficiency of capacity utilisation. Maximising capacity utilisation
at the lowest possible production costs and production lead times is part of a known production
management relationship. Mainly in the automotive industry, with the high variation
of the produced spectrum, capacity utilisation and the increase in production lead times
are increasing. This is due to the impossibility of changing the order of the assembled car due
to the fixed line layout. The idea of the competence islands is considering subsegregation
of production and assembly processes into an island providing services where the product
to which autonomy will be given under this concept chooses its route. The process of choosing
aroute is an approximate plan derived from rolling planning, but the final route will not be
decided until the current status has been assessed. By removed of the fixed bound, the route
which is created in certain point can be described as a virtual manufacturing line. By this way
it can improve the efficiency of capacity utilisation and can be obtain reduce in production lead
times.

Acknowledgments: "This work was supported by the KEGA Agency under the contract
no. KEGA 0207U-4/2019”.
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IMPLEMENTACIA PLM SYSTEMOV AKO PRVY KROK
K PRECHODU NA INDUSTRY 4.0

Radim LENORT — Marek KLIMENT — Jan KOPEC - Ladislav ROSOCHA

Abstrakt: V 21. storo¢i je kazdym dhom stale vac¢si problém udrzat podnik
na konkurencieschopnej trovni. Podniky sa modernizuju, va¢Sinu prace vykonavaju roboti,
pretoze su presnejsi a spol'ahlivejsi ako personal. Ak chce podnik vytvorit’ produkt, ktory bude
mat’ najhodnotnejSie vlastnosti pre zakaznikov, musi vyuzivat’ PLM softvérové prostriedky
na Coraz vyssej urovni. Je dolezité vediet' aky produkt podnik bude vyrabat’, aké bude mat’
vlastnosti, aké stroje sa vyuziju v procese vyroby. Prispevok sa zaoberd problematikou
implementacie PLM systémov do podnikovych procesov a ich naslednom vyuziti
pri digitalizacii tychto procesov ako zaklad k prechodu podnikov ku koncepcii Indystry 4.0
Kruacové slova: PLM systémy, Digitaliz4cia, Simulécia, Industry 4.0

Uvod

Vyhodou vyuzivania PLM v procese vyroby je hlavne prehl'adnost’. Podnik aby bol schopny
stale lepSie vyrdbat je nuteny poznat informacie o procesoch, ktoré sa vykonavaju
na jednotlivych strojoch. Ak pozna tieto data, je mozné ich vyuzivat, analyzovat, editovat
a vyuzit’ pre optimalizaciu procesov. Ak si PLM systémy nasadené v organizacii komplexne
a je zabezpecena ich prepojenost’ a nasledna efektivna sprava dat and vsetkymi jej ¢astami
vznikd komplex digitalnych dat, ktoré je mozné uplatnit’ v réznych oblastiach riadenia,
planovania a kontrolovania v organizacii.

PLM (Product lifecycle management) je cinnost' podniku, ktord je zamerana na co
najuzitocnejsie riadenie produktov danej spolo¢nosti. PLM zahriiuje vSetky ¢innosti spojené
s vyrobou produktov, od ich prvotnej vizie aké vlastnosti by produkt mal mat’ a aké funkcie by
mal byt schopny vykondvat cez testovanie, vyrobu, udrzbu, az po jeho uplné opotrebenie
a likvidaciu (Obr.1).

Obr. 12 Cyklus PLM
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PLM je systém, ktory podniky vyuzivaju pri riadeni podnikovych produktov. V podniku nie je
ni¢ dolezitejsie ako jej produkty a sposob akym sa budl vyrabat’ a vyuzivat'. Bez podnikovych
produktov nebudu zZiadni zékaznici a tym padom ani prijmy. Okrem PLM st aj iné pristupy
k riadeniu produktov pocas ich celého Zivotného cyklu, ale st tvorené viacerymi systémami.
PLM Predstavuje uceleny systém, ktory je kompatibilny s viacerymi modulmi, ktoré podnik
vyuziva. Zaistuje spravne vyuzivanie potrebnych informacii, ako su udaje obsiahnuté v CAD
vykresoch, technickej dokumentacii a taktiez aj systémové informacie, ktoré sa postupom casu
a vyvojom produktu menia, prendsaju, vytvaraju, ukladaji a prevadzkuji pocas celej zivotnosti
produktu.

Kazdy podnik sa v dneSnej dobe snazi skratit’ ¢asovy harmonogram vyvoja novych produktov,
ale na druhej strane znasobit’ pocet pontkanych variantov vyrabanych produktov. Prepojenost’
naprie¢ podnikom, cez vyrobné haly s partnermi v readlnom case a mieste kde je to nevyhnutné,
vyzaduje stale dynamickejSie procesy, ktoré vyzaduju od podniku prispdsobivost’ a dostatocnu
flexibilitu. Predpokladd sa, Ze spravne nastroje, technologie a tiez normy, ak su spravne
vyuzivané a zavedené do vyrobného procesu a do samotné¢ho Zzivotného cyklu vyrobkov,
umoziuju podnikom zvySovat’ ich konkurencieschopnost’ a viest’ ich k pozoruhodnym
zlepSeniam.

Uloha, ktorej ¢eli samotny systém PLM spoéiva v tom zabezpedit' zainteresovanym strandm
potrebné informacie, ktoré im ul'ah¢ia rozhodovanie a znizia administrativnu efektivnost. PLM
musi umoznit’ ¢asové rozhranie pre zainteresované strany, komponenty a procesy. Motivaciou
pre podniky aby vyuzivali ¢o najefektivnejsie systém PLM je podrobnejSie porozumenie celého
produktového systému, zlepSenie rozhodovacich c¢innosti podniku a formalnejs$i pristup
k potrebnym informaciam v ramci vyvojového procesu, zvysit’ zisky z vyroby vyrobkov, znizit
naklady spojené s vyrobou, vylepsit hodnotu produktového portfélia a dosiahnut’ vrcholna
uzivatel'ski hodnotu vyrabanych vyrobkov a taktiez aj buducich produktov pre zdkaznikov
a vedenie podniku (Obr.2).

-

VYVOI SPLATNOST POKLES KONIEC

|

ZVYSENIE
ZISKU

€+

ROZSIRENIE
ZIVOTNEHO——
CYKLU

~—— SPUSTENIE

OPATOVNE
~——————  POUZTIE
NAJLEPSICH METOD.
ZNIZENIE

NAKLADOV
€ NA VYROBU

Obr. 13 Narast ziskov zavedenim vysokej urovne PLM

Fazy PLM
V Zivotnom cykle produktu existuje 5 faz:
. faza vyvoja,
. defini¢na faza,
J realizac¢na faza,
. podpornd faza a fdza pouzivania,
. faza vyradenia.
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V kazdej z tychto far zivotného cyklu produktu je vyrobok v inom stave.

Faza vyvoja

Je to prva faze celého zivotného cyklu produktu. Produkt v tejto faze sa nenachadza vo fyzicke;j
forme, ale zatial’ je len na teoretickej irovni. V podniku riesia ako bude produkt vyzerat’, aké
bude mat’ vlastnosti, aké postupy pre vyrobu budu pouzit¢ a mnohé iné faktory. Zakladom
V tejto faze je aj nazor zdkaznikov, trhu, spolocnosti a regula¢nych orgdnov. Spojenim vsetkych
ziskanych poznatkov je mozné definovat’ technické parametre vyrobku. Stubezne sa v tejto faze
vykonava aj ivodna koncepcia, ktord definuje vzhl'ad produktu a zaroven aj hlavné funkcéné
vlastnosti. Tato faza je tvorena od jednoduchych nacrtov perom az po zlozité 3D modely.
Z hladiska rozvoja podnikania sa podnik musi pri fize vyvoja zaoberat’ aj finan¢nou analyzou,
vyvojom podnikania, analyzou trhu, patentovou stratégiou a menom podniku (Obr.3).

1. PERSPEKTIVA ROZVOJA PODNIKANIA Soprar

ROZVO) vivol
NAPAD . PODNIKANIA PRODUKTOV

2. PERSPEKT{VA PODNIKU -2

3. PERSPEKTIVA VYVOJA PRODUKTOV

NAPAD-

STRUCNY DIZAIN- | (GRGANIZAGIA NAVRH o NAVRH PLANOVANIE KONTROLA
PRILEZITOST NATRHU- | A PLANOVANIE DIZAINY s KONCEPCIE VYROBY FROIEL A
POZIADAVKA- -

Obr. 14 Vyvoj produktu a rozvoj podnikania
Defini¢na faza

V tejto faze sa zacina rieSit’ podrobnejSi navrh a vyvoj findlnej formy produktu, testovanie
prototypov a to od zédkladného vydania aZ po Uplne uvedenie produktu na trh. Patri sem aj
prepracovanie a vylepSenie uz existujicich produktov a ich planované opotrebenie. Zakladnym
zdrojom informadcii pre vyvoj a navrh v tejto faze zivotného cyklu predstavuja CAD vykresy.
Jedna sa o jednoduché 2D vykresy az po 3D parametrické modelovanie objektov, resp. ploch.
V mnohych pripadoch sa vyuzivaji aj hybridné modelovanie, reverzné inZinierstvo,
nedestruktivne testovanie a konstrukcia zostavy aby bolo zaistené najoptimalnejSie vlastnosti
produktu. Simulécia a optimalizacia sa vykonava pomocou softvérov CAE, ktoré sa vyuZzivaja
na vykonavanie stresove] analyzy, analyza kone¢nych prvkov, simulacia mechanickych
udalosti. CAQ, sa vyuziva na analyzu mensej tolerancie.

Realiza¢na faza

Po ukonceni navrhu komponentov vyrobku je definovany spdsob akym sa bude product
vyrabat’. Realiza¢na faza v sebe zahfiia CAD, ako st dizajn néstrojov, vytvaranie pokynov
a posuvov CNC obrabacich centier pre jednotlivé produktoveé sucasti. Vyuziva sa integrovany
alebo samostatny vyrobny softvér s podporou CAM, ktory zahfiia analytické néstroje
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na simulaciu procesu pre vyrobnych operaciach, ako su odlievanie, formovanie, formovanie
pod tlakom a pod. Do chodu sa dostava taktiez aj, ktoré zahfiia nastroje ako CAPE, CAP
a simulaciu vyroby. Po procese vyroby produktov je mozna kontrola geometrického tvaru
a rozmerov pomocou povodnych CAD dat. Subezne s inzinierskymi tlohami sa vykonava aj
konfiguracia produktu a marketingova dokumentacia (Obr.4).
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Obr. 15 Prepojenost’ poditatom podporovanych systémov a PLM faz

Podporna faza a faza pouzivania

Pocas podpornej fazy a fazy pouZzivania produktu zédkaznik vyuziva vyrobok podniku. V tejto
faze podnik pontka pre zakaznika spravu o prevadzkovych informdaciach, napr. informacie
0 opravach a udrzbe zékaznikom ale aj poskytovatel'om sluzieb technickej podpory produktu,
manual k spravnej manipulécii, bezpe¢nostne poziadavky .

Faza vyradenia

Féaza vyradenia je posledna faza Zivotného cyklu produktu kedy uZ produkt pre zédkaznika
nevytvara ziadnu pridant hodnotu a je nepouzitel'ny, resp. je stale pouZzitel'ny, ale s vysokym
stupfiom opotrebenia a pre zdkaznika je vyhodnejSie zakipenie nového modelu. V tejto faze
podnik ponuka informécie o recyklacii produktu. Kazdy produkt ma Specialne vlastnosti, preto
je potrebné zvazit jeho zneSkodnenie, zniCenie materidlovych predmetov alebo informacii,
pretoze unahlené zni¢enie moze mat’ vazne nasledky.

PLM softvérové prostriedky

Presné modelovanie produktov v digitdlnom prostredi, 3D vizualizécia a simuldcia prindSaju
vyhody pre podnik pri rieSeni problémov spojenych s vyvojom, vizualizdciou a analyzou
vyrobnych procesov. Spravne vyhodnotenie umozituje vykonavat’ klI'i¢ové rozhodnutia vcas,
tym sa eliminuju chyby, ktoré by inak boli zistené az v procese vyroby. V¢asnou eliminaciou
chyb je podnik schopny zvysit’ svoju produktivitu, kvalitativne bude produkt na vyssej urovni,
cely proces sa zrychli, prijmy z predaja vyrobku budu vysSie a v neposlednom rade bude
zabezpecena centralizovand sprava udajov.
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Benefity vyuzivania Spickovych softvérovych prostriedkov:

J Jednoduché pouzitie,

. Integracia systému,

. Spréva materialovych listov,

. Riadenie zmien,

. PredloZenie sprav a analytika,

. Manazment kvality,

. Spolupraca s dodavatel'om,

. Manazment vyrobnych dat,

. Podpora existujtcich procesov,

. Flexibilita a dostupnost,

. Rychlost’ implementacie,

. Zaistenie ochrany zivotného prostredia,
. Varovanie pred nevyhovujicimi materialmi.

Digitalizacia a vizualizacia procesov

Jednym z vrcholnych prvkov v oblasti PLM je tvorba simulacnych modelov celych vyrobnych
systémov. Pokial’ mdme vypracované 3D modely zariadeni a produktov, ktoré buda zahfiat
planovany vyrobny proces, je mozno tento proces premietnut’ do digitdlnej podoby a vytvorit
jeho hodnovernli vizualizaciu. Pri tvorbe simula¢nych modelov je mozné uplatnit’ vSetky
poznatky, ktoré o produkte v ramci zivotného cyklu mame. Taktiez je vhodné pri ich spracovani
vyuzit' vietky poznatky a parametre zariadeni, ktoré si nam zname. Cim viac informacii
0 vyrobnom procese je k dispozicii, tym presnejie modely je mozné vytvorit. Udaje ziskané
z takychto modelov je moZno nasledne reanalizovat a vyhodnotit’ realizovatelnost
podnikatel'skych zdmerov, pripadne ich prispdsobit’ moZnostiam, ktoré planovana vyroba
na zaklade vysledkov simulacie pontkne.

Moznosti simulaénych procesov

Simulac¢né softvéry pontkaji viacero mozZnosti ako zobrazovat' realitu, ktora je do nich
prenesend. Ide o detailnost’ a presnost’ dat prenesenych z redlneho do virtudlneho sveta. Vacsina
softvérov ma moznost’ zobrazovat’ modely v 2D vizualiza¢nom rozhrani (Obr. 5). Pri takomto
zobrazeni je mozné vyuzit' stavebné vykresy zndzorfiujuce podorysy vyrobnych priestorov
a rozmiestnenie jednotlivych zariadeni v nich. Pre nazornost’ sme vyuzili simulacny softvér
Tecnomatix Plant Simulation a jeho moznosti.
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Obr. 16 Zobrazenie simula¢nych modelov v 2D rozliSeni

Dalim ovela nizornej§im sposobom vizualizacie vyrobnych systémov je vyuzitie 3D
zobrazenia v simula¢nych softvéroch. Opat’ sme vyuzili softvér Tecnomatix Plant Simulation.
Tento softvér okrem svojho zakladného zobrazenia prvkov vyuzivanych pre tvorbu procesov
umoznuje tieto zakladne prvky nahradit’ vlastnymi detailnejSimi modelmi vyrobnych zariadeni.
Takymto spoésobom umoznuje vytvarat redlnejSie predstavy simulovanych vyrobnych
systémov (Obr. 6).

Obr. 17 3D realizacia vyrobnej haly s vlastnymi modelmi strojov

V tomto ako aj v inych simula¢nych softvéroch je moZné overovat’ a vyhodnocovat’ jednoducho
a usporne roézne vyrobné varianty. Je mozné simulovat’ 'udi a ich ¢innost’ priamo vo vyrobnom
procese (Obr.7). Je tiez mozné overovat, ¢i je vyhodnejSie vyuzitie 'udského faktoru pri
manipulacii a medziobjektovej logistike, alebo je vyhodnejSie vyuzitie manipula¢nych
zariadeni ako su dopravnik, voziky a podobne (Obr.8).
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Obr. 19 Manipulatory v medziobjektovej doprave

Spracovanie simula¢nych modelov, digitalizacia vsetkych produkénych procesov
aimplementacia vsetkych dostupnych faktorov a informacii v nich je prvym krokom
k moznosti nastupu prvkov Industry 4.0. Prave proces digitalizacie umoznuje vyuzitie
modernych néstrojov, akymi st napriklad TestBed 4.0. Digitalizacia vyrobnych procesov tvori
zakladny kamen pre nastup a implementaciu koncepcie Industry 4.0 do praxe.

Zaver

PLM systémy a ich schopnosti udaje prehl'adne archivovat, spravovat’ a vhodne editovat’ na
vSetkych réznych urovniach organizacie, kI'icovym faktorom pre ndstup modernych
technoldgii budicnosti, akymi st nastroje koncepcie Industry 4.0. Okrem tychto systémov je
VvV tejto novej idei potrebné zabezpecit vhodny spdsob komunikicie medzi jednotlivymi
uroviiami riadenia a fungovania organizacii, ¢i uz v internom, alebo externom prostredi na
globalnom trhu. Konkurencieschopnost' je mozné si udrzat' len tym, Ze organizicie vcas
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pochopia ideu modernizacie svojich procesov v kazdom ohl'ade. Reakcia na je nastup musi byt
integrovanad a komplexnd, zahfnajuca vSetky zucastnené strany na globalnom zdklade od
verejného do sukromného sektora, do akademickej obce i do obcianskej spolo¢nosti. Tato
filozofie prinesie inovacie vo vSetkych ohladoch fungovania organizacii, ¢i uz ide
0 ekonomiku, l'udské zdroje, vedenie spolocnosti, vyrobné faktory a iné systémy, bez ktorych
organizacia fungovat’ nedokaze.
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POROVNANIE VYBRANEJ BEZKONTAKTNEJ 3D
TECHNOLOGIE

Milan EDL — Marek MIZERAK- Jozef TROJAN- Richard DUDA

Abstrakt: Tento prispevok sa zaobera problematikou bezkontaktného 3D skenovania a tiez
porovnanim dvoch skenovacich zariadeni, ktoré sa pouzivaju na vzdelavacie ucely. Skenery,
ktoré boli porovnavané, st skener Matter & Form a Sense 3D skener. Skeneri, ktoré budu
porovnavané su vyuZivane v ramci edukicie na Ustave manazmentu, priemyselného a
digitalneho inzinierstva. V ¢lanku budu definované ich zakladné parametre, podrobne popisané
jednotlivé skenery a zistené ich vyhody a nevyhody. Na konci ¢lanku budu tieto skenovacie
zariadenia vyhodnotené z hl'adiska niekol’kych kritérii.

Kruadové slova: 3D skener, 3D skenovanie, bezkontaktna technologia

Uvod

S prichodom pocitacovej techniky bolo mozné vytvorit’ vel'mi zlozity model, problém vsak
nastal pri jeho vyrobe. V 80. rokoch sa preto vytvorila kontaktnd sonda. T4 umoznila vytvorenie
presného modelu, ¢o v8ak bolo naro¢né na Cas. Samozrejme, vznikla myslienka vytvorenia
systému, ktory by dokézal zachytit’ tieto presné detaily v kratSom case, o by zefektivnilo
pouzitie. To spustilo vyvoj optickej technoldgie. Pouzivanie svetla bolo niekol'konasobne
rychlejSie ako pouzitie fyzickej kontaktnej sondy. PouZitie optickej technologie umoznilo aj
skenovanie predmetov z mdkkych materidlov, ktoré by sa kontaktnou technolégiou mohli
poskodit’. Bezkontaktna laserova technologia sa stala hlavnou technologiou 3D skenovania, ale
coskoro sa ukazalo, ze skuto¢nou vyzvou pre skenovanie bol softvér na spracovanie ziskanych
udajov. Na zachytenie skutocného objektu v troch rozmeroch senzor vykonal niekol'ko skenov
z viacerych pozicii. Vyzvou bolo spojit’ tieto skeny do jednej jednotky a eliminovat’ duplicitné
a nadbyto¢né udaje, ¢o nevyhnutne vznika pri zbere tdajov niekol’kych miliénov bodov naraz.

Bezkontaktna 3D technologia

Ako naznacuje ndzov, bezkontaktné technolégie 3D skenovania neprichddzaji do fyzického
kontaktu s povrchom skenovaného objektu. Namiesto toho funguju bezkontaktné technoldgie
na zaklade aktivnych a pasivnych technik skenovania objektov. Vysledkom je zhluk vysoko
presnych bodov, ktoré moZno pouZit na reverzné deSifrovanie, virtudlne zostavenie,
Strukturdlnu analyzu, kontrolu povrchov a prvkov alebo rychle prototypy.

3D skenovanie ma svoje miesto v architektire pri obnove a rekonsStrukcii starych miest alebo
predmetov. V buducnosti si urcite svoje miesto najdu aj v medicine v protetike alebo ako pomoc
pre hendikepovanych l'udi — konkrétne pri reprodukcii nahradzovanych casti 'udského tela.
Pomocou 3D skeneru je rovnako velmi jednoduché porovnat’ vyrobenu suciastku v sériovej
vyrobe s planom, rovnako v geografii pri tvorbe map, ale aj v zdbavnom priemysle.
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Tab.1 Porovanie parametrov jednotlivych skenerov

Vyika 17,8cm 34,5 cm
Velkost Sirka 3,3cm 21cm
skenera Diika 12,9 cm 34,5 cm
Hmotnost 0,5 kg 1,71 kg
Presnost skenera +1mm +0,1 mm
Rozmery Max. velkost 300x300x300 cm 25x%18x18 cm
skenovaného Min. velkost 20x20%20 cm 1x1x1lcm
objektu Max. hmotnost - Ikg
Pripojenie USE 3.0 USB 2.0/3.0
Napdjanie USB 3.0 100 - 240 V
Prevadzkova teplota 10-40°C 15-32°C
Softvér 3D Systems Sense MFStudio (+Quickscan)
Windows 8, 8.1, 10 Windows 7, 8, 8.1, 10 (64 bit),
Podporované platformy
(64 bit) mac05s 10.11+
Cena +525€ +730€

3D skener Matter & Form

3D skener od firmy Matter & Form predstavuje v pravom slova zmysle 3D skener pre bezného
uzivatel'a. Jeho cenova dostupnost’ a jednoducha manipulécia st mostom medzi profesionalnym
a amatérskym 3D skenovanim. Jeho kompaktnost' sa samozrejme nezaobide bez urcitych
obmedzeni ako je napriklad velkost' a hmotnost’ skenovanych objektov. Presnost” skenovania
je vzhl'adom na cenu skenera viac neZ uspokojiva, avSak tato skuto¢nost’ sa prejavuje na case
skenovania. Dizka skenovania objektu zloZitejsich tvarov a detailov sa priblizuje k hranici 60
minut.

Obr.1 Skener Matter & Form
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3D skener SENSE

Sense 3D skener je cenovo dostupny ru¢ny 3D skener s relativne vysokou presnostou
skenovania, ktord avSak znacne zavisi od kvality osvetlenia skenovaného objektu, a od jeho
velkosti. Vyrobca v Specifikacii totiz udava aj minimalnu velkost” skenovaného objektu.
Mensie objekty skener nie je schopny redlne zachytit. Jeho kompaktnost’ je vel'kou vyhodou,
no doplatila na to dizka kébla pre napéjanie, o v znaénej miere obmedzuje manipulaciu so
skenerom.

Obr.2 Skener SENSE

Hodnotenie pouzitej technolégie skenovania

Dostupnost’

Kritérium dostupnosti v znacnej miere vplyva na celkové zhodnotenie skenerov. V pripade, Ze
obstaranie skenera predstavuje zna¢ne komplikovany proces, vo vyraznej miere ovplyviluje
tento faktor dosiahnutie findlneho modelu. Toto kritérium zahtfiia cenovl dostupnost’ a celkovu
dostupnost’. Celkova dostupnost’ predstavuje dostupnost’ konkrétneho skenera na trhu. Cena
skenera Sense 3D predstavuje priblizne Ciastku 525 €, cena skenera Matter & Form predstavuje
priblizne ¢iastku 730 €. Je o€ividné, Ze Sense 3D predstavuje pre uzivatela menSie finanéné
zatazenie. Matter & Form svoju horSiu cenovll dostupnost kompenzuje lepSou celkovou
dostupnost’ou. Podporuje ju fakt, Ze skener Matter & Form ma v sortimentoch online predajcov
vyrazne vicsie zastiipenie.

Manipulacia

Kritérium manipulacie predstavuje v akej miere je ¢innost’ s konkrétnym skenerom naroc¢na. Za
predpokladu, Ze je vykonéavanie operacii so skenerom jednoduché a intuitivne, bude skener v
tomto kritériu hodnoteny pozitivne. Skener Sense 3D mé ndramne jednoduchu pripravu na
¢innost’ skenovania, ako je uz spominané v kapitole 2. AvSak pri samotnej ¢innost’ skenovania
je potrebné, aby sa uzivatel’ sustredil a s velkou presnostou venoval skeneru. Tto narocnost’
je podl'a nasho nazoru mozné v zna¢nej miere zjednodusit’ vyuzitim stativu. Skener Matter &
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Form ma naopak zlozity proces pripravy, no samotna ¢innost’ skenovania si takmer nevyzaduje
uzivatel'ovu pozornost’. Uzivatel pred zaCatim skenovania nastavi vSetky parametre ¢innosti,
ktoré skener nasledne vykona samostatne.

MozZnosti nastavenia skenovania

Kritérium hodnotenia moznosti nastavenia skenovania sa zapodieva Skalou moznosti, ktoré
nam jednotlivé softvéry skenerov pontkaju pred samotnou ¢innostou. V kapitole 2 sme sa
venovali prostrediu pouzivanych softvérov, kde sme si objasnili ich funkcie. Toto kritérium
nezohladnuje iba mnozstvo funkcii, ktoré softvér pontka, ale aj ich u¢innost’ na samotnu
¢innost’ skenovania. Skener Sense 3D ndm pred samotnou ¢innost'ou vytvarania digitalneho
modelu nepontka velky vyber moznosti. VacSina nastaveni sa tyka samotného prostredia
softvéru. Samotné skenovanie ovplyviiuje vyber typu objektu, ktory ndm pontka iba 3
moznosti. Tento fakt vSak predstavuje pre nového uzivatela vyrazné znizenie komplikacii s
obsluhou skenera. Skener Matter & Form nam ponuka vyrazne vic¢Sie mnozstvo moznosti.
Kazda z tychto moznosti vyrazne ovplyvni priebeh skenovania ako aj dosiahnuty digitalny
model objektu. MnoZstvo tychto funkcii znaéne prediZi &as, ktory bude potrebny pre schopnost’
nového uzivatel'a vyuzivat plny potencial tohto skenera.

Casova naroénost’

Casova naroénost’ je kritériom, ktoré bude mat’ signifikantny vyznam hlavne na strane
uzivatela. Podstatny faktor predstavuje priemerny ¢as od samotnej pripravy az po kompletny
digitdlny model objektu. Skener Sense 3D by sme v tejto oblasti mohli popisat’ ako vyrazne
dynamicky 3D skener. Skenovanie vSetkych testovanych objektov ndm v Ziadnom z pripadov
netrvalo viac ako 30 minut. K tejto skutocnosti prispievaji jeho intuitivne ovladanie a
nenarocnost’ nastaveni samotného skenovania. Skener Matter & Form vyrazne straca na
dynamike v porovnani so skenerom Sense 3D. Samotna priprava predstavuje zdihavy proces.
Casovii naroénost’ negativne ovplyviiuje aj skutoénost’ velkého mnoZstva vyberu moznosti.
Kazdé z tychto nastaveni mad vplyv na trvanie skenovania, ktoré nam softvér signalizuje
zobrazenim odhadovaného ¢asu skenovania.

Obr.3 Modely na ktorych boli skenery testované
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Zaver

3D skenovanie je jednou z najpodstatnejSich stcasti digitalizacie. Vytvaranie kvalitného
digitdlneho 3D modelu a nasledna uprava v softvéroch vo vyraznej miere ovplyviuje kvalitu a
rychlost’ tvorby inovacii. Efektivnym vyuzivanim digitalizaénych technik je mozné dosahovat’
vynikajuce vysledky v oblasti inovécii.

Tento ¢lanok bol zamerany na vytvorenie porovnania dvoch bezkontaktnych skenerov Matter
& Form a Sense 3D, ktoré vlastni Ustav manazmentu, priemyselného a digitalneho inZinierstva.
Skumali sa podmienky ako dostupnost, manipulacia, nastavenie skenovania a Casova
naroc¢nost’. Pokial’ ide o skusenosti a celkovy pohlad, stoji za to povedat, ze v kone¢nom
dosledku je skener 3D SENSE je na vysSej trovni ako skener Matter & Form ¢omu sa rovnali
aj vysledné skeny.
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NAVRH VIZUALIZACNEHO MODELU KONCEPTU
TESTBED V PROSTREDI SOFTVERU SKETCH UP

Peter TREBUNA —Marek MIZERAK- Jozef TROJAN-Ladislav ROSOCHA

Abstrakt: Tento prispevok sa zaobera moznost'ou vytvorenia vizualizaéného modelu alebo
digitdlneho dvojc¢at’a daného objektu v programe SketchUp.Tento program je znamy pre Siroku
Skalu modelovacich aplikacii. Tento program bol vybrany, pretoze je dokonalym néstrojom na
vizualizaciu objektov a je vel'mi uzivatel'sky prijemny. Aplikacia nam tiez dava slobodu
vykonavat’ zmeny I'ahko, ¢o najrychlejSie a v ovel'a va¢Som pocte

. Prispevok tiez popisuje jednotlivé prvky nachadzajice sa vo vizualizacnom modeli a ich ucel.
KrPuacové slova: vizualizacia, model, Sketch Up.

Uvod

V dnesnej dobe sa Coraz Castejsie stretdvam s pojmom vizualizdcia. V modernom strojarstve je
toto slovné spojenie neoddelite'ne spojene s Industry 4.0. Moderné vyrobné spolo¢nosti kladu
Coraz vac¢si doraz na vytvaranie modelov digitalnych spolo¢nosti a nasledné zvySovanie
efektivnosti vyroby, a to nielen z ekonomického hl'adiska.

Jedna sa o digitdlne znazornenie fyzického objektu alebo systému. Technologia, ktora stoji za
digitalnym dvojcatom, sa stala natol’ko rozsirenou, ze zahfia velké predmety, ako su budovy,
tovarne, mestd a dokonca aj l'udia alebo procesy mézu mat’ digitdlne dvojcatd, ¢im sa tento
koncept d’alej rozsiruje. Berie do tivahy vstupy z tdajov z redlneho sveta o fyzickom objekte
alebo systéme a vytvara ich ako predpovede vystupov alebo simulacie toho, ako budu tieto
vstupy ovplyvnené na fyzicky objekt alebo systém. [1]

Technoldgia ndm umoznuje skimat’ a vyvijat’ nové sluzby, aby sme uspokojili meniace sa
potreby pouzivatel'ov a prispdsobili im sposob prace, Zivota a pouzivania technologii. [2]
Softvér na trojrozmerné modelovanie a anima¢né programy je mozné pouZit’ roznymi sposobmi
na rozne ucely. Umoziuji vam navrhnut’ svoje vlastné objekty umiestnené v priestore pomocou
zakladnych geometrickych tvarov, ako su gule, valce, kuZele. VSetky tieto oddelenia potom
tvoria celi scénu projektov. Takmer kazdy program ma mnozstvo ndstrojov potrebnych na
definovanie svojich vlastnych objektov, od dvojrozmernych obrazkov az po ich konverziu do
trojrozmernej podoby. K dispozicii je tiez moznost’ modelovat’ zakladné objekty a manipulovat’
s nimi pomocou $pecidlnych nastrojov.

Hlavnou témou tohto ¢lanku je vytvorenie 3D modelu konceptu TestBed v softvéri SketchUp.

Softvér Sketch Up

Sketchup, predtym znamy pod menom Google Sketchup, je softvér na 3D modelovanie, ktory
sa lahko pouziva a na stiahnutie je k dispozicii rozsiahla databdza modelov vytvorena
pouzivate'mi. MozZe sa pouzit’ na nacrtnutie alebo importovanie modelov na pomoc so vSetkymi
druhmi projektov ako je vystavba nabytku, tvorba videohier, 3D tlac, navrh interiéru a iné.
SketchUp je intuitivna aplikacia na 3D modelovanie, ktord umoziuje vytvarat’ a upravovat’ 2D
a 3D modely pomocou patentovanej metddy ,,Push and Pull®. Néstroj Push and Pull umoziiuje
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navrharom vytlacit’ akykol'vek plochy povrch do trojrozmernych tvarov. Potrebné je iba kliknat
na objekt a potom ho zacat’ tahat’, kym sa nebude uzivatel'ovi pacit’ to, ¢o vidi.

SketchUp je program, ktory sa pouziva pre Siroku skdlu projektov 3D modelovania, ako st
architektonicky dizajn, interiérovy dizajn, krajinna architektira a dizajn videohier. Program
obsahuje funkénost’ rozlozenia vykresu, vykreslenie povrchu a podporuje doplnky tretich stran
z Extension Warehouse, tzv. kniznice komponentov. Aplikacia SketchUp je tiez vyuzivana pri
vytvarani, zdiel'ani alebo stahovani 3D modelov pre pouzitie s 3D tlaciarnami.

Modelovanie v prostredi softvéru Sketch Up

Najprv si vyberieme Sablonu v metroch. Thned’ po vybere sa otvori pracovny priestor SketchUp.
Oblast’ sa sklada zo Styroch hlavnych Casti, troch stiradnicovych osi a figary. V 'avom hornom
rohu je ponuka, nazov modelu a tla¢idlo s moZnostou uloZenia stiboru bud’ na Disk Google,
alebo priamo do vasho pocitaca (obr. 1).

< BlSketchUp Home
Create New — Open W
‘@‘ HOME Simple Template - Feet and Inches
® Simple Template - Meters
as Account

Simple Template - Millimeters

é Google Drive

((_:.?.\ mports/Exports
Lo

Obr.1 Uvodna obrazovka softvéru SketchUp

Na l'avej strane plochy sa nachadza panel so zakladnymi nastrojmi. V pravom dolnom rohu sa
nachadzaju rozmery tzv. ,Measurements®, ktoré nam zobrazuji aktualny rozmer daného
objektu. Zaciatocnici uvitaju inStruktora, nachadzajuceho sa na pravej strane obrazovky, ktory
napomaha, ako by sa mali jednotlivé néstroje ovladat’ a taktieZ pontika cenné klavesnicové

skratky (Tab. 1).

Tab.1 Zakladné klavesové skratky

Function Shortcut key
Select Spacer
Eraser E

Line L
Arc A

Rectangle R

Circle C
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Push/Pull P
Offset F
Move M
Rotate Q
Scale S
Tape Measure Tool T
Paint Bucket B
Orbit o
Pan H

Zoom Extents Shift + Z

Zacali sme vymerom plochy, a to 320 m2 (Obr.21). Na danej ploche sa nachadza testovacie
pracovisko o ploche 250 m2 , eduka¢na miestnost’ o ploche 60 m2 a pristupova chodba o ploche
10 m2.

Obr. 2 Plocha konceptu TestBed

Eduka¢na miestnost’

Edukac¢na miestnost’ poskytuje priestory na vyklad spojeny s prezentaciou principov a moznosti
Industry 4.0. Je vhodna pre Skolenia, seminare, workshopy, kde sliiZi na prednasky ¢i praktické
cvicenia nielen pre Studentov, ale aj pre top manazment. K dispozicii je projektor s tabul'ou na
prezentovanie a vyklad danej témy, dve tabule na pripadne hlbsie vysvetlenie témy ¢i rozne

149



Trendy a inovativne pristupy v podnikovych procesoch ,,2020%, ro¢. 23 @
Trends and Innovative Approaches in Business Processes “2020”, Vol. 23 "%+ T I A B P

nakresy. Vzadu sa nachddza menSia kniZnica, ktord slizi k lepSiemu porozumeniu témy ¢i
ziskaniu novych poznatkov, ktort m6zu navstevnici kedykol'vek vyuzit.

Obr. 3 Eduka¢na miestnost’

Testovacie pracovisko - TestBed

Hlavnou miestnostou je testovacie pracovisko, ktoré sa sklada z dvoch Casti. V prvej Casti sa
nachadzaju stoly s jednotlivymi pracoviskami, kde kazdé pracovisko ma na starosti nieco iné.
Kazdy stol je oznaCeny cislom, ktoré je nasledne priradené k cCinnosti, ktori vykonava.
Jednotlivé pracoviska st vybavené podla toho, aku ¢innost’ realizuju. VSetky prvky TestBedu,
t.j. pocitacové stanovistia a roboty, su zosietované a poprepajané.

Obr. 4 TestBed s jednotlivymi pracoviskami

Na ploche sa nachadza sedem pracovisk (Obr.25). Pracovisko s ¢islom jedna ma na starosti
zberanie dat o vyrobku, kde riesi komplexnu a ¢iasto¢nu integraciu podnikovych procesov,
zber, vymenu, spracovanie a vyhodnocovanie dat pre priemyselné podniky. Pracovisko ¢islo
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dva sa zaobera vyvojom a odladenim automatizovanych zariadeni. Predvyrobné fazy sa
vykonavaju na pracovisku Cislo tri. Pracovisko Cislo Styri riesi vyrobu, logistiku, manazérske
vystupy (Obr.26). Pracovisko s ¢islom pat’ ma dva stoly, obsahujuce CAM stroje. Na jednom
z nich sa nachadza CAM stroj urCeny Specialne na sustruzenie, na druhom stole sa nachadza
CAM stroj ur¢eny na frézovanie. Tymto pracoviskom sa po vlozenych vstupnych udajoch, resp.
parametroch stroja, daju overit’ podmienky, ktorymi by podliehal dany obrabaci stroj v realnej
vyrobe. Takymto spésobom sa d4 na tomto pracovisku otestovat efektivnost’ zariadeni vo
vyrobnych podnikoch. Pracovisko ¢islo Sest’ ma na starosti riadenie toku materialu, zariadeni
a l'udi, bezpecnost’ s vyuzitim RTLS. RTLS systém ma za ulohu tzv. ,.trekovanie*, ¢o znamena
sledovanie toku materidlu, pracovnikov a zariadeni vyrobného objektu, v danom pripade
pracoviska TestBed. Poslednym pracoviskom je pracovisko s ¢islom sedem, ktory sa sklada zo
Styroch buniek, ur€enych na aplikéciu konceptu digitdlneho dvojcata. Prebiehaji tam procesy
ako navrh, overenie a optimalizacia novych procesov, pracovisk, liniek a prevadzok pre vyrobu
a logistiku. Navrh, overenie a optimalizacia vyrobnych logistickych tokov materialu, tras,
vyuzitia techniky, pracovnej sily, balnych mnozstiev. Taktiez tam prebieha tvorba konceptu,
spolupraca pri vyvoji, konstrukcii a odladenie vyrobnych liniek a automatizovanych zariadeni
do prevadzky vo virtudlnom prostredi. Vykonava sa tam aj overenie a optimalizacia rieSeni
navrhnutych tretou stranou, montaznych procesov, ¢i vyrobného traktu.

Pod’akovanie
Tento ¢lanok bol vytvoreny realizaciou grantovych projektov VEGA 1/0438/20 Interakcia

digitalnych technologii za ucelom podpory softvérovej a hardvérovej komunikacie pokrocilej
platformy systému vyroby, KEGA 001TUKE-4/2020 Modernizacia vyucby priemyselného
inZinierstva za uCelom rozvoja zrucnosti existujuceho vzdeldvacieho programu v
Specializovanom laboratoriu, APVV-17-0258 Aplikacia prvkov digitalneho inzinierstva pri
inovacii a optimalizacii produkénych tokov a APVV-19-0418 Inteligentné rieSenia pre zvySenie
inovacnej schopnosti podnikov v procese ich transformdcie na inteligentné podniky.

Zaver
Digitalizacia sa stala neoddelitenou sucast'ou dnesného sveta a sme priamymi svedkami toho,

ako odvetvie priemyselného inZinierstva nadobuda novu podobu. Vd'aka digitaliz4cii vznikla
nova Skala produktov a sluzieb, ktoré ul'ahcuji pracu priemyselnym spolo¢nostiam.

Hlavnym cielom tohto prispevku bolo vytvorenie vizualizacie konceptu TestBed v
pocitaCovom programe pre 3D modelovanie SketchUp, kde sme v kratkosti predstavili
prostredie. DneSny trh pontika velké mnoZstvo individualneho softvéru, ktory je navrhnuty na
vytvaranie podobnych vizualizaénych modelov, ale jednym z dévodov, pre¢o sme si vybrali
tento softvér, je jeho jednoducha a intuitivna obsluha a skuto¢nost’, Ze nie je potrebné platit’ za
licenciu na vzdeldvanie.

Je dolezité spomenut’, Ze koncept vizualizacie neoddelitelne zahfha spojenie s virtudlnou a
zmieSanou realitou, ktord dnes zaziva rozmach nielen v priemysle, ale v roznych oblastiach
zivota od mediciny po herny priemysel. Existuje velky predpoklad, ze tento trend nebude
klesat’.
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