TECHNICAL UNIVERSITY OF KOSICE
\ ) Faculty of Mechanical Engineering

Trends and Innovative Approaches in
Business Processes 2019

Trendy a inovativne pristupy
v podnikovych procesoch 2019

‘@ TIABP

Proceedings of the XXII. International Scientific Conference

The area of the Herlany historical spa
November 19th - 20th, 2019



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22

Conference program committee

Chairman

Dr.h.c. prof. Ing. Jozef Zivéak, PhD., MPH

Members
prof. Ing. Jozef Kovag, CSc.
prof. Ing. Peter Trebuna, PhD.

Dr.h.c. mult. prof. Ing. Jozef Mihok, PhD .

doc. Ing. Jaroslava Kadarova, PhD.
doc. Ing. Vladimir Rudy, PhD.

doc. Ing. Michal Puskar, PhD.

doc. Ing. Martin Straka, PhD.

doc. Ing. Daniel Kottfer, PhD.

doc. Ing. Peter Frankovsky, PhD.
Ing. Michaela Kocisova, PhD., MBA
Ing. Marcel Behtin, PhD.

Ing. Marek Schnitzer, PhD.

Dr.h.c. prof. Ing. Michal Cehlar, PhD.
doc. Ing. Andrea Rosova, PhD.

prof. Ing. Gabriel Fedorko, PhD

doc. Ing. Peter Blistan, PhD.

doc. Ing. Jozef Glova, PhD.

doc. Ing. Marek Laciak, PhD.

doc. Ing. Patrik Flegner, PhD.

doc. RNDr. Jana Pocsova, PhD.

doc. Ing. Michal Soltés, PhD.
prof. Ing. Vladimir Modrak CSc.
doc. Ing. Michal Balog, CSc.

doc. RNDr. Marianna Trebunova, PhD.

doc. Ing. Michal Hatala, PhD.
prof. Ing. Milan Gregor, PhD.
prof. Ing. Branislav Micieta, PhD.
doc. Ing. Martin Krajcovic, PhD.
doc. Ing. Cuboslav Dulina, PhD.
Ing. Martin Gaso, PhD.

Ing. Radovan Furmann, PhD.

prof. Ing. Milo§ Cambal, CSc.

doc. Ing. Andrea Chlpekova, PhD.
doc. Ing. Helena MakySova, PhD.
doc. Ing. Dagmar Bab¢anova, PhD.

doc. Ing. Henrieta Hrablik Chovanova, PhD.

doc. Ing. Milan Edl, Ph.D.

doc. Ing. Michal Simon, Ph.D.

Ing. Peter Poor, Ph.D.

Ing. Marek Bures, Ph.D.

Ing. FrantisSek Koblasa, Ph.D.

doc. Ing. Petr Besta, Ph.D.

prof. Ing. Radim Lenort, Ph.D.

prof. Ing. Felicita Chromjakova, Ph.D.
doc. Ing. Rastislav Rajnoha, Ph.D.
doc. Ing. David Tucek, Ph.D.

doc. Ing. Roman Zamec¢nik, Ph.D.
Ing. Monika Karkova, PhD.

Dr hab. inz. Stawomir Ktos, prof. UZ
dr hab. inz. Michat Sgsiadek

dr hab. inz. Piotr Kuryto.prof. UZ

prof. dr hab. inz. Jozef Matuszek, hr h.c.
dr hab. inz. Dariusz Plinta, prof. ATH
doc. Ing. Silvia Rucinska PhD.

Dr.h.c. doc. Ing Milan Fil'o, PhD.

doc. Ing. Jaromir Markovi¢, PhD.

prof. Dr. Martin Uzik

Ing. Martin Morhac

prof. Ing Jan Zéavadsky, PhD.

doc. Ing. Jan Vavro, PhD.

‘@ TIABP

NAZOV: Trends and Innovative Approaches in Business Processes 2019

EDITORI:

prof. Ing. Peter Treburna, PhD.i
Ing. Marek Kliment, PhD.
Ing. Peter Malega, PhD.

VYDAVATEL: Technicka univerzita v KoSiciach
ROK: 2019

VYDANIE: XXI1

NAKLAD: 50 ks

ROZSAH: 189 stran

ISBN: 978-80-553-3422-6



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ‘_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

Obsah

Vizualizacia priemyselnej vyroby za pomoci konceptu digitilne dvojcat'a
Peter Trebuna — Marek Kliment - Stefan Kral - Ladislav Rosocha - Richard Duda 5

Key competences of lifelong learning in selected organization
Vladimira Binasova — Marta Kasajova — Branislav Micieta 12

Use of computer simulation for optimization of energy consumption in manufacturing
Monika Buckova — Martin Gaso — Blanka Horvathova 20

Digitisation and disruption in the industry
Miroslav Fusko — Miroslav Rakyta — Radovan Skokan 28

Use of augmented and virtual reality in industrial engineering
Gabriela Gabajova — Beata Furmannova— Iveta Medvecka 36

Design of system for faster data actualization in simulation
Stefan Mozol — Patrik Grznar— Martin Kraj¢ovic¢ 43

Reporting podniku a jeho vizualizacia
Jaroslava Kadarova — Michaela KociSova — Gabriel Kadar 49

Business process reengineering — effective way to change
Peter Malega 58

Vyvoj a porovnanie produktivity na Slovensku a v krajinach Europskej Gnie
Jaroslava Janekova — Daniela Onofrejova 65

Prediktivne riadenie kvality procesov hutnickej druhovyroby
Jan Rusnak — Vladimir Rudy 71

Production system vs. production process and the way of their optimization
Peter Malega — Jozef Kovac 79

Proaktivny manaZment priemyselnych podnikov
Jaroslava Kadarova — Michaela Kocisova — Jozef Mihok 86

Environmentalno-ekonomicka efektivnost’ implementacie environmentalneho
manaZzérstva podl’a EMAS |11
Milan Majernik — Jana Nas¢akova — Nagibullah Daneshjo — Jaroslav Dugas 96

Virtualna a digitalna transformacia a generovanie Struktur vyrobného prostredia
Vladimir Rudy — Juraj Kova¢ 113

Comparison of two ways of warehouse picking optimization in a wholesale warehouse
Juraj Sebo — Marek VoloSinyi 121



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ,_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

E-learning as an innovative method of education
Martina Kuperova — Monika Zatrochova 126

Navrh zjednotenia vyrobného procesu na linke povrchovych tprav a hodnotenie jej
vlastnosti pomocou simulacie
Marek Kliment — Peter Trebuna — Ladislav Rosocha — Stefan Kral’ — Richard Duda 133

Vplyv Industry 4.0 na transformaciu logistiky na logistiku digitalnu
Miriam Pekar¢ikova — Peter Trebunia — Milan Edl - Ladislav Rosocha 140

Workplace design based on analysis of material flow
Daniela Onofrejova — Jaroslava Janekova 146

Start-up ako moderna forma zacatia podnikania vs. chyby pri ich zakladani
Peter Malega 152

Vyuzitie simulicie a manaZérskych metéd prizefektiviiovani procesu montaze
komponentov pre automotive
Marek Kliment — Peter Trebuna — Ladislav Rosocha — Stefan Kral — Richard Duda 159

TX Process Simulate ako prostriedok na zvySenie vyroby U-profilov v podniku
Jozef Trojan — Peter Trebufia — Marek Mizerak — Richard Duda 170

3D skenovanie vel’kych vyrobnych hal
Peter Trebuiia — Marek Mizerak — Stefan Kral — Jozef Trojan 178

Priemyselné inovacie v koncepte industry 4.0
Peter Trebuna, Marek Kliment, Jan Kopec 185



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ,_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

VIZUALIZACIA PRIEMYSELNEJ VYROBY ZA POMOCI KONCEPTU
DIGITALNE DVOJCATA

Peter TREBUNA — Marek KLIMENT - Stefan KRAL - Ladislav ROSOCHA - Richard
DUDA

Abstract: The paper deals with the implementation of the concept of digital twin in industrial
practice. The goal of the digital twin is to investigate the interaction of real production processes
with digital simulation models, which are a detailed virtual copy of all processes, material
flows, and possible states in a real production system. The interaction of production equipment
and equipment simulation models will bring new insights into the dynamics of production and
logistics processes that are currently accelerating.

Abstrakt: Prispevok sa zobera nasadenim konceptu digitalneho dvojéata do priemyselnej
praxe. Cielom digitadlneho dvojCata je vyskum interakcie redlnych procesov vo vyrobe
s digitdlnymi simula¢nymi modelmi, ktoré su detailnou virtudlnou képiou vsetkych procesov,
materidlovych tokov a moznych stavov v redlnom vyrobnom systéme. Interakcia vyrobnych
zariadeni a simula¢nych modelov zariadeni prinesie nové pohlady na dynamiku vyrobnych
a logistickych procesov, ktord v sucasnosti akceleruje.

Keywords: digital manufacturing, visualization, digital twin, layout, smart industry

KrPuacové slova: digitalna vyroba, vizualizacia, digitalne dvojca, pddorys, inteligentny priemysel

Uvod

Na zaciatku vyskumu boli informacie o fyzickom produkte limitované a vacSinou
zaznamenavané len na papier. V sucasnosti, prudky rozvoj informacnych technologii podporuje
nielen vyvoj a drzbu virtudlneho produktu ale zapri¢inil aj prudky vyvoj v oblasti navrhu
produktov.

Virtualne produkty (obr. 1) st v podstate na nerozoznanie od ich fyzickych naprotivkov.
Vzostup ,,Digital manufacturingu‘ viedol k obohateniu tidajov zhromazd’ovanych pre produkt.
Prechod od ru¢ného zberu udajov do zberu v digitdlnej podobe bol zapri¢ineny roéznymi
metodami nedesStruktivneho fyzického prieskumu zaloZzeného na 3D skenovani, senzorickom
snimani, pouzivani meradiel a suradnicovych meracich strojov, lasera a kamier.

Na zéklade tohto faktu, preto nastal ¢as preverit moznost’, ako digitalny a potencidlne
uzito¢ny koncept pomaha pri pochopeni fyzického produktu. Koncept by si mal v prvom rade
za Ulohu klast’ Glohy ako zniZit' naklady a podporovat’ inoviacie pri produkcii kvalitnych
produktov.

Desatro¢iami vyvoja sa enormne zvacSil objem a bohatost’ tdajov, ktoré je mozné
ziskat’ z virtualnej a fyzickej podoby produktu. Na virtualnej strane sa radikalne zvysil objem
informacii, pridali sa behaviordlne charakteristiky, takze je mozné produkt nielen vizualizovat,
ale je mozné testovat’ aj jeho schopnosti a vykon.
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Obr. 1 Model konceptu Digital Twin

V stcasnosti mame moznost’ vytvarat’ odl'ah¢ené verzie virtudlneho modelu. M6zeme
menit’ geometriu, charakteristiky a atributy, ktoré pozadujeme bez zbyto¢nych detailov. Toto
dramaticky zmensuje velkost’ modelov a umoziiuje preto rychlejSie spracovanie tdajov.

Tieto odlahené modely umoziuju pomocou simulaénych softvérov simulovat
komplexné systémy, vratane ich fyzikdlneho spravania v redlnom cCase a s prijatelnymi
vypoctovymi nakladmi. Pouzivanie odl'ah¢enych modelov umoziuje ich rychlejSiu vymenu,
skracovanie ¢asov a samozrejme zvySovanie kvality produktu na zaklade hibsieho pochopenia
informadcii o produkte vSetkymi zi¢astnenymi stranami.

Ak je to potrebné moézeme simulovat’ produkéné prostredie, ktoré vytvara produkt,
vratane vacsiny operacii, ako automatizované a manualne, ktoré predstavuju produkény proces.
Tieto operacie zahffiaji montaz, robotické zvaranie, tvarnenie, frézovanie a iné.

Na fyzickej strane konceptu sa zhromazduju dalSie informacie o vlastnostiach
fyzického produktu. M6zeme zbierat’ data z pocitacov, ktoré vykonavaju operacie na fyzickej
Casti a pochopit’ aké operacie, pri akej rychlosti a sile boli pouzité. Napriklad mézeme zbierat’
udaje o momente utahovania kazdej skrutky, ktorou sa upeviiuje palivové cerpadlo k motoru,
aby sa zabezpecilo, Ze kazdé naskrutkovanie Cerpadla bude GspeSne vykonané a v budicnosti
bezporuchové.

MnoZstvo a kvalita informécii o virtudlnom a fyzickom produkte v poslednom desat’roci
narastaju. Problém nastal pri obojsmernom prepojeni medzi skutocnym a virtudlnym
svetom. Globalni producenti dnes mozu pracovat bud’ s fyzickym alebo virtuadlnym produktom.
Zatial’ nebolo vyvinuté spojenie medzi tymito dvoma produktmi, takZe moZeme pracovat
S oboma sucasne.

Typicky spdsob, ako to urobit, je vyvinut’ plne anotovany 3D model, nasledne vyvinut
produkény proces, ktory bude realizovat tento model s popisom procesu a popisom
produkénych materialov. Pokroc€ili producenti potom mozu simulovat produkény proces
digitalne.

V mnohych pripadoch vSak klesd wuZito€nost' virtudlneho modelu z dovodu
nevyuzivania 3D modelov a nasadzovania ,,len“ 2D modelov.

Existuju producenti, ktori prenaSaju 3D modely na layout vyrobnej haly formou
umiestnenia v pracovnych bunkach. Ani tu vSak nie je redlna integracia a prepojenie medzi
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virtualnym modelom a fyzickym produktom v tovarni. Tu model sluzi iba ako referencia, a
¢lovek ma ¢o do Cinenia vykonavat’ spojenie medzi virtualnym a fyzickym produktom na baze
ad hoc.

EEnEEE D -m EEEECEn oy

Obr. 2 Vkladanie realnych objektov do virtualneho priestoru

Informacie z fyzického produktu by mali prekryt virtudlny produkt a zdoraznit
odli$nosti, na ktoré je potrebné zamerat’ sa. Simultanny pohlad a porovnanie fyzického
a virtualneho produktu bude mat’ uspech hlavne vo vyrobnej faze produktu.

Podstatou a ucelom digitadlneho dvojcat’a je vytvorit’ vyskumny systém, z ktorého bude
mozné ziskavat' vSetky dolezité data, ktoré vznikaju v redlnych vyrobnych a logistickych
systémoch. Vytvorenie digitalneho dvoj€ata, umozni vytvorit’ plynuly tok vSetkych procesov
na zaklade rychleho spracovania sledovanych dat. Aby bolo mozné dosiahnutie tohto ciel’a je
potrebné zamerat’ sa na otdzky akym sposobom odburat’ prekdzky oddel'ujtice digitalny a redlny
svet a akym spdsobom je mozné vyhodnocovat’ ziskané udaje.

Ciel’ digitalneho dvojcata

Cielom digitdlneho dvojcata je vyskum interakcie redlnych procesov vo vyrobe
s digitalnymi simulaénymi modelmi, ktoré st detailnou virtualnou kdopiou vsetkych procesov,
materidlovych tokov a moZnych stavov v redlnom vyrobnom systéme. Interakcia vyrobnych
zariadeni (pracovnych stanic, liniek a podnikov) a simulaénych modelov zariadeni prinesie
nové pohlady na dynamiku vyrobnych a logistickych procesov. Analyzy by mali byt
vykonavané na kyberneticko-fyzickom produkénom systéme (fyzické zariadenia prepojené
s digitalnym dvoj¢atom) a mali by prispiet k vzniku novych stratégii riadenia vyroby
a logistiky v priemysle. Naplnenie hlavného ciel'a bude mozné len so synergiou vyskumu
Vv oblasti simulaénych technologii a priemyselnej praxe.

Pomocou digitadlneho dvojcata (simulaéného modelu) budi realizované rézne analyzy a
vyhodnocovania stavov vyroby, ktoré budii mdct ovplyvilovat’ prebiehajucu vyrobu na
viacerych trovniach. Od navrhov moznych rieSeni vzniknutej situacie (operator, planovac,
manazg€r, alebo majitel' sa rozhodne o aplikovani navrhu) az po moznost’ samostatnej spétnej
aplikovatelnosti navrhu na realny vyrobny proces.

Prave vyvoj algoritmov, ktoré umoznia digitdlnemu dvojcatu navrhovat’ sofistikované
rieSenia pre aktudlne situacie vo vyrobe, mozno nazvat sekundarnym smerom vyskumu
V buducnosti. Oba smery st rovnako doélezité, ale ich smerovania st odliSné. Primérny ciel
riesi interakciu systémov a sekundarnym cielom bude vyhodnocovanie analyz a vyskum
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kauzalit medzi navrhovanymi rieSeniami, ktoré budu vznikat’ na zaklade roznych stavov vo
vyrobe.

Stucastou konceptu by mal byt aj vplyv Industy 4.0 na vyrobné a logistické systémy
V sucasnosti, ako aj vyskum optimalizacie materialového toku v ramci realizacie vyrobnych
operacii v budacnosti. Ciel'om bude vyskum postupov pre zavadzanie elektronického kanbanu
do materidlového toku v ramci vytvorené¢ho pracoviska. Pre potreby elektronického kanban
systému je potrebné identifikovat’ vSetky mozné prekazky a obmedzenia, ktoré uvedeny systém
moze so sebou prinaSat’. Rovnako je potrebné zamerat’ vyskum na dostupnost’ technologii, ktoré
budu umoznovat vyuzivanie elektronického kanbanu.

Digitalne dvojca by malo byt schopné poskytovat’ informacie o:

e vytazenosti pracovnych buniek,

e vytazenosti zamestnancov,

e vytazenosti v oblasti medzioperacnych zasob,

e pohybe materidlu,

e Casovych prestojoch,

e energetickej bilancii procesov,

e cCasoch ukoncenia vyroby jednotlivych zdkaziek, ale aj jednotlivych kusov v zdkazke,

e predbeznej cenovej kalkulacii ndkladov pre jednotlivé varianty vyroby,

e hodnote, ktora je tvorend vyrobou pre zakaznika, ale aj o hodnote, ktora neprinasa
zakaznikovi hodnotu na vyrobku (napr. statie materialu v sklade).

Digitalne dvojc¢a je detailnou virtualnou képiou vsetkych procesov, materialovych tokov
a moznych stavov v redlnom vyrobnom systéme.

Vizualizuje cely proces vyroby, ¢im poskytuje jedine¢ny pohlad na dynamiku celého
vyrobného systému. Na zaklade informacii snimanych na redlnych pracoviskach sa v presnych
casovych intervaloch digitdlne dvojca aktualizuje a poskytuje informécie o aktudlnom stave
vyroby a 0 planovanom stave vyroby. Digitdlne dvojéa umozni zladit' vyrobné kapacity
S navrhovym vyrobnym planom a bude schopné operativne reagovat’ na vzniknuté situacie vo
vyrobe prostrednictvom navrhov na zmenu vyrobného planu (operativne planovanie).

Server
Zber dat Nové nastavenia Aktualizicia Navrhované
zvyroby systému dat zZmeny
Realny vyrobny systém Digitalne dvojca
- stroje a zariadenia - vizualizdcia aktudlneho stavu
- zamestnanci - predikcia nasledujiceho stavu
- PLC systém (spatna vazba do riadiaceho
systému)
- optimalizécia vyrobnych kapacit
Realny systém Digitalne dvojca

Obr. 3 Schéma prepojenia realnej vyroby a digitalneho dvojcata
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Prepojenie realneho systému vyroby a digitdlneho dvojcata bude mozné prostrednictvom
servera, kde sa budi nachadzat' informacie ulozené zriadiaceho systému, PLC systémov
a hodnoty jednotlivych snimanych veli¢in. Na obrazku 3 je znazornena zadkladnd schéma
prepojenia realnej vyroby a digitalneho dvojcat’a

V pripade, Ze nastane zmena v redlnej vyrobe (poruchy na strojoch, dopravnikoch, zmena
taktov pracovnikov, atd’.), alebo vzniku zmeny vo vyrobnom plane (rusi sa zdkazka, je nutné
zaradit’ do vyrobného planu novu zédkazku s vysSou prioritou, atd’.) digitdlne dvojca posluzi na
simulaciu moznych stavov v realnej vyrobe (na zaklade zmenenych parametrov), ato bez
zasahu do redlnej vyroby, ¢im neohrozi prebiehajicu vyrobu a poskytne informacie potrebné
na zmenu realnej vyroby.

Pri jednotlivych variantoch vyrobného planu bude vykonana predbezna cenova kalkulécia
nakladov na zakazku spolu s predpokladanymi ¢asmi ukoncenia vyroby jednotlivych zakaziek.

Smart industry a pripravenost’ Slovenskej republiky

Slovensky priemysel potrebuje zvySovat’ svoju konkurencieschopnost’. Smart Industry sa
pre naplnenie tohto zdmeru javi ako jeden z rozhodujtcich postupov, v rdmci ktorého je princip
,Digitalne dvojca“ zdkladom pre zvySovanie operacnej efektivnosti vyrobnych podnikov.

Vysledkom Digitadlneho dvojcata by mal byt variabilny model vyroby v digitalnej
I fyzickej reprezentacii (vzajomne previazanej) postaveny na principoch Smart Industry. Tento
model bude prestavitelny na konkrétne vyrobné situdcie v novopripravovanych projektoch
I v existujucich vyrobach u zakaznikov ziadatela.

Pomocou tohto konceptu je mozné skiimat’, simulovat’ a optimalizovat Specifické procesy
pre vyrobné podniky na Slovensku tak, aby maximalizovali ich operanu efektivnost,
eliminovali ich nédkladovost, atym vyrazne posiliiovali ich konkurencieschopnost’. Tento
postup minimalizuje rizika, vyznamne skrati nabeh vyroby novych projektov a znizi naklady
spojené s rozbehom novych projektov.

Transformacia slovenského, ale aj svetového priemyslu uz zacala. Mnohé firmy zacali
investovat’ do modernizacie svojich vyrobnych prevadzok. Vznikaju prvé pracoviska zalozené
na principoch kooperacie ¢loveka a robota, rovnako tak digitalizacia procesov vo vyrobe sa
stdva Coraz beZnejSia. Je vSak nutné dodat, Ze velké mnoZstvo vyrobnych zavodov na
Slovensku neustdle zvazuju do akej miery je pre nich potrebné investovat do novych
technologii. V ostatnych priemyselne rozvinutych Statoch je situacia porovnatel'na a mozno
ocakavat’ velky inovaény boom naprie¢ celou EU.

Digitalne dvojca zacina vplyvat’ na Slovensky priemysel v niekol’kych oblastiach. Prvou
je samotné vzdelavanie mladych l'udi na univerzite a popularizacia techniky na Slovensku.
Vysledkom by mal byt zvySeny zdujem o $tddium technickych odborov na univerzite,
v dosledku ¢oho sa zvysi aj pocet odbornikov v oblasti Smart Industry, ktori budi vytvérat’ zo
Slovenska lukrativnejsie prostredie pre zahrani¢nych investorov. Projekt tak bude
zviditelovat’ slovenskych technikov na svetovej tirovni.
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Hlavnou oblast’ou vplyvu vsak ma byt posilnenie konkurencieschopnosti priemyselnych
spolo¢nosti na Slovensku. Technickou podstatou by mal byt tento koncept jedinecnou ukazkou
mozného smerovania inteligentnych tovarni.

Principy, na ktorych je digitdlne dvojca zalozené, umoznia v laboratornom prostredi
optimalizovat’ najkritickejSie vyrobné procesy, ¢o v konecnom dosledku bude viest’ k:

e cfektivnejSiemu vyuzivaniu nasich existujucich prirodnych zdrojov,
efektivnejSiemu vyuzivaniu l'udskych zdrojov,

nastartovaniu rozsiahlej$ich inovacii vo vyrobnych spolo¢nostiach,
prepojeniu vsetkych systémov vo fabrikach,

skokové zlepSenie produktivity, flexibility,

roz§ireniu mobilnych technologii v priemyselnej vyrobe.

Zaver

Pomocou tohto konceptu je mozné priniest’ plne nova kvalitu navrhovania a
nastavovania vyrobnych procesov postavenych na principoch Smart Industry, zvySovat
konkurencieschopnost’ a zarovent ambiciézne ponukat’ tito sluzbu d’ale;j.
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KEY COMPETENCES OF LIFELONG LEARNING IN
SELECTED ORGANIZATION

Vladimira BINASOVA — Marta KASAJOVA — Branislav MICIETA

Abstract: Key competences are those that all individuals need for personal satisfaction and
development, active citizenship, social inclusion and employment. Promoting education,
including the lifelong learning system is an important tool for equipping current and future
workforce with the necessary knowledge and skills, and thus a tool for promoting economic
growth and expanding opportunities. Given the rapid technological advances and related
changes in job profiles and requirements, lifelong learning must be based on strong cooperation
and synergies between industry, education, training and learning. At the same time, education
and training systems must adapt to this reality. Further findings and results of the case study of
the possibilities and competences of lifelong learning in the selected organization are presented
at the end of the paper.

Keywords: Key competences, lifelong learning, possibilities, improvement.

Introduction
In study of formal, non-formal and informal learning, Colley examined data drawn from several

broad research areas, which covered: workplace learning for school teachers and learning
within further education; community education and learning; and mentoring in the contexts of
business and working with excluded young people. [1] There are three basic categories of
purposeful learning activity:

« Formal learning takes place in education and training institutions, leading to recognised
diplomas and qualifications. [2], [3]

» Non-formal learning takes place alongside the mainstream systems of education and training
and does not typically lead to formalised certificates. [4], [5]

« Informal learning is a natural accompaniment to everyday life. Unlike formal and non-formal
learning, informal learning is not necessarily intentional learning, and so may well not be
recognised even by individuals themselves as contributing to their knowledge and skills.
Table 1 below shows the differences between formal, non-formal and informal lifelong
learning.

Tab. 1 Differences between formal, non-formal and informal lifelong learning
Formal Non-formal Informal
Goal Clearly defined Clearly defined, adapted to the | No
needs of the participants and co-
created by them

Plan Clear, gradual steps Techniques and methods can be | No
varied according to the knowledge
and capabilities of the participants

Process It is important, fixed It is important, flexible No

Place Fixed Variable Everywhere
Type of | Conscious - information, | (not) conscious, intuitive Unconscious
learning knowledge competences
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Focus Individual, knowledge The individual and the group, | Self-
knowledge, attitudes, emotions development -
knowledge,
attitudes
Mistakes Punished - classification Allowed, positively evaluated, can | Means of
be extracted from them learning
Results The same, everyone should know | Similar - the topic is the same, but | Different
the same thing the knowledge is different
Responsibility | Educator Participant, group, educator Individual
for results
Group - the | The role has an influence, but it is | The substantial role supports the | If exists the role,
role not essential learning process he/she plays it
Group - the |Peer Intergenerational Intergenerational
age
Group - | Competitiveness Cooperation By context
interaction
Participation | Mandatory Voluntary Automatic
Activity Directive Non-directive support, partnership, | No
leader leadership can change
Evaluation Diploma, certificate Certificate of attendance, certificate | No
Time Established - a long-term process | Short/long term, flexibility within | Lifetime

with steps which must always
follow the same procedure

the activity

European key competences for lifelong learning
Key competences are a dynamic combination of the knowledge, skills and attitudes a learner
needs to develop throughout life, starting from early age onwards. The key competences are
developed in a lifelong learning perspective, from early childhood throughout adult life, and
through formal, non-formal and informal learning in all contexts, including family, school,
workplace, neighbourhood and other communities. They are all considered equally important;
each of them contributes to a successful life in society.

Methodology

Science,

technology,
engineering,

mathematical

Digital

I .

/ e
[ Personal, \

\ learning

social and ;“‘?‘.‘t\ compete I]Ces

Entrepreneurship

Multilingual

Key

Literacy

Cultural
awareness
and
expression

Fig. 2 New competences for lifelong learning. [1]

Participation in the survey was voluntary, in the form of an anonymous questionnaire. The
survey was conducted by electronic communication using a questionnaire. The following
procedure was selected when creating the questionnaire:
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« The preparatory stage consisted of the design of the questionnaire objectives, the
construction of the content of the questionnaire, the selection of respondents (exploratory
sample), the choice of the method of recording and evaluating the data, the proposal of the
required deadline for the response.

» The implementation stage started with contacting the respondents in electronic form in order
to get answers to the questions in the questionnaire.

* The evaluation stage, the content analysis of the obtained data was carried out, which had to
be processed, evaluated and conclusions drawn up in the form of tables and graphs for better
visualization of the survey results.

Case study — Survey of the possibilities and competences of lifelong learning in the selected
institute

The following exploratory questions (EQ) have been set:

EQ (1): Is coaching the most effective lifelong learning method in a selected institute?

To address this, we've included the following questions in the questionnaire:

» What forms of learning do you use?

» What learning methods do you most often learn in your position?

» Which learning methods do you think are most effective?

« Which lifelong learning opportunities do you use?

EQ (2): Do employees of the selected institute develop digital competence as a priority?
We have included the following questions in the questionnaire:

Express on a scale from 1 to 6 to what extent you develop the following key competences for
lifelong learning: communication in the mother tongue, communication in the foreign language,
mathematical competence in science and technology, digital competence, learning to learn,
interpersonal, intercultural and social competences and civic competences, entrepreneurship,
cultural expression.

(3): Does lifelong learning primarily aim at gaining new knowledge and skills?

To address this research question, we have included the following questions:

« What is your motivation for further education?

» What benefits does lifelong learning have for you?

» What do you consider to be the main barriers to your lifelong learning?

The questionnaire contains 17 questions and 4 areas:

» Identification questions. Possibilities of lifelong learning. Key competences for lifelong
learning. The motivation for lifelong learning.

Results

A survey of the possibilities and competences of lifelong learning of employees was carried out
at the Institute of Lifelong Learning, which has 30 employees. The mission of the Institute of
Lifelong Learning is to develop and disseminate learning at all stages of life and to provide
comprehensive training services. Its long-term goal is to build a workplace providing
comprehensive education and counselling services, to create and innovate a portfolio of
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language, professional and interest programs that follow the latest developments and practice
needs, promote international cooperation in all its structures, and stimulate seniors to activity.

Results of Area 1: Identification Question

The survey was conducted from January to April 2019. The questionnaires were addressed to
30 respondents where we got 29 questionnaires back. Based on the results of the survey of the
possibilities and competences of lifelong learning in the selected organization (institute), we
evaluated the following conclusions. Based on the identification question no. 1 (What is your
highest level of education?) was found that the respondents have completed a doctoral degree
and master’s degree. They have completed formal learning with a state examination.

Results of Area 2: Possibilities of Lifelong Learning

Question no. 2 showed that the most common form of is non-formal learning (96,6%) and
informal learning (72,4%).

Recommendation: Employees are interested in non-formal learning. As a recommendation, a
meeting was proposed where each employee could express an opinion in which areas, they
could undertake further training and include these with the highest requirement in the future
training plan. Currently, employees attend a learning program based on their own interest and
the need to participate in educational activities. On the basis of their proposals and the results
of a questionnaire survey, an in-service training plan would be developed to take into account
their requirements.

The third question showed that the most common learning methods are self-education
(93,1%), workshops (75,9%), lectures (27,1%) and task assignments (72,4%).
Recommendation: There are many institutions and professionals who offer quality education
through different learning methods. Coaching is very popular, where employees are looking for
answers and solutions to problems. As part of the training, the recommendation is to invite a
professional coach to the workplace.

In the fourth question, we found out which methods are the most effective according to
employees. The most preferred learning method is coaching (86,2%), e-learning (58,6%),
outdoor training (44,8%), case study (4,.8%), mentoring (20,7%), training (10,3%), simulation
(20,7%), instruction (10,3%), role-playing (27,6), self-education (20,7%) and job rotation
(27,6%).

Recommendation: The recommendation in question no. 3 is verified - coaching is currently a
very effective method for downloading topics with an external specialist that they do not want
to talk to anyone with the corporate environment. An external coach has an independent
position and insight if possible, without misrepresentation. An external coach does not have to
be an expert in the field, but must be able to harness the potential of a coached worker and allow
him to look at the situation from a variety of points of view that, for example, they have not yet
found for their "professional blindness”. They can also train their own internal coaches in the
organization.

The fifth question was aimed at identifying which lifelong learning opportunities are being
used by employees. They mostly attend language courses (English, German) (41,4%),
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specialized seminars (44,8%) and special courses (65,5%). E-learning program is used by
10,3% of employees.

Recommendation: Nowadays, major e-learning trends are in foreign language education. The
recommendation is to purchase an e-learning course of a selected foreign language.

Results of Area 3: Key Competences for Lifelong Learning

In the sixth question, we found out how employees develop their mother tongue
communication. The answers show that 55% of employees develop this competence. This
means that employees are aware of the need to understand and use their mother tongue in a
positive and socially responsible way.

Recommendation: As part of the development of this competence - communication in the
mother tongue, we would recommend that a professional seminar be organized every month,
where competent staff from the given section of education would always present their results
and new knowledge and thus increase this competence.

In the seventh question, we have learned the competence of communicating in a foreign
language that requires skills such as mediation and intercultural understanding. The
individual's level of advancement will vary in four different levels (listening, speaking, reading
and writing). The answers showed that most of the employees develop communication in a
foreign language.

Recommendation: Employees should be able to appropriately use aids and learn languages in
an informal way through lifelong learning. Their attitude, interest and curiosity about languages
and intercultural communication can be positively evaluated.

From the answers to the development of mathematical competence in question no. 8 shows
that most employees develop mathematical competence, but there are also employees (13,8%)
who do not currently need to deal with it.

From the answers to question no. 9 shows that 34,6% of employees develop competence in
science and technology, competence to be able to report on the characteristics and conclusions
of their scientific research and give reasons.

The evaluation of question 10 shows that all employees develop digital competence at
different levels.

From the answers of question no. 11 (competence - learning to learn) we can show that
employees are keen to learn and improve themselves.

From the answers of question no. 12, we can show that employees use and develop the ability
to communicate constructively in a different environment. They can be tolerant, to express
and understand different views, to negotiate with the ability to create trust and to feel empathy.
From the answers of question no. 13 shows that employees develop the ability to think critically
and creatively.

Recommendations to questions no. 8, no. 9, no. 10, no. 11 no. 12 no. 13, and no. 14:
Developing these competences will be part of the activities in the future learning and training
plan. Employees should be able to organize their own learning, assess their own work. The
desire to apply previous education and life experiences and curiosity about learning
opportunities and learning in different life contexts are essential elements of a positive attitude.
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Results of Area 4: Motivation for Lifelong Learning

In the following question no. 15 was to find out what motivates employees to lifelong learning.
The evaluation shows that the greatest motivation of employees to learn is to acquire new or
supplemented knowledge (65,5%), effective time spent (62,1%), new knowledge (58,6%).
Question no. 16 shows that, as the greatest benefit of lifelong learning, employees see
improvements in the quality of life (63%), new skills, knowledge dissemination (66,7%), self-
employment (55,6%), and a new perspective on the issue (44,4%) and the development of
confidence and enjoyment of new knowledge (40,7%).

Question no. 17 shows that the main barriers to lifelong learning are employees setting
priorities (44,8%), lack of time (31%), high workload (24,1%), insufficient willpower (20,7%).

Conclusions

In the following section, the conclusions from the survey of the possibilities and competences
of lifelong learning of employees in the selected institute are presented. Based on the survey
results, it was found that:

EQ (1): Is Coaching the most effective method of lifelong learning in the selected institute?
The survey showed that employees would like to use this method. Coaching skills are based on
competencies that are declared by the International Coach Federation (ICF). This is a coach-
manager attitude that sometimes differs significantly from a classical manager.

The new coach-manager attitude focuses on the potential of the subordinate to deal with the
situation [9], [10]. Another skill that employees adopt is active listening with reflection. Asking
questions is another basic skill of the coach. Questions lead to reflection and open the door to
solutions. The point is to know why to ask, how to ask and what to ask.

Coaching offers an elegant G-R-O-W process. [11], [12]

It involves asking questions that focus on the outcome of the interview, linked to its initial goal
and thus delivering results. When managers learn the skills of asking questions in a coaching
process [13], they are surprised by the positive changes of the result. They are more successful
in managing subordinates, in business negotiations, and in getting free from routine activities.
The effects come in better use of time, better utilization of human potential.

EQ (2): Do employees of the selected organization develop digital competence as a
priority?

Answer: no, the survey showed that employees do not prioritize digital competence. Therefore,
improving digital competence is included in the future learning and training plan. At present,
an Intelligent Industry Action Plan (Ministry of Economy of the Slovak Republic, 2019) has
been created, which by 2020 will create the basic precondition for a successful transformation
of the Slovak economy responding to the digitalisation of the industry with the assumption of
starting the digitization process [14], [15], [16]. The one of the proposed measures is lifelong
learning and retraining. New vocations will be created. The Lifelong Learning Institute needs
to respond to this development and to prepare graduates at all levels of education, including
retraining and lifelong learning so that they are able to successfully handle all aspects of
workflow changes within their professional qualifications. To do this, they should have
employees who will be able to provide these activities. It is therefore clear that the expansion
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of digital competence is now very much needed in view of the Fourth Industrial Revolution,
known as digital transformation, and means a comprehensive change in the labour market and
education perceptions.

EQ (3): Does the lifelong learning of employees direct the acquisition of new knowledge
and skills?

Answer: yes, the survey revealed that lifelong learning of employees, in particular, to acquire
new knowledge and skills. Employees are interested in acquiring new knowledge, skills and
learning, so we have suggested the learning and training plan in the next subchapter.

Design of the Learning and Training Plan

Based on the results of the questionnaire, we propose the future learning and training plan for
further education of employees of the Institute of Lifelong Learning, where the requirements of
employees are taken into account. Table 2 shows which section in the institute has the
opportunity to participate in the training, during which period it will be provisionally
implemented.

Tab. 2 Future learning plan

Section Period Methods Price Organization
Advanced January 2020 - | Coaching - (individual and team) - | Od 200 — | ZAKO — Zilina
training June 2020 Coaching in the workplace 2490 Euro
Development Program - Employee Dekra - development
Motivation E-learnmedia.sk
Online Course - Microsoft Office Individual
Professional | January 2020 - | E-learning -  Management  of | Individual | E-learnmedia.sk
programs June 2020 Educational Materials Creation
Training-communication skills in a Projectoutdoor.sk
virtual classroom
Teambuilding - improving teamwork
in the team
Foreign January 2020 - | Qutdoor training - focused on soft | Individual | Outward Bound
Language June 2020 skills - communication  skills, Slovakia
Section teamwork development
Internal Coach, Internal Mentor - | 126 Euro Kurzy.sk
Basic Performance Improvement Tool
Mentor Adventure Course - (30 hrs) Individual | Academia Istropolitana

Lifelong learning should not only be perceived as a tool or just adult education, which is used
by individuals with a high level of welfare to carry out their leisure time or by equipping the
qualified workforce to be exposed due to the ageing of the population. Instead of trying to draw
the limits of the concept of lifelong learning, trying to expand the concepts of education and
learning will be a correct starting approach for the conceptualization of lifelong learning. The
future also depends on young people's ability to adapt to social changes, to acquire high-level
qualifications, and to continue lifelong learning.
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USE OF COMPUTER SIMULATION FOR OPTIMIZATION
OF ENERGY CONSUMPTION IN MANUFACTURING

Monika BUCKOVA — Martin GASO — Blanka HORVATHOVA

Abstract: This article provides information on using computer simulation to optimise energy
consumption in manufacturing. Simulation of energy consumption in operation is always
performed to analyse large amounts of data. Results of computer simulation offer the possibility
to analyse different scenarios of production or use of machines. Each of the variants brings
different scenarios to optimise energy use in order to reduce costs and improve the operation.
The article also describes the sequence of steps that a user can take to create a quality simulation
model. At the same time, there are graphical examples of energy consumption measurements
made during simulation runs.

Keywords: Computer Simulation, Energy Consumption, Industrial Engineering

Introduction

The development of technology and software solutions is relentlessly moving forward. It brings
the possibilities of continuous improvement and detailed observation of processes in the
company that have not been visible by computer simulation. Computer simulation is no longer
used not only to improve material flows and processes but also to improve working conditions
in the workplace and optimise the investments. Process simulation allows to collect, analyse
and experiment with data without interrupting production, storage, or logistics processes [7].
At the Department of Industrial Engineering, we have been using computer simulation in
projects for several years. Over the years, its use has been extended to several areas to help
designers evaluate their designs, improvements and detailed results from their production.
Modern software tools offer results that not only speak about the number of products and the
production time but also about the energy consumption of production and the cost of
production. This article will describe the use of software tools to optimize energy consumption
in production and the results they provide.

Simulation of the energy consumption of operation is always performed to analyse large
amounts of data. It offers the possibility to analyse different scenarios of production or logistics,
each of which brings different scenarios for optimizing energy use, in order to reduce costs and
make better use of them [2]. It is also possible to use the sequence of steps described in this
article to use and describe the steps to be taken by the user to create a quality simulation model.

Computer Simulation of Energy Consumption

Energy monitoring is an exact regular measurement of energy consumption with a correlation
of energy consumption (concerning the product produced). Computer simulation results show
how energy is consumed, and then the potential for energy savings can be identified. Monitoring
and evaluating energy consumption are necessary from different perspectives [1]:

* Energy consumption can be monitored over time - When data is exchanged, those
responsible for energy management - staff, dispatchers and others - can analyse and modify
their activities.

* Eliminate energy problems - Continuous monitoring of energy consumption helps to
identify problems. A sudden unexplained increase in consumption requires that the reasons
be investigated immediately.

20



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ‘_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

* Investing - Usage of computer simulation helps to identify which places in the company
have the highest energy consumption, and by this save the costs. By simulation, it is possible
to test different conclusions, and by changing the parameters in the simulation, it is possible
to monitor energy fluctuations.

« Identification of critical points - The primary elements on which consumption of different
types of energy can be measured are machines, containers, conveyors, robots, etc.

A significant part of the energy - electricity consumption is in production, mainly in machinery
and equipment. However, after the development of possibilities of computer simulation
software, it is possible to include here lighting, ventilation, cooling, or system failures also.
Even though these indicators may not have a significant impact on production, they may trigger
other problems that may stop the smooth running of production and increase costs.
Manufacturing processes are so complex, interconnected with internal and external logistics
that it is impossible for long-term disruption of production due to an unverified decision [4].
The software tool that is used by the Department of Industrial Engineering, Tecnomatix Plant
Simulation, provides a statistical tool for energy consumption assessment called Energy
Analyzer. This tool is patented by SIEMENS (U.S. Patent App’l Pub. No. 2013/001863) [9].
Energy Analyzer leads to a decrease in the cost of labour, energy and other costs, also help
managers to create right decisions. It is, therefore, primarily a supportive tool for decision-
making. The energy consumption indicators for machines or equipment that we can evaluate
with Tecnomatix Plant Simulation include [kW]:

* Total energy consumption indicator.

* Energy consumption of operation.

« Total energy consumption of any object while it was working.

* Power consumption during the setting of the object.

« Operating energy consumption.

* Energy consumption at the time of machine or equipment failure.

* The total power consumption of any object in standby mode.

* The energy consumed when the object was turned off, etc.

Data collection for needs of creation of the simulation model

Data collection for needs of creation of this kind of simulation model of energy consumption
may run for example by using information system or by a physical collection of data. In the
industrial field, productivity, quality, reliability, and safety heavily depend on the performance
of the technologies employed [3]. Many technologies could help gain data from real-time
machine performance evaluation:

» Current technologies - require integration of many different technologies, including
wireless communication, virtual integration and interface platforms (Dynamic Data
Exchange Interface, SQL/Oracle Interface, Open DataBase Connectivity Interface, and
other). Companies need to have an integrated telecommunication network and information
technology through which they can transmit the necessary information and dates within the
organisation too. This full integration enables interconnection of software applications
between sensors, mobile devices and cameras placed on the equipment, thanks to which it is
possible to gain a vast amount of data [10]. The industrial equipment (machine, forklift, etc.)
is monitored and controlled for analysing compression, temperature, moisture, and
vibrations. Databases realise the import of these data (for example, SAP, ORACLE and
other) into the simulation software.
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« Future of technologies — Developments of technologies change sensors, how we know them
to the Smart sensors, combined with the internet of things and clouds. They are changing the
way of how manufacturers collect data and communicate with staff. Then it is a technology
called Very Large Scale Integration (VLSI), what is the process of miniaturization of
computer chips. Also, very interesting is the development of modular equipment, drones,
artificial intelligence, computer vision, cobots, augmented reality and others.

So that all data obtained from simulation software could be used and shared in a link to virtual
reality, internet of things, expert systems, link to extended reality, decision support systems and
other. In order to create simulation model, it is necessary to know the basic steps of its creation,
in order to avoid unnecessarily prolonging the time of its creation and to avoid errors that can
have serious consequences. Figure 1 shows a shortened process of creating a simulation model

(Fig.1).

Creation of Initiation of
Problem in real . parametric simulation runs
system Data collection simulation model and 'Energy
creation Analyzer'
|
\y
Energy evaluation Detailed
of operation in analysing and Proposal of Testing of
simulation evaluating g experiments experiments
software simulation runs
|
N
Analysing and A technical and Implementation
evaluating of economic of the solution Continuous
experiment evaluation of the : nto the real improvement
results solution operation

Fig.1 A shortened process of creating a simulation model [Main author]

Before the step of the creation model, it is necessary to named and described problems in the
company. Only then it is possible to do a step of constructing a real-system simulation model
and its settings. It consists of settings of passive elements (machines, warehouses, handling
units, conveyors, etc.), active elements (products, staff, entities, etc.) and program settings (time
constraints, safety constraints, system constraints, etc.) and other settings. After the simulation
model is set up, it is possible to start a simulation runs. If the simulation software does not find
errors in the basic settings and its match with the user's requirements, is it possible to continue
with advance settings. Energy consumption settings include additional data that staff need to
collect in the system, as already mentioned using current technology or manually, examples of
data [9]:
« Conveyors [Power input - KW] — working state of the machine, setting up, operation, failed,
standby, Off state of the machine.
» Machines [Power input - kW] — working state of the machine, setting up, operation, failed,
standby, Off state of the machine.
» Machines [Transition times] — Operational — Off, Off — Operational, Operational — Standby,
Standby — Operational, Standby — Off, Off — Standby, etc.
« Manipulation machines [Battery] — Charge [Ah], Basic consumption [A], Capacity [Ah],
Charge current [A], Driving consumption [A], Reserve [Ah], etc.
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Evaluation of simulation model results

The information described under Machines is the same for equipment in warehouses, dedicated
storage, buffers and robots. After the first simulation runs, experiments are conducted with the
simulation model to produce results that need to be correctly interpreted and used to improve
the system. Only after these steps, when the validation and verification of the model confirmed
its accuracy, it is possible to start statistically evaluating the energy evaluation of the operations.
After these steps, there should be no significant changes in the model that would affect the
statistical evaluations. The following explained figures were also created at the Department of
Industrial Engineering.

Circles that shows

Energy consumption

selected resources

energy consumption on
the chosen machine

Bar graphs that show energy
consumption on the chosen

statistics of the
—l machine during a simulation run _\
5 ,

tation tation2
Station3 — Station4
e L+ = 8-
 E— |  E—
 —  —
Buffer4 Buffer5
a b A- il

Fig.2 The sample of the machines energetic evaluation in the 2D (a) and 3D (b) visualization
[Main author]

Figure 2 shows the 2D (a) and 3D (b) views of simulation using Tecnomatix Plant Simulation.
The circles represent the energy consumption of the machines on which the is measuring is
running. The energy consumption during the simulation run can be visualized in two ways, in
2D and 3D view. In the 2D view, it is possible to see circles (Fig.2 (a)):

* Red wide circle - highlights the highest energy consumption.

* Purple circle - points to average energy consumption.

« Thin blue circle - points to the lowest energy consumption.

In the 3D view, on the Figure 2 (b), graphical visualization is represented by bar graphs of any
colour. This visualization brings innumerable benefits, it accurate display of energy pumping
by machines, conveyors and other devices [1]. Energy Analyzer, as a patented Simulation
Energy Measurement Tool, developed by Siemens, provides energy status data [9]. Displaying
results after simulation runs gives information about total energy consumed in each production
cell or a production hall. Directly during the simulation, it measures within the set time frame
how much energy was consumed during operation (Fig.3). Utilization of computer simulation
will make it possible to monitor the energy delivery-chain systems, reduce the energy
consumption, and prevent the failures of energy systems and blackout of the power systems.
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Fig.3 The sampleof 3D simulation model of manufacturing process [Main author]

Before named technologies and their introduction into industrial practice often result in side
effects, and these are problems with another consuming of energy. Therefore, the so-called
energy networks arise that help to extract and distribute excess energy. At the same time is
developing in progress of energy storage systems that excess energy which is provided during
a period of an energy shortage, or even allowing the use of stored energy in other contexts [11].
Among the most monitored energy consumption that can be verified by computer simulation
and examples shown next, are lightning, conveyors work, machines and handling equipment
work:

« Lighting - It has an economic impact, but also affects the work of employees, affects work
safety, provides the possibility of further development of technologies (connection to
sensors, smart lighting). Lights can be found in all essential parts of the company. It also
creates better conditions for spreading RF communication and the ideal place for installing
cameras and sensors, or other technologies to collecting a higher amount of data. An
illustration of the measurement of electricity consumption of lighting during the simulation
run was created in the Tecnomatix Plant Simulation 14.2.3 simulation software (Fig.4).
Power Input shows the power consumption measurement at the time of production for three
days, in KW.

If the company does not have installed sensors, an example of such results (Fig.4) after
simulation runs can help managers to decide whether buying of smart sensors will help to
for example reduce electricity consumption for lighting. Such sensors can record movement
in the workspace. When the movement in the workspace is detected, the lamps will turn on
lights, when movement stops for a specific time, the lights are switched off. This small step
also reduces energy costs.

Usage of computer simulation only for this type of energy consumption is expensive, so it
is better to use it within as part of more extensive solutions.

Usage of the various software solutions accurate analyses of the current state of workplaces
are made, as well as new production cells to achieve the lowest possible electricity
consumption and thus contribute to overall production higher efficiency.

24



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 @
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 "-."- T I A B P

ﬁ Energy Analyzer in the Frame ‘EnergySavingMeasures’ - (m] x
Power Input
15+
10+
=
I -
5 =
05 | | | L | | | | | 1 1
R - - it - - N N N N N INd w
S (=) 2 o o A o ° o 3 g Ao Py
3 .4% @ N o o S & ® ] > o S
=} =3 =3 [} o (=] =} =) [} =) S = =}
=] e o o o =] o =] =] =] 3 =] =]
o = =4 c = o =] =} =} =} c o =]
=] < = 8 S} = S =} =} =} S = =]
Time

Fig.4 Graph of measurement of electricity consumption for lighting [Main author]

* The energy needed to work of conveyors - Software solutions allow optimizing the
operation of conveyors so that when they are not working, they can be stopped and restarted
if necessary, this built-in method to save energy on accumulating conveyors. If the operator
has any problems during manufacturing, all products start to accumulate on the conveyor,
and no new part enters, the conveyor stops to save energy (and reduce belt friction). In the
simulation, it is possible to find out how much energy can be saved by this step. An
illustration was created in the Tecnomatix Plant Simulation 14.2.3 simulation software
(Fig.5) also. Power Input shows the power consumption measurement at the time of
production one workday, in KW. Additional energy consumption may occur when the
operator is waiting for products, for maintenance, or unexpected external effects such as
failure to deliver the material.
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Fig.5 Graph of measurement of electricity consumption by the conveyor [Main author]

» The energy needed to work on machines and handling equipment - The reason for
the loss depends on the machine. Machine tools include motors and auxiliary
components. For electrical machines which include motors and generators, for
example, the losses are electrical resistance in conductors, current heating in the
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magnetic circuits, mechanical friction, windage friction in addition to other factors [5].
Computer simulation can help reduce energy loss on machines during this and another
different state (for example working, repairing, waiting, and so on.). An illustration of
the measurement of electricity consumption by the machine during the simulation run
was created in the Tecnomatix Plant Simulation 14.2.3 simulation software (Fig.6).
Power Input shows the power consumption measurement at the time of production for
8 hours, in KW. Also, it is possible to see an energy consumption on Lathe2, in the
throughput is it possible to see a calculator of manufactured products. Energy Analyzer
tool is described in the previous chapters.

From the start of the process itself to individual component consumption, savings
potential can be evaluated, and measures defined for more efficient use of energy during
this process. One area of potential savings comes from the machine tool base load,
which consumes energy even in nonproductive phases. The base load is determined
substantially by the machine’s auxiliary components. Besides the use of energy-efficient
motors in these components, many opportunities for reducing the base load can be found
[5]. Some energy consumers, for example, can be switched off by the machine control
during nonproductive phases. Scrap also inevitably increases energy consumption.
Also, it is possible to calculate the energy for lighting, ventilation, and air conditioning

too.
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Fig.6 Graph of measurement of electricity consumption by the machine [Main author]

Conclusion
Energy consumption monitoring can be used to reduce energy consumption based on the results
of simulation runs. Software products have built-in solutions whose proper use will bring
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benefits and new solutions to all levels of the business [8]. The productivity of workplaces or
factories will increase, with financial results improving [6]. The simulation becomes a reliable
support tool for the forthcoming 4th Industrial Revolution, called Industry 4.0. After periods of
use of first manufacturing machines, mass production, and integrated PLC systems, there comes
a time of smart factories and manufacturing, in which modern technology will play a primary
role [9]. Energy consumption and management are essential aspects of this kind of production
and planning. As a result of using the digital factory, tools are contributing to the improvement
of business and production processes and will become an essential part of any engineering
company philosophy [3].

This paper was supported by research project KEGA 017ZU-4/2019 Digitalization in industrial
engineering for students of technical focus.
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DIGITISATION AND DISRUPTION IN THE INDUSTRY
Miroslav FUSKO — Miroslav RAKYTA — Radovan SKOKAN

Abstract: The article deals with digitisation and disrupting trends in the Industry. Technology
development and digitisation create enormous opportunities for every factory to increase
customer value by streamlining processes, increasing quality, creating new revenue streams,
and reducing production costs. But the challenges are significant. Digitisation of business
requires a systematic approach, changes in leadership style, and a completely new mindset
in the production chain. The digitisation in Industry must be structured as a step-by-step process
in order to support factory processes of all sizes in their development with a focus
on sustainability, competence and innovation ability.

Keywords: digitisation, transformation, disrupting, industrial engineering, workers.

Introduction

Historical developments, as well as the impact of globalization and megatrends, have instigated
the need for process change in individual industries. The changing customer demands put great
emphasis on the flexibility of production, innovation, and flexibility to respond to changes. It is
needed to quickly modify the structure and organization of production, which is often time-
consuming and costly. Many countries and groups of states have prepared their own initiatives
to improve the status of individual industries and industrial production. One of the best-known
initiatives is the German Industry 4.0. Other well-known approaches and initiatives include
the Factories of the Future or the Dutch Smart Industry and the like. The common denominator
of all initiatives is the so-called shaking up of the industry and the increase in the level
of digitization and process autonomy. The result should demonstrate itself in autonomous
intelligent factories with intelligent processes able to withstand various external or internal
impacts. Such factories will be more competitive and their level of process reconfigurability
will be high. The success of future activities of the company will, therefore, depend on the early
detection of potential threats and opportunities alike. In the future, intelligent (Fig. 1) factories
will produce intelligent products, autonomous vehicles, cars, trains, means of public transport,
and so on. Sustainable Transport and Smart Logistics also covers best practices for practical
corporate policy implementation, making it a comprehensive and vital resource for researchers,
graduate students, practitioners, and policymakers in transport, logistics, urban planning,
economics, engineering, and environmental science. In addition, sustainable transport is among
the big agendas in Sustainable Development Goals (SDGs) that need to be taken into account
for planning future cities for our generation. All this will be possible only through
the implementation of new technologies and by transforming the current factories
via digitization. Businesses are primarily focused on enhancing the efficiency and effectiveness
of internal processes. They want to manage their business intelligently and reduce costs, but
they do not stop there and are already contemplating solutions that would tackle labour
shortages. Therefore, manufacturing plants need a realistic picture of their current state,
the risks, and opportunities involved in digitizing their processes, the implications
of autonomous objects and implementation of initiatives such as Industry 4.0, in order not to
jeopardize their market presence and effectively manage their processes. [1], [2]
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Fig. 1 Digitisation in Industry [3]

In modern industrial practice, innovative solutions for the improvement of processes or whole
production or logistical systems are continually proposed. To be able to implement
new technologies arising from the Industry 4.0 principles, companies must be able to combine
the use of both, the latest and the available technologies. While using them, it is imperative
for businesses to be aware of the current development trends. Thus, it is necessary to compile
a list of technologies based on automatic exploratory (probing) principle that would
automatically search for new classical and digital technologies. This list of technologies would
serve the business as a basis for assessing the fitness of new technologies for the purpose
of increasing the business’ performance and its technological level. Given that society
as a whole is influenced by technological advances, the industry will also face new challenges
and needs. This will be mostly felt in the auxiliary and service processes, as they have
technologically developed somewhat more slowly than the main production processes.
Over the last 5 years, maintenance and technical service have begun to form a sophisticated
system. [4] Currently, maintenance is divided into reactive maintenance, preventive
maintenance, and predictive maintenance. The main objective of the enterprises is to get these
processes into a digital form by means of digitization methodology. Managing digitization
of technical service management system will be crucial in the future not only for the survival
of the enterprise but also to ensure that the intelligent and autonomous products are maintained
in state-of-the-art condition.

How Digitisation is disrupting and transforming manufacturing industry

Globalisation makes factories meet competitors in a completely different way than before.
Manufacturing isn't about huge factories and long assembly lines anymore. Gone are the days
of papers drawings, 2D schematics, spec sheets, and punch cards. Now, processes are digitised.
Designs are completed in 3D CAD files, digital twins exist to mirror the objects they're building
and everything connected via the internet of things. [5] Drawings aren't handed down
to the shop floors in books - rather, they're being sent to tablets built specifically
for that purpose. Finally, the paperless office has arrived in factories ... that isn't quite true,
but we are well on the road. Today, we're going to look at how digitization is transforming
manufacturing (Fig. 2), and what it means for the businesses in the industry.
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Fig. 2 Control of the production system with digital data [3]

What is digitisation?
We have covered this before - digitisation is NOT digitalisation or digital clause. It's a precursor
of both those activities. Simply put, it's the process of taking non-digital formats of information
and turning them into digital formats. Mail into an email, spreadsheets into Excel, typewriters
into Google Docs, clay models into CAD files and the list goes on. The key is that the processes
and systems stay the same when processes are digitised. For instance, if your process is to get
a signature on a design to approve it for the manufacturing floor, then the digitisation process
might be an e-signature on the CAD file. That's digitisation. So how does it transform
the manufacturing industry? [6] Here are four examples:
1. Manufacturing will move a lot faster
The first thing we are seeing as digitisation transforms the manufacturing industry is the speed
of manufacturing. Driven by rapidly changing consumer tastes and an accelerated pace of new
product introduction/innovation, manufacturing needs to figure out the best way to adapt.
Digitisation gives an instant boost to productivity, allowing projects to move faster
and manufacturers to hit more aggressive deadlines. Specifically, manufacturers will be able
to rapidly move from design to floor and back again as changes come through from
the engineering team. Right now, this process is extremely manual in many circumstances.
3D designs are converted into 2D spec books, and then those books are delivered to machinists
on the floor who review and "redline” (literally mark-up) the books. Then those books
are returned to engineering teams for revisions. And within that process is a lot of inefficiencies:

* Printing a spec book might take hours with complicated designs.

+ Redlining need to be done page by page, rather than simply reviewing the changes.

* Delivering is fine if the floor is below you. But what do you do when the factory is half

a world away?

And of course, the whole process is manual. There's no auto-check and no opportunity
for further innovation to optimise the process. Digitisation makes this process more efficient
by solving these problems. And, as we're about to see, opens the door for modern manufacturing
innovation. [7], [8], [9]

2. Digitisation is the greatest step towards the Industrial Internet of Things (110T)

The Industrial Internet of Things is a dream of a total product data loop. First, machines
are loaded with sensors when they're built. Then, those sensors provide continuous feedback
throughout the manufacturing supply chain. In response to real-world data about things like
maintenance requirements and wear and tear, the manufacturing process can be refined.
Some refinement happens automatically (machine-to-machine communication) but some data
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is fed into business intelligence (BI) tools and dashboards, giving people the ability to find
efficiencies. The crux of this whole process, however, is data. Data that can be collected
and leveraged on a truly staggering scale. And that data can only be reasonably collected
and managed if it's an entirely digital product:

« Designs can be changed automatically in response to environmental challenges,

+ Changes can be pushed automatically to the manufacturing floor,

* Products can be altered as they roll off the line.
Eventually, we may reach a point where automation and Al continuously optimise existing
designs in response to real-world circumstances, leaving engineers to focus on the innovation
of new products.

3. United manufacturing processes
We mentioned earlier the fact that a major problem of analogy processes is that organisation
struggle if they're manufacturing across multiple locations. And since the manufacturing is now
a global industry, this is a huge problem. Digitisation can offer much-needed relief for global
manufacturing value chains for a few reasons. First, data is easier to share. It's much easier
to share files across a network then it is to send files through the mail. Even if the files are sent
and then printed out, that's another data translation, and thus another vulnerability
for the organisation. Second, follow-the-sun manufacturing is more realistic. When factories
moved offshore and engineering consultants started becoming more common (especially
in the BRICS countries), for the first time follow-the-sun manufacturing started to be perceived
as an attainable reality. The idea is that as one plant or design office closes for the day, the next
one in the time zone over is just opening up. Work can be handed off seamlessly to a new team,
and there's never any "downtime" overnight. However, this is only possible if:

+ Organisations can share data essentially in real time across multiple global locations.

« If all the necessary data can be accessed by anyone, at any time.

The second point here is worth looking into. One reason follow-the-sun is so difficult
is that we overlook how important it is to ask for help. Especially at engineering handoff points,
when clarification is so often needed. That's not possible under-follow-the sun methodology,
so it's imperative that all the information is conveyed the first time. Digitisation can help both
with simple clarity but also with process enforcement. For example, specifying that every field
in aform needs to be completed. While it's not perfect, with digitisation, you have levers
you can pull to increase compliance.

4. Rapid iteration will become the standard

Digitisation won't only make manufacturing faster. One thing we're already seeing is it driving
innovation through rapid product iteration. Better data sharing across divisions, organisations,
service centers and software suites via APIs will only fuel this iteration speed. By flattening
silos and enabling data to be accessed in real time, anywhere in the world, organisations
are poised to act on innovation trends, market opportunities, and consumer demands like never
before.

How digitisation disrupting of the maintenance management

Recently we all have been hearing a lot about Industry 4.0, Smart Manufacturing, digitisation
etc. The first thought which comes to one’s mind is obviously how is it going to affect me.
Will it help or disrupt? Before we go in details lets first understand the key challenges faced
by maintenance in today’s world. How these new technological advances can play a role
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in approaching these maintenance challenges. Maintenance is always being looked upon
asamoney guzzler (an item of property - house, car, machines, devices, gadgets etc;
that constantly fails to result in paying more to fix.) so the obvious challenge is to making
maintenance as a Profit centre to a Cost centre. Controlling cost and expenses is the biggest
challenge faced by many maintenance managers. Managers are being pressured to do more
with less. Another key challenge in this time of high-pressure situation is to keep the team
motivated and in the right mindset to foster a culture of Innovation. Managing workload
balance, stress-free atmosphere, providing equal opportunity and space to each individual
for his own development are some of the few aspects that need to be taken care of.

Fig. 3 Maintenance worker in Smart factory [3]

So, let’s explore how these new technological advances such as Smart / Intelligent machines
(Fig. 3), Predictive analytics, Artificial Intelligence and stuff like this will help the maintenance
team in future. Normally whenever we initiate new initiatives the first question raised is how
much CAPEX (capital expenditures - the money, a factory spends to buy, maintain, or improve
its fixed assets, such as buildings, vehicles, machines, equipment, or land.) is required?
What isthe ROl etc. Implementing these new technologies need not be always
costly/expensive. Simple intelligent sensors gather information, sending it to cloud where
the machine learning and predictive analytics model plays its vital role in developing a health
index for the motor. This health index is calculated, monitored on a real-time basis. Based
on the health index we do not only get the alerts, but we also get the prescriptive
recommendations. With this, we can predict the failure or stoppages much early where one can
act and avoid failures to happen in future. Maintenance man-hours are avoided as there is no
need to keep a daily track of parameters, conduct costly predictive maintenance and above
all avoid maintenance spares inventory cost. We do not need to keep a spare motor or a bearing
etc. as the predictability of failures is improved so that we can plan for spares in advance once
we get any alert. This way digitisation helps in avoiding various cost related to maintenance.
With real-time monitoring and predictive analytics, the maintenance worker will get more free
time which they can utilize for competency development and training. Generating innovation
ideas and implementing the same. This shift from reactive maintenance to proactive
maintenance shall reduce stress as the surprise breakdowns get eliminated. In a nutshell,
Digitalisation is a boon not only maintenance but stakeholders throughout the value chain too.
It is here to stay and is evolving with new technologies, the time has come to catch up with these
latest technologies and grow along with it.

Intelligent maintenance in the Industry

Predictive maintenance now enables factories to take their first steps toward designing
the maintenance processes of their factories much more efficiently. This is absolutely vital,
since 70 percent of the total operating costs for machinery, factories and other capital goods are
generated during the service phase. This means that, alongside reliability, reducing service costs
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is increasingly becoming a priority. However, it is worthwhile considering predictive
maintenance in the broader context of a completely digitised service chain. Only by linking
previously separate service processes, from intelligent sensors, proactive maintenance,
innovative service technologies and logistics all the way to improved engineering, for example,
is it possible to achieve the ultimate objective — factory that have the very highest levels
of availability with costs as low as possible. Instead of isolated solutions, must be used
specialized, systematically and reliably linking service processes (Fig. 4), digitised from start
to finish. Sectors such as the aviation industry have employed this condition-based maintenance
approach for years. The aim is now to transfer this method to other industries and supplement
them with new analysis opportunities. The advantages of this next generation maintenance
solution can be seen in concrete maintenance and servicing savings.

Fig. 4 Maintenance worker in diagnostics process [3]

The next generation of the maintenance solution brings a digital transformation to the service
phase. It completely covers the digitised end-to-end service approach and leaves no question
unanswered when it comes to advising. Added to this is a comprehensive implementation
package embracing design, transformation and operation. Factories can use this to design
the service for their processes in such a way that they can be operated in the most reliable, cost-
effective and sustainable way possible. It also draws on the established concept of TPM (Total
Productive Maintenance), which focuses on the continuous improvement of production — with
zero defects and outages as well as no loss of quality.

Operator 4.0 in the maintenance management

The vision of the Operator 4.0 is generally aimed at building relationships based on trust
and interaction between people and machines, enabling smart-based businesses to leverage not
only the power and capabilities of smart machines but also empower their operators with new
skills and technical support to fully exploit production the possibilities resulting from
the Industry 4.0 concept (Fig. 5). These technologies, which are already in use by several
factories today, include augmented reality, virtual reality, collaborative robotics, and so-called
wearable sensors that sense human body functions. [10]

In addition to strengthening physical skills, factory digitisation also requires a change
in workers' knowledge and behaviour. Based on its Future of Jobs Report, the World Economic
Forum has defined 10 skills that will characterise the Operator 4.0 in 2020 (Fig. 6).
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Fig. 5 Maintenance worker in Smart factory [11]

Worker skills in 2015 Worker skills in 2020
1. comprehensive problem solving 1. comprehensive problem solving
2. teamwork 2. critical thinking
3. people management 3. creativity
4. critical thinking 4. people management
5. negotiation 5. teamwork
6. quality control 6. emotional intelligence
7. customer support 7. evaluation and decision making
8. evaluation and decision making 8. customer support
9. ability to listen actively 9. negotiation
10. creativity 10. cognitive flexibility

Fig. 6 Worker skills of Operator 4.0

An ideally qualified maintenance technician should be able to cope in the near future
with a "multipath” compound from the following disciplines:

* Technical expertise — mechatronics.

 Methods - the routine use of TPM principles.

« IT technologies - gather information and their analysis and transformation into information
and knowledge.

» The spectrum of technical problems that a maintenance technician has to solve requires
of the multidisciplinary expertise in the areas of electrical engineering, mechanics
and control systems, with the degree of their detail, given by specific manufacturing
technologies, and by their trouble-free operation is a responsible technician.

Conclusion

The article gave an insight, how digitisation disrupts the established things in the industry.
This disruption will be caused, that workers will be used new technologies to strengthen their
skills, increase safety and streamline work activities across all factory processes. As the industry
continues to move towards digitization, automation and robotics, many of the activities
that are now manual today, will be changed or disappear. Digitisation is not the end of the story
of digital transformation as we move to Industry 4.0. But it is a crucial start. Once processes
are digitised, then additional technologies like machine learning, Al, lloT, digital twins
(it is already being worked on in factories), and a comprehensive, complete product lifecycle
can emerge. But we have to take the first step and put down our pens.

34



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 (_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

Acknowledgement
This work was supported by the Slovak Research and Development Agency under the contract
No. APVV-16-0488

References

[1] VAVRIK, V., GREGOR, M., GRZNAR, P.: Vplyv stéasnych trhovych zmien na
dimenzovanie kapcit vyrobnych systémov. In: Invention for enterprise [print]: proceedings. -
1. vyd. - Zilina: CEIT Stredoeurdpsky technologicky intitit, 2018. - ISBN 978-80-89865-07-
9.-s.152-155.

[2] TREBUNA, P., MIZERAK, M., EDL, M.: 3D scanning technologies and the 3D scannning
process. In: Paripex-Indian Journal of Research = PIJR. - Paldi (India): World Wide Journals.
- ISSN 2250-1991. - Ro¢. 8, €. 4 (2019), s. 1-3.

[3] Available on the internet: <http://www.synchrono.com/it-ot-convergence-in-the-factory-of-
the-future/>.

[4] CAPEK, J., KOVACOVA, L., WOROBEL, R., BUBENIK, P.: Measurement of business
processes. In: Technolog. - ISSN 1337-8996. - Ro¢. 9, ¢. 3 (2017), s. 36-40.

[5] VAGAS, M., SIMSIK, D., ONOFREJOVA, D.: Faktory tspesného nasadenia
automatizovanych rieSeni v kontexte priemyslu 4.0. In: Atp journal: priemyselna automatizacia
a informatika: odborny mesacnik o priemyselnej automatizacii, informatike a robotike. -
Bratislava (Slovensko): HMH. - ISSN 1335-2237. - Ro¢. 26, ¢. 5 (2019), s. 56-58.

[6] RAKYTA, M., GRENCIK, J.: Maintenance 4.0 - digitization, personal ensuring and
education. In: Narodné forum udrzby 2018 [print]: zbornik prednasok. - 1. vyd. - Zilina:
Zilinska univerzita v Ziline, 2018. - ISBN 978-80-554-1445-4. - 5. 168-177.

[71BUCKOVA, M., KRAJICOVIC, M., PLINTA, D.: Use of dynamic simulation in warehouse
designing. In: Intelligent Systems in Production Engineering and Maintenance [electronic]. -
ISSN 2194-5357 (online). - 1. vyd. - Cham: Springer International Publishing AG, 2019. - ISBN
978-3-319-97490-3. - s. 485-498 [online].

[8] GASOVA, M., GASO, M., CECHOVA, 1.: The innovative system of data collection in
ergonomics. In: Aktualne otazky bezpecnosti prace: 31. medzinarodna konferencia BOZP. -
Kosice: Technicka univerzita v KoS$iciach. - ISBN 978-80-553-2784-6. - s. [1-6].

[9] HOLUBCIK, M., VODAK, J., SOVIAR, J.: How to manage business in collaborative
environment. In: Knowledge management in organizations [print, electronic]: proceedings. - 1.
vyd. - Cham: Springer International Publishing AG, 2018. - ISBN 978-3-319-95203-1. - s. 299-
311.

[10] HORVATHOVA, B., DULINA, L., KRAJCOVIC, M., KASAJOVA, M.: The impact of
Industry 4.0 on work activities. In: Aktualne otazky bezpecnosti prace: 31. medzinarodna
konferencia BOZP. - Kosice: Technicka univerzita v KoSiciach. - ISBN 978-80-553-2784-6. -
S.

[11] Available on the internet: <https://automation.isa.org/isa-uniquely-qualified-prepare-
automation-professionals-challenges-future/>.

Contact address

Ing. Mirolav Fusko, PhD.

University of Zilina, Faculty of Mechanical Engineering, Department of Industrial
Engineering, Univerzitna 8215/1, 010 26 Zilina, Slovakia

e-mail: miroslav.fusko@fstroj.uniza.sk

35


http://www.synchrono.com/it-ot-convergence-in-the-factory-of-the-future/
http://www.synchrono.com/it-ot-convergence-in-the-factory-of-the-future/
https://automation.isa.org/isa-uniquely-qualified-prepare-automation-professionals-challenges-future/
https://automation.isa.org/isa-uniquely-qualified-prepare-automation-professionals-challenges-future/

Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ‘_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

USE OF AUGMENTED AND VIRTUAL REALITY IN
INDUSTRIAL ENGINEERING

Gabriela GABAJOVA — Beiata FURMANNOVA- Iveta MEDVECKA

Abstract: This paper describes the use of virtual and augmented reality technologies in various
fields of industrial engineering. At the beginning, the concept of virtual and augmented reality
is briefly explained within the virtual continuum. The article provides the brief description of
how augmented or virtual reality contributes to the process improvement and how it can be used
in this field. It is also focused on the characteristic areas and the best-known areas of industrial
engineering

Keywords: virtual reality, augmented reality, advanced industrial engineering.

Introduction

Virtual and augmented reality as terms are well-known today and they are used in many sectors.
These technologies have been used in a wide range of disciplines such as military, aviation,
healthcare, but is most widely presented in the area of marketing, advertising and sales. The
industry field is also not immune to progress in sophisticated information technology. Current
virtual and augmented reality applications in this area get a very interesting view. The use of
augmented reality in industry and manufacturing is still in the research and development phase,
although the first initial projects are already underway.

Virtual and augmented reality within the virtual continuum

Virtual continuum is a continuous scale between a complete virtual reality and a real
environment [1]. This scale includes all possible variants between the ratio of real and virtual
elements. The area between these two extremes is called mixed reality. Mixed reality consists
of augmented reality and augmented virtuality according to the proportion of virtual elements
in the image. Virtual Reality (VR) is an environment modeled by means of computer simulating
reality. The technology of virtual reality completely pulls users into the virtual environment.
The user uses a Head Mounted Display (HMD) and head-mounted device that may or may not
be connected to the computer. In the virtual reality environment, the user is immersed into the
virtual world, and can interact with it in a meaningful way. The virtual environment experience
has a wide range of information when stimulates all the senses. Visual and sound components
are the most preferred, but in more sophisticated cases the other senses, such as smell and touch,
are stimulated. System that provides user’s feedback and touch interaction are called haptic
system. User interaction is ensured by classic computer equipment such as keyboard and mouse,
or specially tailored devices such as 3D glasses, clothing that sensing the movement and
clothing that stimulates the touch, multi-channel sound, and the others. The environment
created in this way can create an image of the real world [2].

Use of augmented and virtual reality in industrial engineering

The Department of Industrial Engineering is very intensively zealous for research in the field
of using the virtual reality for industrial engineering. The main applicable areas of these new
technologies include:

* The area of goods picking, warehousing - Storage and its correct functioning has
significant impact on ensuring higher level of customer service and in protecting utility
properties of goods [3]. Picking of goods forms an irreplaceable role in the logistics chain
connected with the preparation and processing of order. With increasing pressure on quality
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and timeliness of delivery as well as increasing diversity and number of picking items, new
forms of organization are also developing and new technologies are applied to picking
processes. In practice, they are starting to apply so-called free-picking systems. The
advantage of these systems is mainly the replacement of the classic paper document by
electronic order picking in combination with other technologies, enables to simplify, speed
up and improve the process of searching and completing items into the picking order. An
example of such a picking method is the so-called ,,pick-by* systems [4]. The use of
augmented reality in picking order (Fig.1) belongs to “pick-by-vision” system.

Fig. 1 Pick-by-vision system using augmented reality

« Design of production and logistics systems - Designing production and logistics systems
is another potential area for the application of augmented reality resources. Nowadays,
computer technology and its possibilities are widely used in designing production systems.
Augmented reality provides the designer with the advantage of creating a digital model of
the manufacturing system and putting it into the real environment. The principle consists in
placing markers in the production space and assigning virtual objects to individual markers.
With head mounted display or stereoscopic 3D glasses, the designer can view the proposed
layout. Digital designing of production and logistics systems does not replace the classical
design concept, but extends the capabilities of the designer, what is enhancing the design
quality of the resulting layout [5]. The design and visualization of a production and logistics
system in a digital environment requires the preparation of 3D models for all components
from which the proposed system will be assembled (production machines and equipment,
transport and handling equipment, handling units, storage facilities, auxiliary equipment,
etc.). The created digital 3D models are then the cornerstone of the digital design of
production and logistics systems in a computer environment. 3D modeling of the production
system gives us an environment that allows the designer to perceive this modeled
environment very much like his real model without the need for major investments to build
a real production system [6]. At the same time, it enables the designer to verify several
variants of the solution in a short time, which ensures that the resulting production system
will be effectively designed already in the preparation phase. For designing production
systems, we can use virtual reality technology using Unity 3D programming environment
and HTC Vive Pro (Fig.2).
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Fig. 2 Design of production system in virtual reality using HTC Vive Pro and Unity 3D

For detailed design of smaller workplaces, we can use augmented reality technology and 3D
objects displaying using a tablet or cell phone (Fig.3).

Fig. 3 Design of production system using augmented reality and tablet

« Detailed design of assembly workplaces and visualization of assembly procedures - A
related area for the design of production and logistics systems is also the area of assembly
design. In the conceptual design phase, several variants of workplace design are generally
created and the advantages and disadvantages of individual designs are evaluated. It is very
advantageous to create variants in 3D environment because of much better imagination and
possibility of complex design verification [7]. Thanks to the third dimension of the models,
we are much more aware of how the individual elements of the workplace interact and limit
each other. Augmented reality can work on multiple technologies to assign virtual models
to the real world. In this case, it is best to use a tracking system with markers (Fig.4). This
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is because the easiest and the fastest to prepare and most stable to quickly place and move
multiple models.

Augmented reality technology can be applied in many areas. Its use is realistic especially when
displaying assembly and workflows, where the main idea is to remove paper instructions and
replace them with animated visualization using augmented reality. Assembly means mostly the
implementation of connecting technological operations. It is characterized by high intensity of
material and information flow and short operation times. The greatest time consumption is spent
on the operation manipulation and on the correct positioning of the component to be assembled.
Augmented reality offers a solution to reduce this time consumption by providing visual
information to the worker during assembly (Fig.5).

forid”
@ vu

Fig. 5 Assembly with augmented reality
« Service activities and maintenance — Use of augmented reality in maintenance and service

offers a range of options, from simple visualization of disassembly (Fig.6), assembly and
replacement of components to visualization of complex service activities [8].
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4.

Fig. 6 Service activities with augmented reality [7]

* Ergonomics - Ergonomics is a scientific discipline dealing with the relationships that
emerge between man and the environment that surrounds him [9]. One of the mobile tools
for rapid identification and risk analysis in the field of workplace design and ergonomics is
CERAA (Ceit Ergonomics Analysis Application). The idea of creating a mobile application
as a screening tool came with the demand of larger companies that have hundreds of
workplaces and are unable to identify risks with their own resources and tools. CERAA is a
mobile application for screening evaluation of workers' spatial conditions and working
positions at potentially hazardous workplaces. It is created on the basis of legislation and
technical standards, on its own platform, with the support of virtual and augmented reality
[10]. One of the biggest advantages is that the user does not need to be an expert in
ergonomics, basic knowledge of ergonomics and detailed design of workplaces is sufficient.
In order to use the application effectively, the customer needs a tablet, an installed
application, a marker and training for the applications (Fig.7). The main objective of the
CERAA assessment is to determine whether the workplace is at risk from an ergonomics
perspective and whether a detailed assessment of the workplace and a proposal for remedial
measures by second-level instruments are necessary, or what health risks to workers.

Fig. 7 CERAA augmented reality evaluation examples [10]
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« Logistics area - Despite the fact that the area of augmented reality in logistics, as in other
areas of industrial applications, is only at the beginning of its deployment, it is a great
contribution to improving logistics processes. For example, augmented reality allows
logistics service providers to quickly access expected information anytime, anywhere. This
is highly beneficial for the prospective and accurate planning and execution of tasks, such
as optimizing delivery and handling, and extremely important in delivering higher-level
customer service. As with the promotion of dynamic transport, augmented reality in this case
serves primarily to assist the driver in navigating to the place of delivery. In this case, the
augmented reality system can not only provide basic navigation but can also serve as an
additional information presentation. For example, when the augmented reality device is
directed to a particular building or block of buildings, the driver will be provided with
additional information about the building (entrance position, unloading characteristics,
unloading parking options, etc.). If no public database containing information about the
location of the entrance or other local facts is available for that location, the augmented
reality device can be used to position its own tags and thereby create its own independent
database. When the next shipment arrives at the location, the augmented reality device makes
the previously collected information available.

Conclusion

Virtual and augmented reality technologies currently represent a very dynamically developing
area of information technology applications. Their deployment in industrial practice and at the
same time in university teaching processes is becoming an everyday part. The use of new
technologies in industrial engineering has its merits and brings significant process
improvement.

This paper was supported by research project KEGA 017ZU-4/2019 Digitalization in industrial
engineering for students of technical focus.
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NAVRH SYSTEMU ZRYCHLENIA AKTUALIZACIE DAT
PRE SIMULACIE
DESIGN OF SYSTEM FOR FASTER DATA ACTUALIZATION

IN SIMULATION
Stefan MOZOL — Patrik GRZNAR— Martin KRAJCOVIC

Abstract: The main object of the article is a design system for faster data actualization in
Tecnomatix Plant Simulation software through the AttributeExplorer function and Microsoft
Excel. Many companies that use simulation as the optimization tool is meet the problem of the
models up to date and actualization time demands. The designed system that uses the
AttributeExplorer function of the Tecnomatix Plant Simulation reduces the actualization time
demands for activities. The end part of the article contains a comparison of the normal manual
data entry and time demands for the use of the designed system.

Keywords: data actualization, simulation, Tecnomatix Plant Simulation, Excel

Introduction

The use of simulation as a tool to streamline and optimise production and logistics processes is
now a common way to improve the functioning of the enterprise. Simulation models are now
being used in many sectors of work. It may be air transport, health, road and rail transport,
metallurgy, supply chains, etc.. [1]. The growing demand for simulation models results in the
necessity of processing large amounts of data to continue to remain up to date and reflect the
real state of the processes. With the increasing complexity of simulation models, the time
requirements for updating both as well as the risk of unsatisfactory validation of the simulation
model are also rising [2,3]. The current progress of technology in the field of sensors allows us
to actively collect data from the manufacturing process. When introducing a scanning technique
in practice, we can meet two sensor approaches:

o Sensors are used for process control,

o The sensors are used for the management process and the information is sent to the
database.
In companies, these data are further processed and are built to update Overall Equipment
Effectiveness (OEE), Total Equipment Effective Performance (TEEP) or other key
performance indicators. However, data from such databases are an appropriate basis for
updating the data needed to create a simulation model. The simulation model loses value if it is
not up to date [4]. The main objective of the article is to design a system to faster actualization
large volumes of data for simulation models in the Tecnomatix Plant Simulation environment
by using the Microsoft Excel software tool and the AttributeExplorer function.

Basic scheme

When updating the simulation model data, it can be based on two assumptions either the
simulation model is already created or we are going to create one. The layout and its structure
do not affect AttributeExplorer because the function shows the objects thus entities that
represent the production machines or other devices. However, the model must be logically
correct and the times of machine, material handling, other time and limitations correspond to
the real state. On Fig. 1 we can see the process of linking between the objects (entities) of the

43



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ‘_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

simulation model and actualization MS Excel [5], which is updated based on Excel to which
data is inserted manually, from database or via a link from the sensors.

Creating a simulation

model
Data import from Data | Opening
actualization AttributeExplorer and
workbook.xlsx to defining objects and
AttributeExplorer | parameters

Change data in Data
actualization workbook.
xlsx according to the
current state

Export data on objects to
Data actualization
workbook. xIsx

Fig. 1 Update cycle between actualization MS Excel and software Tecnomatix Plant Simulation

When linking Excel and SW Simens Tecnomatix, AttributeExplorer is used to import and
export object data.

An object can be understood by an entity that represents a production machine or device.

The availability of equipment and its MTTR is not a static element but dynamic and tends to
evolve constantly in time. It is, therefore, necessary that the simulation model contains
parameters that correspond to the current availability and MTTR.

Creating a simulation model

The most important step in creating a simulation model is simplification the real system. The
notion of simplification can be understood by the deletion of such elements which do not affect
the simulation and cause an increase in computing difficulty [6,7]. The next step is to create a
logical structure that corresponds to the real system.

Opening AttributeExplorer and defining objects and parameters

After is create the simulation model, it must be inserted AttributeExplorer. He is located in
Toolbox under Information Flow. If it is not shown there is need to add it manually via the
Home/Manage Class Library. After that Attribute Explorer can be set. In the Objects window,
we click on editing and drag and drop objects whose parameters we want to update. It can be
any entity that is defined by parameter. After the Apply changes take effect in other
AttributeExplorer windows and you can set parameters in the Attribute window to be updated.
After clicking on Show Attribute are with us inserting entities displayed the offered redefined
parameters for common objects entities that are MTTR and availability at source, for example,
it is interval and number etc. see Fig. 2.
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Built-n Attributes ~ | Object: | .Models.Frame.SingleProc " Built-in Attributes ~ | Object: | .Models.Frame.Source
Object Attributes -~ Explorer Attributes Object Attributes s Explorer Attributes
AutomaticSetup MTTR MUSelection MTTR
Availability Availability Name Availability
Capadity ; NumAnimationEvents >> Interval
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ObjectAngle
ConstructorCtrl cbicearaiet
Coordinate3D Openctd
CreateIn3D oot
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4 4 4 »
oK Cancel
OK Cancel

Fig. 2 Show Attributes window

After confirming click on Show Explorer there is a possibility to change the parameters. Due
to an error in the software is necessarily insert one parameter that will be as recent in the table
and just one object that will be the same last in the table and after the updates can be erased and
must be inserted after the update.

Export data on objects to Data actualization workbook. xIsx

Most companies use MS Excel to keep up-to-date information that is possible to link precisely
with AttributeExplorer. We click the right mouse button to click on its blue bar and we will
select the Export and file with the data then save as Data actualization workbook. xIsx.

Change data in Data actualization workbook. xIsx according to the current state

When you open this created Excel, we see that the parameter values are displayed in cells. In
this way, Excel can then be linked to cells or pivot table that summarize data with databases by
using cells. Fig. 3 Preview of Excel view.

A B i

1 Interval  Number

2 |.Models.Frame.Input_of_shipment_truck_A_LM | ?200_' 560
3 |.Models.Frame.Input_of shipment_truck PP 12600 600
4 |.Models.Frame.lnput_of shipment_truck BA 14400 1000
5 |.Models.Frame.lnput_of shipment_truck B_MI 10800 510
6 |.Models.Frame.Input_of_shipment_truck_B_KE 14400 550
7 |.Models.Frame.Input_of shipment_truck B MT 7200 510

Fig. 3 Example of simulation model parameters transferred to cells using Export

Data import from Data actualization workbook.xIsx to AttributeExplorer

After updating Excel with up to date data or forecast data, it is select in AttributeExplorer by
right mouse click Import and chooses Data actualization workbook. xlIsx then is select Apply.
By this confirmation changes take effect on whole simulation model. An example is shown in
Fig. 4.
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A & | 8 | € | b |
1 1| Interval  Mumber Capacity
el [Mmeer [Coosoty [ 2 Models.Frame.Input_of_shipment_truck_A_LM 7200 600 i
e e T R T = ] i 3 .Models.Frame.Input_of_shipment_truck_PP 22600 750 1
Hdes Frame Jrput ol shgent sk B4 #0000 L] =t ' 4 .Models. Frame.Input_of_shipment_truck_BA 13400 1200 1
U mES e E:ﬁ :;": 5 .Models.Frame.Input_of_shipment_truck_B_MI 10800 640 1
Hteis i et 3f et bk BT | B00000. [T - ¢ 6 .Models.Frame.Input_of_shipment_truck_B_KE 14400 655 1
-::"-::-;‘-""‘:ﬁf:m- e 2 beae e 7 Models.Frame.Input_of_shipment_truck_B_MT 7200 444 1
oo o o st £ | BT = S Cul-i 8 .Models.Frame.Input_of_shipment_truck_B_RK 18000 452 1
M-*--lw'-.:.r—-n-#.'-"ﬂ_*M-n-- L 9 ,Models.Frame.input_of_shipment_truck_C_LV_KN 7200 356 1
g 8. 1
e o e | et R 10 .Models, Frame.Input_of_shipment_truck_C_SN 12600 586 1
~Models Frame. Jrout_postal_shoment 0.2000 w3 e 11 .Models.Frame.input_of_shipment_truck_C_TN_PD 14400 750 1
Modes Frpme nput_Pom_ondey_shoeent 07000 m 1
% e i torhscentng 12 .Models.Frame.Input_of_shipment_truck_TT_SE 18000 250 1
Pk P Conrel e 4000 | SatDucandng 13 .Models.Frame.Input_of_shipment_truck_a1 19,9819 150 1
Hodels Froee Coures ] _rioadeg [ 150 Shew © M
T e = o 14 .Models.Frame.Input_postal_shipment 0 1240 1
o 15 .Models.Frame.Input_from_oncler_shipment 0 450 1
Oy 16 |.Models. Frame.Courierl_unloading 0 256 1
17 .Models.Frame.Courienl_unloading ] 450 1
18 .Models.Frame.Courierlll_unloading 1] 356 1
19 .Models.Frame.Courierlll_unloading ] 150 1

i}
i

Models, Frame AtributeExploser

Interval Surmber |
Models Frame Irput_of_shoment_frudk_AM | 200:00.0... | 600
Models Frame. rput_of_shoment_fruck PP | 116400, | 750
Models. Frame.Input_of_shpment_rudi_BA A:00:00.0... | 1200
Modela Frame.Irout_of_shoment trud B | 3:00:00.0.., 640
Models Frame. Irput_of_shpment_truck B KE 4:00:00.0... |655
Models Frame.Input_of_shoment_trud B_MT | 2:00:00.0... | 444
Models Frame. ingut_of_shgment_trudk_B_RIK S00:00.0... | 452
Models. Frame Input_of_shoment_truk_C_LV KN | 2:00:00.0... | 356
ModelsFrame-iront_of_shoment trud €S | 3:30:00.0.., | 586
odels Frame Irgut_of_shement_fruck €_TH_PD | 400:00.0... | 750
_Models Frame Input_of_shpment_fruck TT S8 | 5:00:00.0... |B%0
Models Frame lnput_of_shgment fruck A1 e
Mocels Frame Irput_posia_shoment 0.0000 129
Models Frame Irput_Som_onder_shpment 0,000 0
Models Frame Courier|_rioading 10,0000 24
 Modeis Frame Coie [_irisates |0.0020 =
Models Frame. Counes [1_urioadeg 0.0000 3%

Fig. 4 Example of Import MS Excel data to the simulation model

Time demands comparison

To compare the creation time elaborateness and benefits that the AtrributeExplorer offers has
been created on the basis of a simulation model Fig. 5 table Tab. 1. This table contains the time
demands on the setting of the AttributeExplorer, and the time demands to update the simulation
model manually in simulation model and through AttributeExplorer.

Tab. 3 Table of experiments and results

. The setting of 17 The setting of 34 | The setting of 100
Activity Average

parameters parameters parameters

Basic  settings  for 1 minute 2 minute 4 minutes

AttributeExplorer 20 seconds 2 seconds ago 12 seconds

Manual actualization in 2 minutes ago 5 minutes 55 18 minutes

simulation model 50 seconds seconds 45 seconds

Manual!y actualization 51 seconds 1 minute 4 minutes

via Attribute Explorer
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45 seconds 47 seconds
Decrease of time -1 minutes -4 minutes -13 minutes
demands in (min) 59 seconds 10 seconds 58 seconds
Decrease of time
. -70% -70.42% -74.49% 71.63%
demands in (%)

Fig. 5 Simulation model on which experiments were carried out

Conclusion

The use of simulations in the business process is on the rise not only in Slovakia but also abroad.
Their main advantage is the ability to answer the question "What happens if". The ability to
predict consequences is largely dependent on the accuracy of the simulation model and it is up
to date. Business processes are very dynamic and the actuality is growing on importance. The
article presented the design of a system to data actualization in one of most widespread
software’s Tecnomatix Plant Simulation by using MS Excel and function AttributeExplorer.
Updating the data of more complex simulation models is high time-consuming so it is advisable
to simplify such work. Tecnomatix Plant Simulation includes a feature that helps to update
larger amounts of data. Excel as a tool allows you to link from Database tools and sensors that
describe the state of processes. With this data we can actualizing and import them using
AttributeExplorer into the simulation model to help reduce the time demands of update
activities. Example of work can be seen on creating simulation model according to experiments
on simulation model time demands can decrease by up to 71.63%.
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REPORTING PODNIKU A JEHO VIZUALIZACIA
Jaroslava KADAROVA — Michaela KOCISOVA — Gabriel KADAR

Abstract: Reporting as a part of corporate controlling exists for a longer period in companies.
In recent years, it has become independent and emerged in the field of reporting itself. Reporting
uses various tools oriented to internal and external reporting process. Various elements of
software support and visualization of the resulting reports and analysis results are introduced.
Keywords: Reporting, Visualization, Controlling, Company.

Uvod

Podstatné je vymedzit' vztah medzi manazmentom a controllingovou funkciou v podniku.
Controlling, hodnoti, inSpiruje, analyzuje, kontroluje a dava odporucania, zatial o
manaZment rozhoduje, ma zodpovednost’. Controlling v podniku je vysokokvalifikovanym
poradenstvom pre manazérov. Podla postupu zavadzania controllingu Uplnosti v podniku
rozoznavame tri stupne controllingu, ktoré su znazornené na obr. 1 [2].

Analyzovanie
Manazment Komentovanie Plany a ciele

Podnecovanie
tupen 1

l 3.

%)

Rozhodovanie a Porovndvanie a
prikazy kontrola
Okruh t

l controllingu 2.stupen
L Vysledok a
Realizacia N ;
skutocnost

1.stupen

Obr.1 Controlling a manaZzment [2]

Jednotlivé stupne controllingu su nasledovné:

1. stupeni je spity s G€tovnictvom, s vyuZitim jeho funkcie registracie dosiahnutej skuto¢nosti.
Podstatné je, aby uctovnictvo a uctovné doklady zaznamenavali vSetky informécie nevyhnutné
pre riadenie.

Controlling sa orientuje na:

e buducnost’,

e (ctovnictvo,

e na minulost a sucasnost’, preto mu poskytuje podnety, informacie pre buduce riadenie.

2. stupeini sa orientuje na sledovanie a porovnavanie odchylok od planu, od prijatych cielov
podniku. Controlling na rozdiel od kontroly zistené odchylky nielen zaznamenava, ale aj
navrhuje zmeny a zlepSenia, hodnoti. Tu sa preukazuje mnohokrat spominand uloha
controllingu ¢iZe tloha navigatora.
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3. stupen uzatvara okruh controllingu, ktory je orientovany na riadenie podniku. Ide vlastne
0 vSeobecnu podporu riadenia podniku pomocou planovacich, kontrolnych, hodnotiacich a
korigujtcich informacii [2].

Sucastou kazdého moderného podniku je controlling. Ten je zamerany na vysledok, ktory
prekracuje hranice funkcii a koordinuje planovanie, informa¢ny tok a kontrolu znazornené na

Obr. 2.

Usporiadanie procesu
a organizacna
Struktuara

—————

/’ \\
Systém pldnovania ,L ‘l Systém
’ e A . v s
- J/ Systém \ informacného
-strategicky ! controllingu \ toku
takticky | -ulohy | JEtovni
\ -organizovanie ] -Uctovnictvo
-operativn \ -nd i v ’
P y ' nastroje /) -vykaznictvo
N /
N 1

> -z
——————

Spracovanie dat

Obr. 2 Systém controllingu v podniku

Samotna podstata controllingu pomaha podniku odhalovat’ tzv. ,izke miesto* a nasledne
pouzitim vhodnych metdd riadenia nebezpeCenstvo uspesne eliminovat. Dobre fungujuci
controlling v podniku ocakava ispravne organizaéné zaclenenie. Je funkciou, ktora je
momentalne nielen modernd, ale 1 veI'mi potrebnd. Controlling je nastroj, ktory zabezpecuje
manazment informéciami. Obsah controllingu nie je novy, ale ide o SirSie aplikovani metodu
riadenia. Velky doraz je kladeny na systematickost akomplexnost' v identifikacii
najdolezitejSich udalosti a jeho okoli. Jeho ulohou je zaistit’ zodpovedajiice informéacie pre
¢innost’ vrcholového manazmentu pri riadeni podniku [5, 6].

Controlling je zamerana na tzv. uzke miesta, teda na najslabsie ¢lanky podniku. St to miesta
Vv organizacnej Struktire podniku, v ktorych najskor a najcastejSie vznikaju problémy.
V pripade nerieSenia tzkych miest moze dojst k nesplneniu vytycenych ciel'ov niektorou
organizac¢nou jednotkou podniku, a to mdéze v kone¢nom dosledku sposobit’ nesplnenie ciel'a
podniku ako celku. Vlastnostou dobre fungujuceho controllingového systému je schopnost
predvidat’ spravanie trhu. Podnik, ktory dokazZe vcas predvidat’ smer vyvoja trhu, méze neustale
zvySovat’ svoju konkurencénti schopnost’. Ddlezitou vlastnostou controllingu je tiez umoznit’
véasnu informovanost’ veducich pracovnikov podniku 0 potrebach sucasnych i potencialnych
zékaznikov, ¢o umoziuje pruzne reagovat a operativne uspokojit’ ich poziadavky. VacSinou
uvedenych definicii zdoraziuje, Ze controlling je nastroj zabezpeCenia realizacie cielov
podniku pomocou vyuzivania vhodného systému planovania, kontroly a zabezpecenia
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informaciami. Dominujici vyznam sa popri tom vSetkom pripisuje koordinacii a Smerovaniu
vyvoja a ¢innosti podniku. V takomto ponimani predstavuje controlling integralnu funkciu
riadenia, ktord vyuziva ststavu vhodnych zvolenych néstrojov, umoznujicich manazérom
prijimat’ spravne rozhodnutia veduce k realizacii stanovenych cielov. [9]

Model ekonomickych procesov

Na obr. 3 je znazorneny model ekonomicky procesov, ktory zahfnia tri zakladné Gasti: finanéné
uctovnictvo, manazérske uctovnictvo a controlling. VSetky tri procesy komunikuju medzi
sebou anemoézu existovat’ jeden bez druhého. Moderné informaéné systémy zamernaju
mnozstvo funkcii, ktorych vystupy st nasledne pouzité na vSekych urovniach riadenia. Tieto
funkcie su skupina vzajomne prepojenych komponentov, ktoré zhromazduju data. Data
spraciivaju a prevadzaja tieto data do formy informadcii, ktoré poskytuju kontrétnu informéciu
koncovym uzivatelom a s prezentované v podobe vystupov. Tieto vystupy mozu sluzit’ aj ako
spatna vazba kvality vstupov. [7]

Controlling

YA ™

Rozpoctovanie

Nakladové

_In-house Gctovnictvo
Financ¢né Uétovnictvo

uctovnictvo

Manazérske uctovnictvo

o1

Cash flow Role vytvarajice
rozhodnutia

Manazment /
N— 7 N—

Obr. 3 Ekonomické procesy v ramci podniku

Podniky v tomto vyskume spadaju prevazne do kategdrie malych podnikov. Podla poctu
zamestnancov (do 50 zamestnancov), je to priblizne 63%. Pri stredne vel'kych podnikov (do
249 zamestnancov) je to priblizne 30%. Malt Cast’ tvoria vel'ké podniky s priblizne 7%. Ak sa
berie do uvahy objem obratu (priblizne do 10 milibnov EUR), potom 57% vsetkych spolo¢nosti
patri do kategdrie malych podnikov. Na Slovenskom trhu informaénych systémov dominuja
predovietkym Slovenské vyroby. Vsetky zahrani¢né vyrobky musia spiiat podmienky
Slovenského trhu. Hlavne pokial ide o ich stlad so Slovenskymi legislativnymi poZiadavkami.
Riadenie ekonomickych procesov je dolezitou sucast’ou podnikovych informaénych systémov,
ktoré pontka. Ekonomika zahfiia vSetky financné a in-house u¢tovné funkcie, rozpoctovanie,
kalkulécie, rozhodovacie role a riadenie cash-flow a controllingu. Finanéné uctovnictvo a in-
house uctovné funkcie su prevazne zastupené v oblasti hospodarstva. 97% vsetkych spolo¢nosti
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pouziva informacné systémy tychto dvoch funkcii. Iba 3% vSetkych podnikov riesia tieto
oblasti informacnych systémov na Ciastocnej baze. Okrem toho je zrejmé, Ze funkcia pre
riadenie finannych a in-house ucelov uctovania su pontkané subezne. Na obrazku je
znazornené vyuzitie informacného systému pre ekonomické procesy Slovenskych podnikoch.

0% 20% 40% 60% 80% 100%

Finanéné Uttovnictvo 2013
2014

In-house Gétovnictvo 2013
2014

Rozpocttovanie 2013
2014

Kalkuldcie 2013

2014

Rozhodovacierole 2013
2014

Cash-flow Management 2013
2014

Controlling 2013

2014

Mino M ciastocne Mnie

Obr. 4 Vyuzitie informaéného systému pre ekonomické procesy v Slovenskych podnikoch

Z obrazku 4 je vidiet’, ze ako cash-flow (91% alebo 93%) tak aj controlling (77% alebo 75%)
su silne zastupené v Slovenskych podnikoch. Viac ako 71% vSetkych podnikov vyuziva
rozpoctovanie a asi 70% vyuzivaju kalkulaciu. Rozhodovacie role maji vyrazne mensie
zastupenie v oblasti riadenia podniku. Respondenti zoradili ¢asti hospodarskeho procesu v
sulade s ich prioritami v informacnom systéme. Nasledujuci obrazok odraza poradie Casti
ekonomického procesného riadenia v informac¢nom systéme. Vysledky ukazuju, Ze respondenti
priradili najvys$iu prioritu finanénému uctovnictvu a riadeniu cash-flow.

Reporting ako nastroj controllingu
Fibirovda a Soljakova (2010) uvéadzaju: ,,Reporting predstavuje komplexny systém
vautropodnikovych vykazov a sprav, ktoré syntetizuju informdcie pre riadenie podniku ako
celku i jeho zakladnych organizacnych jednotiek. Zakladnou stucastou reportingu st kPPucové
ukazovatele vykonnosti (KPIs).
K hlavnym kritéridm na implementéciu a ndvrh podnikového reportingu patri:

e Navrh a nasledné vyuzivanie jednotného navrhu vystupnych vykazov.

e Identifikacia koncovych uzivatel'ov reportov, analyza poziadaviek a potrieb z hladiska
formy, obsahu a ¢asu poskytovanych informacii.

e Vol'ba vhodného spdsobu distribticie vykazu, oddelenie dovernych informécii od ostatnych
a zaistenie ochrany.

e (QdliSenie obsahu vyslednych reportov podl'a potrieb vonkajSich a vnutornych uzivatel'ov.

e Vyuzitie spitnej vizby od koncovych uzivatel'ov reportov.

Controlling plni v podnikovom riadeni vel'ké mnozstvo funkcii. Kazda funkcia si vyzaduje

réznorodé néstroje.
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Reporty mézeme v praxi rozdelit’ na:

o Interné reporty — zahrituju reporty uréené predstavenstvu, dozornej rade a jednotlivym
usekom v rdmci organizacnej Struktiry spoloc¢nosti. Pri ich zostavovani sa kladie mimoriadny
doraz na stru¢nost’, jasnost’ a zrozumitel'nost’ reportov

o Externy reporting - ide o reporting materskej spolo¢nosti. Vypliiuje sa on-line do
reportingového systému. Stvrtroéne sa do systému vkladaju vysledky za cela spoloénost’ podla
medzinarodnych uctovnych standardov.

Tab. 4 Porovnanie externého a interného reportingu

EXTERNY REPORTING INTERNY REPORTING
Dovod zostavovania Externé poziadavky Interné riadenie podniku
Okruh prijemcov Financial community Manazment, vedenie podniku
Rozsah - Obsah Jednoznadne uréeny Volne definovany
Dohlad Pravna organizacia (podnikova | Podnikatel'ska organizacia
Struktiira) (segmentova Struktura)
Ciel Finan¢né zobrazenie minulosti Zaklad pre controlling
orientovany do minulosti a
buducnosti

Robi sa porovndvanie srovnakym obdobim predchadzajuceho roka aspevnym planom.
Rovnako st reportované strednodobé plany a roéné plany. Standardne sa vyplituje vykaz zisku
a strat, stvaha, vykaz cash flow avykaz dalSich ukazovatelov vyzadovanych materskou
spolo¢nostou.

Medzi hlavné ciele finan¢ného reportingu mozno zaradit’:

¢ Dokumentaciu - potreba dokumentacie vychadza z internych potrieb podniku a pravnych
predpisov.

e Prenos informacii a vytvaranie sprav - reporting méa uzku nadvéznost’ na financné
uctovnictvo. Reporting sa zaobera tvorbou reportov, ¢o predstavuje spravy v urcitej Struktire a
forme.

e Podporu rozhodovacich procesov a ich kontrolu - rozhodnutie zavisi na osobe, Case a
hlavne na informdaciach, ktoré sluzia ako podklad pre rozhodnutie. Pre rozhodnutia st potrebné
informacie, ktoré kontroluju vysledok a tak vytvaraju spitna viazbu .

e Podporu procesov a pracovnych postupov - v podniku denne prebiecha mnozstvo aktivit
[7]:

= planovité,

= rutinné - za opakujucich sa podmienkach,

= nahodné - potreba viac detailnejSich informacii.
Druhy reportingu sa ¢lenia v zavislosti na frekvencii, v ktorej su vykazy poskytované a v
zévislosti na tom, komu su tieto vykazy urcené [7].
Podl'a frekvencie poskytovania hovorime o $tandardnom a mimoriadnom reportingu a
podrla jeho uzivatel'ov sa deli na interny a externy reporting.
Dalej mozno reporting delit’ podl'a spdsobu vytvorenia a vyuzitia jeho prinosu na: staticky,
dynamicky, centralizovany, decentralizovany [7].
Reporting je dolezitou sicast'ou controllingového systému. Reporting, vykaznictvo zobrazuje
jeden z podsystémov controllingom koordinovaného podnikového informaéného systému. Z
uctovnych zdrojov v rdmci reportingu su tvorené:

e spravy,

o vykazy,
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e Statistiky, s cielom poskytnut’ podniku dolezité informacie pre riadenie podniku a jeho
vnutropodnikovych jednotiek.

Hlavné principy reportingu je mozné definovat’ nasledovne [8]:

e orientécia na ciele je zakladnym predpokladom uspesSnosti reportingu. Na zéklade planu a
priebeznej kontroly dosiahnutych vysledkov musi manazment pruzne reagovat’ na odchylky a
zabezpecit’ Zelany stav,

e prehladnost’ a jednoduchost’ popisu hospodarskych procesov je mozné zabezpecit' ich
zostavenim vo forme tabuliek aby umoznili rychlu orientéciu,

e zuzeny rozsah informacii, pre efektivne riadenie podniku na vrcholovej urovni postacuje
10 % z celkového rozsahu dostupnych informacii v podniku,

e orientacia na silné a slabé miesta umoznuje vcasné eliminovanie rizik a spravne vyuzitie
kvalitnych a v€asnych informécii,

o cfektivne riadenie vysledku hospodarenia je potrebné v pripade kladného aj zaporného
vyvoja. Prebytky hospodarenia je potrebné investovat’ a negativne vysledky eliminovat’,

e systém zodpovednosti je nevyhnutny z dovodu rychlej reakcie na vzniknuté situdcie a
odchylky od pozadovaného stavu.

Faktory ovplyvitujice podobu reportingu
Faktory, ktoré ovplyviiuja reporting st [5]:

e subjekt,
e oObjekt,
e oOkolie.

Tieto faktory s vo vzdjomnej interakcii a navzajom na seba nadvizuji. Mnoho odbornikov sa
zhoduje, Ze najddlezitejsi je faktor okolia, pretoze v jeho rdmci sa ostatné dva pohybuj.

Subjekt

Zberom a prenaSanim informacii sa zobera subjekt. Oznamenie tejto informacie druhému
cloveku sa povazuje za prenos informacie. Informécie mézu mat’ pre kazdého z nich rozdielnu
hodnotu , ktora je zavisla na jej prijemcovi a tvorcovi [5].

Tvorca - pri reportingu je osobnost’ tvorca vel'mi ddlezita a to z troch hl'adisk:

1. Pozicia tvorca — zaklada sa na tom, z akého miesta tvorca reportu pristupuje k
opisovanému objektu : mimo objektu alebo vo vnutri objektu. Pri pristupe z vnutra
objektu - tvorca reportu prinasa lepSie a detailnejSie informacie, ma detailnejsie
data, ale moze byt tiez viac ovplyvneny objektom reportingu a tym viac skresl'ovat’
realitu.

2. Vztah tvorca k objektu — ak ma tvorca kladny vztah k objektu reportingu, jeho
pohl'ad na objekt reportingu mdze byt’ zaujaty a neskor na samotny reporting moze
byt ovplyvneny. Konkrétnu podobu vystupu reportingu ovplyviiuje motiv tvorca..
Zamestnanec ma potrebu ukazovat' lepSie hospodarske vysledky, potlacat
nedostatky a prezentovat uspechy. Najidedlnejsie je, ked je tvorca nezavisly a
udrzuje si isty odstup.

3. Zrucnosti a znalosti tvorca reportingu - schopnost pochopit’ stvislosti,
kreativita, analytické myslenie v kombinécii s patriénymi znalost'ami tvorca, st
najlepSimi predpokladmi ku kvalitne vykonanému vystupu reportingu .

Prijemca - pre prijemcu informacia poskytnuta reportingom je vyuzitelnd len v konkrétnej
vhodnej situacii a okamihu. Ludia znali, odbornici a zapojeny do danej problematiky, vyzaduja
detailnejsie informacie na konkrétne témy, maji ovela va¢sie naroky na vystupy z reportingu,
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aby ziskali informacie si schopni pouzivat’ prepracované prostriedky (softvér, informacné
zdroje).

Laik prijima pre neho zrozumiteI'né informacie, orientuje sa na novinky, nepust’a sa do detailov.
Reporting musi odzrkadl'ovat’ oakavania prijemcu a tak uspokojit’ jeho informa¢nl potrebu.

Objekt

Objekt reportingu zahfna napr. podnikové vykazy, finanéné ukazovatele podniku, burzovu
hodnotu. Objektom moze byt aj urcitd situdcia napr. situacie po zvyseni urokovych sadzieb
alebo dianie na burze.

Okolie
Okolie pdsobi tiez aj na ostatné dva faktory - subjekt a objekt. Ma rozhodujuci vplyv na tvorbu
finan¢ného reportingu.
Okolim sa mysli vSetko, ¢o nas obklopuje:
- miesto pdsobenia subjektu,
- podmienky, ktoré ovplyviiuji spravanie objektu,
- vSetko, ¢o pdsobi na reporting a mdze menej €i viac ovplyvnit’.

Bussiness Intelligence
Business Intelligence (BI) je sthrn technologii, procesov, znalosti, rieSeni a aplikacii, ktorych
cielom je ucinne a ucelne podporovat riadiace aktivity v podnikoch. Podporuju analytické,
planovacie a rozhodovacie ¢innosti podnikov na vsetkych trovniach a vo vSetkych oblastiach
podnikového riadenia.
Aplikacie Business Intelligence by mali v podniku:

e monitorovat’ a hodnotit’” podnikové ukazovatele na definovanom rozsahu podnikovych
udajov,

e umoznit analyzovat’ ukazovatele podl’a r6znych hl'adisk a dimenzii a ich r6zne kombinécie
V realnom Case,

e analyzovat’ vyvoj podnikovych ukazovatelov aich vyvoj v ¢ase podla ré6znych urovni
detailnosti hodnotenia ukazovatel'ov,

e prezentovat vystupné informécie, v ¢o najvysSom grafickom zobrazeni a zabezpecit
uzivatel'ovi rychlu orientaciu vo vystupnych zostavach informaécii.

Vizualizacia informacii
Vizualizacia je vyuZzivanie komunika¢nych alebo programovych, technickych, teoretickych
prostriedkov pre viditeInost’ ur¢enych objektov. Tabulky a grafy, rovnako ako aj d’alSie
pokrocilé vizualizacie dat pomahajl uzivatel'om lepSie pochopit’ ich data a tak poskytujt rychly
a zmysluplnej$i pohl'ad v suvislostiach a to najméa pri porovnavani dat.
Informécie poskytované by mala vizualizacia efektivne predavat’. Ci je za uéelom vzdelavanie,
propagacia informacii, alebo je vizualizacia nastrojom, ktory c¢lovek pouziva pri praci
a rozhodovani grafické zndzornenie musi zodpovedat” cielom projektu. Kazdy jeden z tychto
zémerov vyzaduje mierne odliSny pristup k tvorbe reprezentacie. Je vhodné pri volbe
obrazového znazornenia vychadzat” z teorie vizualnej komunikéacie a to napr. typografie, zasad
grafického designu, tedrie farieb, Stylizacie informacii a vztahov. Vizualizadcia mé ¢loveku
sluzit, pomdct” mu zorientovat” sa vo vSeobecnych informéciach, pochopit” spravu, ktort
znazornenie predava, odhalit” dolezité udaje [14].
Proces vytvérania informacnej vizualizacie pozostava z dvoch zakladnych faz:

e ziskania a spracovania dat.
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o tvorby interaktivnej vizualnej reprezentacie.
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Obr.5 Vizualizacia dat [6]

V dnesnom rychlo sa meniacom obchodnom prostredi, skenovanie cez riadky dat moze byt
casovo nepraktické a naro¢né. Mnoho obchodnikov chce 'ahko vizudlne nastroje vidiet’ presné
a v realnom Case. NajmodernejSie vizualiza¢né nastroje vykazuji zhrnutie na vysokej urovni o
dolezitych dat. Predstavuju informacie v jasne vymedzenych priestoroch pomocou tvar,
velkost' a farbu, aby kontext a zmysel pre uzivatel'ov, ktori mo6zu identifikovat trendy a
nahliadnut’ na prvy pohl'ad. Vizualizicia dat ma velku presvedcovacie silu.

Conclusion

With the process of electronization and digitization of the economy and business management,
the level of information support is increasing and the use of innovated and new tools to provide
aggregated and concrete outputs from data analysis. The current trend is to use visualized
reports for management and decision-making in companies that improve and accelerate these
processes.

Prispevok bol vypracovany v ramci rieSenia grantového projektu KEGA ¢ 026 TUKE-4/2017
Implementdacia inovativnych edukacnych pristupov a ndstrojov pre posilnenie rozvoja
kl’ucovych kompetencii absolventov Studijného odboru Priemyselné inZinierstvo.
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BUSINESS PROCESS REENGINEERING - EFFECTIVE WAY
TO CHANGE

Peter MALEGA

Abstract: This paper deals with business process reengineering, which in today’s competitive
environment is the right way to change and effective way of transformation for businesses. This
paper is divided into two main sections. First section treats the essence and the procedure of
business process reengineering and you can find there cycle of business process reengineering.
Second section is oriented on the critical aspects and key success factors of business process
reengineering and there are facts about visible and invisible aspects of business process
reengineering and facts about importance of key factors in the realization of business process
reengineering.

Keywords: business process reengineering (BPR), aspects of BPR, key factors of BPR, BPR
procedure

Introduction

The concept of reengineering in the business of a company reflects the extensive transformation
of the business. It means radical changes in business processes because of business performance
parameters. Almost every company in its lifecycle gets into a situation that requires a radical
change, either to increase performance, to reduce costs, to increase competitiveness, or to put
the company in a position to put pressure on it to meet its obligations.

However, these necessities for change don’t only apply to small local businesses, but also to
large multinational companies, while there are companies from different industries. Business
process reengineering is thus an extensive method used by different companies around the
world. [9]

The essence and the procedure of business reengineering process

Reengineering could generally be explained as transformation, radical change or restructuring.
In terms of management, reengineering represents a radical change in the enterprise for the
purpose of improvement the performance of the enterprise.

Business process reengineering (BPR) is a procedure (Fig. 1) that optimizes business processes
to deliver maximum impact while optimizing enterprise resource consumption. The object of
reengineering is the fundamental rebuilding of business processes to radical improvement of
performance. The result of BPR is a group of substantial changes not only in business processes,
but also in the organizational and qualification structure of the company, in the way of
organization of work and management. [7]

BPR includes a radical redesign of major business processes with a goal to achieve a rapid
improvement of productivity, quality, and cost and cycle time reduction. In reengineering of
business processes, the company reviews existing processes to deliver more value to customers.
Mostly, they will adopt a new value system that puts more emphasis on customer necessities.
Companies reduce their organizational layers and eliminate unproductive activities in two key
areas. First, businesses redesign their organization into interoperable functional teams.
Secondly, businesses will introduce technology to improve the distribution of data and
information in the enterprise, thereby speeding up and improving decision-making processes.
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Business process reengineering is designed mainly for companies with a large number of
employees, which working with a lot of information, with many conducted activities and with
processes that are more complex.

l Business process reengineering J

Iﬁ. Mappmg l 3 Process map

—_—

Outputs J

I

. | Assessment of
J the current state

Fig. 1 Procedure of business process reengineering [1]

In the further text, we will clearly specify six phases that are in Fig. 1.

1. Strategy — the first step in strategy for BPR creation is to identify the current state of the
organization, in particular to identify the current state of management, organization,
planning and control in the company. Another, very important step is to define the goals
of business process reengineering. These goals can be, for example, reduction of the
costs in the company (in different areas), optimization of the organizational structure,
clarification and optimization of business processes, introduction of an information
system, reduction of the utilization of selected departments and removal of bottlenecks.
However, it is essential to choose these goals correctly, without excessive expectations.

2. Mapping — in the mapping phase, individual processes of the organization are identified
and the main, managerial and support processes are recognized. The output of this
mapping phase is the compilation of a process map in the organization, which is the
basis for the following analysis and setting of new rules for the organization. Process
maps are compiled in the form of diagrams, and software tools are often used to produce
them.

3. Analysis — during the process analysis, the current state of processes is evaluated and
processes are classified in terms of duration, costs, human and technical resources,
information systems, etc. Simulation analyses the performance of individual processes
and identifies bottlenecks in the system. The output of this analysis is a document that
contains the analysis of the current state and level of process management in the
organization.

4. Optimization — the aim of process optimization is to propose a solution of the target
state and possibilities to improve the problematic areas in the organization in accordance
with the set goals of business process reengineering. The optimization phase could be
divided into the following steps:

e Interpretation of current state analysis results,

e Identification of the areas for improvement according to defined goal.
e Definition of proposals for improvement.

e Verification and evaluation of proposals (simulation).
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5. Implementation — the implementation is based on the results of analysis and
optimization proposals and is focused mainly on changes in organizational structure,
business processes and information systems. The result of implementation are
implemented changes, such as the emergence of new or changing existing processes,
changing human and technical resource requirements, purchase of new or modification
of an existing information system, or change of the organization's management system.
It is important to provide comprehensive support and guidance to key employees when
making changes to practice so that the implementation of change will be as effective as
possible.

6. Verification — the verification takes place after implementation of reengineering changes by
measuring organization performance, processes and information systems. Monitoring will
identify and quantify improvements in target areas. By evaluating the verification phase, the
entire business process reengineering is terminated.

However, the business process reengineering procedure can also be seen as a continuous cycle
(Fig. 2).

Fig. 2 Cycle of business process reengineering [2]

The first step — creation of goals and visions — is a step that create a strategy according to will
be reengineering managed. Recognition of existing processes is the phase of mapping process
in the organization. After mapping processes and creation of the process map, it is advisable
the analysis of these processes and identification of processes that need fundamental changes
and redesign. The proposal for the optimization of the new process and its implementation are
the same steps as described above. After the implementation, the new process comes into
operative adaptation to ensure that the process is better adapted in the business. The next phase
of the business process reengineering is the evaluation or verification of the new process
directly in practice. This assessment also evaluates the success of reengineering itself. After
this evaluation, the company returns to a state of continuous improvement until a radical
reengineering intervention will be necessary to repeat the entire cycle. [3]
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Critical aspects and key success factors of business process reengineering

For successful management of the business process reengineering, it is necessary to consider
its key aspects (Fig. 3). The first step in a successful business process reengineering is the
company's focus on the customer. Business processes should be based on customer necessities
and market trends. Thus, the process has to be organized in a way to best meet customer
requirements for products or services. In addition to the processes themselves, a new
organizational structure is also necessary and new tasks are assigned to the individual
organizational units. The new organizational structure results in increased demands on the skills
of managers, while the transformation of the management system of the company and corporate
culture is usually necessary for the successful business processes reengineering. [4]

Process - Product - Service

Business unit,

Performance goals

Fig. 3 Aspects of BPR success [4]

All these aspects are also modified in the framework of technology development, especially
information, corporate identity (rules, values, priorities, relationship to innovations, etc.) and
corporate strategy (mission, company goals, business and marketing strategy, competitive
advantage). All successful efforts within the business reengineering process aim at huge
increase of the performance parameters of the selected business unit through the processes that
create the desired products or services. [6]

Expert experience in business process reengineering points at two groups of aspects that is
necessary to analyse, if we want to achieve superior results — visible and invisible aspects (Tab.
1). [5, 13]

In practice, it appears that the management of most Slovak companies focuses on its visible
aspects when they applicate business process reengineering. Visible aspects are easier to
identify and solve, but ignorance and disregard for invisible aspects can be a major obstacle for
the successful application of business process reengineering. [7]

Tab. 1 Visible and invisible aspects of business process reengineering [5, 13]

Aspect Visible Invisible
Tasks/working procedures View at overall processes
Services/materials Cost of waiting/property
Business processes Resource levels Performance and obstacles
Procedures Hidden assumptions
Inputs and outputs Value for customers
Job description Current skills
Organization Position names Informal influences
Mission Organization chart Informal relations
Skills Save of tasks in a project Career
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Decision-making levels Performance feeling
Performance measurement Unforeseen behaviour
Managerial system Performance feedback Feedback effects
Financial rewards Non-financial rewards
Managerial practices Managerial paradigm
Established commitments Current thinking
Company Culture Behaviour and styles Culture scene
Writing, symbols, language Teamwork
Product and service functions Ability
Technology costs Know-how
Technology Technological solutions Benefits of technology
Hardware/Software Unknown problems
Data, news, visibility Shadow systems
Corporate identity Decisions and solutions Rules and systems of opinions
Strategy Business strategy Change strategy

Application experience with the business process reengineering shows that it is possible to

generalize the key factors that lead to reengineering success. These key factors are as follows:
e ldea,

e Skills,
e Motivation,
e Resources,
e Action Plan.
For these factors, it is necessary to respect each one of them in their logical sequence. The

absence of any of these key factors leads to the failure of the business process reengineering
(Fig. 4).[8, 12]

; & Action
Idea -+ Skills —»Motivation—»Resources—> b —» Change
Skills Motivation Resources ;;::ion Chaos
Idea Motivation Resources ;ZEM Distress
a \, T
Idea Skills Resources Action Without
plan change
Idea Skalls Motivation ;\lzzon Defeat
Idea Skalls Motivation Resources False start

Fig. 4 Importance of key factors in the realization of business process reengineering [8]
Conclusion

Every business is sometimes in the lifecycle in the position that it is necessary to change. If
radical change is necessary, business processes reengineering is a suitable method for solution.
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Business process reengineering means extensive redesign of business processes, with the task
of improving business performance. It is mainly about reducing costs, increasing the production
quality and the products themselves, shortening production times and improving the quality of
services offered. [10]

Business process reengineering is used worldwide and in businesses in all industries.
Nevertheless, its role remains the same — to detect bottlenecks in business processes and to
design and implement changes in processes that enable businesses to meet their goals and
increase their productivity. Business process reengineering is still a used and very popular
method for optimization of business processes. [11]

This article was created by implementation of the grant project KEGA 026 TUKE-4/2017
“Implementation of innovative educational approaches and tools to enhance the
development of the core competencies graduate study program Industrial Engineering” and
grant project KEGA 030TUKE-4/2017 “Implementation of innovative instruments for
increasing the quality of higher education in the 5.2.52 Industrial Engineering field of
study”.
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VYVOJ A POROVNANIE PRODUKTIVITY NA SLOVENSKU
AV KRAJINACH EUROPSKEJ UNIE

Jaroslava JANEKOVA — Daniela ONOFREJOVA

Abstract: The paper is focused on comparing the performance of Slovakia with the European
Union countries using selected indicators of productivity - labor productivity, capital and
human capital. It describes in more detail the average annual labor productivity growth of
countries in the region of Central and Eastern Europe.

Keywords: Labor productivity, capital productivity, productivity of human capital.

Uvod

Produktivita odzrkadl'uje schopnost’ produkovat’ va¢si objem produkcie lep§im kombinovanim
vstupov, vd’aka novym napadom, technologickym inovacidm a obchodnym modelom.
Inovacie, ako parny stroj, elektrifikdcia a v sucasnej dobe digitalizacia, viedli a vedu k
radikdlnym zmendm vo vyrobe vyrobkov a sluzieb, zvySovaniu Zivotnej Urovne a blahobytu.
Velké rozdiely v prijmoch na obyvatela pozorované v jednotlivych krajindch vac¢sinou
odrazaju rozdiely v produktivite prace. Predpokladé sa, ze produktivita bude v nasledujicich
50-tich rokoch hlavnou hybnou silou hospodarskeho rastu a blaha prostrednictvom investicii
do inovécii a kapitalu zalozené¢ho na vedomostiach.

Produktivita prace

Produktivita price sa vyrazne li§i naprie¢ krajinami Eurdpskej tnie (EU). Percentualny
priemerny roény nérast produktivity prace v krajinach EU, v rokoch 2000 az 2016, zachytava
obrazok 1. V tomto obdobi sa produktivita prace v regione strednej a vychodnej Eurépy (CEE)
zvySovala v stalych cenach v priemere o 2,9 % ro¢ne. Produktivita prace v tomto regione sa
zvysila z 23 % priemeru EU v roku 2000 na 40 % v roku 2016.
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Obr. 1 Priemerny roény rast produktivity prace v krajiniach EU za roky 2000 - 2016,
v stalych cenach (v %)
Zdroj: Vlastné spracovanie podl'a Korsnak, 2018, EUROSTAT, 2018
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V rokoch 2000 - 2004 (Obr. 2) najrychlejsi rast produktivity prace dosiahli krajiny regionu
CEE. Produktivita prace narastala o 5,3 % roéne (v stalych cenach), pricom k priemeru EU sa
v tomto obdobi priblizili z23 % priemeru EU v roku 2000 na 28 % v roku 2004. Rast
produktivity prace bol podporeny usilim krajin regiénu uspeSne zaviSit asociany proces
do EU. Bolo to obdobie reforiem, prilevu zahrani¢ného kapitalu, know-how, modernizacie
ekonomiky a nasledného rastu produktivity prace.
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Obr. 2 Priemerny ro¢ny rast produktivity prace SR a CR (v %)
Zdroj: Vlastné spracovanie podl'a Korsnak, 2018, EUROSTAT, 2018

V obdobi rokov 2004 - 2008 rastla produktivita prace v krajindch CEE 0 2,6 % ro¢ne (v stalych
cenach). Produktivita prace sa v tomto obdobi posunula k priemeru EU z 28 % v roku 2004 na
39 % v roku 2008. Hoci sa dynamika rastu produktivity prace spomalila, konvergencia sa v
tomto obdobi zrychlila. Vyznamné miesto v nominalnej konvergencii mala cenova
konvergencia a zmena Struktiry ekonomiky smerom k produktivnej§im odvetviam.

Roky 2008 - 2012 su spojené s krizou a snahou krajin vyrovnat’ sa s nou. Rast produktivity
prace v regione CEE sa spomalil. Produktivita prace sa v danom obdobi zvySovala v priemere
uz ,len“o 1,8 %. Krajiny CEE sice dokézali vyrovnat’ krizovy pokles z roku 2009 uz v priebehu
nasledujucich dvoch rokov, avSak vyraznej$i narast produktivity prace sa nepodarilo dosiahnut’,
ostala na urovni 39 % priemeru EU. V tomto obdobi sa déraz kladol na usporu nakladov,
vratane mzdovych, ¢o sa prejavilo v €ase zotavovania ekonomického rastu v opatrnejSom
prijimani novych zamestnancov a silnejSom raste produktivity prace vo vnutri sektorov
v rokoch 2010 - 2012.

V obdobi rokov 2012 - 2016 sa rast produktivity prace v krajinach CEE sice zrychlil z 0,5 %
ro¢ne v rokoch 2008 - 2012 na 2,8 % ro¢ne v rokoch 2012 - 2016, stale vSak zaostaval za
dynamikou rastu spred roka 2008, kedy sa pohyboval na tirovniach okolo 4 —5 % ro¢ne. Rastu
produktivity prace pomahala zmena Struktury ekonomiky (zodpovedna za priblizne Stvrtinu
rastu produktivity prace v stalych cenach), avSak rast produktivity prace vo vnutri odvetvi sa
spomalil.

Vyvoj produktivity prace na Slovensku bol oproti priemeru krajin CEE mierne oneskoreny,
nakol’ko sa krajina musela eSte vyrovnat’ s obdobim ,,vlastnej cesty* z devatdesiatych rokov.
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Najsilne;jsi rast i konvergenciu zaznamenalo Slovensko v rokoch 2004 - 2008, pri¢om pozitivne
efekty este Ciastocne doznievali aj v rokoch 2008 - 2012.

Na Slovensku za obdobie rokov 2008 az 2017 hodnota produktivity prace vyjadrenej pomocou
HDP na obyvatel'a vzrastla o 23,4 %, ¢o predstavuje pozitivny trend (Obr. 3). Z krajin V4,
v sledovanom obdobi, najvdcsi narast HDP na obyvatela zaznamenalo Pol'sko. HDP
na obyvatel'a Pol'ska vzrastol o 32,6 %. Ceska republika a Mad’arsko dosiahli takmer identicky
narast (cca o 12,5 %) tohto ukazovatel'a v sledovanom obdobi. Na obrazku 4, okrem vyvoja
ukazovatelov HDP na obyvatel’a krajin V4, je vidiet’ aj vzdialenost’ v hodnotach sledované¢ho
ukazovatela jednotlivych krajin od priemernej hodnoty HDP na obyvatel'a za krajiny EU28.
K priemernym hodnotam EU28 je najblizsie Ceska republika.
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Obr. 3 Vyvoj HDP na obyvatela SR v rokoch 2008 — 2017 (v EUR)
Zdroj: Vlastné spracovanie podl'a SU SR, 2018
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Obr. 4 Vyvoj HDP na obyvatela v krajinach V4 v porovnani s priemerom EU28=100
v rokoch 2008 — 2017
Zdroj: Vlastné spracovanie podl'a EUROSTAT, 2018

Rast produktivity prace na Slovensku sa v poslednych rokoch spomal’uje. Dovody su rozne.
Jednoduchd konvergencia v produktivite prace (rast z nizkej Urovne, prezamestnanost,
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modernizacia vyroby) je uz z vicSej Casti vyCerpana. Dalsi rast produktivity prace bude
vyzadovat’ okrem iného aj posun od ,,montaznej dielne k znalostnej ekonomike zalozenej na
inovaciach.

Korsnak (2018) uvadza, Ze produktivita prace na Slovensku narastd smerom od malych
k velkym podnikom a smerom od podnikov kontrolovanych tuzemskym kapitdlom
k zahrani¢nym podnikom. Produktivita prace vo velkych podnikoch (nad 250 zamestnancov)
je az 2-krat vyssia ako v malych podnikoch (do 20 zamestnancov), v zahraniénych podnikoch
je 1,5-krat vyssia ako v tuzemskych podnikoch. Produktivitu prace, najmé u malych podnikov
mdze znizovat' aj vysokd administrativna zataz. Ta je podla prieskumu Svetového
ekonomického fora na Slovensku $tvrta najvy$§ia spomedzi krajin EU (vy$8iu ma len
Taliansko, Grécko a Chorvatsko). Dévody dosahovania nizsej produktivity v tuzemskych
podnikoch na Slovensku mézu byt rézne, napriklad chybajica tradicia podnikania (z cCias
socializmu); vyssie zastupenie malych podnikov medzi domacimi podnikmi, ktoré prirodzene
vykazuji nizSie vynosy z rozsahu (a tym aj produktivitu); koncentracia podnikov v menej
sofistikovanych odvetviach s relativne nizkou pridanou hodnotou.

Produktivita kapitalu

Najviac investujucimi krajinami EU st Svédsko a Ceska republika. V roku 2017 miera
investicii vo Svédsku dosahovala az 25,0 % a v Cesku 24,7 % HDP. Slovensko vykazalo
v ramci EU mierne nadpriemernti mieru investicii na trovni 21,4 % HDP (Obr. 5). Je zrejmé,
7e buduci rast ekonomiky a najmi produktivity prace ovplyviluje nielen uroven investicii
v krajine, ale aj ich kvalita. Slovensko v kvalite investicii zaostdva nielen za priemerom EU,
ale aj za svojou regionalnou konkurenciou. Struktira investicii v krajine potvrdzuje ,,nélepku
slovenskej ekonomiky ako montdznej dielne*. Va¢sina investicii smeruje do budov a strojového
vybavenia, ekonomike chybajl inovicie.
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Produktivita Pudského kapitalu
Na Slovensku vyrazne zaostavaju investicie do intelektudlneho kapitalu, ktoré by v buducnosti
mohli priniest’ vyssi ekonomicky rast a rast produktivity prace. V roku 2017 ich vyska
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Obr. 6 Fixné investicie do intelektualneho kapitilu v krajinach EU
v roku 2017 (% HDP)
Zdroj: Vlastné spracovanie podl'a Korsnak, 2018, EUROSTAT, 2018

Negativnym zistenim je, Ze kym vo véésine krajin EU i regione CEE sa v poslednej dekade
objem investicii do intelektudlneho kapitalu zvySoval (v priemere v stalych cenach o 2,4 %
ro¢ne) a ich podiel na celkovych investiciach i HDP narastal, Slovensko investicie poslednych
desat’ rokov nezvySovalo. Zda sa, ze ekonomika zlyhdva v transformacii smerom k znalostnej
ekonomike. Jednym z dovodov modze byt aj slabé Skolstvo, ¢i nizka podpora Statu
sofistikovanej$ich ,,intelektudlnych® investicii s vy$$ou pridanou hodnotou.

Zaver

Spolo¢nou ¢rtou vsetkych krajin je, Ze kazda ma priestor na d’alSie zlepSovanie. Podl'a Saadia
Zahidi, riaditel'a Centra pre nova ekonémiu a spoloc¢nost, sa vsetky krajiny mozu stat’ viac
prosperujucimi. Hovori: ,,Stvrta priemyselnd revolicia vytvara priestor na ekonomické
napredovanie, cezhrani¢né Sirenie inovativnych napadov alebo nové formy vytvarania hodnot
a dava prilezitosti vSetkym krajinam. Samotné technologie vSak nestacia. Krajiny musia
investovat’ do l'udi a institucii, aby z technologii vytazili maximum®.

Prispevok bol vypracovany v ramci projektu KEGA 030TUKE-4/2017 Implementdcia inovacnych ndstrojov
zvySovania kvality vysokoskolskej vyucby v studijnom odbore 5.2.52 Priemyselné inZinierstvo a KEGA 026 TUKE-
4/2017 Implementdacia inovativinych edukacnych pristupov a nastrojov pre posilnenie rozvoja klucovych
kompetencii absolventov Studijného odboru Priemyselné inZinierstvo.
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PREDIKTIVNE RIADENIE KVALITY PROCESOV
HUTNICKEJ DRUHOVYROBY

Jan Rusnak — Vladimir Rudy

Prediktivny systém sledovania kvality produkcie ma schopnost’ korigovat' projektované
kvalitativne odchylky vyrobného procesu na zaklade dat o stave objektu vyroby, ziskanych
z predchadzajucich realizovanych operacii na danom komponente.

V tomto ¢lanku sa venujem kontrole kvality povrchu na studenej valcovni ¢o predstavuje proces
morenia na kontinualnej moriacej linke a proces valcovania na tandemovej valcovacej trati v
podmienkach kontinudlnej vyroby. Prispevok je zamerany na zvySenie produktivity procesu
valcovania so $pecializaciou na znizenie prestojov potrebnych na vykonavanie kontroly kvality
vyvalcovaného pasu. Proces valcovania je kontrolovany sériou réznorodych snimacich prvkov,
ktoré s schopné autonomne na zdklade ziskanych dat riadit’, kontrolovat a vyhodnocovat
vyrobné procesy. Déavaju spatni viazbu o technologickom procese umoziuju prediktivne riadit’
udrzbu zvySuju efektivnost’ vyroby k hodnotadm ktoré boli v minulosti nedosiahnutel'né.

Keywords: predictive system, implementation of advanced technologies, Big-data, Smart
manufacturing, Internet of Things, Industry 4.0

Uvod

Usilie udrzat’ si vediceho postavenia v hutnickom priemysle je spité s nevyhnutnostou
zavadzanie digitalnych prediktivnych technolégii do skvalitiiovania procesov v celom retazci
vyroby a druhotného spracovania ocele. Su zarukou ochrany pred nekvalitou, znizuju ¢as na
kontrolu kvality a naklady spojené s rieSenim odchylok vystupnych parametrov vyrobku.

Kontrolné metodiky a systémy sti¢asnosti sa realizujii na zaklade dat ziskanych ,,ex-post™ alebo
v lepSom pripade v redlnom case. Existuje mnoZstvo dat, ktoré boli zosnimané a zaznamenané
ako ,,druhoradé®, s menSim vplyvom napr. na kvalitu a pod. Tieto ostavaji zaznamenané
V systémoch (napr. zosnimame v predoslych procesoch vyroby), no ostavaju ,,nepotrebné®.
Avsak v pripade vzniku vyrobnych odchylok a vad vyskytujucich sa na vyrobkoch je nutné
tieto informdacie analyzovat, vyhodnotit’ a zohladnit’ pri korekcii procesov spdsobujtcich
kvalitativne odchylky vyroby (prediktivny systém kontroly kvality).

Disponuju prostriedkami a technoldégiami schopné vyhodnocovanie informacii vstupujicich
do procesu, porovnavaji a hodnotia mieru nezhody procesu, typ nezhody, rozsah, umiestnenie
a opakovatelnost. Odchylku od Ziadanych parametrov je prediktivny systém schopny
korigovat’ zmenou vyrobnych parametrov za ticelom minimalizacie alebo uplnej eliminacie
nedokonalosti produktu. V procese vyroby valcovanych ocelovych pasov zohrava doélezita
ulohu kontrola kvality povrchu pasu. Pasu
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Prediktivne riadenie moriacej linky plechov

Divergencia parametrov teplého pasu od referen¢nych parametrov vyrazne ovplyviiuje proces
morenia. Exponovanymi parametrami teplého pasu su : geometria pasu, povrchové defekty,
mechanické vlastnosti a rozmerové odchylky. Geometria teplého pasu ma kardindlny vplyv na
vedenie pasu v procese morenia. Vedenie pasu v moriacej linke zdsadne ovplyviuje vykon
moriacej linky. V pripade nevyhovujucej geometric teplého pasu je pravdepodobnost
vybocenia pasu pocas procesu morenia a méze dojst’ k neziadiicim udalostiam ako je destrukcia
okrajovej Casti pasu. Poskodenie okrajovej Casti je nepripustné z hl'adiska moznej prietrze pasu
V procese morenia a taktiez poSkodena hrana pasu predstavuje vysoké riziko v d’alSom procese
vyroby mimoriadne v procese valcovania za studena. Moriace linky disponuju zariadenim ktoré
udrziava pas v osy linky, Standardne tieto zariadenia zabezpeCuji pozadovanu poziciu pasu
v linke.

V pripade nadmernej divergencie od referenénych parametrov teplého pasu moze nastat’ stav
ked pas vyboCi zbezpetnej zoény, nasledky vyboCenia pasu su spomenuté vyssie.
Vysokovykonné kontinudlne moriace linky maji implementované slu¢kové zasobniky ktoré
umoziuju kontinudlne vysoko kapacitné morenie pasu.

Riziko, ktoré predstavuje odchylka od Ziadanej geometrie je prioritne najexponovanejsie prave
v diskutovanych zasobnikoch. Eliminacia spomenutého rizika je mozna znizenim stupna
naplnenia zasobnika. Zasobniky pracuju na zaklade posunu sluckovacieho voza ktory sa posuva
V priestore zasobnika ¢im vytvara previs pasu medzi kormidlovym valcom a slu¢kovym vozom.
Pozicia pasu na sluckovom voze priamoumerne koreluje so vzdialenostou pasu od
kormidlového valca a geometrie separatorov. Geometria separatorov je a priori nastavend na
referenéné parametre geometrie teplého pasu. V pripade divergencie geometrie teplého pasu
dochadza k vyboceniu pasu v zdsobniku. Eliminovat’ diskutovany neziaduci jav je mozné
znizenim stupna zaplnenia zasobnikov.

V pripade spracovavania pasu s nevyhovujlicimi parametrami rovinnosti so zvySenym rizikom
vyosenia pasu v moriacej linke je poziadavkou na SMART vyrobu import dat ktoré disponuju
parametrami turovne odchylky od referenénych hodndt geometrie pasu a polohou v dizke pasu.
Datovy PDI telegram je nalitany z Level 2 azahfia S$tandardné data okrem tychto
deskriptivnych dat v prostredi SMART vyroby je nevyhnutné aby obsahoval aj diskutované
data o divergencii rovinnosti pasu. Na zaklade dat z Level 2 riadiaca tiroven Level 1 riadi proces
vyroby s aspektom na optimalizaciu vykonu a minimalizaciu rizika havarie v procese vyroby.

Tento prediktivny systém reguluje polohu slu¢kového voza v zasobe korelujicom s Groviiou
odchylky rovinnosti. V ¢asovej synchronizacii polohy voza a polohy kritickej polohy pasu kde
odchylka od rovinnosti kulminuje s cielom minimalizdcie zaplnenia slu¢kového zasobnika ¢o
vo vyraznej miere zniZuje pravdepodobnost’ vzniku kritickej udalosti z dovodu havérie
Vv sluckovom zasobniku.

Struktara dat vystupného datového telegramu snimanych procesov je ilustrovana na obr. 1.
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datovy telegram vo formate HTML Casti PDI diagramu vo formate txt

Obr. 6 Priklad PDI datovy telegram

Povrchové defekty plechov

Povrchové defekty v procese morenia je mozné roz¢lenit’ na:

e Vstupujuce do procesu morenia

e Vznikajuce v procese morenia
Defekty vstupujuce do procesu morenia vznikaji v procesoch predchadzajucich samotnému
procesu morenia. Rozhodujucimi pre proces morenia st defekty ktoré vznikaju v procese
kontinualneho odlievania bram a v procese valcovania za tepla. Pre splnenie zéakladnej
myslienky prediktivneho riadenia vyroby je rozhodujlci transfer dat medzi jednotlivymi
vyrobnymi procesmi v toku vyroby. V procese kontinualneho liatia bram vznikaju aj defekty
ktoré su eliminovateI'né alebo vo vyraznej miere je moZné znizit neZiadlce nasledky
v d’alSom toku vyroby za predpokladu ich detekcie, monitorovania a odstranenia vo vhodnej
procesnej operacii po€as vyroby na roznych agregatoch. Medzi defekty vznikajice v procese
kontinualneho liatia bram patria:

e Nekovové vtruseniny

Troskové hniezda
Vyrony kovu
Trhliny
Cudzi predmet
Prechodova brama
Zadery
Supiny

73



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ,_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

Defekty vzniknuté v procese odlievania bram sa v procese valcovania za tepla vplyvom procesu
maju tendenciu menit’ svoj tvar a polohu a je moznost’ vnorenia defektov pod povrch pasu
a ziskat" tak latentni vlastnost. Tato latentnd vlastnost’ predstavuje riziko vo vztahu
k nasledujucim procesom v podobe havarie a samozrejme vyraznou mierou ovplyviuje kvalitu
vysledného produktu. V procese valcovania za tepla sa kvalita povrchu kontroluje vo forme
pravidelnych kontrol zvitkov na vopred ur¢enom poradi. Napriklad kazdy desiaty zvitok sa
vyc¢leni na kontrolu. Kontrola kvality spo¢iva v od paleni vrchnych zavitov za stcasnej
vizualnej kontroly povrchu pasu. V pripade pozitivnej kontroly povrchu pasu sa predmetny
zvitok zastavi v toku vyroby a zistuje sa pri¢ina nekvality v procese. Defekty zistené sa
zaznamenavaju v hold systéme, data zdetekovanych defektov sa neprenaSaju
automatizovanym sposobom do nasledujucich produkénych procesov. V procese valcovania za
tepla vznikaju defekty: okoviny - jazvy po okovinach - otlaky - zadery — positie. Inovacné
projektové metody hutnickych produkénych liniek a prediktivne kalkuluju a projektuju datové
toky v suvislostiach stokom materialu a prenosom jednotlivych divergencii v kvalite
s ohladom na ich eliminaciu v nasledujicom toku. Exaktne v procese morenia je nevyhnutné
aby z procesu teplého valcovania boli presne definované povrchové defekty a vsetky parametre
ako st: druh defektu — jeho poloha — opakovatel'nost’ — rozsah. Na zaklade exaktnej definicie
parametrov defektu v PDI telegrame boli distribuované data a v tejto stvislosti boli parametre
morenia nastavené s cielom odstranenia defektov. V procese morenia je mozné odstranit
defekty z predoslych agregatov nie vSetky. Proces morenia disponuje schopnostami eliminovat’
nasledovné defekty — okoviny. Okoviny je mozné eliminovat znizenim rychlosti procesu
morenia. PDI telegram obsahuje data o mieste vyskytu okovin v mieste vyskytu okovin je
pozadované znizenie rychlost’ procesu morenia sucasne exponovanim parametrov t'ahového
lamaca okovin ¢o spdsobuje narGiSanie okovinovej vrstvy a zvySuje tak ucinnost’ procesu
morenia. Vysledok eliminécie sa verifikuje na vystupnej €asti moriacej linky prostrednictvom
kamerového systému. Jazvy po okovinach predstavuji defekt ktory je kriticky pre findlnu
kategoriu vyrobku moreny pas. Jazvy na povrchu pasu su nepripustné pre finalne spracovanie
moreného pasu pre vyrobky ako su disky kolies automobilov alternativne na d’alSie produkty
ktoré maji vysoké naroky na povrchovl kvalitu findlneho produktu. V pripade pozitivneho
povrchu prediktivny systém riadenia kvality odosle telegram s poZiadavkou na presmerovanie
pasu na vyrobny smer valcovania za studena na oddelenie logistiky ktoré ur¢i nahradné rieSenie
pro dany zvitok s cielom minimalizacie straty z pohl'adu trhovej realizacie pasu. Na produktoch
ktoré st v d’alSom procese valcované za studena jazvy su pripustné z dovodu eliminacie defektu
Vv procese valcovania. Eliminaciu defektu je potrebné verifikovat’ na vystupe valcovacej trate.
Z hore uvedenych dovodov je nutné vychadzat pri klasifikovani povrchu pasu z finalneho
smeru urcenia. Otlaky v procese teplého valcovania vznikaji v pripade defektu na valcoch,
Vv pripade nalepenia necistot na valce. V pripade zistenia defektu na teplej valcovni prichadza
informacia v SMART prostredi prostrednictvom PDI telegramu do procesu morenia kde
dochadza k verifikacii a vyhodnoteniu rozsahu a zavaznosti defektu s ohladom na dalSie
smerovanie produktu. Vymoreny odhaleny pas dava vyrazne lepSiu moZnost' vyhodnotenia
rozsahu a zavaznosti defektu. Na uvedenom priklade su zobrazené otlaky zachytené
kamerovym systémom v procese valcovania za tepla. Mapa zvitku zobrazuje distribuciu
defektov na povrchu pasu teplého pasu. V prostredi SMART vyroby a prediktivneho riadenia
kvality je samozrejmostou zdiel'anie vyskytu defektu na pase vo vzt'ahu k nasledujicemu
agregitu v toku vyroby so zdmerom minimalizacie nasledkov vyskytu defektov na pase
ascielom maximalneho zhodnotenia produktu napriek wurcitej miere nedokonalosti.
Hodnotenie zévaznosti defektu na povrchu pasu sa kalkuluje na zaklade vlastnosti defektu
ziskanych z kamerového systému. Determinaciou optickych vlastnosti objektu. Defekty
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ktorych kontary su viditeI'né na BF aj DF pohl'ade kamerového systému zasahuja hlbsie do
povrchu materidlu z hl'adiska povrchovej kvality st kritické. V procese atestacie finalneho
pouzitia sa berie na zretel' findlny ucel pouzitia. V pripade materidlu morené¢ho priamo
uréené¢ho zékaznikov su defekty viditelné na BF aj DF neakceptovatel'né. Pokial’ je pas
s predmetnymi defektmi uréeny na d’alSie spracovanie formou valcovania za studena tak sa
Vv procese atestacie kalkuluje samozrejme s findlnou technoldgiou spracovania. V pripade
povlakovaného finalneho produktu ako st pasy pozinkované alternativne lakoplastované je
hodnotenie menej kritické nez v pripade produkcie nepovlakovanych pasov.
Zadery patria medzi mechanické defekty vznikajuce v procese vyroby v momente ked’
dynamicky pas prichddza do kontaktu so statickou Castou vyrobnej linky. Zadery su
dislokované rovnobeZne v smere toku substratu, Zasahuj do hibky materialu z hladiska kvality
produktu predstavuju kriticky defekt. Z hl'adiska vyroby moreného pasu priamo expedovaného
zékaznikovi st nepripustné. Pre vyrobky ur¢ené na d’alSie valcovanie st kritické do takej miery
ako budu signifikantné po procese valcovania. V sticasnosti takato predikcia zavaznosti defektu
po procese valcovania nie je k dispozicii, zmyslom tejto prace je prediktivne riadit’ kvalitu
Z tohto aspektu je navrhnuty model predikcie nasledkov defektu. V modeli predikcie nasledkov
defektu je potrebné kalkulovat’ s hibkou defektu, redukciou poéas valcovania, akostou ocele
a findlnou hrabkou. VSetky varidcie anasledky nie je moZzné exaktne  kalkulovat
matematickym vztahom mimoriadne dolezité su empirické skusenosti a v kombindacii s
pokrocilymi Statistickymi metédami je mozné sa dopracovat’ k vysoko efektivnemu
prediktivnemu systému ktory bude vysoko efektivne riadit’ systém riadenia kvality
s vlastnostami SMART vyroby. Vyskyt zdderov na pése je nutné verifikovat' na kamerovom
systéme za VT a analyzou vzhl'adu po VT na zéklade parametrov defektu na ML. Komparacia
rozsahu defektu na vystupnej Casti valcovacej trati s rozsahom a vzhl'adom defektu na vystupe
moriacej linky je zadkladnou podmienkou tvorby prediktivneho systému riadenia kvality.
V procese analytickej analyzy big data je podmienkou analyza historickych dat
z technologickych procesov vyroby kde si zaznamenané nasledovné parametre:

e Rozsah a vizualne vlastnosti defektu na moriacej linke
Konzervovanie na moriacej linke
Redukcia v procese valcovania
Drsnost’ valcov v procese valcovania
Technologicky kod ocele
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Kvalita v procese pozinkovania je signifikantne ovplyvnend kvalitou vstupujuceho substratu.
Empirické skusenosti z procesu vyroby potvrdili korelaciu a regresiu vo vztahu k vyskytu
a zavaznosti povrchovych defektov v predchadzajucich procesoch. Retazova verifikacia
defektov Vv postupnosti vyrobného procesu pocnic prvou detekciou a verifikaciou na
nasledujucom agregate vyraznym spdsobom zvySuje vytaznost materidlu, zniZzuje naklady
a vyraznym sposobom umoziiuje Gspesnt alokaciu na trhu aj v pripade ze material nie je mozné
uplatnit’ na podvodnu zdkazku. SMART manaZzment kvality v procese hodnotenia vzniknutého
a klasifikovaného defektu hodnoti defekt taktiez z hl'adiska pouzitia u zakaznika, tato
informdcia je importovand v systéme z kupnej zmluvy kde je zadefinované finalne pouZitie.
V pripade findlneho pouZitia na vnuUtorné diely karosérie, konStrukéné diely je mozné
akceptovat’ urcitad mieru a druh defektov v pripade povrchovych dielov karosérie, vonkajsich
dielov spotrebicov alternativne je tolerancia vyskytu defektov nulova.
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Obr. 4 Zader 5897706 identifikovany po pozinkovani

Zakladnou podmienkou SMART manazmentu a prediktivneho riadenia kvality v hutnickom
procese ja aplikdcia vykonnych kamerovych systémov so schopnostou generovania
dostato¢ného mnozstva dat a podpornych aplikacii ktoré disponuji schopnostou efektivne
aVrealnom c¢ase spracovavat, uchovavat' a vyhodnocovat’ vel’ky objem dat za sGfasného
zdiel'ania dat medzi jednotlivymi subsystémami celku.
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Obr. 5 Zaznam z kamerového systému teplej valcovne plechov (TVa)

77



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ,_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

Zaver

V procese valcovanie je nevyhnutné kalkulovat' nielen so vstupujucimi defektmi ale aj s
defektmi vznikajicimi priamo v procese valcovania. Tieto je nevyhnutné identifikovat’ v
momente vzniku. Incidenty a nasledné defekty vznikajuce priamo v procese valcovania dokazu
identifikovat’ operatory valcovacej trate. V pripade incidentu priamo na valcovacej trati
operator spusti alarm ,,Rolling mill issue* nasleduje proces ako v pripade pozitivneho vysledku
kontroly kvality obsluha vykona ¢innosti za i¢elom odstranenia nasledkov incidentu a riadiaci
systém prevedie kalkulaciu nasledujicej kontroly kvality sibezne s optimalizovanym navrhom
d’alSieho spracovania zasiahnutych jedincov tento postup je zaznamenany v jednotlivych
urovniach riadiacich systémov s cielom minimalizacie negativnych vplyvov na efektivnost’
vyroby.
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PRODUCTION SYSTEM VS. PRODUCTION PROCESS AND
THE WAY OF THEIR OPTIMIZATION

Peter MALEGA — Jozef KOVAC

Abstract: This paper deals with two very important concepts — namely production system and
production process and it is also oriented on the way of their optimization. This paper is divided
into three main sections. First section treats with production system; while you can find there
model of production systems and summarized principles of production system. Second section
is oriented on the production process, which is the basic part in production companies and errors
in production process have a significant impact on the company. Third main section is about
optimization of production process and production system, while there are debated stages of
optimization and optimization as the necessary criterion of successful company.

Keywords: production system, production process, optimization

Introduction

Mass production is considered as the 20th century production system and optimized production
is referred as the 21st century production system. Optimization of production processes is a
concept applicable for company at any stage of development. In addition, there are situations
where it is simply necessary to optimize production, because otherwise the company will be
unprofitable.

If profitability is achieved in terms of cheap labour, cheap raw materials and energy, due to the
availability of these resources, then, as prices of these factors increase, production becomes
more expensive and thus less cost-effective. The company must reduce costs and apply more
efficient production technologies.

Production system
Today’s markets place high demands on production. This leads to the necessity to optimize all
processes in companies as much as possible and to make quick decisions in company
management. [10] Primarily, it is important to organize the company's production system so
that production costs decrease and that quality is not only maintained but also increased. In this
point of view, the development of such systems in companies is carried out in accordance with
different criteria and becomes a priority. [11]
The production system is a system to convert demand information into products. This system
is composed of humans, machinery and the space provided by normally a kind of building.
They are generally called resources, human resource and mechanical resource. Sometimes we
also include utility because this is also a type of resource. Using these resources, the production
system converts demand information into the products to be supplied.
The conventional view is to regard raw materials or parts as input into the production system,
which converts them into the products.
Production management includes the following obligatory components [1]:

e Identification and purpose of goals, where units involved in production should be

directed.
e Collection and analysis of information about the current state of the production sectors
of company.
e Creation of production system, tasks and programs that are economically justified.
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A well-functioning and efficient production system of the company must meet the following
requirements [2]:
1. Compliance with the principle of direct production due to the appropriate location of
units in the company.
2. Cooperation and specialization of workplaces, respectively production workplaces.
3. Organization of the activities without duplication of links and steps.
4. Maximum simplification of the production structure: the composition of the units should
be minimal but sufficient for work.
5. Flexibility and mobility of the entire structure, allowing it to be quickly renewed without
being fragmented and adapted to new market conditions and requirements.
6. Development of a production system without bottlenecks, with respect to the
proportionality of units, capacity and capacity of machines.

The first feature of the production system is its effectiveness. It is responsible for the ability to
produce finished goods or services. By assigning common goals, all elements of the structure
act in a coordinated and productive manner. Since the company is complex with different
purposes, its production system is characterized as multi-purpose.

The openness of production systems is a feature that makes it possible to exchange various data,
materials and even energy with the outside world.

Specific features are the decisive factor in which production will be organized in the company.
They are built on different types of relationships between structural elements and are influenced
proportionally, with variables such as profit of production system, parallel actions, production
rhythm, continuity, and direct flow process.

When a system of this class is developed and improved in the working environment, certain
characteristics are achieved. The main of these characteristics are [3, 5]:

e Reliability — is the system's ability to function continuously despite changes in internal
or external conditions to maintain balance even after unpredictable failures in individual
areas. Internal reserves and managerial tools regulate this feature. The higher the
reliability, the more limited the frequency and range of phenomena that interfere with
its stable operation.

e Efficiency — is the property of the production system in the production of finished
products or services. The result is displayed when the structure is properly organized.

e Manageability — is an indicator of management effectiveness. Managed is a recognized
system that achieves a goal in a given time and material condition.

e Uncontrollable system — is one that doesn’t solve assigned tasks or is poorly managed
— one that reaches the goal, but not too precisely, with a basis for temporary or material
constraints.

e Level of manageability — is characterized by the proportion of processes that are
accessible and not subject to modification.

e Flexibility — is a feature of the system to adapt to new market conditions without losing
integrity and efficiency.

Model of production system is shown in Fig. 1.
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Fig. 1 Model of production system [5]

We can also summarize principles of production system (Tab. 1).

Tab. 1 Principles of production system [8]

Principle Basic characteristics
Proportionality | Proportional productivity per unit of time of all production divisions in the company
(workrooms, workplaces) and job positions.
Differentiation Department of the production process for production of identical products between
individual business units (for example, for technological processes).
Combination Unification of all parts or parts of different production processes of a certain product type
within one workplace, trade, production.
Concentration Performance concentration of certain production operations to produce technologically
homogeneous products or to perform functionally homogeneous work in certain areas
and at certain workplaces.

81



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22

Trends and Innovative Approaches in Business Processes “2019”, Vol. 22

‘@ TIABP

Specialization

Forms of labour division in business. Providing a limited range of works, operations,
parts and products for each business division.

Universalization

A particular workplace or production unit is engaged in the production of products and
parts of a wide range or in the execution of various production operations.

Standardization

According to the principle of standardization in the organization of the production is
meant the development, creation and application of uniform conditions that ensure its
best flow.

Parallelism Simultaneous execution of the technological process on all or some of its activities. The
implementation of this principle significantly shortens the production cycle of the
product.

Directness The requirement for directness of motion of work objects during the technological
process, i.e. on the shortest route of the product passing through all the stages of the
production process without returning to it.

Continuity Minimization of all breaks in the production process of a particular product.

Rhythmicity Realization regularly the same number of products.

Automation Maximum possible and economical release of personal from the cost of manual work

based on the use of automatic equipment.

Production process

The production and economic activities of any company are aimed at production of a certain
types of products. The production process is at the heart of the company's production activity.
It is the sum of all the people's actions and work tools, which are necessary for the company to
produce final product. Fig. 2 shows the basic scheme of production process. [4, 12]

INPUTS: OUTPUTS:
PRODUCTION
PROCESS
Property
Saleable
Machinery eans
TRANSFORMATION
Labour 3
Services
Raw Materials KNOWLEDGE o
GATHERING & aluable
Consumables
PRESENTATION Information

Fig. 2 Basic scheme of production process [4]

The production process is based on the technological process. It contains targeted steps that are
focused on change and determine the status of the work. The finished part of the technological
process, carried out at one workplace by one or more workers, is called technological operation.
Basic technological operations are focused directly on the change of the subject of the work
(change of form, molecular composition, state, appearance, size). Examples include: crushing,
oxidation, extraction, polymerization, etc. In addition to technological core operations, the main
product production process also includes a number of auxiliary operations (transport, control,
product sorting, etc.) designed to facilitate basic operations. [6]

82



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ‘_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

The production process consists of work and automation processes as well as natural processes
that usually don’t require work. In factories that produce complex products, production
processes are very diverse. In a rational arrangement, it is necessary to classify production
processes according to the most important properties.

The economic efficiency of the rational organization of the production process is reflected in
the:

reduction in the product cycle,

reduction in production costs,

improvement in the use of tangible assets,

increase in working capital turnover.

Optimization of production processes and systems

In a modern market economy, companies are competitive, if they are one or two steps ahead of
their competition. It is about timely assessing the requirements of consumers, respectively doing
their job faster and better. It can be done in different ways. One of the way is the optimization
of business processes.

Optimization is the improvement of the business processes with the aim of achieving the best
results under appropriate conditions. Optimization is necessary, if [7]:
e there is an increase in errors and a worsening in the quality of work,
it is necessary to increase corporate manageability,
increase the transparency of their activities,
there has been a change in the positions like managers or director,
the state company goes into private ownership,
the task is to introduce information systems,
an integrated company is under construction,
business management has decided to change direction or simply expand production.

This process can happen once in a life cycle, but it can also become a permanent process.
However, qualitative implementation of optimization requires certain conditions. First, the
availability of internal work resources - experts who are aware of optimization activities.
Secondly, it requires the enthusiasm and moral preparedness of team and managers. Third, there
is a risk of errors or damage.
After all moral and other preparations, an optimization team will be set up, which includes
heads of departments and managers. Those start the optimization, whose classical procedure
consists of five stages (Fig. 3):

1. Process description — "what is the process".

2. Process description — "as it should be".

3. Development improvement.

4. Making improvements.

5. Monitoring of improved processes.

The first stage of optimization is the description of business processes. There are two ways to
do this at this stage — first describe all the processes currently in progress in the company, or
verbally choose the few with the highest priority for improvements and already work with them.
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In the first case, after describing everything, team gains a complete picture of the processes in
the company and selects the priority. This can be done from priority criteria. The priority criteria

are shown in Tab. 2.

Monitoring
of improved
processes

Tab. 2 Priority criteria [10]

Making
improvements

"What is
the
process”

Fig. 3 Stages of optimization [9]

Development
improvement

Target
process

Criteria

Characteristics

Impact on process selection

Severity of the process

It characterizes the degree of
contribution of the process to
achieving the company’s goals.

Most important for the selection of
business processes.

Problem of the process

It shows the degree of process
inconsistency, requires efficiency
indicators.

The selection is stopped on the
processes, where the difference
between current and necessary

efficiency indicators is greatest.

Conclusion

Nowadays the creation of the product is very difficult. Input has to pass from many levels and
hands to become the output. Moreover, the coordination of men, money, material and machine
is also necessary. Also technology is developing rapidly and the adaptation of emerging
technology to daily life is very fast. Within this context, production technologies are
developing rapidly and parallel to this production instrument's costs are decreased. In this
way, producers can make investments more easily by getting current technology. In parallel
with industrial development, some parameters such lost time, labour, raw materials must
reduce. When considering expected product variety, especially modification on the
produced product is a difficult process. Revising of the production system according to the
final product is substantially increased the amount of lost time. In addition, in this revision
process previously realized investment is becoming inert and this quite increases costs. It is
almost impossible the creation of a separate production line for each product in a
company which has a lot of variety of products. Nowadays in this needed speed production
process, instead of conventional production systems flexible manufacturing systems began to
be preferred in the industry.

This article was created by implementation of the grant project KEGA 026 TUKE-4/2017
“Implementation of innovative educational approaches and tools to enhance the
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development of the core competencies graduate study program Industrial Engineering” and
grant project KEGA 030TUKE-4/2017 “Implementation of innovative instruments for
increasing the quality of higher education in the 5.2.52 Industrial Engineering field of
study”.
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PROAKTIVNY MANAZMENT PRIEMYSELNYCH
PODNIKOV

Jaroslava KADAROVA — Michaela KOCISOVA — Jozef MIHOK

Abstract: The digitization of the company shortens reaction times and forces companies to use
appropriate approaches, principles, tools and methods of business management. In addition to
reactive and active behavior, companies also include a proactive approach in their principles. It
is based on foresight, innovativeness and creating your own market opportunities.

Keywords: Proactiveness, Proactive Management, Industry Company.

Uvod

Proaktivita je najmd v organizanej a zamestnaneckej psychologii, oznaenie pre spOsob
konania, ked’ odpoved’ na vonkajsi, napr. teplo, farba, hluk, alebo vnitorny podnet, napr. pocit
hladu, smidu, bolesti, je vysledkom slobodnej a vedomej vol'by, ktora je spojend s prebratim
iniciativy a prijatim zodpovednosti za fiu a za jej nasledky. Proaktivita je opak reaktivity, ked’
odpoved’ou na podnety st predprogramované odpovede.[7]

Vztah proaktivity a reaktivity

Pojmy proaktivita a reaktivita sa v poslednych desatroCiach Casto pouzivaju v literature z
oblasti strategického manazmentu. Znacna Cast’ literatiry o strategickom spravani podnikov
odraza dichotomiu medzi reaktivnym a proaktivnym strategickym postojom.

Reaktivne sprdavanie sa tiez nazyva vyvinuté. Namiesto formulovania stratégic pre
nepredvidatelné zmeny v prostredi, podniky reaguji na zmeny po tom, ¢o k nim dojde.
Potvrdilo sa, ze planovat’ budiicnost’ je pomerne bezvyznamné v pripade turbulentného
podnikatel’ského prostredia a aj to, ze podniky namiesto hl'adania istoty tam, kde ju nie je
mozné vidiet’, musia zit’ s neistotou a chaosom.

Podrla tedrie systémov by sa reaktivne spravanie dalo nazvat’ regulaciou chyb, pretoze je
zamerané na korekciu odchylok suladu medzi podnikom a prostredim. Podla zakona
dynamickej rovnovahy (homeostazy), ak dojde k zmene prostredia, zmeni sa aj systém, avSak
len do takej miery, aké je nevyhnutna pre udrzanie suladu s prostredim.

Podl'a obrazka 1 mdZze regulator pocitit’ vysledok vyplyvajici zo zmeny v prostredi, hned’, ked’
k nemu doSlo. Regulator v type reaktivneho spravania predstavuje monitorujice, skimajuce a
napravné opatrenia systému podniku.

pR?STREDlE PROSTREDIE
6@\’ & 4
vV P A e
K OD . P
V;;\é::(a < Regulator I/( V:(')\é\; :: < kggulétgblvll(

-
4

y A
Vysledok zmen
Vysledok zmeny y ¥

Obr.1 Reaktivne a proaktivne spravanie v podniku
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Pri konfrontacii s dblezitymi zmenami reaktivne podniky bojuji o prezitie. V pomalSie sa
meniacom prostredi si v8ak moézu poradit’ s prisposobenim sa novej situacii. Problémom
reaktivneho spravania je obvykle potreba rychleho zdkroku, inymi slovami nedostatok ¢asu a
malo moznosti na vyber. V tom spociva riziko tohto spravania, ak sa z neho stane hlavny nastroj
krizového riadenia podniku.

Reakcia na zmeny prostredia je pre vacSinu podnikov zlozity proces, nakol'ko zahfiia obrovské
mnozstvo rozhodnuti a behaviordlnych zmien na mnohych urovniach. Jednoduché nie je ani
analyzovat’ reakcie na zmeny, nakol'ko ide o vzdjomne pdsobiace nelinearne prvky, ktoré su
ovplyvilované mnozstvom retazcov spatnych vizieb. Analyza reaktivneho spravania, pre
pochopenie prepojenia podniku s prostredim, nepostacuje. Je rovnako dolezité zvazit
proaktivne spravanie.

Analyza pojmu proaktivita nema hlboké korene. (Pre)aktivnu stratégiu definovali Jauch a
Glueck ako: , stratégiu, v ktorej stratégovia konaju skor, nez su nuteni reagovat na prilezitosti
a hrozby okolia. “ Preto sa zda, ze proakcia je obcas reakciou, pricom nejde o reakciu na zmeny
okolia, ale skor na naznaky prichadzajicich zmien. Toto sprivanie mozno nazvat i
anticipacna regulacia. Jeho cielom je kompenzovat’ neziaduce G¢inky rusivych podnetov na
¢innost’ a vysledky podniku. Anticipacia predstavuje riadenie sucasnosti, kedZe nie je mozné
riadit buducnost, za vyuZitia informdcii o minulosti, pritomnosti i buducnosti.

I proakciu mozno vnimat’ ako umysel podniku ovplyviovat’ prostredie a navyse iniciovat
zmeny. Bateman a Crant proakciu definovali ako: ,, pomerne stabilny zamer uskutocnit’ zmeny
v prostredi* a ,,spravanie priamo meniace prostredie.“ Podobne i Aragon-Correa vyhlasil
strategickll  proaktivitu za:,,zdmer podnikov skor iniciovat zmeny vo svojich roznych
strategickych taktikdach, nez reagovat’ na udalosti.” To odraza skuto¢nost, ze si podnik
uvedomuje, Ze disponuje schopnostami pre asponl ¢iastoéné ovplyviiovanie a vytvaranie Si
vlastnej buducnosti. Vedenie podniku si mdze prestavit’ vyrobky, sluzby a celé odvetvia, ktoré
eSte neexistuju a nasledne ich vytvorit’.

V doésledku toho sa zda, ze koncept proaktivity zahina anticipaciu aj ovplyviiovanie.
Proaktivita je schopnost vytvorit prileZitosti, alebo schopnosti, rozpoznat alebo anticipovat a
konat v sulade s prileZitostami alebo hrozbami, ked sa same poniikaju. ©“ Proaktivita obsahuje
aj reakciu na naznaky prichadzajucej zmeny v podnikovom prostredi a vytvaranie samotnych
zmien.

OdliSujacim prvkom medzi proaktivitou a reaktivitou sa zd4 byt cas. Proaktivita vzdy
naznacuje konanie pred zmenou v prostredi a jej priamym vplyvom na podnik a v praxi je jej
stCastou Casto reakcia na naznaky prichadzajucich zmien.

Niektori vyskumnici porovnavali proaktivitu s podnikanim. AvSak rozdiel medzi obomi
koncepciami je ten, Ze podnikanie sa zvy€ajne chape ako objavovanie, vyhodnocovanie a
vyuzivanie novych prilezitosti, kym sucastou proaktivity je objavovanie, zhodnotenie a
riadenie zmien v prostredi, ktoré by mohli pre podnik predstavovat hrozby a nielen prilezitosti.
Proaktivitu je pomerne tazké pozorovat, pretoze ide predovSetkym o mysSlienkovy proces.
Existujt vlastnosti podnikov, ktoré ich radia k proaktivne zmyslajicim:

e Aktivne zhromazd'ovat’ informacie o 'ud’och mimo spektra zédkaznikov a konkurentov a o
moznych zmenach v prostredi.

e Predvidat’ v oblasti priemyslu. Predvidavost' je zalozend na ob$irnom nahliadnuti do
buducich trendov (v oblasti zivotného $tylu, technoldgii, demografie a goeopolitiky), ktoré sa
daju vyuzit pri prepisovani pravidiel v priemysle a vytvoreni nového konkuren¢ného priestoru.

e Osvojovat’ si pristup, ktory hl'add prileZitosti. Ide o rozvoj a vyuZivanie prileZitosti,
vyuzivanie napadov a kreativneho potencialu pri formovani vztahov s prostredim.
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e Usilovat’ sa stat’ lidrom nie nasledovnikom. Casto st potrebné vyznamné investicie s
cielom posilnit’ vedtce technologické postavenie podniku.

e Hrladiet’ smerovat’ dopredu. Podnik by mal formovat’ prostredie, a nie byt formovany
Zmenou.

e Dokéazat’ premenit’ negativa na pozitiva. Popasovat sa s obmedzeniami (napr. predpismi ¢i
rozdielnymi vyhliadkami) kreativnym sposobom.
Efektivna komunikacia v podniku je jednym z predpokladov jeho fungovania, ¢i uz je to
komunikacia prostrednictvom informa¢ného systému alebo medzi manazérmi a zakaznikmi,
resp. dodavatel'mi, pracovnikmi ¢i verejnostou. Proaktivna komunikdcia vytvara v podniku
spravnu pracovnu klimu, najma pri stanoveni ciel’a, jeho plneni a vyrovnavani sa s problémami.
Rozdiely medzi proaktivnou a reaktivnou komunikaciou su uvedené v tabul’ke 1.

Tab.l1 Rozdiely medzi proaktivnou a reaktivhou komunikiciou

Reaktivny jazyk Proaktivny jazyk
Nemézem s tym nié robit’. Pozriem sa, aké su moznosti.
To nemdze vyjst. Mozem pripravit’ presved¢ivi prezentaciu.
Je to proste tak, ako to je. Viem ukazat’ iny pristup.
Tento zakaznik ma frustruje. Ovladam svoje pocity / reakciu.
Nemoézem si to dovolit’. Mam efektivne rieSenie.
Nemdzem. Preferujem / Zvolim si — rozhodnem sa.
Musim. Rozhodol som sa.
Som uz raz taky. Mobzem byt iny.
Keby... Budem...

Proaktivne podniky robia vzdy nad ramec prispdsobovania sa podmienkam trhu. Poktsaju sa
predpovedat’ zmeny a podniknut’ kroky skor, ako su nutené. Cielom proaktivnej stratégie je
rozvratit’ zauzivané pravidla a vytvarat’ trvalé konkurencné vyhody.

Tab. .2 Reaktivny verzus proaktivny postoj podniku

Reaktivny postoj Proaktivny postoj
Stratégie podniku Prispdsobuje sa okolnostiam. Buduje zmeny na trhu.
Orientdcia
marketingovych Zameriava sa na uspokojovanie potrieb | Zameriava sa na vytvarani novych potrieb
Cinnosti zakaznikov a boj s konkurenciou. a pravidiel.
Inovicie Vnima ich ako proces zaloZeny na | Vnima ich ako proces, ktory by mal
poziadavkach. zatriast’ trhom.

Byt reaktivny nestaci. NajlepSie spoloc¢nosti dokazuju, ze trh musi niekto ovladat’ a
formovat’ podl'a svojich zaujmov a podnikatel’ské prostredie musi byt pretvarané. Vytvorenie
vlastnych pravidiel, teda ovladanie a formovanie trhu proaktivnym pristupom, je vyhodnejsie.

Proaktivne podniky

Proaktivne podniky nereaguju na zmeny, ale ich prognézuju. Ich pohlad na skutoCnost’ je
nezavisly. Zastavaju nazor, Ze podnikatel'ské prostredie sa mdze pretvarat’ v zavislosti od
trhovych stratégii. Realitu si buduji a nevnimaju ju ako Cosi, ¢o je im predurcené, preto ich
budicnost’ zacina uz dnes, nie zajtra. Menia pravidla hry, ¢o ma za nasledok vznik Gplne nove;j
hry. Vytvaraja vlastné pravidla, a to im rapidne zvySuje Sancu na ziskanie dominantného
postavenia na trhu.
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Proaktivne podniky neinvestuji snahu do udrzania si podielu na trhu. Samy ho urcuja. Su
rovnocennymi partnermi, nezavislymi od jeho aktualnych poziadaviek. Riadia miesto toho, aby
boli riadené.

Podnik sa ale nestava proaktivnym na zaklade vlastného rozhodnutia ¢i tuzby. Zavedenie
tohto typu stratégie si vyzaduje predosly rozvoj uréitych schopnosti a vyuzivanie analytickych
modelov a nastrojov na pretvorenie proaktivity do konkrétnych cinov.

Tab.3 Hlavné rozdiely medzi reaktivnhym a proaktivhym podnikom
REAKTIVNE PODNIKY PROAKTIVNE PODNIKY
Reaguju na udalosti. Predvidaji udalosti.

Su zavislé od predoslych udalosti - prostredie
vytvara pravidla.

Budtcnost’ vnimaju ako nieco, ¢o treba predvidat’ - | Buducnost vnimaju ako nieCo, na Com sa da

St nezévislé - sami si vytvaraju pravidla.

buducnost’ zacina zajtra. podielat. Budicnost' zacina dnes.
Snazia sa stat’ najlep§imi hra¢mi. Snazia sa zmenit pravidla hry.
Trh uréuje ich vyvoj. Uréujti vyvoj trhu.

Su zavislé od trhu. St rovnocenni partneri.
Nasleduju trh. Riadia trh.

Krlacové slova: adaptacia, reakcia, odozva, obrana, | KI'i¢ové slova: anticipacia, vytvaranie, riadenie,
pri¢ina a nasledok, nevyhnutnost, nahodnost, | zmena, volba, vplyv, stimulacia, nezavislost,
prisposobivost, dostato¢nost, uspokojenie iniciativa, prilezitost’

Motto: uverim, aZ to uvidim. Motto: uvidim, aZ tomu uverim.

V zavislosti od reakcie podnikov na zmenu v prostredi je mozné podniky delit’ na Styri
zakladné typy (obrazok 2). Rozhodujicim momentom v typologii je podnet, ktory vznikne
v prostredi a vytvara zmenu v porovnani s predchadzajucim stavom. Cas, vzniku tohto podnetu,
je oznacovany ako nulovy moment Mo. moment

Kazdy podnik sa s nulovym momentom Movyrovnava inak. Niektoré sa zameriavajli na
anticipaciu. Stratégiou reaktivnejSich podnikov je obvykle reagovat’ na poZziadavky plynuce z
podnikatel'ského prostredia. Treti typ podnikov, zmeny, bud’ zaskocia, popripade ich dynamika
prostredia Gplne paralyzuje. Proaktivny typ spravania vykazujii podniky v stave pohotovosti.

Orientacia podniku vzhPadom na trh

Proaktivna Reaktivna
Aktivny podnik Paralyzovany
_ Nie vP podnik
Reakcia
natrh , ;
Ano Podnik v stave Adaptujtci sa
pohotovosti podnik
Pred Mo Po Mo

Cas, v ktorom konaji

Obr. 2 Typolégia podnikov s oh’adom na nulovy moment

Charakteristika Styroch typov podnikov podla ich reakcie na zmeny je uvedend v tabul'ke
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Tab. 4 Charakteristika podnikov s oh’adom na nulovy moment
Typy podnikov Charakteristika podnikov

Paralyzované — nedokazu predvidat’ zmeny na trhu alebo reagovat’ na ne ani s oneskorenim
podniky — V&cSinu Casu nie st ani schopné zachovat’ si reaktivny postoj
(»Co sa stalo?®) | _ charakteristickymi znakmi st inertnost’ a pasivita vo&i dynamike prostredia

— neschopnost’ kracat” ruka v ruke s vyvojom na trhu - podnik neschopny

akejkol'vek odpovede

Adaptujice sa | — konaju az po tom, ¢o doslo k momentu zmeny podobne ako paralyzované
p09|niky — snazia sa reagovat na zakaznikov, konkurentov i zmeny v podnikatel'skom
(,»Co sa deje?) prostredi vo chvili, ked st désledky zmien citelné

— konajt iba v nevyhnutnych pripadoch, kedy sa vedia prispdsobit’ svizne a u¢inne
— su neustale v pohotovosti, ¢o vedie k undhlenym rozhodnutiam a vydavkom

Podniky — vedia odhalit’ ndznaky zmien v porovnani s konkurentmi podstatne skor

\ QOhOtOVOStI — neustale monitoruju prostredie s cielom ndjst’ naznaky zmien, to im umoziuje

(,»Co sa stane?) zachovat si k trhu proaktivny pristup a reagovat’ na zmeny pred momentom ich
vyskytu

— charakterizujlica je pre neresponzivna anticipacia - reakcia na udalosti pred tym,
nez je nevyhnutné

— informacie filtruju, aby sa zaoberali len relevantnymi, ktoré im umoznia
predvidat’ udalosti, popripade sa prichystat’ na hrozby, aké by nulovy moment so
sebou mohol priniest’ - v tejto diagnostike st rychlejsi a lep$i nez ich konkurenti

AKktivne podniky | — konaju pred vyskytom bodu nula - pokti$aji sa o vytvéranie zmien na trhu, konaji
(-,Co sa ma v pritomnosti v snahe vytvorit’ budticnost’
stat’?) — vytvaraju vlastné nulové momenty a spdsobuji prevrat na trhu, nebyvaju

zasko¢ené, naopak - prekvapuji inych a vytvaraji nové moznosti v predstihu,
teda praktizujt kreativnu anticipaciu

— st epicentrom zmien, kladu si originalne otazky a na staré nechavaju odpovedat’
inych

— riadia ich stratégovia so silnou vierou v neohrozenost’, ambicie a odvahu vytvarat
nové prilezitosti

Uvedené kategorie (tabul’ka 4) neslizia na oznaovanie stavu podnikov, mozno nimi oznacit’
konkrétne situacie, v ktorych sa podniky nachadzaji. Podnik moze byt raz reaktivny, inokedy
zase proaktivny. Je dokonca mozné uplatnit’ obe stratégie sucasne. Inym prikladom moze byt
zase situdcia, ked’ podnik v paralyze prehodnoti svoje zmysl'anie a nasmeruje ho proaktivnym
smerom. Plati, ze kazdy podnik pri orientacii na trh preferuje jeden z tychto pristupov.
Autori knihy Proactive Companies Aratjo L. a Gava R. charakterizovali proaktivny podnik
O6smymi schopnostami, ktorymi by mal disponovat’:

e Schopnost’ podstupit’ riziko.
Schopnost’ robit’ chyby a poucit’ sa z nich.
Schopnost’ predstavit’ si mozné situécie.
Schopnost’ zvladat’ kratkodobé tlaky.
Schopnost’ inovovat'.
Schopnost’ flexibilného riadenia.
Schopnost’ proaktivne viest'.

e Schopnost’ rozpoznavat proaktivne zaloZzenych l'udi a rozvijat’ tato vlastnost’.
Kooperdacia ésmich schopnosti odkryva novy sposob myslenia, proaktivny mentalny pristup
odliSujuci sa od pristupu podnikov zameranych vyhradne na reakciu na poziadavky trhu.
Mentalny pristup je podstatnou zlozkou, nakol'ko sa na uskuto€neni proaktivnej stratégie a
dosiahnuti pozitivnych vysledkov vyznamne podiela. V tabul’ke 10.5 je uvedené porovnanie
proaktivneho a reaktivneho spésobu zmyslania s ohl'adom na osem uvedenych schopnosti.
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Tab. 10.5 Reaktivne verzus proaktivne zmysl'anie podnikov podl’a

Schopnosti

Reaktivne zmyslanie

Proaktivne zmysPanie

Ako sa podnik vyrovnava s

Tazba po okamzitych finanénych

Podpora vzniku rizik -

rizikom? vysledkoch zabrafnuje | neodmyslitelna sicast’ zmien.
podstupovaniu rizika.
Aky ma néazor na chyby? Omyly v teoretickej rovine st | Chyby - prilezitosti nadobudnutia

akceptované,
potrestané.

chyby v praktickej

novych skusenosti a poznatkov.

Zvazuje pri tvorbe stratégii
mozné situacie?

Stratégia sa zameriava na aktualne
prileZitosti a hrozby.

Podnik sa  neustale pokusa
predpokladat’ nové situdcie na trhu.

Brani tlak vytvarany na
dosahovanie kratkodobych

Mozny buduci zisk je menej délezity
nez aktualne vysledky.

Aktualne vysledky cCasto padaju za
obet’ budicim moznym ziskom.

vysledkov v progndzovani
buducich udalosti?
Je inovacia riadena trhom?

Inovacie su zvycajne odpoved’'ou na | Inovacia je proces zamerany na

poziadavky trhu. nariSanie  sucasnych  trhovych
modelov.

Ako sa na proaktivitu diva z | Ide o prirodzent, takpovediac | Proaktivitu je potrebné stimulovat’ a
hl'adiska jednotlivcov? vrodent Crtu. rozvijat.
Spomal’uje prilisna | Stcasny stav zabranuje | Cudia mézu svojvolne vyjadrovat
byrokracia a dodrziavanie | prezentovaniu novych postojov a | myslienky a nazory.
pravidiel volny tok | myslienok.
myslienok/napadov?
Aky spdsob riadenia | Tradiény - zamerany na kontrolu a | Transformativny - zaloZzeny na
preferuje? hierarchiu. autonomii a slobode.

Proaktivne podniky sa s rizikami, chybami a krizami vyrovnavaji uplne inak, ako podniky
reaktivne. Pre proaktivny spdsob zmyslania je riziko neodmyslitel'nou sucastou procesov
zmien, a preto je potrebné ho stimulovat’. Odlisny pristup zastavaja reaktivne podniky, kde tlak
vyvijany na vysledky a obavy z rizik ¢asto brania hl'adaniu prilezitosti na zmeny. To im brani
v zmene pristupu.

Reaktivny postoj sa stava neudrzateI'nym, ked’ chyby a omyly, ku ktorym v ramci realizacie
doslo, podliehaju raznej kritike. Podniky s proaktivnej$im pristupom vnimaju chyby, ako k
prilezitosti umoziiujice nadobudnut’ nové poznatky a sktisenosti. Preto sa im nesnaZzia vyhybat’.
Obom druhom zmyslania tieZ zodpovedaji ich rozdielne strategické vizie budutcnosti.
Proaktivne zmysSlanie vytvara stratégie, na baze nejestvujucej reality. Reaktivne zmyslanie sa
orientuje na suCasné prileZitosti a hrozby. Reaktivny pristup povazuje buducnost’ za menej
dolezitt kvoli kratkodobym tlakom, ked’Ze tie oslabujt vieru v buduci zisk. Proaktivne podniky,
naopak chapu, aké vysledky moéze priniest obetovanie aktualnych ziskov pre znasobenie
budtcich

Poloha podniku v reaktivno-proaktivnom kontinuu

Proaktivita a reaktivita su povazované za rozhodujice faktory jednotlivych skupin podnikov.
Niektori autori vyzdvihuji fakt, ze oba pojmy maju sklon tvorit’ skor kontinualnu, nez
dichotomicku konStrukciu. Podnik méze prijat’ rdzne stupne proaktivity, najst’ jej miesto v
reaktivno-proaktivnom kontinuu a v pripade potreby zmenit’ polohu, vzhl'adom k jednému z
extrémov (obrazok 3). [4]
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. PODNIK A -
reaktivita proaktivita

— /s —
4

Obr. 3 Poloha podniku v reaktivno-proaktivnom kontinuu

Schopnost’ zmenit' polohu je dolezitd z hladiska efektivneho vyuzitia zdrojov podniku.
Proaktivita je ndkladna. Monitorovanie zdkaznikov a konkurentov, dlhodobé monitorovanie
trhu a nakladny lobbing, sa obvykle nezaobidu bez zna¢ného obetovania obmedzenych zdrojov.
Je jasné, ze ak by bolo mozné cakat’ a reagovat, podnik by bol v pokuseni uprednostnit’
reaktivitu.

Uvazené spravanie podniku v medziach reaktivno-proaktivneho kontinua, moéze mat za
nasledok prilisné zjednodusenie zloZit¢ho a mnohostranného podnikového spravania. Moznost’
vyuzit’ niekol’ko reaktivno-proaktivnych kontinui sucasne je znazornena na obrazku 4. [1]
Proaktivitu mozno analyzovat oddelene v roznych funkénych oblastiach podniku, ako
napriklad vyskume a vyvoji, financiach, vyrobe, marketingu, medzindrodnej a
manazérskej/strukturalnej organizacii. Dalou moZnostou je rozliSovat medzi proaktivitou
suvisiacou s produktom, trhom a procesom. Existuje mnoho reaktivno-proaktivnych kontinui a
podnik sa musi umiestnit’ na kazdom z nich.

Produkty
PODNIK A roaktivita
reaktivita p
Trhy
PODNIK A .
reaktivita proaktivita
Procesy
o PODNIK A o
reaktivita proaktivita
A4

Obr. 4 Polohy podniku v uréitych reaktivno-proaktivnych kontiuach

Uroven produktov stvisi s proaktivitou a reaktivitou vo vyskume a vyvoji produktu a
inZinierstve a spracovatel'skom priemysle. Podniky, ktoré sa v tomto smere zachovaju
reaktivne, produkuju napodobeniny alebo modifikacie vyrobkov, ktoré uz na trhu su. Naopak,
podniky s proaktivnym pristupom uvadzaju na trh prelomové vyrobky a usiluji sa vytazit' z
prvenstva.

Podnik zachovavajlci si reaktivny postoj voci trhu reaguje na vzniknuté okolnosti po tom, ¢o
bol nimi ovplyvneny. Proaktivny podnik kona skor, ako je priamo ovplyvilovany vzniknutymi
okolnostami.

Pri procesoch postupy &asto skizavaju do rutiny, ktord moze tlmit’ reakcie podniku na zmeny
prostredia. Uroven proaktivity podniku by mala byt chapana ako model zloZeny z jeho pozicii
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vo viacerych kontinudch. Napriklad podnik A na obrazku 4 sa zda byt proaktivny na urovni
produktov i procesov, pokial’ v§ak ide o Grovei trhu, je stadle pomerne reaktivny.

Podnik by mal zachovat’ rovnovahu medzi proaktivitou a reaktivitou. Rovnovaha je potrebou
samotnej praktickej reality. Ziadny podnik si nemdze dovolit’ ignorovat’ existujiice podmienky
na trhu. Absolutne sa podriadenie podmienkam, vSak robi podniky konformnymi. Kazdy
podnik musi odhalit’ najlepsi sposob, akym vyclenit’ priestor pre proaktivne i reaktivne kroky
vo svojich stratégiach.

Proaktivita a reaktivita musia byt vnimané ako prvky kontinua, nie ako protichodné pdly, ktoré
medzi sebou nekomunikuji. Podnik musi byt’ niekedy proaktivny, inokedy reaktivny. To sa da
docielit’ zdrojmi dostupnymi v danom okamihu, alebo za mimoriadnych trhovych udalosti.
Uroveii proaktivity a reaktivity sa bude menit’ na zaklade vnitornych i vonkajsich okolnosti,
ktorym podnik celi.

Proaktivny manaZment

Proaktivny manazment kombinuje vSetkych osem schopnosti proaktivneho podniku, ktoré sa
realizuju na Styroch réznych trovniach (obrazok 5). Kazda z nich zahfna prave dve schopnosti.
Sipky spajajuce jednotlivé urovne naznatujl sidrznost’ a ich vzajomné prepojenie. Funguju
ako celok a navzajom sa dopliiaju. Spolu znamenaji schopnost’ trhovej proaktivity, teda vyssiu,
nadradenu schopnost, prevySujicu rozvoj jednej z nich.

| ManaZment proaktivneho
spravania
- schopnost’ proaktivne
viest’
- schopnost’ rozpoznavat’
proaktivne zaloZenych ludi

/ a rozvijat’ tuto vlastnost’

!

// \ / ./ \

ManaZment dnesku pre ‘

zajtrajSok ManazZment rizika
- schopnost’ predstavit’ si Proakt“’ny - schopnost’ podstupit’
mozné situdcie manaiment riziko
- schopnost’ zvladat’ - Schopnost’ robit’ chyby a
kratkodobé tlaky poucit’ sa z nich

‘g o A J

ManazZment proaktivnych
inovacii

- Schopnost’ inovovat’
\ - schopnost flexibilného

riadenia

AN A

Obr. 5 Zlozky proaktivneho manazmentu

Rozdelenie schopnosti do Styroch oblasti ul’'ah¢uje ich riadenie. Okrem toho krok zalozeny na
dvoch schopnostiach patriacich do tej istej oblasti, dovol'uje podniku lahSie si predstavit’
vztahy medzi kritickymi bodmi, a tiez posudit, do akej miery je potrebné sucasne pracovat’ na
oboch schopnostiach.
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Oblasti (zlozky) proaktivneho manazmentu su pre podnik zakladom rozvoja schopnosti:

o Manaiment dneska pre zajtrajSok reprezentuje novy sposob vnimania budicnosti, ako
nieco, na ¢om je mozné sa podiel’at, a ktoru je mozné v pritomnosti budovat’. Ide o vylepSenu
schopnost’ stratégov konat’ v pritomnosti, bertic do tivahy budutcnost’. Jej ucinnost’ je v praxi
mozné vidiet iba vtedy, ak su podniky schopné preniest’ sa cez kratkodobé tlaky a predstavit’ si
situacie, aké v budiicnosti mézu nastat. Druha zo spomenutych schopnosti je pre podniky
zakladnou podmienkou pri monitorovani a objavovani nulovych momentov. Schopnost’
prekonat’ kratkodobé tlaky, naopak predstavuje pristup, ktory dokaze zrovnavat poziadavky
kladené¢ na vysledky a ciele a osvojit' si stratégie s dlhotrvajicim vplyvom. V ramci
strategického programu netreba pocitat’ s okamzitym ziskom.

o ManaZment rizika sa zaobera vzdy pritomnymi prvkami, a to rizikami a chybami. Strach
z neznameho predstavuje najvacsiu prekdzku pre trhova proaktivitu. Prijatie rizika a zmena
pristupu castokrat predstavuje hranicu medzi uspechom a netispechom. Proaktivne podniky uz
prisli na to, ze rizikovejsie nez podstupit’ riziko je vyhnit' sa mu.

o ManaZment proaktivnych inovdcii odkazuje na schopnosti inovacie a flexibilného
riadenia. Proaktivna inovécia predstavuje novy pristup k inovaénym procesom. Zameriava sa
na zmenu aktudlnych pravidiel fungujucich na trhu, rozvratenie reaktivnych inovacnych
modelov. Tie sa stale objavuju v mnohych podnikoch a spésobujt reaktivitu trhu. Manazment
proaktivnych inovacii okrem schopnosti inovovat proaktivnym spdsobom vyzaduje od
podnikov vyssiu mieru flexibility.

o Manaiment proaktivneho sprdavania suvisi so schopnostami proaktivne riadit a
rozpoznavat’ I'udi s proaktivnymi vlastnostami. Proaktivne riadenie je riadenie zamerané na
podporu takého spravania a konania, ktoré vedl k anticipacii, tvorivosti a budovaniu novych
sposobov prace. Proaktivni lidri su flexibilni a st opakom tradi¢ného sposobu riadenia, pre
ktory je charakteristicka kontrola a dozor. Takyto $tyl riadenia je izko spdty s druhou
schopnostou, a to rozvijanim proaktivity u jednotlivcov. Podniky musia vediet’ rozpoznat’ I'udi
s proaktivnym postojom a vlastnostami, ktoré pozitivne vplyvaji na realizdciu planovanych
stratégii, lebo na rozdiel od talentu, s ktorym sa musime narodit’, je proaktivita jednotlivcov
nieco, na ¢om sa da pracovat’. Je teda pre podnik ddlezité, aby bol schopny u nich proaktivitu
rozvijat’, a takisto udrzat’ v rdmci pracovnych timov. Rovnako ako aj iné schopnosti, i tejto treba
venovat’ ¢as na tréning. Proaktivne podniky sa na l'udi divaju ako na jednotlivcov s potencidlom,
ktory treba vyuzit'. [2]

Conclusion

Proactive management not only allows businesses to respond to market needs and requirements,
but can create needs before they are identified and expressed as a requirement. The ability of
proactive thinking is the current trend in corporate governance and gives the opportunity to
extend the life cycle of a business.

Prispevok bol vypracovany v ramci rieSenia grantového projektu KEGA ¢ 026 TUKE-4/2017
Implementdcia inovativnych edukacnych pristupov a ndstrojov pre posilnenie rozvoja
kl’'ucovych kompetencii absolventov Studijného odboru Priemyselné inZinierstvo.
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ENVIRONMENTALNO-EKONOMICKA EFEKTIiVNOST IMPLEMENTACIE
ENVIRONMENTALNEHO MANAZERSTVA PODIA EMAS II1

ENVIRONMENTAL-ECONOMIC EFFICIENCY OF ENVIRONMENTAL
MANAGEMENT IMPLEMENTATION
- EMASII

Milan MAJERNIK - Jana NASCAKOVA — Nagibullah DANESHJO
— Jaroslav DUGAS

Abstract: Economic activities, whether production or support, including services, are
dependent on the extraction of natural resources and raw materials and often consume
disproportionate volumes of materials, water and energy, produce hazardous emissions and
waste, and thus gradually become unsustainable. One of the tools for solving these problems in
an integrated way is the worldwide standardized experimental management systems according
to 1ISO1400X and the European Environmental Management and Audit Scheme EMASIII.

The authors present their researches in this area, focused on methodological aspects of
assessment of environmental-economic efficiency and development sustainability of
production through functional standardized systems EMAS 11l and ISO 14001 and their
extension 1SO 14051 for cost accounting of material and energy flows of organizations.

The elaborated theoretical and methodological aspects are applicable and dimensioned
for the conditions of the Italian national company operating in the agricultural industry in the
wine and fruit sector. The proposed production sustainability matrix is decomposed and
reflected through environmental performance and economic efficiency indicators in 2014-2018
into the model concept for further reporting of environmental costs and revenues of production,
including the recommendation of supporting software products to intensify management
processes.

Keywords: production sustainability, environmental management, environmental-economic
efficiency, standardization of management, wine-fruit production

Uvod

Kazda organizicia vykonava ekonomické aktivity, ktoré maji aj environmentalny
vplyv. Délezité je zamerat’ sa nie len na znecistovanie, ktoré je spdsobené tymito aktivitami,
ale rovnakt vahu pozornosti si zaslizi aj sposob, akym organizacia ziskava a pouziva svoje
zdroje a ako manaZzuje svoje ¢innosti vo vzt'ahu k produkcii odpadu.

V stcasnosti sa aplikuju dva najCastejSie pouzivané Standardné systémy na
implementaciu  Environmentalno-ManaZzérskych Systémov. Prvym je medzindrodna
Certifikacia podla Standardu ISO 14 001 a druhym je Eurdpska Regulacia EMAS ( Eco-
Management and Audit Scheme). EMS mdzeme definovat ako sucast inovativneho
manazérstva organizacie. Predstavuje dobrovolny nastroj, ktorym je organizécia schopna
smerovat’ k neustalemu zlepSeniu svojho environmentalneho spravania sa nad rdmec beznych
regulacii a noriem. Teda v kone¢nom doésledku ho mézeme zaradit’ aj medzi marketingové
praktiky, ktoré potvrdzuju a vyzdvihuji dobré meno organizacie na globalizovanom trhu.

Aplikacia tohto systému si vyZaduje sulad a interakciu jednotlivych prvkov spolo¢ne
pracujucich na manaZovani a merani environmentalnych aspektov, ¢i vplyvov z jednotlivych
¢innosti. A teda implementacia EMS predstavuje komplex ¢innosti, ktory v sebe zahfiia
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organizacnu Strukturu, planovanie aktivit, urenie zodpovednosti, praktiky, procedury, procesy,
systém komunikécie ¢i prvky, ktoré zabezpecia tspesnu implementéciu systému. Nevyhnutna
je pritom tiez kontrola a udrzanie environmentalnej politiky podniku.

Predovsetkym vyrobné Cinnosti a Cinnosti spojené s vyrobou su zavislé na tazbe
prirodnych surovin, priCom sa spotrebuvaju obrovské objemy vody a energii, produkuju emisie
a odpady. Iréniou je fakt, ze aj napriek vysokej energetickej narocnosti vyroby je uzitkova
hodnota mnohych vyrobkov relativne kratka a vac¢sina z nich sa tak po skonceni svojej
zivotnosti premeni na nevyuzitelny odpad, ktory je potrebné zneskodnit’. To vSak predstavuje
d’alsie energetické naroky. Organizacie by preto mali svoje aktivity posudzovat’ a riadit’ prave
s ohl'adom na zivotné prostredie, jeho tvorbu a ochranu. Mali by zacat’ lepSie nakladat’ s
odpadom, hl'adat’ uspory vo vyrobe, vytvarat havarijné plany a inovovat technologie.

1 EMAS ako nastroj udrzatelnosti produkcie

Formalizovany nastroj EMAS prezentuje dobrovolne implementovany eurdpsky
systém cieleny organizaciam, ktoré maji v zaujme pravidelne zlepSovat svoje environmentalne
spravanie a verejne komunikovat’ o tychto aktivitach, cieloch a tspechoch. Pévodny bol
zamerany najmé na podniky aktivne v priemyselnom odvetvi, neskorSie jeho revizie vSak
umoznili participaciu ktorejkol'vek organizécii ochotnej pravidelne zlepSovat’ nie len svoje
environmentalne spravanie, ale rovnako aj produk¢ny proces, marketing a vztahy s verejnostou
&i inymi externymi subjektmi. V stivislosti s touto udalostou Eurépska Unia spustila niekol’ko
pilotnych podpornych projektov cielenych na zistenie mozného zdujmu aj zo strany non-
industridlnych sektorov (Ec.europa, 2016).

Modzeme konStatovat, ze systém EMAS je sice efektivnym ndstrojom pre zniZovanie
environmentalnych dopadov na urovni podniku, avsak jeho celkovy vyznam je kvoli zapojeniu
malého mnoZstva organizécii zatial nedostatocny. Z tohto dovodu bolo jednym z hlavnych
cielov revizie EMAS III zvySenie poctu organizacii zapojenych do Programu a to
predovSetkym pomocou zjednoduSenia administrativnych procedir, zvySenia atraktivity
Programu a roz§irenim jeho ramca aj mimo hranice Eurépskej Unie (Ec.curopa, 2016).
Uskutocnené zmeny v systéme EMAS z hladiska samotného systému environmentilneho
manazerstva zobrazuje obrazok €. 1
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*Organizacia musi jasne dokumentovat’, ze spliia prislusné pravne poziadavky a ma vytvoreny

Intenzifikacia
schémy

systém na udrzanie suladu s environmentalnou legislativou.
*Definovanie klucovych environmentalnych ukazovatelov, ktoré musia vykazovat' vsetky

organizacie: indikatory sa tykajii energetickej u€innosti, materidlovej ucinnosti, spotreby vody,

produkcie odpadu, biodiverzity a emisii.

St vytvorené referenéné dokumenty obsahujice informacie o najlepsej praxi environmentalneho
riadenia a definované environmentalne vhodné indikatory pre dany odbor.

«Silnejsia harmonizacia akredita¢nych, verifikacnych a registracnych postupov a logicka Struktira

Nariadenia -jeden dokument — uZivatel'sky prijemnej$i EMAS.

Institucionalne
zabezpecenie

*Registracia klastrov a korporacii - organizacia s viacerymi pobockami v réznych $tatoch moéze ziskat’ jednu
celoeurdpsku registraciu.

+Zjednodusenie podmienok pouzivania loga EMAS, avSak s vylic¢enim jeho pouzitia na vyrobkoch a obaloch.
*Moznost’ registracie organizacii so sidlom mimo EU.

*Zjednodusenie administrativnych procedir a moznost’ vyuzitia vlastného textu Nariadenia

*Zakotvenie povinnosti Eurdpskej komisie preskiimat’ a navrhnat’ potrebné zmeny do 5 rokov od vstupu do

systému EMAS.

®Previazanie EMAS s d’al$imi nastrojmi a politikami ako napriklad :

Previazanost’

inymi nastrojmi EP upravend smernicou EPaR &. 2010/75/EU o priemyselnych emisiach.

S - IPKZ - Na medzinarodnej Grovni je v sicasnosti integrovand prevencia a kontrola znecistovania

- SEVESO (Zakon ¢&. 261/2002 Z.z. - § 27 ods. 5 pism. ¢) umoZiiuje organiziciam prediZi t interval
kontrol SIZP z 12 na 18 mesiacov).

- Ekolabeling - Regulacia Eurdpskej komisie . No 66/2010 ¢lanok 14, :20 % alebo 15% zl'ava z
poplatku.

- Zelené verejné obstaravanie (Zakon ¢. 25/2006 Z.z. - § 30).

Obrazok 1 Signifikantné zmeny 2. Revizie EMAS- EMAS |11

Na rozdiel od niektorych normativnych pristupov, systtm EMAS nevyZaduje
minimélny stupenn zlepSenia vykonnosti, ale Gvodné zosuladenie manazérskych procedur
podniku je nutné. Rovnako indikuje nastroje potrebné na dosiahnutie pozadovanych ciel'ov,
ktoré su nezéavisle determinované danou organizaciou. Tie je mozné dosiahnut’ prave uréenim
roli a zodpovednosti, nastrojov, zdrojov, procedur, ale aj sprostredkovanymi Skoleniami,
pravidelnym monitorovanim ¢i spravnym komunikacnym systémom. Jednotlivé prvky
charakteristiky systému EMAS a jeho principy podl'a Demingovho cyklu zobrazuju obrazok ¢.

2
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ACT
Manazérske kontroly.
Neustale zlepsovanie |

svojho
environemntalneho
/\ spravania sa.
CHECK PLAN
Monitorovanie a Environmentanie
meranie | Princip aspekty a legislativne
e R e neustaleho poziadavky.
: i zlepsovania Environmentalnu
et politiku.
" Zhodnotenie suladu.

\\ Zamery a ciele.

DO
akeny plan.
Zdroje 2 zodpovednosti.

Zainteresovanost |
zamestnancov.

Komunikaciu 3
reportovanie.

Obrazok 2 EMAS III v Demingovom cykle PDCA
Postup implementdcie systéemu EMAS

Organizacie, ktoré chcu deklarovat’ svoj zodpovedny pristup k zivotnému prostrediu
prostrednictvom schémy EMAS musia splnit’ kroky, podl'a obr. €. 3
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Realizacia environmentalneho preskimania Vypracovanie Registra EAVaR

Vykonat’ tivodné environmentdalne preskumanie svojich ¢innosti, technologii, procesov a
sluzieb, vratane urcenia a vyhodnotenia zavaznosti environmentalnych vplyvov a rizik
organizacie, s cielom identifikovat’ priame a nepriame environmentdlne aspekty a
zhodnotenie ich vyznamnosti.

y

Zavedenie systému environmentalneho manazérstva podl’a ISO 14 001

Zaviest systém environmentdlneho manazérstva integraciou environmentalnych aspektov do
svojho manazérskeho systému:

- v§eobecné poziadavky, environmentalna politika, Demingov cyklus P-D-C-A, planovanie,
zavedenie a fungovanie, kontrola splnenia poZiadaviek

Ukongenie bez certifikaéného auditu.

v

Interné audity / Prieskum vedenim organizacie

Vykonat' interny environmentdlny audit — systematické, zdokumentované, pravidelné a
objektivne hodnotenie spravania sa organizacie, systému environmentalneho manazérstva a
postupov urcenych na ochranu zivotného prostredia.

,

Vypracovanie environmentilneho vyhlisenia o systéme EMAS

NaleZitosti EV priloha PIV.

Zlepsenie vy'konno%:i, priloha PII, B.5.

Overovanie a schvalenie pravdivosti a spravnosti informacii v environmentalnom
vyhlaseni akreditovanym environmentalnym overovatel’om

Externy audit podla ISO 19 011
|

v

Registracia prisluSnym narodnym organom v eurépskej schéme EMAS

Po splneni uvedenych poziadaviek je organizacia na zaklade ziadosti o zapis do registra
predloZenej narodnému prislusnému organu pre EMAS zaregistrovana v schéme a opravnena
pouzivat' verejmi celoeurdpsku ochranni znacku - Logo EMAS, ktora garantuje
vierohodnost” validovanych informdcii poskytovanych organizaciou verejnosti a ostatnym
zainteresovanym stranam.

Obrazok 3 Postup implementacie systému environmentialneho manazérstva podla
schémy EMAS III

Globalna podpora EMAS
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Jednou z poslednych modifikacii schémy EMAS, bolo vytvorenie EMAS GLOBAL Regulacie,
ktord umoznuje organizacidm obchodujicim na medzindrodnom trhu ( prevazne korporacidm),
splnit’ environmentalne Standardy pozadované vladami a zainteresovanymi stranami.

Existuji 3 moznosti ako aplikovat EMAS globalne ( Elsevier, 2017):

1. EU Korporatna Registracia - umoznuje registraciu podnikatel'skych jednotiek umiestnenych
v r6znych eurdpskych krajinach prostrednictvom jednej procedury a teda organizacie moézu
vyuzit jednotny proces registrovania sa, zjednodusit’ tak audit a zostavit jednotnu
Environmentalnu Spravu.

2. Globalna Registracia — organizacia registruje svoje podnikatel'ské jednotky v jednej alebo
viacerych mimo eurdpskych krajinach.

3. Globalna Korporatna Registracia — predstavuje kombinaciu globalnej registracie a registracie
krajin EU. Umoziuje organizacii uplatnit’ jednotna registraciu pre krajiny v ramci EU aj tie
mimo nej, zjednodusit’ tak audit a zostavit’ jednotni Environmentalnu Spravu.

Medzi krajiny, v ktorych je EMAS GLOBAL v sucasnosti dostupny patria Taliansko, Finsko,
Spanielsko, Dansko, Rakiisko, Belgicko a Portugalsko. Na§ vyskum bol realizovany
Vv agrikultirnom priemysle Talianska v spolo¢nosti pdsobiacej vo vindrskom a ovocinarskom
sektore.

S prijatim piateho Akéného Environmentalneho Programu ( SEAP) v roku 1992, si eurdpske
institucie plno uvedomovali d6lezitost’ a potrebu zavadzania modelov udrzatel'ného rozvoja, no
o ¢o viac, zacali si postupne uvedomovat aj existenciu spoluzodpovednosti jednotlivych
podielnikov. Ked’Ze je uloha klastrov v talianskej ekonomike zna¢ne esencialna, v roku 2005
vytvoril Narodny Kompetenény Organ EMAS Cluster Certifikat. Ten predstavuje efektivny
nastroj na zleps$enie environmentalnej vykonnosti v danom sektore a taktiez schopnost’ podporit’
dobré meno klastrov. Cielom tejto Regulacie bolo podporit’ tc¢ast’ a zdujem zainteresovanych
stran o udrzatelny rozvoj, vytvorit a posilnit’ spolupracu a zjednotit EMAS registraciu
(Elsevier, 2017).

2 Zelena ekonomika a zelené financie v Taliansku

V Taliansku prechod na ,,green economy”, t.j. nizko karbonové, zdrojovo efektivne a naturdlne
zdroje napreduje v pozitivhom trende. MoZeme taktiez pozorovat’ prudky ndrast tkz. ,,core
green businesses” a teda podnikov, ktoré produkuju tovary a sprostredkivaji servis na ,,eco-
friendly* baze alebo ,go green “ spolocnosti a teda také, ktoré neinvestuju do
environmentalnych produktov, avSak inovuju tieto environmentdlne procesy a stratégie
pravidelne. V roku 2012, podla vyskumu vedeného pod zastitou Foundation Center, dosiahli
green businesses v Taliansku 42 % z celkového poctu podnikov (Sustainable Development
Foundation, 2015). ViacsSina z tychto zelenych firiem s agrikultirne a to 40,6 %, nasleduje
stavebnictvo s 38,8 % a priemysel s 35,4 % ( Statigenerali, 2015).

Taliansko je hlavny lider vo vyuZivani obnovitelnych zdrojov a udrZiavani energeticke;j
efektivity. V roku 2015 az 17,5 % z celkovej ndrodnej energetickej konzumécie bolo pokrytych
prostrednictvom obnovitelnych zdrojov a to dokonca viac ako vo Francuzku, Nemecku ¢i
Spojenom kralovstve. Vysledkom toho sa Taliansko stalo ako jedina krajina EU, ktora dosiahla
Ciel’ 2020 este pred rokom 2020 (Eurostat, 2015).

Obnovitel'né zdroje a zelené technoldgie st dva hlavné a najrychlejSie rastice investicne
sektory v Taliansku, s pribliznym obratom €25 miliard ro€ne. Niekol'’ko uskutonenych udalosti
ako napriklad Italian PV Summit v roku 2009 ¢i Solar Expo vo Verone, vyzdvihli europsky
zaujem na energetickom trhu a upevnili spolupracu na projektoch (Elsevier, 2017).
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Talianska vlada sprostredkiva fondy do sfér tykajacich sa energetickej efektivity a taktiez
vybudovala Standardizovany rdmec na ohodnotenie energetickej efektivity podl'a EU smernice
o energetickej vykonnosti. V roku 2005 Taliansko ako prva krajina na svete predstavila
obchodovatel'né Biele Certifikaty alebo tkz. Energeticky Efektivne Cenné Papiere (Energy
Efficency Securities) aplikovatel'né na 10 spolo¢nosti produkujucich elektrinu a 20 plynnych
spolo¢nosti (Sd-network, 2010).

Akokol'vek, pozitivny trend vyuzivania tychto obnovitenych zdrojov sa za posledné roky
spomalil. Moznymi podnetmi su rézne prepracovania regulacného ramca ako aj klimatické
zmeny. Pokial’ ide o energeticku efektivnost’, Taliansko sa méze pysit dobrym vykonom,
pretoze mnozstvo energie potrebné na vyprodukovanie jedného eura z HDP je druhé v poradi
hned’ po Spojenom kral'ovstve z pomedzi hlavnych eur6pskych krajin ( Eubusiness, 2016).

2.1 Environmentélna certifikacia a udrzatel'nost’ talianskych podnikov

Na konci roku 2015 celkovy pocet EMAS registracii v Taliansku nadobudol hodnotu 1745. Pre
lepSiu predstavu a porovnanie je tieZ zaujimavé podotknit, Ze pocet organizécii s
certifikovanym systémom podla Standardu ISO 14 001 od roku 2015 sa vySplhal na 10 929 a
taktiez, ze v Talianku od roku 2013 méZeme zaznamenat’ priblizne 4.36 miliona existujtcich
podnikov. V sucasnosti je pod schémou EMAS registrovanych priblizne 1016 organizacii
(Academic Star Publishing Company, 2017).

Na druhej strane suspendovanie, resp. zruSenie systému EMAS nastalo predovsetkym v malych
a strednych podnikoch a reprezentuje az 45% zo vSetkych suspendovanych respektive
zrusenych organizacii. Hlavné pri¢iny mozu pochadzat’ z nepriaznivych ekonomickych situdcii
a absencie oakavanych navratov najmé co sa tyka zviditeI'nenia loga a spolocenského uznania.
Nanajvys okrem toho pre malé a stredné podniky je to nedostatok procesnych a ekonomickych
vyhod a zjednodusenost’ procesov (ISPRA, 2015).

V ankete ISO 2015, sa Taliansko umiestnilo ako tretia krajina, hned po Cine a Japonsku , ktora
disponuje najvysSou mierou certifikacie podl'a ISO 14001. V Eurdpe jej teda patri prvenstvo.
V roku 2016 bolo zaznamenanych skoro 1800 talianskych organizécii registrovanych v schéme
EMAS, pricom moZeme pozorovat’ stiipajuci trend registrovanych talianskych organizacii od
roku 1997.

EMAS alebo ISO 14 001 certifikacie patria medzi prvotné podmienky, ktoré sa vyZaduji byt
splnené agentirami aplikujicimi CAMs (minimalne environmentalne kritéria) v suvislosti s
,,Procurement Code®. Existuje vyrazné zvySenie kvality v rdmci spravy o Zivotnom prostredi
ako v kvalitativnej tak aj kvantitativnej stranke.

3 Zelena udrzatel’nost’ skimanej organizacie

Hlavnymi hodnotami, ktoré Gruppo Mezzacorona h4ji uz vySe jedného storocia st hodnoty
etické a socialne s reSpektom k bezpecnosti pracoviska a rovnako reSpektom voci prirode, v
ktorej vinari pracuju. T4 je hlavnym zdrojom podnikovej Cinnosti.

Kombin4cia tychto hodnot po€as pdsobenia spolocnosti neprestala nikdy fungovat’. Ba naopak,
s odvahou a duSou pre inovativnost’ dopomohla podniku stat’ sa nie len priekopnikom v zmene
vinneho priemyslu v oblasti Trentino, ale aj celkovo v agrikultirnom priemysle. Podnik sa
vypracoval na poziciu podnikatel'skej jednotky, ktora operuje na globalnom trhu.

Politika podniku, ktorej hlavné motto je : ,,Z pody do fl'ase. je zaloZzena na manazérstve kvality,
na ochrane biodiverzity a vyustila do findlnej produkcie so Specidlnou hodnotou produktu.
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3.1 Matica aspektov udrzateI'nosti produkcie

Matica je nastrojom, ktory pomaha organizacii urCit dolezitost’ jednotlivych aspektov
tykajucich sa zelenej udrzatelnosti a identifikuje vahu jednotlivych indikdtorov vo vzt'ahu k
podielnikom.

Bola zostavena na zéklade rozhovorov a metédy brainstormingu s internymi subjektmi pocas
trvania 6 mesiacov. Hlavnym cielom bolo identifikovat’ hodnoty a vplyvy pochadzajace zo
systému produkcie.

Vytvorenie tejto matice si vyZzadovalo zozbieranie a spracovanie dat pochadzajucich z internych
zdrojov organizacie: nazory top manazérov, oblastnych manazérov ako aj obchodnych
partnerov.

Matica umoznuje identifikovat’ aspekty pre organizéciu aj jej podielnikov. Na vertikalnej osi je
znazornena dodlezitost’ preskimanych aspektov udrzatel'nosti pre podielnikov a na horizontalne;j
0si je znazornené v akej vel'kej miere moze ich manazovanie ovplyvnit’ aktivity spolo¢nosti.
Zahfna celkom 21 aspektov (4 ekonomické, 11 socidlnych a 6 environmentalnych)
s moznostou ich d’alsicho dopiiiania. Aspekty vyznaéené v sivom poli su kI'a¢ové.

.fEkon omické benefity

vysokd Spotreba materidlu /4 'Medzina’rodné pdsobenie

Zdravie a bezpetnostzakaznikov A L\; Environmentalne inovacie

.Podnikwé hodnota

ManaZérstvo vyroby '
A Ochrana environmentu a biodiversity

Vztahy s institlciami A A Transparentné etikety produktov

Miestne podne
Zvysenie zamestnanosti.& A & ke

Spotreba vody
Manaierstvo odpadového hospodarstva

Redukcia emisii - /A Vyskumavzdeldvanie
H Energetickd spotreba

strednd

a Zelené obstardavanie

l:l. Zdravie a bezpeénost pripraci

Hjopravn\j' manaiment

PoloZky délefité pre stakeholderov

Politika rovnosti pohlavia zamestnancov

nizka stredna vysoka

Polozky dalezité pre Gruppo Mezzacorona

ekonomické aspekty environmentalne aspekty - socidlne aspekty

Obrazok 4 Matica aspektov udrZatel’nosti
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Environmentalne sprdavanie sa organizacie a environmentdlna bezpecnost

Cielom skumanej organizacie je byt prikladom pre proces vyroby vina, ktory je
environmentalne vhodny a kompatibilny s okolitym prostredim a kde existuje iba minimalny
vplyv na Zivotné prostredie a zdravie. Podnik ziskal titul prvej vinice v Taliansku uz v roku
2002 registrovanej v schéme EMAS II — registracia a certifikacia vytvorena Eurépskou Uniou
na environmentalnu udrzatelnost’ a manazérstvo.
Vdaka neustdlemu zlepSovaniu v rdmci produkéného cyklu prostrednictvom UNI-EN-ISO
14001 certifikacie vytvorila organizdcia environmentalne prijatelny proces vyroby vina.
Bola prva, ktora zacala pouzivat’ biologicky tkz. ,,pest control systém®, teda hubenie $kodcov
na ekologickej baze. Ten je alternativou k pouzivaniu chemickych substancii. Propagovala
praktiky integrovanej produkcie a predstavila tzv. ,,drip irrigation systém* na maximalizovanie
efektivity vyuzivania vodnych zdrojov, ked’ze tento systém umoziuje aplikaciu vody priamo
do korenov rastlin.
Spolo¢nost’” sa rozhodla pre environmentdlne orientovanu investiciu (solarne panely a
fotovoltaické panely), ktora priniesla redukciu energetickej spotreby a zvysenie obnovitel'nej
energie zo zdrojov. Vd’aka investicii do Cistiarni vod, pouzivaniu eko-kompatibilnych ¢istiacich
prostriedkov a nepretrzitej spolupraci vSetkych zamestnancov, sa podniku podarilo redukovat’
spotrebu vody a skvalitnit’ obsah odpadovej vody, ktorej zlozZenie je pravidelne monitorované
v laboratoriach. Investicie uskutocnené v sfére vyskumu a inovacii spdsobili redukciu v
mnozstvach surovych materialov pouzivanych na finalne balenie produktov, stale zabezpecujuc
vysokt bezpeénost, hygienu a Standardy kvality. Vel’ka pozornost’ je upriamena aj na redukciu
odpadu a oxidu uhli¢itého, emisii, environmentalnemu spravaniu a neustalemu zlepsovaniu.
Jedna zo sicilskych dcérskych spolocnosti na zéklade zavizku ochrafiovat’ prirodu ziskala
registraciu v schéme EMAS, hlavne so zameranim na :

» Instalaciu solarnych a termalnych fotovoltaickych ¢lankov.

» Rekonstrukciu a novua konstrukciu vodnych odtokov a potrubia na zber dazd’ovej vody.

» Pouzivanie zavlazovacieho zariadenia vo vsetkych castiach vinic.

» Skvalitnenie a posilnenie environmentalneho okolia a udrzanie lokalnej flory.
Hlavny ciel’, ktory sa organizacia snazi dosiahnut’ v buducnosti a siivisi s environmentalnym
manazérstvom, je Clenstvo v Narodnom Systéme Kvality (Sistema di Qualita Nazionale di
Produzione Integrata - SQNPI). Pokracovanie vo vyskume technik na pestovanie hrozna s
nizkym negativnym vplyvom na zdravie a environment, stlad s politikou udrzatel'nosti, zelené
obstaravanie ¢i redukcia spotreby zdrojov aj zniZenie produkcie odpadu su ciele, ktoré sa
spolocnosti dari dodrZiavat’ pravidelne.

Neustale zlepSovanie

Vo svojej vizii sa organizacia vytrvalo zameriava na udrzanie principu komplexnej kvality.
Nastavenie hodnot sa zameriava prioritne na vnitornt charakteristiku produktu (na produkt vo
svojej podstate) rovnako ako aj na sposob ako je produkcia dosiahnutd. Zahtiia vSetky fazy
produkcie s priamym a nepriamym ekonomickym, environmentalnym, etickym a socialnym
aspektom. Cesta neustdleho zlepSovania je postavend najmi na etike pri praci, ktora je
vyjadrend profesionalizmom a tiez v plnom reSpekte k l'udom, produktom a prirode.
Dynamické filozofia zaloZena na konStantnom hladani rieSeni, ktoré hl'adia d’aleko do
buducnosti, ale su zaloZzené na stcasnej sklisenosti, privadza manazérov k environmentalnemu
Stylu rozhodovania a zmysl'ania. Medzi hlavné ciele organizacie v sucasnosti patri:
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Prirastok vyhod konkrétnym uzemiam, pokial ide o mieru nezamestnanosti a

garantovanie rastu priamych a nepriamych pozitivnych efektov na ekonomiku na

lokalnej Grovni.

inymi inStitGciami.

Stat’ sa sucast'ou atrakcie pre zdmery rozsirenia turizmu v provincii.
Zvysit bezpecnost’ zberu a aplikovat’ také metddy dozrievania, ktoré redukujt vplyv na

Nad’alej spolupracovat’ a posilnit’ spolupracu s univerzitami ¢i spustit’ nové projekty s

l'udské zdravie a environment prostrednictvom certifikacie a integrovanej produkcie

hrozna.

Environmentalne naklady a vynosy

Prevadzkové naklady a z nich identifikované environmentéalne néklady a vynosy st uvedené za
jednotlivé roky v Tab. 1 a Tab. 2. Netreba pri tom zabtdat na fakt, ze vyska jednotlivych
environmentalnych nakladovych poloziek je zavisla od velkosti podniku, environmentalneho
profilu, rozsahu poradenskych sluzieb a rozsahu uz zavedenych a fungujucich prvkov

starostlivosti o ZP.

Tabulka 1 Naklady organizacie za jednotlivé roky

Vykaz nakladov

31/7/2014-2018

Bilancio LLA.S/ LLF.R.S , Stato Patrimoniale- Conto Economico

Sumy v €

2018 2017 2016 2015 2014
Celkoveé
naklady
Gruppo
Mezzacorona | 183 630018 188 804 416 166 232 780 | 165 317861 162 458922
Z toho
environmen-
talne naklady 7 250 203 7299 710 7 880 279 8 595 300 9110 795

Zdroj: interné materialy spoloc¢nosti
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Tabul’ka 2 Vykaz environmentalnych vynosov k 31/7/2014-2018

Vykaz environmentalnych vynosov k 31/7/2014-2018
(sumy v €)
Podpory a dotacie 5200 4895 5180 4384 5379
Daliie vynosy z predaja
odpadov a zhodnocovania 4840 4000 4510 4530 4120
energii
SPOLU 10 040 0885 0690 8014 9499

Zdroj: interné materialy spolo¢nosti

Vd’aka svojmu pristupu a silnému odhodlaniu pracovnikov sa podniku Gspesne dari za posledné
roky zvySovat’ svoj zisk. Zisky po zdaneni za jednotlivé roky zobrazuje tabulka €. 3 a obrazok
¢. 5.

TabuPka 3 Cisty zisk organizacie

Cisty zisk
Gruppo
Mezzacorona 1 661 216 1428 802 1 381 467 1215299 1 190 584

Zdroj: Bilancio LA.S/ I.LF.R.S , al 31/7/2014-2018, Stato Patrimoniale - Conto Economico
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Spotreba vody a odtokovy systém

Spotreba vody predstavuje pre spolo¢nost’ jeden z najdolezitejSich environmentalnych aspektov
a jej environmentalneho manazérskeho systému a to nie len vo faze obrabania ale aj vo faze
vinneho kvasenia a balenia fliaS. Vd’aka investiciam do inovativnych technolégii akym je
napriklad uz spominany ,,drip irrigation systém* ¢i modernizacia Cistiarne odpadovych vod, sa
dosiahlo znizZenie spotreby vody.

Ako mdzeme vidiet' v tabulke €. 4, spotreba vody v produkcii sa vyrazne zniZzovala aj vd’aka
poklesu potreby na vyrobny proces a zavlazovanie. Podl'a spravy o udrzatel'nosti z roku 2017
predstavuje uzitkova voda spotrebovana na umyvanie a ochladzovanie 86% z celkovej vodnej
energetickej spotreby . Pre zavlazovaci systém a pitnt vodu je to 13 % .

Tabul’ka 4 Spotreba vody pri produkcii

Spotreba 2017 2016 2015 2014 2013
vody
(mz] 326 632 310 390 326432 427 775 501 749

Zdroj: interné materialy spolo¢nosti
Ndaklady na energiu a obnovitelné zdroje

Naéklady na energeticka spotrebu v ramci podniku zavisia na spotrebe a zasobach elektriny,
metanu a dieselového paliva. Tabul’ka €. 5 zobrazuje energetickt spotrebu jednotlivych zdrojov
vyuzivanych v podniku. Elektrina sa pouziva na osvetlovanie a klimatizacné zariadenia v
kancelariach pocas letného obdobia, rovnako aj pre bezny chod strojov a inych zariadeni. Metan
je pouzivany na ohriatie vody pouZivanej na kdrenie a na ohriatie pary pouZzivanej na sterilizaciu
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flias ako aj iné d’alSie zakladné procesy. Dieselové palivo je pouzivané na pohon motorovych
vozidiel a internt logistiku.
V sulade s legislativou a nariadenim No. 102/2014, boli jednotlivé prevadzky ohodnotené a
diagnostikované na zéklade energetickej spotreby a environmentalnej zodpovednosti. Vzapati
na to sa prijali Specidlne implementované opatrenia, ktoré dopomohli znizit’ spotrebu energii a
to:
» 75% pivnic je lokalizovanych pod zemou ¢im sa dosahuje optimalna pozadovana
vlhkost’ a teplota.
> Uprava interiéru kancelarii dopomohla k vy$sej miere pouZivania denného svetla a tym
redukovala mieru umelého osvetlenia.
» Zaobstaranie solarnych folii a ich aplikovanie na okna optimalizovali tepelnt izolaciu.
» Modernizacia klimatizaénych jednotiek, ktoré kontroluju a regulujii teplotu v
miestnosti.

Tabul’ka 5 Energeticka spotreba jednotlivych zdrojov

Energeticka 2017 2016 2015 2014 2013
spotreba(GJ)

Elektrina 37 433 34 350 32 296 35 495 36 899
Metan 35 193 34 768 38320 38 321 41851
Lol 2 459 2672 2 843 2412 2623
palivo

Fotovoltaicki 2 325 2208 1916 1612 1407
Ellﬂl'glﬂ

Solarna

a termalna 1187 994 1027 1125 1 089
energia

SPOLU 78 597 74993 76 407 78 965 43 869

Zdroj: Sustainability report, 2017 Edition, Gruppo Mezzacorona
Proces balenia

Zaviazok, ktory si spolocnost’ stanovila v zavislosti s balenim je vel'mi jasny - redukovat’ objem
baliacich jednotiek, zvazujiic védhu fl'aSe za poslednych 5 rokov. Spolo¢nost” kooperuje s
vyrobcom flia$, ktorého flase spinaju $tandardy kvality a bezpecnosti, ale tiez umoznili
redukciu spotreby skla na kone¢nt jednotku produktu. Této politika dopomohla k celkovej
redukcii v pouzivani skla a to 2,223 ton v porovnani so spotrebou skla na fl'asu pred piatimi
rokmi. Pokial' ide o pouzivanie uzéverov a zatok, je v sGcCasnosti pouzivanych niekolko
recyklovatel'nych syntetickych korkov. V porovnani s predchddzajucimi piatimi rokmi, sa
output premenil z 1 miliéna na 15 miliéonov flia§ so 100 % recyklovanym hlinikovym
vrchndkom. Pred 5 rokmi spolo¢nost’ pouzivala na uzatvaranie kartonov lepidlo zalozené na
olejovej baze (Ethylene-Vinyl Acetate). S investiciou do operativnych strojov sa jej podarilo
znizit’ spotrebu lepidla az o polovicu a to - 8000 kg lepidla ro¢ne. Dal$ou udalostou, ktora
priniesla vyznamnu redukciu v baleni bolo predstavenie tkz ,,slip systému,” ktory umoznuje
redukciu v objeme a vahe transportovaného tovaru. Pouzivané st vyhradne iba znovu
pouziteI'né palety pochadzajuce od EPAL-EUR and CHEP.
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4 Navrh pre Vykaz Environmentalnych Nakladov a MFCA

Po zhodnoteni jednotlivych poloziek obsiahnutych v environmentalnom systéme podnikového
uctovnictva, sme sa rozhodli navrhnit podrobnejsi vykaz environmentalnych nakladov za
ucelom lepSej prehladnosti jednotlivych materidlovych a energetickych tokov. V tabulke ¢. 6
je uvedena len zakladna Struktira nékladov, ktoré boli aj blizsie Specifikované.

Podniku sa za posledné roky dari zvySovat’ svoj zisk aj vd’aka rozumnému environmentalnemu
manazérskemu rozhodovaniu a environmentdlne orientovanym investicidim. Mozeme
konS$tatovat, ze implementiacia syst¢tmu EMAS im pomaha k neustdlemu zlepSovaniu,
profitovaniu a rovnako aj k lepSim vztahom s investormi a zdkaznikmi. Odporucali sme
podniku investovat do pocitatového softvéru pracujuceho na baze Sankeyho diagramu -
tabul'ka 6:

Tabulka 6 Navrh zakladnych okruhov pre Vykaz environmentalnych nakladov, pri
energiich GJ/m®

Naéklady na zamestnancov

Tvorba zakonnych rezerv

Spotreba materialu a energie

Naklady na zneSkodniovanie odpadov, nakladanie s odpadovymi vodami a emisiami do
ovzdusia

Mimoriadne néklady

Environmentélne sluzby

Environmentalne dane, poplatky a pokuty z omeskania

Odpisy, rezervy a opravné polozky nakladov

Ostané néklady

SPOLU NAKLADY
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Obrazok 6 MU1-MUG-MnoZstevné uzly pre urcovanie nakladov materialového toku
(MFCA)

5 Diskusia

Hodnotenie efektivnosti implementacie manazérskeho systému podla schémy EMAS III v
nami vybranom skiimanom podniku sme sa upriamili najmd na identifikaciu
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environmentalnych nakladov a environmentalne orientovanych investicii. Podnik zaviedol
environmentdlne manazérstvo od samotného zaciatku podnikania, v sucasnosti disponuje
certifikaciou funkéného systému, podla Standardu ISO 14 001 a registraciou v europskej
schéme EMAS. Z dostupnych informécii sme identifikovali a kvantifikovali vynalozenia
environmentalnych nakladov a teda s tym spojenych aj ndkladov na implementaciu schémy
EMAS a zistili sme pravidelne za zvysujuci zisk podniku. Zasluhu na zvySovani zisku a udrzani
konkurencieschopnosti maji jednozna¢ne aj environmentalne orientované investicie, vd’aka
ktorym sa vyrobny proces stal aj ekonomicky efektivnym. Optimalizované boli aj materidlové
a energetické toky, ¢o sa prejavilo aj po financnej stranke. Pozitivnou strankou, ktort ucast’ v
schéme EMAS prinasa je zodpovedné pristupovanie podniku voci prirode a spolo¢nosti ako
celku. To sa odraza v kvalite produktov, pracovného prostredia a vztahov s verejnymi
subjektmi.
Zhodnotili sme environmentalne riadenie a spravanie skimanej organizacie a navrhli exaktny
Vykaz environmentalnych nakladov a vynosov. Ten by mohol dopomoct’ organizacii ako
interny riadeny dokument, prostrednictvom ktorého je jednoduchSie posudit’ jednotlivé
environmentalne néklady nie len z pohl'adu uctovnictva ale aj z pohl'adu environmentalno-
ekonomickej efektivnosti materidlovych a energetickych tokov. Teda zaviest’ Standardizaciu
hodnotenia podl'a EN ISO 14 051 ( MFCA- material flow cost accounting), ktord sluzi ako
nastroj pri dolezitych strategickych rozhodovaniach k udrzatel'nosti rozvoja.
V tejto suvislosti je mozné odporucit’ aj investovanie do pocitacového softvéru na baze
Sankeyho diagramu. V sucasnosti je dostupnych na trhu niekol’ko druhov takychto programov,
napriklad:

» elSankey 4 — zriadené nemeckou softvérovou firmou IFU Hamburg ( licencia 240-480€

)

» S.DRAW 5.x — zriadené rakuskou softvérovou firmou STENUM ( linecia 485-504 US
$)

» Sankey Editor 2011 - zriadené rakuskou softvérovou firmou STENUM ( licencia 149 €,
demo verzia k dispozicii)

» DrawSankey.m — zriadené Jamesom Spellingom a Germain Augsburger EPFL

» Iné verzie na internete sprostredkované pre pouzivatelov bezplatne, resp. “na
vyskusanie* — mozna chybovost’ vypoctov, preto ich neodporucame.

Zaver

Zodpovedny pristup organizacii dokaze ochranit’ zivotné prostredie preventivnym spdsobom.
Dodrzanim vSetkych potrebnych legislativnych poziadaviek, noriem a regulacii je podnik
schopny sa podielat’ na pravidelnom zlepSovani svojho environmentélneho spravania sa. V
ramci naSich doterajSich vyskumov bol navrhnuty koncept modelu pre udrziavanie
manazérskeho systému podl'a schémy EMAS III. Implementécia tohto Standardu so sebou
prinaSa zvySenu ekonomicku vykonnost, usporu surovinovych zdrojov, efektivnejSie
spracovanie materidlu a nakladanie s odpadom, lepSie vzt'ahy v o€iach verejnosti, dodavatel'ov
a investorov ¢i vyssiu doveryhodnost’ zo strany zakaznikov.

Zhodnotenim vynalozZenych environmentalnych nédkladov, poukézanim na zniZovanie spotreby
energetickych zdrojov a znizovanie tvorby odpadu a emisii sme preukazali, ze nami skimana
organizécia pravidelne zvySovala svoj Cisty zisk.

RieSenim danej problematiky sme dosli k zdveru, Ze proaktivny spdsob implementacie
environmentdlneho manazérstva a auditu podla schémy EMAS III. dokaze dopomoct’
organizacii profitovat aj napriek relativne vysokym vynaloZenym nakladom na jeho
implementéciu a zabezpecuje dlhodobti udrzatel'nost’ produkcie aj v oblasti agrikultary.
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VIRTUALNA A DIGITALNA TRANSFORMACIA
A GENEROVANIE STRUKTUR VYROBNEHO PROSTREDIA

Vladimir Rudy — Juraj Kova¢

Buducnost’ inteligentnych vyrobnych systémov bude érou Smart technoldgii spétych s
komplexnou automatizaciou, robotizaciou a umelou inteligenciou. Uz dnes sa virtualizacia a
digitalna transformacia vyrobnych systémov, snaha 0 aplikovanie prvkov Priemysel 4.0 a
platformy priemyselného internetu veci stavaji pritomnostou. Nastup a virtudlnych
a digitalnych technické prostriedky a prelomovych projekénych technologii umoznujucich
realizaciu komplexného, ,,na mieru Sitého vyrobného prostredia“ prindsa mnozstvo vSeobecné
proklamovanych benefitov vo forme produktivity, flexibility, kvality produkcie, vratané
absolutnej ustretovosti pri plneni r6znorodych a stipajicich narokov zédkaznikov na uzitkové
vlastnosti vyrobkov. Vyhody koncipovania Struktir vyrobnych systémov ako virtudlnych
modelov aich nasledna digitalizacia si vSeobecné zname aspolu flexibilitou
plnenia narastajtcich narokov zakaznikov dominuju.

Kazda takato kvalitativna zmena vyrobného prostredia znamena ,,vedomostnu zat'az* na
tvorcov takychto vyrobnych Struktar. Musia byt kreované na baze najlepSich
praktik, poznatkov a znalosti ktoré aplikuji metddy, postupy, nastroj, techniky a modely
zlepSovania a skracovania vystavby, resp. transformécie (reStrukturalizacie) vyrobného
prostredia.

Keywords: projektovanie vyrobnych systémov, Priemysel 4.0, vyrobné prostredie, virtualne
projektovanie, digitalizacia vyroby.
Industry 4.0, production environment, virtual design, production digitization.

Uvod

Projektovanie Struktr vyrobného prostredia je zlozity mnohotroviiovy systém,
ovplyvilovany vel'kym poc¢tom faktorov, vonkajSich 1 vnutornych protireceni. Ich prekondvanie
je zédkladom metodik projektovych cinnosti, ktoré st technicky a technologicky vysoko
intelektualne narocné a cielene orientované na realizaciu inovacii, modernizaciu, respektive
reStrukturalizacii vyroby. Technologicky projekt vyrobného prostredia je zdkladnym modelom
Struktary buducej vyroby. V stlade s konkurencieschopnostou a technologickostou vyrobku
vytvara predstavy moznych modelov jeho buducej vyroby.

Vyvoj projekénych metodik kraca ruka v ruke s konkurencie schopnostou, potrebami trhu a
inovaciami vyrobok. Postavit’ investi¢né a prevadzkovo rentabilny vyrobny systém schopny
rychlo zhmotiiovat meniacim sa, Casto nepredvidatelné naroky na UZitkové vlastnosti
vyrobkov, reagovat’ na kolisanie odbytu a pod. znamena projektovat’ modernymi technologiami
umoznujicimi priestorovl vizualizdciu buduceho vyrobného prostredia, technologicka
simulaciu procesov, ich kvalitu, vykonové charakteristiky systému, vratané¢ ekonomickych
dopadov na firmu, atd’. Tato cesta je schodna len zdokonal'ovanim projekénych metodika, ich
integraciou do produktivnych informaénych a znalostnych systémov zabezpecujucich Ziadanu
kvalitu a zivotnost’ realizovanych projektov. Veda o projektovani vyrobného prostredia (tedria
projektovania, filozofia projektovania) je charakterizovana ako stbor logicky zoskupenych
znalosti a informacii o inZinierskom projektovani. Projektovanie je preto komplexna oblast’
teodrii, metdd, postupov a technik zahritujica Siroké pole inzinierskych ¢innosti.
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Inovativne metodiky projektovania vyrob budicnosti.

Projektovanie dnesnych vystavbovo zlozitych a réznorodych vyrobnych systémov si vyzaduje
komplexnu analyzu ich ¢innosti v troch priestorovych dimenziach a v ¢ase. Len tento pristup je
zarukou identifikacie, optimalizacie, resp. eliminéacie nedostatkov projektov este pred ich
buducou fyzickou implementéaciou. Projektant vyrobnych zoskupeni musi byt profesional
a Specialista. Musi disponovat’ tvorivostou a hlbokymi odbornymi teoretickymi i praktickymi
vedomostami v problematike, ktora v projekte riesi. V technickych rieseniach projektov musi
mat’ zmysel pre preciznost’ a rieSenie detailov, ako limitnej poziadavky uspesnosti realizacie a
prevadzkovania buduceho projektu. Musi zvladnut' sledovanie vyvojovych trendov
projektovania novych vyrobnych Struktir a smerovanie ich vyvoja. Neostat’ v rovine vyberu
zastaranych, dobou prekonanych technickych rieSeniach, aplikovanych technologiach
a technickych prostriedkoch. Pre projektovania vyrobnych systémov su dlhodobo vyvijané
adekvatne metodické postupy, algoritmy a nastroje, ktoré v jednotlivych etapach projektového
procesu zabezpecia vyssiu efektivnost rieSeni. Tvorivy charakter projektovych ¢innosti vytvéara
tlak na interaktivne generovanie variantov rieSeni, ich hodnotenie, optimalny vyber a detailné
rozpracovanie. Ak je cielom vysoka kvalitativna troven rieSenia projektov, je nevyhnutné
uvazovat’ s vysokou variantnost'ou. Tato vyplyva z redlnej podstaty strojarskych vyrobnych
procesov, typologie, Strukturdlneho usporiadania, lokalizacie vyrobnych systémov v priestore,

Case, ich ekonomickej efektivnosti a pod . Metodické postupy projektovania vyuzivané v

jednotlivych etapach rieSenia musia byt uzko previazané.

Etapy rieSenia su najCastejSie prezentované¢ modelmi, v ktorych je dekomponovana
projektova c¢innost do hierarchickych urovni. Filozofia inovativneho, interaktivneho
projektovania je zalozena na predpoklade, Ze rieSenie projektovych problémov prebieha v troch
zakladnych etapach [1] :

e Vytvdra sa mnozina variantov rieSeni projektovych tloh v stlade so stanovenymi ciel'mi.
Pre stanovenie variantov referenénych rieSeni mézu byt vyuZivané rézne metody
(analytické, morfologické, hierarchické generovanie a pod.). Potrebné je vytvorit' vacsi
pocet variantov a v d’alSej etape vymedzovat’ pripustné rieSenia. Pri menej zlozitych lohach
je mozné vyuzivat intuitivne spOsoby generovania variantov na zéklade referen¢nych
typovych vzorov.

e Vymedzuju sa pripustné rieSenia. V ramci tejto etapy je potrebné vylucit' nevhodné varianty
rieSenia bud’ na zaklade intuitivnych pristupov, resp. na baze vyuZivania logickych a
matematickych metdd. Vyhodné je hodnotit’ varianty pomocou metdd, ktoré st zalozené na
funk¢nej a parametrickej pripustnosti. V prvom pripade je mozné hodnotit’ najmé funkéné
vizby celkovej Struktiry rieSenia (grafy, modely vézieb, matematicko—logické modely a
pod.). V druhom pripade je potrebné Specifikovat’ subor kritickych, t.j. neprekrocitelnych
parametrov rieSenia.

e Vybera sa optimalny variant rieSenia projektovych uloh ako zavere¢nd etapa. Optimalny
variant moze byt ziskany na zaklade porovnavacich metdd (referencné projekty), na zdklade
simulacnej ¢innosti a pod.

Metodiky projektovania st zalozené na tvorbe 3D modelov vyrobnej techniky a ich
transformacii do virtudlnych scén umoznujucich digitalizdciu a ndslednt simuléciu ich
T'ubovol'nych vyrobnych charakteristik (napr. realizovatel'nost’ operacii na vyrobnej technike,
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overenie vypocitanych operacnych ¢asov vyroby a pod.). Prvotnym podkladom pre kreovanie
3D, resp. virtudlnych pracovisk mézu byt vyuzite jednoduché variantne navrhy spracovane
v 2D modifikacidch priestorovej Struktiry vyrobného prostredia. Ramcova metodicka
postupnost’ tvorby projektu vyrobnej Struktary zarucujucej jeho realiza¢na a prevadzkovu
uspesnost’ je ilustrovana na obr. 1.

Potreby zakasnikov
| Konkurentnd pozicia na triu |

l

Reslny Projekt nového
| wyrobny systém I wyrobného systému

| '

l 3D modely vyr. technikv]

Projekt rekonfigurioe
vyrobinj systém |

l

virtualny model virobne) Struktiny systému

Simuldcia priestorovych charakteristik systému

Digitaloy model vyrobne) Struktiry systému
(digitdine dvoita projektu vyrobného systému)

Simuldaia vyrobnych charaktenistik systému

L Analjza a vyhodnotelie visledkov simulacie modelu 1
| |

l !

=3

Obr. 1 Tlustracia metodiky projektovania novej vyrobnej struktary

NajvyznamnejS$im prinosom virtualneho projektovania je skratenie inovacného cyklu
vyrobného systému pri jeho rekonfiguracii, resp. celkového vyvojového cyklu pri koncipovani
novej vyrobnej Struktary. Funkénost’ navrhu ako celku a jeho komponentov je kontrolovana po
kazdej vykonanej operacii pocas celej doby prace s modelom. Testy a simuldcia takto
pomahaju odhalovat’ chyby a nedostatky, ktoré by vysli najavo az pri realizcii projektu findlne;j
vyroby a vyzadovali by si spdtné, ¢asovo 1 ekonomicky naro¢né zmeny. Toto je podstatny
prinos Spickovej technoldgie oproti klasickej technickej priprave vyroby. Ked'Zze sa vyrazne
skracuje cyklus inovécie vyrobku, mozno vyrobky inovovat’ astejSie alebo rychlejSie reagovat’
na meniace sa poziadavky trhu a takto zvySovat" konkurencieschopnost. Podmienkou je
integracia virtudlnych technologii s inymi technolégiami CAx, ktoré st Vv prevadzkovani
vyrobnej Struktiry pouzivane a st zname pod pojmom PDM systémy. Inovacné zmeny umoznil
najma pokrok dosiahnuty v hardvérovych, softvérovych a informacnych technologiach a
zobrazovacej technike. Vyspela reprografickd a prezentatna technika integrovana
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interaktivhymi softvérovymi systémami umoziuje dnes novy spdsob prace projektantov

vyrobnych systémov. Virtudlne modely projektov vyroby st projektované v postupnosti :

1) spracovanie 3D modelov vyrobnej techniky zaclenenej do rieSeného projektu,

2) spracovanie modelov vyrobnej haly, v ktorej projekt bude situovany, vratane jej
prevadzkovej infrastruktury (karenie, klimatizacia, odsavanie, rozvody technickych médii

a pod.),

3) kreovanie dispozi¢ného riesenia 3D vyrobnej Struktiry budicej vyroby,

4) transformacia modelu do virtualnej reality (napr. prevod 3D modelu do formatu VRML).

3D modelovacie techniky umoznuju len vytvorenie vizudlnej ilazie ,,umelého vyrobného

priestoru z pohladu pozorovatela. Na virtudlnych modeloch sa realizuje simulacia

priestorovych charakteristik buduceho systému (GcCelnosti, optimalnost’ dispoziéného

rozmiestnenia vyrobnej techniky, priestorové charakteristiky vel'kosti skladov a pomocnych

ploch, velkosti uli¢iek, dopravno-manipulaéné charakteristiky, ergondémia obsluhy vyrobnej

techniky a manipulacia s objektami vyroby, merania a pod.). Virtualne modely existujticich

realnych vyrob, ktoré v minulosti neboli spracované ako 3D projekty, napr. pri potrebe

technologickej rekonfigurdcie vyrobného systému (zmena vyrobnej techniky, zmena

priestorovej konfiguracie vyrobnych priestorov a pod.) st modelované v postupnosti :

1) priestorova digitalizacia (skenovanie) vyrobnej Struktiry (vyrobny priestor, vyrobna
technika, napr. 3D skenery SCAN in a BOX Structured Light),

2) koncept priestorovej Struktary systému,

3) transformacia dat do virtualneho prostredia.

Technika pre vizualizdciu modelov a zobrazovacie metédy v sucasnosti poskytuji viaceré
moznosti transformacie fyzickych modelov projektov vyrobnych systémov do 3D
zobrazovanych scén. Dnesny trh disponuje Sirokou ponukou SW i HW prostriedkov. Vyvoj
tychto zariadeni kopiruje pokroky vo vyvoji virtudlnych technologii a ma vel'mi dynamicky
charakter :

¢ technické zariadenia pre vel’koobjemové skenovanie ( vyrobnych hal, vyrobnej techniky),

e 3D kamerové systémy (staciondrne, mobilne, drony),

e softvérové technoldgie pre vizualizaciu pracovnych postupov vo virtualnej realite (SW
Twinmotion, Taracos, Plavis, Factory Design Suite, Vuforio studio). Twinmotion je
program, ktory funguje na principe vizualizacie v realnom Case.

o technické prostriedky pre tréning, pocitové vnimanie a vzdelavanie vo virtualnej realite
(napr. Oculus Touch Controller - ovlada¢ na virtualnu manipulacia s objektami),

e HW prostriedky pre virtudlnu manipuléciu s objektami (virtualne helmy Oculus Rift,
Samsung Gear VR, okuliare nReal Light, Olympus EyeTrek Insight EI-10 ...).
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,Headset™ je komplet technickych prostriedkov pre tréning, pocitové vnimanie a pracu vo
virtualnom svete. Pozostava z Oculus Rift virtuélnej helmy s OLED binokuldrnym displejom
rozliSenia 1080x1200 pixela a obnovovacou frekvenciou 90Hz a integrovanymi sluchadlami,
pravym alavym snimacom polohy a dvomi ru¢nymi jednotkami pre ovladanie pohybu -
Oculus Touch. Pouzivané si v SW aplikacii Oculus Home a maju Siroko spektralne vyuzitia od
hier az po vyskumne aktivity. [lustracia projekcnej prace je na obr. 2.

-~

Obr. 2 Overovanie rozmiestnenia vyrobnej techniky vo virtualnej scéne

Projektant 3D model projektu vyrobnej S$truktury) moze realizovat z podkladov 2D
dispozi¢nych rieseni, ktoré mozu byt ¢iasto¢ne priestorovo optimalizované alebo manipulovat’
s modelmi vyrobnej techniky priamo v 3D prostredi, resp. tvorit’ ich virtualné modifikécie
priamo vo virtualnej realite. Ilustracia koncipovania virtualného projektu vyrobnej Struktary
prostrednictvom rukavic (DataGlovell) je na obr. 3. Pri interaktivnom projektovani vyrobnych
systémov vo virtudlnej realite sa odporica dodrziavat’ zasady Specifikované v uvadzanych
metodickych postupoch projektovania. Spésob usporiadania vyrobnych prostriedkov moze byt
rozny (pozdizne, prie¢ne, §ikmé, nepravidelné). Priklad inovativneho pristupu rieSenia
rozmiestilovacich tloh vyrobnej techniky pri vystavbe, resp. rekonfigurdcii vyrobnej
dispozicie v zmieSanej realite pomocou drona ilustruje obr.4.. Dron je vybaveny mini

projektorom, ktory postupne podl'a projektu findlneho variantu vyrobnej
Obr. 3 Manipulacia s 3D modelmi vo virtualnej scéne pomocou datovej rukavice Data Glove 11

Struktary premieta Specialne vytvoreny QR kod (VuMark) vytvoreny v prostredi SW Vuforia
studio na realnu podlahu vyrobnej haly. Projektant prostrednictvom virtudlnej helmy Oculus
Rift, resp. pomocou kamery smartfonu alebo tabletu sleduje polohovanie modelu stroja, resp.
projektor zobrazuje len podorysny pohlad zariadenia viditelny vol'nym okom. Po oznaceni
polohy stroja, resp. jeho umiestneni na vyznacent poziciu sa dron prestva na d’alsiu poziciu
v zmysle projektu. Podmienkou presnosti rozmiestnenia vyrobnej techniky je spracovanie
modelu vyrobnej Struktiary v mierke 1:1. To zaru€uje, Ze model zobrazovany v zmieSanej realite
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rozmerovo zodpoveda fyzickému vyrobnému zariadeniu, ktory ma byt na danom vyrobnom
priestore umiestneny.

Obr.4 Tvorba realnej vyrobnej §truktiry pomocou drona

Vyrobné systémy buducnosti

Vyrobné systémy buducnosti su projektované ako systémy novej generacie, v ktorych vyroba
je zaloZena na znalostiach. V' projektoch st aplikované najvyspelejsie softvérové, informacné
a komunikacné technoldgie. Organizované st v novych decentralizovanych a adaptabilnych
vyrobnych Struktirach. Vizia budiceho vyvoja vyroby je zamerand hlavne na oblast’ vyvoja
novych vyrobkov a sluzieb s vysokou pridanou hodnotou, novych vyrobnych technolégii,
novych vyrobnych systémov, systémov organizdcie a riadenia a pod., podporena
infrastrukturou vzdeldvania, vyskumu a vyvoja. Kvalitny technologicky projekt je prvym
podkladom pre realizacné etapy a od neho zavisi buduca droven vyroby v novom resp.
rekonfigurovanom systéme. Predstavuje buduci obraz o charaktere a podmienkach vyroby.
Preto je nutné, aby bol nositelom vsetkych znakov modelu. Len tak bude minimalne vzdialeny od
optimalneho rieSenia vo funkciach, Struktire, parametroch, atd’. Spracovanie dobrych projektov
novych vyrob znamenéd néajdenie optimalneho, timového kompromisu nézorov na cely rad
strategickych otdzok, ktoré musia byt zodpovedané skor, ako sa prikro¢i k technickému
rieSeniu. Dostatok komplexnych ahodnovernych podkladov je potrebné mat tak
v koncepénych ako aj detailnych etapach riesenia prislusného projektu. Najmé inovatori, ktori
pracuju na zmenach vo vyrobe, musia svoje postupy orientovat na vyuzivanie najnovsich
a najmodernejSich technickych poznatkov. Informdcie a poznatky je potrebné vyuzivat' tak
Vv experimentalnej ako aj praktickej Cinnosti. Pri rozhodovani musi byt pritom uvazovany
zlozity subor technickych, ekonomickych, socidlnych a environmentalnych faktorov. Tieto
vyroby musia byt budované ako systémy, v ktorych vyroba je Setrna ku ,.ko
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mfortu Zivota na zemi‘ (obr.5).

Ovzdusie !%Voda
A E

Obr. 5 Ekologicka dimenzia projektov zavodov budicnosti

Ekologicka dimenzia ich prevadzkovania musi byt sucastou predrealizatnych analyz a simulacii
projektov. V kritickych pripadoch musi byt’ nadriadena prevadzkovym ( technickym, technologickym
a ekonomickym) kritériam realizovatelnosti daného vyrobného systému. Simulacné analyzy musia
garantovat’, ze produkcia takychto vyroby bude ,Cista™ a hospodama. Vyroba Setrna k Zivotnému
prostrediu a ¢loveku, maximalne recyklovatel'na, energeticky Setrna, ticha, fungujuca na ,,ohl'aduplnych
technologiach* (zapach, hlu¢nost’, prasnost’, vibracie ...). Modifikované buda ako ucelené filantropické
komplexy so Specifickou firemnou kultirou. Budii manazované na komunikacnej a informacnej
platforme so zodpovednym a ohl'aduplnym pristupom k zamestnancom, tak aby generovali poznatky pre
vlastny rozvoj. Projektova cinnost’ sa bude musiet’ stat’ eSte pruznejsou, tak aby sa dokazala prispdsobit’
tlaku trhu v ¢asovych a ekonomickych limitoch zaujimavych pre zdkaznika. Aj preto je nutné
mat’ dostatok komplexnych a hodnovernych podkladov, tak v koncepénych ako aj detailnych
etapach rieSenia prislusného projektu. Pri pohl'ade na buducnost’ je zrejmé, Ze projekené organizacie
¢akaju podstatna zmeny celkového riadenia, pouzivanych prostriedkov a projektovych zdrojov. Vyskum
avyvoj vyrobnych prostriedkov nadobuda Coraz viac internaciondlny charakter. Projektova ¢innost’
modermych vyrobnych struktar bude stale naro¢nejsim problémom. Bude sa musiet’ stat’ pruznejSou, aby
sa prisposobila obchodnému tlaku, réznorodym vyrobnym kultiram, spolu partnerskej integracii
apod. Do popredia budi vystupovat’ problémy standardizacie a normalizacie, pre ktoré bude treba
hl'adat’ adekvatne zdroje v systémovych tedridch. MnozZstvo informécii, ktoré je treba ziskat,
zhromazd’ovat’, prenaSat’, ukladat’ a vyhl'adavat,, sa bude prenikavo zvySovat’. Bude nad’alej narastat’
decentralizicia a $pecializacia. Zatial’ Co teraz pri tvorbe projektov postacuje SW vybavenie solo PC
techniky, v budticnosti sa budu realizovat’ projekty v projekénych systémoch, len na baze pocita¢ovych
sieti. Hybnou silou bude zvyseny doraz na uspokojovanie zakaznikov a potrebu vytvéarat’ ¢o najnizsie
naklady. Nasledkom licencii a diverzifikacii projektov bude treba subezne rieSit’ vacSie mnoZstvo
projektov. Bude sa vynakladat’ Gsilie, aby sa projekty podla mozZnosti dostali o najrychlejsie do fazy
rozhodnutia o tom, ¢i sa v nich bude alebo nebude pokracovat’. To si bude vyzadovat’ od vedenia
projektov pracu s mnozstvom informacii, bude sa musiet’ naucit’ ich rychle usporiadat’ pri rozhodovani o
diel¢ich ciel'och. Charakteristiky limitujuce rieSenia buducich projektov, koncepéne modelované na
principoch zavodov buducnosti st ilustrované na obr. 6.
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Obr. 6 Medzne charakteristiky koncepcii vyrob budicnosti.

Externé zlozky firemnej kultiry budu povySené na uroven bezprostrednej, neformadlnej
spoluprace s dodavate'mi. Dodévatel'ské firmy budu organizované v globalnych vyrobnych
sietach, koordinované na zésadach vysokej pruznosti a spolahlivosti dodavok. Zakaznik sa
stane partnerom firmy avyrobnym ,on-line koordinatorom* svojej zakazky v celom
hodnotovom retazci jeho vyroby. Tieto skuto¢nosti do znaénej miery ovplyvnia aj projektové
koncepcie usporiadania a Struktiry administrativnych priestorov takychto vyrob a pod.

Prispevok vznikol za podpory projektu APVV-17-0258 Aplikacia prvkov digitdlneho
inZinierstva pri inovacii a optimalizacii produk¢nych tokov.

Zaver
Firmy budtcnosti by mali mat menej ciel’'ov a viac radosti z kazdodenne;j prace.
Bude v nich menej kontrol plnenia ciel'ov a viac nad$enia z novych napadov a vysledkov.
prof. Kosturiak Jan
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COMPARISON OF TWO WAYS OF WAREHOUSE PICKING
OPTIMIZATION IN A WHOLESALE WAREHOUSE

Juraj SEBO — Marek VOLOSINYI

Abstract: The article deals with the topic of picking orders in wholesale warehouse conditions.
The aim of the study is to compare selected indicators of labor productivity in two ways of
picking, using a simple rule and experience of the warehouse worker. The indicators were
calculated on the basis of the average values from a long-term measurement, which was carried
out in standard operation, as well as a one-off measurement, in which the same items were
picked first without the reader and then with the reader. All calculated indicators are against the
use of the reader if we want to achieve higher labor productivity.

Keywords: picking, warehouse, route, labor productivity.

Introduction

Order picking is the operation of retrieving goods from specified storage locations based on
customer orders (Lu, et al., 2016). Scientific literature shows that order picking operation is
composed of several aspects which can be improved such as: picking, layout design, storage
assignment, zoning, batching or routing (De Koster, et al., 2007). In a classical industrial
warehouse, the order picking operation optimization methods are most of the time based on the
traveling salesman problem (TSP). Numerous papers deal with approximate or exact methods
inspired by the TSP in order to solve the picking order problem. In some cases, the exact
methods are not sufficient to solve the order picking problem, this is why approximate methods
may be used to save computation time (Beroule, et al., 2017).

The aim of our study is to compare selected indicators of labor productivity in two ways of
picking, using a simple rule and experience of the warehouse worker.

Methodology

Depending on the resources available, a variety of ways can be used to determine the shortest
way to pick items in a warehouse, including "simple rule"”, " warehouse worker experience™ or
more complex optimization methods. In some cases, it may also be appropriate to use the so-
called “brute force”, i.e. calculating all possible routes and selecting the shortest. An example
of asimple rule is barcode readers with built-in software that select a route based on the location
of items in the warehouse, from left to right. This means that the warehouse worker is guided
by a barcode reader to pick items gradually from the left side of the warehouse to the right. In
this study, we compare productivity indicators when using a simple rule (or using a barcode
reader) and when using the warehouse operator's experience (or without using a barcode
reader). The warehouse worker experience is not formalized in this study, in other words, the
search for a suitable route by the warehouse worker is like a black box whose rules we do not
know; In our case study, an experienced warehouse worker is considered to be a warehouse
worker who has been working in the warehouse for several years.

Warehouse description and measured values

The subject of labor productivity analysis is a wholesale warehouse with an area of 2000 m2
with 30 000 stock items (Fig. 1).
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Fig. 1 Warehouse layout

In the warehouse there are two basic processes, namely stocking and picking. Stocking means
stocking items (goods), that come from an exclusive supplier, in the appropriate shelf in the
warehouse. Picking means picking items (goods), which are intended for specific customers,
from specific shelves in the warehouse to the place at the delivery door of the warehouse.
Common transport trolleys as in supermarkets are used for stocking and picking. Standard
barcode scanners are used in the warehouse.

For the analysis below, we have focused exclusively on picking items that are already stored in
warehouse shelves. Warehouse worker was measured for several days. Since one of the aims
was to verify whether the use of automation elements (in our case bar code scanners) has
contributed to increasing picking productivity, the measurement was performed separately for
two picking methods. The first was picking without a barcode reader. In this way, the warehouse
worker removes the items based on his own experience using a printed list of items as a tool.
The second method is picking with a barcode reader. A barcode reader is a device that,
according to the retrieved list of items, navigates the warehouse worker towards the next item,
placing the item among the loaded items when the code is retrieved. In this way, the loading of
the correct item and the loading of all items are ensured in this method of picking. The
measurement itself was carried out using a pedometer, by means of which the number of steps
was measured and the distance traveled was then derived. The number of items and their value
were also recorded. The measurement was performed during picking for the selected customer
under the conditions of standard operation. The measured values are shown in Table 1.

Tab. 1 Measured values when picking items for selected customer

Number of | Distance traveled | Number of picked items Value of picked
steps [km] [pcs] items [€]
No Reader (Average per
day) 2228,8 1,44 130,2 3091,8
With reader (Average per
day) 2903,6 1,88 98 2339,2

Source: data from (Volosinyi,2016)

Since the long-term measurement was carried out in standard operation, where each picking is
unique, its results may have been influenced to some extent by the variation of the picked items,
therefore, in addition to this long-term measurement, an even shorter one-off picking
measurement was performed in which the same items (namely 15 identical items) were picked
first without the reader and then with the reader (Fig. 2 and 3). The intention was to identify
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more precisely the differences in the picking methods examined compared to the results
obtained from the previous measurement method. The measured values are shown in Table 2.

1410

—

Fig. 2 lllustrative example of a picking route of 15 items without a barcode reader based on the warehouse
operator's experience (Source: (VoloSinyi, 2018))
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Fig. 3 Illustrative example of picking route of 15 items with barcode reader (Source: (VoloSinyi, 2018))

Tab. 2 Measured values when one-off picking of the same items

Number of Distance traveled Number of picked items Value of picked items
steps [km] [pcs] [€]
No Reader 2371 15 107 2768
With
Reader 2598 1,7 107 2768

Source: data from (Volosinyi,2016)

Picking analysis using labor productivity indicators

Labor productivity indicators are among the basic indicators of employee performance
measurement. The basic formula for calculating productivity is the ratio of output to input (e.g.
labor). It is obvious from the given formula that productivity will increase if outputs with lower
working inputs remain unchanged, respectively, if we can produce higher value outputs with
the same work inputs.

Calculations of selected indicators are presented in the following tables. In Table 3, selected
productivity indicators for the selected customer are calculated based on average values from
long-term measurements over several days. In Table 4, selected productivity indicators related
to the picking of the same items for the selected customer are calculated based on data obtained
from a one-off measurement.
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Tab. 3 Selected productivity indicators (calculated on the basis of long-term average values)

Demandingness | Demandingness | Demandingness | Demandingness
Labor Labor L. . . L
. . of picking on of picking on of picking on of picking on
productivity | productivity IKi IKi IKi IKi
[item / hour] [€ / hour] walking walking walking walking
[steps / item] [km / item] [steps /€ ] [km / €]
No Reader
(Average per
day) 32,55 772,95 18,76091358 0,012144265 0,756608 0,000489
With reader
(Average per
day) 24,5 584,8 30,04629752 0,019437783 1,2525 0,00081

Source: data from (Volosinyi,2016)

As can be seen from Tab. 3 labor productivity is higher when working without a reader. On
average, the warchouse worker picked up items for € 773 without an reader, while with a reader
only € 585. As can be seen further, to pick one item with a reader, an average of 30 steps is
required and without a reader only 19 steps. This difference was then also reflected in another
indicator, namely the ratio of steps to euro picked. With a reader you need an average of 1.25
steps for 1 € of picked items, and without a reader we need only 0.76 steps.

Tab. 4 Selected productivity indicators for the same items picking (calculated on the basis of one-off
measurements).

Labor Labor Demandingness | Demandingness | Demandingness | Demandingness
roductivit roductivity of picking on of picking on of picking on of picking on
Fitem/hour)i p[€/h0ur] walking walking walking walking
[steps / item] [km / item] [steps /€ ] [km / €]
No Reader 28,16 728,42 22,2 0,014 0,85 0,00054
With Reader 26,75 692 24,3 0,016 0,94 0,00061

Source: data from (Volosinyi,2016)

The second measurement was performed when picking exactly the same items with and without
the reader. From Tab. 4 we can see that when the reader was not used for picking, labor
productivity was higher (728 € of picked items) than when using it (692 € of picked items). On
average, 22 steps were required to pick one item without a reader, and up to 24 steps with a
reader. Similarly, without a reader, we only need to take 0.85 steps to pick up 1 € items, while
a reader requires 0.94 steps.

Discussion

Significant differences of indicators to the detriment of the reader are due to the fact that the
reader navigates us to work gradually from left to right (in terms of warehouse layout), while
using the experience of a warehouse worker, the worker has paper with items to be removed
and can adapt (“optimize”) its route accordingly. On the other hand, the reader reads the barcode
at least three times faster than it would take with manual writing and with much higher accuracy.
Manual data entry causes an error every 300 entries on average, barcodes reduce the error rate
to 1 millionth.
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Conclusion

All measured values based on one-off as well as long-term measurements and consequently all
calculated indicators speak to the disadvantage of using the reader if we want to achieve higher
labor productivity. Although it appears from the calculations that the warehouse worker's work
without a reader has higher productivity, we must not forget the accuracy factor, respectively,
more likely to occur mistakes when working without a barcode reader. The refinement of the
calculation of the indicators presented taking into account the different error rates for the
different ways of picking may be an appropriate extension of this analysis in the future. It is
also advisable for practice to upgrade the software in barcode readers, which will enable the
use of the latest knowledge in the field of route optimization in the warehouse management.
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E-LEARNING AS AN INNOVATIVE METHOD
OF EDUCATION

Martina KUPEROVA — Monika ZATROCHOV A

Abstract: Main goal of a submitted contribution is the focus on the need of information and
communication technologies in education by applying E-Learning at the Faculty of Chemical
and Food Technology, Slovak University of Technology in Bratislava. During processing of
the contribution, we used basic scientific methods as observation, analysis, synthesis,
comparison, abstraction, induction and deduction. We are planning to set up in the KEGA
project on the Department of Chemical and Food Technologies, Institute of Management at the
Slovak University of Technology enforcement and improving computer literacy of all students
(bachelor and engineer).

Keywords: E-Learning, skills, university education.

Introduction
E-Learning can be characterized as an electronic form of self-studying, electronic education
using information and communication technologies. It provides a flexible and versatile learning
tool that allows learning to adapt to the circumstances. In practice, it refers to the services that
are based on this type of education and the tools that support it. The use of the Internet is typical
for E-Learning, but it is not the displaying of study materials on the Internet, but an organized
form of instruction according to the established curriculums. It is used as a suitable complement
to full-time study (allows easy practice), or full distance study.
E-Learning education uses a variety of multimedia contents such as presentations, texts, links,
videos, animated sequences, voice comments, shared desktops, custom notes, and the entire
course is usually completed with a test.
E-Learning tools usually allow creation, actualisation, distribution, evaluation of the learning
content, communication between students and educators and managing the entire learning
process.
E-Learning solution is:
« Cost-effective - eliminates the cost of travel, organizing, providing printed materials, space,
teacher presence,
« Time-saving - minimizes the time needed to pass information, allows learning at a preferred
time,
« Updatable - information is always up-to-date and adequate,
« Customizable - allows students to learn at their own pace at optimal time,
» Motivating - provides an overview and records of the course of education,
* Relevant - the topic is tailored to the educational needs and objectives,
» Engaging — use of creative multimedia and interactive learning tools to engage students
and enhance subject matter memorability.
Benefits of using E-Learning:
« Reducing the cost of education (both student and organizer),
- Rapid training of large numbers of students,
- Independence of students' locality (geographical independence);
« Maintaining a certain degree of knowledge for all learners;
- Evaluation of all students according to the same rules,
« Immediate feedback.
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Every university should develop and improve soft skills techniques in addition to teaching hard
skills.

Hard skills are the professional knowledge and skills. These include, for example, expertise,
professional qualification, blue collar skills, language skills, computer skills, working with
technology, accounting, legal skills, etc. Education helps to acquire and improve hard skills.
They are recognized by diplomas and certificates which have a great value in the labor market.
Hard skills are an integral part of the business requirements of the jobs, i.e. the requirements on
competence to carry out certain work of the profession. In general, gaining of higher
qualifications or a certain professional level skill gives greater chance of obtaining quality
employment.

Soft skills are the skills in the field of human behavior, also known as interpersonal skills. It is
the ability of people to communicate, work together, to act, to resolve conflicts, to organize,
make decisions, etc. They have a good attitude to emotional intelligence (EQ). These include
communication skills, critical thinking, skills in problem solving, creativity, ability to work in
a team, negotiating skills, personal management, public speech, time management, conflict
resolution, general knowledge, responsibility, empathy, work ethic, coolness or good manners,
etc. Soft skills are more required for managerial and business professions, and less important
in professional and blue-collar professions where vocational skills are more needed. Every
person has inated and developed some of the soft skills, abilities and personal characteristics,
which make it better or worse to carry out a profession. Even if a person does not have innate
soft skills (he has no natural talent), it is possible, in the course of life to learn them (obviously
with some restrictions). Of course, it requires some training.

In the labor market, employers most often require skills that are taught at schools: English
language skills, MS Office management, communication skills, analytical thinking, but also
pleasant outcomes. (job portal Profesia.sk)

If students could change their university training in view of the expectations they have for their
careers, they would improve, in particular, the practical and applied elements of training,
foreign language and work in an international environment, transferable soft skills and the
possibility to combine different objects and create a personalized profile. They would not
improve the theoretical and methodological training or transferable hard skills like project
management, economics, law, etc. and hard portable skills related to information and
communication technologies. If students could define a model of study that would best suit
them, the dominant part (more than 70%) would prefer to gain one skill in depth and at the same
time an overview of related skills in order to gain the ability to cooperate between the fields.
Only 18% would concentrate on the excellent mastery of one skill, and 10% would prefer the
study bringing a general overview and wide range of knowledge and skills in various fields. [1]
“Education in modern perception is ensuring the readiness to perform certain work, occupation
or activity. Constantly higher demands are placed not only on jobseekers, fresh graduates of
secondary schools and universities, but also on educators who have the possibility and ability
to provide, shape and influence students' education”. [3]

The project is focused on innovation and integration of educational methods to financial literacy
within the study programs of the Slovak University of Technology (both bachelor and master
degrees of university study). The project also addresses the needs to innovate the existing
program of study — Control of Technological Processes in Chemical and Food Industries
provided by the Faculty of Chemical and Food Technology, innovation of educational
technologies, the preparation of teaching aids as well as technical development of the
pedagogical process in the planned direction.
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The project is innovative with elements of the education system such as on-line education and
E-Learning techniques which can help students increase their economical and managerial
education and benefit from the technological-economic link that is currently required by labour
statistics in the labour market. In recent years financial institutions have been characterized by
a rapid pace of development, resulting in the introduction of many technological innovations
and the expansion of offering increasingly complex financial services and products.
Department of Chemical and Food Technologies, Institute of Management of the Slovak
University of Technology in Bratislava, within project KEGA No. 031STU-4/2018 "Innovation
in Teaching Economic and Managerial Subjects at FCHPT STU in Bratislava™
we plan to create a concept of a new information system of E-Learning education for the needs
of students of FCHPT STU. Increase of the attractiveness of higher education should be based
more on the cooperation of schools and employers in the preparation of skilled workers
according to the needs of the labour market, that of course is the same for education at technical
schools, mainly in the field of vocational subjects, then basic economic knowledge and
entrepreneurial skills. The advantage of studying the technical directions is that they often tend
to be linked with the practice. Students acquire experience in the field.

In a survey conducted in the academic year 2019/2020, we looked at the question of using the
Internet to study whether students met electronic forms of publications needed for study and
whether they would be interested in studying in the form of E-Learning. The survey was
attended by 124 students of the Faculty of Chemical and Food Technology of the Slovak
University of Technology in Bratislava. We used a questionnaire method. The questionnaire
contained 12 closed questions. The scope of this paper does not allow us to give an evaluation
of all questions and therefore we present answers only to selected questions.

Of the 124 respondents, 77 respondets (62%) were bachelor students (1st degree) and 47
students (38%) were engineering students (2nd degree) (Fig. 1).

Bhbachelor Mengineer
Fig. 1 Questionnaire distribution
Source: own processing
At the boarding school live 61 students (49%) and 63 students (51%) don't live at the boarding
school (Fig. 2).

Hliveat a boarding school Bdon't live at a boarding school

Fig. 2 Boarding school accomodation
Source: own processing
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How often do you use the Internet in the study process?

The aim of this question was to find out which access to the Internet students have. 86 students
(69%) reported having permanent internet access. 35 of students (28%) using the Internet
regularly. Answer: “I use the Internet from time to time”, reported 3 of students (3%) (Fig. 3).
This finding provides a good prerequisite for introducing E-Learning into the teaching process.
Students living at a boarding school have good internet connection too. Internet access is also

available on the faculty.

B have permanent internet access Buse the internet regularly ¥ sometimes use the internet

Fig. 3 Use the Internet in the study process
Source: own processing

Is internet access necessary for university studies?

The question was to examine the opinion of the students about how they perceive the use of the
Internet when studying at the university. Majority considers (115 students; 93%) the Internet to
be essential for the successful completion of university studies (Fig. 4).

Hyes Hno

Source: own processing
Would you like the option to learn via E-Learning?
This question was answered positively by 114 respondents (92%) (Fig. 5). Students are willing
to acquire knowledge through E-Learning.

Hyes Hno

Fig. 5 The option to learn via E-Learning
Source: own processing
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Have you come across literature in electronic form?
This question was answered positively by 111 addressed respondents (90%) (Fig. 6)
encountered literature in electronic form. This trend is likely to increase (also regarding

environmental protection and paper saving).

Byes Hno

Fig. 6 The option to learn via E-Learning
Source: own processing

If you had the choice between a printed form of textbooks and scripts and an electronic

version, which form would you choose?
On this gquestion was answered 71 students (57%) stated that they prefer printed form of textbooks and

scripts, 12 students (10%) prefer electronic form and 41 students (33%) stated for both of them (Fig.
7).

Bprefer printed form M prefer electronic form  ®hoth

Fig. 7 The option to learn via E-Learning
Source: own processing

Are you interested in electronic education?

Eyes Hno

Fig. 8 The option to learn via E-Learning
Source: own processing

Approximately the same number of respondents showed interest and the lack of it in electronic
education. This balanced state may change in the future by introducing E-Learning.
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The results of our own quantitative survey, which we conducted through questionnaires, point
that students have permanent internet access. We identified, that 93% of students consider using
E-Learning as necessary for the studies. 92% of respondents would like to have this option. We
found out, that 90% of students came across the literature in the electronic form. Survey clearly
states, that young generation is for the internet usage and it’s use throughout the studies.

In comparison with the experience from practice studying doesn’t reflect the effect of the
Internet and isn’t adequate and systematic. Therefore, it is necessary to change the form of
student’s education. On this basis we decided to apply E-Learning into both bachelor and
engineer studies. We proposed measures not only in this field. Profile of the Faculty of
Chemical and Food Technology, Slovak University of Technology in Bratislava graduate
contains articles from the fields of Economics and management, which does not require direct
practice, however professionally complete the picture with respect to general economic
education.

To achieve positive economic results from the long term period, to ensure the required
profitability and financial stability putting pressure on implementation of information systems
and especially accounting information systems, which are being used during the decision
making processes in small and medium sized enterprises. Conclusions of research bring new
knowledge and suggestions for small and medium sized enterprises, allowing them increase
their performance, competitiveness and profitability. [4]

As innovation it would be appropriate to include subjects good for gaining presentation and
communication skills, especially languages that students currently have as optional or selective,
which could significantly increase the awareness and thus the interest of students in this type
of education.

Conclusion

Education and technology are interconnected. Nurture and education are one of the basic
activities that are essential for the further personal and professional development of everyone.
Classrooms in our school are equipped with data projectors and teaching is done through
presentations, but we now feel the need to move forward with new forms of education.
Therefore, we decided to introduce the missing element in teaching, by online learning through
E-Learning. The introduction of E-Learning cannot be reproduced just as the availability of
material resources in the educational process. The application of new forms of education should
bring students the missing skills.

The contribution is a partial output of the KEGA research task No. 031STU-4/2018 "Innovation
in Teaching Economic and Managerial Subjects at FCHPT STU in Bratislava” conducted at
the Institute of Management of the STU in Bratislava.
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NAVRH ZJEDNOTENIA VYROBNEHO PROCESU NA LINKE
POVRCHOVYCH UPRAV A HODNOTENIE JEJ
VLASTNOSTI POMOCOU SIMULACIE

Marek KLIMENT — Peter TREBUNA — Ladislav ROSOCHA — Stefan KRAL — Richard
DUDA

Abstract: The paper deals with the evaluation of properties on the steel surface treatment line.
We worked out the simulation models of the line activity in the original state and compared
them with the design of their connection in to the parallel process. The proposal consists of
extending the handling crane at the next track and the hoist. Each chain hoist will therefore
simultaneously operate one production process to prevent the continuity of production
processes from being disturbed. In addition, daily production of processed parts per line is
increased.

Abstrakt: Prispevok sa zobera hodnotenim vlastnosti na linke povrchovych uprav ocele. Za
pomoci simulaéného modulu Tecnomatix Plant Simulation sme spracovali vyrobny proces
povodného stavu linky. Zamerali sme sa na problémy vo vyrobe a na poziadavky zakaznikov,
ktoré v sti¢asnom stave spolocnost’ nie je schopna flexibilne plnit’. Pre lepSiu flexibilitu linky
sme navrhli a odsimulovali zjednotenie vyrobného procesu dvoch povrchovych tprav do
jedného subezného procesu. Navrh pozostava z rozSirenia manipulaéného Zeriavu pri linke
0 d’al$iu drahu a kladkostroj. Kazdy kladkostroj by tym padom subezne obsluhoval jeden
vyrobny proces, ¢im by sa nenarusila plynulost’ ziadneho z vyrobnych procesov. Navyse by sa
navysila denna produkcia spracovanych vyrobnych davok na linke.

Keywords: Surface Treatment, Alkaline Blackening, Phosphating of zinc, Simulation,
Flexibility, Plant Simulation

KrPuacové slova: Povrchova uprava, alkalické Ciernenie, zinocnaté fosfatovanie, simulacia,
flexibilita, Plant Simulation

Uvod
V odvetvi strojarskeho priemyslu, sa okrem priamych vyrobnych procesov, ako st napriklad
sustruZenie, frézovanie, vitanie a podobne, nachadzaju aj takzvané dokoncovacie procesy.
Tieto procesy zahffiajii Casto poziadavky zakaznikov na vizualne a povrchové vlastnosti
opracovanych suciastok. Jednou, z takychto poziadaviek zdkaznikov je Casto aj povrchova
uprava suciastok. Touto sluZzbou sa zaobera niekol'ko firiem, ktoré ponukaju rozne typy
povrchovych uprav. Tieto Upravy su zavislé aj na druhu a charaktere materialu. V tomto
prispevku sa zaoberame linkou na povrchové upravy ocelovych suciastok. Ide o povrchové
upravy za pomoci termo-chemickych procesov. Za pomoci tychto procesov je na povrch
suciastky nandSand poZadovana ochranna vrstva. Ide o alkalické Ciernenie, zname aj ako
brunirovanie a zino¢naté fosfatovanie. Medzi zdkladné vlastnosti Ciernenia, ktoré je zname
najmé z vyroby zbrani a meradiel, patri:

- zvySenie oteruvzdornosti,

- zlepSenie odolnosti voci kordzii v kombinécii s vhodnou impregnaciou,

- rozmerova stalost’ osetrenych stciastok, povlak tvori od 0,5 do 2,5 um,

- dlhodoba Zivotnost'.
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Zinoc¢nat¢ fosfatovanie, inak zname aj ako parkerizicia, alebo bonderizacia, vytvara
antikor6zne povlaky, minimalizuje povrchové trenie, ¢im vylepsuje oteruvzdornost’. Vyhodami
su:

- povlak sluzi ako izolator,

- vyborna schopnost’ viazat’ na seba d’alsie vrstvy adheziv,

- rozmerova stalost’ stciastok, vrstva ma hribku cca 2 um.

Trends and Innovative Approaches in Business Processes “2019”, Vol. 22

Popis sti¢asného stavu a moznosti na linke povrchovych tuprav
Spolocnost” zaoberajica sa poskytovanim tejto sluzby vyuziva v sucasnej dobe linku, ktora
pozostava z:

- 13 vani objemu 180 1 s chemickymi roztokmi a vodnymi oplachmi (Obr.1),

- portadlového Zeriavu na manipulaciu s materialom,

- odsavacieho systému na elimindciu chemickych vyparov,

- pracoviska pripravy materialu,

pracoviska balenia a vystupnej kontroly materialu.

Obr. 7 Schematické zobrazenie vani na linke povrchovych tuprav

Rozdelenie jednotlivych vyrobnych procesov
1. Alkalické Ciernenie: tento vyrobny proces pozostava z 9 vani s chemickymi roztokmi
a vodnymi oplachmi (Tab.1). Z toho su vane s chemickymi roztokmi ohrievané na
teploty, ktoré st nevyhnutné pre ich spravnu ucinnost’. Ide o vanu ¢. 1 odmast'ovanie,
vanu €. 6 s predohrevom a vaiu €. 7 s ¢ierniacim chemickym roztokom.

Tab.5 Technoloiicki iostui alkalického ¢iernenia

10 min. Prijatie a priprava vstupného materialu
Vana¢. 1 [ 55-99°C 1-6 min. | Odmastenie dielov
Vana ¢.2 Tepl.okolia | 30 sek. Oplach dielov po odmasteni
Vana ¢.3 15-30 °C 5-15 min. | Morenie- roztok 15% HCI, zbavovanie zvyskov korozie
Vana ¢. 4 [ Tepl.okolia | 30 sek. Oplach po moreni ¢.1
Vana ¢.5 | Tepl.okolia | 30 sek. Oplach po moreni ¢.2
Vana¢. 6 [ 60-70 °C 3-5min. | Predohrev a ekonomicky oplach
Vana €. 7 135-142 °C | 12-20 min | Brunirovanie (Ciernenie) ¢as a teplota je zavisla na zloZeni
materialu dielov
Vana ¢. 8 Tepl.okolia | 30 sek. Oplach po ¢ierneni ¢. 1
Vana ¢.9 | Tepl.okolia | 30 sek. Oplach po éierneni ¢.2
Susenie anasledné osSetrenie dielov  konzervacnym
olejom, nasledné balenie hotovych vyrobkov
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2. ZinoCnaté fosfatovanie: tento vyrobny proces pozostava taktiez z 9 vani s chemickymi
roztokmi a oplachmi (Tab. 2). Podobne ako v predchadzajicom procese je nevyhnutné
niektoré vane s chemickymi roztokmi ohrievat na potrebné teploty. Okrem
odmast’ovanie je v tomto procese ohrievana este vana s roztokom pre zino¢naty fosfat.

Tab. 6 Technoloiicki iroces zino¢natého fosfatovania

10 min. Prijatie a priprava vstupného materialu
Vana ¢. 1 | 55-99°C 1-6 min. | Odmastenie dielov
Vana ¢.2 | Tepl.okolia 30 sek. Oplach dielov po odmasteni
Vana ¢.3 | 15-30 °C 5-15 min. | Morenie- roztok 15% HCI, zbavovanie zvyskov kordzie
Vana ¢. 4 | Tepl.okolia 30 sek. Oplach po moreni ¢.1
Vana¢. 5 | Tepl.okolia 30 sek. Oplach po moreni ¢.2
Vana ¢.10 | 15-30 °C 3-5min. | Aktivator zino¢natého fosfatu
Vana ¢. 11 | 65-70 °C 3-5min | Zino¢naté fosfatovanie
Vana ¢. 12 | Tepl.okolia 30 sek. Oplach po fosfatovani ¢. 1
Vana ¢. 13 | Tepl.okolia 30 sek. Oplach po fosfatovani ¢.2

Susenie dielov a nasledné balenie hotovych vyrobkov

Vane, z ktorych pozostavaji obidve vyrobné procesy, su sucastou jednej spolo¢nej linky
(Obr.2). Pri vystavbe linky sa pristipilo k takémuto rieSeniu z dovodu podobnosti obidvoch
procesov as cielom usSetrit’ priestor vo vyrobnej hale. Na tejto linke je v sucasnosti mozné
vykonavat’ len jeden z uvedenych vyrobnych procesov, bez toho aby proces nebol blokovany
a fungoval plynule. Podl'a objemu objednavok preto vyroba prebieha v striedavom rezime. To
znamena, ze jeden pracovny den sa vykonava proces alkalického Ciernenia a na d’alsi deii proces
zino¢natého fosfatovania. Pripadne sa viac dni po sebe opakuje ten isty proces, podl'a potrieb
zakaznikov. Vo vicsej miere je pozadovana povrchova tprava alkalické Ciernenie, ide zhruba
070% celkovej produkcie. Jeden pracovnik obsluhujiici portdlovy Zeriav, je schopny
obsluhovat’ len jeden vyrobny proces. Vo vyrobnom procese v obidvoch pripadoch figuruje
eSte jeden pracovnik, ktory zabezpecuje pripravu materidlu. Tento pracovnik ma na starosti aj
suSenie dielov a ich néslednu findlnu kontrolu a balenie hotovych vyrobkov. Znamena to, ze
¢innost’ linky je v stcasnosti pri oboch vyrobnych procesoch zabezpecovanid dvomi
pracovnikmi.

Obr. 8 Linka povrchovych tprav

Ako je z technologickych postupov (Tab. 1, 2), ako aj schematického znazornenia linky (Obr.1)
viditeI'né obidve povrchové upravy st vo viacSej miere rovnaké. Odlisuju sa v hlavnej Casti,
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ktord vykonava pozadovany efekt na povrchu suciastky. Ako je zrejme, proces alkalického
¢iernenia je Casovo ndrocnejs$i. Hlavna operécia trva 20 mintt. Naproti tomu hlavny proces
zino¢natého fosfatovania trvd 5 minat. Vytvoril sme si simula¢né modely oboch vyrobnych

procesov vV povodnom stave. Kazdy jednotlivo v trvani jedného celého pracovného dna, teda
dvoch pracovnych zmien.

Simulation time: 16:00:00.0000

Cumulated Statistics of the Parts which the Drain Deleted
object‘llame Mean Life Time Throughput TPH Production }Tmlqurtsmlage‘\lahe added  Portion

Drain Entity | 9:49:20.2543| 15| 1| 67.27%| 10.83%| 21.90%|  10.94%|num—"—

Obr. 9 Simula¢ny model alkalického ¢iernenia v pdvodnom stave

Ako je zrejmé zo simulaéného modelu a kumulativnej Statisticky celkovo vyrobenych vyrobkov
(Obr. 3) pocas jedného vyrobného dna, linka celkovo dokon¢i 15 vyrobnych davok alkalického
¢iernenia. Na pocitadle, ktoré je nastavené na hlavnu Cast’ vyrobného procesu, na operaciu
Ciernenie, po¢as vyrobného dna prebehne 18 vyrobnych procesov na tomto pracovisku. Miera

pridanej hodnoty stanovena simulacnym softvérom Tecnomatix Plant Simulation je na trovni
10,94%

Oises

— 2 - R 5
_ e i e e, e, s e R i T
i .'.\Ild . M i o \d '.J". . M \ 'I'Q-v A o ™ Tl . “l
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Simulation time: 16:00:00.0000

Cumulated Statistics of the Parts which the Drain Deleted
0hject|lhme Mean uremlemmughputm|Pm¢m|Tmlqmﬂ|storage|Vaheaddad| Portion
Drain |Entity 9:05:33.7343 23 1| 55.60% 9.[]5%| 35.36%| 8.98% E——

Obr. 10 Simula¢ny model zino¢natého fosfatovania v pévodnom stave
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Na Obr. 4 je zndzorneny simulacny model procesu zino¢natého fosfatovania. Vzhl'adom na
mensiu ¢asovl narocnost’ sa v tomto procese pocas jedného pracovného dna dokonci o 8
vyrobnych davok viac, ako pri procese alkalického Ciernenia teda 23 vyrobnych davok.
Hlavnou operaciou v tomto vyrobnom procese je fosfatovanie a pocas celého vyrobného dia
touto operaciou prejde 26 vyrobnych davok. Miera pridanej hodnoty je v tomto vyrobnom
procese podla Statistik Tecnomatix Plant Simulation na Grovni 8.98%.

Navrh zjednotenia oboch vyrobnych procesov do jedného siibeZného vyrobného procesu
a hodnotenie jeho vlastnosti.

Castym problémom vo vyrobnom procese je splnenie poZiadaviek zakaznikov. Zakaznici Easto
pozaduju casovu flexibilitu vyrobného procesu a kratku dobu splnenia poziadavky na potrebnu
povrchovu upravu. Pri stiasnom striedavom rezime vyroby, je problematické splnit’ Castu
poziadavku zakaznikov na expresnti povrchovi tpravu. Tento typ povrchovej Gpravy znamena,
ze zékaznik si dohodne konkrétny termin pocas ktorého pozaduje objednant povrchovi tipravu
vykonat' na pockanie, pripadne v ¢o najkratsom Easovom horizonte. Castou poziadavkou je,
vykonanie oboch povrchovych tprav ¢o najskor. V stcasnej dobe to znamend, Ze pokial je
poziadavka na alkalické Ciernenie aj zinocnaté fosfatovanie sucasne, trva splnenie tejto
poziadavky minimalne 2 pracovné dni v zavislosti od velkosti vyrobnej davky. Pomocou
simulacného modelu v softvérovom module Texnomatix Plant Simulation bol vytvoreny navrh
zjednotenia oboch povrchovych tuprav do sibezného vyrobného procesu. To tohto navrhu bolo
nevyhnutné zahrntt’ aj rozsirenie portalového Zeriavu o druhu kolaj a kladkostroj. V tomto
navrhu ma kazda povrchova tUprava svoj vlastny kladkostroj, pomocou ktorého sa manipuluje
s materialom pocas vyroby. Pre obsluhu druhého kladkostroja ako aj pre zachovanie plynulosti
bolo potrebné pridat’ do vyrobného procesu aj d’alSiecho zamestnanca. V nastaveni simulacie
navrhu bolo nevyhnutné zohl'adnit’ skuto¢nost’ pocetnosti objednavok na jednotlivé povrchové
upravy 70% alkalické Ciernenie a 30% zinoc¢naty fosfat.

Tl
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Simulation time: 16:00:00.0000

Cumulated Statistics of the Parts which the Drain Deleted
Object Name Mean Life Time Throughput TPH Production Transport Storage Value added Portion
Drain |Entity 7:54:39.6429 28 2 45.12% 23.12% 31.76% 11.76% I

Obr. 11 Simula¢ny model navrhu zjednotenia povrchovych tiprav do subezného procesu

Z vytvorené¢ho simulacného modelu navrhu (Obr. 5) zjednotenia vyrobnych procesov do
subezného procesu vyplyva, ze po€as dvoch zmien v jednom pracovnom dni linka subezne
vyrobi celkovo 28 vyrobnych déavok. Pri pohl'ade ma ¢iastkové pocitadla, ktoré su nastavené na
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hlavné vyrobné procesy v oboch povrchovych tpravach je viditeI'né, Ze linka spracuje 19
vyrobnych davok alkalického Ciernenia a 23 vyrobnych davok zino¢natého fosfatovania.
Celkova pridana hodnota stbeznej ¢innosti linke je 11,76%.

Zaver

Z hladiska funkCnosti a zlepSenia flexibility vyrobného procesu na linke sa javi navrh
zjednotenia vyrobného procesu ako efektivny a prijatel'ny. Pri sibeznom fungovani obidvoch
procesov povrchovych uprav alkalické Ciernenie aj zino¢naté fosfatovanie je pri pohlade na
kumulativnu  Statistiku  vyrobenych vystupov zrejmé, ze pri porovnani obidvoch
predchadzajtcich procesov nastalo zlepSenie efektivnosti oproti obidvom procesom. Treba
vziat do uvahy aj skutoCnost, ze pri uplatneni navrhu sa pocas jedného pracovného dia
poskytne sluzba oboch dostupnych povrchovych tprav a zlepsi sa moznost’ rychlejsie plnit
poziadavky zakaznikov v pripade poziadavky na obidve povrchové Gpravy sucasne.
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VPLYV INDUSTRY 4.0 NA TRANSFORMACIU LOGISTIKY
NA LOGISTIKU DIGITALNU

Miriam PEKARCIKOVA — Peter TREBUNA — Milan EDL - Ladislav ROSOCHA

Abstract: The power of the European industry in the context of digitization is primarily in the
automotive industry, security, energy, telecommunications, business software, laser, and sensor
technologies. The digital single market requires good access to digital goods and services, the
creation of suitable conditions for the development of digital networks and innovation, the
creation of platforms for the application of digital technologies in businesses and skilled people.
The driving force behind this trend is the rapidly growing digitization of the economy and
industry. Digital technologies promote innovation, impact on changes in established business
models, business behaviors and practices. It is assumed that artificial intelligence and
autonomous software agents will play a major role soon not only in the manufacturing sector
but also in people's daily lives.

Abstrakt: Sila eurdpskeho priemyslu v suvislosti s digitalizaciou je predovsetkym v
automobilom priemysle, bezpe€nosti, energetike, telekomunikacnej technike, podnikovych
softvéroch, laserovych a senzorovych technologii. Jednotny digitalny trhy si vyzaduje dobry
pristup k digitdlnym tovarom a sluzbdm, vytvorenie vhodnych podmienok pre rozvoj
digitdlnych sieti a inovacii, vytvorenie platforiem pre aplikaciu digitdlnych technologii v
podnikoch a kvalifikovanych l'udi. Hnacou silou vyvoja je rychlo rastica digitalizacia
ekonomiky a priemyslu. Digitalne technologie podporuju vznik inovécii, maju vplyv na zmeny
v zauzivanych podnikovych modeloch, na sprévanie sa a zvyklosti podnikov. Je predpoklad, ze
umeld inteligencia a autonémni softvérovi agenti budu v blizkej budicnosti zohravat’ vel'ka
ulohu nielen vo vyrobnom sektore, ale aj v kazdodennom zivote l'udi.

Keywords: digitalization, logistics, supply chain, modeling, simulation, information and
communication technologies

Krucové slova: digitalizacia, logistika, dodavatel'sky retazec, modelovanie, simulacia,
informacno-komunikaéné technologie

Uvod

Kedze vyrobné podniky, obchodné spolo¢nosti, dopravné spolocnosti, atd’. su zavislé
na v€asnom zabezpeCovani vstupnych materialoch, realizacii manipulaénych a prepravnych
¢innosti vo vyrobe a distribucii produktov, zabezpecovani ¢innosti v skladoch, je prave logistika
kl'ai€ovym c¢initel'om, ktory disponuje vhodnymi metdédami, technikami a nastrojmi pre
efektivne zvladnutie tychto ¢innosti. Integrovany logisticky systém v podniku mé vychadzat’ z
podnikove] stratégie a zabezpeCit' skracovanie inovacnych cyklov, globalne prepojenie
dodavatel' — podnik - zakaznik, kustomizacia produktov aj logistickych sluzieb vyuZzitim
integrovanych informa¢no-komunikac¢nych technologii. Logistiku teda mozno chapat’ ako
zdkaznicky orientované¢ pldnovanie a riadenie podnikovych hodnotovych retazcov
prostrednictvom informacno-technologickej podpory.

Decentralizdcia riadenia a autondémia jednotlivych Struktir podniku, ktoré su
synergicky zosynchronizované sa stali zakladom pre aplikaciu kyberneticko-fyzikalnych
systémov/CPS do vyroby, vytvaranie informaéno-komunikaénych sieti medzi objektmi a
systémami, zavadzanie systémov pre zber, analyzu a vyhodnocovanie vel'kého objemu dat a
vytvorenie virtudlneho priestoru pre kontakt medzi internym a externym prostredim. Jedna sa
0 nové pristupy v organizacii a riadeni vyroby. Namiesto klasickych tlakovych systémov
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riadenia vyroby sa bude kazdy produkt (inteligentny prvok) riadit’ sdm, t.j. vyberie si sekvenciu
spracovania a uréi stroj, resp. zariadenie pre dant operaciu v potrebnom cCase, zabezpeci
prostriedky pre jeho spracovanie a manipuldciu (nastroje, pripravky, prepravné prvky).
Vyrobné zariadenia a logistické prvky sa taktiez budu regulovat’ samostatne a spolu s
produktom budu prepojené prostrednictvom vysoko efektivnych informac¢no-komunika¢nych
systémov. Prepojenie technologii s vyrobnymi procesmi prostrednictvom komunikaénych
technologii a zavedenim metdd tzv. Self —X vlastnosti (samoregulacia, samokonfiguracia,
samodiagnostika, samooptimalizacia, samoochrana) umoziuju autonémne resp. ¢iastocne
autonomne ¢innosti strojov a zariadeni, resp. logistickych prvkov, ¢o zvysuje flexibilitu a
efektivnost’. Otvara sa moznost’ spracovat’ vel'ké mnozstvo dat v realnom Case, bez zasahu do
skuto¢nych systémov a procesov vytvorit’ virtualne prostredie, vyuzitim digitalnej techniky a
implementéciou digitdlnych modelov vytvorit’ digitdlne prostredie, Co vytvara nové prostredie
pre rozvoj Industrie 4.0. Komunikécia a kooperécia l'udi, inteligentnych strojov, zariadeni,
logistickych prvkov a produktov je hlavnym zmyslom Industrie 4.0

Charakteristika Logistiky 4.0

V' Industry 4.0 st produkty, vyrobné systémy, sklady napojené na globalne produkcné
site. Takto je mozna vzdjomna komunikdcia, presuvat’ si dostupné data, spustat’ procesy,
pricom stale tymto subjektom ostava priestor pre autonomne sebaovladanie a Seba
optimalizaciu. Inteligentné produkty je mozné jasne identifikovat’ v roznych fazach, poznat ich
historiu, redlny stav a navrhovat’ alternativne sposoby dokoncovania. Inteligentné vyrobné
systémy su zapojené do obchodné procesy inych spolo¢nosti, do IT — systémov a zohravaji
dolezita ulohu v ramci hodnotového retazca v ramei produkénej siete.

Sucasné podniky uchovavaju mnozstvo informacii adat o svojich vyrobkoch,
variantoch, vyrobnych procesoch, pracovnikoch, dodavatel'och, odberatel'och v rdmci svojich
podnikovych softvéroch, ktoré vSak nie su schopné data zréznych oblasti kompletizovat
a efektivne spracovavat. Pri prechode na tzv. smart vyrobu podporenti smart logistikou je
potrebné v prvom rade data elektronicky zaznamenavat’, usporiadat’, kompletizovat’ a pomocou
softvérove] podpory vytvorit' informacénu siet podniku, ktord vytvori moznost' riadenia
a koordinacie vSetkych vyrobnych a nevyrobnych operacii — vyroba, logistika, kontrola kvality,
udrzba apod.

Téato informacno-komunika¢ny systém umoZni dostdvat’ a spracovavat’ informéacie
V realnom Case a rieSit’ potrebné opatrenie. Manazér vyroby bude presne vediet’ kde sa aky diel
vo vyrobe nachddza, akd operidcia sa na fiom vykondva, v akej faze vyrobného cyklu sa
nachadza, kto je operatom pri danom stroji, akd porucha vznikla, na akom stroji, kedy doslo
k naprave, ako dlho trvala oprava, kto ju realizoval, atd. Toto vSetko su velmi dolezité
informacie, ktoré zefektiviiuju vyrobny proces v realnom ¢ase. Co sa tyka nevyrobnych
procesov su k dispozicii informdacie tykajuce sa skuto¢nych nakladov, dodéavateloch,
odberatel’'och, prehl'adu pohybu a stavu zasob v vstupnych skladoch, distribuénych skladoch,
skladoch ndhradnych dielov, informacie ohl'adom komisionalizicie. Je to podmienené
implementaciou klIicovych prvkov:

1. implementacia snimaCov pre neustaly automaticky zber dat z vyrobnych zariadeni,
vyrobnych liniek, dopravnych zariadeni, skladovacich zariadeni a skladov, materialov,
dielcov,

2. vytvorenie informa¢no-komunikaénej siete medzi vSetkymi objektmi a subjektmi
hodnotového toku podniku,

3. aplikacia softvéru pre tvorbu inteligentnych dat, t.j. zhromazd’ovanie, spracovanie,
analyza a vyhodnocovanie nahromadenych dat.
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Trendy v digitalnom Supply Chain

Ciel'om digitalneho Supply Chain, t.j. dodavatel'ského retazca je integrované planovanie
a riadenie logistickych systémov a sieti na zédklade digitadlnych modelov, metdd a nastrojov,
ktoré st postavené na spolocnej flexibilnej informacnej a komunikacnej platforme.
V sti¢asnosti zname a vyuzivané nastroje sa zameriavaji na tvorbu digitdlneho podniku, kde
digitdlne modely mozu byt heterogénne, resp. vyuzite'né vo viacerych projektoch. Indikatorom
transformacie dodavatel'ského retazca do smart Supply Chain je na jednej strane tlak zo
zavadzania novych technoldgii do podnikovych procesov a systémov vplyvom Industry 4.0
ana strane druhej stile naro¢nejSie poziadavky zakaznikov na Kustomizaciu produktov
a sluzieb, ktorym je podnik niteny sa prispdsobovat’. Vytvara sa novy koncept obstaravania
vstupov v kombinacii s riadenim kapacit pre zabezpecenie flexibilného dimenzovania dodéavok.
Integrovana obstaravacia logistika ma za ciel’ v¢as, v dlhodobom a strednodobom planovacom
horizonte vytvarat’ prognozy potrieb produktov. Metody a techniky predpovedania buducej
spotreby sa vyvijaji asnazia, ¢o najviac a najpresnejSie zohladnovat’ priebeh spotreby
v minulosti. Komplexnost’ Supply Chain je zobrazeny na obr. 1.

Distribucia

Plan Plan Plan

retazec
Zakaznik/
spotrebitel

kontrolny

Dodavatel ) Produkcia mechanizmus

> « > » «
Objednavka a Objednavkaa  Objednavka a
potvrdenie potvrdenie potvrdenie

Produkcia
Dodavatel

Obr. 12 Komplexnost’ digitalneho Supply Chain

Na rozdiel od tradi¢nych zasobovacich systémov, novy dynamicky pristup k riadeniu zasob
je v tom, ze zohladiuje jedinecné sposoby obstaravania, jedine¢ny dopyt a toky produktu
vyrobnym procesom. Snahou je definovat’ aka uroven zasob vie zabezpecit’ poZadovanu troven
dodavatel'ského servisu, zabezpecit' efektivnost hmotnych tokov vo vyrobe a vyrovnavat
vykyvy v dopyte. Kl'aiCovli ulohu pri bilancovani dodavok a dopytu zohrdva optimalizacia
skladovych zasob podniku. RieSenie pri¢in preplnenych skladov je taktiez mozné
prostrednictvom modernych informac¢no-komunika¢nych technologii. Doélezité je ziskat
kontrolu nad tym, €o sa v sklade nachddza a aky rozsah ¢innosti sklad zabezpecuje. Cielom je
zabezpecit’ systémovu podporu logistickych procesov vyuzitim principov Lean Manufacturing
tj. elektronickd evidencia pohybov jednotlivych poloziek na sklade, riadeni materidlovych
tokov pri prijme, kontrole kvality, zaskladiiovani, vydaji zo skladu do vyroby a priprave na
expediciu. Vplyvy tlaku technologii a tahu dopytu v digitadlnom Supply Chain su zobrazené na
obr. 2.
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Obr. 13 Vplyvy tlaku technologii a tahu dopytu v digitilnom Supply Chain

Hlavnym prinosom zavadzania novych informaéno-komunikaénych technoldgii v kombinacii
s robotizaciou, Standardizaciou logistickych procesov je dosiahnut’ zrychlenie materialového
toku, znizenie chybovosti pri manipulacii s materidlom a efektivne vyuzitie skladovych ploch,
spresnenia informaéného toku a praca s informéaciami v redlnom &ase. Uspesna realizacia
technologie internetu veci do logistiky si vyzaduje intenzivnu spolupracu a vysokt mieru ucasti
jednotlivych subjektov pri tvorbe hodnoty pozdiz celého Supply Chain, pri¢om cielom bude
vytvorit’ prosperujuci informaéno-komunikaény priestor, t.j. vytvorit' prepojent inteligentnt
logisticku siet’ vyrobného procesu, ktord bude vytvarat' pridan hodnotu prostrednictvom
komunikacie medzi relativne autonomnymi entitami a tym sa docieli rychlost’, flexibilita
a kvalita toku hodnét. Konvergencia fyzického sveta so svetom digitadlnych je v sucasnosti
novou paradigmou autonomneho a decentralizovaného sveta vyroby.

Zaver

Vsestrannost’ vyuzitia logistickych metéd a technik je v moznosti ich aplikacie pozdiz
celého hodnotového retazca. Logistika buduje a neustale prispieva k zlepSovaniu celého
hodnotového systému podniku. Cielom logistiky je prispievat prostrednictvom tvorby
efektivnych procesov s pridanou hodnotou k spokojnosti zdkaznikov a k dlhodobému
zvySovaniu hodnoty podniku. Dnesni zdkaznici pozaduju variabilitu, flexibilitu, kvalitu a nizku
cenu produktov. Podnik sa v tejto stivislosti snazi o vyrobu bez akychkol'vek strat a plytvania,
orientuje sa na zavadzanie prvkov Stihlej vyroby. Logistika je prostriedok ako zdokonal'ovat’
sluzby zékaznikom, zvySovat efektivnost procesov v podniku aj preto je neoddelitelnou
sucast'ou strategického pldnovania podniku, pricom vysledky aplikacie logistickych rieSeni sa
prejavia v operativnych zlepSeniach ako znizovanie zasob, skracovanie dodacich cyklov,
zefektivnenie materidlovych tokov, zefektivnenie skladovacich procesov, ¢o spitne vedie k
tvorbe strategickych vyhod oproti konkurentom. Pdvodne logistické procesy v ramci
racionalizacnych a optimaliza¢nych aktivit smerovali k fyzickym dopravnym a manipulaénym
systémom podniku. Sti¢asnost’ je ovplyvnend akceleraciou vyvoja a vyuZivania informaénych
technologii, ktoré ovplyvitujii vo velkej miere d’alSi smer rozvoja priemyselnej logistiky a
vytlacaju klasické metoddy a techniky na urok novych dynamickejSich néastrojov a technologii.
Casto najmodernejsie informaéno-komunikaéné technoldgie pontikaju vacsi prinos ako napr.
zavadzanie inovéacie manipulacnej techniky. Podniky, ktoré sa prispdsobia tejto vyzve si buduja
potencial pre udrzanie sa vo vysoko konkurenénom prostredi uz v podstate v kazdej oblasti
priemyslu, ¢i obchodu.
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WORKPLACE DESIGN BASED ON ANALYSIS OF
MATERIAL FLOW

Daniela ONOFREJOVA — Jaroslava JANEKOVA

Abstract: Value flow management, quality in the logistics chain without unnecessary waste,
optimization of transport, standardization of logistics processes are considered as significant
characteristics of Lean logistics. The paper focuses on the analysis and evaluation of existing
material flow at the manufacturing operation. The assessment is based on comparing the total
distance traveled during the transport of material due to given time consumption. And due to
financial indicators, the costs necessary for the operation of the production workplace are
monitored. In the efficient operation of the production system, efforts are made to minimize
traffic routes, thereby reducing transport costs as well as the need for means of transport.
Keywords: value flow management, lean logistics, material flow efficiency, material flow
analysis, Industry 4.0.

Introduction

Nowadays, designing in a virtual environment is mainly used in the automotive, engineering
and aerospace industries. This is used mainly because these industries have been working on
creating three-dimensional computer databases for several years.

The current topic in the engineering and especially the automotive industry is the creating and
designing of workplaces. Program and advanced digital design concepts are used to develop
design-based operations and processes. Such designing of workplaces is carried out by means
of CAD systems, which are extended by means of virtual designing.

In the manufacture of each product, the manufacturer must: to solve its development and
technology, how the individual parts will be machined, manufactured and assembled. Next step
is designing tools, preparations and equipment for production itself. It is also necessary to
deploy individual elements of production in space.

To achieve high quality, low cost, short lead times and flexibility in manufacturing process, the
continuous flow of material through the entire production process, standardization of processes
and the elimination of losses have to be implemented (Fig. 1) [1] [6].

customer order
[ SUPPLIER ] ( CUSTOMER ]

customer order

[ SUPPLIER b{ CUSTOMER ]

Fig. 1. Reduce time between customer and supplier and eliminate waste
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Flexible production is able to respond to a changing production system. To efficiently
optimize a primary production layout and configuration, a modelling and optimization based
on the material flow and machine utilization analysis capabilities in AutoCAD was used to
reveal possible improvements for the factory layout. In AutoCAD, once stations, products, and
routings are established, modifications to the layout can be tested, producing immediate
analysis of the layout efficiency. Adjusting the locations of stations, optimizing the layout based
on the transportation data, performing a machine utilization analysis and adjusting the
processing time of operations to acceptable levels can be realized in the designed digital model.

Research advances in digital factory design has led to a number of simulation techniques
and tools which have the capability to represent aspects of the lifecycle of manufacturing
systems. Although this is the case, analysis of key performance indicators (such as cost) are not
very advanced when compared with other digital manufacturing simulation applications. [3-5]

Autodesk Factory Design Tools As An Evaluation Tool For Material Flow
The issue analyzed in the paper focuses on following forms of waste:

» Waiting - waiting for parts, material, information, the next step in the processing process,
waiting for stock depletion, downtime and failures, and capacity problems.
* Transport or relocation that is not necessary.
+ Redundant stocks of raw materials, semi-finished products or finished products cause longer
running times, obsolescence, damage, transportation and storage costs and delays.
Software tool Autodesk Factory Design (further referred to as AFD) was used to create
process optimization, design of digital manufacturing process models. The entire program is
based on a CAD system. It allows digitally display and to optimize the manufacturing building
and interior, as well [7]. The benefits of AFD consist of system of several modules that are
interconnected and used not only for 2D display, but also for the 3D display of manufacturing
systems as closely as possible. It also allows creating and displaying a conveyor system,
robotized work-places and lines. Software package offered by AFD can be used to design
workplaces, buildings, operations, or simulate logistic and material flow in 2D view. [7]

Results

Based on the analysis of the proposed material flow, the differences in the proposals that were
created were monitored. As input data, the following items were used: machine setup costs,
machine work costs, workplace utilization, consumed energy. Nearly the same conditions were
created for each workplace [8]. Also, the data needed for the production system, such as the
production batch and the total number of units produced, were also entered to generate material
flow results.

Selected possibility of evaluation was the choice of material flow calculation. The generated
program results are shown in Fig. 2. Table 1 shows monitored parameters — distance, transport,
time, transport costs, total costs. The calculations estimate that the total cost of transport is
1530,-€ for two-shift operation. The total cost, together with operating costs, is 209,15 €. The
transport time of the material on this proposal was calculated by the AFD software at 15: 20.42
minutes. The total material path is 25.8 km.
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Fig. 2. Analysis of material flow in both variants - A and B

The following graph (Fig. 3) shows the difference between the total travel distance traveled and
the time needed to transport the material.

Table 1. Results from analysis of material flow in Autodesk Factory Design for variants A, B.

Parameters Variant A Variant B
Distance (km) 25,3 16,2
Transport time (min) 15:20:47 13:58:22
Transport costs (€) 1.530 1.400
Total costs (€) 290.150 289.810

The design A implies that the distance to transport the material is much larger and thus takes
up more time than design B [8]. The costs of transport consumed on the two shifts operation
and the costs necessary for the overall management of the enterprise. The graph (Fig.3) shows
that due to the longer transport distance for design A, transport costs are higher than for design
B and this also affects the total cost of running the business and also shows a higher value than
for design B (Tab. 2).

Distance/ Time

Trasport distance (km) | Transport time (min) |

EA @B

Fig. 3. Evaluation of transport distance and transport time between variant A and B

The design of variant B for the given results is based on a better possibility to evaluate the
implementation of this type of production [8]. The distance that passes through the B design is
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36.95% less than design A. The costs that are only needed for in-process transport as such are

less by 130,-€. The overall operating costs of the business and workplaces are smaller by 340, -
€.

Tab. 2 Comparison of variants in terms of length and duration of material flow, transport and total costs

. Transport  length | Transport time
Design i) G Transport costs (€) | Total costs (€)
A 25,3 15:20:47 1530,0 290 150,0
B 16,2 13:58:22 1400,0 289 810,0

Financial indicators are also needed for the overall evaluation of the proposal [9]. In the
production system, it is important how much will cost the work performed at the workplace,
the machine costs, how much it will cost to transport the material from one workplace to
another, and how it affects the company [10]. A graph presented in Fig. 4 shows the transport
costs consumed in a two-shift operation and the costs necessary for the overall management of
the manufacturing plant. The chart shows evidence that because of the longer transport distance
in design A, the transport costs are higher than costs of design B, and this also affects the overall
cost of the business. Total costs of the company in the design A shows a higher value than
design B.

Costs Overview

0150062898100

300 000,0 €
200 000,0 €
100 000,0 €
A0pe e
- €
Transport costs Total costs
@A @B
Fig. 4 Transport and operating costs in the enterprise
Conclusion

The following graph shows the difference between the total travel distance traveled and the
time needed to transport the material. The design A implies that the distance to transport the
material is much larger and thus takes up more time than design B. the costs of transport
consumed on the dual-shift operation and the costs necessary for the overall management of the
business. The following graph shows that due to the longer transport distance for design A,
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transport costs are higher than for design B and this also affects the total cost of running the
business and also shows a higher value than for design B.

The design of variant B for the given results is based on a better possibility to evaluate the
implementation of this type of production. The distance that passes through the B design is
36.95% less than design A. The costs that are only needed for in-process transport as such are
less by 130,-€. The overall operating costs of the business and workplaces are smaller by 340,-
€.

Finally, from results can be concluded that, out of the two proposals that were created for the
purpose of smart environments, a B design is better and more economically advantageous on
the basis of a material flow assessment. In general, the design of such a manufacturing system
with elements belonging to the Industry 4.0 is economically burdensome, especially when it
comes to purchasing machines and being included in 10T (Internet of Things) implementation,
but on the other hand it creates a system with which these resources have an expected return on
energy savings due to intelligent building management and control, bringing comfort and
convenience and time savings service activities. Therefore, changes of a similar nature will be
introduced gradually in enterprises, depending on the availability of enterprise resources.
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START-UP AKO MODERNA FORMA ZACATIA
PODNIKANIA VS. CHYBY PRI ICH ZAKLADANI

START-UP AS A MODERN FORM OF STARTING BUSINESS
VS. ERRORS IN THEIR FOUNDATION

Peter MALEGA

Abstract: The aim of this paper is to clarify the new perception of the start-up concept, because
in the past, the concept was perceived only as a company stage, and today it is a business unit
that is hidden in an innovative idea with a global ambition. It can be stated that start-ups are
significantly involved in the future development of a well-functioning economy. Innovative
technology companies have rapid product or service development, fast growth potential, but
also a rapid disappearance in the event of failure compared to conventional companies.
Abstrakt: Cielom tohto prispevku je objasnit nové vaimanie pojmu start-up, pretoze v minulosti
bol pojem vnimany len ako Stidium firmy, pricom dnes je tymto pojmom oznacovand
podnikatelska jednotka, ktora je ukryvana v inovativnej myslienke s globdalnou ambiciou.
Mozno konstatovat, Ze start-upy sa vyrazne podielaju na budiicom vyvoji dobre fungujiucej
ekonomiky. Inovativne technologické firmy maju rychly vyvoj produktu alebo sluzby, rychly
rastovy potencidl, ale aj rychly zanik v pripade neuspechu v porovnani s klasickymi firmami.
Keywords: start-up, business, entrepreneur, innovative company

KrPacové slova: start-up, podnikanie, podnikatel, inovativny podnik

Uvod

Inovativne start-up podniky (obzvlast' tie, ktoré su zalozené na technoldgiach), vyrazne
ovplyviiujt hospodarsky rast ekonomiky. Technologicky zalozené startupy prispievaju
k inovaciam, produktivite a konkurencieschopnosti. Krajina by mala nad’alej prijimat’ nové
napady a nové talenty, a preto vlada Slovenskej republiky by mala otvérat’ hranice a ul'ahcovat’
podmienky slovenskym start-up podnikom. V novovznikajicom start-up prostredi je vysoky
potencial aje nutné vytvorit vhodné podmienky pre rozvoj ekosystému start-upov na
Slovensku. [2]

Slovensko by si malo brat’ priklad od krajin akymi st napriklad Nemecko alebo Vel’ka Britania,
ktoré podporuju inovativne podniky na ovela lepSej urovni a to réznymi programami, ktoré
maju v ponuke pre startupy. Slovensky trh ukazuje, ze aj ked’ ma pred sebou este dlhi cestu,
postupne je schopny poskytnut’ inovativnhym napadom stale lepSie a lepSie zdzemie pre ziskanie
finanénych prostriedkov na ich realizaciu. [4]

Start-up ako moderna forma podnikania

Mozno konstatovat’, ze jednoznacna a vSeobecne platna definicia start-upu neexistuje. Najma
Vv nasich koncinach ¢ast’ I'udi povazuje za start-up akykol'vek zac¢inajici podnik bez ohl'adu na
jeho predmet ¢innosti, pocet zakladatel'ov, ¢i iné faktory.

Dokonca aj Eurdpska asociacia private equity aventure kapitalu (EVCA) definuje start-up ako
podnik, ktory je v procese Startu podnikania alebo kratko po Starte podnikania, ale zatial
nedosahuje trzby.

Z najvyznamnej$ich definicii start-upov je mozné vybrat tie, ktoré st uvedené v Tab. 1.

152



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ‘_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

Tab. 1 Definicie start-upov [8]
EVCA Podnik, ktory je v procese Startu
podnikania alebo kratko po Starte
podnikania ale zatial nedosahuje triby.
Graham Je start-up podnikom, ktory je predurceny

na rychly rast.

Wells, leng Podnik, ktory sa poslva zo Stadia
podnikatelského napadu a pripravuje sa
na produkciu, marketing a predaj
samotného produktu.

Ries Podnik, ktory je stanoveny na to, aby
dodaval novy produkt, alebo novi sluzbu

cielovym zakaznikom v podmienkach
extrémnej neistoty.
Janoviik, Hercko, Klackova Je vznikajica pravnicka osoba zamerana

na zavedenie nového vyrobku alebo

marketingu do praxe.

,»Steve Blank dodava, ze start-up vyhl'adava opakovatel'ny a tzv. skélovateI'ny biznisovy model
(,,scalable business model). Tento model je zaloZzeny na potenciali dosahovat’ vyznamny rast
trzieb bez vyrazného zvySovania ndkladov. Jednoduchym prikladom je mobilna aplikacia — ¢i
uz sa preda 100 aplikacii alebo milién, ndklady st prakticky rovnaké, no trzby (a zisk) st
vyrazne vyssie. Skalovatelny biznisovy model je teda klPGdovym predpokladom pre
dosahovanie rychleho rastu.

Novovznikajuce firmy v pociatocnej faze ich existencie oznacuje pojem start-up. Pojem start-
up sa stal fenoménom v obdobi ,,internetovej horucky* pocas rokov 1996 az 2001. Oznacenie
start-up dostavali naj¢astejsie internetové spolo¢nosti v USA. [5]

V dne$nej dobe startupy opét’ zazivaji renesanciu. Medzi zdkladné znaky startupov moézeme
priradit’ vysSie podnikatel'ské riziko, zaciatoné naklady a potencidlne vySSiu financnt
navratnost’ zdrojov.

Medzi zakladné znaky start-up podnikov, podl'a Cudovita Srenkela, patria nasledujice body:
e uZ nejde iba o podnikatel'ski myslienku, to znamena, Ze zakladatelia pripravuju redlne
kroky stvisiace so vstupom na trh,
e start-up pontuka novy (inovativny, resp. inovovany) produkt alebo sluzbu, pricom tento
produkt doteraz nebol otestovany na trhu ( a teda riziko neuspechu je vel'mi vel’ké),
e po vstupe na trh sa ocakava rychly rast,
e start-up uplatiiuje Skalovatel'ny biznisovy model,
¢ ma medzinarodné / globalne ambicie.
Kazdy podnikatel’ ma iny pribeh o dovodoch, preco sa rozhodol pre podnikatel'sky skok. [6]
Paul Graham, britsky programator a spoluzakladatel’ amerického akceleratora YCombinator,
definoval start-up ako: ,,spolo¢nost’ vytvorena k rychlemu rastu. Spolo¢nost’ nie je start-upom,
pretoZze je novozalozena. Pre start-up nie je potrebné pracovat’ vyluc¢ne v IT oblasti alebo byt
financovany rizikovym kapitalom. Jedina podstatna vec je rast.“ [9]
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Pri startupe uz ide o skuto¢né podnikanie, ktoré musi mat’ aj zakaznikov. Da sa sledovat’ rast
zakaznikov, resp. mesacny prirastok prijmov. Okamzita ziskovost nie je dolezita. Dolezité je,
Ze primy rasta a biznis nestagnuje, ale napreduje. Medzi znaky startupu patria: hotovy web, nie
vsak stabilny, pretoze sa moze kedykol'vek zmenit a flexibilnost’. Startup je vsak viac nez jedna
osoba. [7]

Kroky pri zacati start-up podnikania

Kazdy podnikatel’ mé iné¢ dévody pre ktoré sa rozhodol rozbehnut’ start-up. Motivéacia pre novy
podnik je definovana pull a push faktormi. Pull faktory m6zu vznikat’ z tizby po samostatnosti,
potreby pre uspech a uznanie, impulzu pre osobny rozvoj alebo zo sklonu ku kreativite
a umeniu.

Na Obr. 1 je znazorneny postup zacatia start-up podnikania podl'a Funders and Founders.

AKO ZACAT START-UP PODNIKANIE
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Obr. 1 Postup zacatia start-up podnikania [3]

Obr. 1 znazornuje celkovy prehl'ad jednotlivych krokov, ktoré je potrebné urobit, ak si chceme
vytvorit' start-up. Dalej si podrobnejsie rozoberieme start-up podnikanie V jednotlivych
krokoch [3]:

1. Zit vbudicnosti. Vi¢sina znas zije v minulosti alebo v su¢asnosti. Je Tahie
analyzovat’, co bolo uspesné a mysliet na spdsoby, ako napodobnit’ uspech. Je to
analogické myslenie. Je to jeden z platnych spdsobov myslenia, odhliadnuc od toho, ze
to nie je cesta pre vytvorenie vel'kého start-up podniku.

2. Pozrite sa, o chyba svetu. Pravdepodobne ste si v§imli, Ze jazdy taxikom pred Uberom
neboli prijemné. Pravdepodobne ste si vSimli, Ze pred SpaceXom sa l'udia menej
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zaujimali o priestor. Ale uZ je to minulost’. Co chyba teraz ? Co je este doleZité vo vasom
zivote ?

3. Napiste to. Bez ohl'adu na to, ako ste rozumni, nebudete si spominat’ na vSetky svoje
poznatky. VaSe rozhovory s ostatnymi, ndhodné pozorovanie, nové myslienky, ktoré
stoji za to sledovat’. Je potrebné si vSetko zapisat, inak sa to strati.

4. Vytvorte prototyp. VacSina vasich myslienok, dokonca aj tych najlepsich, nikdy
nevyjde ,,na povrch®. Zabudnete ich, aj ked’ si ich zapisete. Jedinou vynimkou su tie
myslienky, ktoré sa prototypuji. Vytvorte ich fyzicky, ak viete - naprogramujte ich,
navrhnite ich, urobte ¢okol'vek, ¢o z nich urobi viac ako len myslienky. V4¢8ina I'udi sa
zastavi priamo tu. Takze ak to urobite, uz ste pred pomyslenou krivkou.

5. Ukazte prototyp 100 I'udom. Pri tomto kroku budete musiet’ vystlpit' z vaSej zony

pohodlie a vyhladat’ I'udi, ktori budu hodnotit’ Vas prototyp. V idealnom pripade su to

l'udia, ktorych uz poznate, alebo nezname osoby. Preco 100? Pretoze potrebujete Siroku
perspektivu a dufajme, Ze vzor spoznate zo vSetkych spitnych vizieb.

Opakujte. Len niekol’ko I'udi to urobi na prvy pokus, no vy to pravdepodobne nebudete.

7. N4jdite spoluzakladatela. Ked’ prototyp za¢ne mat’ zmysel, najdite d’alSiu osobu, ktora
bude vediet’ uplatnit’ svoje mnohoro¢né sktisenosti do projektu.

8. Zaregistrujte svoju firmu. Rozdelenie vlastného imania. Ngjdite si pravnika, ktory
zaregistruje vasu spolo¢nost’. Dajte svojmu spoluzakladatel'ovi pocit rovnosti, aby si
robil svoju pracu este usilovnejsie.

9. Pozrite sa na financovanie a vytvorte verziu jedna. Pokial’ nemate dostatok uspor na
vybudovanie verzie jedna, chod’te néjst’ investora. Musite v§ak pokracovat’ v budovani,
pretoze neexistuje ziadna zaruka, kedy alebo, ¢i ndjdete investora. Nepredpokladajte,
7ze sa Vam to podari, ked’ aj ostatné start-up podniky st tak financované. Radsej
predpokladajte najhorsie a posilnite svoj produkt.

10. Spustenie. V &ase, ked’ je v produkte minimalna kvota uZitoénosti, spustite ho. Dalsie
funkcie, lepSie rozhranie, rychlejSie nacitanie a d’alSie optimalizacie pravdepodobne
nebudu fungovat’, ak zdkladné funkcie nemaju Ziadny vyznam.

11. Kontrola pouZivatel'ov. Vracaju sa pouzivatelia spit’? Zistite, preco nie.

12. Znova spustite. Spustite tol'’kokrat, kol’ko je potrebné. Ak sa aspon niekolko desiatok
pouzivatel'ov vrati na vlastnu past’, pravdepodobne sa Vam nieco cenné podarilo.

13. Ziskajte nad 1000 pouZivatelov. Nemusi to vyzerat ako vela, ale prvych 1000
pouzivatelov zobrazi slabé stranky toho, ¢o ste vytvorili. Pravdepodobne ich budete
musiet’ dostat’ manuédlne. Ako manudlne ? Vezmite si pocitac a otvorte pre nich webovi
stranku. Za akukol'vek cenu.

14. Rast. Paul Graham povzbudzuje zacinajucich podnikatelov k rastu najmenej 5%
tyZdenne. Ak budete tol’ko rast’, do 4 rokov dostanete 25 milionov uZivatel'ov. Inymi
slovami, budete jednym z najvacsich zacinajticich podnikov.

15. Uspech - &okol'vek to je. Mozete predat’ svoju firmu niekomu inému, alebo ostat
sukromnikom s tym, Ze presvedcite investorov, Ze nastane situacia, kedy bude vyssia
likvidita. [11]

o

Chyby pri zakladani startupu
Na Obr. 2 st znazornené najcastejsSie chyby pri zakladani startupu.
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18 NAJCASTEJSICH CHYB PRI ZAKLADANI STARTUPU
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Obr. 2 Najcastejsie chyby pri zakladani startupu [1]

18 najcastejsich chyb start-upov, ktoré zostavil Paul Graham [1]:

1.

Jediny zakladatel’ - ako jediny zakladatel mate takmer nulovu Sancu ziskat’ finan¢né
prostriedky, tvrdi Paul Graham. PretoZe nie je nahoda, Zze zakladatelia, ktori uspeli,
tvorili tim najmenej dvoch l'udi.

Z1¢ umiestnenie - mdZete zmenit’ ¢okol'vek na dome, ale nie jeho polohu. Cize, ak vas
start-up je zle umiestneny, nemozete to zmenit’.

Okrajova medzera — ak si vyberiete okrajovii medzeru, moze start-up ostat’ v rohu. Toto
nie je cesta ako sa vyhnut supereniu, ak sa ho obavate.

Odvodena myslienka — mat’ jedine¢nu myslienku znamen4, Ze pontkate nieco, ¢o iny
produkt, alebo ina sluzba na svete nema. Zamerajte sa na jedine¢né miesta vasho
produktu alebo sluzby a zdéraznite ich. Co pontikate, &o nikto iny nevie?
Tvrdohlavost- alebo neschopnost’ prispdsobit’ sa, zabija start-up podniky, ktoré by
prezili, keby neboli prili§ tvrdohlavé a pocuvali €o ich pouZivatelia potrebuju. Zostaiite
flexibilny a otvoreny.

Prendjom zlych programétorov — Poznanie dobrého programatora od zlého. Zly
vacsinou trva na tom, ze je dobry, alebo, ze ma doveryhodnt osobu vo svojom time.
Vynimocny programator je vzdy nedostato¢ny, takze Sance s ukryté proti prenajmu
dobrych.

Ak vas start-up bude technickym typom firmy a neviete si know-how sami
naprogramovat’, asi vas bude ldkat’ najst’ si lacného a Sikovného programatora — no
z dlhodobého hladiska by to bolo vel'mi nédkladné. Urobte to iba raz.

Vyber nespravnej platformy — podobne ako vys$Sie, mozno ste vybrali nespravny
programovaci jazyk. Ak nie ste technicky podnik, moZno ste si vybrali nespravny format
pre vasu firmu, napr. ako fyzicky obchod, aj ked’ vicSina vasho predaja je online. Urobit’

156



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 (_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

si prieskum je vel'mi dolezité, aby ste sa uistili, ze ste vybrali najefektivnejsSiu platformu
pre vas start-up.

8. Pomalé spustenie — Cas je vzacny a takisto aj hybnost. Ak vasa firma ziska nejaka
pozornost,, uistite sa, Ze ju vyuzijete — nenatahujte svoj Start mesiac po mesiaci, alebo
dokonca roky.

9. Prilis skory Start — ak je kvalita vaSho produktu prili$ slaba, alebo vobec nemate ziaden
produkt, alebo ak nie ste pripraveny na poziadavky zakaznikov so spravnym systémom
a infrastruktirou zvySuje pravdepodobnost, Ze svojim zdkaznikom poskytnete zla
sktisenost’ s nakupom.

10. Nezameriavaju sa na konkrétneho zakaznika — prieskum trhu je kIai¢om k spusteniu
uspesného start-upu. Neviete pre koho predavate, ak nemate na mysli Specifické
publikum, tym padom vobec neviete kto bude na trhu.

11. Pomaly rast peniazi — ziskavate len to, ¢o stravite. S prili§ malym ziskom nebudete moct’
plne vyuzit’ svoj produkt a jeho plny potencial.

12. Minanie prili§ vela penazi — miiiat’ neprimerané mnozstvo penazi a nemat splnené ciele
rastu casto vedu k zaniku start-upu.

13. ZvySovanie nakladov — nemusi sa to zdat’ ako vel’ky problém, no zbyto¢né zvySovanie
pociatocnych ndkladov méze byt naozaj problematické. Mdze to oddialit’ Start start-
upu. Je vhodnejsie najprv vytvorit’ minimalny zivotaschopny produkt a az neskér ho
vylepSovat.

14. Slaby manazment investorov — spolupraca s investormi moze byt vel'mi problematicka,
ak ste si vybrali nespravnych investorov, alebo im priradili prili§ vel'a zodpovednosti,
alebo pravomoci v rdmci podnikania. Nakoniec si ich budete musiet’ kupit, co bude
pravdepodobne naro¢né a drahé.

15. Uprednostnenie zisku pred zakaznikmi — zisk je dolezity, ale udrzanie si stalych
a spokojnych zédkaznikov prinaSa viac pouZzivatel'ov, ¢o prinaSa dlhodobejsi zisk.

16. Neochota nadvdzovat’ vztahy - problémy sa nedaji neustale schovavat. Podniky su
postavené na vztahoch. Chod’te von a stretnite sa s dolezitymi I'ud’mi.

17. Boj medzi zakladate'mi — konflikty zakladatel'ov st prili§ Castym problémom. Aby ste
sa im vyhli, zostafte Uprimni a vyjadrite v€as vas nesuhlas.

18. Nedostato¢né usilie — zacatie podnikania musi mat’ vSetku vasu vasen a nadSenie.

Zaver

Neexistuje start-up bez napadu. Napad modzeme prebrat, prediskutovat’ s ostatnymi
spolo¢nikmi, no je nutné urobit’ pre to ¢o najviac inak dand myslienka ostane iba napadom,
pri¢om najdolezitejSia je kvalitnd realizacia. Z myslienky sa stava projekt vtedy, ak sa na nej
zatne pracovat’. Projekt sa oproti mySlienkam nachdadza omnoho d’alej, pretoZze sa naozaj
realizuje. [10]

Start-upy a inovativne firmy st vel'mi dolezité pre ekonomiku Slovenska. Argumenty na tento
pohl'ad su rozne. Jedni majii nazor taky, Ze inovativne spolo¢nosti vytvaraji prave tu malu, ale
za to dolezitu Cast’, hospodarstva a ekonomiky. Kulturne a socidlne dosledky nie st pre nich
také dolezité ako pri inych, védcSich, usadenych spolo¢nostiach. Na druhej strane sa treba na
nich pozerat’ z r6znych uhlov pohl'adu. V prvom rade, pozitivne socilne a kulturne dosledky
maju vplyv na tvorivost’ arozsirujii posobnost’ zaujmu SirSej skupiny spolo¢nosti, hlavne
Studentov a mladych l'udi, ktori si hl'adaju vzory v tispe$nych podnikatel’och, ktori vedia ako to
spravne robit” v celosvetovom meradle. Podnikanie umoziuje Studentom experimentovat
a zucastiovat’ sa na r6znych akciach, kde ziskavaju cenné zru€nosti.
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V druhom rade, ak su startupy Gspesné a podari sa im rozsirit’ svoje posobenie po celom svete,
tiez vytvaraju ekonomické a socialne hodnoty pre mesto, region a krajinu. Vlajkové spolo¢nosti
na Slovensku ako napriklad ESET, Sygic alebo Pixel Federation su vel'mi dobre zname po
celom svete a vytvaraju tak pozitivny obraz o nasej krajine.

Prispevok bol rieSeny v ramci projektu KEGA 026 TUKE-4/2017 Implementdcia inovativnych
edukacnych pristupov a ndstrojov pre posilnenie rozvoja kl'uéovych kompetencii absolventov
Studijného odboru Priemyselné inZinierstvo a KEGA 030TUKE-4/2017 Implementdcia
inovaénych ndstrojov zvySovania kvality vysokoSkolskej vyucby v Studijnom odbore 5.2.52
Priemyselné inZinierstvo.
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VYUZITIE SIMU’LACIE A MANAZERSKYCH MET()D
PRI ZEFEKTIVNOVANI PROCESU MONTAZE
KOMPONENTOV PRE AUTOMOTIVE

Marek KLIMENT — Peter TREBUNA — Ladislav ROSOCHA — Stefan KRAL — Richard
DUDA

Abstract: The paper deals with a production line that covers assembly in the production of car
door handle assemblies. This process consists of several assembly stations. At each assembly
station, the assembly is expanded by the necessary components until the final product is
finished. The paper contains a brief description of individual production positions. The
production process was analyzed, and a snapshot of work activities was created, we created a
simulation using the Tecnomatix Plant Simulation software tool. In addition to the software
module, we also used the Hoshin method, which is commonly used in industrial companies, to
increase efficiency. Hoshin Kanri is used as a system management tool in a company to develop
an annual tactic that aims to implement it in all departments and functions within the company.
Hoshin Kanri is for organizations looking for ways to create an effective plan for the future. It
is a composition of tools and principles that we can say are helpful in a set of change
management and planning systems.

Abstrakt: Prispevok sa zaobera vyrobnou linkou, ktora zastreSuje montaz pri vyrobe
montaznych celkov kl'uciek dveri automobilu. Tento proces pozostava z niekolkych
montdznych stanic. Na kazdej montaZznej stanici sa montdzny celkom rozrastd o potrebné
komponenty az po dokoncenie findlneho vyrobku. Prispevok obsahuje stru¢ny popis
jednotlivych vyrobnych postov. Vyrobny proces bol podrobeny analyze a bola vytvorené
snimka pracovnych ¢innosti, vytvorili sme jeho simulaciu za pomoci softvérového nastroja
Tecnomatix Plant Simulation. Pre zvySenie efektivnosti sme vyuZili okrem softvérového
modulu aj metodu Hoshin, ktora je bezne pouzivana v priemyselnych podnikoch. Hoshin Kanri
sa vyuziva ako nastroj riadenia systémov v spolo¢nosti na vypracovanie kazdoro¢ne;j taktiky,
ktorej snaha je implementovat’ ju do vSetkych oddeleni a funkcii v podniku. Hoshin Kanri je
pre organizacie, ktoré hl'adaju cestu ako vytvorit’ efektivny plan do buducnosti. Je to zloZenie
nastrojov a zasad, o ktorych mézeme povedat’, Ze st napomocné v zostave systémov riadiacich
zmeny a planovanie.

Keywords: Efficiency, Simulation, Plant Simulation, Hoshin, Manufacturing Process
Kracdové slova: Efektivnost, simuldcia, Plant Simulation, Hoshin, vyrobny proces

Uvod

Prispevok je orientovany do oblasti vyroby komponentov pre automobilovy priemysel. Ide
0 vyrobu amontaZ komponentov do kl'uciek automobilov. Opisuje priebeh montaze
jednotlivych dielov potrebnych pre funkény montazny celok, kazdodenne vyuzivany 'ud’'mi pri
otvarani a zatvarani automobilu. V beznom zivote si ani neuvedomujeme, aky narocny proces
a aké stcasti si potrebné pre vykonanie Uplne beznej ¢innosti otvarania dveri na aute. Kazdy
podnik ma za ciel’, aby vSetko fungovalo ¢o najviac efektivne a aby bolo dosiahnutého maxima
za minimum vynalozenych prostriedkov. V zlepSovani kazdého procesu je nevyhnutné
dostupné vyuzit’ nastroje pre dosiahnutie najvyssieho stupiia efektivnosti ako pre podnik tak aj
pre koncového zékaznika, ktory si ¢asto ani neuvedomuje o vSetko stoji za beznymi vecami
kazdodennej spotreby. Takymito prostriedkami st aj simula¢né softvéri a rozne manazérske
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metody. Tieto prostriedky vyuZivame aj rieSeni problémov a nedostatkov v kazdej vyrobe.. Je
nevyhnutné sa zaoberat’ zivotnym cyklom vyrobku a prostriedkami, ktoré sa v rdmci neho
spotrebovavaju a vplyvaju na jeho kone¢nu cenu. Ide o vyrobky a stcasti vyrobkov, l'udské ako
aj materialne zdroje vchadzajuce do transformacného procesu. Pri navrhu zvysenia efektivnosti
sa budeme zaoberat' niekol’kymi moznymi variantami, ako tento ciel' dosiahnut. Ide
0 modifikacie sti¢asnych strojov, prehodnotenie poctu operatorov a rozmiestnenie jednotlivych
pracovnych postov. Pre zvysenie efektivnosti a hibkovej analyze bolo potrebné ist’ do detailov.
Bolo potrebné roz¢lenenie operdcii na menSie Casti a pouzitie metédy MTM. V rdmci tohto
navrhu bola snaha o zosuladenie operacii a tym vylepsit’ celkové vyrobné ¢asy. Dané riesenia
st hlbsie spomenuté v d’alsich kapitolach.

Charakteristika vyrobného procesu

Vyrobny proces, ktorym sme sa zaoberali je drziak kl'ucky. Je to ¢ast’ komponentu, ktora sa
nachadza medzi vonkajSou a vntitornou kl'u¢kou automobilu (Obr. 1). Pomocou drziaka kl'ucky
sa kl'ucky montuju a drzia sa spolu. Drziaky kl'ucky st vel'mi podstatnym komponentom v
automobiloch, pretoze pomocou nich dokazeme pohybovat kl'uc¢kami. Vyrobna linka je
schopna za zmenu vyrobit' 1 650 kusov. Cas na zhotovenie jedného drziaka kl'utky je 110
sekund. Kazdych 13 sekind musi vyjst’ z linky jeden hotovy vyrobok. Na kazdom poste je
operator. Na tejto vyrobnej linke je 10 operatorov a podl'a potreby sa ich pocet mdze menit.
Kazdy komponent mé svoju Specifikaciu, napr. rozmery, vzhl'ad, material a podobne.

Vndtorna

kfucka

Vonkajiia

klucka

Obr. 14 Znazornenie brakety

Tento montdzny proces sa skladd z montaznych a testovacich operacii. Montdzne operacie
pozostavaju z 6smych postoch, kde dochadza k spajaji komponentov. Vysledkom je hotovy
produkt. Pri montdznych operaciach na jednotlivych postoch je potrebné rozlisSovat’:

. lavého vodica a pasaZiera,
. pravého vodica a pasaZiera.

Komponenty z ktorych sa skladd cely mechanizmus drziaka kI'u¢ky vidime na Obr. 2
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Obr. 15 Dekompozicia drZiaka kl'u¢ky

Prva montazna stanica — Vkladanie gumeného tlmi¢a do klapky protizavazia.
Druha montazna stanica — Vkladanie slider a pruziny do klapky protizavazia
Tretia montdzna stanica — Mazanie sedla a vkladanie bowden kabla

Stvrta montazna stanica — Vkladanie dvojitej pruziny a fixaénych pinov

Struktura

A B /’ Protizdvaina klapka

Piata montazna operacia — Vkladanie a mazanie kinematického slideru a vkladanie pinu

Siesta montaZna etapa — Vkladanie a zatladenie pinov

Siedma montaZne etapa — MontaZ inerial systému

Osma montézna operacia — Zatla¢anie pinov do inerial systému
Testovacie stanice — Testovanie produktu

Simulacia vyrobného procesu

Cely vyrobny proces sme si premietli do simulacie pomocou softvérového modulu Tecnomatix
Plant Simulation. Simulécia (Obr.3) zaroven znazornuje aj schematickym pddorysom celého

vyrobného procesu a sposob rozmiestenia pracovisk.

Obr. 16 Simulacia vyrobného procesu vyroby drziaka kPu¢ky dveri automobile
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Na layoute vyroby moézeme vidiet 12 pracovnych postov na jednotlivych pracovnych
poziciach. V kapitolach vyssie bolo spominané, Ze linku obsluhuje 10 pracovnikov. V simulacii
je mozné vidiet' chodnik po ktorom prichadzaju operatori na linku ale aj dve kratSie chodniky
priamo pri linke. Po tychto sa dvaja operatori prestivaji medzi pracovnymi poziciami na linky
a zastavaju vo vyrobnom procese 2 posty.

Navrhy pre zvySenie efektivnosti vyrobného procesu

Na zaklade analyz a skimania vyrobného procesu sa snazime najst’ tie najefektivnejsie varianty,
ktoré v budicnosti moézu pomoct’ zvysit’ efektivnost’.

Medzi zlepSovacie navrhy patri:
. modifikacia stroja,

. skratenie vyrobného Casu.
Modifikacia stroja

Prvym navrhovanym variantom zefektivnenia vyrobného procesu je modifikaciu stroja.. Pojem
modifikécia stroja znamend, Ze upravime urCité parametre stroja, resp. priddme zmeny vo
vyrobnom procese, ktoré bude vykonavat' stroj. Modifikaciu daného stroja by vykonala
spolo¢nost, ktord dodala konkrétny stroj. Nasim cielom je uSetrit’ €as pri vykonavani
montaznych prac. USetrit’ ¢as dokaZeme, ak spojime operacie vykondvané na prvej a druhej
vyrobnej stanici. Tymto ndvrhom dokaZeme usetrit’ jedného operatora. Navrh spociva v tom,
ze vkladanie gumeného tlmica do klapky protizavazia bude automaticky strojom. Operator na
druhom vyrobnom poste namaze klapku protizdvazia, vlozi do nej pruzinku, slider a nasledné
vklada do stroja. Gumené tlmic¢e budu automaticky vlozené do stroja pocas fixacie klapky
protizdvazia v stroji. Detekcia pritomnosti gumeného tlmi¢a bude rovnaka ako teraz. Cas a
rozmery stroja budu bez zmeny.

Pri vkladani strojom nie je riziko zlého zalozenia gumového tlmica. Operator sa pri tejto
nenarocnej operacii zdrziaval cez 10 sekund.

Pri pozorovani vyrobného procesu a merani ¢asov sme zistili, Ze ¢as potrebny na vykonanie
operacie na prvej stanici je 10,6 sektind a ¢as na druhej stanici je 15,3 sekiind. Spojenim tychto
dvoch procesov pomocou modifikacie dokazeme dve operacie urobit’ za 12,3 sekund. Usetrime
tym 13,6 sekund.

Navrh mézeme vidiet’ aj premietnuty do simulacie Obr.4
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Obr. 17 Navrh modifikacie stroja

Skratenie vyrobnych operacii pomocou metdody Hoshin

Druhym variantom zvySenia efektivnosti vyrobného procesu je skratenie vyrobnych operéacii.
Pri tomto variante sme vyuzili metdédu Hoshin a metodu MTM. Na danej vyrobnej linke sme
robili analyzu, ktord spoc¢ivala v merani ¢asov. Na vyrobnej linke sme urobili 20 merani pocas
jednej zmeny. Merali sme od uchopenia komponentu az po dokonéenie produktu.

Tab. 7 Cas vyrobnych operacii

7,4 14,0 13,8 12,5 16,2 13,0 12,1 22,5 26,9
78 14,1 12,3 12,3 16,1 13,3 13,5 23,6 24,7
8,6 13,3 11,6 12,5 16,3 14,3 13,5 23,7 24,3
8,7 13,1 12,4 13,5 16,8 13,7 13,2 22,6 247
8,8 13,1 12,1 11,8 16,2 13,9 12,5 24,4 251
8,1 13,1 12,9 12,2 15,3 14,9 12,6 23,5 23,1
8,7 13,2 141 12,0 15,7 12,8 12,1 22,1 24,4
8,9 12,7 13,2 11,3 16,3 13,3 12,1 22,1 24,8
8,8 13,7 141 10,8 15,7 13,5 11,4 22,4 247
8,8 141 13,1 11,9 16,4 13,7 11,8 23,0 24,3
8,1 13,5 12,1 11,3 15,2 13,6 13,1 22,1 24,9
8,5 13,3 13,1 12,1 17,4 13,8 11,6 22,7 24,4
7,8 13,1 13,3 12,1 16,3 13,9 12,4 22,5 26,8
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8,1 13,3 13,2 12,7 15,9 12,6 12,1 22,6 25,4
8,9 13,1 12,5 12,5 16,9 12,6 11,4 22,1 251
8,1 13,7 12,1 13,2 17,4 12,3 11,7 23,0 25,8
8,0 13,6 12,5 12,6 17,7 12,9 114 22,7 24,6
7,8 12,9 12,5 115 15,9 13,1 11,2 22,5 24,4
8,8 13,8 12,6 11,2 17,3 13,5 12,5 23,1 25,3
8,1 12,8 13,7 111 17,1 15,4 11,9 22,5 24,6
166,8 267,4 257,1 2411 328,0 269,9 2440 4555 498,0
8,3 13,4 12,9 12,1 16,4 13,5 12,2 22,8 24,9
7,4 12,7 11,6 10,8 15,2 12,3 11,2 22,1 23,1
13% 5% 11% 11% 8% 10% 9% 3% 8%

V tab. ¢. 1 su znazornené merania na vyrobnej linke. Pozicia ¢islo 9 zahffia v sebe jednu
testovaciu stanicu a skenovanie Stitkov na produkte. Casy jednotlivych operacii nie st rovnaké,
ale st tam malé odchylky.

V grafe (Obr. 5) m6Zeme vidiet’ ako sa jednotlivé operacie na postoch pohybuji nerovnomerne.
Nasim ciel'om je jednotlivé operacie rozbit’ na mensie operacie. Zvolime si optimalny ¢as, na
zaklade ktorého budu operacie priblizne v rovnakom ¢ase. Malé¢ odchylky su pripustné.
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250 1T T 200
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Obr. 18 Casy vyrobnych opericii

Pri tomto zlepSovacom navrhu pouzijeme metoédu Hoshin. Vykonavali sme vd¢Sie mnozstvo
merani. Nasim cielom bolo spojit’ niektoré operacie. Pri zvySeni efektivnosti pdjdeme az do
hlbky. Rozdelenie operacii na mensie operacie vykoname pomocou metody MTM.

Operacie vykondvané na vyrobnej linke sme si rozdelili na malé a podrobnejSie operacie. Pri
tomto zlepSovacom navrhu sme pocitali aj s variantom €. 1 teda s modifikéciou stroja.
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Tab. 8 Rozdelenie operacii

Stanica Operacia Cas v sekundach
Mazanie protizavaznej paky
Vkladanie slidera
Stanica €. 1 12,3 s
Vkladanie pruzinky
Vkladanie bumpera
Mazanie brakety 4,15
Stanica ¢. 2 Fixacia kabla 3,2s
Zalozenie leveru 56s
Stanica ¢. 3 Mazanie pruziny 4,1s
Zakladanie pruZiny 4,8s
Zalozenie kolika do levera 3,2s
Stanica ¢. 4 ZaloZenie slidera do internej Struktiry a mazanie 7s
Zalozenie internej struktury a kolika 9,4s
Stanica €. 5 Vlozenie kolika 3,6s
Pinovanie 9,9s
Stanica €. 6 Mazanie inertial systému 3,7s
VloZenie pruziny do inertial systému 3,9s
Vkladanie inertial systému do brakety 4,65
Stanica ¢. 7 Pinovanie inertial systému 18,7 s
Zakladanie plechu 4,15
Stanica ¢. 8 VloZenie kovovej vidlice do brakety 4,0s
Testovanie brakety 13,6 s
Stanica ¢. 9 Balenie brakety 7,3s

Pri tomto zlepSovacom navrhu sme sa snaZzili operacie zosuladit’ tak, aby na jednotlivych
vyrobnych postoch neboli ¢asové skoky. Nasim cielom bolo vylepsit’ vyrobné Casy a znizit
pocet operatorov na danej vyrobnej linke
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Tab. 9 Zosuladenie vyrobnych operacii

Stanica Operacia Cas v sekundach
Mazanie protizavaznej paky
Vkladanie slidera
12,3 s

Stanica ¢. 1 Vkladanie pruzinky 16,4 s
Vkladanie bumpera
Mazanie brakety 4,1s
Fixacia kabla 3,2s
Zalozenie leveru 56s

Stanica €. 2 17,7 s
Mazanie pruziny 4,1s
Zakladanie pruZiny 4,8s

Stanica €. 3 Zalozenie kolika do levera 3,2s 19,6
Zalozenie slidera do internej Struktury 7s
a mazanie
Zalozenie internej struktury a kolika 9,4s

Stanica ¢. 4 Vlozenie kolika 3,6s 17,2
Pinovanie 99s
Mazanie inertial systému 3,7s

Stanica ¢. 5 VloZenie pruziny do inertial systému 3,9s 16,6
Vkladanie inertial systému do brakety 4,6 s
Zakladanie plechu 4,1s
VloZenie kovovej vidlice do brakety 4,0s

Stanica €. 6 Pinovanie inertial systému 18,7 s 18,7

Stanica ¢. 7 Testovanie brakety 13,6 s 20,9
Balenie brakety 7,3s

V tab. 3 sme zosuladili vyrobné operacie, pomocou metddy Hoshin a MTM. Z deviatich stanic
sme dospeli na sedem stanic.
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Obr. 19 Graf vyrobnych operacii po zosuladeni
V grafe (Obr.6) méZzeme vidiet’ pohyb Casov na jednotlivych postoch po zosuladeni ¢asov vo
vyrobnych operaciach. Je viditelné, ze pohyb ¢asov je ovela rovnomernejsi ako v prvom
pripade.

Navrh pri zostladenych operaciach sme si preniesli aj do simulacie. Ako moézeme vidiet na
linke ndm pri tomto navrhu ubudol d’alsi operator a z vyssie uvedeného grafu je viditelné, ze
sa zlepsila aj plynulost’ vyrobného procesu.

Obr. 20 Simulacia navrhu zosuladenia operacii

Zaver

Ako je vidiet' z uvedenych navrhov a funguje to tak aj v beznej podnikovej praxi, ze pre
dosiahnutie zlepSenia vo vyrobnom procese Casto nestac¢i vyuzit len jeden prostriedok
hodnotenia a zlepSenia, ale je potrebné kombinovat a vyuzit' viacero dostupnych metod.
V tomto pripade sme vyuzili simulaciu v kombinécii S metodou Hoshin a MTM, aby doslo
k efektivnejsiemu zosuladeniu pracoviska, uspore ¢asového fondu a taktiez K uspore v oblasti
Tudskych zdrojov. Uvedené metddy sa vzajomne dopiiiaju a poméhaju manazérom v danej
spoloc¢nosti prijat’ spravne rozhodnutie o sp6sobe a moznostiach dany vyrobny proces vylepsit'.
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TX PROCESS SIMULATE AKO PROSTRIEDOK NA
ZVYSENIE VYROBY U-PROFILOV V PODNIKU

Jozef TROJAN — Peter TREBUNA — Marek MIZERAK — Richard DUDA

Abstract: The subject of this work is a production line in an unnamed enterprise. It is a
production process of forming U-profiles of different thickness and structure. Our task was to
thoroughly analyze the current situation of bending and cutting processes in the workplace, find
manufacturing errors and design the assembly line with the Tecnomatix Process Simulate.
Therefore, it was necessary to model the current state first so that it was possible to first detect
any shortcomings and downtimes and only then optimize it. Subsequently, the proposed
solutions were verified by means of modeled simulation of the selected workplace and by time
analysis, time savings or other modifications leading to production optimization were found.
Abstrakt: Predmetom tejto prace je vyrobna linka v nemenovanom podniku. Je to vyrobny
proces formovania U-profilov roznej hribky a Struktary. NaSou ulohou bolo dokladne
zanalyzovat sucasny stav procesov ohybania a rezania na pracovisku, ndjst’ vyrobné chyby a
navrhnit’ montdznu linku pomocou Tecnomatix Process Simulate. Preto bolo potrebné najprv
modelovat’ sucasny stav, aby bolo mozné najskér odhalit’ vSetky nedostatky a prestoje a az
potom ho optimalizovat'. Nasledne boli navrhované rieSenia overené pomocou modelovej
simulacie vybrané¢ho pracoviska a boli zistené Casové analyzy, ¢asové Gspory alebo iné Gpravy
veduce k optimalizacii vyroby.

Keywords: Process Simulate, Simulation, Efficiency, Innovation, Optimization

KrPucové slova: Process Simulate, Simulacia, Efektivnost’, Inovacia, Optimalizacia

Uvod

V sucasnej dobe uz kazda spolo¢nost’ a hlavne strojarske firmy potrebuju pocas svojho
zivotného cyklu zmeny. Par rokov dozadu podniky pouZivali testovanie a skuSanie réznych
alternativ na zlepSenie materidlového toku a vyrobnych procesov. Tieto metddy boli vel'mi
néakladné, ¢asovo naro¢né a samozrejme to malo za nasledok znizenie vyrobnej kapacity [1].
V dnesnej dobe to je nemozné. Prechod na digitalnu vyrobu sa stal ¢oraz popularnej$im s rastom
mnozstva a kvality pocitatovych systémov vo vyrobnych zavodoch. Digitalny podnik mdze
byt definovany ako druh stratégie, ktorou sa riadi podnik, ked’ vyuziva digitalne 3D modely
realnej vyroby, kde moZze vykonavat inovacie, zmeny a skor nez bude niektord z alternativ
zavedend do redlneho beziaceho systému je mozné vyskusat’ viacero moznosti. Komplexné
portfolio rieSenia digitalnej vyroby (tzv. digitalna tovarenl) predstavuje Tecnomatix. Digitalna
tovarent vd’aka moznému prepojeniu vSetkych vyrobnych disciplin od navrhu a planovanie, cez
simuldciu a overovanie aZ po samotnu vyrobu pomaha inovovat’. Tecnomatix je postaveny na
platforme Teamcenter Manufacturing PLM a poskytuje najvSestrannej$iu sadu vyrobnych
rieSeni na dneSnom trhu. Tecnomatix sa sklada z niekol’kych modulov. V tejto praci je pouzity
modul Process Simulate ako digitalny nastroj, ktory umoziuje prakticky overit’ montazne plany
od konceptu az po zacatie vyroby, aby pomohol znizit' rizikd. Schopnost’ vyuzit' 3D data
produktov azdrojov ul'ahCuje virtudlne overenie, inovaciu auvedenie do prevadzky
komplexnych vyrobnych procesov, ¢o ma za nasledok rychlejsie Starty a vyssiu kvalitu vyroby.
Process Simulate umoziiuje overovanie vystupov z jednotlivych segmentov vyrobného procesu
ako si: montadzne procesy, zvaranie, pracovna sila, kontinudlne procesy ako je laserové
zvaranie a lepenie, a dostatotné mnozstvo robotickych procesov simulovanych v rovnakom
prostredi, ¢o umoziuje simulaciu virtudlne produkénej oblasti. Simulacie verne napodobiiuje
realne l'udské spravanie, robotické regulatory domén a logiku PLC [2].
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Modelovanie v 3D prostredi

Pre jednotlivé stroje a zariadenia nachadzajice sa vo vyrobnej hale podniku sme postupne
vytvorili virtualne 3D modely pomocou softvéru SolidWorks. Pre zacatie kreslenia samotného
modelu potrebujeme si vybrat’ rovinu, v ktorej budeme modelovat’. Na rovine modelovania az
tak nezalezi, kazdy si vyberie rovinu, v ktorej je nauceny kreslit’ alebo ktort si v tej chvili
vyberie [3]. Roviny Front Plane, Top Plane a Right Plane najdeme v strome modelu na l'ave;j
strane ponuky. Na potvrdenie roviny klikneme na moznost’ Sketch na hlavnom paneli nastrojov,
pricom tato moznost predstavuje zaciatok kreslenia v nami zvolenej rovine nielen na zaciatku,
ale aj v priecbehu modelovania daného modelu. Vo vybranej rovine v Sketchi uz zac¢iname
samotné kreslenie modelu pomocou moznosti na hlavnom paneli. Pri vytvarani 3D modelov
pre zadané pracovisko som postupoval podla tychto krokov. Postupne som vytvoril steny, stipy,
podlahu pracoviska, vyrobnu linku na ohybanie pasu plechu na U-profily, linku na rezanie
tychto profilov, samotny U-profil, inovovany odoberaci st6l, balicku a d’alsie (Obr. 1).

Obr. 21 3D modely modelované v SolidWorks

Inovacia linky a optimalizacia skladov

Najprv musime definovat’ produkt, to znamena, ¢o sa bude vyrdbat. Produktu sa musia
definovat’ vietky &asti, z ktorych sa sklada. Dalej musime definovat zdroje, ktoré st potrebné
na vyrobu produktu a v neposlednom rade je nutné definovat’ proces, ¢ize ako vyrabat’ produkt
z vyuzitim zdrojov [4].

a) Vytvorenie vlastnej kniZnice

Do modulu Process Simulate je mozné vkladat’ len jeden typ dat. TakZze vSetky mnou
vymodelované 3D modely sme museli prekonvertovat do JT formatu prostrednictvom
softvérov Autodesk Inventor a Solid Edge. Nasledne sme vytvorili na pevnom disku C
priec¢inok s ndzvom TX root a v iom d’al§i s nazvom Library. Takymto spdsobom bolo nutné
vytvorit’ naSu kniZnicu, v ktorej sme d’alej vytvorili prie¢inok Parts pre vyrabané produkty, v
nasom pripade U-profily a druhy prie¢inok Resources, ktory slizi na prekonvertované 3D
modely a stroje. V tychto prieinkoch sme museli vytvorit adresare pre jednotlivé modely,
stroje a produkty s priponou .cojt (napr. U profil.cojt), tak ako na nasledujicom obrazku.
Nésledne do jednotlivych adresdrov sme premiestnili prekonvertované 3D modely uz vo
formate JT [5].

171



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 ‘_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

b) Vytvorenie projektu

Po spusteni softéru je potrebné vytvorenie nového projektu cez moznost’ File (na hlavnej liste)
a kliknutim na New Study. Zaddme nazov projektu a pre potvrdenie klikneme na OK a novy
projekt je tymto vytvoreny. Po vytvoreni nového projektu musime stanovit cestu
novovytvorenému projektu ku naSej kniZnici, umiestnenej na pevnom disku C, cez Option —
Graphics Viewer a zadani cesty ku kniznici. Dalej je nutné priradit’ vietkym JT stuborom
uloZzenym v prie¢inku Parts typ suboru PartPrototype a JT stiborom ulozenym v priecinku
Resources typ suboru ToolPrototype prostrednictvom funkcie Define ComponentType,
rozkliknutim prazdneho policka vedl'a jednotlivych suborov a ndslednym vybratim typu subora

[6].

Po priradeni typu k jednotlivym JT stiborom je potrebné ich este vlozit’ do projektu. Vlozenie
modelov, ktorym uz bol priradeny typ stiboru sa vykonava cez moznost Modeling, na hlavnej
liSte nastrojov, a vybratim polozky Insert Component From File. Po kliknuti na tito polozku sa
nam zobrazi okno, kde si mézeme vybrat’ nase JT stbory, ku ktorym uz pribudli aj subory s
nazvom Tune Data, ktoré boli vytvorené po definovani typu stiborov. Pre vybratie suborov je
nutné kliknut’ na vybrany subor a stlacit’ Otvorit’. Tento zvoleny subor sa ndm nasledne zobrazi
v strome projektu na l'avej strane obrazovky. Musime ale davat’ pozor, Ze ¢i priddvame party
alebo sucasti. Pre zaddvanie partov musime mat oznacené Pats a az potom cez Modeling
pridavame produkty a taktiez Resources pre pridavanie 3D modelov, strojov a l'udi [7].

Ak sme si do projektu vlozili vSetky 3D modely, tak d’alej musime tieto modely spréavne
poumiestiiovat’ podl'a planu rozmiestnenia strojov a skladov vo vyrobnej hale dan¢ho podniku.
Takze zainame od umiestnenia steny, cez linky aZ po umiestnenie jednotlivych skladov. Pri
umiestilovani modelov je lepSie, ak si zobrazime len model, ktory chceme umiestnit’ a ostatné
nechame skryté (Obr. 2).

SIEMENS -8

3 Process Simulate - [bakalarska praca psz)
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0.00 5 0.01 ]

vates Pacement maiulaion for the selecid o sunduro Mode | < 1347, 10000.-1651

Obr. 2 Umiestiovanie modelov
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Obdobne umiestnime vsetky prekonvertované 3D modely tak, ako boli umiestnené v danej hale
vyrobného podniku. Vlozime si aj vysokozdvizny vozik z kniznice, ktory slizi na odoberanie
uz zabalenych stohov z vyrobnej linky a nasledné ulozenie na dany sklad a zaroven vlozenie uz
existujucich skladov a ich rozlozenie . Taktiez si vytvorime alebo vlozime pracovnikov, ktory
obsluhuju vyrobnu linku a pracovnika, ktory obsluhuje vysokozdvizny vozik [8].

Po vytvoreni a poumiestiiavani pracovnikov sa vratime k na§im modelom, konkrétne k inovacii
vyklopky. V prvom rade musime nasu inovaciu rozbit’ na jednotlivé entity, aby sme boli
schopni d’alej nadefinovat pdzy vyklopky. Rozbitie vykondme nasledovne, oznadime si
inovaciu, zvolime moznost’ Modeling na hlavnom panely, Entity Level a Unload Entity Level.
Nasledne sa nam objavi moznost’ Set Modeling Scope, taktiezZ v moznosti Modeling, na ktora
klikneme (obr. 3). Dalej je potrebné nadefinovat’ kinematiku vyklopky. Najprv si musime
oznacit’ nasu inovaciu a pravym kliknutim na fiu vybrat’ moznost’ Pose Editor, v ktorom si
vytvorime pozy otvorenia vyklopky ,,open‘ a uzavretia vyklopky ,,close®.

¥ Process Simulate - [bakalarska praca.psz]
fle fdt Vew | Modeing | Kinematics Operations e - .
S5 B4 ¥ & I8l e 586609 Eile Edit View | Modeling | Kinematics Qperations We

W& A4 € o3 E | B ¥ | 8 Set Modeling Scope |
-

Object Tree

i T v
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+ O & Stro
+ OfR jest(X] Insert Component From File
O ® sten
0 @ podle Attach
+ O ¢% Stip
= B¢% Stro
# 0&E

= 88 o
% ! Duplicate Objects
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Entity Level »
PMI 4

Create Part\Resource »

8 (%7 Set Working Frame
O U %
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% O # chid | Create 3D
# O&&% Sto Edit
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Object Tree | Logical Collections Tree

Operation Tree v 8 x
#
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Sequence Editor | Path Editor | Colision Viewer

Path Editor

Obr. 3 Rozbitie modelu na jednotlivé entity

Rovnako nadefinujeme pdzy aj pre ostatné Assembly modely ako je balicka a vysokozdvizny
vozik.

c) Simulacia

Po umiestneni a nakonfigurovani vSetkych premennych pristipime k samotnej simulacii. So
simuldciou budeme pracovat’ v l'avom dolnom roku, kde sa ndm jednotlivé kusky simulécii
budl postupne zobrazovat’. Nova simuldciu vytvorime cez New Compound Operation, kde
napiSeme meno simulécie, v mojom pripade ,,simulécia“ a Scope, ¢o znamena, Ze pod ¢im bude
figurovat’ vytvarana simuldcia, u mna v Operation Root (Obr. 3).
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Obr. 4 Vytvaranie novej simulacie

Nastavime drahy pre U-profil az po vyklopku. Pri vyklopke vytvorime novl operaciu cez New
Device Operation. Zadame meno operdcie, Device, v naSom pripade inovacia konvert na
1part_1, Scope bude pracovisko 1. Dalej definujeme From pose (za¢iatoéna p6za) a koncovi
pozu To pose zadame ,,open®, ktoru sme si vytvorili uz skor v Pose Editore. Pri zdvihnutej
vyklopke znovu nastavime cestu U-profilu cez Path Editor tak, aby nam U-profil vysiel na
zdvihnuta vyklopku. Prvy U-profil zostane takto na vyklopke dovtedy, az kym do neho nenarazi
d’alsi a tym prevrati prvy profil do seba [9]. Po spojeni profilov sa vyklopka spusti nadol
a spojené U-profily zotrvacnou silou sa spustia po nadefinovanej drahe na odoberaci stol. Pri
odoberacom stole stoji na kazdej strane jeden pracovnik, ktory je pripraveny spolo¢ne uchopit’
a preniest’ spominané U-profily do balic¢ky (Obr. 5) [10].

Obr. 5 Uchopenie U-profilov pracovnikmi
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Po umiestneni U-profilov do bali¢ky je nutné, aby sme eSte zadali pracovnikom aj cestu spét’
cez Human, Walk Creator. Po zviazani celého stohu v balicke treba eSte nadefinovat’ cestu pre
vysokozdvizny vozik, ktory ho zoberie a a odnesie na dany sklad.

Simulicia a skuto¢nost’

V simulécii sme sa zamerali hned’ na dve nedostatky vo vyrobe a v skladovani. Vo vyrobe sme
zistili, Ze spominany stroj na ohybanie a rezanie U-profilov bol nevyuzity. Podl'a vypoctov nam
vyslo, Ze stroj pracoval len na 50%, ¢o znamenalo priemerne 35,4 sekundy na zabalenie jedného
stohu U-profilov. Tato skuto¢nost bola sposobena l'udskym faktorom, ked pracovnici
odoberajuci stohy na bali¢ku pri rychlejSom takte stroja nestihali odoberat’. Pre rieSenie tohto
problému, sme navrhli inovaciu vo forme vyklopky umiestneni na odoberacom stole.
Simulaciou vyrobného procesu sa zistilo usetrenie ¢asu 5,7 sekundy na jeden stoh. Prepocitanim
na jednu vyrobnu davku sa zistilo usetrenie ¢asu az 1:54 mintty. Touto inovaciou sme umoznili
zrychlit’ stroj az na 70%, pricom pracovnici stihali odoberat’ spominané stohy U-profilov
(Obr. 6).

SIEMENS
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s £t Vew Mocsing Knematcs Operations Wied fobotics CEE Human ook Hew -
(@ B e s [ 8 [

- o# > Eleaciancsalloarp soaaans
=i ic) D e BEIN S MR IR B D KR e R TR BRI b AR

-1 ]

1~

Object Tree | Logical Collections Tree

Operstion Tree.

FEER e

Obr. 6 Odoberaci stdl v skuto¢nosti a po inovacii
V skladovani sme zistili nespravne rozmiestnenie skladov, pretoze pracovnik na
vysokozdviznom voziku mal vel'ké problémy pri ukladani vyrobenych stohov, musel sa vel'a-
krat vytacat’ a otaat, aby ich spravne ulozil a taktiez pri hl'adani spravnych stohov pri
expedovani zésielok. Vyexpedovanie jednej vyrobnej davky trvalo 3:20 minuty. Tento problém
sme vyriesili lepSou orientaciou skladov, ¢o malo za nasledok skratenie ¢asu na vyexpedovanie
davky na ¢as 2:50.
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Zaver
Predkladana praca sa zaobera inovovanim vyrobnej linky a rozlozeniu skladov v podniku

pomocou simulaéného modulu Process Simulate od softvéru Tecnomatix. Zistili sme, ze dana
linka je vyuzita len na 50% svojej kapacity. Tato slaba vyuzite'nost’ znamenala, ze pri zvySeni
objednavok profilov vyrabanych na danej linke (nakolko nebolo mozné vyrabat’ rychlejsSie)
sposobilo nutnost’ zaviest’ nad¢asy a pracovné zmeny cez vikendy. Preto bolo nutné zrychlit
vyrobu prostrednictvom inovacie linky vo forme vyklopky na odoberacom stole. Po
odsimulovani vyrobného procesu sa zistilo navySenie vyrobnej kapacity o 20% bez navySenia
poctu pracovnikov, ¢i zaktipenia novych strojov [11].

Dalsim rieSenym problémom bolo rozlozenie skladov. Pri pozorovani orientacieschopnosti
pracovnikov v sklade sa zistili vel'ké prestoje pracovnika na vysokozdviznom voziku pri
hl'adani objednavok pri ich expedicii odberatelom. Po zmene orientacie uloZenia sa €as na
vyexpedovanie jednej vyrobnej davky skratil o pél minuty.

Na zaver mdzeme naS vyskum vyhodnotit ako Uspe$Sny nakolko boli splnené firemné
poziadavky a rovnako aj naSe vytycené ciele. TaktieZ tito inovacia sa nachadza v skuSobnej
faze v danom podniku [12].
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3D SKENOVANIE VECKYCH VYROBNYCH HAL
Peter TREBUNA — Marek MIZERAK — Stefan KRAL — Jozef TROJAN

Abstract This paper discusses the capabilities of modern businesses to create 3D models of
existing industrial halls. In the modern industry, a digital factory is based on the application of
modern technologies that enable the digital form of various elements of the company. A digital
factory is the application of elements such as 3D scanning to produce output called. “Digital
twin of the company”, which is used in practice as a basis for optimization of material flow
simulations in the company, virtual training and last but not least for the introduction of
"paperless production”.

Abstrakt Tento prispevok sa venuje schopnostiam modernych podnikov v otdzke vytvarania
3D modelov existujucich priemyselnych hél. V modernom priemysle je digitdlny podnik
zalozenym na aplikacii modernych technolégii, ktoré umoznuju ziskavanie digitalnej podoby
roznych prvkov podniku. Digitalny podnik je aplikaciou prvkov napriklad aj 3D skenovania
pre vytvorenie vystupu tzv. ,,digitalnecho modelu konkrétnej vyrobnej haly*, ktoré je vyuzivané
v praxi ako podklad pre optimalizaciu simuldcii materidlovych tokov v podniku, virtudlne
tréningy a V neposlednej rade pre zavadzanie tzv. ,,bezpapierovej vyroby.

Keywords: 3D scanner, 3D scanning, digitalization, laser scanning.
Kruadové slova: 3D skener, 3D skenovanie, digitalizcia, laserové skenovanie.

Uvod

Digitalizacia sa v dnesnej dobe stala nepostradatelnym odvetvim réznych oblasti priemyslu. Ci
uz ide o strojarsky alebo stavbarsky priemysel. Digitalizacia je taktiez délezitou sucastou
mediciny, umenia ale aj herné¢ho a filmového priemyslu. Postupom ¢asu sa vyvoj pocitacove;j
techniky dostal do tirovne, ktord umoznila zavedenie 3D skenovania do oblasti priemyslu, ktoré
nasledne poskytovalo skvalitnenie a zrychlenie prace inzinierom. Taktiez rozvoj oblasti
reverzného inzinierstva, ktoré je mozné povazovat’ za jeden zo zasadnych pilierov konceptu
Industry 4.0..

Zakladnou myslienkou koncepcie Digitalneho podniku je vytvaranie digitdlnych modelov.
Modely moézu byt rdozneho charakteru, ako priklad sa moZuj uviest' rozne realne vyrobky,
vyrobné linky ahaly. Taktiez sa mozZe jednat o komponenty rozmanitych druhov. 3D
skenovanie sa vyznacuje rychlou apresnou metdodou vytvarania 3D modelov objektov
a roznych velkych priestorov. Tuto technoldgiu 3D skenovanie vyuZiva mnozstvo Digitalnych
podnikov réznych spolo¢nosti, kde sa vyuziva 3D skenovanie na digitalizaciu vyrobnych liniek
a taktiez na digitalizaciu vyrobnych hal.

3D skenovanie vel’kych vyrobnych hal

Laserové skenovanie je v sti€asnosti najefektivnejSia metoda priestorového merania a naslednej
tvorby priestorovych modelov (3D) z nameranych tudajov. Zasadnym rozdielom, ktory ho
odliSuje od klasickych laserovych dialkomerov, spociva v mnozstve zameranych bodov za
relativne kratky okamih. Laserovy skener zameria v zornom poli tzv. ,,mra¢no bodov*. Je to
V podstate mriezka bodov (raster), ktory ma pravidelné uhlové rozostupy.
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3D digitalizacia ndm reprezentuje proces transformacie redlneho objektu do virtualnej podoby.
Tento proces sa realizuje vyuzivanim 3D skenerov, ktorych vysledkom je mra¢no bodov (Point
cloud). Toto mracno bodov nam predstavuje geometrickii podobu skiimaného objektu vo
virtualnej forme.

3D skener, ktory pracuje na vytvoreni mracna bodov, vo svojej podstate vlastne vykresl'uje
vzdialenosti jednotlivych bodov objektu od polohy skenera. Pre lepsiu predstavu, kompletny
model ndm netvori len jeden sken. Je potrebné viacero skenov ato z rdznych pozicii. Po
zoskenovani objektu nasleduje programova uprava, ktora tieto skeny zjednoti a vytvori
kompletny model mracien.

Obr. 1 Skenovacie zariadenie Leica P30 pri skenovani strechy vyrobnej haly

V dne$nej modernej dobe je mozné vytvarat 3D modely vyrobnych hal prostrednictvom
roznych CAD systémov. AvSak vhodnost’ jednotlivych softvérov je priamo definovana
poziadavkami, ktoré od daného modelu ofakavame. Na ziklade stanovenych poZziadaviek
pristipime taktiez aj k vhodnému spdsobu zberu dat. V pripade existujucej haly je
najvhodnejsia alternativa 3D skenovanie pre vytvorenie presného 3D modelu danej haly.
V takomto pripade sluzi mracno bodov ako podklad pre modelovanie v 3D softvéroch.

Vyhodou 3D skenovania je ta, Ze zachyti vSetky existujuce prvky nachadzajicej sa v hale, aj
takych ktoré nie su zachytené v ziadnej projektovej dokumentacii. V pripade starSich objektov
sa vyskytuje Casty problém aj s chybajicou vykresovou dokumentaciou a v takomto pripade je
3D skenovanie jeden znajvhodnejSich a najpresnejSich alternativ pre ziskanie obrazu

179



Trendy a inovativne pristupy v podnikovych procesoch ,,2019%, ro¢. 22 (_
Trends and Innovative Approaches in Business Processes “2019”, Vol. 22 .- T I A B P

0 skutocnych rozmeroch jednotlivych konstrukcii a rozvodov oproti pracnému ziskavaniu
podkladov pomocou réznych meracich zariadeni [2].

Vysledkom takéhoto procesu je 3D model objektu, ktory pri vybere spravneho 3D BIM
softvéru méze d’alej sluzit’ na spravu dané¢ho objektu, nakolko prostredie BIM poskytuje
uzivatelovi vSetky potrebné informacie pre spravu budov. Jednou z nepopieratel'nych vyhod
takéhoto 3D modelu v prostredi BIM je v stcasnosti aj moznost 3D prehliadky objektu
pomocou funkcie virtualna prehliadka.

Tvorba 3D modelov DMU (Digital Mock Up) réznych rozmernejSich objektov je v dnesnej
dobe spojovacim elementom medzi realitou a virtualnou realitou.

Obe je mozné vytvarat’ 3D modely vyrobnych hal prostrednictvom réznych CAD systémov.
Avsak toto rieSenie je vhodné len v pripade, ak dana hala eSte realne neexistuje. V pripade, ak
je vyrobna hala uz postavend, do uvahy ako najlepsia alternativa pripada vytvorenie modelu
s vyuzitim technologii Reverse Engineering vyuzitim 3D laserového skenovania [2].

Postup digitalizacie vel’kych objektov

- zZdbévodu vysokej presnosti 3D modelu musia byt najskor vo vyrobnej hale
rozmiestnené trvalé pevné Stitky, od ktorych su odvodené vsetky ostatné rozmery
Vv hale,

- v d’alSom postupe je nutné vyznacit' referencné body pre 3D laserové skenovanie,

- ziskanie udajov o digitalizovanom objekte prostrednictvom reverzného inzinierstva.
Jeho zékladom je pocitacovy model objektu DMU, ktory sa ziskava 3D skenovanim
realnych, existujicich objektov. Reverzné inzinierstvo umoziluje ziskanie pocitacového
modelu realneho objektu, ku ktorému nie je dostupna vykresova dokumentacia.

- Vv pripade rozsiahlych objektov alebo objektov, ktoré sa budu digitalizovat’ na etapy, je
vhodné vytvorit’ vlastny podporny suradnicovy systém daného objektu pre umoznenie
napojenia skenov pri nasledujucich etapach digitalizacie ¢o znamena Ze sa pouZije taky
stradnicovy systém, ktory umozZni prepojenie skenovania z roznych casti objektu do
jedného projektu. Napriklad v pripade firmy Schaeftler bol vymysleny systém pevnych
ter¢ov umiestnenych na nosnych castiach budovy tak, aby sa zabranilo ich pohybu,
respektive posunutiu. Po umiestneni tychto terCov sa pristupilo k ich zameraniu do
jedného projektu. Vd’aka tymto terCom je mozné spdjat’ rozne - aj ¢iastkové skeny do
jedného mrac¢na celého objektu, ktoré je nasledne vyuzité pre modelovanie objektu,

- nasledne sa pristiipi k modelovaniu vo vhodnom 3D CAD systéme,

- vytvoreny 3D model je nasledne zapracovany do digitilneho modelu digitalneho
podniku, podl'a zvyklosti jednotlivych spolo¢nosti,

- 3D laserové skenovanie je vyuzité pre potreby tvorby 3D digitdlneho modelu uz
existujucej vyrobnej dispozicie alebo pri analyze statickych konStrukcii. Do
vytvoreného 3D digitdlneho modelu vyrobnej haly je transferovany 3D digitalny model
vyrobného systému z prostredia digitdlneho podniku .

Hlavné problémy pri digitalizacii velkych objektov

- sucasne pristupy rieSia prioritne 3D digitdlne modely hal, problematike vytvérania
DMU zariadeni a strojov nie je venovana pozornost, a vzhladom na tento fakt
ziskavanie dat a tvorba 3D modelov v kone¢nom désledku neprinasa ziadnu pridavnu
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hodnotu okrem vizualneho zobrazenia haly, a vo svetle tohto faktu sa javi cely proces
ako nédkladny a pracny,

- DMU zariadeni a strojov ziskané od ich navrhérov je potrebné zjednodusit’, aby ich bolo
mozné vyuzit v DMU hal,

- mnohé DMU existujucich velkych objektov vznikali roz§irenim 2D modelov
(vytiahnutie 2D modelu v CAD systéme). Tieto rieSenia nezarucuji pozadovant
presnost’ (odchylky viac ako 10 cm), priCom pri skenovani sa jednd o maximalne
odchylky v milimetroch,

- neexistuje metodika a nie st ani popisané pristupy k integracii DMU zariadeni, DMU
budov a nadvézne tvorba FMU (Factory Mock Up),

- doposial’ nebol vyvinuty postup pre cyklicku aktualizaciu existujiicich DMU (cyklické
skenovanie a automaticka identifikacia a porovnavanie zmien),

- neexistuju ziadne zavizne predpisy, ktoré by projektantom novych objektov prikazovali
sucasne vytvorit' aj prisluSny DMU a po skuto¢nom vyhotoveni stavby skenovanim
overit’ mieru zhody realneho objektu s DMU.
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Obr. 1 Vyvojovy diagram postupu skenovania
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Zaver

Technoldgia 3D halového skenovania je v dnesnej dobe neodmysliteI'nou sucast'ou reverzného
inzinierstva. V sucasnosti sa tato technoldgia rozmaha po vSetkych podnikoch z dévodu jej
efektivnosti a taktiez pohl'adu na jej ekonomické hl'adisko. Svoje uplatnenie nenachédza len
Vv strojarskom alebo stavbarskom priemysle ale aj v mnohych inych odvetviach ako
v archeologii, zabavnom priemysle v pravnej sfére a podobne.

Z dovodu skracovania ,,Time to market* je nevyhnutné orientovat’ sa v uvedenej oblasti, coho
jasnym dokazom je aj zavadzanie 3D halovych skenerov do beznej priemyselnej praxe
z dovodu vytvarania digitalnej odtlackov existujucich tovarenskych priestorov a lay-outov ale
zérovenl aj moznosti komparovat' existujice pracoviska s moznostou optimalizacie
materidlového toku, medziskladov rozpracovanej vyroby a koncipovania novych kreativnejsich
rieSeni projektovania vyrobnych zavodov budicnosti.
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PRIEMYSELNE INOVACIE V KONCEPTE INDUSTRY 4.0

Peter Trebuna, Marek Kliment, Jan KOPEC

Abstract: The main purpose of this article is to show the innovations in the world of
technology, in the shape of the 4th Industrial Revolution. The article deals with the description
of Industry 4.0, characteristics of the key innovation elements in regards to Industry 4.0,
principles and the contributions of the fourth industrial revolution to the industry, and
consecutive integration of the innovative elements into factories.

Abstrakt: Hlavnou myslienkou tohto ¢lanku je poukdzat' na inovacie vo svete techniky v
podobe Stvrtej priemyselnej revolucie. Zaobera sa popisom Priemyslu 4.0, charakteristikou
kl'acovych inovaénych prvkov v koncepte Priemyslu 4.0, principom a prinosom Stvrtej
priemyselnej revolucie pre priemysel a naslednou integraciou inova¢nych prvkov vo vyrobnych
zavodoch.

Keywords: Industry 4.0, Smart factory, Cyber-physical systems, Information and
communication technology, Cyber-physical production systems, Internet of Things

KPiacové slova: Priemysel 4.0, Inteligentny podnik, Kkyberneticko-fyzikalne systémy,
informaéné a komunikac¢ne technologie, kyberneticko-fyzikalne vyrobné systémy, internet veci

Uvod

V dnesnej dobe narasta stale viac a viac technologickych zlepseni, ktoré pomahaji podnikom
produkovat’ vyssie zisky a zjednoduSovat proces vyroby. Hlavnou vyzvou pre podniky sa stala
digitalna revolucia. Jej principom je komunikacia strojov medzi sebou za pomaoci internetovej
siete. Stroje tym padom nahradia pracovnikov a vyroba sa stane plynulejSia a bezchybnejsia.
Stroje pomocou internetu budu mat pristup k databazam a poznatkom o materialoch,
technoldgiach a pracovnom postupe.

Hlavnou vyhodou pouzitia priemyselnych inovacii v koncepte “Industry 4.0” je zabezpecit
efektivnejSiu, Cistejsiu, plynulejSiu vyrobu. Pracovnici sa z vyrobného procesu tiplne nevytratia.
Nebudu uz priamo potrebni pri procese vyroby ale budi vykonavat’ kontrolné ¢innosti a vkladat’
informacie do databaz.

Koncept “Industry 4.0” prinadSa optimalnejSie zameranie sa na potreby zdkaznika. Dnesni
spotrebitelia poZaduju od firiem kusovo vyrabané vyrobky a poskytované sluzby. Inteligentné
priemyselné stroje umoZnia vyrabat kusové a dokonalejSie vyrobky bez navySenia nékladov.
Praca na vyrobnych linkach vd’aka inteligetnym robotom bude zusl'acht’ovana a humanizovana.

Princip konceptu “Industry 4.0”
“Industry 4.0” zahriiuje mnozstvo pokrokovych technologickych zmien v objeme vyroby,

ktorych hlavnym cielom je udrzanie konkurencieschopnosti podniku a zaroven aj zlepsSenie
daného priemyslu. Predstavuje zapojenie a organizéciu vyrobnych procesov na zdklade
vzéjomne] komunikdcie medzi strojmi, ndstrojmi a zamestnancami podniku. Podstatou a
cielom celého konceptu je funkéné prepojenie jednotlivych Casti podniku a vytvorenie tzv.
“SMART FACTORY?, kde budu pocitacové systémy viest’ proces vyroby, sledovat’ fyzikalne
procesy, riadit’ tvorbu virtudlneho modelu vyrobku a autdmne riadenie organizacie vyroby.

Samotny koncept “Industry 4.0” a jeho funkcnost” a spol'ahlivost’ zavisi na efektivnom vyuziti
CPS (kyberneticko-fyzikalnych systémov, angl. Cyber-physical systems), ktoré su zamerané na
vytvorenie inteligentnych vyrobnych komponentov, inteligentnych objektov a novych
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vyrobnych procesov. V budicnosti bude potrebné aby podniky ¢o najefektivnejsie reagovali na
rychlejsi vyvoj, t.j. pruznl vyrobu v zlozitom prostredi. Napoméhat’ v progrese podniku budu
tiez CPPS (kyberneticko-fyzikdlne vyrobné systémy, angl. Cyber-physical production
systems), spojenie IKT (informacné a komunikacne technoldgie, angl. Information and
communication technology), lIoT( internet veci, angl. Internet of Things) a IoS (internet sluzieb,
angl. Internet of Services) (Obr.1).

vedie k

KOMUNIKACIA PLATFORMA CPS b INTERNET VECI A SLUZIEB

MEDZI STROJMI

I bezdrétovd komunikdcia ] vznika
. HORIZONTALNA podpora KONEENA
INTELIGENTNE STROJE . )
INTEGRACIA INTEGRACIA
II komunikdcia s ' ] Jje zdkladom podpora ]
INTELIGENTNY INTELIGENTNA prebieha VERTIKALNA
PRODUKT TOVARER v ramei INTEGRACIA

sa vyrdba v

Obr.1 Prepojenie ¢asti ,,Industry 4.0

Hlavné prvky konceptu “Industry 4.0”
“Industry 4.0” m6zme vnimat’ vo vertikdlnom a horizontdlnom smere.
Vertikalna integracia predstavuje stipajicu vymenu informacii a koordinaciu medzi r6znymi
odvetviami v ramci podniku. Do vertikéalnej integracie patri:
- sluzby exponované pre urcité Casti podniku
- sluzby, ktoré je CPS schopné rozpoznat
- vybavenie a riadenie integracie
- planovanie urcené pre odliSné systémy

Horizontélna integracia zahriiuje uzko spéta spolupracu vacsieho mnozstva podnikov, ktoré
zdiel'aji rovnaké hodnoty. Su€ast’ou horizontélnej integracie st:
- prehlad vyuZivania materialu
- servisné upozornenia
- prepojenie medzi MES (vyrobny vykonavaci system, angl. Manufacturing executing
system) a MOS (vyrobny operaény system, angl. Manufacturing operating system)

Medzi hlavné znaky konceptu “Industry 4.0 patria:

- decentralizacia, funkcia kybernetickych systémov rozhodovat’ a vyrabat priamo na
mieste vd’aka technoldgiam ako je 3D tlac.

- analyza dat, ktora sa vykonava okamzite

- modularita, ¢o predstavuje prispdsobenie inteligentnych tovarni na zmenu poziadaviek

- virtualizacia, vytvorenie digitadlnej kopie inteligentného podniku a prepojenie udajov
prijatych zo senzorov. Prinosom je pristup k informéaciam z akejkol'vek lokality na
svete.
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- kybernetické systémy, ktoré predstavuju prepojenost’ strojov, inteligentnych sucasti a
¢loveka za ucelom vzajomnej komunikécie.

Aby bol koncept vyuzity naplno, musi byt zabezpecené bezchybné prepojenie medzi
Clovekom a strojom. Na zvladnutie tejto poziadavky pre podniky sa pouzivaju
kyberneticko-fyzikalne systémy, vstavané systémy, snimace, ovladace a softvér (Obr 2.).

clovek systémy
I ludské rozhranie I pripojenie k inym systémom

I softver I

elektronicky hardvér

snimacdce a ovladace

vstavany systém

% kyberneticko-fyzikdlne systémy

Obr.2 Interakcia P'udi a strojov prestrednictvom procesu CPS

Ekonomicky potencial konceptu “Industry 4.0”

Velmi délezitym faktorom, na ktory podnik nesmie zabudat' je spifanie individualnych
podmienok zdkaznika. Podnik aby bol konkurencieschopny musi byt flexibilny, cize
pripraveny na nasledné zmeny, ¢i uz sa jedna o poskytnuté sluzby zdkaznikom alebo zmeny
priamo v pracovnom procese. Rozhodovacia ¢innost’ podniku musi byt’ optimalizovana a vel'mi
dolezité je taktiez vytvaranie prileZitosti na ziskanie hodnoty podniku prostrednictvom novych
ponukanych sluzieb. Po vykonani zmien sa musi rychlo a presne reagovat’ na zmeny na
pracoviskach, aby bol pracovny proces U¢inny.

Dané parametre maju zasluhu na potencidlnom zvySovani ndkladov podniku. Vykonané zmeny
a optimalizdcia maju vel’ky vplyv na mzdové naklady, kapitalové néklady a ndklady na energie.
Narast produktivity sa neocCakdva len v strojarskom priemysle, ale aj chemickom,
automobilovom priemysle, pri dodavkach elektrickej energie, pol'nohospodérstve a lesnictve a
v oblasti IKT (Obr.3).
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Obr.3 Vzostupny ekonomicky potencial pre urcité odvetvia

Zaver

Koncept “Industry 4.0” je velkym prinosom pre priemysel. Funkéné prepojenie prvkov
automatizacie a digitalizacie podniku vytvaraju financné zisky a nésledne je zvySovand aj
kvalita vyrobkov a poskytovanych sluzieb. Je potrebné adekvétne zvazit mnozstvo
vyuzivanych inovécii konceptu “Industry 4.0” k objemu vyroby. V dnesnej dobe je uz skoro
samozrejmost’, ze prebieha vymena informacii medzi strojmi a robotami. Zavedenim konceptu
“Industry 4.0” do podniku sa odstranit’ tazka a zivotu nebezpecna praca, ktorti pred tym museli
vykonavat l'udia, pretoze uz bude vykonavana pomocou strojov.

Strvta priemyselna revolicia je velkou prileZitostou pre vietky podniky, ¢i uZ sa jedna o maly,
stredny alebo velky podnik, pretoze podniky zvysia konkurencieschopnost' a taktiez aj
ziskovost’.

Digitalizacia, ktord je najviac spdjand hlavne s digitdlnym dvojatom umoziuje lepSie
zameranie sa na potreby a poziadavky zakaznika, ¢o vedie k vysSej spokojnosti zdkaznikov.
Koncept “Industry 4.0” prinasa prehl'ad do vyroby, pretoze autonoémne stroje budu vediet, ¢o
je nutné vykonat’, vyrabany diel bude niest’ informacie ¢o sa na iom uz urobilo a ¢o sa ma eSte
vykonat’. Procesy vo vyrobnych podnikoch budi digitalizované a automatizacia bude uréovat’
smer v podniku.
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