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Intro

Mili Studenti,

v akademickom roku 2012/2013 prebieha vyucba na Technickej fakulte
Slovenskej polnohospodarskej univerzite na 7 akreditovanych bakalarskych
Studijnych programoch. Dva z nich su v odbore Kvalita produkcie, 1 v odbore
PoInohospodarska a lesnicka technika, 3 v odbore Vyrobna technika a 1 v odbore
Dopravné stroje a zariadenia. Po ich absolvovani moézu Studenti pokracovat
v 6 inzinierskych Studijnych programoch. Fakulta ma pre tych, ktori chcu
pokracovat vo vedeckej praci, akreditované 3 doktorandské Studijné programy.
Zakladnym a prvym predpokladom pre pokracovanie v doktorandskom Studiu je
vedecka c¢innost Studentov. Tato patri medzi doélezité formy samostatnej prace
Studentov a vytvara priestor pre individualnu pracu ucitela so Studentmi,
umoznuje osvojovanie si navykov a schopnosti pre experimentalnu c¢innost
a v konec¢nej miere prispieva k odbornej profilacii Studentov. Na nasej fakulte su
vytvorené vhodné podmienky pre vedecku cinnost Studentov, ktora sa zacina
aktivne presadzovat aj vo vymene Studentov medzi spolupracujucimi
zahrani¢cnymi univerzitami a inStitciami.

Aktivna ucast Studenta na vedeckej konferencii je vhodnou prilezitostou
spoznat aj pracu svojich kolegov, oboznamit sa s inymi okruhmi rieSenych
vedeckych problémov, priucit sa umeniu vystupovat, prezentovat a obhajit svoje
nazory na verejnosti. Ved okrem kvality a rozsahu vedomosti je nesmierne
dolezité, najma pri hladani buduceho uplatnenia na trhu prace, vzbudit pri
komunikacii dobry dojem a doéveru.

Je potesSitelné, ze pocet sutaznych prac a hlavne zaujem Studentov
o vedecku c¢innost neklesa. Chcel by som ocenit aj pracu pedagogickych
pracovnikov nasSej fakulty, ktori sa Studentom v ramci pripravy na Studentsku
vedecku cinnost intenzivne venovali. Som rad, ze do rokovania v sekciach sa so
svojimi referatmi tento rok zapoja aj mladi ludia z partnerskych univerzit
a inStitacii z Belehradu (Srbsko), z Uzic (Srbsko), z G6dollé (Madarsko), Gyoru
(Madarsko), z Lvova (Ukrajina), z Ruse (Bulharsko), z Prahy, z Brna a z Ceskych
Budéjovic (Ceska republika), ako aj zo Zvolena (Slovenska republika).

Som presvedcCeny, ze po skonceni konferencie bude vo Vas prevladat dobry
pocit, ze vysledok vlastnej prace budete moéct zuzitkovat v dalSom Studiu a tiez
v praxi, do ktorej onedlho vykrocite.

Prajem Vam, aby pri prezentacii sutaznych prac vladla prijemna a tvoriva
atmosféra. Ocakavam, ze medzinarodna Studentska vedecka konferencia bude
mat svoje miesto na nasej fakulte aj v buducich rokoch.

prof. Ing. Zdenko Tka¢, PhD.
dekan TF SPU v Nitre
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ANALYZA SYSTEMU MERANIA PROSTREDNICTVOM
METODY OPAKOVATELNOSTI
A REPRODUKOVATELNOSTI
ANALYSISMETHODSFOR MEASURING SYSTEM
THROUGH REPEATABILITY AND REPRODUCIBILITY

DUSAN ADAMICKY - PAVOL KAPLIK — MAROS KORENKO

Abstract

Then to the organization to ensure a stable market position, which leads to success in
competition, must focus their attention on all of their production processes with respect to the
quality of its products supplied to its customers. Measurement parameter of the products, their
analysis and evaluation, is inherent to the production process in organizations around the
world. Whether the product meets the requirements of the customer depends on the observed
variance parameter of the product but also the variability of the measurement system itself.
The measurement plays a key role in scattering the monitored parameter of the product, so it
must be analyzed. Tool through which we can assess the accuracy and appropriateness of the
measurement system is called a measurement system analysis.

Keywords: measurement variability, product, process, repeatability, reproducibility

1 Uvod

V systtme merania existuje variabilita, ktord ovplyviluje namerané udaje
a rozhodnutia, ktoré sa na nich zakladaju tzn., Ze rozptyl sledovaného parametra vyrobku
modze byt spoésobeny bud’ samotnym vyrobkom ale aj systémom merania. Cielom analyzy
systému merania (MSA) je overit’ presnost’ systému merania pre vyrobné procesy, resp.
odhadnit’ ako sa systém merania podiela na celkovom rozptyle sledovaného parametra
vyrobku.

Nastroje kvality st aktivnou stcastou merania procesov pri uplatneni, rozvoji a
trvalom zlep3eni efektivity systému kvality (HRUBEC, J.- ZABAR, P. - PRISTAVKA, M. -
SKURKOVA, K., 2008; PRISTAVKA, M. a kol. 2011). Pri uplatneni, rozvoji a trvalom
zlepSeni efektivity systému kvality st aktivnou stcastou analyza spodsobilosti meradiel,
vyrobného zariadenia a spdsobilost’ procesu (PRISTAVKA, M., - HRUBEC, J., 2009).

Statistické metddy tvoria v technickej praxi doleZitd skupinu, do ktorej patri analyza
spbsobilosti meradiel, vyrobného zariadenia a spdsobilosti procesu. Tieto nastroje su aktivnou
stcastou merania procesov pri uplatneni, rozvoji a trvalom zlepSeni efektivity systému
kvality (PRISTAVKA, M., - HRUBEC, J., - SKURKOVA, K., 2008).

Pojem MSA — Analyza systému merania v sebe zahtiia nasledovné procesy: Overi sa,
¢i sa meria spravna veli¢ina a identifikuju sa vSetky kritické problémy, suvisiace s prostredim,
ktoré st vo vzajomnom vztahu s meranim. Stanovi sa, ktoré Statistické vlastnosti musi systém
merania vykazovat, aby bol prijatelny (KREDATUSOVA, M. - BUJNA, M. 2010).
K realizécii tohto stanovenia je dolezité vediet’, ako sa maju tidaje pouzivat, pretoze bez tejto

Bc. DuSan Adamicky, Ing. Pavol Kaplik, doc. Ing. Maro$ Korenko PhD, Katedra kvality a strojarskych
technolégii, Technicka fakulta Slovenska Pol'nohospodarska Univerzita v Nitre, Tr. A. Hlinku 2, 949 76 Nitra,
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informacie nie je mozné urdit’ Statistické vlastnosti. Meranie sa musi uskuto¢nit’ v nahodnom
poradi, aby sa zaistilo, ze akékol'vek zmeny, ktoré by sa mohli vyskytnut’, buda v merani
rozdelené ndhodne (HRUBEC, J - VIRCIKOVA, E. et al 2009).

2 Material a metédy
Meracie zariadenie
MITUTOYO - 543-681B - DIAL INDICATOR, DIGITAL, 12.7MM

Informacie o Meradle:

DIAL INDICATOR, DIGITAL, 12,7 mm
Rozsah merania Max: 12,7 mm
RozliSenie: 0,01 mm

Meracie sila max: 2N

SVHC: No SVHC (18-Jun-2012)
Presnost’: 0,02 mm

Presnost mm / palce: 0,02 mm
Promdcie: 0,01 mm

Meraci rozsah min: 0 mm

(technicky list organizacie MITUTOYO)

Obr.1 MITUTOYO - 543-681B
Fig. 1 MITUTOYO - 543-681B

Postup realizécie Studie zaloZenej na priemere a rozptyle je nasledovny:

1. zaistit vyber n>5 dielov, ktoré predstavuju skuto¢né alebo ocakavané rozmedzie
variability procesu,

2. oznacit’ operatorov ako A, B, C atd’. aocislovat’ diely 1 az n tak , aby operatori
nemohli tieto ¢isla vidiet’,



3. previest’ kalibraciu meradla , ak je to sucastou bezného postupu systému merania;
operator A zmeria n dielov v nahodnom poradi a zapiSe vysledky do riadku 1,

4. operator B a C, zmeraju rovnaky pocet dielov, bez toho aby si vzajomne ukazali
od¢itanie hodnoty, potom zapiSu vysledky do riadkov 6 a 11,

5. tento cyklus sa opakuje pri inom nahodnom poradi merania, data sa zapiSu do riadkov
2,7,12; data sa zaznamenaji do prislusného stipca, ak je napriklad prvym meranym
kusom diel 7, potom sa zaznamena vysledok do stipca s oznagenim diel 7, ak je nutné
previest’ tri merania, cyklus sa opakuje a data zapiSu do riadkov 3,8 a 13.

6. ak operatori pracuju vroznych zmenach, moze sa pouzit' alternativna metdda;
operator A zmeria vSetkych 10 dielov ahodnoty zapiSe do riadku 1, operator
A zopakuje meranie v odliSnom poradi a zapiSe vysledky do riadkov 2 a 3; to isté
prevedie operator B a C (MSA,2009).

Obr 2 Popis jednotlivych bodov na pripravu  Obr 3 Pripravok na upevnenie jednej krytky
Fig. 2 Description of items to prepare Fig. 3 Preparation for mounting one cap

Reprodukovatel’nost’

Reprodukovatel'nost’ je variabilita priemerov merani, zistend za nasledujucich
podmienok:

Konstrukéné veliciny:

meranie stale rovnakého objektu,
presne stanoveny postup merania,
variabilné veli¢iny:

rozne meracie zariadenia,
meranie na roznych miestach.

Pri posudzovani reprodukovatelnosti, mozno menit iba jednu variabilnu veli¢inu.
(Hrubec 2001)



Opakovatel’nost’

Opakovatel'nost’ je variabilita merania zistend za nasledujucich podmienok:
stale jedno meracie zariadenie,

stale rovnaky operator (obsluha),

meranie stale rovnakého objektu,

meranie opakovat’ v kratkych ¢asovych odstupoch,

presne stanoveny postup merania,

stale stanovisko (laboratérium, dielia). (Hrubec 2001)

Obr. 4 Reprodukovatelnost’ (Hrubec 2001)
Fig. 4 Reproducibility

Obr. 5 Opakovatel'nost’ (Hrubec 2001)
Fig. 5 Repeatability

3 Vydedky a diskusia
Vo vlastnej praci sme sa zamerali na Analyzu meracieho zariadenia vo vybranom

podniku. Analyzovali sme meracie zariadenie  MITUTOYO - 543-681B - DIAL
INDICATOR, DIGITAL, 12.7MM



Tab.1 List zberu dat
Tab.1 List of data collection

List zberu dat

Cislo vyrobku Dolna krytka l'ava predna A901 | Gage meno Datum
Charakteristika | 1A03 (01Y) CSE "Y’ Gage NO
Specifikacia | Th 02| Td -0,2 | Gage type
Odhad/ Cast’
Pokus 1 2 3 4 5 6 7 8 9 10 Priemer
1A 1 0,14 0,19 | 0,17 0,1 0,17 | 0,18 0,2 0,19 0,17 | 0,17
2 2 0,15 0,19 | 0,48 | 0,08 | 0,29 | 0,17 | 0,19 0,19 0,18 | 0,17
3 3
4 X 0,145 | 0,19 | 0,175] 0,09 | 0,18 | 0,175|0,295| 0,19 |0,175| 0,17 | Xa= 0,1685
5 R 0,01 0 0,01 | 0,02 | 0,02 | 0,01 | 0,01 0 0,01 0 [Ra= 0,009
6| B 1 0,15 0,19 | 0,47 | 0,09 | 0,48 | 0,19 0,2 0,17 0,16 | 0,17
7 2 0,16 0,2 0,17 | 0,09 | 0,18 | 0,19 0,2 0,17 0,17 | 0,18
8 3
9 X 0,155 |0,195| 0,17 | 0,09 | 0,18 | 0,19 | 0,2 0,17 10,165[0,175Xb= 0,169
10 R 0,01 0,01 0 0 0 0 0] 0 0,01 | 0,01 [Rb= 0,004
11| C 1 0,14 0,2 0,8 | 0,09 | 0,19 | 0,48 | 0,17 0,18 0,15 | 0,18
12 2 0,16 02 | 016 | 0,08 | 0,18 | 0,27 | 0,28 | 0,18 | 0,16 | 0,18
13 3
14 X 0,15 0,2 0,17 | 0,085|0,185 (0,475 0,175| 0,18 | 0,155 | 0,18 | Xc = 0,1655
15 R 0,02 0 0,02 | 0,01 | 0,01 | 0,01 | 0,01 0 0,01 0 Rc = 0,009
16 = 0,16767
0,15| 0,195| 0,172 | 0,088 0,182 0,18| 0,19 0,18 | 0,165| 0,175|Rp = 0,10667
17 [ Ra= 0009 ]+[ Rb= 0004 ]+[ Rc= 0009 ]/ 3 = 0,00733
18 [Max X = 0,169 ]-[MinX= 0,166 ]=Xpir Xowe=  0,0035
19 [UCLR=D4*R]= 3,27 * 0,007 0,02398
20 [LCLr=D3*R]= 0 * 0
21 [UCLx =X+ A2*R]= 0,168 + 0,007 * 1,88 0,18145
22 [LCLx =X - A2*R] = 0,168 - 0,007 * 1,88 0,15388




Obr. 2 Regula¢ny diagram pre priemer
Fig. 2 control chart for the average

Tab. 2 Protokol 0 opakovatel'nosti a reprodukovatel'nosti meradla
Tab. 2 Protocol on the repeatability and reproducibility of the instrument
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Z regulacného diagramu je zrejmé, Ze ziadna hodnota rozpitia nepresahuje hornt
regulacnti medzu, preto sme mohli prejst’ k d’alsim vypoétom, ktoré sme uviedli v protokole
0 opakovatel'nosti a reprodukovatelnosti. Hodnota opakovatelnosti ndim vysla EV=0,0056,
hodnota reprodukovatelnosti AV=0, kedZe pod odmocninou ndm vyslo zaporné Cdislo,
kombinované hodnota opakovatelnosti a reprodukovatel'nosti nam GRR=0,0056, variabilita
dielu PV=0,0393 a celkova variabilita TV=0,0397.

PoZadovana variabilita procesu (presnost’ sledovaného ukazovatela kvality) je
zadana dolnou toleran¢nou hranicou LSL a hornou toleran¢nou hranicou USL, preto s fiou
ratame v d’al$ich vypoctoch.

4 Zaver

Postupovali sme podla postupu, ktory udava referencnd prirucka MSA. VSetky
namerané hodnoty boli zapisané do listu pre zber dat a nasledne boli jednotlivé rozpétia
zobrazené v regulaénom diagrame pre rozpitia. Ziadne rozpitie nepresahovalo horn(
regulacni medzu. Opakovatel'nost a reprodukovatelnost’ je percentudlnym vyjadrenim
variability meracieho systému voci celkovej variabilite procesu resp. voci Sirke toleran¢niho
pola. Metoda dokaze rozlisit’ variabilitu sposobenti obsluhou a meracim pristrojom. Vysledna
percentudlna hodnota %GGR mam vysla 5,61% a pocet roznych kategorii ndc=10,¢ize
modzeme konStatovat’, Ze meraci systém je spdsobily pretoze je splnend podmienka GRR<
10% a ndc~5.
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Sdhrn

Nato aby si organizacia na trhu zaistila stabilné postavenie, ktoré vedie k Uspechu
v konkurenénom boji, musi svoju pozornost zamerat na vsetky svoje vyrobné procesy
sohladom na kvalitu svojich vyrobkov, ktoré doddva svojim zakaznikom. Meranie
parametrov vyrobkov, ich analyza a vyhodnotenie, patri k neodmyslitel'nej sti¢asti vyrobnych
procesov v organizéaciach na celom svete. To, &i vyrobok spifia poziadavky zakaznika zavisi
od celkového rozptylu sledovaného parametru vyrobku ale taktieZ ina variabilite systému
merania ako takého. Systém merania zohrava klI'aiCovi rolu na rozptyl sledovaného parametru
vyrobku, preto je nutné ho analyzovat. Nastroj ,prostrednictvom ktorého dokazeme
hodnotit’ presnost’ a vhodnost’ systému merania ,sa nazyva Analyzy systému merania
(MSA,2002).

Krucdové slova: meranie, variabilita, vyrobok, proces, opakovatelnost, reprodukovatel'nost’



EKONOMICKE POROVNANIE ZIVOTNOSTI NASTROJOV
PRI TVRDOM SUSTRUZENI OCELE S600 BOHLER
ECONOMICAL COMPARISON OF TOOL LIFE AT HARD
PART TURNING OF STEEL S600 BOHLER

MICHAL ADAMIK — ROBERT DRLICKA — MILAN MATUS

Abstract

In this paper is compared which one from chosen cutting materials can machine
material with 62HRC hardness with the best ratio prize:performance. Machined was tool
made from S600 BOHLER steel by a tree kinds of materials — cubic boron nitride, ceramics
and two different grades of carbide (all from Sandvik Coromant). Tool life was evaluated by
tool wear which influenced the ability of tool to do precise cut in given tolerances. The size of
tool wear was measured by digital microscope and special measuring software. For evaluation
of operation economics was used computer program Productivity Analyzer (from Sandvik
coromant). Results show that best ratio prize:performance has ceramics 670 and carbide grade
SMR SO5F.

Key words: hard part turning, economics of machining, tool wear

1 Uvod

Vyvoj v obrabani materialov v poslednych rokoch zaznamenal prudky posun vpred.
V stcéasnosti je trend nahradzat zdihavé a nerentabilné technolégie novymi, modernejsimi
a produktivnejSimi technologiami. Asi najtypickejSim prikladom je nahradenie brusenia
materidlov s vyssou tvrdostou (nad 45 HRC) produktivnejSou metddou — sustruzenim. Len
v nedavnej minulosti sustruzenie takto tvrdych materialov prakticky nebolo mozné alebo bolo
extrémne nakladné. Bolo to sposobené najmd nizkou vykonnostou a presnostou
strojov, nedostatkom alebo vysokou cenou reznych materialov schopnych obrabat’ takto tvrdé
stciastky. Zlom nastal pri rozvoji leteckého priemyslu a kozmonautiky. Objavili sa nové
druhy materialov ktoré bolo potrebné obrabat’ a v stvislosti s tym sa vyvijali aj moderné rezné
materidly. Ich cena vak bola v tej dobe vysoka a preto ich pouziteI'nost’ sa orientovala len na
Uzku Sk&lu operécii.

V poslednych rokoch vedci a vyskumnici dokazali vyvinut' efektivnejsie metody na
vyrobu  modernych reznych materialov ako su keramika, kubicky nitrid boru alebo
polykrystalicky diamant. Vdaka tomu sa stali dostupnymi prakticky pre kazdého, kto
potrebuje obrabat’ tvrdé alebo t'azko obrobite'né materialy. Nahradzanie brusenia sstruzenim
sa stalo zaujimavym aumoznilo aj menSim firmam, ktoré nemaju dostato¢né zdroje na
zakupenie brusok, presadit’ sa na trhu obrabania materialov s vysSou tvrdost’ou.

SustruZenie ako alternativa brisenia mdZe byt rychlejSie, presnejSie, vykonnejsie,
ekonomickejSie a v neposlednom rade aj ekologickejSie. Skratenie vyroby azniZenie
nékladov je dané najmd vynechanim pripravnych a dokoncovacich operacii, ako su
hrubovacie operécie vo vyZihanom stave, superfiniSovanie, lapovanie a po opracovani na

Bc. Michal Adamik; Ing. Robert Drlicka, IWE; Ing. Milan Matas. Slovenskd polnohospodarska univerzita
v Nitre, Technicka fakulta, Trieda Andreja Hlinku 2, 949 76 Nitra, Slovensko, Tel: +421 (37) 6415 489, +421

(37)6415 301), Fax: +421 (37) 7417003, 9



pozadovany rozmer aj opéatovné tepelné spracovanie na dosiahnutie pévodnych vlastnosti
obrobku. Ekologickost’ sustruzenia tvrdych materidlov sa prejavila najmi obrdbanim bez
pouzitia reznej kvapaliny a I'ah§im spracovanim odpadu pri vyrobe.

Cielom tejto prace je ekonomické porovnanie Zivotnosti nastrojov pri dokoncovacej
operacii povrchu — tvrdom sustruZeni nastroja na valcovanie z ocele S600 BOHLER.

Vplyv opotrebenia na presnost’ obrabania
Pri pozdlznom sustruzeni valcovych ploch vznika povrch suciastky ako je znazornené
na obrazku 1.

Obr. 1 Tvorba profilu povrchu pri pozdiZznom sustruzeni (AB Sandvik Coromant, 1994)
Fig. 1 Surface generation at side turning (AB Sandvik Coromant, 1994)

Hodnota Rmax — maximalna vySka profilu nerovnosti na povrchu obrobku sa da
teoreticky vypocitat’ podl'a rovnice 1:

— [um] (1)
Kde: f,— posuv na otacku, mm
r. - polomer hrotu nastroja, mm

Pri dokoncovacich operaciach je dolezita presnost’ obrabania. Pozadovana hodnota
presnosti je predpisand toleranénym polom pri jednotlivych povrchoch. Pri obrabani
materialov ale dochadza k opotrebovaniu reznej hrany atym zmene rozmerov rezného
nastroja — obrazok 2.

Obr. 2 Zmena rozmerov nastroja opotrebenim
Fig. 2 Change of dimensions of tool by a tool wear
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Z obrazka 2 je vidiet, ze medzi opotrebenim na chrbte (VB) arozmerovou odchylkou
vzhl'adom na velkost’ opotrebenia (A) pri negativnych nastrojoch je zavislost”:

— )
Kde: A -rozmerova odchylka vzhl'adom na vel'kost’ opotrebenia nastroja, mm
VB — opotrebenie na chrbte, mm

Zmena rozmerov nastroja sposobi zmenu rozmeru obrobku. Této zmena je vidiet’ na
obrazku 3.

dv

Obr. 3 Zavislost rozmerov obrobku od opotrebenia nastroja
Fig. 3 Dependency of workpiece’s dimesions from tool wear

Zavislost’ medzi opotrebenim nastroja a zmenou rozmeru suciastky sa da vyjadrit
nasledovne:

3)
Kde: d- poZadovany priemer, mm
dv — skutoény priemer (po obrobeni), mm
A — rozmerova odchylka vzhl'adom na velkost’ opotrebenia nastroja, mm

_Na obrazku 4 je znazorneny priebeh opotrebenia na chrbte v ¢ase podl'a Micietove;
a Cilikovej (2009) prostrednictvom charakteristickej krivky opotrebovania.

Ve

/

VE§ [mm]

>
II. t[min]

Obr. 4 Charakteristicka krivka opotrebovania (¢asovy priebeh opotrebovania)
Fig. 4 Wear characteristic curve (time course of wear)
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Pri vol'be nastrojov na dokoncovanie povrchov pri sustruzeni je najdolezitejsie urcit
vhodny polomer hrotu nastroja. Ten je zavisly na predpisanej maximalnej dovolenej drsnosti
povrchu. NajcastejSie sa tato hodnota predpisuje ako Ra. Medzi Ra, polomerom hrotu
nastroja a posuvom na otacku pri dokonéovacich operaciach existuje podobna teoreticka
zavislost’ ako pri Ryax:

— (4)
Kde: f,— posuv na otacku, mm
r. - polomer hrotu nastroja, mm

2 Material a metédy

Clanok opisuje dokon¢ovaciu operaciu vyroby valcovacicho nastroja. Nastroj je
vyrobeny z nastrojovej ocele na pracu za studena, katalégové oznacenie S600 BOHLER.
Podla normy STN EN 10027-1 (2006) je to ocel’ 1.3343 (19 830). Material bol tepelne
spracovany — zakaleny, na tvrdost’ 61-63 HRC s naslednym popustenim na zniZenie obsahu
zvyskoveho austenitu. Obsah legur a niektorych prvkov je v tabul’ke 1.

Tab. 1 Chemické zlozenie ocele S600
Tab. 1 Chemical composition of the steel S600

Prvok I\/I_in. M_ax.
obj. % | obj. %

uhlik 0,800 0,900
Mangén 0,450
Kremik 0,450
Fosfor 0,035
Sira 0,035
Chrém 3,800 4,600
Molybdén 4,500 5,500
Vanad 1,500 2.200
Volfrdm 5,500 7.000

Tvar suciastky popisuje vyrobny vykres, na obrazku 5 je pohl'ad spredu.

Obr. 5 Vyrobny vykres nastroja
Fig. 5 Manufacturing drawing of tool
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Clanok popisuje dokondovaciu operaciu valcovej plochy s ®60h8 a dizkou 110 mm.
Pre vyrobu bola stanovena tolerancia IT8, preto pre $60h8 je toleranéné pole v rozsahu (0; -
0,046). To znamend, Ze pripustny rozmer vyrobenej sti¢iastky sa pohybuje v rozmedzi:
- Omax = 60,00 mm
- Omin = 59,954 mm

Pridavok na opracovanie bol definovany vykresom na 0,2 mm na priemer d. Z toho
vyplyva hibka rezu pre nastroj a, = 0,123 mm. Ra = 1,2 um je hrani¢na drsnost’ povrchu,
aaby ju bolo mozné dosiahnut’ na celej dizke suciastky, stanovili sme ju pre podmienky
vyroby o 20% niZSiu, t.j. na hodnotu Ra = 0,96um.

Pre dosiahnutie maximalnej presnosti vyroby pri tvrdom sustruZeni je potrebna
maximalna tuhost’ sustavy stroj-nastroj-obrobok. Pouzity stroj SU18 je sice starSi a nie sice
bezne pouzivany pri tvrdom sustruzeni, ale kedZe je pravidelne pouzivany vo vyrobe
a pravidelne servisovany, da sa predpokladat’ jeho dostato¢na tuhost’. Obrobok bol upnuty
v skl'u¢ovadle stroma celustami a podoprety konikom v strediacom otvore. Tym sa
zabezpecila maximalna tuhost’ upnutia obrobku.

Drziak néastroja bol pouzity od firmy Sandvik Coromant, oznafenie DCLNR
2020M12, v noZovej hlave bol uloZeny do osi pomocou podloZky s hrabkou 3,5 mm,
vyloZenie bolo stanovené na 1,5D = 30 mm. DrZiak je negativny, s uhlom sklonu -6°.

Rezné nastroje boli zvolené podla katalogu nastrojov pre sustruzenie firmy Sandvik
Coromant. Zoznam vybranych typov nastrojov je v tabulke 2.

Tab. 2 Rezné néstroje
Tab. 2 Cutting tools

Material . Rezna Otacky | Posuv na
nstroja Oznacenie Cenalks (€) r}'/chlogt’ YC’ vretgnal otacku
m.min’ n, min’ fn, mm
Keramika 670 CNGN 120408 26,70 115 560 0,1
T01020
KNB 7050 CNGA 120408 124 115 560 0,1
T01020AWG
Spekany karbid | CNMG 120412- 9,65 25 140 0,1
3205 KR
Spekany karbid | CNMG 120412- 10,10 25 140 0,1
SO5F SMR

Kritérium opotrebenia nastroja
PretoZe zameranie prace je na opotrebenie nastrojov, bolo zvolene ako Kritérium
vymeny nastroja kritické opotrebenie na chrbte (VBy), ktoré spdsobi zmenu rozmeru néstroja
0 odchylku A a tym zmenu rozmeru opracovanej suciastky.
Maximalna pripustnd rozmerova odchylka nastroja 4max sa vypocitala z toleran¢ného
pol'a daného vyrobnym vykresom:

Kde:

dmax — maximalny pripustny rozmer dany predpisanou toleranciou, mm

dmin — minimalny pripustny rozmer dany predpisanou toleranciou, mm

(%)
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Po dosadeni dmax @ dimin do rovnice 6:
mm @)

Hodnota Amax = 0,023 je maximalna pripustna velkost' rozmerovej odchylky pri
opotrebeni nastroja, kedy dokaze obrabat’ v pozadovanej tolerancii. Pre bezpecnost’ procesu
sme ur€ili hodnotu Ayex na 0,02 mm, ¢ize maximalna velkost’ opotrebenia na chrbte (VBy) —
limitn& hranica, po dosadeni do upravenej rovnice 2 bude:

mm (8)

Velkost’ opotrebenia reznej hrany sa urcovala pomocou digitdlneho mikroskopu
s funkciou merania znacky VEHO so softvérom MicroCapture. Ako porovnavaci etalon na
ur¢enie druhu opotrebenia sa vyuzil plagat s opotrebenim reznych hran od firmy BBCTools.

Podl'a stanovenych reznych podmienok adizky &asov obrabania sa vyhodnotila
ekonomickost’ pouzitia jednotlivych materialov pomocou programu Productivity Analyzer od
firmy Sandvik Coromant. Ziskané grafy a ¢iselné hodnoty poskytli odpoved’ na otazku, ktory
rezny materidl je najekonomickejSie pouzit' pri obrabani suciastky na danom stroji. Do
programu sa zadali rezné podmienky pre kazdy rezny material samostatne spolu s hodinovou
sadzbou stroja. Vystupom z programu su grafy, v ktorych je porovnana cena za opracovanie
suciastky pre jednotlivé rezné nastroje.

3 Vysdedky a diskusia

Porovnavacie rezy preukazali, ze vol'ba reznych materialov bola spravna. Nevhodne
zvoleny bol len spekany karbid CNMG 120412 — KR3205 aj ked’ je odporuceny ako
alternativa na obrabanie tvrdych materialov. Nedokazal dokoncit’ ani jeden obrobok a uz bol
opotrebovany. Opotrebovanie sa prejavilo tak, ze vznikla kuzelovitost’ 1:500 na obrobku na
poslednych 25 mm dizky.

Ostatné nastroje — keramika, KNB a spekany karbid SMR SO5F (tento spekany karbid
nie je odporuceny na obrabanie tvrdych materialov, ale vychadzali sme z predpokladu, ze ak
pri obrdbani HRSA materialov vznikd vysoka teplota v mieste rezu a povrchova vrstva sa
moze spevnit’, tak sa bude pozitivne spravat’ aj v tvrdych materidloch) preukézali dobré rezné
vlastnosti, pokial’ sa neobjavilo opotrebenie na reznej hrane (VB) blizke stanovenej hodnote
VBk = 0,19 mm.

Dosiahnuté vysledky opracovania a hodnoty opotrebeni su uvedené v tabulke 3.
Priklad merania hodnoty opotrebenia chrbta (\VB) je na obrazku 6.

Tab. 3 Vysledky opracovania stciastok
Tab. 3 Results of machining of workpieces

Pocet opracovanych | Hodnota opotrebenia Cas obrabania
Material nastroja obrobkov na chrbte jedneho obrobku
ks VB, mm t, min
Keramika 670 3 0,18 2
KNB 7050 3 0,17 2
Spekany karbid 3205 1 0,25 7,9
Spekany karbid SO5F 1 0,20 7,9
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Obr. 6 Meranie opotrebenia na chrbte (VB)
Fig. 6 Measurement of flank wear (VB)

Vyhodnotenie ekonomiky obrabania ré6znymi druhmi reznych materialov pomocou
programu Productivity Analyzer je zndzornena grafmi na obrazkoch 7, 8 a 9.
Legenda ku grafom:
- gervena — néklady na nastroj,
- zelena — néklady na vymenu néstrojov,
- modra — naklady na prevadzku stroja.

Pri hodinovej sadzbe za stroj 0€ vysli ndklady na nastroj pri opracovani jednej
stciastky. Z obrazka 6 je vidiet, ze najdrahSie je opracovavat’ suciastku nastrojom z KNB —
cena opracovania by bola tesne nad 10€. To je sp6sobené vysokou cenou za jeden platok. Pri
pohlade na keramiku (670) a spekané karbidy (3205, SO5F) nie je vidiet’ skoro ziadny rozdiel.
Cena za opracovanie mierne prekrocila 2€.

Cost per component

1000

g0 —

4,00

200 —

00
&7 CBN X5 S05F

Obr. 7 Porovnanie nakladov na opracovanie jedného obrobku — hodinova sadzba stroja 0€
Fig. 7 Comparison of cost per component — hourly rate of machine 0€

Pri hodinovej sadzbe 15€ na stroj bolo stdle najdrahSie opracovavat suciastku
nastrojom z KNB - takmer 11€. AvSak rozdiel nastal pri pouZiti reznej keramiky — cena
opracovania oproti spekanym karbidom uZ je niZSia. Z grafu na obrézku 7 by pre keramiku
opracovanie suciastky stalo 3€, s pouzitim spekanych karbidov by sa cena pohybovala okolo
5€ na suciastku. Pri spekanych karbidoch sa objavili aj naklady spojené s vymenou reznych
nastrojov a prevadzkové néklady stroja boli 3-krat vysSie v porovnani s KNB a keramikou.
Néklady na prevadzku stroja pri spekanych karbidoch sa tiez neporovnatelne vysSie, pretoze
rezné rychlosti vhodné pre ich aplikaciu su v porovnani s keramikou alebo KNB takmer 4-
krat nizsie, o sposobilo dlhsi Cas opracovania suciastky.

15



Cosl per componant

10,00

g0 —

EUR

B0 —

4,00 —

200 -

0,00
L CBN X5 S05F

Obr. 8 Porovnanie nakladov na opracovanie jedného obrobku — hodinové sadzba stroja 15€
Fig. 8 Comparison of cost per component — hourly rate of machine 15€

Pri zadani hodinovej sadzby stroja 25€ cena za opracovanie suciastky nastrojom
z KNB vyrazne nestupla. Opracovanie spekanymi karbidmi by uZ stélo priblizne 7€. Rezna
keramika si udrzala cenu tesne pod 4€ na suciastku. Prave pri tejto hodinovej sadzbe je
najlepSie vidiet’ rozdiel pri opracovavani reznou keramikou oproti spekanym karbidom. Aj
ked’ je celkova cena za jeden nastroj z keramiky 2,5-krat vySSia nez za spekany karbid,
keramika ma vySSiu Zivotnost. Vdaka tomu opracovavanie s vyuZitim keramiky nadm aj
v tomto pripade vyslo ako najekonomickejSie.
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Obr. 9 Porovnanie nakladov na opracovanie jedného obrobku — hodinova sadzba stroja 25€
Fig. 9 Comparison of cost per component — hourly rate of machine 25€

4 Zaver

Z nameranych Gdajov a vyhodnotenia vychadza, Ze najekonomickejSia pri vyrobe
tvarniaceho nastroja z ocele S600 je keramika CNGN 120408 T01020 670. Potvrdzuje to aj
Cas potrebny na opracovanie suciastky, ktory je podstatne niZsi ako pri spekanych karbidoch.
Podobny experiment robili na Zilinskej univerzite, kde sa zamerali na Zivotnost reznych
nastrojov pri réznych reznych rychlostiach. Czan akol. (2006) experiment publikovali
Vv Casopise MM Pramyslové spektrum. Prispevok uvédza vysledky experimentélnych skisok
merania opotrebenia a zistovania trvanlivosti pri sustruZeni loZiskového materialu 100Cr6, po
tepelnom spracovani na tvrdost’ 30 az 63 HRC novymi progresivnymi reznymi nastrojmi zo
spekaného karbidu, keramiky a kubického nitridu béru.

Spekany karbid skdgali pri reznej rychlosti 150 a7z 300 m.min™, kde trvanlivost
zvySovanim reznej rychlosti vyrazne klesla aZ Stvorndsobne. Pri obrabani materialu tvrdosti
30 az 50 HRC nastal vyrazny skok v znizZeni trvanlivosti pri tvrdosti 50 HRC, ¢o znamena, ze
spekany karbid je vhodny pre obrabanie materialu do tvrdosti cca 45 HRC.
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Rezna keramika je podl'a ich merania vhodna pre pouZitie reznych rychlosti v rozsahu
150 az 200 m.min, kde boli dosiahnuté trvanlivosti 33 aZ 38 min. Zvy3ovanim reznej
rychlosti vyrazne klesala zivotnost’ nastroja. Pokusom zistili, ze hranica tvrdosti obrabaného
materiélu je cca 53 HRC, kde trvanlivost’ rezného materialu dosahuje hodnotu az 100 min.
Pri pokuse s KNB boli zvolené nasledujlce rezné parametre: f = 0,051 mm, a, = 0,3 mm,
rezna rychlost’” 150, 200, 400, 600 m.min-1 a tvrdost’ obrdban¢ho materidlu 63 HRC. So
zvySovanim reznej rychlosti vyrazne klesala trvanlivost’. Hranicou reznej rychlosti pre dany
rezny material je rozsah cca 350 - 400 m.min-1, kde trvanlivost’ dosahuje hodnotu cca 30 min.
Pokus pokracoval d’alej sledovanim vplyvu tvrdosti obrabaného materidlu na trvanlivost’. Zo
zvySovanim tvrdosti sa zvySovala aj trvanlivost’. Napriklad pri tvrdosti 40 HRC bola hodnota
trvanlivosti 6 min, pri tvrdosti 63 HRC je dosiahnuta trvanlivost’ T az 84 min, ¢o predstavuje
aZ l4-nasobné zvySenie trvanlivosti. Na zaklade daného poznatku sa da urcit, ze rezny
material z kubického nitridu boéru je vhodny pouzit’ pre obrabanie loziskovych materidlov s
tvrdost'ou vys$Sou ako 50 HRC.

Pri porovnani dosiahnutych vysledkov zo Zilinskej univerzity a pokuse na sdstruhu
SU18 je vidiet’ kontrast najma pri pouzivanych reznych rychlostiach. Czan a kol. s pouzitim
vysSich reznych rychlosti dosiahli mnohonasobne vys$$iu Zivotnost’ najma u nastrojov z KNB
a keramiky oproti pokusu na sustruhu SU18. Spekany karbid nemal dostacujicu Zivotnost’ po
prekroceni hranice tvrdosti 4SHRC obrabaného materialu, ¢o je v kontraste s vysledkom
dosiahnutym pri pokuse Vv tejto praci. Moznou pri¢inou kratkej Zivotnosti spekané¢ho karbidu
mohla byt’ rezna rychlost’, ktora dosahovala aj 10-ndsobok rychlosti pri pokuse na sustruhu
SU18 Pri obrabani materialu 100Cr6 a ocele S600, aj ked’ maju podobnu tvrdost’ dosiahneme
aj pri rovnakych reznych podmienkach rozdielnu zivotnost, ktord je spdsobend tym, s ¢im sa
dosiahla pozadovana tvrdost. V materialy 100Cr6 je to sposobené dostato¢nym podielom
uhlika, ale voceli S600 je to spOsobené legujucimi prvkami, ktoré majiu podstatne
abrazivnejSi vplyv na reznd hranu.
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Sdhrn

V tejto préci je porovnané ktory z vybranych reznych materidlov dokaze opracovat
material stvrdostou 62 HRC pri najlepSom moznom pomere cena:vykon. Obrabany bol
nastroj vyrobeny z ocele S600 BOHLER, troma druhmi reznych materialov — kobicky nitrid
boru, keramika a dva rozne karbidy (vSetky od firmy Sandvik Coromant). Zivotnost bola
hodnotena opotrebenim nastroja, ktoré ovplyvnilo schopnost nastroja obrabat
v pozadovanych toleranciach. Velkost' opotrebenia bola merana digitdlnym mikroskopom
a Specialnym meracim softvérom. Na vyhodnotenie ekonomiky obrabania bol pouZity
program Productivity Analyzer (od firmy Sandvik Coromant). Vysledky ukazali, Ze najlepsi
pomer cena:vykon dosiahla keramika 670 a spekany karbid SMR SO5F.

Kriacové slova: tvrdé sustruzenie, ekonomika obrabania, opotrebenie nastroja
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KAIZEN A JEHO MOZNOSTI VYUZITIA VO
VYROBNEJ ORGANIZACI|I
KAIZEN AND ITSUSE IN PRODUCTION ORGANIZATIONS

MATEJ BACSKOR - MIROSLAYV PRISTAVKA — MARTINA KOTOROVA

Abstract

The objective of this thesis is the KAIZEN approach and its potential application in
the production organization for the use of tools to help manage the system of KAIZEN, such
as 5-S method, POKA YOKE, Kanban, 3-MU activities, quality circles, and more. While the
principle of the system is constantly improving and with this associated error minimalization.
In this work is also defined the history of the concept of KAIZEN defined view at
management, rival, and not least at the tools to solve the problems of this system. The
conclusion easily shows where and how to apply the KAIZEN system and what are its
results. The results are displayed in form of a scheme which includes the data with specific
results by the way these results are from the project of the production of cable roll in the
organization SEBN,SK.

Keywords. KAIZEN, Quality, Production process

1 Uvod

Svet prechadza obdobim prechodu od fragmentovanych trhov k trhom viac menej
globalnym. Podnikanie v takomto prostredi kladie doraz na jednu S$pecificki vlastnost’ —
nadnarodnost’. Aby nadnirodné organizacie prezili vo vysoko konkurenénom svete, tak si
musia osvojit’ praktiky, ktoré im umoznia sa zaélenit’ do podnikatel’ského prostredia alebo do
krajiny v ktorej podnikaju. Z hladiska konkurencie je vSak nevyhnutnostou neustale
zlepsovat’ organizaciu zo vsetkych vyrobnych aj nevyrobnych hl'adisk a pouzivat’ pritom aj
»INé* metddy riadenia, ako je napriklad systéem KAIZEN (KORENKO, M. 2012). Ak uZ boli
japonské organizacie az doteraz akokol'vek uspesné, avsak ich najvdcSou vyzvou je stat’ sa
organizaciami skuto¢ne nadnarodnymi. V otdzke globalneho obchodovania existuje oblast’
ktorej sa Japonci dostatoéne nevenuju a sice nadnarodnosti (KORENKO, M. - KAPLIK, P. -
KARAS, A. 2010). Problémom su rozdiely, ako naroky (metddy) na vykonavanie prace
a spbsob Zivota aky vedl Japonci aina hostitel'ska krajina v ktorej sa rozhodli podnikat’.
Nesmu nés preto odradit’ kultirne rozdiely. Priemyselna vyroba je rozhodne globalnou
zalezitost'ou a kvalitné skdsenosti a postupy ak uz pochadzaju z ktorejkol'vek krajiny si vzdy
zasluzia nasu pozornost’. (KAPLiK, P. - BURDA, M. - KORENKO, M. 2010)

2 Materidl a metédy

Na zéklade pozorovania a preskiimavania procesu vyroby kablového zvazku projektu
D4 v organizacii SEBN,SK, sme zistili ur¢ité nedostatky resp. chyby, ktoré chceme z procesu
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odstranit’ a zabranit’ k ich opatovnému vzniku. PouZijeme KAIZEN aktivity, ¢o st vlastne
analyzovaneé jednotlive chyby anapravné opatrenia st vykonané na zaklade systemu
KAIZEN. Ide o prehladnti vizudlnu formu, ktord samozrejme slizi aj na identifikovanie
vysledného efektu pouzitej zmeny. Snazime sa o vizualnu komparaciu medzi stavom pred
(chyba) a po pouziti KAIZEN aktivit (KORENKO, M. - KAPLIK, P. 2010).
Sledované obdobie procesu vyroby kablového zvézku projektu D4 je datované od
Marca 2012 po November 2012. Jednotlivé KAIZEN aktivity si vykonavané jednotlivo po
danych mesiacoch.
KAIZEN aktivity by mali byt v dosledku lepSej prehl'adnosti a porozumeniu vsetkych
zainteresovanych vo forme tabuliek, ktoré musia obsahovat’ prvky ako:
e poradové cCislo
datum
modul KSK (zdkaznikom definovany kablovy zvizok)d’alej len ,,KSK*
problém
stav pred opatrenim
opatrenie
stav po zavedeni opatrenia
efekt
ucinnost’ opatrenia — ¢as, peniaze...
termin
zodpovedny
stav
PouZité metddy :
a) Pat’ krokov hnutia Kaizen 5-S
Hnutie 5-S bolo pomenované podla piatich japonskych slov za¢inajtcich na s: seiri,
seiton, seiso, seiketsu a shitsuke. Zaradenie znakov opakujucich dané kroky je stcastou
workshopu a vizualneho vedenia celkového programu (KORENKO, M. - KAPLIK, P. 2011).
1. Krok seiri (priprava)
e vykonavana praca
zbytocné naradie
nepouzité stroje
nezhodné vyrobky
e doklady a dokumenty
2. Krok seiton (usporiadanie veci)
Veci musia byt’ v poriadku, aby ich bolo mozné v pripade potreby pouzit.
3. Krok seiso (poriadok)
Udrzovat’ poriadok na pracovisku.
4. Krok seiketsu (osobna Cistota)
Prijmite Cistotu za osobny zvyk.
5. Krok shitsuke (disciplina)
Riad’te sa pracovnymi postupmi dielne. (Masaaki Imai, Brno 2004)
b) Kontrolny zoznam 3 —MU aktivit KAIZEN
Pracovnikom a manazmentu bolo na pomoc vyvinutych niekol’ko kontrolnych
systémov KAIZEN, aby dbali o oblasti potrebujuce vylepSenia. Nasledujuca metdda, ktora
vyuziva tri kontrolné oblasti (3 —MU) je Siroko vyuZivana.
Muda - plytvanie
Muri — vypdtie
Mura — rozpor
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Tab.1 Kontrolny zoznam 3 —-MU aktivit.
Tab.1 Control list of 3 — MU activities.

Muda Muri Mura
1. Cudska pracovna 1. Cudska pracovna 1. Cudska pracovna
sila sila sila
2. Technika 2. Technika 2. Technika
3. Metdda 3. Metdda 3. Metoda
4. Cas 4. Cas 4. Cas
5. Vybavenie 5. Vybavenie 5. Vybavenie
6. Prostriedky a 6. Prostriedky a 6. Prostriedky a
naraze naradie naradie
7. Materiél 7. Materidl 7. Materidl
8. Miera produktivity |8. Miera produktivity |8. Miera produktivity
9. Zasobhy 9. Zasoby 9. Zasoby
10. Miesto 10. Miesto 10. Miesto
11. Spésob myslenia | 11. Spésob myslenia |11. Spésob myslenia

c¢) Kontrolny zoznam 4-M

Tento zoznam otdzok nam slizi na kontrolu systému podla stanovenych Styroch

segmentov Cize 4-M, ktoré su: a) Man (operator)
b) Machine (stroj)
c) Material (material, suroviny)
d) Method (metodika prace)

d) Poka - Yoke

Metoda zamerana na vCasné odhalenie chyb a nasledné zabranenie ich
nasledkom, napr. nepodarkom a chybam.

Je to pomerne jednoduchy a efektivny systém na redukovanie nelmyselnych a
nechcenych chyb, sposobenych ludskym faktorom. Principom je inStalacia pomocnych
prvkov, pripadne uprava pracoviska tak, aby bolo mozné vykonavat’ operaciu ,,len spravne"
t.j. aby nebolo mozné robit’ chyby.

e) Kanban

Kanban je komunika¢ny nastroj vo vyrobe typu ,,just in time“. Kanban alebo inak
»Stitok” je pripojeny k Specifickej Casti vyrobnej linky, kde oznacuje dodavku uréitého
mnozstva dielov.

V systéme Kanban je celé riadenie vyroby podriadené finalnej montazi, ktora priamo
reaguje na poziadavky zakaznikov.

Kanban karta je nastrojom uplathovanym pri riadeni vyroby, ktory poskytuje
pracovisku opravnenie pre vyrobu dielcov. Kanban karta okrem iného odpoveda na
nasledovné otazky :

e Kito? - vyrobné miesto

e Co? - vyrobok (popis, grafické zobrazenie)
e Pre koho?- spotrebné miesto

e Kolko? -mnozstvo, velkost’ davky.
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3 Vysedky a diskusia

Vybrané problémy v oblasti vyroby kéblového zvazku v organizacii SEBN,SK a
nasledne zobrazena aplikacia napravnych opatreni na odstranenie chyb pomocou systému
KAIZEN :

Poradové Cislo : 1.

Modul KSK : Kanban KM RL
Problém : prepravky v kanbanovom sklade s KM RL neoznacené
Stav pred opatrenim :

Obr.1 Poskodeny identifikacny Stitok.
Fig.1 Damaged identification plate.

Opatrenie : oznacenie prepravieck s KM jednotnym Stitkom konkrétneho modulu
v prepravke. Stav po zavedeni opatrenia :

Obr.2 Jednotné oznacenie identifikaénych Stitkov.
Fig.2 Uniform marking of identification plate.

Efekt :
e prehladnost’ v sklade modulov, jednotné oznacenie
Uginnost opatrenia - ¢as, peniaze :
e (istota, prehl'adnost’, Casova Setrnost’
Poradové ¢islo : 2.
Modul KSK : Doformovanie KK_9301 HYBRID
Problém : chyba odkladacie miesto pre ut'ahovaciu pistol’
Stav pred opatrenim :
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Obr.3 Nespravne miesto pre utahovaciu pistol’.
Fig.3 Wrong place for tightening gun.

Opatrenie: objednanie drziaka na utahovaciu pistol’
Stav po zavedeni opatrenia :

Obr.4 Spravne ulozenie ut'ahovacej pistole.
Fig.4 The correct place for tightening gun.

Efekt :
e pracovnd pomocka na uréenom mieste
Uginnost’ opatrenia - ¢as, peniaze :
e prehladnost’ pracoviska
Poradové ¢islo : 3.
Modul KSK : KM (konstrukény modul)
Problém : oznacenie nakupovanych dielov v sklade KM bez obrazkov

Stav pred opatrenim :

Obr.5 Nespravne oznacenie prepraviek.
Fig.5 Incorrect marking of crates.
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Opatrenie : oznacenie nakupovanych dielov kartickami s obrazkom dielu
Stav po zavedeni opatrenia :

Obr.6 Spravne oznacenie prepraviek.
Fig.6 Correct marking of crates.

Efekt :

e prehladnost v sklade konstrukénych modulov
Uginnost’ opatrenia - ¢as, peniaze

e prehl’adnost, orientacia v sklade konstrukénych modulov
Zhrnutie projektu D4 po implementacii KAIZEN aktivit:

Aplikacia systétmu KAIZEN predstavuje z ¢asového hladiska postupné pouzivanie
nastrojov na zefektiviiovanie vyroby, znizenie nakladov a zlepSenia kvality a dosahuje to
pomocou zavadzania optimalizacnych, néapravnych opatreni. V praxi sa zvidcSa jednd
0 jednoducho povedané ,.trivialne opatrenia®, ktoré vSak maju velky vyznam na neustale sa
zlepSujuci chod organizacie. Na zaklade pozorovania projektu D4 sme sa v danej veci uistili.
Zistili sme viacero nedostatkov vo vyrobe, sklade, ergondmii a pod. Ddlezité je si vSak
uvedomit’, ze dané nedostatky by v inych organizaciach, ktoré neaplikuju nastroje systému
KAIZEN, vobec nemuseli znamenat’ nedostatky resp. byt klasifikované ako chyby. Pretoze
by boli mozno povazované za zbyto¢né az neopodstatnené. Toto myslenie (riadenie) je
dolezitym a negativnym faktorom organizécie, ktora po Case zisti, ze ma vysoké naklady na
opravu strojov, udrzbu strojov, ma neporiadok na pracovisku (¢o moze viest k pracovnym
Grazom), vyrobné prestoje astym spojenu slabl produkciu vyroby a v neposlednom rade
nezhodnu kvalitu svojich produktov s pozZiadavkami zékaznikov.

4 Zaver

V stc¢asnej dobe ekonomickej krizy je jednym z najddleZitejSich faktorov pre
organizécie udrZanie a ziskavanie zakaznikov (odberatel'ov). Tento samotny faktor ma vel’ka
moc nad celou prevadzkou danej organizécie, teda determinuje napr. objem vyroby, pocet
zamestnancov a aj samotné mzdy. Preto sa musi kazda organizacia snazit’ zvdcSovat’ svoju
konkurenciu schopnost’ a tym si upeviiovat’ miesto na trhu a minimalizovat’ svoje vyrobné
naklady a prestoje vo vyrobnom procese. Toto postavenie dosiahne aj vtedy, ak budu jej
produkty zhodné s poZiadavkami zakaznika tzn. budd kvalitné, ak cena bude adekvéatna
danému produktu a ak si po ur¢itom case bez vaznejSich problémov vybuduje organizacia
svoje meno ,,renomé* na trhu, ktoré bude garantovat kvalitu a spol'ahlivost’.

Niektoré ztychto faktorov vieme pozitivne ovplyvnit pomocou implementacie
systému KAIZEN a jeho nastrojov do vyrobného procesu. Systém KAIZEN ma schopnost’
znizit’ naklady na celkovii vyrobu daného produktu, zlepsit' kvalitu a v neposlednom rade
skratit’ ¢as potrebny na vyrobu jedného produktu. Samozrejme dba tento systém aj na BOZP,
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zlepSuje pracovné podmienky pre zamestnancov aimplementuje inovativne napravné
opatrenia na odstranenie roznych problémov.

V praci je jasne graficky zobrazeny dopad pouZzitia systému KAIZEN na jednotlivé
problémy vo vyrobe kabloveého zvazku projektu D4 vo vyrobnej organizacii SEBN,SK. Za
pomoci pouZitia nastrojov daného systému ako st metdda 5-S, Kanban a d’alSie, sme dosiahli
vysledky, ktoré nam zlepSuja vyrobnd aj nevyrobnu ¢innost’, ako su napriklad:

* minimalizéacia nékladov na opravy a udrzbu
prehl'adnejsie pracovisko
znizenie rizika oprav a reklamacii
poriadok na pracovisku, istota
ochrana materialu
zlep3ené orientécia v skladoch
zabranenie moznému pracovnému Urazu
Uspora Casu
lepSia orientacia pracovnika
ochrana zariadenia
zlepSenie prace
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Sdhrn

Ciel’ prace je priblizenie syst¢tmu KAIZEN a jeho moznosti aplikacie vo vyrobnej
organizacii za pomoci pouZitia nastrojov na riadenie systému KAIZEN, ako su metoda 5-S,
POKA YOKE, Kanban, 3-MU aktivity, krazky kvality a d’alsie. Pri¢om principom systému je
neustale sa zdokonal'ovanie a s tym spojend minimalizacia chyb. V préci je definovany aj
pojem KAIZEN, pohl'ad na manazment, konkurenciu a v neposlednom rade na nastroje pre
rieSenie problémov podla tohto systému. Zaver zobrazuje, kde a ako sa da systém KAIZEN
aplikovat’ a aké su jeho vysledky. Vysledky su zobrazené vo forme schémy, ktora obsahuje
Udaje s konkrétnymi ucinnost'ami resp. vysledkami v danom sledovanom projekte vyroby
kablovych zvézkov v organizacii SEBN, SK.

Kruacové slova: KAIZEN, kvalita, vyrobny proces
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VYUZITIE METODY 8D PRI NEZHODNYCH PRODUK TOCH
APPLICATION OF THE METHOD 8D FOR
NONCONFORMING PRODUCTS

PETER BAKO - PAVOL KAPLIK - MAROS KORENKO

Abstract

If companies want to be successful, they must quickly adapt to changing conditions in
the competitive environment. Organizations must be
flexible and must quickly resolve situations and problems that occur in the organization. We
use different tools and methods to solve these problems. One of these methods is method 8D.
Method 8D is a structured problem solving process. This method helps to correctly and
timely solve the problem. Method 8D is used if cause of the problem is not known or if the
solution to the problem beyond the capabilities of a single worker. The method is also used to
improve products and processes.

K ey words: method 8D, nonconforming product, root cause, corrective measure

1 Uvod

Nastroje kvality st aktivnou sicastou merania procesov pri uplatneni, rvozvooji a trvalom
zlepSeni efektivity systému kvality (HRUBEC, J.- ZABAR, P. - PRISTAVKA, M. - SKURKOVA, K.,
2008; PRISTAVKA, M. a kol. 2011). Pri uplatneni, rozvoji a trvalom zlepseni efektivity systému
kvality st aktivhou sucastou analyza spdsobilosti meradiel, vyrobného zariadenia a sposobilost’
procesu (PRISTAVKA, M., - HRUBEC, J., 2009; KREDATUSOVA, M. - BUINA, M. 2010).
Statistické metody tvoria v technickej praxi doélezitd skupinu, do ktorej patri analyza
spbsobilosti meradiel, vyrobného zariadenia a sp6sobilosti procesu. Tieto nastroje st aktivnou
sti¢astou merania procesov pri uplatneni, rozvoji a trvalom zlepSeni efektivity systému
kvality (PRISTAVKA, M., - HRUBEC, J., - SKURKOVA, K., 2008).

Metoda 8D je nastrojom, ktorého podstatou je Standardizovany postup kladuci doraz
na fakty, tieZ sluZi k zlepSovaniu produktov a procesov. Metoda je zamerand na pdvod
problému a stanovenie jeho zakladnej pri¢iny. V praxi sa metodika 8D ¢asto oznacuje ako
Global 8D, Ford 8D alebo TOPS 8D. (Surinova, 2008).

Tato metoda bola po prvykrat implementovana vladou Spojenych Statov americkych,
ktora ju Standardizovala ako proces 8D pocas druhej svetovej vojny. Metodika sa vzt'ahovala
na vojensky Standard a bola oznacovana ako armadna smernica 1520: ,,Napravné opatrenia
a likvidacia nezhodného materialu“. (Rambaud, 2006).

V Sest'desiatych a sedemdesiatych rokoch dvadsiateho storo¢ia metodu Global 8D
spopularizovala organizacia Ford Motor Company, ktord tato metddu rieSenia problémov
prepracovala na novu metodiku 8D. (Plura, 2001).

Kontaktna adresa: Bc. Peter Bako, Katedra kvality a strojarskych technolégii, Technickéa fakulta Slovenska
Pol'nohospodarska Univerzita v Nitre, Tr. A. Hlinku 2, 949 76 Nitra, bako.peter1011@gmail.com, Ing. Pavol
Kaplik, Katedra kvality a strojarskych technoldgii, Technicka fakulta Slovenska Pol'nohospodarska Univerzita
v Nitre, Tr. A. Hlinku 2, 949 76 Nitra, palokaplik@gmail.com, doc. Ing. Maro$ Korenko, PhD. Katedra kvality
a strojarskych technologii, Technicka fakulta Slovenska Pol'nohospodarska Univerzita v Nitre, Tr. A. Hlinku 2,
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V roku 1987 bol zriadeny aj kurz ,, Timovo orientované rieSenie problémov®. Tento
kurz bol zriadeny na ziadost’ TOP manaZmentu organizacii automobilového priemyslu, ktori
potrebovali najst’ a¢inny sposob na odstranovanie opakujucich sa problémov. Metoda 8D sa
okrem automobilového priemyslu a montdZe stala normou vsade tam, kde nevyhnutny
komplexny a Struktdrovany pristup k rieSeniu problémov. (www.12manage.com).

2 Material a metédy

Organizécie, ktoré vyuZivaju metddu rieSenia problémov akou je metdda 8D ziskavajii znaénu
konkurenénu vyhodu. Mézu:
= Rychlejsie identifikovat’ zakladné priciny a zaviest’ trvalé npravné opatrenia.
=V pripade vzniku problému je l'ahké zaistit trvajucu spokojnost’ zakaznikov.
= Zabranit’ opakovanému vyskytu problémov.
= U¢it sa prostrednictvom zdiel'anych informacii, ktoré sa opatovne vyuZzivaju.
(Rambaud, 2011).

Metoda 8D sa sklad4 z niekol’kych Casti, ktoré mézeme oznacit’ aj ako kroky 8D reportu.
Tymito krokmi su:

D1 - Timovy pristup - zaloZenie timu

Ucelom tohto kroku je zaloZenie timu so zodpovedajiicimi znalostami o produkte alebo
procese, kde vznikol problém, a skasenostami v technickych disciplinach potrebnych pre
rieSenie problému a zavedenie napravnych opatreni. Tim by mal dostatoéne velky, aby boli
pokryté vsetky potrebné znalosti a sktsenosti, a dostato¢ne maly, aby pracoval efektivne.
Odporutca sa zostavit’ tim zloZzeny zo 4 az 10 ¢lenov. ZloZenie timu sa mdze menit’.

D2 — Popis problému

Vtomto kroku sa identifikuje rieSeny problém a detailne sa Specifikuje pomocou
kvantifikovatenych parametrov. Dobre formulovany popis problému je jasnou a presnou
definiciou problému, vytvorenou s pomocou informacii ziskanych z ¢o najvaésieho mnozstva
zdrojov tak, aby tato definicia bola ¢o najobjektivnejSou.

D3 — Navrh docasnych napravnych opatreni k zamedzeniu Skod

Uplatnenie tohto kroku zavisi na charaktere rieSeného problému. Jeho uéelom je stanovit),
overit' a zaviest ochranné opatrenie, ktoré by zamedzilo vplyvu problému na zakaznika,
pokial’ nebudu realizované trvalé napravné opatrenia.

D4 — Definovanie a analyzovanie zakladnych pri¢in

Utelom tohto kroku je izolovat aoverit koreflovi pri¢inu definovaného problému
a identifikovat’ miesto uniku v procese. Stanovenie korefiovej pri¢iny problému by malo byt
uskutocnené testovanim vsetkych moznych pri¢in na zéklade zhromazdenych dat.

Existuje cela rada metod, pomocou ktorych je mozné uréit’ zakladnu pricinu.

D5 — Stanovenie trvalych ndpravnych opatreni

Podstatou tohto kroku je vybrat’ najlepsie trvalé napravné opatrenie pre odstranenie korenovej
pri¢iny a najlepSie trvalé napravné opatrenie pre miesto Uniku. Miesto Uniku v procese je
chapané ako najskorsie miesto v procese, ktoré je najblizsie ku korenovej pri¢ine, kde mal byt
problém odhaleny, ale nebol. U oboch tychto opatreniach by mala byt overena ich ucinnost’
arovnako by malo byt overené, Ci ich zavedenie nebude mat akykol'vek neZziaduci
sprievodny efekt.
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D6 — Implementécia a validacia trvalych napravnych opatreni

Utelom tohto kroku je naplanovat,, zaviest a validovat’ vybrané trvalé napravné opatrenia.
V pripade, Ze boli realizované doCasné ochranné opatrenia je obvykle potrebné pred
implementaciou trvalych ndpravnych opatreni tieto docasné opatrenia odstranit’.

D7 — Zabr anenie opakovanému vyskytu problému

V tomto kroku sa modifikuju potrebné systémy, prevadzkove podmienky a postupy tak, aby
sa zabranilo opatovnému vyskytu daného alebo podobného problému. Sticasne by mali byt
dané odporucenia pre d’alSie systematické zlepSovanie.

D8 — Uzatvor enie problému a ocenenie timovych a individudinych zasluh

Zamerom tohto kroku je zhrnit' vSetky skusenosti a poznatky timu a skompletizovat
spracovanu dokumentaciu v sprave 8D. Je dobré ocenit’ tim a zasluhy, ktoré mali jeho
jednotlivi ¢lenovia na vyrieSeni problému.

3 Vysdedky adiskusia

Vo vlastnej praci sme sa zamerali na vyuZzitie metddy 8D pri rieSeni rozli¢nych
problémov vyskytujucich sa v organizaciach. V naSom pripade iSlo o problém, ktory nastal pri
montazi jednotlivych komponentov posuvného mechanizmu laktovej opierky (stredova
konzola) v automobile. Pri montédzi sa zistilo, Ze jednotlivé dodané diely (podstavec
rozdel'ovaca) maju defekty, ¢o sposobuje blokovanie uzatvaracich (poistnych) kolikov pri
spatnom pohybe. Tento problém sme rieSili pomocou 8D reportu.

Jednotlivé komponenty, ktoré mohli byt pri¢inou vzniknutého problému su na
nasledujucich obrazkoch.

Obr. 1 Podstavec rozdel'ovaca Obr. 2 Pruziny Obr. 3 Uzatvaracie koliky
Fig. 1 Support distributers Fig. 2 Springs Fig. 3 Locking pins
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Obr. 4 Posuvny mechanizmus stredovej konzoly Obr. 5 Rozdelovac (distribator)
Fig. 4 The sliding mechanism of the center console Fig. 5 Distributors
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Tab. 1 Formular 8D reportu
Tab. 1 8D report form

Datum otvorenia:

LOGO 8D REPORT Déatum uzatvorenia:

VSEOBECNE INFORMACIE

Cislo reklamicie: 124041 Néazov dielu: Podstavec rozdel’ovaca (support repartiteur)

Typ reklamécie: Zla kvalita dielov Zavainost’: Stredna Cislo dielu: 1057007
Meno zakaznika: Dodavatel: Pocet nezhodnych dielov: 100
Miesto zakaznika: Miesto dodavatela: Pocet podozrivych dielov: 4680
Adresa zdkaznika: Adresa dodavatel’a:

Jednotlivé diely dodané dodavatel'om st nezhodné s pozadovanou kvalitou dodavanych dielov. Podstavce rozdelovacov (support repartiteur)
Dovod reklamacie: maji na povrchu defekty a to povrchové nerovnosti, bubliny, vypukliny, ¢o moZe v niektorych pripadoch spdsobit’ blokovanie uzatvaracich
kolikov (doigt verrouilage). Tieto diely st pri montaZi nepouziteI'né, pretoze nespliiaju pozadovanu funkciu.

Rozmery na vykrese s v rozmedzi 11,3 0,1mm. Namerané hodnoty st mimo predpisant toleranciu, ¢o sposobuje nefunkénost’ uzatvaracich

Poznamky: kolikov (doigt verrouilage) v podstavci rozdel'ovaca (support repartiteur).
Dalsie krokv: Prepracovanie dielov [zvécSenie otvoru pre koliky (doigt verrouilage) na podstavci rozdel'ovaca (support repartiteur)], alebo dodanie nahradnych
b dielov s pozadovanymi rozmermi.
D1-ZALOZENIE TiMU, TIMOVY PRISTUP
Y L . . . . B B Kontaktné Gdaje
Clenovia timu a zainteresovany Ulohav time Post - nazov préce

Telefén, mobil Email




D2 - POPISPROBLEMU

Nazov problému (symptém)

Rozmer mimo toleranciu (blokovanie uzatvéracich kolikov v
podstavcoch rozdel'ovacov).

Opis problému:

Jednotlivé diely (podstavec rozdel'ovaca) dodané dodavatel'om st nezhodné s pozadovanou kvalitou dodavanych
dielov. Po vtlageni kolikov (uzatvaracie koliky) do vnutra predpisaného otvoru je spitny pohyb kolikov, zabezpeceny
pruzinkou, blokovany. Namerané hodnoty otvorov na niektorych podstavcoch rozdel'ovaca sit mimo predpisant

toleranciu. Niektoré podstavce rozdel'ovaca maju na povrchu defekty

a to povrchové nerovnosti, bubliny,

vypukliny, ¢o moze v niektorych pripadoch spdsobit’ blokovanie uzatvaracich kolikov alebo porusenie funkcie inych

pléch, kde sa defekty vyskytuju.

Tieto diely (podstavce) st pri montazi komponentov nepouzitelné,

pretoze nespliiajii pozadovani funkciu.

Typ poSkodenia, poruchy

funkéna

V ¢om je problém?

Dodavané diely nespliiajti pozadovanu kvalitu.

V ¢om spociva odchylka?

Na povrchu dielov sa objavuji povrchové nerovnosti. Namerané hodnoty
otvorov pre koliky si mimo predpisand toleranciu.

Kde k problému dochéadza?

K problému dochédza u dodavatel’a pri vyrobe dielov.

Kedy k problému dochadza?

Problém vznika pri vyrobe dielov na vstrekovacom lise.

Koho sa problém tyka?

Prevadzka, montaz, kontrola kvality, vyroba, oddelenie ndkupu materialov,
logistika, marketing, zakaznik, dodavatel’

AKky je rozsah problému?

Pri kontrole a podmontéazi komponentov boli najdené nezhodné diely. Vyrobna
linka nebola odstavena, ale spdsobilo to spomalenie vyroby.

D3 - NAVRH DOCASNYCH NAPRAVNYCH OPATRENI K ZAMEDZENIU SKOD

Nazov do¢asného napravného | Opis do¢asného napravného . , |Overenie Koniec Validacia Koniec " .
opatrenia opatrenia Priznak Zodpovednost splatnosti overenia splatnosti validacie Ano/Nie
Oprava dielov na sklade zasob u Oprava dielov z dévodu 21V rozmer
dodvatela blokovania kolikov y ]
. ) . Oprava dielov z dévodu .
Oprava dielov u z&kaznika blokovania kolikov Zly rozmer I:I
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D4 - DEFINOVANIE A ANALYZOVANIE ZAKLADNYCH PRICIN

Mozna pri¢ina: Blokovanie pohybu chladiaceho média, zlé odvzdusnenie for my - nekvalitny vzhPad, bubliny
Kategodria pri¢iny - vyskyt |:|
Kategodria priéiny - Gnik
1. Preco? Forma na vstrekovanie nebola dobre chladena (zaistenie rovnomernej teploty formy), dutina formy nebola odvzdu$nena.
2. Pre¢o? Vstrekovacia forma mala zablokované chladiace kanaly.
3. Preco? Neboli vycistené a upravené chladiace kanaly formy.
4. Pre¢o? Preventivna kontrola vstrekovacej formy nebola vykonana dékladne.
5. Pre¢o? Pracovnik zanedbal kontrolu formy.
MoZna pricina: Nedostato¢ne vysuseny material (PA 66) - povrchové nerovnosti a bubliny na funkénych ¢astiach dielov
Kategoria pri¢iny - vyskyt ]

Kategoria pric¢iny - Unik

1. Preco? Material (PA 66), z ktorého sa diely vyrabaji nebol dostato¢ne pripraveny na d’alSie spracovanie.

Material PA 66 nebol pred vstrekovanim do formy dostato¢ne vysuSeny (max. vlhkost’ vhodna pre vstrekovanie PA 66 by mala byt nizsia ako

2. Preco? 0,2% relativnej vihkosti.
3. Preco? Pracovnik zodpovedny za pripravu materialov pred spracovanim, nevykonal dostato¢né vysusenie materialu (PA 66).
4. Preco? V kontrolnom plane nie je uvedené meranie vihkosti materialu (PA 66), ktoré by mal pracovnik vykonat'.

MozZna pri€ina: Nedostato¢na kontrola - rozmery otvorov mimo toleranciu

Kategoria pri¢iny - vyskyt

Kategoria pri¢iny - Unik []
1. Preco? Kontrola neodhalila na podstavcoch pre rozdel'ovade, Ze otvory pre uzatvaracie koliky maji zly rozmer.
2. Preco? Pracovnik pri kontrole dielov, neoveril vzajomnu funkénost prislusnych dielov.
3. Preco? V kontrolnom plane nie je zahrnuta kontrola funkénych rozmerov otvorov s protikusmi (kolikmi).
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D5 - STANOVENIE TRVALYCH NAPRAVNYCH OPATRENI

. . . , . Schvalené Lehota Termin
I , |S
Nazov a popis opatrenia Poznamky k opatreniu Pri¢ina Zodpovednost Ano/ Nie ukonéenia | ukonéenia

Vy¢istenie chladiacich kanalov Blokovanie pohybu - blokované D
formy chladiace kanaly formy

Pri preventivnej kontrole formy
Preventivne Cistenie chladiacich | (po kazdych 50000 vyliskoch) Blokovanie pohybu - blokované D
kanalov formy vykonévat Gipravy a Sistenie chladiace kanaly formy

chladiaceho kanalu formy
Do kontrolného planu pridat’ Nedostato¢na kontrola - v plane
kontrolu funk¢&nosti otvorov s nie je zahrnuta kontrola |:|
protikusmi (kolikmi) funkénych rozmerov
Do kontrolného planu pridat’ Bubliny na funkénych castiach
meranie vlhkosti materialu (PA dielcov - nedostato¢ne vysuseny I:l
66) kazdé 4 hodiny material (PA 66)

D6- IMPLEMENTACIA A VALIDACIA TRVALYCH NAPRAVNYCH OPATRENI
L ehota implementacie
N&zov a popis opatrenia Poznamky k opatrenia Pri¢ina Zodpovednost’ Validacia
Termin implementécie

Vy¢istenie chladiacich kanalov Blokovanie pohybu - blokované
formy chladiace kanaly formy

Pri preventivnej kontrole formy
Preventivne Cistenie chladiacich | (po kazdych 50000 vyliskoch) Blokovanie pohybu - blokované
kanalov formy vykondvat Gipravy a Cistenie chladiace kanaly formy

chladiaceho kanalu formy

VyZadované dokumentécie Akcia Zodpovednost’ L ehota na vykonanie

Vykresy

Plan a zoznam kontrol

Procesné usmernenia

O\goj;g

Zabezpecenie, Uprava a aktualizacia vyzadovanej
dokumentécie a inych potrebnych dokumentov.
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D7 - ZABRANENIE OPAKOVANEMU VYSKYTU PROBLEMU

Nazov akcie - zabr anenie . L ehota implementacie Poka Yoke

opakovanému vyskytu Pri¢ina Kslt‘ieégi?lr}:a Zodpovednost’

problému Termin implementécie Ano/ Nie

Do kontrolného planu pridat’ Nedostato¢na kontrola - v plane
kontrolu funk¢&nosti otvorov s nie je zahrnuta kontrola anik I:I
protikusmi (kolikmi) funkénych rozmerov
Do kontrolného planu pridat’ Bubliny na funkénych Castiach
meranie vihkosti materialu (PA | dielcov - nedostato¢ne vysuSeny vyskyt I:l

66) kazdé 4 hodiny

material (PA 66)

D8 - UZATVORENIE PROBLEMU A OCENENIE TIMOVYCH A INDIVIDUALNYCH ZASLUH

Vytvoreny tim postupoval systematicky podla jednotlivych krokov 8D reportu. Clenovia timu prichadzali s va¢sim mnoZstvom napadov skor v time, akoby problém rieili
samostatne. Ako tim sa vyhli viacerym nastraham a podarilo sa im odhalit’ zdkladné priciny problému. Problém sa podarilo odstranit’ zavedenim vhodnych napravnych
opatrent, za ¢o si tim a jeho jednotlivi &lenovia zaslizia pochvalu a patriéné ocenenie.

Stav 8D reportu: gZATVOREN Poznamky k 8D reportu:
Boli odstranené do¢asné opatrenia? [Rdo

Déatum zahdjenia 8D reportu:

Datum ukonéenia 8D reportu:

Schvélené [Kdo
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V rdmci procesu analyzovania moznych zakladnych pri¢in problému sme zistili hlavné
dovody, prec¢o st dodané diely nezhodné. Odhalili sme, Ze pri vyrobe dielov su blokované
chladiace kanaly formy. Toto sposobilo defekty a nepresné rozmery dielov. DalSou pri¢inou
defektov bolo, Ze materidl (PA 66), ktory sa pouziva na vyrobu dielov nebol dostatocne
vysuseny. Tento material sa mal susit’ $tyri hodiny pri 80°C. Maximalna vlhkost’ vhodna pre
d’alie spracovanie materialu (PA 66) by mala byt nizsia ako 0,2% relativnej vlhkosti. Na
odstranenie problému sa implementovali ndpravné opatrenia a bolo zabezpecené, aby sa tento
problém uz neopakoval.

4 Zaver

Metdda 8D je zakladnou metodikou rieSenia problémov, ktora sa Casto poZiva pri
rieSeni reklamacii, hlavne v oblasti automobilového priemyslu. 8D reporty sa vyZaduju od
dodavatel'ov vzdy pri vystaveni reklamacie. Zasady metodiky 8D vyuzivaju rézni svetovi
vyrobcovia automobilov, ale aj svetovi dodavatelia pre automobilovy priemysel. Tieto
svetove organizcie maju vytvorené vlastné softvérové systemy na podporu rieSenia
problémov. Tieto programy su zaloZené na principe 8D a v niektorych pripadoch sa rozSirené
0 d’alsie potrebné informacie, avSak postup riesenia problému ostava rovnaky.
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Sdhrn

Ak chci byt organizacie UspeSné, musia sa rychlo prisposobit meniacim sa
podmienkam v konkurenénom prostredi. Organizacie musia byt flexibilné a musia rychlo
vyrieSit’ rézne situdcie a problémy, ktoré sa v organizacii vyskytni. Na rieSenie takychto
problémov sa pouzivaju rdzne nastroje a metody. Jednou z takychto metdd je aj metdda 8D.
Metoda 8D je StruktUrovany proces rieSenia problémov. Pri dobrom prevedeni metdda
poméha spravne avcas vyrieit' vzniknuty problém. Metdoda 8D sa pouziva, ak pri¢ina
problému nie je zndma alebo ak rieSenie problému presahuje moznosti jedného pracovnika.
Metdda slUZi aj na zlepSovanie produktov a procesov.

KPucové slova: metdda 8D, nezhodny produkt, zakladna pri¢ina, napravné opatrenia
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AUTOMATICKE VARENIE PIVA S POUZITIM
SIMATIC S7-200
AUTOMATIC BREWING WITH USAGE SIMATIC S7-200

JURAJ BALAZI - MARTIN OLEJAR

Abstract

This work describes the function and principle of the PLC for automatic brewing.
For testing purposes | made a logical model of brew kettles for verify the functionality of my
program and use it to make it easier to remove the deficiencies and realize that you need to
protect against simultaneously running processes. | also demonstrated the use of network
communications and control capabilities through a web interface. When is connected to the
internet it is possible to watch anywhere.

Key words: PLC, brewing, ethernet

1 Uvod

Srozvojom priemyslu sa postupne usilovalo o zvySovanie produkcie pomocou
pouzitia roznych inovacii, no proces stale ovladali T'udia. V dneSnej dobe je uz bezné, Ze sa
pokusame do vyroby Co najviac zapajat’ automatizaciu a tym aj zvySovat’ kvalitu, ako aj
minimalizovat’ naklady na vyrobu. Proces vyroby uz je plne automatizovany aludia len
kontroluju priebeh. Vdaka vyvoju vypoctovej techniky vznikli na riadenie procesov
v priemysle takzvané PLC (Programmable Logic Controller) automaty. Cim dalej sa ich
vyrobe a vyvoju venuje viacej firiem, vd’aka tomu je vel’ky vyber a postupne klesa aj cena.
Z toho vyplyva rast zaujmu o ich vyuZitie. Cielom prace bolo navrhnit’' riadenie procesu
vyroby piva pomocou PLC s vyuzitim eternetového modulu pre moznost’ sledovania procesu
na displeji a cez webovy prehliadac.

Juraj Baldzi, Ing.Martin Olejar, PhD., Slovenskd polnohospodarska univerzita v Nitre, Technicka fakulta,
Katedra elektrotechniky, automatizécie a informatiky, Tr. A. Hlinku 2, 949 76 Nitra, tel.: +421 37 6414 750, e-

mail : kea@uniag.sk. 37



2 Material a metédy
Pre tato pracu je potrebné nasledovné softwaroveé a hardwarové vybavenie:

Potr ebné har dwar ové vybavenie:
1. PLC Siemens Simatic S7-200 224XP
Displej Simatic TD200
RozSirovaci modul EM223 DI8/DO8
Roz8irovaci modul CP243-1 IT
Logicky model sUstavy
PC/PPI kébel
Sietovy kabel
Zariadenie s moznostou pripojenia pomocou sietového kabla a s webovym
prehliadacom (najlepsie osobny pocitac resp. notebook).

NGOk wWD

Potr ebné softwar ové vybavenie:
1. Step 7 MicroWIN

Pre funkcnost’ prace potrebujeme model sustavy ktord chceme riadit. Vytvorenie
redlneho modelu by bolo financne aj technicky narocné preto pre ndzornost’ som zvolil
logicky model ktory pIni funkciu ktora potrebujeme a je finan¢ne nenaroény. Po zostrojeni
logického modelu som si pripravil PLC pripevnené spolu s pridavnymi modulmi na spolo¢ny
podklad a zabezpecil som spravne prepojenie vstupov a vystupov s logickym modelom
pomocou Canon konektorov.

Obr. 1 Logicky model
Fig. 1 Logic model
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Obr. 2 Schematicky nacrt automatizovanej varne
Fig. 2 Scheme of brewing device

1) Vaha. Sem sa dopravia suroviny na varenie piva (slad, surogaty) ktoreé sa po naplneni
vahy a Starte procesu zmieSaju s vodou.

2) Ventil ktory naptst’a slad a surogaty do vystieracej kade.

3) Voda. Privod vody ktora je zakladna surovina pri vareni. Ma teplotu 35°C.

4) Vystieracia kad’a. V tejto Casti varne sa zmieSavaju zakladné suroviny (slad, surogaty
avoda). Vyska hladiny je tu regulovana potenciometrom. Na mieSanie je pouZité
mieSadlo ktoré zabezpecuje, aby sa suroviny dobre premiesali. Nasledne pri vareni
zabraniuje usadeniu rmutu, ktory sa prave nevari.

5) Rmutovacia panva. Tu prebieha samotné varenie piva (pri tomto procese sa pivo
nazyva rmut). Jej velkost’ je uspdsobena tak, aby bolo mozné do nej dopravit’ jednu
tretinu obsahu vystieracej kade. Taktiez obsahuje mieSadlo. Rmut sa tu vari na trikrat.
Po uvareni jednej tretiny obsahu vystieracej kade sa rmut (ktory ma teplotu 100°C )
prepusti spit’ do vystieracej kade, ktorej obsah sa tymto rmutom zahreje.

6) Para. PouZiva sa na zohrievanie rmutu pri vareni v rmutovacej panve.

7) Prepustaci ventil. Sltzi na prepustenie uvarenej tretiny rmutu z rmutovacej panvy do
vystieracej kade.

8) Cerpadlo. Prepravuje rmut pri vareni alebo pri vypustani.

9) Dvojcestny kohat — rmut. Pomocou neho sa uréuje smer dopravy rmutu. Prva poloha
sa pouziva pri rmutovani. Rmut sa Cerpa z vystieracej kade do rmutovacej panvy. Po
skoncCeni varenia sa pouzije druhd poloha, pri ktorej sa rmut vypasta do scedzovacej
kade, kde nasleduje d’alsi proces.

10) Scedzovacia kad’a. Ma sitové dno a obsahuje aj oto¢ny kypri¢. Tu sa rmut filtruje, aby
sa zbavil kalu ktory sa nazyva mlato. Pri tomto procese sa rmut necha usadit
a pomocou nozov kypri¢a sa vrstva mlata, ktord sa usadzuje na dne urovnava. Mlato
po usadeni vytvori na dne filtracny kola¢, cez ktory sa sladina (sladina je rmut po
zacati filtrovania) filtruje a preteka do mladinovej panvy. Po odteceni sladiny sa mlato
kropi horucou vodou (tento proces na nazyva vysladzovanie), takto sa z neho vylthuju
zbytky sladiny.

11) Mladinové panva. Taktiez obsahuje mieSadlo. Cez sitové dno scedzovacej kade do nej
pritekd sladina. Najskor je kalna a preto sa ¢erpadlom vracia spat’ do scedzovacej
kade. Cista sladina sa potom hromadi v mladinovej panve. Nasledne sa sladina vari,
aby sa zbavila prebytocnej vody a pridava sa chmel'ovy extrakt.

12) Kypriaca voda. Pri vysladzovani sa fiou kropi mlato.

39



13) Chmel'ovy extrakt. Pridava sa pri vareni mladiny.

14) Para. Zohrieva mladinu pri vareni.

15) Cerpadlo. Pre¢erpava sladinu z mladinovej panvy do scedzovacej kade alebo vyptsta
hotovy produkt po vareni (mladinu).

16) Dvojcestny kohat — mladina. Pomocou neho sa urcuje, ¢i sa eSte kalna sladina ¢erpa
do scedzovacej kade, alebo sa mladina vypusta.

V moje praci som pouZzil systém trojitého rmutovania pri vareni piva, pretoZe tento
spdsob je na Slovensku najcastejsi.

3 Vysdedky adiskusia

Riadiaci program pozostdva sniekol’ko casti, hlavného programu aosem
podprogramov (Hlavny, Rmutl, Genl, Rmut2, Gen2, Rmut3, Gen3, PreDisp, PreWWW).
V hlavnom programe je rieSeny celkovy beh systému ako napriklad: Inicializ&cia, na¢itavanie
podprogramov, nastavovanie hodndt podmienok, atd’. V podprogramoch Gen su generované
hodnoty potrebné pre spravny postup pri vareni piva, doleZitd je hlavne teplota a Casy
jednotlivych rmutovani na spravny priebeh chemickych reakcii po€as procesu varenia.
Podprogramy snazvom Rmut riadia postup varenia, ¢ize riadenie regulacie teploty
vygenerovanej s podprogramov Gen, riadenie samotnych prvkov ako ventilov, motorov
Cerpadiel, atd’. Podprogram PreDisp riadi komunikéciu s displejom. Odosiela potrebné datové
udaje aby bolo mozné cely proces sledovat aj na displeji, takze aj pocas procesu je
jednoznaéné v ktorej Casti sa beZiaci proces nachadza. Samotny podprogram Pre WWW
komunikuje s eternetovym modulom CP243-IT ktorému tieZz odosiela Udaje podprogram
PreDisp ale podrobnejSie aby bolo mozné na akomkol'vek pocitaci sledovat’ podrobne cely
proces a zaroven cely proces kontrolovat, ¢i prebieha spravne. Samotné teplota je regulovana
dvojstavovym spdsobom regulacie pomocou komparatorov.

Spominany eternetovy modul CP243-IT umozZiuje sledovat vyrobny proces
v l'ubovolnom internetovom prehliadaci. WWW stranka vyuZiva java applety ulozené
v samotnom module. Samotna WWW stranka pozostava z troch blokov: blok java scriptov,
blok java appletov a blok statickych textov a obrazkov. Java applety zabezpecuju stahovanie
dat z procesu, java scripty zabezpecuju dynamickeé sprdvanie WWW stranky, ktora je
poskladana s obrazkov a textov ktoré sa z meniacimi stavmi vzajomne zobrazuju, prelinaju
a pod.
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Obr. 3 Cast’ programu
Fig. 3 Part of program
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Obr. 4 Vizualizaénda WWW stranka
Fig. 4 WWW site for visualization

Na sledovanie procesu varenia je ur¢end druhda WWW stranka, na ktorej je graficky
zobrazovana Ziadand hodnota teploty, skuto¢na hodnota teploty a prietok pary, ktora je
zdrojom tepla v naSej ststave. Graf na stranke zobrazuje ¢asovy priebeh Ziadanej hodnoty
teploty rmutovania. Po nom prechadza Cerveny bod, ktory Vv aktualnom case zobrazuje
aktualnu hodnotu teploty.

Obr. 5 WWW stranka s grafom teploty
Fig. 5 WWW site with temperature graph
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47Zaver

Navrhol avytvoril som automatizovany systém na riadenie varne piva. Pri jeho
redlnom nasadeni vSak treba hlavny program prepisat’ do takého tvaru, aby subezne bezala
vyroba v obidvoch nadobach, to znamena v prvej rmutovanie a v druhej scedzovanie, pretoze
redlna vyroba beZi kontinualne. méj program je napisany tak, aby som v priebehu 10 minat
dokézali predviest’ cely technologicky proces varenia piva.

5Literatura
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Suhrn

Této praca popisuje funkciu a princip programu PLC pre automatické varenie piva.
Pre testovacie ucely som vyrobil logicky model varne piva aby sme nazorne overili funkénost’
mojho programu a pomocou neho bolo mozné jednoduchsie odstranit’ nedostatky programu
ako si aj uvedomit’ nutnost’ ochrany proti subeznému spusteniu procesov. TieZ som
predviedol pouzitie sietovej komunikacie a moznosti kontroly cez webové rozhranie ktoré pri
pripojeni na internet je mozné sledovat’ s l'ubovol'ného miesta.

KPaéové slova: PLC, pivovarnictvo, eternet
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LEARNING-BY-DOING MODELLING AND SIMULATION OF
WAREHOUSING PROCESSESIN THE WANDA
ENVIRONMENT

KRISZTINA ROZSA BANCSO — TAMAS BODIS - PETER BAJOR

Abstract

Modeling and simulation is the only objective way to compare different alternatives of
logistics solutions in warehousing, where periodical re-engineering of logistics processes is
inevitable for competing firms. Computer simulation tools have attractive promises, but it is
always a problem to decide which elements and factors we should consider or we can neglect.
In the frame of the WaNDA trainings participants get real-life experience about the
importance of choosing the appropriate warehousing strategy, like product arrangement layout
and order picking operations on the learning-by-doing way. Furthermore the WaNDa
environments provide attractive innovation filed in warehouse logistics research.

Key words: WaNDa, computer simulation, warehousing operations

1 The role of learning-by-doing modeling in education on the field of
logistics

The main challenges of modern logistics and supply chain management are providing
high level quality service for customers according to the ever-growing and ever-changing
demands, optimizing low series production and distribution in various environments,
managing stocks in lean and agile production systems, eliminating the bullwhip effect,
applying different trade-off solutions for minimizing infrastructure investment, distribution
and warehousing costs and maximizing capacity utilization. The wide variety of products, the
challenges of fluctuating demand, the appropriate inventory management and the application
of modern production and distribution strategies require flexible innovative thinking and
special management skills from experts: to be able to construct and manage an effective, well-
balanced manufacturing and distribution process in supply networks.

The learning-by-doing method, based on personal experience (dialectic approach) is
able to help in the education and training to get these innovative and cooperative skills. The
main purpose of our learning-by-doing simulation projects in Szab6-Szoba R&D Laboratory
i to construct special real-life environments for training on the field of logistics: modelling
the product and information flow in a supply chain, taking care of shipments, material
handling and order picking processes of a warehouse or a factory.

In these creative environments all the actions are provided by participant — with
flexible, dialectic (learning-by-doing) “hand-made” ways, focusing on the evaluation of the
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results and the whole process of logistics performance measurement. During the learning-by-
doing trainings participants can get practical knowledge and develop many innovative skills
to be able to construct, observe, design and re-engineer sustainable and efficient logistics
processes.

The WaNDa environment

Based on the fact that warehousing has key role in the competitiveness of modern
supply networks we started to develop our WaNDa (Warehousing and Distribution)
environment for the learning-by-doing modeling and simulation of warehousing processes.
The WaNDa training system is based on round by round process optimization, where all the
actions, protocol design and modification are provided by the participants. The material
handling tasks are the same in all rounds, what makes it possible for the team to compare
different types of logistics operations each round. They can model different routing, zoning,
SKU keeping strategies. We use the System LEGO bricks to represent different products —
each parameter of the bricks has a specified meaning, like unit package size (number of
knobs), item type and palletization feature (color), etc.

1% stage: WaNDa Basic

In the WaNDa Basic module we consider the general warehouse operations in
sequence: incoming shipment administration, store-in procedure (positioning algorithms),
loading of picking positions, order picking process, final checking and outgoing shipment
management. Participants are warehouse operators — the team is working on the basic tasks,
and in the same time they are responsible for the human resource allocation, so they have to
plan how they will fulfill all the required human activities in time. They can see the difference
between FIFO and FEFO directions in practice. There are some in-built problems in the
process, like lack of space, deviation from the store-in algorithm, administrative obstacles,
etc. Repeating the same task in each round they can get closer to the optimal way of operation
based on the decisions made by the team. It is important to highlight that depending on the
different personal skills of different team members there is no unique “ultimate solution”.
They conclude that material handling processes have great importance and huge human cost
in warehousing, and according to these facts it is inevitable to measure the performance of the
warehouse operators.

2" stage: WaNDa Ruta

In the WaNDa Ruta module we are focusing on the most expensive warehouse
operation: the order picking process. Participants can recognize and realize the complexity of
order picking strategies, and the resource related needs as well. The environment is very
simple; we can use it in a normal classroom at the university. We need only 24 regular plastic
boxes for the storage at the different positions LEGO parts as products. In the frame of the
lessons we usually have 8 participants (order picking operators) and 1-2 observers. The 24
types of the products have different colors and sizes, and there is only one product type in
each box. The initial warehouse layout is a “head-type” one, and it is not possible to travel
through the corridors. There are four boxes in each row.
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Fig. 1 Travel needs on the initial and on the modified layouts in WaNDa Ruta

In the first round participants collect the required parts based on the random-
generated list. In the second round they usually modify the picking sequence on the same lists,
according to the product arrangement to avoid unnecessary travel. They usually develop some
simple signs for dedicating picking positions, what is possible to add to the picking list as
well. They measure the time request of the operations by a simple stopper watch. After some
rounds they conclude the disadvantages, like too much travel (time consumption and
distance), unsystematic locations, and traffic jams: nearly everybody began the search in the
first line. Shifting the starting points of the order picking operators helps in the first phase, but
later the problem can appear again with the result of longer process time.

Reducing the travel needs is possible with the modification of product arrangement:
move the fast velocity goods near the entrance of the corridors, but the traffic jams are more
serious in that case. The optimization process requires the synchronization of travel reduction
by product arrangement modification and picking sequence modification according to the
time request of different tasks. In further rounds participants can form the algorithms for zone
picking strategy - it is possible to reduce the travel needs and traffic jams on that way, but
usually more workforce is required.

34 stage: WaNDa ChokoBar

The WaNDa ChokoBar environment contains 6 racks (each contains 3 columns, eg. 3
picking position) in 2 blocks of shelves what form a warehouse corridor on the plotting board.
The unit loads have different heights (2-3-4-5 layers of bricks). The picking operators are free
to move between the dedicated positions to pick and transport the unit loads on the floor.
Related to the WaNDa Ruta model the main difference is that not only “floor-based”
operations are considered, but store-in and loading operations as well. The other important
difference is it’s not head-type but an interoperable warehouse model, so that we can also
simulate the different routing strategies like S-shaped, Largest-Gap or Combined strategies.

The row heights of shelves are variable, what gives the flexibility of the racks. In this
case we can demonstrate the importance of setting the racks by avoiding the lot of stored
“air”.
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Fig. 2 The effect of variable shelf heights in
the ChokoBar model

The way of administration is the most traditional one (hand-made) in WaNDa
ChokoBar model: all unit loads need an own card, what the operators complete to monitor all
the movements. All the administrative tasks support them to be able to keep the defined
algorithms. The card contains the product code, the starting quantity, the store-in time, the
picking position and all the movements with the time and actual quantity. The first time cell
shows the store-in event, what makes us able to keep the FIFO strategy. We have developed
an inventory table, where the cards are separated in different boxes. One of the possible
strategies here is to dedicate the boxes for the products. In this case it does not cause any
problem if the same product is stored on different racks.

The order picking lists are still in paper-form. Each picking operator gets an own list,
which contains all the product codes with picking positions in the sequence of the random
layout and the demand The table informs about the summary number of the products to the
final quality control. The administrators continuously measure and fulfill the administration
table of their own working field. The picking administrators register the movements and time
requirements of their dedicated picking colleague. They administrate the observations,
problems, faults, events and the causes of those.

The administrator of the forklift drivers monitor all the movements with time stamps
handled by the forklift drivers. These administrating tasks are so important to evaluate the
system in the required depth.

After some rounds it can be necessary to re-design (re-dedicate) the storage positions
of the products. The first possible way is to store out everything and store in to the right place,
but it is a quite expensive solution. The next alternative is usually to move only the next
incoming unit load to the right position (or area), and re-design the system with the natural
low speed of rotating goods. The final one is to change the pallets only at the picking
positions, and continue on the previous way. Round by round the position allocation will
reach the ideal structure. There could be other different actions to reduce the time delay from
the actual to the new allocation of goods with managing low and high speed rotation goods on
different ways.

4" stage: WaNDa QRea

QR-codes, android-based tablets and smart phones form the basis of our warehouse-
management informatics system in the WaNDa QRea environment. We use WiFi connection
to transfer all the data between the equipments and the server computer. The process is similar
to the ChokoBar model, but we extended the warehouse dimensions to 4 x 3 racks (36 order
picking positions, 3 corridors).

The team is responsible for defining and measuring the Key Performance Indexes of
the logistics activities. Using the Balanced Scorecard approach with practical examples from
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everyday operations it is possible to develop the viewpoints of participants: it is crucial to
know what happens, why it happens and what is the consequence of a given operation or
failure in the system.

The typical BSC consists of four perspectives - financial and non-financial measures
to guide implementation and evaluation: financial, customer, internal process, and learning, in
addition focuses both on the short- and long-term objectives of the organization.

The most important goal in a warehouse is to serve the customer demand (this will
create the profit of the company which is the first perspective) as well as we can, and keep a
good relationship with them, which is related to the second point of view of the Balanced
Scorecard approach. To reach the highest possible customer service level a warehouse needs
optimal processes (order picking, inventory management, etc.), that requires the internal
business perspective. Using innovative solutions in warehouse management lead to more
efficient operations, and finally the warehouse will operate on the most competitive and
financially productive level (with that we arrived to the first perspective again).

Actual warehouse
’ operations \
Interactive
plotting board Computer simulation

Fig. 3 The innovation process in the WaNDa environment

5™ stage: WaNDa INNO

On the way of modeling and simulation the first step is having appropriate data. That
is why the innovation process starts with the measurement of the actual system: our Elli3
android based application is able to monitor the time request of all pre-defined warehouse
operations with automatic time stamps. The examination of the workflow display-interface is
adapted to the pre-defined actions appears to be measured - the assessor will tap to activate
each key, and the device records the sequence of events with timestamps.

Fig. 4. Elli3 android application for monitoring the order picking
process

Using our EIli3 tool we can discover many hidden parameters of product and
information flow. Based on the results and analysis we can classify the main features of the
operations and the product structure.
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In the second phase we are modeling the phenomenon and daily operations in the
interactive WaNDa learning-by-doing environment. The WaNDa Inno model consist 72 order
picking positions. It is possible to build up the analogue model of the real warehouse
according the measurements and process analysis. Company experts can find the solutions in
teamwork by the plotting board, what can be re-implemented to daily operations, etc.

Although the learning-by-doing simulation gives many excellent ideas and findings,
the number of cases we can investigate near the plotting board is limited. So that in the third
phase we can use computer simulation programs for the analysis and the comparison of
different alternative solutions, to be able to collect and implement the best methods at a
warehousing company.

The computer simulations make us possible to model complex logistics systems based
on mathematical, statistical methods and algorithms. Parametric structure and refreshable
database help to synchronize the model with the actual situation for each project. The system
can continuously collect statistics and generate real-time charts, which data mean the basis of
the comparisons of the alternatives. One of discrete event simulation tool is the Tecnomatix
Plant Simulation, which framework supports the model designing by existing objects and
methods. The object oriented and programmable structure is flexible enough to model all
kinds of individual processes, strategies, algorithms.

Fig. 5 Computer simulation model for WaNDa Ruta

Each development step gives a feedback on the other; the innovation is going through
continuous interactions between the three fields: monitoring and measurement of actual
operations, learning-by-doing modeling and computer simulation.

2 Conclusion

In our essay we have presented the WaNDa environment, like a possible frame and
tool to demonstrate and develop warehousing logistics processes.

Re-engineering of warehouse operations requires special skills from the expert side.
To develop these skills is only possible based on practical tasks and experiences in formal
education and on trainings as well.
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MECHANICKE VLASTNOSTI BETONOVYCH PODL AH
MECHANICAL PROPERTIES OF CONCRETE FLOORING

MICHAL BANDZAK - VERONIKA ARDONOVA - JANA LENDELOVA -
ZUZANA HLAVACOVA

Abstract

The thesis aims were the preparation the frequency dependencies of capacity, resistance
and impedance measurement, the differences specification between these dependencies for
various types of concrete, the proposal of electrical properties utilization for a description of
concrete other characteristics, and the determination of correlation between safety characteristics
of concrete and its electrical properties.

Measured samples of concrete were delivered by the Department of Materials Engineering

and Chemistry (Faculty of Civil Engineering, Czech Technical University in Prague). The
measurement results are given in tabular and graphical forms.
We found out that the samples resistance and impedance decrease, however, capacity increase
with increasing of the moisture content. Between resistance values at frequency of 200 kHz and
values of compressive strength exist a correlation. The sample BS with higher compressive
strength has the lower resistance and the sample BM2 with lower strength has higher resistance
values. It can be expected that this difference would be significant at higher frequencies.
Frequency dependence of capacity at low frequencies can be used for correlations with the
bending strength of concrete. Sample BM1 with higher bending strength has higher capacity, and
sample BM2 with lower bending strength has a lower capacity. The correlation could not be
identified at other dependencies.

Keywords: correlation, concrete, samples, humidity, frequency

1 Uvod

Betdn je konstrukény materidl, ktory zaznamenal od 90-tych rokov minulého storocia vyrazny
pokrok. Vdaka vyvoju avyrobe novych druhov cementov, vyuZitiu prisad a primesi do beténu sa
umoznuju vyrabat betony vo velmi vysokej kvalite. Obycajny betédn mozino charakterizovat ako
trojzlozkovy systém, ktory pozostava z kameniva, cementu a vody. V dnesnej dobe sa aj do tohto beténu
pridavaju prisady vo forme plastifikatorov na zabezpecenie potrebnej spracovatelnosti pri nizSom obsahu
vody.

Alternativne silikdtové spojivd, ako je popoléek, mletd granulovana trieska z vysokej pece,
metakaolin nasli uplatnenie v konkrétnej vyrobe pred niekolkymi desiatkami rokov, pretoze ich potencidl
dokaze nahradit cast portlandského cementu v betdne. Popoléek, mletd granulovana trieska su
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odpadové materialy. Metakaolin sa vyraba tepelnym rozkladom kaolinu bez produkcie CO,. Preto tieto
materialy alebo ich kombindcie si povazované za ekologickejsie ako cement.

Elektrické vlastnosti sa vyuZivaju v roznych oblastiach a odvetviach. K zakladnym elektrickym
vlastnostiam patria vodivost, konduktivita, odpor, rezistivita, admitancia aimpedancia. Na zdklade
merania elektrickych vlastnosti sa zistuje kvalita azloZenie vzoriek. Najviac sa elektrické vlastnosti
vyuzivaju na meranie obsahu vlhkosti.

Zamerom prace je posudit koreldciu medzi bezpeclnostnymi charakteristikami beténu a jeho
elektrickymi vlastnostami.

2 Material a metédy

Vzorky boli poskytnuté Katedrou materidlového inZenyrstvi a chemie (Stavebni fakulta,
Ceské vysoké udeni technické v Praze) v ramci bilateralneho projektu. K dispozicii sme mali 30
vzoriek betonu. Tieto vzorky boli oznacené podla toho, z akych materidlov boli zloZené (Tab. 1).
ISlo 0 oznacenia BP, BR, BS, BM1, BM2, ktoré st zobrazené na obr. 1. Prvéa vzorka BS obsahuje
mletd granulovanu trosku z vysokej pece, druhd BM je s primesou metakaolinu atretia BP
s popoléekom. Referenéné vzorky BR obsahuju iba portlandsky cement. Skimané materialy BM,
BP, BS obsahuju 9,1 % alternativnych silikatovych spojiv ako ¢iastoént nahradu portlandského
cementu a materidl BM2 obsahuje 20 % alternativnych silikatovych spojiv. Rozmery vzoriek
beténu boli v priemere 4,6 cm (3irka); 4,6 cm (dizka); 2 cm (hribka). Hmotnost' vzoriek bez
prirastku hmotnosti vody sa pohybovala v rozmedzi od 130 g po 175 g a s najvy3Sim prirastkom
hmotnosti vody od 130 g po 179 g.

Obr. 1 Oznacenie vzoriek betonu
Fig. 1 Concrete Samples Designation

Dalej sme skumali pevnost betéonu v tlaku. Pevnost bola stanovend na zaklade
vysledkov skuSok na skdSobnych kockéach s hranou 150 mm, alebo na valcoch 150/300 mm vo
veku 28 dni.

Na zéklade kvality betonu sa rozdeluje do tried podl'a pevnosti v tlaku. Ciselné hodnoty
vyjadruju podiel valcovej a kockovej charakteristiky pevnosti betonu v MPa vo veku 28 dni,
napr. C 25/30.

Pri meraniach pouZijeme tieto pristroje a pomocky:
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LRC mostik Goodwill 821,
programovy balik LCR 800,
elektrédy snimaca,
digitalna vaha,

posuvné meradlo.

VVVVVYY

Materialy

osobny pocita¢ s nainStalovanym operacnym systémom Microsoft Windows XP,

v Tab. 1 je uvedené zloZenie vzoriek. MnozZstvo vody pridané do kaZzdej vzorky bolo
vybrané tak, aby sa zabezpecili rovnaké konzistencie a spracovatelnost’ Cerstvej betonovej zmesi

podl’a ¢eskej normy .

Tab. 1 ZloZenie vzoriek (Vejmelkové et al., 2009)
Tab. 1 Composition of Samples (Vejmelkova et al., 2009)

Komponent BR BM BM 2 BP BS
cement CEM 1 42,5 Mokré 484 440 387 440 440
agregaty (0 —4) mm 812 812 812 812 812
agregaty (8 — 16) mm 910 910 910 910 910
zmékcovadla Mapei Dynamon SX | 5,30 5,30 5,30 5,30 5,30
metakaolin MEFISTO - 144 (9,1%) | 97 (20 %) - -
popol¢ek Détmarovice - - - 44 (9,1 %) -
Mleta granulovana vysokopecna| i i i 0
troska Stramberk 44 (9,1 %)
voda 148 142 188 137 146

Zakladné vlastnosti materialov

Zakladné fyzikalne vlastnosti

sledovanych vzoriek boli

v ws

zistované na Katedre
materialového inZenyrstvi a chemie (Stavebni fakulta, CVUT v Praze). Otvorena porovitost’ bola
merana nasytenim vody vakuovou metddou. Zistene vysledky su uvedené v Tab. 2. Objemova
hmotnost’ vSetkych materidlov sa liSi len do cca 7 %. NajvysSiu hodnotu hustoty matrice dosiahol

BS s obsahom trosky, najvysSiu hodnotu dosiahla vzorka BM2 s vys§im obsahom popol¢eka.

Tab. 2 Zakladné parametre materialov (Vejmelkova et al. 2009)
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Tab. 2 Basic Parameter of Materials (Vejmelkova et al., 2009)

Vzork Objemova hmotnost’ | Hustota matrice | Otvorena pérovitost’
’ [kg. m?] [kg.m?] [%]
BR 2 380 2720 12,3
BM 2370 2690 13,0
BM?2 2372 2729 13,3
BS 2330 2600 9,7
BP 2360 2720 12,5

Meraci pristroj LCR mostik Good Will 821

Meracim pristrojom Good Will 821 (obr. 2) sme merali kapacitu, odpor, impedanciu
a stratovy Cinitel’ vzoriek betonu s presnost'ou 0,05 % Vv rozsahu frekvencii od 12 Hz do 200 kHz.
Snimac

Pouzivali sme Specialny snima¢ tvoreny dvomi medenymi doskami s rozmermi 5 cm x 5
cm. Vzorku beténu sme vloZili medzi medené dosky uchytené v stojanoch. Aby sa zabezpecil
lepsi kontakt, pritlacili sme dosky ku vzorke Gchytkou.
Pristroje a pomdcky na meranie kocky a valca: meradlo dizky, vahy, skasobny lis.
Skasobné vzorky: SkdSobné telesd vopred zdmerne vyrobené na tento Gcel
tvaru kocky alebo valca. Telesa odobraté z hotovej konstrukcie predpisanym spésobom - vyvrty
v tvare valca.

Postup pri merani elektrickych vlastnosti vzoriek

» odvazime vzorky betdnu dvakrat, zapiSeme a urobime priemer;

» pristrojom Good Will 821 nameriame 3 hodnoty kapacity, odporu, impedancie pre kazdu pri
frekvenciach: 0,5 kHz; 1 kHz; 5 kHz; 10 kHz; 20 kHz; 50 kHz; 100 kHz; 200 kHz,

» Z tychto hodndt vypocitame priemerné hodnoty pre kazdi vzorku,

» namerané hodnoty sa uloZia na harddisk v software LCR-Viewer.

Obr. 2 Usporiadanie pristrojov
Fig. 2 Devices Setup
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Postup merania elektrickych vlastnosti vihkych vzoriek

» po ukoncéeni prvého merania vlozime vzorky do vody a nechame nasiaknut’ pocas jedného
tyzdna, po tyzdni vzorky z vody vytiahneme a nechame ich 24 hodin odstat’,

» na d’al$i den pokracujeme v meraniach rovnakym spésobom ako so suchou vzorkou,

» po odvazeni vypocitame prirastok hmotnosti vzoriek, ktory predstavuje hmotnost’ nasiaknute;j
vody,

» po ukonCeni merania vzoriek s prirastkom hmotnosti vody ich uloZime v laboratériu
na filtraCny papier, aby sa Cast’ nasiaknutej vody mohla odparit’,

» merania budeme opakovat’ eSte 4-krat pri inych relativnych vihkostiach vzoriek.

Postup pri spracovani nameranych hodnot

> hodnoty z LCR-Viewer skopirujeme do programu Microsoft Office Excel, kde vytvorime
tabul’ky s potrebnymi hodnotami,
pri roznych vzorkach vypocitame aritmeticky priemer, odchylku od aritmetického priemeru,
smerodajnu odchylku (strednt kvadraticku odchylku) a variaény koeficient.
Odchylka od aritmetického priemeru
A=C-C @
Smerodajna odchylka (Stredna kvadraticka odchylka)

2 2 2
5—+ /% )

Varia¢ny koeficient
—_
0, = 6100 % (€))
» zostrojime grafické zavislosti elektrickych veli¢in od frekvencie a od hmotnosti nasiaknutej vody v
programe Microsoft Office Excel.

Postup pri spracovani namer anych hodnét vzoriek vo forme kociek a valcov:

> skusobné telesa musia vyhovovat norme STN EN 12 390-1. Pri nevyhovujucom tvare alebo
rozmeroch sa postupuje podla d’alSich ustanoveni normy;

> ked’ze sucastou protokolu o skuSke je objemova hmotnost’ skiSaného betonu, stanovia sa
najprv potrebné Gdaje;

> skusobné teleso oto¢ené kolmo na smer ukladania betonu pri vytvarani sa uloZi medzi tlacné
dosky lisu centricky;

> zat'azuje sa tlakom plynule, bez vyvodenia razu az do porusenia vzorky v nosnom priereze;

> zaznamend sa maximalna sila F (N);

> ak nastane zvlastny typ poruSenia, musi sa to zaznamenat’.

3 Vysdedky a diskusia

Porovnanie mechanickych vlastnosti vzoriek

Vejmelkova et al. (2009) vo svojom clanku uvadzaji mechanickil pevnost’ v tlaku
a v ohybe pre kompozitne betony (tab. 3), ktoré boli sledované 28 dni. VSetky materialy
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bezpecne splnili zakladné kritérium pevnosti v tlaku 60 MPa. Materialy s takouto pevnostou su
povazované za vysoko vykonné materidly. Vysledky boli podobné pre vSetky materidly.
NajvysSiu hodnotu pevnosti materialu dosiahla vzorka BR a beton s nizSim obsahom Skvary BS.

awwe

v v

metakaolinu BM2.

Tab. 3 Mechanickeé vlastnosti (Vejmelkova et al. 2009)
Tab. 3 Mechanical Properties (Vejmelkova et al. 2009)

Vzorka Pevnost’ v tlaku Pevnost’ v ohybe
(MPa) (MPa)
BR 77,4 10,36
BM1 69,6 11,94
BM?2 61,5 85
BS 8 9,86
BP 69 9,79

Aby bolo mozné porovnat’ mechanické a elektrické vlastnosti betdnov, zostrojili sme
grafické zavislosti odporu, impedancie a kapacity pre uvedené typy vzoriek. Pre kazda veli¢inu
sa zostrojili dve grafické zavislosti. Prva zavislost’ obsahuje hodnoty pre porovnanie elektrickych
vlastnosti a pevnosti v tlaku a ide o vzorky BR, BM2 a BS, nakol’ko vzorky BR a BS dosahuju

v we

awws

Na obr. 3 je zobrazené porovnanie frekvencnej zavislosti odporu vzoriek betonu BR, BM2
a BS. Na grafe mame moznost’ vidiet’, Ze vzorky st takmer totozné, teda pri nizkych frekvenciach
dosahuju vysoké hodnoty a s pribudajucou frekvenciou hodnoty klesaju. Priebehy sme korelovali
mocninou klesajucou funkciou s vysokymi koeficientmi korel&cie.

Obr. 3 Frekvenéna zavislost’ odporu pre vzorky betonu BR, BM2 a BS
Fig. 3 Frequency Dependencies of Resistance for Concrete Samples BR, BM2 and BS
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Obr. 4 Frekven¢na zavislost” odporu pre vzorky betonu BM1 a BM2
Fig. 4 Frequency Dependencies of Resistance for Concrete Samples BM1 and BM2

Na zéaklade priebehu zavislosti mézeme konstatovat’, Ze pri frekvencii 200 kHz existuje
viditeI'ny rozdiel v hodnotach odporu (BM2 hodnota 21,356 kQ2, BS hodnota 14,393 kQ). VVzorke
s viac¢Sou mechanickou pevnost'ou v ohybe BS prislicha niZsia hodnota odporu a naopak. Da sa
predpokladat’, ze pri vyssich frekvenciach by bol tento rozdiel vyznamnejsi.

Obr. 4 zobrazuje porovnanie frekvencnej zavislosti odporu vzoriek betonu BM2 a BML1.
Vzorka BM1 dosahuje hodnotu pevnosti v ohybe 11,94 MPa a vzorka BM2 dosahuje 8,5 MPa.
Na grafe vidime, Ze krivky tychto vzoriek su takmer totozné, teda nie je mozné najst’ korelaciu
S pevnost'ou v ohybe.

Na obr. 5 je zobrazené porovnanie frekven¢nej zavislosti impedancie vzoriek betonu BR,
BM2 a BS. Na grafe mame moznost’ vidiet, ze priebehy su pre vSetky vzorky takmer zhodné,
teda pri nizkych frekvenciach dosahuju vysoké hodnoty a s pribladajucou frekvenciou hodnoty
klesaju.

Obr. 5 Frekvenc¢na zavislost’ impedancie pre vzorky betonu BR, BM2 a BS
Fig. 5 Frequency Dependencies of Impedance for Concrete Samples BR, BM2 and BS
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Na obr. 6 je zobrazené porovnanie frekvenénej zavislosti kapacity vzoriek betonu BR,
BM2 a BS v suchom stave. Na grafe mame moznost’ vidiet, Ze krivky pre vSetky vzorky s vo
vysokej miere totozné, pricom pri nizkych frekvenciach dosahuji vyssie hodnoty, v rozmedzi od
50 pF do 72 pF a s pribadajucou frekvenciou hodnoty klesaju na 12 pF az 10 pF.

Obr. 6 Frekven¢na zavislost’ kapacity pre vzorky betonu BR, BM2 a BS
Fig. 6 Frequency Dependencies of Capacity for Concrete Samples BR, BM2 and BS

Obr. 7 zobrazuje porovnanie frekvenénej zavislosti kapacity vzoriek betonu BM2 a BML1.
Vzorka BM1 dosahuje hodnotu v pevnosti ohybe 11,94 MPa a vzorka BM2 dosahuje 8,5 MPa.
Z grafu vyplyva, Ze krivky vzoriek pri nizkej frekvencii sa od seba viac vzd’al'uju ako krivky,

ktoré su pri vysSich frekvenciach. Pri frekvencii 200 kHz su vzorky takmer totoZzné a pohybuju sa
v rozmedzi od 10,5 pF do 12 pF.

Obr. 7: Frekven¢na zavislost’ kapacity pre vzorky betonu BM1 a BM2
Fig. 7 Frequency Dependencies of Capacity for Concrete Samples BM and BM2

Na zéaklade priebehu zavislosti mézeme konstatovat, Ze pri frekvencii 20 kHz existuje

rozdiel v hodnotach kapacity (BM1 hodnota 21,595 pF, BM2 hodnota 19,022 pF). Vzorke s
vacSou mechanickou pevnostou v ohybe BML1 prislicha vysSia hodnota kapacity a vzorka, ktora
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ma mensiu mechanickl pevnost’ v ohybe BM2, méa nizs§iu hodnotu kapacity. Da sa predpokladat’,
ze pri vyssich frekvenciach by bol tento rozdiel zanedbatel'ny.

Vysledok skusky nameranych vzoriek v tvare kociek a valcov:

> Posudi satyp poruSenia vzorky. Pevnost’ sa zistuje z maximalnej hodnoty sily dosiahnutej
pri vyhovujucom spdsobe porusenia telesa.

> Pevnost’ betébnu v tlaku sa vypocita podla prislusného vztahu. Udava sa s presnostou
na 0,5 MPa.

> Namerané a vypocitané daje sa zaznamenaju v tabul’ke.

4 Zaver

Elektrické vlastnosti sa stanovuju v rdznych odvetviach a oblastiach. Merania
elektrickych vlastnosti sme uskutocnili na vzorkach betonu, ktoré nam dodali z Katedry
materialového inZzenyrstvi a chemie (Stavebni fakulta, Ceské vysoké uéeni technické v Praze).
K dispozicii sme mali 30 vzoriek betonu.

Na zistenie koreldcie medzi mechanickymi a elektrickymi vlastnostami betonov sme
zostrojili grafické zavislosti odporu, impedancie a kapacity pre vzorky betonu BR, BM1, BM2,
BS. Prekazdia wveli¢inu sa zostrojili dve grafické zavislosti. Prvy obsahuje hodnoty
pre porovnanie elektrickych vlastnosti a pevnosti v tlaku. Dalsi graf sliZi pre porovnanie pevnosti
v ohybe. Na obr. 3 je zobrazené porovnanie frekvencnej zavislosti odporu vzoriek betéonu BR,
BM2 aBS. Na zaklade priebehu zavislosti mdzeme konStatovat, ze pri frekvencii 200 kHz
existuje viditelny rozdiel v hodnotach odporu (BM2 hodnota 21,356 kQ, BS hodnota 14,393
kQ). Vzorke s vd¢Sou mechanickou pevnostou v tlaku BS prislicha niZSia hodnota odporu
a naopak. Da sa predpokladat’, ze pri vysSich frekvenciach by bol tento rozdiel vyznamnejsi. Obr.
4 zobrazuje porovnanie frekvenénej zavislosti odporu vzoriek betonu BM2 a BM1. Tu méame
moznost’ vidiet, Ze krivky tychto vzoriek su takmer totozné, teda nie je mozné ndjst’ korelaciu
S pevnost'ou v ohybe.

Na obr. 5 je zobrazené porovnanie frekven¢nej zavislosti impedancie vzoriek betonu BR,
BM2 a BS. Na grafe mame moznost’ vidiet, ze priebehy su pre v3etky vzorky takmer zhodné.
Na grafe vidime, Ze krivky tychto vzoriek si takmer zhodné. Pri nizkej frekvencii dosahuju
najvysSie hodnoty. Frekvencné zavislosti impedancie teda nie je mozné vyuzit' na posudenie
pevnosti v tlaku ani pevnosti v ohybe prislusnych betonov.

Na obr. 6 je zobrazené porovnanie frekvencnej zavislosti kapacity vzoriek betonu BR,
BM2 a BS. Na grafe mame moznost’ vidiet, ze krivky pre vSetky vzorky su vo vysokej miere
totoZzné. Obr. 7 zobrazuje porovnanie frekvencnej zavislosti kapacity vzoriek betonu BM2
a BM1. Z grafu vyplyva, Ze krivky vzoriek pri nizkej frekvencii su od seba viac vzdialené ako pri
vyssich frekvenciach. Vzorka BM1 dosahuje hodnotu v pevnosti ohybe 11,94 MPa a vzorka BM2
dosahuje 8,5 MPa. Pri frekvencii 20 kHz existuje rozdiel v hodnotach kapacity — BM1 hodnota
21,595 pF, BM2 hodnota 19,022 pF. Vzorke s vid¢sou mechanickou pevnostou v ohybe BM1
prislucha vyssSia hodnota kapacity a vzorka, ktora ma mensiu mechanicku pevnost’ v ohybe BM2,
ma niZ8iu hodnotu kapacity.

Na zéver mozeme skonStatovat’, Zze na zaklade nameranych elektrickych vlastnosti je
mozné zistit” kvalitu betonu najmé niektoré mechanické vlastnosti. Elektrické vlastnosti sa vSak
daju vyuzit aj pri zistovani vnatornych trhlin a prasklin v betone, ako uvadza Lataste et al.
(2003). Dalgie merania by mohli byt zamerané na tito oblast’.
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Sdhrn

Cielom prace bolo namerat hodnoty kapacity, odporu, impedancie vzoriek betonu
v zavislosti od frekvencie, posudit’ korelaciu medzi bezpe¢nostnymi charakteristikami beténu
a jeho elektrickymi vlastnost’ami.

Vzorky betdnu, na ktorych sme uskuto¢nili merania elektrickych vlastnosti, boli dodané

Katedrou materialového inZenyrstvi a chemie (Stavebni fakulta, Ceské vysoké uéeni technické
v Praze). Vysledky merani st uvedené v tabul’kovej a grafickej forme.
Zistili sme, Ze koeficienty korelacie dosahovali vysoké hodnoty. S rasticou vlhkostou vzoriek
ich odpor aimpedancia klesala, kapacita naproti tomu narastala. Medzi hodnotami pevnosti
v tlaku a hodnotami odporu vzoriek pri frekvencii 200 kHz sme zistili korelaciu. VVzorke s via¢sou
mechanickou pevnost'ou v tlaku BS prislicha niZSia hodnota odporu a vzorke BM2 s nizSou
pevnost'ou vyssia hodnota odporu. Da sa predpokladat’, ze pri vyssich frekvenciach by bol tento
rozdiel vyznamnejsi. Frekvencna zavislost’ kapacity pri nizkych frekvencidch méze byt vyuzita
ku korelaciam s pevnostou betonu v ohybe. VVzorke s va¢sou mechanickou pevnostou v ohybe
BM1 prislicha vysSia hodnota kapacity a vzorka, ktora ma mensiu pevnost’ v ohybe BM2, méa
niZsiu hodnotu kapacity.

KPacové slova: korelacia, beton, vzorky, vihkost, frekvencia
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POSUDENIE RIZIKA VYBRANYCH PROCESOV
RISK ASSESSMENT OF SELECTED PROCESSES

PAVLINA BEDNAROVA - MARIAN BUJNA - LUKAS BEDNAR

Abstract

Improving business processes is now seen as a necessity. Organizations under
pressure from their customers increasingly demanding better and better products and services,
continuously working on improving their processes. An important aspect of any changes in
the risk process. It is necessary to constantly monitor and evaluate risks that may negatively
affect the process or part of the process. It is very important that we have a potential or
existing hazards are identified and properly assessed. The aim of this work is to assess the
risks identified in the process of assembly and logistics in society, OMS, al. with r.
of the breast-feeding.

Key words: risk, process, risk assessment

1 Uvod

Kazdy clovek v pracovnom procese celi rizikdm, ktoré mozu ohrozovat alebo
poskodzovat jeho zdravie. Zodpovednost’ za ochranu zdravia zamestnancov pri praci je nielen
na strane zamestnavatel'a a $tatu ale aj na strane samotného zamestnanca (Korenko a kol.,
2011). Starostlivost’ o bezpecnost’ a ochranu zdravia je nutné chapat’ ako dlhodoby proces
zlepSovania pracovnych podmienok a zaroven ide o proces, ktory je neoddelitenou stcast'ou
planovania a plnenia pracovnych udloh. Ziadny proces nie je bez rizika a preto je potrebné
riziko identifikovat, analyzovat a navrhnit’ vhodnt opatrenia na jeho zniZenie pripadne na
jeho uplné odstranenie. (Korenko a kol.) 2011

Metddy a postupy aplikovatené v procese posudzovania rizik zavisia od kultury
vedenia spolocnosti, teoretickych znalosti a praktickych skusenosti (Hrubec a kol., 2011). Aj
ked’ je posudzovanie rizik proces pozadovany legislativou na réznych trovniach riadenia
bezpe€nosti je nevyhnutné uvedomit’ si, Ze nielen samotnd legislativa, ale aj jeho prakticke
pouZitie vytvaraju podporu na ucinné a efektivne riadenie nakladov v oblasti riadenia
bezpecnosti a ochrany zdravia na pracovisku (Bujna, 2013).

Ciel'om prace je posudenie rizika vybraného montazneho procesu v spolo¢nosti OMS
spol. s r.o., ktord sa zaoberd vyrobou a vyvojom svietidiel. Vyrobny proces spolo¢nosti je
naro¢ny najma z déovodu $irokého sortimentu, ktory spolo¢nost’ pontika.

2 Materidl a metody
Cely proces posudzovania rizika a zistené poznatky sme pre lepSiu prehladnost’

vpisali do tabulky, kde sme okrem urcenia a identifikovania ohrozenia a nebezpecenstva,
stanovili aj potrebné bezpe¢nostné opatrenia a dospeli sme tak k vyslednému riziku.

Pavlina Bednarova; pavlina.bednarova@gmail.com, Lukas Bednar, lukas.bednar@gmail.com,
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K presnejSiemu uréeniu mozného rizika sme pouZili bodové ohodnotenie, kde sme
vyuZivali tabulky Pravdepodobnosti, Désledku a Vplyvu arovne BOZP a su¢inom ich
bodov sme dospeli k vyslednému Riziku.

Tab.1 Kategorizacia pravdepodobnosti
Tab. 1 Categorization of probability

Trieda | Pravdepodobnost’ Charakteristika pravdepodobnosti

1 | Nepravdepodobna neziaduca udalost’ je takmer vylicena

5 Néhodna neziaduca udalost’ je malo pravdepodobna,
ale mozna

3 | Pravdepodobnéa neziaduca udalost’ by mohla nastat’

4 | Vel'mi pravdepodobna neziaduca udalost’ pravdepodobne nastane

5 Trvald neziaduca udalost’ pravdepodobne vznikne
vel'mi Casto

Tab.2 Kategorizacia dosledku
Tab. 2 Categoriation of consequence

Trieda | D6sledok Char akteristika dosledku

drobny uraz, zanedbateI'né financné a materialne
1 | Zanedbatelny straty

'ahky uraz, ochorenie, zaciatok choroby z povolania,

2 | Malo vyznamny malé finan¢né, materialne straty

vaznej$i uraz vyzadujuci hospitalizaciu, vacsie
materialne a finanéné straty

zavazny pracovny Uraz s trvalymi nasledkami,

choroba z povolania, vel’ké finanéné a materialne straty
smrtel'ny Uraz, nenahraditel'né straty, straty veduce k
likvidacii

3 | Vyznamny

4 | Kriticky

5 | Katastroficky

Tab. 3 Kategorizécia vplyvu urovne BOZP (posudenie rizika hodnotitel'om)
Tab. 3 Categorization effects OSH (risk assessment by evaluator)

Uroveii | Vplyv Grovne BOZP
Zanedbatel'ny vplyv na pravdepodobnost’ a dosledky
Malo vyznamny vplyv na pravdepodobnost’ a dosledky
Nezanedbatel'ny vplyv na pravdepodobnost’ a dosledky
Vyznamny, vel’ky vplyv na pravdepodobnost’ a dosledky
Viac vyznamnych vplyvov na pravdepodobnost’ a dosledky

g WNEF
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Tab.4 Kategorizacia rizika
Tab. 4 Categorization of risk

- . Postidenie Potreba
Kategoria| ... Bodové e < ,
. Riziko o (kritérii) bezpecnostnych
rizika rozpatie . .
bezpecnosti opatr eni
ciiatelna nie je potrebné vykonat’
1 Zanedbatel'né 1-4 pryaterna | opatrenia, ale je
bezpecnost L s
potrebné informovat
potrebné planovat’
akceptovatel'né riziko | ndpravu, snaha
2 Mierne 5-15 pri zvysenej dosiahnut’ zlepSenie,
pozornosti vycvik zamestnancov na
zvladnutie rizika
Riziko nemozno je potrebné prijat’
3 Vazne 16 - 50 akceptovat’ technické, organizaéné,
bezpecénostné opatrenia
nevyhovujuca Je pOtf‘?b,ne,Vykon?t
. bezpecnost’, vel'ka Okamzrge napravne
4 Neziaduce 51 -100 N 5, opatrenia, alebo
moznost urazov, . .
" . .| opatrenia s kratkym
neziaducich udalosti ; :
terminom plnenia
permanentna hrozba | je nutné okamzite
5 Neprijatel'né 101 - 125 | drazu, nenahraditel'né | zastavit’ ¢innost’,
straty vyradenie z prevadzky

3 Vydedky adiskusia

Vybranym procesom pre posudzovanie rizika v naSom prispevku bol montazny proces
svietidla. Mozné rizika, ktoré si faktorom spdsobujucim Skodu, Uraz, zranenie, ¢i ujmu na
zdravi zamestnancov, sme ur¢ovali v celom areéli organizacie.

Procesu samotnej montéZe svietidla predchadza mnozZstvo inych suvisiacich procesov
bez ktorych by nebolo mozné svietidlo skompletizovat. K hlavnym procesom patri vyroba
nosného telesa ajeho povrchova Uprava a vyroba optickej Casti. teleso spolu s optickou
castou sa dodavaju na montazne linky. proces samotnej kompletizacie svietidla spoc¢iva vo
vybaleni telesa, zapojeni elektrickej Casti, ktora je tvorena predradnikom, kabeldZou, paticami,
svorkovnicou na zdver sa montuje opticka Cast’ tzv. mriezka.

Pre minimalizovanie vzniku negativneho javu treba dodrziavat BOZP a bezpe¢nostné
predpisy, ktoré vychadzaju z identifikacie moznych ohrozeni pri posudzovani rizika.

V posudzovanom systéme montéZe sme dedukciou ur¢ili mozné nebezpecenstva a z
nich vyplyvajice ohrozenia. Ku kazdému nebezpeCenstvu sme priradili pric¢inu vzniku.
Doblezitou sUcastou identifikdcie bolo navrhnit’ bezpecnostné opatrenia Vvyplyvajlce
z moznych rizik. Ich tlohou je minimalizovat a pripadne uplne odstranit a predchadzat
vzniku nebezpecnej a zdravie ohrozujucej situacie, ktord vznikd neodbornou manipulaciu
s komponentmi, naradim ¢i technickym zariadenim, nepouzitim ochrannych a bezpeénostnych
pomaocok, nepozornostou...

VSetky Udaje sme zaznamenali do tabuliek. Nasledne sme pravdepodobnosti a
dosledku vzniku ohrozujucej situacie priradili ¢iselné hodnoty vyplyvajice z tabuliek. Na
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zaklade zadanych hodnét sme dospeli k vyslednému hodnoteniu rizika. Proces montaze patri
v organizacii medzi rizikove pracoviska najméa z dévodu najvacsieho podielu 'udskej ¢innosti.
Pracoviskd montéze patria medzi menej rizikové pracoviska ¢o dokazuje aj vysledok
nadej identifikacie, kde zistené hodnoty rizika neprevysuju mieru akceptovaného rizika.
Je preto potrebné najma dbat’ na opatrnost a predchadzat’ neocakavanym, ndhodne
vzniknutym rizikdm. Ako prevencia sluZia aj pravidelné Skolenia BOZP.
V prispevku je uvedena iba ¢ast’ z celkového posudenia rizika. Vysledky nedavaju
uplny prehlad vsetkych moznych nebezpecenstiev a neurCuju presni mieru ohrozenia.
Poznatky sl(zZia ako usmernenie pri prevencii Urazovosti na pracovisku.

Tab. 5 Posudenie rizika

Tab. 5 The risk assessment

Nebezpecenstvo | Ohrozenie Popis . P|D|V Bezpecn_ostne
ohrozenia opatrenia
Ruc¢na Prirazenie | *padbremena |2 |2 |2 *pouzivat vhodné
manipulacia s bremenom, | a prirazenie OOPP a manipula¢né
bremenami pritlacenie | koncatin na pomocky;
prstov, uloznu plochu; *zaistit’ pevné uchopenie
pretiahnutie | * prirazenie bremien, vyuzit' otvory,
ruky bremenom drzadl3;
v pripade, ak * kontrolovat’ stav
zamestnanec bremena, prip. jeho
ponecha zabezpecenie este pred
koncatinu pod ru¢nou manipulaciou;
bremenom *ukladat’ bremena na
alebo medzi podlozky tak, aby medzi
bremenom bremenom a uloznou
a pevnou plochou zostala
prekazkou, pri bezpecnostna medzera
posunovani aby nedochéadzalo
bremena; k pritlaceniu alebo
* pritlacenie prirazeniu ruk;
prstov,
pritiahnutie
ruky osoby pri
ruénej
manipulacii,
najma pri
prenasani,
ukladani
Porezanie 2122 sustredit’ sa na
ruk, vykonavanu pracu;
pichnutie, | * porezanie *pouzivat’ predpisané
bodnutie, ruk, pichnutie, OOPP
odretie bodnutie,
odretie;

63



Narazenie * vykonavanie *zaistit
osoby o manipula¢nych prac dostatocny
prekazku v stiesnenych manipulacny
priestoroch; priestor,
* prirazenie prstov, udrziavat’
ruky, lakt'’a a pod. pri poriadok,
manipuldcii, odpratavat’
prirazenie koncatiny odpad;
k okolitym *pri ukladani
predmetom, bremien
konstrukciam; pripravit
dopredu
podklady;
pretazenie a | *pretazenie *zabezpecCovat
presilenie a presilenie; Skolenia
*natrhnutie alebo zamestnancov
natiahnutie svalov 0 spravnych
a Sliach nasledkom spdsoboch
fyzického pretazenia a postupoch
alebo neprimeranej manipulacie;
namabhy; *dodrziavat’
*natrhnutie svalov hmotny limit
a Sliach pri nahlych *vybavit’
prudkych pohyboch pracovisko
spojenych s vysokym vhodnymi
zat'azenim pomockami
napr. vozikmi,
prepravkami
a pod.;
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Tab. 6 Posudenie rizika
Tab. 6 The risk assessment

Nebezpecenstvo

Ohrozenie

Popis ohrozenia

Bezpecnostné
opatrenia

Rucné
mechanické
naradie

(ndZ, noznice,
kladivo, klieste)

kontakt
naradia s
rukou

*se¢né, rezné,
bodne, trzné rany;

*prax, zruénost’,
pouzivat’ vhodny
druh naradia;
*zaistit’ moznost’
vyberu vhodného
naradia;
dodrziavat’ zakaz
pouZivania
poskodeného
naradia;

zranenie o¢i
drobnou
éasticou

*arazy oci
odlietajucou
¢repinou, ulomkom,

a pod.;

*pouzivat
pridelené OOPP;

vykiznutie
ruc¢ného
naradia,

z ruky

*yykiznutie naradia
pri jeho pouzivani
z ruky a néasledne
zasiahnutie osoby;

*pouzivat
nepoSkodené
naradie;
*ichopova cast’
naradia, musi mat’
vhodny tvar, bez
poskodenia;
*udrziavat’ suché
a Cisté rukovite
a tchopové casti
naradia;

*pohyb secnych
naradi (nozov)
smerom od tela
osoby;
*sustredenost’ pri
praci, prip.
pouzivat’ chranice
na ruky

v zavislosti od
druhu
vykonavanej
prace;

Rucné
mechanické
naradie

(ndZ, noznice,
kladivo, klieste)

prace v
stiesnenych
priestoroch

*odreniny

a pohmozdeniny rak
pri préaci s naradim
v stiesnenych
priestoroch, pri
opravach, udrzbe;

*Upravou
pracoviska zaistit’
pracu s naradim
vo fyziologicky
vhodnych
polohach;
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4 Zaver

Zaujmom kazdej vyrobnej organizacie by mala byt vo zvySenej miere venovat
pozornost  odhalovaniu zdrojov rizika. Riziko nie je potrebné len odhalit’ ale i popisat’ a
stanovit’ jeho vahu a dosledky. Nevyhnutnym krokom je identifikacia vSetkym moznych
ohrozeni a z toho vyplyvajucich rizik hroziacich zamestnancom.

Snahou je minimalizovanie, pripadne Uplné odstranenie rizik, za pomoci dodrZiavania
bezpecnostnych predpisov, dodrziavania BOZP na vsetkych pracoviskach a  Skolenia
zamestnancov. Nie len zamestnanci svojou obozretnostou ale aj zamestnavatel prispieva
Kk znizovaniu ohrozenia na pracovisku a to prijatim u¢innych bezpecnostnych opatreni.

Optimalne pracovné podmienky napomahaju k celkovej pohode zamestnancov pri
praci. Najvacsim prinosom pri spracovani informacii bolo zistenie, Ze eliminovanie rizik na
minimalnu mieru je mozné docielit’ neustalou kontrolou a vedenim k zodpovednému
sprévaniu sa zamestnancov ku svojmu zdraviu.
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Sdhrn

ZlepSovanie podnikovych procesov sa dnes povazuje za nutnost. Organizacie pod
tlakom svojich zékaznikov, poZadujucich stale kvalitnejSie a lepSie produkty ¢i sluzby,
neustale pracuju na zlepSovani svojich procesov. Tento pristup je zalozeny na sledovani
zabehnutych procesov z ¢oho plyna podnety k ich zlepSovaniu. Trendom sucasnej doby je,
aby zmeny prebiehali v ¢o najkratSich ¢asovych intervalom a pri najnizSich finanénych
nékladoch. Délezitym aspektom pri vSetkych zmenach v procesoch je riziko. Je potrebné
neustale sledovanie a vyhodnocovanie rizik, ktoré mozu negativnym sposobom ovplyvnit
cely proces alebo Cast’ procesu. Vel'mi dolezité je aby sme potencialne ale aj existujice rizika
identifikovali a spravne posudili. Cielom prace je identifikovat' posudit’ rizikd v procese
montaze a logistiky prebiehajuce v spolo¢nosti OMS spol. s r. 0 v Doj¢i.

Kriacové slova: riziko, proces, posidenie rizika
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HODNOTENIE KVALITY PRACE ZAVLAZOVACA BAUER
RAINSTAR TX 85
EVALUATION QUALITY OF WORK OF THE BAUER
RAINSTAR TX 85 REEL HOSE IRRIGATION MACHINE

FRANTISEK BIRO - JAN JOBBAGY

Abstract

The aim of the experiment was to study the effect of overlap to work quality of Bauer
Rainstar Tx85 irrigator. Evaluation of uniformity of distribution is carried by comparison of
coefficient of uniformity by Christiansen (Cu) values. There were carried out four variants of
experiment, for overlaps 0, 4, 8 and 16 m. Work quality for overlaps 0, 4, 8 and 16 m was
89.12, 87.59, 81.30 and 71.76 %, respectively. Increasing of overlap distance caused
decreasing the work quality. This progress is define by linear function y = -1.1449x + 90.434
and coefficient of determination R? = 0.9738. There is very strong dependence between the
work quality and overlap distance (R? = 0.9738). Based on the results, Bauer rainstar Tx85
irrigator meets the requirements of standards.

Key words: irrigator, irrigation, coefficient of uniformity, quality of work

1 Uvod

Prechod do tretieho tisicrocia bol sprevadzany aj prechodom zo zelenej revolucie,
kedy boli akcentované environmentélne otadzky, do modrej revolucie. T4 je charakterizovana
bojom s vodou a bojom o vodu (Hribik, 2009). ZavlaZzovanie spolu s hnojenim patria medzi
hlavné intenzifikaéné faktory v rastlinnej vyrobe (Sima et al., 2011). Efektivnost’ zavlahovej
techniky zavisi od rovnomernosti postreku a z tohto dévodu je potrebné vykonavat’ sktsky
rovnomernosti zavlaZzovania (Jobbagy, Simonik, 2010). Rovnomernost postreku patri
k najdolezitejSim ukazovatelom kvality zavlahy a rozumieme fiou rovnomernost’ pokrytia
zavlaZzovanej plochy vopred stanovenou zavlahovou davkou (Jobbagy, 2011). Rovnomernost’
postreku je ovplyviiovana rozdelenim vody po dizke zavlazovaného pasu a zavisi najma od
konstrukcie zavlazovaca (rovnomernost’ navijania, moznost’ nastavenia pozicnej zavlahy na
zaciatku a konci pasu), od zvySovania hydraulickych strat v navinutej hadici (postupne klesa
tlak na dyze postrekovaca a sucasne sa pri vacsine pasovych zavlazovacov meni rychlost
pohybu postrekovaca), sklonu terénu, kolisania tlaku na vtoku do pédsového zavlazovaca
a posobenia vetra (Latecka, 2000). Tato nerovnomernost’ sa neda obecne urCit’ a preto sa
vacsinou uvazuje len s tzv. prie¢nou rovnomernostou, t.j. s rovnomernostou rozdelenia vody
naprie¢ zavlazovanym pasom (kolmo k smeru pohybu postrekovaca), ktora ma rozhodujuci
vplyv na celkovi plo$ni rovnomernost’ (Jobbagy, 2011).

2 Material a metédy

Bc. FrantiSek Biro, Pri Dobrotke 63, 94901 Nitra, Slovak republic. E-mail: biro.frantisek@gmail.com
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Cielom prace bolo zhodnotit rovnomernost’ zavlazovania postrekovaca BAUER
RAINSTAR Tx85. Hodnotenie rovnomernosti zavlaZzovania bolo uskuto¢nené pre prekrytia 0,
4, 8 a16 m. Podnik ma k dispozicii viac ako 10 funkénych pasovych zavlazovaov Bauer
Rainstar Tx85 - 90/300. Zakladné technické parametre zavlaZzovaca st zobrazené v tabul’ke 1.
Zavlazova¢ ma k dispozicii postrekova¢ SR-101 s priemerom dyzy 20 mm. Ovléadanie
zavlazovaca je zabezpecené s mikropocitaCom Ecostar 4000. Hodnotenie rovnomernosti
postreku prebiehalo na parcele vysadenej zemiakmi. Pody st pieso¢naté az pieso¢natohlinité
s oznaCenim BPEJ 0020003.

Tab. 1 Technické ukazovatele zavlazovaca Bauer Rainstar Tx85
Tab. 1 Technical parameters of Bauer Rainstar Tx85 irrigation machine

Technicky ukazovatel’ Hodnota
Priemer hadice 90 mm
Dizka hadice 300 m
Maximalna diZka zavlaZeného pasu 340 m
Objemovy prietok 17-65m°h™
Pripojny tlak 0,35-1 MPa
Rozmer dyzy 16 — 30 mm

Pri zavlahe pasovymi zavlaZzova¢mi sa meranie rovnomernosti postreku hodnoti podl'a
normy STN ISO 7749-2. Stroj pri pol'nej skiske musi pracovat’ na rovnom teréne (maximalne
sklon 1 %). Rovnomernost’ zavlazovania bola hodnotena najviac rozsirenou metédou podla
Christiansena z roku 1942 (Zdrazil, Spitz, 1966; Jobbagy, 2010). Rovnomernost’ postreku je
hodnotena koeficientom rovnomernosti Cu (1).

2 —hy|
Cu=100x|1-++ (1)
n.h

m

Kde: h; —vysSka zrazky na elementarnych plochach, mm
hm — priemernd vyska zrazky na skimanej ploche, mm
n — pocet elementarnych ploch rovnakej velkosti, na ktoré sa zavlazovanad plocha
rozdeli, ks

3 Vysdedky a diskusia

Pocas experimentu boli splnené vSetky poziadavky dané normou STN ISO 7749-2.
Rychlost’ vetra bola ustalend a dosahovala hodnoty v rozmedzi 0 — 0,1 m.s™. Teplota vzduchu
sa pohybovala od 23 do 29 °C. Zavlahova davka v zrazkomernych nadobach pre jednotlivé
prekrytia (0, 4, 8 al6 m) je zobrazend na obrazkoch 1-4. Zavislost rovnomernosti
zavlazovania od velkosti prekrytia je zobrazena na obrazku 5. NajvySSia kvalita prace bola
zistend pri nulovom prekryti (Cugm = 89,12 %), nasledovana prekrytim 4 m (Cugm = 87,59 %)
(Cuigm = 71,67 %). Poziadavky na dosiahnuté hodnoty koeficientu rovnomernosti Cu podla
Christiansena sa roznia. Podl'a Ruzic¢ku (1996) je pri hodnote koeficientu 70 % rovnomernost’
postreku uspokojujica, podl'a Klementovej a Heiniga (1999) je dobra rovnomernost’ postreku
ur¢end minimalnou hodnotou Cu = 80 %. Poziadavkam normy TNV 754307, ale aj ASAE
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S436.1, ktora odporti¢a rovnomernost’ postreku dani hodnotou Cu>90 %, postrekovaé
z hladiska rovnomernosti zavlazovania nevyhovuje.
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Obr. 1 Zavlahova davka pri prekryti 0 m
Fig. 1 Irrigation rate, overlap 0 m
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Obr. 2 Zavlahovéa davka pri prekryti 4 m
Fig. 2 Irrigation rate, overlap 4 m
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Obr. 3 Zavlahovéa davka pri prekryti 8 m
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Fig. 3 Irrigation rate, overlap 8 m
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Obr. 4 Zavlahova davka pri prekryti 16 m
Fig. 4 Irrigation rate, overlap 16 m

Obr. 5 Vplyv prekrytia na kvalitu prace zavlazovaca BAUER RAINSTAR TX 85
Fig. 5 Effect of the overlap on the work quality of BAUER RAINSTAR TX 85 irrigation
machine

Na zaklade ziskanych tdajov mozno konstatovat, ze so zvySujicou sa velkostou
prekrytia sa kvalita prace zavlazovaca Bauer Rainstar Tx85 zniZovala, t.j. hodnoty Cu klesali.
Tento pokles je mozné popisat’ linearnou funkciou y =-1,1449x + 90,434 a koeficientu
determinacie R? vyjadrujuceho podiel spolognej variability medzi dvoma premennymi.
Hodnota R?=0,9738 predstavuje silnti zavislost. VzhFadom na dosiahnuté vysledky mozno
konstatovat’, Zze pri zavlazovani pomocou zavlazova¢a Bauer Rainstar Tx85 je z hladiska
rovnomernosti zavlahy najvhodnejsie nastavit’ rozstup tak, aby nedochédzalo k prekrytiam.
Jobbagy a Szalay (2009) zistili, Ze rovnomernost’ klesa do hodnoty prekrytia 20 m a nasledne
opat’ rastie do 35 m prekrytia, na zédklade ¢oho mozno predpokladat’ podobny trend aj
Vv nasom pripade, o bude predmetom d’alSiecho vyskumu. Nerovnomenost’ zavlahovej davky
atym sposobena variabilita vo vlhkosti pddy méd vplyv na uvolfiovanie emisii oxidu
uhli¢itého (Sima et al., 2012a) a oxidu dusného (Sima et al., 2012b) z pddy do atmosféry.
Z toho vyplyva, Ze rovnomernad zavlaha ma nielen ekonomicky ale aj ekologicky efekt
(Jobbagy, 2011; Kristof et al.,, 2012). Optimalna hodnota prekrytia je silne zavisla na
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pouzitom stroji a podmienkach pocas merania rovnomernosti zavlazovania, ¢o suhlasi
s vysledkami predoslého vyskumu (Jobbagy et al., 2012).

4 Zaver

V predkladanom prispevku sme sa zamerali na hodnotenie kvality prace pasového
zavlazovaca V pol'nohospodarskom podniku Agrocoop Imel’, a.s. Na hodnotenie sa aplikovala
metoda podl'a Christiansena (norma STN 1SO 7749-2, 1999, ASAE Standards S436.1, 2001).
Jeho hodnota je ovplyvnend radom vonkajSich Cinitelov ako tvar zavlahovej krivky
d’alekopriidového postrekovaca, rozstup resp. prekrytia postrekovacov a vplyv vetra — t.j. jeho
smer a rychlost. Na zé&klade poziadaviek Ruzi¢ku (1996) a Frielinghausa (1992) (hodnota
koeficienta rovnomernosti postreku nad 70 %) moZno povedat’, Ze podmienkam skiimany
zavlazovac vyhovel, aj pri zavedeni jednotlivych prekryti. Vysledkom zavéadzania prekrytia
bolo znizovanie hodnoty koeficienta rovnomernosti postreku Cu. Pri skimani inych pasovych
zavlazovacov rovnakého typu malo zavadzanie prekrytia opa¢ny efekt, zvySovala sa hodnota
koeficienta rovnomernosti postreku Cu. V takom pripade vol'ba prekrytia je efektivna len do
uréitej] hodnoty, pretoze so zvySovanim prekrytia klesa pracovny zaber zavlazovaca.
Néasledkom toho stupaji casové aekonomické polozky, kde mozZno konstatovat, Ze
optimalizécia préce sluZi k efektivnemu rozmiestneniu postrekovacov.
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Sdhrn

Kvalitou prace pasovych zavlazovacov sa zaoberame, pretoze je to jeden z parametrov
dosiahnutia rovnomernosti Grody pestovanej plodiny. V predkladanom prispevku prave preto
bolo cielom, zhodnotit ziskané vysledky merania rovnomernosti postreku podla
Christiansena Cu (STN ISO 7749-2, ASAE S436.1). Merania sa uskuto¢nili na pozemku
pol'nohospodarskeho podniku Agrocoop, Imel, as. (BPEJ 0020003). Uspokojivi
rovnomernost’ postreku Cu podl'a Frielinghausa a Rizi¢ku (viac ako 70 %) sme u zavlaZzovaca
Bauer Rainstar Tx85 90/300 dosiahli aj bez bez prekrytia (Cuon=89,12%). ZvySovanie
prekrytia sa pri naSich pokusoch nepreukazalo ako efektivne, pretoZze hodnota koeficienta
rovnomernosti postreku sa znizovala (Cusm=87,59%, Cugn=81,30%). Poziadavky podla
Klementovej a Heiniga (Cu vicsie ako 80 %) sa taktiez naplnili bez zavedenia prekrytia.
Poziadavky podla normy STN ISO 7749-2 a ASAE, kde Cu ma byt vyssie ako 90 %, sa
nenaplnili u skamaného zavlazovaca ato aj pri zavedeni prekrytia. Pokles koeficienta
rovnomernosti s narastajacim prekrytim, je mozné popisat’ linearnou funkciou y=-
1,1449x + 90,434 a koeficientu determinacie R? (R°=0,9738 - predstavuje silni zavislost).

KPiacové slova: rovnomernost’ postreku, koeficient rovnomernosti postreku Cu, kvalita prace
Praca vznikla v ramci pripravy a rieSenia vedecko-vyskumného projektu VEGA ¢. 1/0407/11
,Vyskum efektivnosti pestovania pol'nej plodiny s podporou priestorovo diferencovaného

zavlaZzovania“ rieSeného na Katedre strojov a vyrobnych systémov SPU v Nitre vr. 2011-
2012.
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WASTE PROCESSING ABILITY BY EARTHWORMS SPECIES
EISENIA FETIDA AND DENDROBAENA VENETA

BOGDAN CEKIC — NENAD MICIC — GORAN TOPISIROVIC

Abstract

In the past two decades in the world, vermiculture has been recognised by its ecological
potential, such as in waste managment, soil regeneration and participation in organic and
suistainable agriculture. Earthworms are processing organic waste in high-quality vermicompost.

The aim of this study was to determine the amount of waste that could be processed by the
earthworms on a daily basis, in relation to their body weight, type of worms in the substrate and
particle size of organic waste in controled conditions of temperature and humidity. The
experiment involved two spieces of earthoworms: Eisenia fetida, also known as redworm, and
Dendrobaena veneta.

Keywor ds: earthworms, organic waste, speed of processing

1 Introduction

The increasing production of waste from urban areas leads to problems of landfill
expansion, which is resulting in releasing toxic compounds, such as methane, carbon monoxide,
hydrogen sulfide, ammonia, and others. The use of earthworms enables ecological approach in
solving problems of waste and sewage disposal. Classification of waste to non-organic and
organic can make rational processing and using of that waste, where the organic part can be
successfully used as a substrate for the cultivation of earthworms. From urban organic waste for
this purpose we can use leftover food from schools and restaurants, collected leaves and cut grass
in parks, waste from paper and cardboard industry, sewage sludge, waste from urban green
markets, office and household waste and more. Earthworms process gathered waste in several
different systems. All systems, starting from the most simple to automated ones are based on
adding pre-prepared waste into containers with worms. These systems can be: open systems in so
called seedbeds, worm toilets, fully automated systems and small, household systems, also
known as eco-boxes.

Worms are processing organic matter and producing the high quality fertilizer (earthworm

castings), which is very valuable, with a high content of organic matter, micro and macro
elements, neutral pH and with a significant number of desirable bacteria. This fertilizer can be
used in different purposes, such as for planting park flowers and other plants, refining and
improving the poor soil, foliar feeding for plants in the form of so called worm tea, production of
seedlings and planting material and other. Worm castings obtained from processing of sewage

Bogdan Ceki¢, Faculty of Agriculture, University of Belgrade, Serbia. Phone number: +381643143084. Email:
bogdancekic@gmail.com.
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sludge are not recommended for using in food production (fruit and vegetables), because they are
derived from un-controlled waste materials, often laden with heavy metals, but it can be used in
production and fertilization of park plants.

Earthworms can be used in fishing, or as a protein supplement in different animal feed
(except those processing sewage sludge), in the tests of toxicity of soil, due to imbalance of
organic matter, or occurrence of heavy metals and other.

Earthworm species

Californian redworms (Eisenia fetida) are also known as red worms, or red wigglers, and
they belong to epigeic species. It means that they are inhabitants of the surface of soil. They are
living and performing most of their activities in the first few centimetres of soil. Average lenght
of this species is about 6 cm, weight 0.8 - 1 gram. They are feeding with relatively coarse
organic matter. This species is very suitable for proccessing urban waste, because it has a natural
ability of colonization organic waste, also is characterized by high consumption, processing and
assimilation of organic substances, tolerance to different environmental conditions and a high
level of reproduction.

Fig. 1 Eisenia fetida

Because of it’s properties it is important for the reduction of urban and animal waste, and
it is used in fishing, also. It is most commercially grown species of earthworms, with up to 80 -
90% of all species. Optimal temperature for cultivation of this species is 18 - 25° C, and humidity
80%.

Dendrobaena veneta (Eisenia hortensis) is known also as European night crawler. It is
bigger than red wiggler, weighing 1.5 - 2.5 grams sometimes even more, lenght 10 and more cm.
It is cultivated because it's a good source of protein in animal feed thanks to wide range of
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essential amino acids, fatty acids and vitamins in the body of worms. Earthworms can be great
source of protein in food for fish, poultry, pigs and others. There are several methods for
processing the worms into animal feed. The final product may be wet or dry paste product,
depending on the method of processing worms. The choice of method depends on the type of
feed, animal species, minimal loss of dry matter content and nutritional value, as well as
production costs.

Fig. 2 Dendrobaena veneta

Several methods were developed, such as mixing with molasses, formic acid treatment,
drying in air at room temperature, drying at 95° C and soaking worms in acetone and drying at
95° C. (Poleksi¢ at al., 2010.). This type of worms can also be used for improving quality of soil.
Optimal temperature for this species is 15 - 25° C. Although it has slower increase in growth
then red wiggler, it is valued as the larger species. This type of earthworms is especially valued in
fishing because of its lenght and attractive moves on the fisherman's hook.

2 Material and M ethods

Collection of the earthworms: Individuals of Eisenia fetida were randomly picked from
author's eco-boxes, while individuals of Dendrobaena veneta were obtained from different
breeders from the Belgrade area.

Collection of experimental containers and additional accessories: For experiment
eighteen identical plastic boxes with perforated lids, weighing 53 grams with volume of 1650 ml
were purchased. Soil for planted flowers brand Premia was purchased in the local supermarket.
Other accessories provided for the experiment were analog thermometer, blender for chopping
waste, digital scale, net that serves as divider between soil and waste and flower sprinkler for
maintaining optimal humidity.
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Collection of waste from green markets: As the representatives of green market leftovers
apples, cabbage, lettuce and tomato were selected. All were purchased at local green markets in
Belgrade.

Fig. 3 Manually chopped waste (coarse) just after adding it to the worms

Fig. 4 Blender minced waste (fine) just after adding it to the worms

Experimental setup: In each plastic container 140 grams of flower soil were added. That
amount is enough to cover the bottom of the box in 1 cm thick layer, to provide earthworms
initial substrate and cover from light and dryness. Then in each box exactly 20 grams of
earthworms were added, young pigmented without clitelum, and mature ones with clitelum,
which is a sign of virility. Earthworms were left in boxes for a week, to adjust to new
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environmental conditions, with occasional damping of substrate. During the experiment, the
earthworms were at room temperature (average 21.7° C), while maintaining optimal humidity of
80%. On the seventh day of settling in the boxes food was added.

The aim of experiment was to determine how long it takes for two types of earthworms to
proccess 100 grams of waste, different granularity. In each sample of 100 grams tomato, apples,
cabbage and lettuce were equally represented, so in each sample was 25 grams of each. The
waste has been split in two groups. One group is waste that is chopped manually, with a kitchen
knife (Figure 3), and other group is waste that is minced in the regular, kitchen blender (Figure
4).

Each combination was performed in triplicates, and the scheme has the following settings:

1) Into the box with Eisenia fetida individuals with mass of 20 grams, 100 grams of
manually chopped waste was added, which is considered coarse (EF-C);

2) Into the box with Dendrobaena veneta individuals with mass of 20 grams, 100 grams of
manually chopped waste was added, which is considered coarse (DV-C);

3) Into the box with individuals of Eisenia fetida and Dendrobaena veneta weighing 10
grams each, 100 grams of manually chopped waste was added, which is considered coarse
(EF/DV-C);

4) Into the box with Eisenia fetida individuals with mass of 20 grams, 100 grams of blender
chopped waste was added, which is considered fine (EF-F);

5) Into the box with Dendrobaena veneta individuals with mass of 20 grams, 100 grams
blender chopped waste was added, which is considered fine (DV-F);

6) Into the box with individuals of Eisenia fetida and Dendrobaena veneta weighing 10
grams each, 100 grams of blender chopped waste was added, which is considered fine
(EF/DV-F);

Previously prepared organic material is placed on the net, which serves as limiter between soil
and land, and also as indicator of consuming the waste. Boxes are covered with a perforated lid to
maintain humidity on the optimal level.

Temperature is measured daily 3 times (morning, afternoon and evening temperature),
and recorded in the table. Average temperature of the room was 21.7° C, with range from 19° C
to 23° C. Humidity is obtained at about 80%, and observing of added waste was on daily basis.
Humidity was measured daily, by practical method, recomended by the breeders: lump of
substrate is squeezed in the hand. When humidity is at about 80% , from squeezed substrate must
come out a few drops of water. If water drips to much, it is a sign that humidity is too high. If
after squeezing substrate not single drop of water come out, it is a certain sign that humidity is
too low, and then flower sprinkler is used to moist substrate evenly as much as possible.

When added waste is no longer visible, it is consider that the earthworms ate
(metabolized) all waste. Then the experiment is coming to end, the weight of extracted eartworms
was measured and recorded in the table.
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Statistical analysis: Student's t-distribution was used to test the significance between
means of mass of worms at the end of the experiment of 3 replicates. The level of significance
was used in calculating the parameters of the test is 5% (0.05).

3 Results and Discussiom

Different combinations of the earthworm species and the particle size of the food
contributed to the differences in time of waste biodegradation (Chart 1). Waste chopped in
blender (fine) was processed by worms the fastest. It took 7 days for Eisenia fetida (EF-F) to
process the blender minced waste. Combination of E. fetida and D. veneta (EF-DV-F) proccessed
total ammount of added waste in 10 days, and D.veneta (DV-F) proccessed the waste in 12 days.
On the other hand, earthworms fed with manually chopped (coarse) waste needed more time to
process total amount of waste. It took 14 days for E. fetida (EF-C) to process total ammount of
waste, 17 days for D.veneta (DV-C), and 15 days for combination of E.fetida and D.veneta
(EF/DV-C).

Fig. 5 All food is consumed by the earthworms

Although the same ammount of food was added to each combination, E. fetida consumed
the total ammount of waste first. This is very interesting, especially when it's known that D.
veneta is two times in size of E. fetida (average lenght of D. veneta is 10cm, weight 2 grams, and
E. fetida 6cm and 0.9 grams). By estimating processing ability of both types of earthworms,
under the optimal conditions, which in this case are: monoculture in room temperature, with of
humidity 80%, and blender minced waste from green markets used as food, obtained data shows
that one individual of E. fetida is able to consume and process 0.65 grams of waste daily, which
is 72,23% of it's body weight.
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Chart 1 Number of days required for biodegradation 100 grams of waste

When D. veneta was compared in the same way, one individual is able to consume 0.83
grams daily, which represents 41.5% of it's body weight. This shows that E.fetida has greater
biodegradation ability, which can be explained by faster metabolism.

= Number of young B Number of cocoons

E.f./D.v. fine

E.f./D.v. coarse

D.v.fine

D.v.coarse

E.f.fine

E.f. coarse

Chart 2 Number of young and cocoons

At the end of experiment, reproduction rate was also monitored by counting the young,
non-pigmented earthworms and cocoons (Chart 2). The largest number of young, non-pigmented
earthworms was spotted in EF-F boxes, twelve in total, with one cocoon, then EF/DV-F with 5
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young worms, EF/DV-C with 3, and EF-C with 2. In the boxes where only was D.veneta,
pressence of young worms wasn't recorded, but pressence of cocoons was evident. In DV-F
boxes we counted 8 cocoons total, and in DV-C 2 cocoons. Based on this data it is evident that
blender chopped waste is a more suitable for reproduction of earthworms. As shown on the Chart
2, the best results were obtained in F boxes.

Table 1 Increasing the mass of worms

Earthworm species Particle size of waste Weight (grams)

.. . coarse 21.67 £0.47
E fet

Isenia fetida fine 24.67 + 0.47

coarse 25.33+£0.94

D

endrobaena veneta fine 2733+ 047
Eisenia fetida/Dendrobaena coarse 22.33+0.47
veneta fine 24.33+1.25

As for the increasing mass of worms, the results are presented in Table 1. The largest
increase in mass had Dendrobaena veneta fed with waste chopped in blender (27.33 + 0.47 g),
while the least progress is observed in Eisenia fetida fed with manually chopped waste (21.67 +
0.47 g). It should be noted that the weight of earthworms between EF-C and EF/DV-C, as well as
between EF-F and EF/DV-F, was not statistically significantly different. We came to conclusion
that combining these two earthworm species in a given sample had no importance in the progress
of population, which is shown through the mass of worms. Once again, the best results were
achieved in the "-F" boxes, because of the better fragmentation of food, and therefore greater
accessibility of nutrients for the earthworms.

4 Conclusion

This study found that the waste from green markets is best processed when it was minced
as much as possible, to consistency of pulp or mash. Biodegradation of waste is fastest when it
was minced, using earthworms Eisenia fetida. The optimal conditions (room temperature,
humidity of 80%, monoculture) allowed this type of worms to process waste in quantity up to
72% of their body mass, with high reproduction rate.When the waste was minced, largest
increase in weight was achieved by Dendrobaena veneta in monoculture, with high reproduction
rate, also.

When two earthworm species were mixed together in same container, results weren't
significantly different from monoculture, no matter of the particle size in substrate.

Both types of worms can be used in biodegradation of green market organic waste. If
faster rate of biodegradation is wanted, recommendation is using Eisenia fetida. On the other
hand, if faster increasing in earthworm biomass is wanted (for producing high quality protein
supplement for example), recommendation is Dendrobaena veneta. In both cases, optimal
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conditions should be provided, which implies temperature interval 15 - 25° C, humidity of 80%,
monoculture, and minced waste which is used as worm food.

Vermiculture is very convenient and odour free process, and the operating costs are
neglible as compared to the conventional methods of waste treatment. Besides the green market
leftovers, the vermiculture waste processing can be used by virtually every urban waste, such as
waste from parks, organic fraction of municipal solid waste and sewage sludge. Residents of the
urban areas can be educated to vermicompost their entire kitchen and garden wastes, and reduce
burden on the municipal councils. There are, therefore, both economic and ecological
implications, which leads to suistanible development of those municipals.
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HODNOTENIE KVALITY VYBRANEHO PRODUKTU VO
VYROBNEJ ORGANIZACI|I
QUALITY ASSESSMENT OF SELECTED PRODUCT IN THE
PRODUCTION ORGANIZATION

IVAN CZAKO - MIROSLAYV PRISTAVKA — MARTINA KOTOROVA

Abstract

The subject of ,, Quality of the product in the manufacturing organization "is an
analysis of the implementation issues of quality management system ISO 9001:2008 in
particular manufacturing organization. In the theoretical part are characterized by the current
quality management systems used in engineering, with the more focused issue of evaluation
of the product in the manufacturing organization using control charts. The product is being
evaluated by regulatory diagram for the average and standard deviation. In the practical part is
characterized by the production organization and the product.

Key words: quality, quality management system, control charts, process manufacturing

1 Uvod

Uspesnost’ organizacie je do velmi vyznamnej miery zavisla na kvalite a hodnoteni
vyrobku z&kaznikmi. PretoZe pripadné zniZenie kvality sa prejavi na reakcii zékaznikov
prakticky okamZzite a ¢asto krat sa uz dobré meno organizacie, ktora vyraba dany vyrobok
nepodari napravit (KAPLIK, P. - BURDA, M. - KORENKO, M. 2010). Preto musi byt
jednym s hlavnych cielov organizacie neustadla snaha o produkciu kvalitnych,
konkurencieschopnych vyrobkov (KORENKO, M. - KAPLIK, P. - KARAS, A. 2010).

Predmetom prace je analyza systému manazérstva kvality podl'a medzinarodnej normy
ISO 9001:2008. V post industridlnej spolo¢nosti ma kvalita vyroby rozhodujliice postavenie
VvV organizaciach. Je to nosny pilier podnikania. Jej poslanim je uspokojit’ zakaznikov
pozadovanymi produktmi a zdroven kvalitou dodavok zabezpeCit ekonomicki prosperitu
organizacie (KORENKO, M. - KAPLIK, P. 2011). Nalezitd kvalita vyrobkov zasa
predpoveda Spickova uroveil ich konStrukéného a technologického rieSenia, dalej vysoku
urovenl samotnej vyroby, tiez Siroku Skalu povyrobnych sluzieb a dalSou veli¢inou je
prijatelnd, vyhodné a primerana cena. Nemenej vyznamny je vSak aj ¢asovy faktor kvalitnych
dodavok a vplyv na Zivotné prostredie. Vychodiskom su kritéria, ktoré na kvalitu kladieme
(KORENKO, M. - KAPLIK, P. 2010).

Kvalita vyrobku je teda dand jeho vlastnostami. Medzi najvyznamnejSie kritéria,
ktorymi sa meraju a hodnotia priemyselné vyrobky, mozno zaradit’ tieto:
- technické parametre obsahuju také fyzikalno-chemické vlastnosti, ako su napr.:
presnost’, rychlost’, vykon, hmotnost, pevnost.
- prevadzkové schopnosti, ktoré zahriiuju také vlastnosti, ako su trvanlivost, ¢o
umoziuje opakované pouzivanie vyrobku.

Bc. lvan Czako, iwanczako@gmail.com, Ing. Miroslav Pristavka, PhD., Katedra kvality a strojarskych
technologii, Technicka fakulta, Slovenskd pol'nohospodarska univerzita, Tr. Andreja Hlinku 2, 94976 Nitra, e-
mail: miroslav.pristavka@uniag.sk, Ing. Martina Kotorova, xkotorovam@is.uniag.sk
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- ergonomické kritéria vyjadruju netradi¢né poziadavky na vyrobky, ktoré by mali
riesit’ vztahy vyrobku k anatomickym a fyziologickym danostiam ¢loveka.

- spolahlivost’ je Specifické kritérium kvality, Spolahlivost vyrobku mozno
definovat’ ako pravdepodobnost’ jeho bezporuchového chodu po urcity vopred
stanoveny ¢as v danych prevadzkovych podmienkach.

- Zivotnost’ je to dalSie kritérium kvality vyrobku.

- ekologické kritéria kvality st dnes mimoriadne aktudlne. Vyjadruji najma
doésledky pouzivania vyrobkov na pracovné a Zivotné prostredie.

(Mateides, A. a kol., 2006)

2 Material a metédy

Cielom je na zadklade dohody s vyrobnou organizaciou VISTEON INTERIORS
SLOVAKIA, s.r.o0., Nitra, zhodnotit' kvalitu vybraného vyrobku. Je potrebné spracovat
a zaviest’ v organizacii Statistické metody, ktoré rozhodujdcou mierou vplyvaju na kvalitu
daného vyrobku. Proces vyroby dverového panela pre automobil opel astra sa bude sledovat’

pomocou regulaéného diagramu pre priemer a smerodajnd odchylku (X , s).
Regula¢né diagramy

Cielom je udrzat vyrobny proces v Statisticky zvladnutom stave a to je vtedy ak: na
proces posobia len ndhodné pric¢iny (st vyli¢ené vymedzitené priciny). Vyrobny proces
vyroby dverového panela pre automobil opel astra sa bude sledovat’ pomocou regulacného

diagramu pre priemer a smerodajnt odchylku ( X , s). (KORENKO, M. 2012)
Priemerna hodnota znaku v podskupine X sa vypocita podl'a rovnice:

_ 1&
Xi==> X, (1)
n{3

prei=1,2,..kaprej=1,2,..n,
Kde: i -je poradové ¢islo podskupiny
J - je poradové ¢islo nameranej hodnoty v podskupine
k - pocet podskupin
n - rozsah podskupiny
Xij - namerana hodnota v i-tej podskupine

vyberova smerodajné odchylka v podskupine:

1 & _
s = [—> (X —X;i)? 2
. \/ (X =X @
priemer procesu (Y) sa vypocita podla rovnice:
— k
X = iz Xi (3)
()
priemer vyberovych smerodajnych odchyliek jednotlivych podskupin:
_ k
s=1Y's @)
()
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Sposobilost’ procesu

K vyhodnoteniu spdsobilosti prejdeme ak:

- proces je Statisticky stabilizovany,

- nominalna hodnota néavrhu je v strede tolerancného pola. Sposobilost’ procesu
vyjadrujeme pomocou indexov spdsobilosti procesu C, a Cp. Minimalne poziadavky na
indexy: C, >1,33 a Cpx > 1,33.

Vypocita sa hornd a dolna regulatna medza pre smerodajni odchylku a priemery podla
rovnic:

UCL;=B,.5 )
LCLs=B3.% (6)
UCLx = x +A;3.5 (7)
LCLx = ¥ - A;.5 8)

Kde: By, B3 a Az — konStanty meniace sa v zavislosti na rozsahu podskupiny

s
C4 (9)
Kde: & - priemer vyberovych smerodajnych odchylok

C4 — konStanta meniaca sa rozsahom podskupiny

usL-Ls. T
P 6.0 6.0 (10)
Kde: USL — horna toleranéna medza

LSL — dolna toleran¢na medza
T —tolerancia znaku

o _ui-x

. 3.0 (11)
co - X—-LSL

T 30 (12)

3 Vysdedky a diskusia

V procese vyroby dverového panela sme meranim ziskali 250 hodndt a rozdelili sme
ich do 50 podskupin. Pomocou regulaéného diagramu pre priemer a smerodajnd odchylku

(X, s) sme zistili, & proces vyroby dverového panela, je pod Statistickou kontrolou a zistili
sme sposobilost’ procesu

X=1,00218

s =0,10048
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Vypotitané charakteristiky X a s s nanesené v regulacnych diagramoch (obr. 1).

Obr. 1 Regulaény diagram
Fig. 1 Regulating schema

Vypocitali sme hodnoty pre indexy sposobilosti procesu. Index spdsobilosti procesu
Cp,=25 akorigovany index sposobilosti procesu C, =2,38.. Regulacné diagramy s

dbkazom stability procesu a proces je pod Statistickou kontrolou. Indexy spdsobilosti procesu
Cp@ Cp SU vySSie ako 1,33.
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4 Zaver

Z hladiska vyroby kvalitného vyrobku je doblezité vyhodnotenie spdsobilosti
vyrobného procesu. Po analyze dosiahnutych vysledkov mézeme konStatovat, ze vyrobny
proces vyroby dverového panela je v Statisticky zvladnutom stave a je sp6sobily. Je splnena
podmienka, Ze 7 bodov neleZi v rade za sebou nad alebo pod centralnou priamkou a 7 bodov
nie je v rade a nevytvara stipajicu postupnost’ alebo klesajiicu postupnost’. Dalej je splnena
podmienka, Ze asi 2/3zakreslenych bodov by nemalo lezat’ vo vnutri strednej tretiny oblasti
ohrani¢enej regulaénymi medzami a okolo 1/3 bodov by nemalo byt’ v okrajovych pasmach
dvojtretinovej oblasti.
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12.  STN EN ISO 9004:2000: Systémy manazérstva kvality. Navod na zlep3ovanie
vykonnosti..
13. STN ISO 8258 (01 0271):1995. Shewhartove regulacne diagramy

Sdhrn

Ciel'om je zavadzanie Statistickych metdd do vyrobného procesu vo vybranej vyrobnej
organizacii. Vyrobnou organizaciou bola VISTEON INTERIORS SLOVAKIA, s.r.0., Nitra.
Ako vyrobny proces sme sledovali vyrobu dverového panela pre automobil Opel astra.
Vyrobny proces bol sledovany pomocou regulacného diagramu pre priemer a Smerodajnd
odchylku.

Krudové slova: kvalita, systém manazérstva kvality, regulaéné diagramy, vyrobny proces
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SKLADOVACI PRIESTOR RIADENY
PROGRAMOVATEENYM AUTOMATOM
STORAGE OPERATED WITH A PROGRAMMARBLE
AUTOMAT

MARTIN DICER — ONDREJ LUKAC

Abstract

The aim of my bachelor thesis is a storage model operated with a programmable
automat SIEMENS S7-200. My work | have decided to process is to construct the storage
model to store wooden cubes. This storage consists of identifying of cubes and consistent
automatic placing them into storage. For a given model is easy to explain how the
programmable automat works. This thesis may serve as a learning tool for the teaching
programming in the program language — STEP 7 Micro/Win. There is the function of the
automat presented and the part of the possibilities of its use.

Key words: PLC, automatisation, model, storage

1 Uvod

Vyznamnym prostriedok pre zvySenie produktivity, kvality a konkurencieschopnosti
vyroby predstavuje mechanizécia a automatizacia (Velisek, Kost'al,2007).

Vlastna praca, ktort som sa rozhodol spracovat’ je skonStruovanie modelu
skladovacieho priestoru pre ukladanie drevenych kociek. Toto ukladanie pozostava zo
zistovania polohy kocky na prijme kociek a nasledné automatické uloZenie do skladovacieho
priestoru. Pre zostrojenie modelu skladovacieho priestoru riadeného programovatelnym
automatom bolo potrebné navrhnat sposob ukladanie kociek. Zvolili sme Kartézsky
suradnicovy systém s pohyblivym ramenom avysuvnym piestom, ktory je osadeny
prisavkou a senzorom. Vzhl'adom na naSe moznosti bolo potrebné najst’ také rieSenie, ktoré
by nebolo ekonomicky a konstrukéne prili§ naro¢né.

Pre naprogramovanie modelu bolo nutné $tudium programovatel'nych automatov, ich

-----

ktoré boli pouZité na modely.
2 Material a metédy

Aby mohol byt model skladu naprogramovany, je dolezité presne stanovit’ aké tikony
a kedy sa maju vykonat’ a preto potrebujeme stanovit’ technologicky postup ukladania kocky
v sklade.

Technologicky postup ukladania kocky je nasledovny. Kocka sa prepravi po
dopravnikovom péase, z ktorého sa stiahne piestom a po val¢ekovom dopravniku sa dopravi
na prijem kociek do skladovacieho priestoru. Na pohybujucom sa ramene je nosic. Nosi¢
pohybuje upevneny piest, ktory sa vysunie nad kocku a pripevnena prisavka ju prisaje. Prisata

Martin Dicer, Slovenskd republika, e-mail: xdicer@is.uniag.sk Ing. Ondrej Lukaé, PhD., Katedra
elektrotechniky, automatizacie a informatiky, TF SPU, Tr. A. Hlinku ¢&. 2, 949 76 Nitra, email:
ondrej.lukac@uniag.sk
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kocka sa presva na dané suradnice skladovacieho priestoru pomocou pohyblivého ramena,
vdaka ktorému je mozné ju presunut na presne stanovené miesto. Ked’ bude kocka nad
spravnym miestom, vysunie sa piest a prestane posobit’ vakuum v prisavke a kocka sa polozi.
Nésledne sa piest a aj rameno vracia na pévodnu poziciu, kde ¢aka na d’alsiu kocku. Postup
je potom rovnaky, stym rozdielom, Ze kocku uz neuloZi na tu istd polohu, ale na polohu
vedla kocky. Takymto sposobom sa da postupne zaplnit’ cely skladovaci priestor. Ked’ze sa
jednd o automaticky skladovaci priestor, tak je nutné, aby si programovatelny automat
pamaétal polohy, kde uz si kocky uloZené. Tento proces je zabezpeceny senzorom, ktory
snima miesto uloZenia kociek.

V pripade odstranenia  kocky pocas chodu =zariadenia, snima¢  automaticky
identifikuje vol'né miesto. Na toto miesto bude opit’ ulozena kocka. Uvedenym sp6sobom
ziskame efektivnejSiu obsadenost’ skladovacieho priestoru.

Proces ukladania je plne automatizovany a nemoZzeme zasahovat’ do procesu, ked’ ho
spustime. Vsetky Ciastkové procesy musia byt jednotlivo naprogramovaneé a odskdsané.
DielCie procesy si vzajomne prepojené a overena je ich sucinnost. Za ciastkové procesy
povazujeme spustenie/vypnutie vakua, pohyb ramena, pohyb nosi¢a na ramene a pohyb
piestu.

ZjednoduSeny navrh skladovacieho priestoru je na obrazku ¢. 1. V popise sa
nachadzaju ocislované suciastky a pristroje pre lepSiu orientaciu.

Model skladovacieho priestoru je skonstruovany na drevenej lepenkovej doske (1).
Prvou castou je priestor na prijem kociek (2). Tento priestor je ozna¢eny preruSovanou ¢iarou
a vyznacuje priestor, kde stoji kocka (3), ktora je pripravena na spracovanie. Na zistenie
pritomnosti kocky slizi mikrospina¢ (4). Kocka pritlaci na jazyéek mikrospinaca a ten spoji
svoje kontakty. Takymto spdsobom sa zistuje jej pritomnost na prijme kocky. Rameno
manipulatora (5) sa pohybuje po zdvitovej ty¢i (6) avodiacej ty¢i (7). Vodiaca ty¢ je
pripevnena na kovovych nozickach (8). Kovové nozi¢ky su priskrutkovane o spodnu dosku
pomocou krizovych skrutiek. Vyska noziCiek je navrhnutd tak, aby prenasana kocka
nenarazila o uskladnené kocky (9). Presun kocky je zabezpeCeny posuvom ramena, ktoré je
posuvané pomocou linearneho motora (10). Tento motor je pripojeny na zavitova ty¢
pomocou spojky. Vdaka otacaniu zavitovej tyCe sa rameno posuva po osi X. Posuv po osi Y
zabezpe€uje motor (11). Tento motor je pripojeny na remen, ktory posuva nosi¢ (12). Na
nosi¢i je nainStalovany jednocestny piest (13), na konci ktorého je osadena prisavka na
vakuum (14). Piest je ovladany pomocou ventilu (15). Aby mohla prisavka prisat’ kocku, je
potrebné vytvorenie vakua. Vakuum v prisavke vytvara generator vakua (16). Generator
vékua je ovladany s PLC. Motory st pohanané cez relé¢ (17), ktoré zabezpe€uju reverzaciu
chodu. Do piestu a generatora vakua je cez odbocku (18) privadzany stlaCeny vzduch.
Odbocka je pripojend na nadobu so stlacenym vzduchom. VSsetky zariadenia su pripojené do
svorkovnice (19), ktora je umiestnend na okraji dosky pri odbo¢ke na vzduch. Svorkovnicu
sme pouZzili pre jednoduchSie pripojenie PLC anapajacieho zdroja. Napajaci zdroj
a kompresor s nadobou na stlaceny vzduch nie su stcastou daného modelu.
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Obr. 1 Navrh modelu skladovacieho priestoru

Legenda k obrazku ¢. 1:

Lepenkovéa doska 8-  Kovové nozicky 15-  Ventil

Prijem kociek 9-  Uskladnene kocky 16- Generétor vakua
Kocka 10- Lineéarny motor 17- Relé
Mikrospinac 11- Linearny motor 18- Odbocka
Rameno manipulatora 12-  Nosi¢ 19- Svorkovnica
Zavitova ty¢ 13- Piest

Vodiaca ty¢ 14-  Prisavka
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3Vysedky a diskusia

Model skladovacieho priestoru je len zjednoduSeny model ukladania kociek. Tento
model nerieSi detailne vietky problémy spojené so skladovacimi priestormi. Dany model méa
za Ulohu len nazorne ukazat, ako by sa dali ukladat kocky pomocou PLC systému.
Skonstruovany model je zobrazny na obrazku ¢. 2

Obr. 2 Model skladovacieho priestoru

4 Zaver

Skladovaci priestor je skonStruovany a pracuje v aktualnej podobe presne podl'a nasich
navrhnutych planov a predstav. Ako riadiace PLC sme vybrali SIMATIC S7-200 od firmy
Siemens. Algoritmus je jednoduchy a ani zd’aleka nevycerpal vSetky moznosti, ktoré nam
PLC ponuka. Ak by sme doplnili pridavny modul k riadiacemu PLC, bolo by moZné
indikovat’ rozne funkcie skladovacieho priestoru svetelnymi znameniami, ako je napriklad
rozsvietenie kontrolky pri zaplnenom sklade, indikovanie c¢innosti motora alebo d’alSie
zariadenia, ktoré by bolo potrebné pripojit’ na vystupy PLC.
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Sdhrn

Cielom prace je model skladovacieho priestoru, riadeného programovatelnym
automatom SIEMENS S7-200. Vlastnd praca, ktort som sa rozhodol spracovat je
skonstruovanie modelu skladovacieho priestoru pre ukladanie drevenych kociek. Toto
ukladanie pozostava zo zistovania kocky na prijme kociek a nasledné automatické ulozZenie
do skladovacieho priestoru. Na danom modely sa da jednoducho vysvetlit' ako funguje
programovatelny automat. Tato praca moéze sluzit ako ufebna pomocka pre vyucbu
programovania v programovacom jazyku — STEP 7 Micro/Win. Je tu predvedena ¢innost
automatu a ¢ast’ z moznosti jeho vyuZivania.

KPucové slova: PLC, automatizacia, model, sklad

Uvedeny prispevok prezentuje vysledky ziskané rieSenim Cciastkovej ulohy grantového
projektu VEGA 1/0696/11.
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TRANSPORTATION PROBLEM

VLADIMIR BERIC — MILIVOJE SOKIC

Abstract

In this The paper presents a procedure of solving the problem transportation.
Problem:How many tons of wheat to transport from each grain elevator to  each mill on a
monthly basis in order to minimize the total cost of transportation ? For the example is given the
formulation of transport in Table 1. who provides transport unit prices, supply and demand for
this problem. In The paper is given Transportation Model Example Model Formulation, Solution
of the Transportation Model Tableau Format, The Northwest Corner Method, The Minimum Cell
Cost Method, Vogel’s Approximation Method (VAM), The Stepping-Stone Solution Method,
The Modified Distribution Method (MODI), The Unbalanced Transportation Model, Degeneracy,
Prohibited Routes. Solution and optimization problem by Stepping Stone Method. Vogel’s
method is using for finding a bfs usually avoids extremely high shipping costs. Stepping Stone
Method. Vogel’s method is using for finding a bfs usually avoids extremely high shipping costs.

Key words: Transportation Problem, The Northwest Corner Method of The Transportation
Problem, The Minimum Cell Cost Method, Vogel’s Approximation Method (VAM), The
Stepping-Stone Solution Method and Application of WinQSB for Solution Transportation
Problem

1 Introduction

Problems belongs to a special class of LP problems called Network Flow Problems. They
can be solved using the Simplex Method. There are specialized algorithms that are more efficient
The Northwest Corner Method, The Minimum Cell Cost Method, Vogel’s Approximation
Method (VAM), The Stepping-Stone Solution Method, The Modified Distribution Method
(MODI), The Unbalanced Transportation Model, Degeneracy, Prohibited Routes. Solution and
optimization problem by Stepping Stone Method. Vogel’s method is using for finding a bfs
usually avoids extremely high shipping costs. Stepping Stone Method. VVogel’s method is using
for finding a bfs usually avoids extremely high shipping costs.

2 Material and M ethods

Transportation problem(characteristics)
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Transportation of goods and services from a number of sources to a number of destination
at a minimum cost. Each sourse is able to supply a fixed number of units of the goods or services,
and each destination has a fixed demand for the goods or services. A transportation problem is
specified by the supply, the demand, and the shipping costs. This data can be summarized in a
transportation tableau. The square, or cell, in row i and column j of a transportation tableau
corresponds to the variable xij.

3 Reaults and Discussion

Solution Procedure

1. Balancing Table: Make Y di =} Si
—add a "Dummy" source when »'di > }'Si, or

—add a "Dummy" destination when Y Si > > di.
2. Finding an initial solution: (several methods)
—Upper-Left Corner (Northwest) Method
—Least-Cost (Large-Profit) Method
—VAM Method
3. Testing Optimality: (Can current solution be improved?)
—Stepping-stone Procedure
—Modified-Distribution Method
4. Improving current solution toward a better solution.

Tab.1 Initial transportation tableau

X11

Cci11

X1z

Cciz2

X1n

Cln

xX21

c21

X22

c22

X2n

C2n

Xml

Cml

Xm2

Cm2

Xmn

Cmn

Example

Wheat is harvested in the Serbia and stored in grainelevators in three different cities —
Subotica City,Novi sad, and Pancevo. These grain elevators supply three flour mills, located in
Belgrad, Nis, and Kragujevac. Grain is shipped to the mills in truck cars, each car capable of
holding 10 tons of wheat. The cost of shipping one ton of wheat from each grain elevator to
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each mill, the demand of wheat per month for each mill, and the number of tons that each grain
elevator is able to supply to the mills on a monthly basis are shown in the parameters table:

Tab. 2 Parameter Transportation Problem

Grain Elevator Mill (destination)
(Supplier) Beograd(A) NiS(B) Kragujevac(C) | Supply(Ton.)
1 Subotica 6 EU 8EU 10EU 1500
2 Novi sad 7EU 11EU 11EU 1750
3 Pandevo 4EU 5EU 12EU 2750
Demand(Ton.) 2000 1000 3000 6000

Example (cont’ d)

Determine how many tons of wheat to transport form each grain elevator to each mill on a
monthly basis in order to minimize the total cost of transportation

- Goal
— Select the shipping routes and units to be shipped to minimize total transportation

cost

Network Representation

LP Model Formulation

» Decision Variables
» The amount of goods or item to be transported from a numbers of origins to a
number of destinations
* Apply this definition to our Example
* Xij: The amount of tons of wheat transported from grain elevator i (where i=1, 2,
3), to mill j (where j = A,B,C)
—General Form:
—Xij:: number of units shipped from origin i to destination j. (where i =1,
2,....,mandj=1,2, ...,n)
—The number of decision variables = numbers of arcs
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L P Model Formulation (cont’d)

* Objective Function

» Minimize total transportation cost for all shipments

* The sum of the individual shipping costs from each Grain Elevator to Each Mill:
emin Z = 6x1A +8x1B + 10x1c + 7x2A+ 11x2B + 11x2C + 4x3A + 5x3B +

12x3C
* Constraints
» Deal with the capacities at each origin (origin has a limited supply)
* Deal with the requirements at each destinations (destination has specific demands)
—Six constraints: One for each Elevator’s supply and one for each Mill’s
demand
—We write a constraint for each node in the network
* Xij: The amount of tons of wheat transported from grain elevator i (where i=1, 2,
3), to mill j (where j = A,B,C)
Min Z=6 $x1a +8X18 +10X1c + 7Xoa +11Xog +11Xoc +4X3a +5X3+12X3c

Subject to:

X1A +X1B +X1C =1500
X2A +X2B +X2C =1750
X3A +X3B +X3C = 2750

Supply constraints

X 1a + Xoat X3a = 2000
X 18 + X+ X3z = 1000
X 1¢c + Xoct+ Xszc = 3000

Demand constraints

The Northwest Corner M ethod(Summary of Steps)

In the northwest corner method the largest possible allocation is made to the cell in the

upper left-hand corner of the tableau , followed by allocations to adjacent feasible cells.

Tab. 3 Solution Transportation problem with the Norwest Corner Method

Grain Elevator Mill (destination)

(Supplier) Beograd(A) Ni3(B) Kragujevac(C) | Supply(t.)
18ubodtica | 1509 gEU 8EU 10EU 1500
2Novisad  |500  7EU |1000 11EU | 250  11EU 1750
3 Pancevo JEU 5EU | 2750  12EU 2750

Demand(Ton.) 2000 1000 3000 6000
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1. Allocate as much as possible to the cell in the upper left-hand corner, subject to the
supply and demand conditions.
2. Allocate as much as possible to the next adjacent feasible cell.
3. Repeat step 2 until all rim requirements are met.
The initial solution is complete when all rim requirements are satisfied.
- Transportation cost is computed by evaluating the objective function:
Z = 6x1A + 8x1B + 10x1C + 7x2A + 11x2B + 11x2C + 4x3A + 5x3B + 12x3C
= 6(1500) + 8(0) + 10(0) + 7(500) + 11(1000) + 11(250) + 4(0) + 5(0) + 12(2750)
= 59250EU

TheMinimum Cell Cost M ethod

In the minimum cell cost method as much as posssible is allocated to the cell with the
minimum cost followed by allocation to the feasible cell with minimum cost.
The completeinitial minimum cell cost solution; total cost = 45500 EU.
- The minimum cell cost method will provide a solution with a lower cost than the
northwest corner solution because it considers cost in the allocation process.
Tab. 4 Solution Transportation problem with the the minimum cell cost method

Grain Elevator Mill (destination)
(Supplier) Beograd(A) Ni§(B) Kragujevac(C) Supply(t.)
1 Subotica 6 EU 250 8 EU 1250 10 EU 1500
2 Novi sad 7EU 11 EU 1750 11 EU 1750
3 Pancevo 2000 4EU | 750 5EU 12 EU 2750
Demand(Ton.) 2000 1000 3000 6000

Vogel’s Approximation Method (VAM)

- Method is based on the concept of penalty cost or regret.

- A penalty cost is the difference between the largest and the next largest cell cost in a row
(or column).

- In VAM the first step is to develop a penalty cost for each source and destination.

- Penalty cost is calculated by subtracting the minimum cell cost from the next higher cell
cost in each row and column.

Theinitial VAM solution; total cost = 51250 EU

- VAM and minimum cell cost methods both provide better initial solutions than does the

northwest corner method.
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Tab. 5 Solution Transportation problem with the Vogel’s Approximation Method (VAM)

Grain Elevator Mill (destination)
(Supplier) Beograd(A) Ni§(B) Kragujevac(C) | Supply(t.)
1 Subotica 6 EU 8 EU 1500 10 EU 1500
2 Novi sad 1750 7 EU 11 EU 1750
3Pancevo | o5n 4 ey | 1000 5EU | 150012 EU 2750
Demand(Ton.) 2000 1000 3000 6000

The Stepping-Stone Solution M ethod-Summary of Steps

1. Determine the stepping-stone paths and cost changes for each empty cell in the tableau.
2. Allocate as much as possible to the empty cell with the greatest net decrease in cost.
3. Repe at steps 1 and 2 until all empty cells have positive cost changes that indicate an
optimal solution.
A multiple optimal solution occurs when an empty cell has a cost change of zero and all
other empty cells are positive.
- An alternate optimal solution is determined by allocating to the empty cell with a zero
cost change.
- Alternate optimal total minimum cost also equals 45250 EU.

Tab. 6 The last step solution by the Stepping-Stone Method

Grain Elevator Mill (destination)
(Supplier) Beograd(A) Ni&(B) Kragujevac(C) | Supply(t.)
1 Subotica 2506 EU 8 EU 1250 10 EU 1500
2 Novi sad | «ZEU 11 el 175011 EU 1750
3 Pancevo 1750 4 EU 1000 5 EU 12 EU 2750
Demand(Ton.) 2000 1000 Y 3000 6000

X1A =251, x2C =175t,x3A = 1751, x1C =125t,x3B =100t
Z =6(250) + 8(0) + 10(1250) + 7(0) + 11(0) + 11(1750) + 4(1750) + 5(1000) + 12(0)
= 45250 EU <
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Application software of WinQSB in optimization problemsfor this Transportation Problem
Enter the problem:

Select “Network module” from WinQSB. Click on “File” and “New Problem”. Select
“Transportation Problem” and input information that are asked for as below.

You do not need to consider balancing the transportation problem (dummy supply or
dummy demand). The software will do that. However, if you have information for penalty costs
you need to define a dummy supply point. You can “Edit” the names for source and demand
points (node names). Enter unit cost and capacity information as below:

Solve the problem:

Click on “Solve and Analyze” then select “solve the problem”. Below is the solution.
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Obtain moreinformation:

Click on “results?”. You have many options including “Range of Optimality”, “Range of
Feasibility”, “Graphic Solution”, and “Perform Parametric Analysis”.

Below istheresult for “Graphic Solution”:

| Lt <5 38 By

nb ic Solution for Nitra: Minimi i (T ion Problem)

That is coefficients in objective function (unit cost of shipment). It provides the range
(Allowable Min and Allowable max) that the coefficient (Unit Cost) can change and still have the
same solution (Xij) but with different minimum cost (refer to your slides on sensitivity analysis
for LP). Notice that similar to Linear Programming you have “basic” and “at bound” (nonbasic)
variables. For at bound variables you have “Reduced Cost” information similar to Linear
Programming

Hereistheresult for “Range of Optimality”:

Select heuristic method for initial basic feasible solution (optional):

100



You can select a heuristic method for obtaining the Initial Solution. If you do not make a
selection the software will use its default method. The heuristic method will not affect the final
solution; just the number of iterations to solve the problem may be different.

| selected Northwest Corner method below:

Below are 2 iterations towards solution.

Iteration 1 of 4 Iteration 4 of 4

4 Conclusion

In this paper is given definitions of the terms The transportation problem deals with the
distribution of goods from several points of supply (sources) to a number of points of demand
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(destinations). Usually we are given the capacity of goods at each source and the requirements at
each destination. Typically the objective is to minimize total transportation and production costs.
In this The specialist paper presents a procedure of solving the problem transportation. Problem:
How many tons of wheat to transport from each grain elevator to  each mill on a monthly basis
in order to minimize the total cost of transportation ? For the example is given the formulation of
transport in Table 1. which provides transport unit prices, supply and demand for this problem. In
The paper is given Transportation Model Example Model Formulation, Solution of the
Transportation Model Tableau Format, The Northwest Corner Method, The Minimum Cell Cost
Method, Vogel’s Approximation Method (VAM), The Stepping-Stone Solution Method, The
Modified Distribution Method (MODI), The Unbalanced Transportation Model, Degeneracy,
Prohibited Routes. Solution and optimization problem by Stepping Stone Method. Vogel’s
method is using for finding a bfs usually avoids extremely high shipping costs. Stepping Stone
Method. Vogel’s method is using for finding a bfs usually avoids extremely high. Optimal
solution and The transportation problem can be described as how to select the shipping routes to
be used and the number of wheat to be shipped on each route so as to minimize total
transportation cost. This is obtaining by The Stepping-Stone Solution Method, and shiping routes
are Zmin = 45250 EU. Also is given a method of computer solution of the transport problem
using the transport-winQSB Software.
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CAUSING OF WEARPROOF COVERAGE BY METHOD
ELECTRO- AND SPARK ALLOYING WITH APPLICATION
OF EUTECTIC ELECTRODE MATERIAL

NAZAR DUDA

Abstract

In work the analysis of the literary data connected with use of an electro-spark
alloying for tool hardening is carried out.

Necessity of working out new tungstenless electrode materials with eutectic structure
for improvement of technologies of an electro-spark alloying is proved. Therefore, the
structure new eutectic system Fe-Mn-C-B-Si-Cr-Li alloy has been developed, the
manufacturing techniques of an alloy are offered by a sintering method.

Analysis carrying out received a new alloy by means of modern a research method
was the following stage researches, namely: electronic spectroscopy on microprobe JAMP-
10S (JEOL) where it is established that the alloy break has viscoplasticity character and at it
there are all elements of system Fe-Mn-C-B-Si-Cr-L.I.

Key words: an electro-spark alloying, eutectic alloy, fractography of a break, a x-ray-phase
method

1 Introduction

The analysis of row of works about creation of new electrode materials for an electro-
spark alloying (ESA) shows that lately prevails tendency to development of tungsrenless of
electrode materials [1, 2, 3]. It is related to the greater economy and possibility of
replacement of deficit a tungsten and cobalt. By confirmation there are numerous researches it
from the receipt of alloys with an eutectic structure [4-5], that are dispersible are the fixed
alloys with optimum correlation of hardness and plasticity due to a presence in the structure
of plastic matrix and reinforcing phases. Correlation of such phases can be purposefully
changed, arriving at thus the receipt of eutectic alloys with the set complex of their properties.

That touches wearproofness of coverages which are inflicted from such eutectic alloys,
and, in particular, by an electro-spark treatment, the optimum ranges of correlations of
elements of alloy are in this case possible also, and at the same time plastic and reinforced
phases which change his wearproofness substantially.

2 Material and M ethods

For base material chosen the system Fe — Mn — C — B, which allows to get in a
structure carbides and metals boride, that promotes hardness, wearproofness, thermal stability
and corrosive firmness considerably [6].

Accepting the alloy of Fe — Mn — C — B for basis in the range of concentrations which
the eutectic melting (see higher) is at, to it finished mixing such elements, as a chrome and
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silicium, that allowed substantially to promote the level of mechanical descriptions (hardness,
wearproofness) and corrosive firmness .

As known, introduction of silicium, which is included in a solution with iron (to 15%),
substantially promotes hardness and limit of durability of alloy at high temperatures, and at
low - offers resistance corrosion. Also does silicium narrow the limit a-solution (more than
3%), an alloy up to the temperature of melting feels no phase transformations.

Introduction of chrome from 6% to 20% considerably promotes corrosive firmness at
to simultaneous influence of mechanical tensions[6].

For the receipt of the indicated eutectic alloy such components are used : CH — 20
(gray cast iron), B,Os, Fe Mn, FeCr, FeSi. Therefore harmful admixtures - sulphur,
phosphorus appear in his composition, oxygen but other. These harmful admixtures sharply
reduce the complex of physical — mechanical properties of material, because they take place
on borders of grains, and it does material fragile, less plastic. The results of researches assert
that in material is phosphorus to 0,08%, and sulphurs to 0,09%.

Consequently, to promote the complex of physical - mechanical properties of material,
and with it official properties of toolpiece, such, as longevity, wearproofness, reliability,
volume of the taken off shaving, to our opinion, it is possible by introduction to his
composition of new element, which would have large bring together to phosphorus, sulphur,
oxygen and other components, and would provide cleaning of border of grains from these
harmful admixtures.

The analysis of literary data shows that one of the most effective elements lithium can
come forward in such role [9]. Mixture in to the alloy of lithium promotes mechanical
properties and corrosive firmness, the limit of fluidity and durability, hardness rises in
particular, treatment gets better cutting [11]. Lithium in steels and alloys, having a high
cognation to oxygen, sulphur and phosphorus, used for degassing, and also for bundle sulphur
and phosphorus [12, 13]. Introduction of lithium strengthens general desulfuration of alloy,
condense a structure near-by grains, purges from phosphorus and excretions of oxide, that the
wearproofness promotes in an aggregate.

Thus, supposition is done, that known and used by us in previous researches [14, 15]
the eutectic alloy of the system Fe-Mn-C-B-Si-Cr for the increase of firmness of cutting
instrument at treatment of materials, at alloying his lithium, can give an additional positive
effect in relation to firmness of cutting instrument.

Phosphorus with lithium forms two phosphides of LiP and LisP, at what LisP has a
hexagonal grate as NisAs ( a=4,273 A, s=7,594 A) [13]. Lithium well co-operates with
oxygen, forming oxides. Lio2 has a face-centered cubic grate as CaF; (a=4,602 A). Li,O, has
a tetragonal grate (a=5,49 A, s=7,76 A) [13].

From literary sources evidently, that lithium links harmful admixtures intensively, that
substantially can promote the level of physical — mechanical properties of eutectic material.

As known, electro-spark treatment of metals, in particular, an electro-spark alloying of
metallic surfaces is based on the use of the phenomena which accompany instantaneous
liberation of electric energy. This process is characterized the high temperature of
incandescence of spark by ionization of interelectrode space.

The result of ESA depends on :

« technological parameters (electric mode and specific time);

* optimum combination of materials of electrode and processed good,;

« external of the processed good environments;

» qualifications of operator.

The electric mode, which is determined the size of energy, which is selected in an
interelectrode interval, influences on intensity of process of ESA, that is why there is a
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necessity to manage this size in the operating setting of “Elitron-20”. The different modes of
treatment, which engulf the considerable range of powers both for realization of “rough”, are
for this purpose foreseen and high-precision processes of ESA.

The maximum modes of treatment (when more energy is selected in every single
impulse) result in the transfer of greater portion of material. Mainly the thickness of coverage
makes 10...200 mkm with the height of inequalities of type within the limits of Ra = 2,5 ...
100 mkm, by a wholeness more than 80%.

Taking into account it is all higher said, in quality the sequence of works for ESA of
cutting instrument and laboratory standards the following flowsheet was accepted (Fig. 1):
preparation of surface of the fastened good, direct treatment of ESA of this surface, on the
certain modes of technological process, control of quality of the inflicted coverage.

As a result of numerous tests of process of ESA by an eutectic electrode on
setting of "Elitron-20" with different technological parameters, the most optimum modes of
causing of an electro-spark coverage were accepted on the cuttings edges of cutting
instrument: capacity of story condensers of C = 470 mkF, amplitude of impulses of tension on
the condensers of U = 42 B, working current of Ip=5 A, energy of high bit of W = 0,37 Joule.
Such regime parameters are accepted as a result of the detailed analysis of influence of the
factors described higher on the process of ESA.

3 Results and Discussion

: Depriving of fat :
Preparation of | of surfaceof e Avall
detait detail
\ Prepar ation of Choiceof the
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Cathode of detail ison a causing of EIL P
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vibrator of Anode
\ / electrode material
Rapprochement an
anodeiswith a
cathode

Causing of EIPison a
detail
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Control of quality of an
electro-spark coverage

Magnifying
glass

A

Fig. 1 Technological flow-chart of causing of an electro-spark coverage
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Erosive firmness of eutecticum alloys in the process of ESA depends on the row of
physical and thermal constants of alloying elements, which characterize force of interatomic
connection and inflexibility of crystalline structure of alloy, that those factors which influence
on correlation of liquid and hard phases in the products of erosion. Will mark that
transference of electrode material at ESA is carried out actually in liquid and hard forms, that
promotes descriptions of mass transfer and improves quality of surface. A presence in the
structure of eutecticum alloy of fusible eutecticum is predetermined by an increase as
compared to the tungsten alloy of erosion an anode and increase a cathode in 2...3 times. The
coefficient of transfer is here increased to 93% [ 16].

The fractographies of fracture of eutectic electrode alloy are presented on Fig. 2. The
fracture of alloy in swingeing majority has viscidly plastic character with the strongly
ramified structure of surface.

a) b)
Fig. 2 Fractographies of fracture of electrode eutectic alloy (a, b), x 300. Animage is in the
second electrons

Spectroscopy researches of eutectic electrode alloy by the method of electronic
spectroscopy rotined a high equitability chemical elements for the areas of particles which
was added an analysis. In a spectrum there are all basic chemical elements which enter in the
complement of this eutectic alloy. Except for it, high sensuality of method to the easy
elements in the high-current mode allowed to fix the presence of lithium in an alloy in very
small concentrations.

By a X-ray phase analysis in the standard of electrode alloy found out four phases
(table. 1).

Tab. 1 Crystalgeometrical of description of structural constituents in an electrode alloy

Ne Phase | Spatial group Size of crystalline grate, nm

a b c
1 o - Fe Im3m 0,2867(1) - -
2 Fe3(C,B) Pbnm 0,4572(1) |0,5110(1) | 0,6713(1)
3 Fe,B 14/mcn 0,5115(1) - 0,4249(1)
4 Fes(Si,B) Pbnm 0,4468(1) | 0,5335(1) | 0,6670(3)
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The characteristic type of the inflicted electro-spark coverage with the use of eutectic
electrode material is rotined the method of ESA on Fig.3.

Fig. 3 General view of electric spark coverage of inflicted ESA (x 70)

On the next stage of researches conducted the estimation of tribocharacteristic of an
electro-spark coverage (ESC) on the machine of friction of CMII — 2, which was carried out
at the friction of chisel with a counterbody at different speeds (6 m/s and 9 m/s) and loading
20 H. Time made works 300 seconds. The wearproofness of chisels was estimated after a
gravimetric wear by coverages.

Optimum physical — mechanical descriptions of coverage from point of wearproofness
take place at the following composition of components of electrode material: C - 0,8%; Mn -
3,5%; B — 2,55%; Si — 2,78%; Cr — 9,75%; Li — 0,85%; Fe are other; correlation of B:Li is
3:1. Thus the high values of wearproofness are marked both in the case of application of steel
of U8 and to steel of R6M5.

4 Conclusion

1. Among eutectic alloys which are recommended for causing the method of EIL, after
it physical-mechanical by descriptions a main place is occupied by materials of the system Fe
— Mn - C - B alloyed different additions, which promote their hardness, corrosive firmness
and wearproofness. To the lacks of the indicated systems behaves circumstance that at the
synthesis of these coverages such harmful admixtures appear in their structure, as sulphur,
oxygen, phosphorus and other, which substantially reduce the level of official descriptions of
coverages as a result of their fragility. Introduction of lithium to composition such the
coverages allows substantially to reduce negative influence of harmful admixtures. From
literary information evidently, that lithium is a good deoxidant, purges a structure from
phosphorus and promotes desulphuration of alloy, that is why introduction of it to the eutectic
alloys can give a positive effect on the increase of firmness of cutting instrument.

2. Technology of receipt of wearproof coverage is offered by the method of the
electro-sparkle alloying with application of eutectic electrode materials with the admixtures of
lithium. The optimum modes are set for technologies of causing of a wearproof electro-spark
coverage on the cuttings verges of cutting instrument.

3. Research of eutectic alloy by the method of electronic spectroscopy rotined a high
equitability chemical elements for the areas of particles which was added an analysis. In a
spectrum there are all basic chemical elements which enter in the complement of this eutectic
alloy. Except for it, high sensuality of method to the easy elements in the high-current mode
allowed to fix the presence of lithium in an alloy in very small concentrations.
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4. X-ray phases did the analysis of eutectic alloy rotin the presence of phases: a- Fe,
Fes(B,C), Fe,B, Fe3(Si,B). At research of wearproof coverage registered sciagraphy, except
for imprints a - Fe y — Fe maximums of oxide of Fe304. After the removal of superficial layer
of coverage of lance of the indicated oxide not registered. Are there three phase constituents
on the diffractograms of the polished standards : a - Fe y — Fe and Fe3(B, C). Does the
amount of austenite make thus ~ 5%.
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RATIONAL AGRICULTURAL AGENT FOR SUSTAINABLE
CROP PROTECTION BASED ON ARTIFICIAL NEURAL
NETWORKS
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Abstract

Healthy food, sustainable land use, soil pollution reduction, cost reduction and
optimal use of agricultural machinery are imperative of forthcoming time in the field of
agriculture. The paper presents an integrated model for Rational Agricultural Agent (RAA)
for Sustainable Crop Protection based on Artificial Neural Networks and database
management system. The agent includes temperature of surface, relative humidity, air
pressure, wind velocity, wind direction and cloudness as input factors and elapsed time
since the time of observation until the time when rain started, the duration of rain, the tota
amount of precipitation and average rainfall intensity as output factors. The key parameter
for making optimal decisions on the use of agro-technical measures of protection, for
selected crop and crop growth, is estimated time for the expected start of rain. RAA can
help farmers make intelligent decisions in the process of modern sustainable management
in crop protection.

Keywords: Artificial Intelligence (Al), Rationa Agricultural Agent, Artificial Neural
Network (ANN), Crops Protection, Machinery balans

1 Introduction

The aim of this work is the application of Al paradigm in the field of agriculture
and the achievement of desire to make an improvement compared to conventiona
computer programs, which are widely present in the sphere of agriculture. We want to
study an intelligent object-oriented programming (OOP) agents and their implementations
in the world of agriculture and food production since healthy food, sustainable land use,
soil pollution reduction, cost reduction and optimal use of agricultura machinery are
forthcoming imperatives of timein the field of agriculture.

Field of Al, now includes numerous techniques (AlA-Artificial Immune Algorithm,
Ant Colony ACO Optimization, SPO Particles Swarm Optimization, Genetic Algorithms-
GA ...) some of which are based on heuristics and imitate natural phenomena, and are
intended for modeling and prediction, while others are for optimization and adaptive
management. Currently active topic in the field of Al is reconstructed idea of machine
learning and the somewhat neglected desire from the last half century, a desire which was
basically support for the development of intelligent machines (robots) and intelligent
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Ljubica Dikovic, full-time professor, PhD Dragoljub Drndarevic, full-time professor Technical and Business
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programs (softbots). Such program-agents (softbots) act on the most interesting end of the
spectrum, where the significant computing resources are required and where the solution
requires anontrivial task decisions|[1].

Specificaly, the idea of work is the development of Rational Agricultural Agent for
Sustainable Crop Protection based on Artificial Neural Networks (ANN).

ANN were chosen because they represent application of one of the most popular
techniques in the field of Al, in general, and the high quality ANN forecast of reinfall is
one of the most important parameters for the responsible application of herbicides,
fungicides, pesticides in crop protection process. Researchers have used and analyzed
techniques based on ANN model as a nonlinear mapping tool, which potentially is more
suitable for rain (nonlinear physics) forecasts [2-3]. Others have developed ANN approach,
and describe different approaches including Neural Interpretation Diagram, Garson's
algorithm, and randomization approach to better understand the relationship of complex
hydrological processes such as the rainfall-runoff process [4] or the performance of the
ANN tool compared to efficiencies of the gradient descent (GDX), conjugate gradient and
Levenberg-Marquardt (L-M) training algorithms [5]. More recently researchers have used
combination of meteorological parameters (relative humidity, air pressure, wet bulb
temperature and cloudiness), the rainfall at the point of forecasting and rainfall at the
surrounding stations, as an input data. For example, rainfall forecasts for Bangkok from 1
to 3 h were highly satisfactory [6].

In addition to these studies on the application of ANN technique to predict the
rainfall process, there are numerous scientific articles about the implementation of
intelligent computer agents in agriculture. Zhu Y. et al. 2011, use agent theory, methods
and techniques to solve the problems of process control, traceability, intelligent
information watching and information technology in agricultira production [7]. Some
specialists design a spatial multi-agent programming model, which has been devel oped for
assessing policy options in the diffusion of innovations and resource use changes. T.
Gomez, 2001, described model which, unlike conventional simulation tools used in
agricultural economics, applies a multi-agent/cellular automata (CA) approach by using
heterogeneous farm-household models and capturing their social and spatial interactions
explicitly [8]. Some of the articles belong to the application of Al in agriculture related to
creation of multi-agent system to the determination of optimal hybrids in crop production

[9].

In accordance with a previous statement, this paper presents a model of Rational
Agricultural Agent (RAA) for Sustainable Crop Protection based on ANN. The system is
based on the demo data. RAA can help farmers make intelligent decisions in the process
of modern sustainable management in crop protection.

2 Material and M ethods

Structure of Rational Agricultural Multifunction Softbot Agent

Optimal resource management in crop protection is very complex and requires
careful integration of different mathematical algorithms and many different subsystems.
Some of these subsystem are: micro-climate and meteorology, database of pesticides,
herbicides ..., subsystem enhancement of fertile land with artificial fertilizers, land
degradation monitoring subsystem, the subsystem for environmental protection, machine
resources for crop protection, the subsystem of the crops and so on [10]. The integration of
these subsystems with the GIS spatial data provides a platform for drawing conclusions
and problem solving in the area of crop protection (Fig. 1).
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Classic reports based on SQL queries and searches made thrue alphanumeric and
spatial databases (datamining) means that the analysis and quality decison-making is
performed by human. However, many of the problemsin thisfield are very complex, either
because of the amount of data, whether due to correlations and internal connections, that
without the support of mathematical and heuristic algorithms, are difficult to discover.
Therefore, the development of intelligent software agents is of the essece. The idea is that
the agent, program which is acceptable to be called smart, play the role of a man or, to a
large extent, replace or help him in decision making.

All computer programs are doing something, but we expect something more from
computer agents[1]:

* to operate autonomously

* to perceive their environment

* persistence in along time period

* adapting in time

* to create and pursue goals.

Mechanisms to achieve preceding requirements are: correct conclusion, al the
skills needed to pass the Turing test, knowledge representation and reasoning and making
of good decisions.

MAPS
SPATIAL HERBICIDES
DATA CROPS WEATHER Irrigation FUNGICIDES Agricultural Yield Other

system INSECTICIDES machinery

gfﬁ @IS @I@ s Y N—
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® O O 2 -
MLR ANN / Artificial SPO GA AIA
:V.Iultlple Neural Swarm Particle Genelflc Artificial
nge:erssion Networks Optimization Algorithm Immune
Lagd .. | Sustainable Suitabilit "’\’lllg";’thm
cee C G uitability achinery
Qualities Crop W Balance
Protection Modeling

Fig. 1 Model of Rational Agricultural Multifunction Softbot Agent

These computer programs we could call agents with perfect rationality. Yet in rea
life, thisis difficult to achieve, or maybe even impossible. Therefore, we retain on agents
that are not perfectly rational (that always do the right thing), but only rational (to behave
aswell as possiblein a given environment).

The authors believe that the pre-defined goal can be achieved by creating a Rational
Multifunction Softbot Agricultura Agent (RAMSA), which would be based on the
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application of advanced mathematical and software techniques such as Fuzzy Logic, ANN,
stepwise regression and optimization heuristics such as AlA, ACO, SPO, GA ...

An agent would be multifunctional, and each of its functions/ programs would
implement the most appropriate technique Fig 1.

This paper presents the development of the function of RAMSA agent for
Sustainable Crop Protection based on the application of ANN paradigm.

3 Results and Discussion

Artificial neural networks

Artificial neural networks simulate the processes occurring in the human brain. The
concept is based on the idea that the network learns about the process (system) based on
historical data set (Ilearning data set) which acquires the ability to predict future behavior
or optimization of it. Each ANN consists of interconnected nodes that represent the
processing elements (Element of Process-EP). Process elements are grouped in layers. The
network has one input layer and one output layer and one or more hidden layers. (Fig. 2)
[11]

Fig. 2 ANN with input, hidden and output layer neurons

Network topology may be different depending on the problem being solved. Inputs
must be in numerical form. Each entry corresponds to one independent predicant. For
example, in a network that is used to predict the rainfall input variables are the parameters
of climate: wind speed, temperature, humidity ... Output variables are variables that are
modeled. They represent a solution to the problem. The network may have one or more
outputs, depending on the specific problem (r = 1, ..., m) .In the case of rainfall-related
output variables can be: the duration of rain, the total amount of precipitation and average
rainfall intensity and so on.

Each neuron (EP) processes the received signal in a certain way. Type of
processing depends on the position and role of neurons in the network structure. Generally
EP can be schematically represented as a scheme with the elements given in Fig. 3.

112



Inputs Weights Neuron Output
Xj
Xj Yr
‘ - — >
~ /
r' neuron

Xn
—— Wnr

Fig. 3 Neuron structure

Weights (wjj) are key elements of neural networks. The network learns by
adjusting the weight of historical data which pass through it. The summing function (c,.)
multiplies each input with the appropriate weight and then sums received multiples:

o =2 %, Wy (1)

Transfer function represents a mathematical transformation of the signals and it is
usually non-linear. This property, multiplied by a large number of neurons and parallel
signal processing, gives network exceptional power. One of the most known used transfer
function is sigmoid function:

1
Y lre™
Where: y, — transformation of summarizing function a.

(2)

The main charactheristic of ANN is that they are able to learn from the set of data
(Learning dataset). Learning consists basically of three stages (Fig. 4)

1. Calculation of output;

2. Comparing the obtained values from output neurons with the desired values;

3. Adjusting the weights and return to step one.

error=z.-y,

Fig. 4 Learning process

Before the beginning of the learning the initial values of weight are set stohasticly
or by a specific rule. With each new set of data, the weights will be adjusted to reduce the
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difference between the actual and the desired output of output neurons (Back Propagation
— BP). These differences are called the delta. In best case, the delta should be reduced to
zero, but in practice it is often the case to set the error level to be achieved (e.g. 5%) in
order to complete the process of learning or preset the number of learning iterations. It is
esencia that changing of weights is moving in the right direction, because only then the
delta decreases (converges to zero). This is achieved by using a partial derivation of error
vectors of output neurons (the difference between the actual and desired output) [11].

Rational Agricultural Agent for Crop Protection

Within this section description of the flow of information and an overview of the
system structure for Rational Agent for Agricultural Crop Protection (RAA) is provided.

Layout of RAM SA

As shown in Fig. 1 RAMSA unit is multifunctional and it's intended for integrated
process management in agriculture in a particular area. One of its functions (implemented
by RAA) isrational / intelligent process management of crop protection.

Optimal functioning of these agents include the spatial distribution of hardware
units in which they are installed. Ideally, when we have enough money and if geography
permits (plain, accessible grounds) one possible layout is the honeycomb (Fig. 5). The
picture shows the RAA functions relating to the protection of crops.

Fig. 5 Layout of RAMSA Units/ Function Crop Protection

The observed RAMSA unit (RAMSA) as one of the key functions has the RAA
agent used for crop protection. This function implies the best possible prediction of rainfall
processes. Mathematical modeling of rainfall process is based on the concept of ANN. As
input in model selected variables were: temperature of surface, relative humidity, air
pressure, wind velocity, wind direction and cloudness, while the elapsed time since the
time of observation until the time when rain started, the duration of rain, the total amount
of precipitation and average rainfall intensity were output factors. Quality prediction of
rainfall and climate conditions of the process depends not only on the measurement of
input / output variables at the point of observation (location RAMSA;) but also on the state
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and of the model provided by the surrounding agents (RAMSAj; stations, j = 1,2 ... 6) as
well as data relating to the forecasts via satellite.

If we take as an example layout shown on Fig. 5, then each of data vectors Ci
contains ten variables::

Gij ={T, vy by, ;.82 457, Qi) (3)
Where: j —the denoted station in neigboord

This would mean that for the observed location (station agent RAMSA;) number of
input variables will be over 70 (6x10 +60cq +6via saaliite)- It 1S quite clear that for the
modeling process containing more than 70 variables it is necessary to use a higher power
levels of math such as ANN.

Of course, in the real world layout of RAMSA unitsis not ideal, and their number
is actually smaller (Fig. 6), which means that the RAA agents should possess additional
ability to adapt ANN structure to the number of input variables, for example, 12 to 72.
Only softbots can have such features.

Fig. 6 Layout of RAMSA Units/ real (cropland) map
Rational Agricultural Agent for Crop Protection (RAA)

Data flow diagram of the Rational Agricultural Agent for Crop Protection (RAA) is
giveninFig. 7.
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Fig. 7 RAA for Crop Protection / data flow

The core of the RAA system is the module for the modeling of processes of rainfall
(1), decision module (9) and the module for analysis and prediction (11). The module (1)
consists of two components. Data Reduction Unit (5) which has the task, based on the
criteria of similar points, to optimize and reduce the input dataset and ANN Unit (6),
whose function is modeling of processes of rainfall with BP learning algorithm.

Let us remember that the climatic condition represents an input to the ANN Unit
and it is a vector with more than 70 possible variables (climate parameters in a position of
RAMSA; (2), the input/output variables from the surrounding units (3), the variables
describing the evaluation of climate from satellites (4)). Suppose that the measurement of
values of the input variables are realized every 10 min., 15 hours a day during the period
from early March to late October (8 months), every year. This would mean that the number
of records would be around 22,000 a year. If the data is stored for the last decade it will
have estimated scope of around 220,000 climate points(states) in the space of 70
dimensions of climate, or about 1,500,000 records of the climate data. Data Reduction Unit
(1) has an important and complex function to select points from the huge data set from the
hyper space of climate, which are the nearest to the point (state) where you want to apply
protective measures (location RAMSA;) (Fig. 5). Authors of this paper suggest reduction
algorithm based on the nearest distance (d) (Fig. 8). For selected example of climate
parameters (Ta, Pa, Ha) in 3D space (Fig. 8, left), distance between point A(t) at the time
of your observation (corresponding to the location RAMSA) to point A({) corresponding
to some moment in climate history ¢ given the equation:

dA(g)-A(t) = \/(Tﬁ?}) _TA(?t)))z + (h/&n();) - hﬁ(&)z + ( p,(ArE)g) - Pﬁxn(i))z ) é/ =1..,B,...m (4)
Where: m—the total number of moments (records of climate at point A over 10 years)
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For the six dimensions (Fig. 8, right) or in 72 dimensions the pattern follows same
logical framework, but because of the complexity it isnot shown.

vI"Im/s

Fig. 8 Model for estimation of similar pointsin the climate environment

In the previous equation (n) indicates normalized data on the interval [0,1]. The
authors aso suggest that normalization is not only a linear transformation, as usual. Each
dimension (climate parameters) is normalized by the correction factor, in the form of
Pearson's correlation coefficient. In that way each point is additionaly estimated and
condezed or expanded on the interval [0.1]:

. mY X-y->x>y 5
Jm- -0 ym Yy -3 y)?

In the above equation, x is one of the input and y one of the output parameters of a
microclimate. Once the agent calculates all the possible distances d, ), , the program

would generate a set of fixed number of shortest distances, which represent the most
simular statesin climate history. Such collection of the most simular points, for example
150, are inputed to the ANN Unit whose task is prediction of variables (7).

Based on the local forecast (7) and databases (8) on the characteristics of crops, the
existing pesticides, herbicides and fungicides, as well as recipes for crop protection and
available agro-machinery, the module (9) makes the decision. Based on crop protection
program for evaluation and optimization it decides whether it is smart to run and
implement a program of protection or not. If the crop program is implemented, data on the
implementation of protective measuresis stored in a database (10).

Module for analysis and prediction (11) allows the generation of various types of
reports and forecasts (12) necessary for sustainable development in agriculture.

Example of Local Forecast using ANN concept

RAA system implements, asit’s crucial segment, modeling of Local Forcast for the
location where we want to apply crop protection (RAMSA; location). ANN software
solution interface, writen by autors, is based on the assumptions set out in the 3" Section,
isshownin Fig. 9.
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Fig. 9 Interface of Rational agricultural Agent / ANN function module

Network with one hidden layer was used. The number of neurons in the hidden
layer is determined by Kolmogorov's theorem. Bipolar sigmoid function was used as the
transfer function (Fig. 10).

Fig. 10 Bipolar sigmoid transfer function

A set of empirical data (150 records) is divided into two subsets. a set for learning
(Learning dataset) and set for testing (Test dataset). Ratio of these two sets is
approximately 80:20. The modeling process was repeated several times and the best
solution was chosen. For the best solution learning rate was 7 = 0.8, while momentum
was i =0.9. Weight coefficients have been randomly chosen from the interval [-0.5,0.5]
according to the uniform law of distribution.

ANN structure used to create the model is shownin Fig. 11.
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The network was trained with 5000 cycles and obtained error was E=34,3 « 10E-03
(for the output variable t,s, elapsed time since the time of observation until the time when
rain started, which is, as the most significant, selected as demo). The resulting error is
satisfactorily small, as confirmed by the correlation analysis. The value of Pearson's
coefficient, between the modeled and empirical values, isr = 0.9286. Based on the study
shown in the [6], authors have chosen prediction time to be not more than 5h (300 min),
which is enough time to eficiently conduct crop protection process. The data of 300 min
only means that the rain will not fall in the next 5 h. Forcast for the period longer than 5his
not reliable enough. Graph in the following diagram illustrates the previous statement (Fig.
12).
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Fig. 12. Scatter Chart (left) and Line Chart of first 20 points (right) for varible t,s: modeled
and measured values

Previous results seem extremely good (Fig. 9 top left and Fig. 9 bottom left /
RMSE converges) but it should be noted that this is a learning dataset. Testing was
conducted on a set of 30 records and chart of the Root Mean Squred Errors (RMSE) is
shown in Fig.13.
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Fig. 13 RMSE of learning and testing dataset: variable t;s

What can be seen on RMSE errors chart is a problem of over-learning that occurs
after 750 cycles (second minimum of error for a test dataset). This would mean that the
training of the network should stop at about 750 cycles, since the integral knowledge of the
process (vaues of weight coefficients) is optimal, in the framework of the learning and test
dataset. Pearson's coefficient now falls to the value of r = 0.796. The value is still high
enough and the authors believe that the quality of modeling can be significantly improved
by increasing the structure of input data and the use of vectors Cij (Eqg. 3) and assessment
of climate via satellite.

Previous analysis had shown that qualitative modeling and prediction of output
variables is possible. These variables, as input to module, together with data from the
database, provide an excellent basis for the decision-making optimization program about
whether to begin implementing crop protection or not.

4 Conclusions

Processes sustainable of crop protection are imperative of forthcoming time in the
field of agriculture. The paper presents an integrated model for Rational Agricultural
Agent (RAA) in this doman based on Artificial Neural Networks and database
management system. The agent includes temperature of surface, relative humidity, air
pressure, wind velocity, wind direction and cloudness as input factors and elapsed time
since the time of observation until the time when rain started, the duration of rain, the total
amount of precipitation and average rainfall intensity as output factors. The key parameter
for making optimal decisions on the use of agro-technical measures of protection, for
selected crop and crop growth, is estimated time for the expected start of rain.

Microclimate modeling process based on the concept of ANN already gives good
results with only six input factors and together with records from the database (on crops,
pesticides, herbicides, agro-machinery and recipes) provides an excellent basis for the
decision-making optimization program about whether to start the application of crop
protection or not.

In the further development RAA can be significantly improved with the application
of integral concept. In thisway it can help farmers make intelligent decisions in the process
of modern sustainable management in crop protection.
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PREPRAVA NEBEZPECNEHO TOVARU ADR PO
VYMEDZENEJ DOPRAVENJ TRASE
TRANSPORTING DANGEROUS GOODSADR BY THE
DEFINED TRANSPORTATION ROUTE

MAREK HALENAR — 2UBOMIR HUJO

Abstract

Contribution is oriented to design transporting dangerous goods by the defined
transportation route, in harmony with Accord ADR which states options of transporting
dangerous materials by the route transportation, which have to meet lot of technical,
operations, transportations, safety conditions and requirements.

Key words: transportation, danger, goods, route

1 Uvod

Rozvoj trhového hospodéarstva prinasa so sebou g potreby prepravy chemickych latok
aveci, ktoré s v podstate nebezpecnymi latkami av priebehu dopravy mdzu najréznejSimi
sposobmi ohrozit’ Zivotné prostredie, v ktorom zijeme. Preprava nebezpe¢nych veci spada do
oblasti Specidnych preprav. Predmetom takychto preprév st létky, ktoré vyZaduju z hladiska
prepravy neStandardné podmienky tykajuce sa ich balenia, manipuléacie alebo vybavy, ¢i
konstrukcie vozidla sprihliadnutim na eliminovanie moznych rizik, ktoré vyplyvad
z fyzikanych achemickych vlastnosti prepravovanej latky. Aj ked’ na Slovensku neexistujua
presné Statistické udaje o prepravovanom mnozstve nebezpe¢nych veci, odhaduje sa, ze tvoria
30 % z celkového objemu ndkladnej dopravy. Staly rast cestnej dopravy ma podiel nanarast
prepravy nebezpeénych veci, zvySovanie kapacit dopravnych aebo prepravnych prostriedkov
prepravujucich tieto nebezpecéné latky a predmety, zvySuju poziadavky na zabezpelenie
bezpecnej prepravy nakladov i 0sdb na cestnych komunikaciach. Cielom naSej prace je
naplanovanie konkrétngj vnutrostatne prepravy po vymedzenel dopravne trase a nasledné
zhrnutie nalezitosti, ktoré st obsiahnuté v danom druhu prepravy zo strany dopravcu. Ciel'om
prispevku je vytvorenie urCitej metodiky pre planovanie prepravy nebezpeénych tovarov,
ktora d0zil ako vzorové rieSenie pri praci Speditéra v dopravng firme, ktord sa zaobera
prepravou nebezpecného tovaru po ceste. Zaroven publikované poznatky budi stcastou
odborngj predndsky pre Studentov Studijného zamerania Prevadzka dopravnych strojov
azariadeni.

2 Material a metédy

Z hladiska zodpovednosti a povinnosti pocas prepravy nebezpecnych veci cestnou
prepravou, ucastnikov mozno rozdelit’ do troch skupin (obr.1):
e hlavni ucastnici prepravy (odosielatel’, dopravca a prijemca),
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e ostatni Gcastnici (nakladajuca, baliaca, plniaca, vykladajuca organizacia
aprevadzkovatel cisternového kontajneru),

e dozorné (bezpe¢nostny poradca) a kontrolné organy (Policajny zbor v ramci
vykonu dohl'adu nad bezpecnostou a plynulostou cestnej premavky, colné
organy aV priestoroch technickej zakladne ti¢astnikov prepravy nebezpeénych
Veci dopravné spravne organy). [2]

Ucast’ na preprave
nebezpecného tovaru po ceste

|
| | l

Hlavni Ostatni Gi¢astnici Dozorné
udastnici akontrolné
organy

Obr. 1 Ugast’ na preprave nebezpeéného tovaru po ceste
Fig. 1 Presence on transportation dangerous goods by the route

Dopravca podla ADR znamena fyzick osobu alebo pravnicku osobu, ktora vykonava
dopravu so zmluvou alebo bez zmluvy o preprave. [1] Dopravca zabezpecuje pohyb
nebezpecnych veci po dopravnej ceste z miesta odoslania na miesto prijmul.

Pri rieSeni uvedeng problematiky sme spolupracovali sautodopravcom, ktory sa
Specializuje na prepravu nebezpecného tovaru po vymedzeng) dopravne trase. V prispevku sa
zameriame na dodrZanie povinnosti, navrhnutiu prepravy apostupnosti krokov, ktoré musi
dopravca splnit’ po€as doby prepravy nebezpecného tovaru.

Preprava nebezpecného tovaru zacina objednavkou. V praxi nevieme presne urcit, ako
si dopravca objednava dany typ prepravy. Existuje viac alternativ, ako si firma zhana
zakaznikov, najCastejSie vSak byva oslovenie zpohladu Speditéra na zaklade urcitej
skusenosti s danym podnikom, pretoZe v sucasnej dobe je na trhu mnozstvo firiem, ktoré su
nespolahlivé. Jednou z moznosti je, ze sa ozve aj ur€ity zakaznik alebo vyrobna firma, ktora
je samozreme vZdy lepSiaz dovodu vicsej istoty splatenia poplatkov za prepravu.

V nasom pripade sme hl'adali zdkaznika predovSetkym vzhl'adom na miesto, kde sa
nachadzalo vozidlo, ktoré nebolo fyzicky vytazené na cestu do okolia sidla firmy v Nitre.
Nakladné vozidlo snavesom urenym na prepravu nebezpecnych latok sa nam nachadzalo
v KoSiciach, kde bola predtym realizované preprava nebezpeéného tovaru zo zahranicia.
V $pedi¢nom systéme Sped 2007 sme nasli spolupracu s firmou, ktora sidli v Michalovciach
spobockou v Nitre, ¢o bola pre nas najvhodnejsia alternativa vytazenia vozidla z vychodu na
zgpad. Po telefonickom kontaktovani firmy sme komunikovali so Speditérom spolo¢nosti.
Firma mala zaujem o prepravu nebezpeéného materidlu do miesta ich dalSej prevadzky
v Nitre. Nasledovala Ustna dohoda o prepravnych podmienkach, mnoZstvo ahmotnost’
materidlu, Specifikdcia tovaru, samotné preverenie, Ci nebezpecné veci je povolené
prepravovat’ cestnou dopravou, dodacie Casy a cenu prepravy. Vo vicSine pripadoch navrhuje
cenu prepravy dopravca, pretoze dani zdkaznici porovnaval ceny sviacerymi
autodopravcami. Cena prepravy je vzdy na baze kompromisu, kedy konkrétny Speditér
zohladnuje viaceré faktory, ako je cena nafty, cestné poplatky, opotrebenie vozidla,
zaplatenie vodic¢a a pod. Po dohodnuti ceny za prepravu v naSom pripade musi Speditér
vyZiadat'’ pisomnU objednavku. Z&kaznik nasledne odoslal objednavku e-mailom. Na z&klade
informécii ziskanych od zékaznika sme upovedomili bezpecnostného poradcu, odborne
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spbsobilt osobu s certifikédtom, ktory nadobudla na zéklade Skolenia poverengj organizécii
prislusnym organom clenskej krajiny dohody ADR. Pre dopravcu bezpecnostny poradca
vykonéval funkciu externym sposobom.

Po doruceni objednavky aschvaleni bezpe¢nostnych podmienok zo strany poradcu
nasledovalo spracovanie novej objednavky do $pedi¢ného systému, ktory sluzi k neskorsSiemu
spracovaniu podkladov k fakturaciam. Dalsi bezprostredny krok po spracovani informacii
Z objednavky je kontaktovanie vodica, v naSom pripade prostrednictvom programu WebEye,
ktory sluzi aj na monitorovanie vozidiel vzhladom na polohu GPS. Vodi¢ovi ndkladného
vozidla s navesom, oktorom sme sa presvedCili, ze je odborne spdsobily na prepravu
nebezpeénych veci, sme zadali informacie o mieste nakladky acase, priCom sme
zohl'adiniovali podmienky prepravy pri ndkladnej doprave ( napr. bezpecnostné prestavky).
Pred samotnym zaciatkom prepravy nebezpeénych veci je dopravca povinny preverit
spravnost’ a uplnost’ predpisanych sprievodnych dokladov, ktoré bol povinny spracovat’
aodoslat’ prepravcovi, taktiez musi zabezpecit', aby vodi¢ vozidla prepravujiceho nebezpeéné
veci bola oboznameny s pisomnymi pokynmi.

Vodi¢ vozidla sa musi vizudlne presved¢it, ¢i vozidlo a ndklad nemaju zjavné
poSkodenia, netesnosti alebo trhliny apod. Vodi¢ je d’alej povinny si overit, ¢i uloZenie
azabezpecenie nakladu s jeho rozloZenim vo vozidle je pripustné v rdmci najvacésej hmotnosti
na napravu, d’alej je povinny pouzivat upinacie pasy a protiSmykové podlozky, ktoré
zabranuju pripadnému prevrateniu a poskodeniu obalov. Dohoda ADR sa touto problematikou
zaobera v bode 7.5.7.1 kde sa g odvolava na Eurdpske pokyny najlepSej praxe pre upevnenie
nékladu v cestngl doprave (European Best Practice Guidelines on Cargo Securing for Road
Transport), ktoré publikovala Europska komisia. [1]

V praxi sa Casto stava, Ze po prichode vodi¢a na miesto nakladky, skladba a mnozstvo
tovaru nie je totozné s objednavkou, nakolko je daného materialu pripraveného na prepravu
viac. Za podmienok, Ze je mozné dany tovar fyzicky prepravit pre dostatocné miesto
vzhl'adom na kapacitu a pripustnost’ nakladného vozidla, kontaktuje sa zakaznik a po dohode
sa pripadne prepravi, ¢o sposobi zvySenie nakladov na prepravu. Druhym zriedkavej$im
pripadom sa stédva, Ze tovar nie je Vv dostato¢nom mnozstve vyrobeny, kedy nasleduje
opatovné kontaktovanie zékaznika ajednanie sa, ¢i sa prepravi mensie mnozstvo, pripadne
Cakanie na mieste, ¢o sa prejavi nacelkove cene prepravy, z dovodu zapocitania stojného.

V naSom pripade nédklad koreSpondoval sobjedndvkou avodi¢ bol po splneni
bezpec¢nostnych pokynov vzhladom na Dohodu ADR opravneny néklad prepravit do miesta
uréenia. Pred samotnou prepravou bol vodi¢ nakladného vozidla eSte povinny dat’
elektronickou formou vediet dopravcovi, ze odchadza z nakladky a nasledne Speditér
kontaktoval z&kaznika spresnou informéciou o ¢ase prichodu tovaru na miesto vykladky.
Nasledovala samotna preprava z miesta nakladky v Michalovciach do miesta uréenia v Nitre.
Zvolili sme prepravnu trasu s poétom 380 km, po cestngj komunikécii E571/E58 pricom sme
museli prihliadat’ na Specifikdciu tovaru s nizkym stupniom nebezpecenstva a moznost'ou
prepravy po konkrétnej komunikacii. Dolezity faktor pri vol'be dopravnej trasy zohral pocet
prejdenych kilometrov dopravného vozidla. Na vyber sme mali k dispozicii g alternativu
sprejazdovym bodom cez PreSov po cestngj komunikacii ES0 sviacsim poétom kilometrov
celkovo 400 km, apodstatne naro¢nejSou trasou vzhladom na casové vyuzitie vozidla
acelkovu cenu prepravy.
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Obr. 2 Prepravnatrasa Michaovce — Nitra
Fig. 2 Transporting route Michalovce — Nitra

Ak dopravca spozoruje porusenie akychkol'vek predpisov, ktoré by mohli spdsobit’
ohrozenie bezpecnej prevadzky, zéasielka musi byt zadrzana s ohladom na poZziadavky
bezpecnosti dopravy, teda bezpecné odstavenie zasielky a verejnej bezpecnosti. V dalSej
prevadzke moze pokraovat' az potom, ked zasielka vyhovuje prislusSnym predpisom
azodpovedny organ udeli povolenie na dalSiu prepravu. V pripade, Ze spinenie
pozadovanych poziadaviek ani udelenie povolenia na d’alSiu prepravu nie je mozné, je
prislusny orgdn povinny poskytnut’ dopravcovi potrebni administrativnu pomoc. Rovnako sa
to vztahuje aj na pripad, ked dopravca informuje tento prislusny organ, Ze mu povaha
prepravovanych nebezpeénych veci nebola zo strany odosielatela oznamena a Ze s Zela na
zéklade legislativnych predpisov, pod ktoré prepravna zmluva patri, nebezpecné veci vylozit,
zni¢it’ alebo znesSkodnit’. [3]

Po prichode na miesto ur¢enia vodi¢ dal informaciu Speditérovi a vyloZil dany
nebezpeény tovar, priCom bol povinny dbat na to, aby pri odovzdani zabalenych
nebezpeénych veci obaly neboli poSkodené alebo zvonka znecistené, skompletizoval
sprievodné dokumenty, ktoré si dal prislusnou zodpovednou osobou za objednavatela
potvrdit’ a ndsledne sa vrétil do sidla firmy, kde dokumenty odovzdal Speditérovi. Ten
dokumenty spracoval do Spedi¢ného systému a vytvoril podklady na fakturaciu prepravy,
ktoré odoslal zakaznikovi, ¢im bola preprava z pohl'adu dopravcu ukonéena.

| dentifikécia prepravného materidlu

Rizikova kategoria: Specificky tovar patri do IIL rizikovej kategérie, pri¢om
predstavuje nizky stupen nebezpeCenstva zranenia osOb alebo poskodenia Zivotného
prostredia. Na ceste nemusia byt prijaté Ziadne ndpravné opatrenia.

Parametre druhu prepravovaného nebezpecného tovaru
fyzikdlno-mechanické vlastnosti: horl’avé, Zieravé kvapalné latky,
mernd hmotnost’ prepravovaného tovaru: 1000 1
expedi¢né mnozstvo prepravovanej veci: IBC kontajner v pocte ks 1
pozadovana rychlost dodania zasielky: do 2 pracovnych dni odo dna spracovania
objednéavky.

125



Tab. 1 Specifikacia nebezpedného materialu
Tab. 1Specification of dangerous material

Pomenovaniea | (UN | (Kemler Tr. Klasifikaény | Bezpeé. | Obalova

opis veci kéd) kéd) nebezpecnosti kéd znafenie | skupina
Farby, horlavé, | 3469 38 3 — Horlavé | FC—Horlavé 1. nizky
Zieravé, alebo kvapalnéléatky | kvapalné latky stupen
farbe pribuzny Zieravé nebez.
materiél

Dopravny prostriedok pouzity na prepravu nebezpecného tovaru. Model: Iveco Stralis
ASA40342 low-deck ADR patri do skupiny ostatnych vozidiel, ktoré tvoria vozidla uréené na
prepravu nebezpecnych veci aobalov, na prepravu volne lozenych latok. Tieto vozidla
nepodliehagu typovému schvéleniu z hl'adiska kons$trukcie motoru, podvozku, vybavenia aj
nadstavby aneliSia sa od vozidiel bezne pouzivanych k doprave na prepravu nékladu (Cajda,
M., akol., 2011)

Spdsob prepravy nebezpecného tovaru
Dohoda ADR pripusta tri zakladné moznosti prepravy nebezpecnych veci:

e kusové zasielky zabalené v schvaenych obaloch (sudy, debne, vrecia kanistre,
flase nadoby IBC, velké obaly a prepravné obaly),

¢ volne loZzené vo vozidlach, kontajneroch a kontajneroch na vol'ne lozené latky,

e Vcisterndch (cisternovych vozidlach, prenosnych cisternach, snimatelnych
cisternéch, batériovych vozidlach, kontajneroch MEGC). [3]

V naSom pripade kusova zasielka zabalena vo forme IBC nadoby v celkovom objeme
1000 litrov, spadajuca pod prepravu podlimitného mnoZstva, teda prepravy kusovych zésielok
S obsahom nebezpe¢nych veci v malom mnozstve.

Obr. 3 IBC kontgjner 1000 |
Fig. 3 1BC container 1000 |
Kodovanie IBC néadob

IBC nadoby musia byt’ na prepravu nebezpecnych veci schvalené. V tomto pripade musi byt

dany obal oznaceny alfanumerickym zékonom — kodom obalu,

UN 31H1/Y /04 99/ NL / Mulder 007 / 5500 / 1500,

UN — symbol OSN,

31H1 — nadoba IBC z pevného plastu na kvapalné | atky,

Y —vhodna nalatky obalovych skupin|l. alll.,

04 99 —mesiac arok vyroby — april 1999,

NL — krajina schvalenia Holandsko,

Mulder 007 — identifika¢na znacka vyrobcu,

5500 — zat'azenie pouzité pri skiSke stohovanim v kg,

1500 najvyssia povolena celkova hmotnost’ v kg [3].
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3 Vysedky a diskusia

Nasim zamerom bolo naplanovanie konkrétnej vnutrostatnej prepravy nebezpecného
tovaru po vymedzene dopravneg trase. Pre splnenie uvedeného ciel’a bola zvolena metodika,
podl'a ktorej sme najskor zistovali moznost’ vytazenia konkrétneho dopravného prostriedku
na trase Michalovce — Nitra. Nasledne sme zvolili optimény variant dopravného prostriedku,
pre konkrétny typ prepravy, vybrali sme dopravny prostriedok, ktory sa fyzicky nachadzal po
predchadzajuce] doprave v KoSiciach, ztoho dovodu, sme museli vyhladat’ konkrétneho
zakaznika, ktorému sme vedeli vykonat dopravu uvedenym vozidlom. Neskdr sme
Specifikovali druh prepravovanych veci (fyzikdno-mechanické vlastnosti, expedi¢né
mnozstvo nebezpecného tovaru apozadovanu rychlost dodania zésielky). Nasledovalo
kontaktovanie bezpecnostného poradcu, ktorému sme predlozili doklady o preprave
nebezpeéného tovaru. Bezpetnostny poradca na zaklade predloZzengl dokumentécie schvlil
prepravné podmienky. Preprava pokraCovala kontaktovanim vodi¢a ajeho presunom na
nakladku do miesta urCenia. Po skompletizovani sprievodnych dokumentov, kontrole
motorového vozidla a ukonov, ktoré treba vykonat’ v stlade s pravnymi normami pri nakladke
nebezpecného tovaru vzhladom na Dohodu ADR bol tovar pripraveny na prepravu. Pred
samotnym odchodom z miesta nakladky bol vodi¢ povinny kontaktovat’ dopravcu o odchode
¢o viedlo k naslednému kontaktovani zakaznika Speditérom s presnou informéciou o prichode
tovaru na miesto ur¢enia. Z navrhovanych variant dopravngj trasy sme zvolili najvhodnejSiu
dopravnu trasu, vzhladom k poZiadavkam terminu dodania tovaru anebezpecnosti
prepravovaného tovaru. Vodi¢ dostal konkrétne instrukcie o prepravng trase, ktora bola
ponuknuta Speditérovi na zaklade faktorov, ako je samotna moznost’ prepravy nebezpecného
tovaru po danej komunikacii, vzdialenost’, spoplatnenie ciest a pod. Nasledne dopravnu trasu
schvalil bezpe€nostny poradca. Po prichode na miesto ur¢enia vodi¢ dal informaciu
Speditérovi avylozil dany nebezpecny tovar, pricom bol povinny dbat na to, aby pri
odovzdani zabalenych nebezpecnych veci obaly neboli poskodené alebo zvonka znecistené,
skompletizoval sprievodné dokumenty, ktoré si dal prislusnou zodpovednou osobou potvrdit’
anasledne sa vrétil do sidla firmy, kde dokumenty odovzdal Speditérovi. Speditér dokumenty
spracoval do $pedi¢ného systému a vytvoril podklady na fakturaciu prepravy, ktoré odoslal
z&kaznikovi, ¢im bola preprava z pohl'adu dopravcu ukonéena.

4 Zaver

Medzinarodna cestna preprava nebezpecnych veci je upravend Europskou dohodou
0 medzindrodnej cestnej preprave nebezpecnych veci, Dohoda ADR je otvorend, dopliluje sa
aupravuje v zavidosti od technického rozvoja. V prispevku sme riesili konkrétnu prepravu
nebezpecného tovaru ADR po vymedzenej dopravnej trase, pricom sme urcili po zohl'adneni
podmienok prepravy optimanu trasu z navrhovanych variant. Uvedena preprava bola
realizovana na zaklade nami navrhnutej dopravnegj trasy, pri dodrZzani v3etkych legidativnych
ustanoveni platnych v SR. Nami zvoleny ciel’ odborného prispevku sa podarilo splnit’, pri¢om
sme vytvorili vzorovl metodiku pre planovanie prepravy nebezpec¢nych tovarov Speditérom
v dopravngj spolo¢nosti.
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OBOHACENE KLECE - DOPADY PO JEJICH ZAVEDENI V
CR ZACATKEM ROKU 2012
FORTIFIED CAGES- IMPACTSAFTER THEIR
IMPLEMENTATION IN CZECH REPUBLIC AT THE
BEGINNING OF THE YEAR 2012

JAKUB HEINDL — VACLAV VAVRA — ANTONIN JELINEK

Abstract

This thesis deals with problematic of launch of fortified cages. From 1th of January
2012 new regulation from European Union came into practice. This regulation is valid for all
mass breeds within EU and deals with obligation of transfer from unfortified cages to fortified
cage systems. Specified requirements are solved in new regulations of the Council
1999/74/EC. New legislative regulations have many impacts, amoung egg producers and at
the same time among final consumers. In theoretical part of the thesis problematic of this field
is being examined with focus on explanation of basic terminology. Practical part follows the
fulfillment of the target, in terms of impact analysis from the consumer’s and producer’s point
of view. Furthermore the market analysis of the recent situation has been processed at the
beginning of the year 2012.

Key words: price of eggs, hens, welfare

1 Uvod

Problematika obohacenych kleci a situace na trhu s vejci byla na zacatku roku 2012
velmi diskutovanym tématem. Nové nafizeni Evropské komise s sebou prineslo fadu
povinnosti pro chovatele nosnic, a zaroven s novou legislativou byla spusSténa vina dopad,
ktera zpusobila do jisté miry vyznamné zmény na trhu vajec. Cilem této studie bylo provést
zhodnoceni dopadii po zavedeni smérnice EU Rady 1999P74EC [4] nafizeni z pohledu
spotiebitele a chovatele. Dale se zamé&fit na analyzu soucasné¢ho stavu na trhu s vejci a
Vv neposledni fadé porovnat stavajici podminky ustajeni v klecich s poZadavky welfare.

Smyslem zavedeni obohacenych klecovych systémi, bylo poskytnout nosnicim vétsi
moznost uspokojit své pfirozené etologické potieby, nez mély v konvencnich klecich. Tyto
potieby nosnic uvadi ¢lanek o Welfare a bateriovych chovech [3]. Konkrétné mezi né patii
shanéni potravy, télesny pohyb, Gprava pefti, popeleni a stavéni hnizd. Nové obohacené klece
poskytuji nosnici prostor o celkové rozloze 750 cm?, kde 600 cm? je pln& vyuZitelnych a
zbyvajicich 150 cm? je konstruovano do koncepce spolednych prostor. Toto feSeni se snazi
respektovat filozofii welfare, umoziiuje samotné nosnici vétsi pohyb, diky kterému posiluje
svaly a nedoch&zi k takové osteomalacii (méknuti kosti) a osteopordze (fidnuti kosti), které
vedou, V lepsich piipadech, k nucenému utraceni, nebo v hor§im piipadé, k bolestivému
uhynuti nosnice. Déle je dulezité zminit, ze vétsi moznost pohybu u nosnic snizuje vzajemné
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vyklovavani pefi a dochazi k redukci poranéni, kterd mohou zplsobit az vzijemny
kanibalismus.

2 Materidl a metodika

Pro naplnéni cile, v podobé zhodnoceni ekonomického dopadu vyplyvajiciho
z prechodu z jednoho chovného systému na novy z pohledu spotiebitele a chovatele, je
pouzita metoda zjednodusené cenové kalkulace. Jako podkladovy material pro vypocet slouzi
uvetejnéna kalkulace ze Zavéreéné zpravy vyzkumného projektu NAZV [5] viz tab. 2,
tykajici se neobohacenych kleci za pfedem danych parametri po¢tu nosnic a produkovanych
poctu vajec za rok. Aby bylo mozné zjistit vysi ceny za obohacené systémy, byla
kontaktovana spole¢nost Big Dutchman CR. Na zakladé téchto ziskanych informaci byla
provedena zjednodusena kalkulace pro obohacené klece pii stejnych parametrech, jako
Vv ptipadé neobohacenych kleci. V souvislosti s investici do obohacenych kleci dojde ke
zvySeni fixnich nékladi konkrétné odpisii na kalkulac¢ni jednici, dale vzrostou variabilni
naklady na energii, coz bude mit samoziejmé negativni dopad do ceny vajec.

Na zaklad¢ dostupnych informaci z médii, statistického uradu, Statniho zemédélského
intervenéniho fondu a informaci z Ceskomoravské dribezaiské unie je zpracovana analyza
vyvoje na trhu s vejci.

Na trhu plsobi n€kolik firem, které dodavaji nové formy klecovych systémi. Ceny se
vSak pohybuji v priméru na podobné bazi, pficemz nejdulezitéjsim faktorem, ktery
V potfizovaci cené€ hraje roli, je pfedevS§im koncepcni feSeni systému (tzn. pocet nosnic, Sitka
staje, vy3ka stropu). V tabulce je uvedena cenova kalkulace dle spoleénosti Big Dutchman CR
pro konkrétni ptipad.

Tab. 1 Cenovy piiklad potizovaci ceny obohacenych kleci
Tab. 1 Pricing example of purchase price of fortified cages

Kapacita Odhadovana cena
18 - 20 tis. nosnic 125 - 150 tis. EUR 3,1- 3,7 mil. K¢

Zdroj: Interni cenik firmy Big Dutchman CR, kurz piepoétu 24,84 EUR/KE, vlastni
zpracovani

Je dilezité si uvédomit, Ze pfi stdvajicim feSeni ustdjeni nosnic bylo mozné chovat cca
o tetinu vice nosnic na m®. Pii pfechodu na obohacené systémy je kladen vy3§i diraz na
welfare, a z toho divodu dochazi k rozsifeni prostoru z min. 550 cm?® na min. 750 cm? na
jednu nosnici a v konecném dusledku tedy ke snizeni poctu nosnic pro dany prostor.
V piipadé, Zze bude chovatel chtit zachovat stdvajici pocet nosnic, znamena to pro n¢ho fesit
mimo jiné otazku prostorové narocnosti — rozsieni plochy.

PouZité vypoctové vztahy pro kalkulaci ceny vejce po zavedeni obohacenych kleci:
Vztah (1) pro vypocet investic do obohacenych kleci, které musi investor vynaloZit:

PC, = cﬁ *ks, [K¢] (1)

e}

Kde: PCk - potizovaci cena kleci, K¢
K - kapacita, ks
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Co - odhadovana cena
ksn - pocet nosnic, ks

Vztah (2) pro vypocet odpist na jedno vejce (jednici):
PC,

_ R ke
0= K )

Kde: Oj - odpis na jedno vejce, K¢
PCk - potizovaci cena kleci, K¢
Ro - pocet odpisovanych let, roky
ksn - pocet nosnic, ks

Vztah (3) pro vypocet nakladt na jedno vejce:

¢, =Wt M) iy ©)

Kde: Cy - celkové naklady na jedno vejce, K¢
V\ - variabilni néklady, K¢
Nen - normativni fixni naklady, K¢
Vuwm - produkce vajec na ustajovaci misto za rok, ks

3 Vysedky a diskuze
Obohacené klece a ekonomicky dopad po jejich zavedeni

Nyni uvedeme jednoduchy model kalkulace ceny vejce od chovatele. Simulace je
zaloZena na nésledujicich parametrech:

a) provoz pro 5000 ks nosnic,
b) produkce 295 vajec/na ustajovaci misto za rok.

Nasledujici tabulka 2 uvadi jednoduche ekonomické vyhodnoceni pro oba typy
systémi vychazejici z vySe uvedenych parametri.

Na zakladé jednoduchého modelu cenove kalkulace je patrné, Ze v pfipadé
obohacenych kleci dochdzi ptiblizné€ k 9% nartstu kalkulované ceny na jednici. Tento stav je
zpusoben predevsim zvySenim fixnich nadkladi v podobé odpist kalkulovanych na jednici
v souvislosti s investici do obohacenych kleci. Kalkulace vychazi z uvahy, kdy jsou znamy
variabilni a fixni naklady v piipadé neobohacenych kleci na 5000 ks nosnic pii ro¢ni produkci
vajec na ustajovaci misto za rok ve vysi 295 ks. Tyto informace jsou dostupné v Zavére¢né
zpravé vyzkumného projektu NAZV [5]. Pro zjisténi potfebné vySe investice byly pouzity
pofizovaci ceny obohacenych kleci (cca 172,22 Kc¢/nosnice) zjisténé u spolecnosti Big
Dutchman CR. Jednoduchou matematickou Givahou je mozné uréit pofizovaci cenu systému
pro 5000 ks nosnic. V tomto piipade se jedna o investici ve vysi 861 111 K¢.
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Tab. 2 Kalkulace ceny vejce v pripadé obohacenych vs. neobohacenych kleci

Tab. 2 Price calculation of egg in the case of fortified cages vs. unfortified cages

Parametry Neobohacené klece | Obohacené klece Rozdil
K¢E/UM a rok K¢/UM a rok %

Variabilni naklady 450,4 452,4 0,4
na krmné smési 330 330 0
na veterindarni sluzby a léciva 1 1 0
na energii a vodu 6 8 33,3
na primé naklady 14,4 14,4 0
na techniku 3 3 0
na obnovu stavu 96 96 0
Normativni fixni naklady 50 93 86
Celkové ndklady na UM za rok 500,4 545,4 8,8
Celkové ndklady na jedno vejce 1,70 1,85 8,8

Zdroj: [5], vlastni zpracovani

Pro zjiSténi potifebné vyse investice byly pouzity potfizovaci ceny obohacenych kleci
(cca 172,22 Ké&/mosnice) zjisténé u spole¢nosti Big Dutchman CR. Jednoduchou
matematickou tivahou je mozné urcit potfizovaci cenu systému pro 5000 ks nosnic. V tomto
ptipadé se jedna o investici ve vysi 861 111 K&. Dale je uvazovéano s faktem, ze celkova
investice bude odepisovana rovnomérné 4 roky, a tudiZ ro¢ni vySe odpist na jednici bude 43
K¢. Co se tyka variabilnich nékladu, zistanou stejné, jen dojde ke zméné polozky nakladd na
energii v souvislosti s rozsifenim prostoru na ustajeni na jednu nosnici, coz S sebou pfinasi i
nariist spoteby energie na provoz (tj. osvétleni, sbérace trusu, vajec). Kalkulace je sestavena
za predpokladu, kdy obohacené klece jsou instalovany do stavajicich prostor, kde je vyfeSena
technicka stranka vybaveni budovy (tj. osvétleni, vzduchotechnika). Kalkulovana cena vejce z
obohacené klece bez marze je vtomto ptipadé rovna 1,85 K¢. Je nutné podotknout, ze se
jedna pouze o simulaci kalkulace zalozené na uvaze, kterd nezohlediiuje velikost firmy a na ni
vazané ovliviwgjici faktory. V ptipadé, ze bude bran v potaz fakt, Ze diky instalaci
obohacenych kleci dojde ke snizeni poctu nosnic pfiblizné o jednu tietinu v souvislosti
S navySenim prostoru na nosnici, a chovatel bude chtit zachovat stavajici pocet nosnic, je
potieba si uvédomit, ze investice se jest¢ zvysi a to konkrétné o naklady na rozsifeni prostoru
na ustajeni. V kone¢ném dutsledku se to opét projevi v kalkulované cené, ktera bude vyssi.
Tento parametr v piipad¢ této kalkulace nebyl uvazovan.

VySe simulovand kalkulovana cena je na urovni nakladi, a proto zalezi na cenové
politice vyrobce - jakou vySi marze si k vysledné jednici pficte. I prestoze vyrobce ma
uréitym zplUsobem moznost stanovit marzi na jednici, je vSak silné omezovan ze strany
vykupct, kteti tla¢i na vykupni cenu, jak jiz bylo vySe zminéno. Na zacatku roku 2012 zde
vSak putsobil jesté faktor prevysujici poptavky nad nabidkou, ktery v disledku zplsoboval
navySovani kone¢nych cen pro spotiebitele. Tento faktor je umocitovan i faktem, ze
spotiebitelé skupovali ve velkém mnoZstvi vejce z obav nedostatku na trhu. Dle aktualnich
informaci ekonomického zpravodajstvi [1] se vykupni cena od vyrobcli pro supermarkety
pohybovala kolem 3,5 — 4 K¢ véetné DPH tzn., Ze marZe vyrobce se pohybovala v intervalu
cca 1,18 - 1,61 K¢ za ks + DPH 0,42 — 0,49 K¢ na vejci. Kone¢ny spottebitel tak v disledku
zaplatil primérné napi. v hypermarketu Albert a Spar za 10 ks vajec 49,9 K¢ v¢etné¢ DPH tj.
pramérnd marze hypermarketu cca 1,30 - 0,88 K¢ na vejce (DPH 6,13 K¢ za 10 vajec), pokud
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neuvaZzujeme s naklady hypermarketu v podobé mezd a energii na jednici (nejsou
zvetejilovany). V tom piipadé€, by marze byla o néjaké desetihaléie nizsi.

Nutné je uvést, Ze nékladnost investice z pohledu vyrobct pti pfechodu na obohacené
klece byla caste¢né¢ kompenzovédna prostfednictvim dotacnich zdroji. Bylo mozné ziskat
ptiblizné polovinu finan¢nich prosttedku z celkove investice.

Pti hlubsi analyze ceny vajec zemédélskych vyrobcet je patrné, Ze primérnd cena je
silné¢ ovliviiovana mimo jiné pravé naklady a to konkrétné naklady na krmiva a energii. To
znamend, Ze mezi primérnou cenou a naklady na vstupu existuje silny korelacni vztah. Je
vsak nutné si uvédomit, ze pozice chovatelii v oblasti tvorby ceny je zna¢né limitovana ze
strany vykupnich fetézct, které tla¢i na nizs$i vykupni ceny. Ztoho vyplyva, Ze chovatel
nemusi byt schopny promitnout celkové zvyseni nakladi do konec¢né ceny plnég, ale pouze
castecné.

V oblasti vyvoje cen energii za analyzované roky je patrna rdstova tendence, coz
vyraznym zpusobem ovliviiuje i celkovou vysi ndkladi na stran€ chovateld.

Zpréava o trhu vajec z ledna 2012 [6] uvadi analyzu tykajici se vyvoje ceny vajec
zemédé€lskych vyrobetl za ¢ast roku 2011 a prvni mésic roku 2012. Nésledujici tabulka uvadi
prehled o cenéch dle jednotlivych kategorii vajec podle vySe zminéné analyzy.

V tabulce jsou uvedeny udaje za prumér, a tudiZ dochazi k ur€itym odliSnostem od
nadmi kalkulované ceny z davodu rtzné velikosti firem (mozné uspory zrozsahu aj.) a
teritorialni diverzifikace v ramci CR.

Tab. 3 Vyvoj ceny vajec zemédélskych vyrobet (bez DPH)
Tab. 3 Price development of eggs of agriculture producers (without VAT)

Skupina V. VI. VI VIl I X X Xl XIl I

S 089| 085 089| 0,98 1,01 1,07 1,22 1,22 1,42
M 1,22 1,22 1,33 1,49 1,71 1,69 1,74 1,83 1,94
L 1,27 1,27 1,35 1,57 1,71 1,69 1,74 1,84 1,95
XL 1,97 1,89 1,98 1,99 2,07 2,02 1,98 2,07 2,15
Netiidéna 0,87 | 0,96 1,64 1,54 1,35 1,52 1,94 1,68 1,74
Primér 1,22 1,24 1,34 1,5 1,67 1,66 1,73 1,81 1,93
Zdroj: [6]

Analyza stavu na trhu v CR zaéitkem roku 2012

Ceska republika svoji produkci vajec nedokaze uspokojit celkovou poptavku na trhu a
z dlouhodobého hlediska je tento nedostatek feSen pravé importem. V roce 2011 doSlo
mezirocn¢ k 16% nartstu importu, tzn. ve fyzickych jednotkach jde fadové o celkovy import
ve vysi 26 637 tun. Z celkového importu se jedna predevsim z 90ti % o dovoz konzumnich
vajec. Z hlediska teritorialni diverzifikace importnich zemi je nejvétsim dovozcem sousedni
Polsko, které piedstavuje 64% podil na celkovém importu. [6]

V prvnich tydnech roku 2012 byli spotiebitelé na trhu s vejci vystaveni neustalému
naristu cen. Dle statistik dochazelo ke zvySeni prodejni ceny pfiblizn€ o 40 % oproti
lofiskému roku. Z pohledu spotiebitele se cena za deset kusi vajec pohybovala v rozmezi cca
50 - 70 K¢ (tzn. 5 — 7 K¢ za jedno vejce). [2]

Na zvySeni ceny vajec m¢lo hlavni vliv jiz vySe zminované Evropské natizeni, kdy
bylo nutné k 1. 1. 2012 zajistit pfechod vSech producentd vajec na nové chovné systémy.
Tento krok mél dopad hned do n€kolika oblasti, které nasledné ovlivnily cenu vajec na trhu.
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Vzhledem Kktomu, ze ¢ast Ceskych vyrobcli nedokazala vcas naplnit pozadavek
vyplyvajici z evropskych standardi na nové klecové systémy, doslo k poklesu objemu
moznych produkovanych vajec na mistnim trhu. Zajmem c&eské vlady je chranit, na jedné
strané spotiebitele, a na druhé strané vyrobce, kteti byli nuceni provést masivni investice do
novych technologii. Z toho divodu dochazi k ptisnym kontrolam béhem importnich aktivit
s diirazem pravé na kontrolu pivodu vajec. Dle stavajiciho nastaveni je povoleno dovazet
vejce pouze z chovi, které realizovaly piechod na obohacené klece. Zakladnim problémem,
Ktery v souvislosti stémito opatfenimi vyvstal, je pfedev§im otazka vyjimek tykajici
se odlozeni povinnosti piechodu pro stity Evropské Unie, které jesté danou povinnost
nesplnily. Mezi zemémi, které se o vyjimku pfihlasily, bylo mimo jiné i Polsko, které ma
z minulych let jiz bohaté zkuSenosti pii vyjedndvani téchto vyjimek (vyjimky na driibez).
Vyjimka tykajici se nového natfizeni vSak nebyla Polsku ptidélena, coz samoziejmé zpiisobilo
omezeni importu vajec z chovi, které nesplnily podminky EU pravé z této zemé do Ceské
republiky a dalsich zemi. Pro Ceskou republiku to znamenalo jediné, Ze z v&tsi &asti pfisla o
nejvétsiho dovozce vajec na Cesky trh a bylo nutné tento vypadek fesit dovozem z jinych
zemi.

Masivni investice do pfechodu na novy systém chovu zpiisobily zvyseni prodejni ceny
zemédélskych vyrobcl vajec. Coz samoziejmé, v souvislosti s omezenou nabidkou a vysokou
poptavkou ze strany spotiebitelt, mélo za nasledek zvyseni ceny pro koneéného spotiebitele.
Da se tici, ze poptavka byla urcitym zpiisobem z ¢asti ,,uméle vyhrocena® — spotiebitelé ze
strachu z nedostatku zacali skupovat vejce ve velkych objemech. Spolu s vySe uvedenymi
faktory méla na cenu vajec vliv také novelizace Zakona c¢islo 235/24 Sb., O dani z ptfidané
hodnoty, kterd vstoupila v platnost k 1. 1. 2012. Tato novelizace se tykala mimo jiné prave
zvyseni snizené sazby DPH z 10 na 14 %.

Na zacatku roku 2012 byla situace vSak takova, ze 14 stati EU zatim nenaplnilo
pozadavky dle evropského nafizeni, jednd se o Belgii, Bulharsko, Kypr, Francii, Recko,
Madarsko, Italii, Lotyssko, Nizozemi, Maltu, Polsko, Portugalsko, Rumunsko a Spanélsko.
Tyto staty podle pravidel a postupt v piipadé nedodrzeni pozadavki, obdrzi ze strany EU
divodné stanovisko s novym terminem splnéni pozadavkl podle nové smérnice. V piipadé,
ze tyto zemé pozadavky nesplni, bude cely pfipad predan Evropskému soudu. Jedinou
vyjimkou v tomto ptipadé bude Chorvatsko, které do Evropské Unie ptistoupi v roce 2013 a
vyjimka bude poskytnuta az do roku 2014 v pfipadech, kdy se bude jednat o vyvoz vajec
mimo zemi.

Dle nazort odbornikt se stavajici situace na trhu s vejci ohledné ceny a dostate¢ného
mnoZstvi vajec stabilizuje na pfijatelnou rovnovahu v horizontu dvou let od prechodu na
obohacené klece. V soucasné dobé se potykame se skuteCnosti, Ze asi ¢tvrtina vajec (40 mil.
vajec denné) nyni pochazi od 50 mil. nosnic umisténych v neobohacenych klecich. [8]

Welfare u obohacenych oproti konve¢nim klecim

Prvotnim impulsem nové legislativy, ktera vstoupila v platnost 1. 1. 2012 o zavedeni
obohacenych kleci, urcité byla mysSlenka o co nejlepsi welfare u chovanych nosnic.
Zé&kladnim prvkem u welfare je poskytnout nosnicim co nejlepsi ptirozené etologické potieby,
nez mély v neobohacenych klecich. Mezi tyto potieby patii shanéni potravy, télesny pohyb,
Uprava pefi, popeleni a stavéni hnizd.
poskytuji nosnici 750 cm? prostoru v kleci, kde 600 cm? je plné vyuzitelnych a zbyvajicich
150 cm? jsou mysleny jako spole¢né prostory. Nosnice potiebuje na své zékladni potieby
primérné cca 475 cm® az 1876 cm?, coZ znamena, Ze ji neni poskytnut takovy komfort jako u
alternativnich chovi, ale musime zdtraznit to, ze v neobohacenych kleci méla nosnice pouze
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550 cm2 prostoru, takze do3lo k naréistu o 200 cm? na nosnici. Zvysily se i naroky na vysku
stropu. U neobohacenych kleci musi byt vyska stropu nejméné 40 cm na 65 % plochy klece a
ve zbytku prostoru nesmi klesnout pod 35 cm. U obohacenych kleci v mistech, kde neni
vyuZitelnd plocha, musi byt vyska stropu alesponn 20 cm a v samotnych vyuZitelnych
prostorech musi svétla vySka stropu byt minimalné 45 cm, coZ je navySeni oproti starému
zpusobu chovu o 5 cm.

Tyto dva podstatné body urcité¢ maji kladny vliv na welfare, umoznuji samotné nosnici
vetsi pohyb, diky kterému posiluje svaly a nedochézi k takové osteomalacii (méknuti kosti) a
osteopordzy (fidnuti kosti), které vedou v lepsich ptipadech k nucenému utraceni, nebo
V hor§im ptipadé¢ bolestivého uhynuti nosnice. Déle je dilezité zminit, Ze vEtsi pohyb u nosnic
snizuje vzajemné vyklovavani pefi a dochdzi k mensim poranénim, které mohou zptsobit az
vzajemny kanibalismus.

Déale musime uvést, Ze v obohacenych klecich jsou nainstalovany komponenty, které
se v bateriovych vibec nenachazely.

Vyraznou roli v obohacenych kleci hraji hnizdici boxy. Nosnice radéji upfednostiiuji,
kdyZ mohou snést vejce piimo do hnizda, nez na draty, jak tomu bylo u piedeslého zplsobu
chovu. Toto chovani je etologicky projev, a pokud nosnice nemaji moznost snést vejce pfimo
do hnizda, ve vétsiné piipadiu dojde k frustraci, které se projevi nepokojem, zvySenym
pteslapovanim, a mimofadnym chovanim v podobé vakuového, nebo falesného hnizdéni.

Dals§im pfinosem s novymi klecemi je moznost popeleni nosnic. Tato potifeba opét
patii mezi zakladni etologické projevy, kdy nosnice odstraniuje své staré pefi a parazity.
Nosnice ma potiebu se popelit kazdé dva dny po dobu 20 — 30 minut. V bateriovych klecich
nosnice neméli moznost popeleni a dochazelo k faleSnému, nebo vakuovému popeleni, které
se projevovalo jako pokusy o popeleni na samotnych dratech kleci. Diky novému systému
ustajeni je tato potieba naplnéna, nosnice jsou klidnéjsi a nedochazi k abnormalnimu chovani.

Pomoci instinktl se nosnice chtéji uchranit pred nebezpecim a hledaji vyvysena mista.
Tuto potfebu jim umozni pouzivani hfadu, které jsou umistény 7 — 10 cm nad podlahou klece
a musi pfipadat na kazdou z nosnic 15 cm délky. Hfadovani opét nosnici posiluje nohy a
zmensuje riziko lamavosti kosti.

Urcité nesmi byt opomenuto, Ze existuji studie, jako napft.: Vejce z klece [7],
které napadaji neobohacené, ale i obohacené klece a chtéji upozornit na to, Ze se nosnicim
nedostava spravného welfare, jako je tomu u alternativnich chovil. Je nutno zdlraznit, ze u
alternativnich chovii dochéazi k CastéjSimu vyskytu salmonel, nez u klecovych chovi a
piechod z neobohacenych kleci na obohacené je z pohledu welfare velky pfinos pro nosnice,
kdyZ budeme srovnavat s piedchozim zptisobem chovu.

4 Zavér

V soucasné dobé nenajdeme v CR Zadné spole¢nosti, které by nepiesly na obohacené
klece. Vsechny spolecnosti, bud’ zvladly ptejit do 1. 1. 2012 na novy zpisob chovu, nebo
svoji zivnost v produkci vajec ukoncily k 31. 12. 2011. Jednd se hlavné o firmy, které
nedokazaly ziskat finan¢ni prostfedky at’ uz ze zminovanych dota¢nich fondd, nebo ze svych
zdroji. Diky tomuto nafizeni dale doSlo zac¢atkem roku 2012 k vyraznému zdraZeni vajec. V
tomto piispévku bylo mimo jiné poukdzano na faktory, které potvrzuji, Ze cena vajec byla
castecné "uméle vyhrocena".
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Souhrn

Od 1. 1. 2012 vstoupilo v platnost nafizeni Evropské Unie tykajici se povinnosti
prechodu z neobohacenych na obohacené klecové systémy, jeZ je platné pro vSechny
velkokapacitni chovy v EU. Konkrétni pozadavky jsou feSeny v nové smérnici Rady
1999/74/EC. Nova legislativni Gprava s sebou ptinasi fadu dopadd, jak jiz v oblasti samotnych
producent vajec, tak i koneénych spotiebitelt. Tento piispévek se zabyva problematikou
zavadéni obohacenych kleci z hlediska naplnéni vytyceného cile v podobé zhodnoceni dopada
z pohledu spotiebitele a chovatele. Dale je provedena analyza stavu na trhu vajec k zacatku

roku 2012.

Klic¢ova slova: cena vajec, nosnice, welfare
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POSUDENIE BEZPECNOSTI PRI ZAVADZANI INOVACIIi DO
VYROBY
SAFETY ASSESSMENT BY INTRODUCING INNOVATIONS
IN PRODUCTION

ZUZANA HRASKOVA —MARIAN BUINA

Abstract

Increasing the level of safety is at the beginning of the 21st century one of most
significant tasks for each organization. On the other side, the issue of safe life is the goal of
everyone. In the process of identifying risks and threats must be made a finding, wether there
are any potential injuries, diseases or occupational diseases, prior to the introduction of new
materials, machines or operating procedures in every workplace. The following of the
necessary security measures, technological procedures and workflows, can prevent
occupational injuries and damages to other machines, but also to materials. It is important to
perform identifikation and analysis of risk periodically, in order to evaluate the incurred risks.
This script deals with the assesment of the safety in production process of welding fixture for
welding the straw baler frame. Form was used for threat identification and then we have
evaluated it using a point method.

Key words: risk, threat, safety, threat identification

1 Uvod

Riziko existuje prakticky vSade a¢lovek sa s nim stretava pocas celého svojho zivota.
Srizikom musime pocitat’ pri praci, doma ale i vo vol'nom c¢ase ((Korenko akol., 2011).
Posudzovanie bezpecnosti strojov, pracovnych ¢innosti ale aj prostredia je dnes vel'mi Castou
problematikou. Prax Coraz CastejSie poukazuje, Ze aj odbornici s odbornymi znalost'ami robia
chyby. Posudzovanie rizika nie je jednoduché, pretoze je potrebné vychadzat’ z predpokladu
odhaleniarizika, analyzy a vyhodnoteniarizik (Korenko akol., 2011).

Manazérstvo rizika je v sucasnosti chapané ako systémovy a komplexny pristup
k riadeniu  vSetkych procesov  posudzovania rizik. Z&ladom je deklarovanie
a zdokumentovanie politiky ako povinnosti vedenia, ktora musi zodpovedat’ strategickym
oblastiam, cielom azamerom podnikania organizécie, rozpracovangj do programu
manazérstvarizik (Hrubec akol., 2011).

Identifikécia ohrozenia asucasne aj jeho analyza sa vykonava po identifikacii
nebezpeCenstva. Tato Cinnost zahfila stanovené prejavenia sa identifikovanych
nebezpecenstiev, teda ako mozu spdsobit’ uraz, Skodu, poruchu €i iny negativny jav. Dolezité
je stanovit’ dej a sposob mozného nepriaznivého pdsobenia nebezpecenstva na cloveka, stroj,
techniku, prostredie, procesy apod. Je dolezité si uvedomit’ si, ze jedno nebezpecenstvo moze
sposobit’ viac ohrozeni (Bujna, 2013).

Bc. Zuzana Hraskova;, xhraskovaz@is.uniag.sk, Ing. Marian Bujna, PhD.; marian.bujna@uniag.sk; Katedra
kvality astrojarskych technologii, Technicka fakulta, Slovenska Pol'mohospodarska Univerzita v Nitre, Tr.
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Cielom prispevku je posudenie bezpecnosti pri zavadzani inovacii do vyroby so
zameranim sa na vyrobny proces zvaracieho pripravku pre zvarenie ramu balikovaca slamy
Vv strojarskej spolo¢nosti DEKONA s.r.0. vo Zvolene.

2 Materidl a metédy

Pre posltdenie bezpeénosti sme zvolili vyrobny proces ustavovacicho a zvéracieho
pripravku pre zakladny ram balikovaca slamy vyuzivaného v pol'nohospodarstve. Najprv
prebehla identifikacia ohrozeni podl'a formularu analyzy ohrozeni (tab. 1), tzv. kvalitativne
postdenierizik.

Tab. 1 Vzor formuléra analyzy ohrozeni
Tab. 1 A model of risk analysis

FORMULAR: Analyza ohrozeni
VYROBNE STUPNE:
Strana:
Hlavny systém
Datum:
Podsystém
Pracovnik:
C. | Vyrobnaetapa | Komplex ohrozeni | Ciel’ ochrany | Predpisy | Opatrenia

Tab. 2 Kategorizécia pravdepodobnosti Tab. 3 Kategorizécia dosledku

Tab. 2 Categorization of probability Tab. 3 Categoriation of consequence
P Charakteristika D Charakteristika
1 vel'mi nizka — vznik javu je takmer vyluceny — 1 | zanedbatelny — menej ako I'ahky uraz,
takmer nemoZné ohrozenie zanedbatel'na porucha systému
2 nizka— vznik javu je mélo pravdepodobny, alebo | 2 mélo vyznamny — Fahky Graz, zadiatok
mozny — vel'mi zriedkavé ohrozenie choroby z povolania aebo mensie
poskodenie systému, financné straty
3 strednd — jav vznikne niekedy pocas zivotnosti 3 kriticky — tazky uraz, choroba z povolania
zariadenia, prip. ¢innosti — zriedkavé ohrozenie ale rozsiahle poskodenie systému, straty vo
vyrobe, velké financné straty
4 vysoka— jav vznikne niekol’kokrat pocas 4 katastroficky — usmrtenie v désledku
zivotnosti zariadenia, prip. ¢innosti — Casové pracovného trazu alebo Gplné znicenie
ohrozenie systému, nenahraditel'né straty
5 velmi vysokd — jav vznikne velmi casto —
nepretrzité ohrozenie

Po identifikacii rizik sme ich kvalitativne posudili prostrednictvom bodove] metédy na
hodnotenie rizik podla vzorca €. 1.

R=PxD 1)

Kde: P- pravdepodobnost’ vzniku negativneho javu a D jeho dosledok.
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Tab. 4 Maticarizik
Tab. 4 Risk matrix

D 1 2 3 4
o)

1 1 4 6 12

2 2 7 11 13

3 3 10 15 17

4 5 12 16 19

5 8 14 18 20

Tab. 5 Kategorizaciarizik
Tab. 5 Categorization of risk
Vyslednd hodnotarizika
1-3 prijatel'né, systém je bezpeCny
4-11 mierne, systém je bezpe¢ny s podmienkou zaskolenia obsluhy
12-15 neZiadlce, systém je nebezpeény, uplatnenie ochrannych
opatreni

16-20 neprijatelné, systém je neprijatelny

3 Vydedky adiskusia

Na vyrobu pripravku boli pouZité zakladné materidly na zvéaranie 11 523 (ST52), resp.
11 373 (ST37), jaklové profily. Na diely, ktoré musia byt odolné voci opotrebeniu materialu,
bol pouzity cementacny a taktiez material vhodny na zu$lachtenie. Zakladom pripravku je
pozvarany aopracovany ram. Na opracovany ram sa postupne montuju opracované konzoly,
na ktoré sa pripeviiuju upinacie prvky, dosadacie prvky a strediace elementy. V takto
vyrobenom azmontovanom pripravku sa postupne ustavuju azvargu jednotlivé dielce
a podskupiny celkového ramu, ktoré st zvarené v diel¢ich pomocnych pripravkoch.

Obr 1. Vysledny produkt zo zvaracieho pripravku
Fig. 1 The final product of the welding preparation

Postdenie bezpecnosti pri vyrobnom procese zvaracieho pripravku pre zvarenie ramu
balikovaca slamy sme pouzili formular analyzy ohrozenia. Nasledne sme ohrozenia zhodnotili
pomocou bodovej metody, ktorou sme urcili mieru rizika. Na priradenie Ciselnej hodnoty
pravdepodobnosti vyskytu a ndsledného désledku negativneho javu ndm sl(Zia tabulky.
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Tab. 6 Formular analyzy ohrozeni — identifikacia ohrozeni a kvalitativne postidenie procesu

VYROBNE STUPNE:
Hlavny systém
DEKONA s.r.o.
Podsystém
Vyrobny proces zvéracieho

pripravku pre zvarenie ramu
balikovaca slamy

Tab. 6 A model of risk analysis—risk identification and quality assessment process

4

Strana: 1/1

Datum: 18.03.2013 J

Pracovnik:

'(')<

Vyrobna etapa

Komplex ohrozeni

Ciel’ ochrany

Predpisy

Opatrenia

1. | Pripravadielov pred
zvarenim — zabrlisenie
dielov,

- nebezpecenstvo porezania —
poranenie ¢loveka,

- zabezpecenie ochrannych
pracovnych pomdcok — rukavice,
odev,

Zékon ¢. 124/2006 Z.z.

- zabezpeCit’ ochranné
oblecenie a potrebné
pracovné pomacky,

- nechranené brusne kotuce —
poranenie ¢loveka,

- pravidelna kontrola strojov,
pouzivanie ochrannych
pracovnych pomécok (kryty),

STN 20 0717 (Obrébacie stroje
na kovy. Bezpe¢nostné
poziadavky pre brisky.)

- zabezpecCit ochranné
kryty, pravidelnd udrzbu
aopravu strojov,

- prekrocenie povolenej rychlosti
brusneho kotu¢a — poranenie
Cloveka, poskodenie zariadenia
alebo materidu,

- dodrZanie technickych predpisov
strojov a nastrojov,

- précas nastrojom len
opravnenou osobou,
dodrzZiavanie predpisov
a postupov,

- nebezpecenstvo pri
odletujucich ¢astiach materialu —
poranenie ¢loveka,

- pouzivanie ochrannych krytov na
brasnych koticoch,

- zabezpecCit ochranné
kryty na briisne kotuce,
ochranné pomdcky pre
pracovnikov,
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Tab. 7 Kvantitativne hodnotenie procesu bodovou metddou
Tab. 7 Quantitative assesment of process by a point method

Systém: Pripravadielov pred zvarenim — zabrUsenie dielov I

___Nebezpeenstvo | Ohrozenie | Opatrenia____| P | D | R |

Porezanie cloveka Pri braseni dielov mbze - zabezpecenie zdravia
dojst’ k porezaniu ¢loveka, | aochrany pracovnikov 10
moze to byt I'ahsie ale aj pred Urazom,
tazsie zranenie.
Briisne kotice K poraneniu ¢loveka - pravidelnd kontrola
dochédza g pri audrzba nastrojov pri 13
nechranenych brisnych brdseni,- zabezpedenie
kotacoch. ochrannych krytov,
Pri prekroéeni povolenej - préca so zariadenim
rychlosti brisneho kotaca | musi byt vykonavana len
vzniké ohrozenie opravnenou osobou, 4
poranenia ¢loveka, taktiez | ktor4je povinna
mdze byt poskodeny dodrziavat’ vsetky
materiéd & zariadenie. technické predpisy
a postupy,
Odletujuce casti materialu | Nebezpecenstvo poranenie | - zabezpeCit’ ochranné
¢loveka odletujacimi kryty pre brasne kotuce,
¢astami pri opracovani ale g ochranné kryty 10
materialu. apomécky pre
pracovnikov
Prach Poskodenie zdravia - pravidelné prirodzené
zamestnancov moze vetranie, nitené
sposobit’ prach, ktory odsavanie splodin, 2
vznika pri zvarani pouzivanie osobnych
dosledkom nedostatoéného | ochrannych pracovnych
vetrania a odsavania. pomocok,
Hluk Nadmernaintenzita pdsobi | - oboznamit’ pracovnikov
Skodlivo nasluch, svyskytom vySSgj
v niektorych pripadochto | intenzity hluku 12
mdze zanechat’ trvalé azabezpecit pre nich
nasledky na pracovnikov. dostatok ochrannych
prostriedkov,

V niektorych pripadoch sme po aplikovani bodovej metddy nadli neZiadlce rizika
Okamzite boli uplatnené ochranné opatrenia. Tie sme preventivne navrhli g pri menSich

rizikéch v dosledku dosiahnutia minimalizacie dopadu negativnych javov.

4 Zaver

Bezpecnost' a ochrana zdravia pri praci patri v stfasnosti medzi najvyznamnejsie
oblasti socidng politiky Eurdpskej Unie ainych Statov celého sveta. Zaobera sa bezpetnou
précou aprevenciou voéi Urazom, ktoré si modzeme svojou nedbanlivostou spdsobit’ na

pracovisku.

Na zaklade vykonang analyzy rizik ajej zhodnotenia je potrebné poskytntit’ vetkym
zamestnancom ochranné pracovné prostriedky atiez pravidelné zaskolenie ¢i uz v oblasti
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bezpecnosti a ochrany zdravia pri praci ako g vykonavani jednotlivych procesov. Toto méze
priniest’ organizacii optimalizaciu pracovného procesu, znizenu nehodovost’ a trazovost’ ale aj
skvalitnenie pracovného Zivota aprostredia. Je potrebné neustale identifikovat ohrozenia
v procese. Preto sa navrhol v organizécii preventivny pristup apravidelna kontrola procesu.
Taprinesie znizené riziko vzniku neziaducich udal osti.

Navrhnutd metodika aanalyza ohrozenia prispge organizacii DEKONA sr.o.
k zlepSeniu pracovnych procesov, bezpecnosti pri praci, ochrane zdravia zamestnancov atym
zvyS v kone¢nom dosledku aj spokojnost’ zakaznikov s kvalitou pontkanych vyrobkov.
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Sdhrn

ZvySovanie urovne bezpecnosti je na zaéiatku 21. storo¢ia jednou z ngjvyznamnejSich
uloh pre kazdu organizaciu. Na druhej strane je vSak problematika bezpecného zivota cielom
kazdého cloveka.

V procese identifikécie rizik aohrozeni musi byt vykonané zistenie i existuju
potencidlne zranenia, choroby alebo choroby z povolania pred zavedenim novych materidlov,
strojov alebo pracovnych postupov na kazdom pracovisku.

Pri zisteni moznych ohrozeni budl prijaté napravné opatrenia na zniZenie alebo Uplné
odstranenie rizik, ktoré mozu nastat’.

Dodrzanim potrebnych bezpeénostnych opatreni, technologickych a pracovnych
postupov mozno predchadzat’ pracovnym urazom a inym poSkodeniam na strojoch ae g na
materidloch. Je dolezité, aby sa identifikécia a analyza rizik vykonévala pravidelne s cielom
hodnotit’ vzniknuté rizika.

Praca sa zaoberd posudenim bezpec€nosti pri vyrobnom procese zvaracieho pripravku
pre zvarenie ramu balikovaca slamy. Bol pouzity formular analyzy ohrozenia a ndsledne sa
zhodnotili pomocou bodove] metédy.

Krudové slova: riziko, ohrozenie, bezpecnost’, identifikacia ohrozenia,
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THE IMPORTANCE OF LOGISTICS PROCESS
MONITORING BASED ON AUTOMATIC DATA
COLLECTIONIN THE »GRETA« MANUFACTURING
ENVIRONMENT

AMARILLA HUSZICS-PETER BAJOR

Abstract

Logistics process monitoring is the key factor according to the goal of competing
manufacturing processes. to provide efficient, adaptive and pro-active manufacturing systems.
We constructed the GrEta innovative simulation project in Szab6-Szoba R&D Laboratory at
Széchenyi University Gyér, for modelling the nature of flexible mass-production processes.
The applied learning-by-doing method is one of the best ways to demonstrate the most
commonly occurring logistics phenomena in series of mass production. The participants are
authorised to decide every detail of the production (assembling tasks, layout, materia flow),
and in the same time they are responsible for monitoring the process and form the critical key
performance indexes, create an adaptable evaluating scheme and support the decision making
process

Key words:. production process modelling, learning-by-doing, automatic time measurement

1 M odeling manufacturing systems on the lear ning-by-doing way

The main challenges of modern logistics and supply chain management are providing
high level quality service for customers according to the ever-growing and ever-changing
demands, optimizing low series production and distribution in various environments,
managing stocks in lean and agile production systems, eliminating the bullwhip effect,
applying different trade-off solutions for minimizing infrastructure investment, distribution
and warehousing costs and maximizing capacity utilization. The wide variety of products, the
challenges of fluctuating demand, the appropriate inventory management and the application
of modern production and distribution strategies requires flexible innovative thinking and
special management skills from experts: to construct and manage an effective, well-balanced
manufacturing and distribution process in supply networks. (Bajor, Bodis 2011)

The learning-by-doing method, based on personal experience (dialectic approach) is able to
help in the education and training to get these innovative and cooperative skills.

The main purpose of our innovative LEGOstics simulation projects is to construct specia
real-life environments for modelling logistics systems and phenomena (the nature of product
and information flow in a supply chain, the meaning of delivery in time shipments, material
handling and order picking processes of a warehouse or a factory, flexible manufacturing,
work-in-process inventory management, lean thinking, etc). During the learning-by-doing
LEGOstics trainings participants can get practical knowledge and develop many innovative

Amarilla Huszics, Logistic Management MSc Student at Széchenyi Istvan University H-9026, Gyér, Egyetem
tér 1, Member of Szab6-Szoba R& D Laboratory h.rillus@gmail.com +3630561 3830
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skills to be able to construct, design and re-engineer sustainable and efficient logistics
processes. They can understand the importance of observations and measurementsin logistics,
and they feel the responsibility of making decisions (Makkos-Kaldi, Hodosi, Dibszegi, Prof.
Ros-McDonnell and Prof. Rosi 2012). In this creative learning environment al the actions are
provided by participants — with flexible, dialectic (learning-by-doing) ways, focusing on
evaluation results and the whole process of performance measurements.

We are developing al these environments on the same platform: analysing and developing the
processes according to the technology and rea nature of logistics processes (warehousing,
material handling, production and transportation).

2 The GrEta environment - The GrEta car

GrEta is a self-developed, non-official LEGO product, based on our intention to
construct a relatively ssmple model, which can be built up differently and in totally flexible
ways. The result is GrEta (E is a capital letter which represents Eta— efficiency or effectivity).

Fig. 1 GrEtacar

GrEta car has 8 separate functional parts. chassis, wheels, engine, engine hood, seat,
computer unit, cabin, lamps. The parts adso can be assembled on several ways. The
participants have a lot of possible strategies and production system structures, according to
the decisions of the team based on the different personal attributes.

Fig. 2 GrEtamain parts
GrEta plotting board

The plotting board is basically a regular wooden board, which has been separated into
four workstations. Between the workstations we situated four drawers for transportation. In
the game the transportation has the highest priority, when a box (shipment) comes it always
have to be unloaded and sent back to the previous participant to provide the possibility for the
continuous material flow.
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3 Training scenario/guide

The GrEta training was constructed for four participants, but it also can be played by
eight or more people. as we created a flexible training method. (As an example, for 8
participants we create two groups, like 4 people are sitting and assembling, the rest stay close
to observe and measure, then they change positions in every round. It is very effective,
because all assembling positions have a worker and an observer, every participant can
practice the tasks and also see through the whole process — finally they can get more attractive
ideas for process devel opment).

We prepared a step-by-step individual assembling guide for participants, because it is
inevitable to have experience in the assembling of al parts and the fina model as well. In the
instructions guide we separated the assembling tasks into four different steps, which we use
later as the first layout in the game.

Fig. 3 Possible GrEta layout

In the following phase participants are situated around the plotting board, and start the
assembling with the initial layout in series mode (no parallel working). They are preparing
only 1 model on this sequential way four times, while they change the positions in each
round. This way every player gets the experience about each task, and is also able to observe
the adequate and the insufficient points in the procedures.

They need to be clear with the rules, which are the following:
- The tasks should be performed independently.
- No elements exchange between the positions (players have to follow the
previously discussed scenario in each round).
- Priority of the transportation (unloading and returning the boxes):
- Documentation (register every detail which is considered to be relevant).
- Quality checking.
- Discussing remarks, problems, ideas round-by-round.
- Decision about the layout.

After the sequential assembling practice they can start the mass production. They have
to choose a boss from the group who will be responsible for the layout, the tasks and the
whole process. In the first round of parallel assembling the participants use the basic layout
what can be changed after the discussion. The most important part of this round is to declare
the performance measurement requirements. They also have to decide what to measure, and
how to measure, because this will be the base of the following optimization. The training
usually takes two and half an hour, thus it ends after at least the second optimized round. In
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the extended frame of the training it is possible to build up the simulation for 3, than 5 and 10
cars, or finally for continuous manufacturing.

During the training participants can get experience about production teamwork
(allocate procedures according to different features of a given workstation — speed, accuracy,
guality checking, etc.) and also in process analysis (after a round they discuss their
observations, make some changes, do it again, evaluate the consequences, etc.) The main
guestions are: What is the real meaning of efficiency at a given case? What to measure and
how to measure? How to improve capacity utilization? How to fit different processes
following each other on the best way?

The participants do not compete with each other — their job is to improve productivity and
provide high-level quality checking at the same time (measurements, quality check points,
etc.)

Using GrEtawith many types of groups (students, logistics experts, assembly workers,
families, etc.) our experience is that the initial average assembling time can be halfed for the
4™ round progressively, round-by-round. The main points of the discussions:

- Optimization of the strategy — better sharing of the assembling tasks.
- Flow control — better management of material flow (prior actions, match-
mismatch of concurrent tasks).

- Improving the individual assembling speed, parallel assembling.

During spontaneous discussions a lot of theoretical knowledge is coming into practice:
- Controlling viewpoint — not just financial, but time-based indicators.
- Sensing viewpoint — detection of bottlenecks and inactive times.

4 Introducing the electronic Greta data collect system

We have been developing an application, which is suitable for measuring the
participants's gametime while playing with GrEta plotting board. How often are the
participants active/inactive, how long does a game lasts. In this way we are import the results
into aCSV file, where we can easily make graphs, and analysis.

Fig. 4 E-Greta plotting board with the “inactivity buttons’ and “box-tracking” magnets and
reed-tubes (left), and the program screen (right)
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When the player don’t have any work to do, it is possible to press and hold both
buttons in the same time. On the plotting boards there are 4 boxes with open-close positions
tracked by magnets on the bottom and built-in reed tubes below the board. Finaly the
microcontroller unit can log all these state-variables automatically.

The most important thing in the game is that how long is a player inactive, so when we are
pressing the ,, Stop” button the application measure the time period and save the time data at
the same time. There is a button in the application which is going to open each player’ sfile.

Fig. 5 Resultsin .csv files

As seen on the figure 5 at the first line in each text document there are the date, and
time when the game was started. At the next lines, until the very last one, there are the ON
and OFF states. The very last lineis how long did the game last in seconds.

5 The effect of re-engineering in the Gr Eta manufacturing environment

We can illustrate the effect of re-engineering as a Case Study at our training :

Fig. 6 Resultsfor 3 GrEta Cars
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Fig. 7 Resultsfor 5 GrEta Cars

Fig. 8 Results for 5 GrEta Cars after re-engineering
6 Conclusion

We have lots of experience about the trainings, measurements and evaluation. The test
results shows that the developed program is necessary and attractive, on thisway it is possible
to log many state-variables. Participants can learn easily how a mass production system is
working, and they can develop critical skills according to the preparation of decision making
processes, negitoations, logistics process measurement and evaluation. They can discover and
recognize where is the bottleneck in the production system.

Laboratory of LEGOstics is an innovative (low-cost) learning-by-doing environment
for students, experts and researchers from the field of logistics. In the GrEta manufacturing
environment all the assembling and re-engineering actions are provided by participants
according to the goal: reduce the time request and improve the productivity rate of the mass-
production system.

During the training it is possible to highlight the importance of logistics process re-
engineering and develop the critical skills of participants to be able to:

- recognize the critical factors of production processes
- construct appropriate performance measurement systems

- support the decision making process of system developments
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COST ANALYSISOF SELECTED MAN TRUCKSAND
FINDINGS DECREASING VALUE DEPENDING ON TIME OF
USE
NAK LADovAO ANALYZA VYBRANYCH NAKI,_ADNI'CI-l
AUTOMOBILU ZNACKY MAN A ZJISTOVANI UBYTKU
HODNOTY V ZAVISLOTI NA DOBE POUZIVANI

ALES CHOUTKA - MIROSLAV KAVKA

Abstract

This paper presents cost analysis of selected MAN trucks and shows decreasing value
depending on time of use. The objective of the analysis was to determine the operating costs
for each year of operation and its trend. The curves decreases value is to determine what value
will have cars on the market, unless the operator decides to sell these vehicles during their
operation.

Key words: vehicle running costs, depreciation, trucks, analysis

1 Uvod

V ¢lanku je provedena nakladova analyza dvou nakladnich automobili z kategorie
tahacti znacky MAN. Provozni néklady jednotlivych nakladnich vozidel dané znacky byvaji
jednim z faktord, které nejvice ovliviiuji podnikatele pii nakupu novych automobilt
(Olsansky, M., 2010). Vyrobci sice uvadéji nékteré hodnoty tykajici se servisu, spotieby
paliva, intervali vymény riznych soucasti atd., ze kterych je mozno stanovit predbézné
naklady na provoz automobili. Ale ne vSechny tyto parametry jsou zjistovany v podminkach,
které odpovidaji redlnému provozu. Potom miize majitel takového stroje vynakladat dalsi
naklady na provoz stroje, aniz je tfeba ocCekaval. Naopak v nckterych piipadech miize
nakladové analyza odhalit mista, kde se da na provozu usetfit.

Ubytky hodnoty automobilt a i jinych strojti maji téméf vzdy degresivni priibdh. O
tom ale jak moc se zméni jejich hodnota po urcité dobé pouzivani, zalezi na mnoha faktorech.
Nejvétsi vahu u nakladnich vozidel pfikladam k ro¢nimu probéhu kilometra, se kterym zase
souvisi mnoho dil¢ich faktort, které se projevi na prodejni cen¢ a pravé zjiStovani ubytkl
hodnoty je vénovana druha ¢ast tohoto ¢lanku.

2 Material a metody

K samotné nakladové analyze bylo vyuZito softwaru AUTO Expert (Kavka, M. et al.,
1996), nainstalovaného na osobnim pocitaci ASUS K53SV-SX966 s opera¢nim systémem
Windows 7. Celd metodika nakladové analyzy spociva ve sbéru dat, ktery je velmi dilezity.
Ten byl proveden v lednu roku 2013, kdy z autorizovaného servisu byla poskytnuta

prof. Ing. Miroslav Kavka, DrSc., Ceska zemé&délska univerzita, Technicka fakulta, katedra vyuziti stroji,
224 383 312, kvk@tf.czu.cz
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podkladova data o dvou nékladnich vozidlech z kategorie tahac¢d. Data uvadéla veskeré
informace o servisu, probéhu kilometrii, popisu opravy, cené¢ za praci, cen¢ za nahradni dily
za poslednich 5 let. Déle byla uvedena primérna spotieba zjiSténa z fidici jednotky
automobilu a hodnoty mytného za jednotlivé roky. Data poté bylo nutné zpracovat a zadat do
formulara v programu AUTO Expert. Z téchto formulaiti program bere hodnoty a provadi
celkovou nékladovou analyzu, ze které je vystupem n¢kolik stran s pfehlednym zobrazenim
nakladi pro jednotlivé roky provozu vozidla.

Metodika stanoveni Ubytkli hodnoty spocivala ve zjisténi prodejnich cen pouzitych
nakladnich automobilt, a sice tak, ze pro kazdy rok stafi nutné nalézt alespon 4 hodnoty, aby
zkoumana skupina nakladnich automobilti byla statisticky uznatelna. Zaroveni bylo nutné
zajistit minimalni ¢asovou odlisnost u zjisténych hodnot, proto byly vSechny hodnoty zjistény
k jednomu dni 8. 2. 2013. Ke sbéru dat bylo vyuzito webovych stranek riznych autobazari a
portali zabyvajicich se prodejem ndkladnich automobilti (napfi. tipcars.cz, sauto.cz, auto.de,
annonce.cz, man-topused.com, atd.). Nasledné bylo potieba nasbirana data zpracovat. K tomu
slouzi software MS Excel, do kterého byla veSkera data zadana, a z téchto hodnot prodejnich
cen byly vypocditany pruméry. Ty poslouzily jako zadkladni hodnoty pro regresni analyzu,
abychom zjistili zavislost mezi statistickymi znaky. V nasem piipadé se jednalo o prodejni
ceny a staii automobilu. Hledali jsme tedy matematickou funkci, tak aby co nejlépe
vyjadfovala charakter zavislosti a co nejvérnéji zobrazovala pribéh zmén podminénych
primér cen automobill na zavisle proménné, kterou je rok vyroby nakladniho automobilu
(doba pouzivani). Ktomu jsme v programu MS Excel vyuZili regresni funkce. V naSem
ptipadé se jednalo o regresni exponencidlni kiivku. Program nam kfivku prolozil vynesenymi
hodnotami a vygeneroval matematicky zapis kiivky a hodnotu spolehlivosti. Tuto rovnici
jsme posléze pouzili pro vypocty tbytkii hodnoty danych typt vozidel.

Vozidla podrobena nakladové analyze
e MAN TGA 18.430 4x2 tahac; rok vyroby 2006,

MAN TGS 26.400 6x2-2 tahac; rok vyroby 2008.
Vozidla podrobena zjistovani bytkd hodnoty

MAN TGL 12.180 4x2 kontejnerovy sklapéc,

MAN TGA 18.430 4x2 tahac,

MAN TGS 26.400 6x2-2 tahac,

MAN TGS 35.440 8x4 sklapéc.

3 Vydedky a diskuse
Vysledky nakladové analyzy

Vysledné hodnoty nédkladové analyzy uvedené v tabulce 1. ndm ukazuji zvySujici se
néklady na provoz daneho automobilu. V prvnim roce jsou naklady nejmensi, ale je to dano
tim, ze po pocatecni investici do nového vozidla nam v prvnim roce odpadaji riizné servisni
ukony, které maji del$i ¢asové intervaly vymény, ¢imz se v prvnim roce vyhneme zvySenym
nakladim. Dale hraji velkou roli odpisy danové, které snizuji hodnotu nakladd, kterou si
muzeme odepsat. V dalSich letech se naklady zvysuji a je to dano praveé tim, ze sem vstupuji
dal$i proménné, které celkové naklady ovlivituji. Tak naptiklad dojde k takovému probéhu
kilometrt, kdy je potieba vymeénit olej, pneumatiky, filtry, ale diky provozu dochazi
K opotiebeni brzdovych kotouct a desticek, které se musi vyménit a dalSich soucasti. Po
uréité dobé je nutné vyménit i olejové naplné v napravach a prevodovkach. Cim je automobil
star§i, projevuji se rtzné vlivy, které provoz prodrazuji. Pokud se podivame na probch
kilometrt, tak po péti letech ma toto vozidlo na tachometru hodnotu 758 130 km coZ je veliké
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mnozstvi kilometrti, u této hodnoty uz by provozovatel mél uvazovat o obnové a nahrazeni
tohoto vozidla, vozidlem novym, protoZze ekonomika provozu neni efektivni.

Tab. 1 Vysledky nakladové analyzy nékladniho vozidla MAN TGA 18.430
Tab. 1 The results of the cost analysis of truck MAN TGA 18.430

‘Modd  Rokproomu
'MANTGA 184304x2 1 2 3. 4. 5.

|Fixni naklady [K&km?'] | 39661 55991 4,3293 3,478 3,0336
10,0272 15,4636 17,9458 19,4244 22,2334
1399 2106 2228 2247 2527

V tabulce 2. Mluzeme vidét vysledné hodnoty nakladové analyzy pro druhé vozidlo,
kterym byl MAN TGS 26.400, pokud se podivame na jednotlivé slozky naklada tak vidime
rozdil v oblasti fixnich nakladt, ktery je dan tim, ze se jedna o vozidlo z vy3Si hmotnostni
kategorie, které ma zvySené ndklady na zdkonné poplatky a vyssi Castku na pojiSténi a
gardzovani a pravé tyto rozdily v ¢astkdch zvysuji fixni slozku nakladi. Rozdil ve
variabilnich nakladech je zase dan hmotnosti automobilu, kterd se projevuje negativné ve
zvySené spotiebé paliva o dva litry na sto kilometrii. Celkové pak mizeme fici, jak se dalo
o¢ekavat, ze taha¢ z vy$Si hmotnostni kategorie ma vyssi néklady na provoz, ale ne nijak
rapidné. Soucasn¢ ale musime brat v ivahu, jeho ro¢ni vyuziti, tento nadkladni automobil mél
za 5 let na tachometru hodnotu 525 250 km. To je mensi hodnota neZ prvni automobil tudiz se

da predpokladat, ze se zvySenym ro¢nim vyuzitim by naklady byly jesté o néco vyssi.

Tab. 2 Vysledky nakladové analyzy nékladniho vozidla MAN TGS 26.400
Tab. 2 The results of the cost analysis of truck MAN TGS 26.400

‘Modd  Rokprovozu
1. 2 3 4, 5
6,3251 64449 56327 4,5356 3,7579
10,5501 16,8684 18,9919 22,6701 24,0619
1688 2331 2462 2721 27,82

Obr. 1 Procentudlni sloZeni jednotlivych Obr. 2 Procentudlni sloZeni jednotlivych
nakladi MAN TGA 18.430 nakladd MAN TGS 26.400
Fig. 1 Percentage composition of Fig. 2 Percentage composition of
individual costs MAN TGA 18.430 individual costs MAN TGS 26.400
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Zajimavé bylo procentualni vyjadieni jednotlivych slozek nakladt. Na obrazku 2 jsou
vidét zvySené néklady na servis vétSiho vozidla oproti menSimu vozidlu na obrazku 1. Tento
rozdil mize byt zptisoben jednotlivymi smlouvami, které si provozovatelé vozidel domlouvaji
se servisem. Servis nabizi nékolik variant servisnich smluv a je jen na zdkaznikovi co si zvoli.
Vétsi automobil MAN TGS 26.400 byl pouzivan pro svozy mléka, a tudiz silnice po kterych
se pohyboval, byly spiSe v hor§im stavu, coZ se zase mohlo negativné promitnout na zvysené
poruchovosti automobilu. V kazdém ptipadé, oba stroje doporucuji prodat po 5 letech
provozu. JelikoZ ro¢ni vyuziti je skoro maximalni a jak si ukdZzeme dale na ubytku hodnoty
vozidel, tak jejich zbytkova hodnota po péti letech je minimalni.

Vysledky ubytkii hodnoty nakladnich vozidel znacky MAN

Po provedeném postupu sbéru dat a metodice zpracovani dat jsme dostali vysledky pro
kazdé vozidlo zvlast. Vysledky jsou v tabulce 3, 4, 5, a tabulce 6. Celkové muzeme fici, ze se
prokézal u vSech vozidel degresivni trend ubytku hodnoty. Velikost bytkl je vSak odlisna a
zavisi na faktorech jako pocty ujetych kilometrti, opotiebeni automobilu, a technickém stavu
vozidla. Oproti tomu pokud budeme brat v ivahu vybavu, tak ta po 6 letech provozu
nezvysuje hodnotu automobilu, téméf vSechny vozidla danych kategorii disponuji stejnymi
druhy vybavy a tak se neprojevi na jeji cené.

Prvnim vozidlem je MAN TGL 12.180, které po 6 letech provozu ztratilo zhruba ani
ne poloviéni hodnotu, coz neni viibec Spatné. Pokud se podivame na ujeté kilometry tak
V priméru po 6 letech provozu méla na tachometru hodnotu 262 791 km. Samoziejmé ¢im
mensi pocCet najetych kilometrii vozidla maji tak se to projevi pozitivné na jejich prodejni
cené.

Druhym vozidlem je MAN TGA 18.430 z kategorie tahact pro mezinarodni dopravu,
u tohoto vozidla byl prokazan velky Ubytek hodnoty zobrazeny v tabulce 4. Tento Ubytek
piikladam k probéhu kilometri. Tato vozidla méla v priméru na tachometru po Sesti letech
provozu 608 000 km. Coz je opravdu velka porce kilometrti. Za tuto dobu ztratila 77,7
procenta své hodnoty, coz ¢ini nejvice ze vSech ostatnich kategorii. Vzhledem k provedené
nakladové analyze, mizeme fici, Ze se nevyplati drZet tato vozidla déle nez 5 let. V nékterych
piipadech by bylo dobré ve ¢tvrtém roce Zivotnosti automobilu uvazovat o obnové.

MAN TGS 26.400 je stejné jako piedchozi automobil z kategorie tahacti, proto byl
piedpokladan podobny pribeéh ubytki hodnoty jako u pfedchoziho vozidla. Tento piredpoklad
se také potvrdil, po Sesti letech provozu ztratil hodnotu 77,8 procenta, coZ je jen o desetinu
vice. Hodnota primérné ujetych kilometrti ¢inila 801 506 kilometra. V porovnani ma o
200 000 kilometrti najeto vice, coz v piipad¢ téchto vozidel je zhruba jeden rok provozu.
Konstatuji, ze tyto vozidla pokud by méla stejné ro¢ni vyuziti, neztratila by na cené tak, jako
jejich mensi zastupci.
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Tab. 3 Ubytky hodnoty nakladniho

automobilu MAN TGL 12.180 Tab. 4 Ubytky hodnoty nakladniho
Tab. 3 Decreasing value of truck MAN automobilu MAN TGA 18.430
TGL 12.180 Tab. 4 Decreasing value of truck MAN

..-- o

- 1 740 585,0 100,0%
K¢ 23977697  100,0%
- 1 1333 285,0 89,3% K¢&
K¢ - 1 16434295 77,9%
- 2 1237 225,0 797% K&
K¢ - 2 1467 084,3 60,7%
12009 3 1 095 675,0 71,2% K¢
I K& 2009 | 3 9314253K¢  47,3%
| 2008 4 1007 932,5 636% | 2008 4 925757,5Ke  36,8%
] Ke 020077 5  6716598Ke  28,7%
120071 5 9358250KE  568%  [onggl 6 4930750KE  22,3%
12006 6  820050,0K¢ 50,7%

Tab. 6 Ubytky hodnoty nakladniho

Tab. 5 Ubytky hodnoty nakladniho automobilu MAN TGS35.440
automobilu MAN TGS 26.400 Tab. 6 - Decreasing value of truck MAN
Tab. 5 Decreasing value of truck MAN TGS 35.440
o o s "

..--- 0 2 999 769,6 100,0%

- 0 2 600 811,3 100,0% K¢
K& - 1 2 671 666,3 86,1%

- 1 2 083 900,0 77,8% K¢&
K& - 2 2 327 818,0 74,1%

- 2 1544 616,8 60,6% K&
K¢ - 3 2 127 809,5 63,8%

- 3 1083541,8 47,1% K¢&
K& - 4 1991 784,5 55,0%

| 2008 4 828152,5K¢ 36,7% K&
20077 5  7610858KE  285% - 5 14150950  47,3%

20060 6 @ 603453,0KE  222% Ke
6 1194572,5 40,8%
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Posledni kategorii jsou tézka nékladni vozidla MAN TGS 35.440 urcend spiSe na
stavbu. Tato vozidla jsou nejdrazsi ze vSech, a co se tyce ubytkll hodnoty tak po Sesti letech
provozu ztratila témét 60 procent své hodnoty. Pokud se podivime na primérné ujeté
kilometry, tak ¢ini 253 829 km. To je nejmensi primérnd hodnota ze vSech a pfitom ztratila
na cen¢ 60 procent, coz ukazuje na to, Ze jsou pomérné neoblibené a pokles hodnoty muize byt
také dan tim, Ze maji zvySené nadklady na provoz a servis diky podminkam, ve kterych se
pohybuji (Choutka, 2013).

Zde uvadim na obrazku 3 veskeré kiivky ubytkli hodnot vSech zéastupct, které jsem
podrobil zjistovani ubytkd hodnoty.

Obr. 3 Ktivky ubytkt hodnoty nakladnich vozidel znacky MAN
Fig. 3 The Curves of decreasing value of trucks MAN (Choutka. A., 2013)

4 Zaveér

Realiza¢ni ceny pro jednotlivé roky nakladnich vozidel z nejvétsi miry ovliviiuje pocet
ujetych kilometrti. Tento faktor totiZz ptisobi na prodejni cenu. Cim maé vozidlo méné najetych
kilometra tim ma mensi poruchovost a souc¢asn¢ variabilni sloZzka nakladl je mensi coz se projevi
na vys$i prodejni cené. Vyssi prodejni cena se mize projevit i diky technickému stavu vozidla,
jeho barvé atd., ale to nebylo cilem této prace. Clanek poukazal na bytky hodnot vybranych
nakladnich automobilti znacky MAN a ukdzal ndm naklady na provoz dvou nékladnich vozidel
Z kategorie tahact. U téchto vozidel se potvrdily nejvétsi ubytky hodnot a provozovatelé zaméteni
na tuto techniku, by mély dbat zvySenou pozornost a snazit se udrzovat staii vozového parku do 5
az 6 let, 1 kdyz ne vzdy je tato moznost realna. Potom je potieba snazit se dbat na tspory nakladi
riznymi opatfenimi, snizovani hmotnosti vozidel, vyuZivani pneumatik s niz§im valivym odporem
a kontrola tlaku v pneumatikach. Tyto opatieni ptisobi pozitivné na spotiebu paliva, a jak jsme si
ukézali v obrazku 1 a 2 tak palivo a dolévany olej jsou nejvétsi slozkou variabilnich nakladi.
Pokud se podafi usetfit desetinky litri paliva na spotiebé na sto kilometrti, v celkovém objemu pak
muzeme usetfit i nékolik tisic litri.



5Literatura

1. OLSANSKY, M.: Desetinka k desetince. Dostupné
z: http://www.automobilrevue.cz/rubriky/truck-bus/novinky/man-desetinka-k-
desetince_39751.html

2. KAVKA, M.: Pocitacovy poradensky systém IBS Expert (Navod k pouziti).

3. CHOUTKA, A.: Nakladova analyza vybraného segmentu stroji. Diplomova prace.
TF, CZU v Praze, 2013

Souhrn

V ¢lanku jsou uvadény vysledky nékladové analyzy dvou nakladnich vozidel znacky
MAN a kiivky ubytkd hodnoty nékladnich automobilii znacky MAN. Cilem analyzy bylo
zjistit provozni néklady v jednotlivych letech provozu a jejich trend. U kiivek ubytkt hodnoty
bylo cilem zjistit, jakou hodnotu budou mit automobily na trhu, pokud se provozovatel
rozhodne tato vozidla odprodat v pribéhu jejich provozu.

Klicova slova: provozni naklady, ubytek hodnoty, ndkladni automobil, analyza
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RIESENIE DOPRAVNO-MANIPULACNYCH TOKOV
MATERIALU VO VYROBNOM PROCESE
THE SOLVING OF TRANSPORT AND HANDLING FLOWS
OF MATERIAL IN PRODUCTION PROCESS

MICHAELA JANOSOVA - CUBOMIR HUJO

Abstr akt

The handling process is characterized by a logical continuation of transport, loading
and storage operations where forklifts are in traffic and manipulation process factory
importance of transport and handling equipment. Our goal was to design a partial solution
transport and handling of the material cycle in the specific conditions of the manufacturing
plant and assess the suitability of the use of forklifts. The proposed changes to the new
solution transport and handling of the material flow in the production process, we managed to
reduce material handling times, but we were unable to increase the use of handling
equipment, due to their high capacity, you cannot use in the process of manipulation.

Keywords. handling, manufacturing process, the route of transportation, forklift truck

1 Uvod

Doprava a manipulacia s tovarmi neustale zasahuje do vSetkych oblasti 'udskej prace.
Je sucast'ou kazdého vyrobného procesu od dobyvania a spracovania surovin az po distribuciu
hotovych vyrobkov. Ekonomické Studie uvadzaju, Ze v hodnote kazdého vyrobku su
obsiahnuté priemerné néklady na dopravu a manipulaciu vo vySke cca 30 %. Dopravné
voziky s najpouzivanej$Sim manipulaénym dopravnym prostriedkom, pouzivaju sa pri
preprave, skladovani materialu, medziobjektovej, vnutroobjektovej a medziopera¢nej doprave
Abraham R. a kol., 2010).

Materidlové toky a logistika predstavuju skupinu zékladnych prostriedkov, ktoré su
vyuzivané jednak vo vyrobnej, ale aj v nevyrobnej sfére. S zastipené v manipulac¢nych,
dopravnych a skladovacich zariadeniach, ktoré sa formuju do komplexnych manipula¢nych
systtmov. V  suCasnosti  predstavuje dopravna a manipulatnd technika  plne
rozvinuty technicky systém, ktory  efektivne kooperuje s vyrobnymi systémami v
priemyselnych odvetviach, ale nachddza taktieZz Siroké uplatnenie v nepriemyselnych
a nevyrobnych odvetviach.

Manipula¢ny proces je charakterizovany logickou nadvéznostou prepravnych,
loZznych a skladovacich operacii. Do sustavy mechanizaénych prostriedkov st zaradené
vSeobecne ako kategéria aj dopravné voziky s opodstatnenym vyuZitim v technologickej
i manipulacnej sfére vyrobného procesu. Ich nasadenie do prevadzky priamo stvisi s vyuZitim
ich danych technickych a pracovnych parametrov, pricom dopravno-manipulaéna vykonnost
je jeden z hlavnych ukazovatel'ov vyuzitia tychto zariadeni pri nasadeni v prevadzke.

Bc. Michaela JanoSov4, e-mail: janosova.michaela@gmail.com, Ing. LCubomir Hujo, PhD., e-mail:
lubomir.hujo@uniag.sk Slovenskad polnohospodarska univerzita v Nitre, Technicka fakulta, Katedra dopravy a
manipulacie
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2 Materidl a metody

Spravna volba manipula¢nych zariadeni ma vplyv na produktivitu a rentabilitu
podniku. Preto je nutné pri ich vybere vychadzat' z dékladného rozboru toku materialu,
nékladov, vlastnosti, manipula¢nych prostriedkov a materidlov s prihliadnutim na zvlastnosti
manipulacie aoblast’ ich pouzitia, (Rataj, 2005). NaSim zamerom je navrh ¢iastoéného
rieSenia dopravno-manipulaéného cyklu materialu v konkrétnych podmienkach vyrobného
zavodu. Vo vyrobnom zavode SWEP su navrhnuté dopravné trasy manipulaénych zariadeni
S polotovarmi ur¢enymi na spracovanie a dopravné trasy expedicie hotovych vyrobkov. Po
analyze dopravnych trds manipulaénych zariadeni sme sa rozhodli navrhnut’, nové rieSenie
dopravy polotovarov a hotovych vyrobkov vramci vyrobnej haly, resp. jednotlivych
vyrobnych liniek.

Manipulacia s materialom je v nasom pripade sucast’ vyrobného procesu a riesi
nasledovnu problematiku:

e vztahy vo vyrobnom procese a obehu,
e technika pouZivand pri manipula¢nych operaciach,
e metody organizacie a riadenia manipulacie s materidlom vo vyrobnom procese a obehu.

Popis vyrobného zavodu

Spolo¢nost’ SWEP je jednym z poprednych svetovych dodavatel'ov vymennikov tepla
spbsobom spajkovania doskou (BPHE) a prislusnych produktov a sluzieb. SWEP poskytuje
ucinné rieSenia pre klimatizacie vzduchu, chladenie, ohrev, priemysel a dodavku energie za
pomoci najnovsej technoldgie. V procese manipulacie sa vyuziva niekolko typov beznych
manipulacnych zariadeni, ale aj Specifickych manipulacnych zariadeni (zariadenia na
manipulacia s polotovarmi v spajkovacich peciach). Pre rieSenie manipulacie s tovarom sme
sa zamerali na bezné manipulacné zariadenia, ktoré vykondvaju najvacsi objem
manipulacnych operacii s polotovarmi ahotovymi vyrobkami. Do tejto skupiny
manipulatorov sme zaradili elektrické vysokozdvizné voziky (vyrobca Linde a Toyota), ktoré
privazaji material zo skladu na vyrobnt linku, resp. zabezpecujii manipulaciu s materidlom
medzi technologickymi operaciami vyrobného procesu. Pre kazd( vyrobna linku si zaradené
2 elektrické voziky svysuvnym zdvihacim zariadenim, pre primarny pohyb polotovarov
Kk vyrobnej linke je pouzivany Celny vysokozdvizny vozik s plynovym pohonom Linde H20
s nosnost'ou 2,0 t.

V podniku sa nachadzaji vyrobné linky z ozna¢enim C1 — C8, pre jednotlivé
technologickeé operacie vyrobneho procesu:

- C1 a C3 su rovnaké linky, ktoré si plne automatizované a z polotovaru sa vystrihuje,
nasledne lisuje jadro vymennika tepla,

- C2 a C4 st ruéné linky, na ktorych sa skladaju ru¢ne vymenniky tepla podl'a $pecifickych
poZiadaviek klienta, zaroven sa tu vyraba zadna Cast’ a ¢elo spajkovacej dosky,

- C5 na tejto linke sa vyrobok kontroluje, oznacuje a bali.

- C6 — C7 su lisovacie linky ktoré vyrabaju krycie platne vymennikov tepla, ktoré sa zaroven
testuju 2-krat na odolnost’ a poruchovost’,

- C8 je oznaceny priestor skladovania polotovarov uréenych do vyrobného procesu.
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Obr. 1 Podorys vyrobnej haly s vyzna¢enim dopravnych tras
Fig. 1 Ground-plan of factory hall with definition of transport lines

Vo vyrobnej hale boli navrhnuté azrealizované tri dopravné trasy uréené pre
manipuléciu s polotovarmi k jednotlivym vyrobnym linkdm, ktoré boli rozdelené na trasy
primarne a sekundarne. Primarnou dopravnou trasou pre manipuléciu s polotovarom je trasa
A oznacena Cervenou, Ktora je vedend mimo vyrobnych strojov a zariadeni. Sekundarnou
trasou je trasa B oznadena zelenou, jedna sa 0 manipuléciu v priestore vyrobnej linky a trasa
C oznacena modrou, ktora sa vyuziva na prepravu kompletne zloZzenych vymennikov tepla do
spajkovacich peci, ataktiez na prepravu polotovarov z predvyrobnych skladovacich
priestorov a hotovych vyrobkov na expedi¢ny sklad. Manipuléciu s materidlom nie je mozné
povazovat’ za cyklickud, nakol’ko je podmienena dokoncenim jednotlivych operécii.

3 Vydedky adiskusia

Pre rieSenie dopravno-manipulaénych tokov materialov vo vyrobnom procese, sme
stanovili zakladné poZiadavky na dopravno-manipulaéni vykonnost' pouzitého ¢&elného
vysokozdvizného vozika s plynovym pohonom, ktorého technické a pracovné parametre su
ukazovatel'om vyuzitia daného zariadenia.

Pre zvySenie vykonnosti dopravného a manipulaéného cyklu sme zvolili dopravna
trasu A - oznaCeni Cervenou, ako primarnu trasu pre manipulaciu s polotovarmi
K jednotlivym vyrobnym linkam. Zaroven, Cast uvedenej dopravnej trasy vyuzivame na
dopravu materidlu z expedi¢ného skladu na nakladaciu rampu. Prvou podmienkou pre
zvySenie vykonnosti dopravného a manipula¢ného cyklu na trase A, bolo vyznaCenie a
ohrani¢enie dopravnej trasy, so zamedzenim vzniku prekazok, ¢o sa v minulosti bezne
stavalo a proces dopravy a manipulacie s polotovarom k vyrobnym linkdm sa predlZoval.
TaktieZ pre pohyb polotovarov k vyrobnym linkam bola zruSena trasa C — oznac¢ena modrou,
ktord sme navrhli pouzivat len na prepravu kompletne zloZenych vymennikov tepla do
spajkovacich peci a hotovych vyrobkov na expedi¢ny sklad. Tymto spdsobom sme vylucili
moznost’ prestojov pouZitych elektrickych vozikov s vysuvnym zdvihacim zariadenim (obr.
2), ktorych dopravné trasy sa krizovali s dopravnou trasou ¢elného vysokozdvizného vozika
na trase C pri manipuldcii s polotovarmi k vyrobnym linkam (obr. 1).
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Obr. 2 Elektricky vozik s vysuvnym dopravnym zariadenim
Fig. 2 Electric lift truck with extension equipment

Zatazenie vozika je definované ako horizontdlna pozdizna vzdialenost vidlic
k tazisku bremena. Predstavuje normu alebo =zaklad pre klasifikovanie zat'aZenia
vysokozdvizného vozika. Podla JIS (Japan Industrial Standards), je vySSie spomenuta
vzdialenost’” 500 mm pre vysokozdvizné voziky snosnostou od 1t do 3t a 600 mm pre
vysokozdvizné voziky s nosnostou nad 5t. Podl'a normy SAE je tato vzdialenost’ 609,6 mm
pre vSetky viactucelové vysokozdvizné voziky.
V naSom pripade sa jednalo o ¢elny motorovy vysokozdvizny vozik Linde H
20 (obr. 3) snosnostou 2,0 t aplynovym pohonom. Uvedeny vysokozdvizny vozik sa
pohyboval po presne vymedzenych dopravnych trasach, pricom doslo k zmene dopravnych
tras, resp. k vymedzeniu pouZitia dopravnej trasy A- oznacena Cervenou. Po vyznaeni
dopravnej trasy a odstraneni prekadzok zamedzujucich v plynulom pohybe vysokozdviZzného
vozika sa podarilo znizit' ¢as potrebny na manipulaciu s polotovarom od predvyrobného
skladu C8 (obr. 4) na jednotlivé vyrobné linky C1 az C4 a C6 az C7. Uvedenymi zmenami
sme dosiahli uvolnenie dopravnej trasy C — oznacenie modrou, ktora sa nad’alej vyuziva len
na medzioperaénii manipulaciu medzi jednotlivymi vyrobnymi linkami a spajkovacimi
pecami.

Obr. 3 Celny motorovy vysokozdvizny vozik
Fig. 3 Front motor lift truck

Na posudenie casového vyuzitia avyuzitia parametrov (nosnost’) celného
vysokozdvizného vozika je potrebné vykonat’ kapacitné vypoc¢ty manipulaéného zariadenia.
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Pri uvedenom vypocte sa vychadza z dopravnej intenzity (pocet jazd za jednotku casu —
pracovna zmena), vzdialenosti, prepravnej kapacity, ¢asov nakladky a vykladky. Dopravné
trasy su dané rozmermi vyrobnej haly, rovnako je zndmy vstupny Udaj dopravnej intenzity na
dopravnej trase A za jednu pracovnu zmenu, ¢i uz pri dopravovani polotovarov alebo
expedicii hotovych vyrobkov. Cas nakladky a vykladky polotovarov a hotovych vyrobkov bol
odmerany, pricom vyzname neovplyvioval vysledné hodnoty. V tabulke ¢. 1 su uvedené
kusy a hmotnosti hotovych vyrobkov, ktoré su uloZzené v skladovacich priestoroch na zaciatku

vyrobnej linky C1 a C2 (obr. 5)

Obr. 4 Predvyrobny sklad Obr. 5 Skladovacie priestory vyrobnej linky
Fig. 4 Prefabrication stock Fig. 5 The store areas of production line

Z uvedenej tabulky vyplyva, ze vyuzitie priestoru palety, vzhladom na typ a pocet
vymennikov je nerovnomerny a v po¢te kusov na palete je rozdiel viac ako 50 %. Maximéalna
hmotnost’ palety je 850 kg, ¢o nie je hmotnost’ limitujuca pre pouZzitie elektrického vozika
s vysuvnym dopravnym zariadenim Linde L 14 s nosnostou 1 400 kg (obr. 2), ktory hotové
vyrobky prepravuje v medzioperaénom priestore vyrobnej linky do skladovacich priestorov.
Pouzit¢ manipulaéné voziky Linde H 20 alinde L 14 sU svojou nosnostou znaéne
predimenzované a koeficient vyuzitia nosnosti je vel'mi nizky. ZvySenie vyuzitia ¢elného
vysokozdviZzného vozika Linde H 20 z pohl'adu prepravnej hmotnosti nie je mozné, nakol’ko
sa na manipulaciu hotovych vyrobkov pouZiva aj elektricky vozik s vysuvnym dopravnym
zariadenim Linde L 14. Maximalna hmotnost’ prepravovanych polotovarov vysokozdvizného
vozika Linde H 20 z predvyrobného skladu na jednotlivé vyrobné linky je 1 200 kg, kde pri
uvedenej manipulacii je nosnost’ vyuzivana len na cca 65%.

Navrhovanymi zmenami sa nam podarilo skratit’ ¢asy manipulacie s materialom, avsak
sme nedokazali zvysit' vyuZitie manipula¢nych zariadeni, vzhladom k ich vysokej nosnosti,
ktord nedokdZeme v procese manipulacie vyuzit'.
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Tab. 1 Hmotnost” a poéet kusov vyrobkov na palete
Tab. 1 The weight and count of production parts on palette

P.¢. | Typ vymennika | Pocet kusov | Celkova hmotnost’ (kg)
1 E5 x 10 300 210
2 E5x 12 480 400
3 E5x 12 840 633
4 E5x 12 1000 760
5 E5x 12 1140 855
6 E5 x 14 600 510
7 E5 x 14 1020 850
8 E5 x 16 306 195
9 E5 x 16 900 844
10 | E5x18 650 670

4 Zaver

Vysokozdvizné voziky predstavuji dopravno-manipulaénom procese uvedeného
vyrobného zavodu dbéleZité dopravné a manipulacné prostriedky, vybavené modernymi
pracovnymi zariadeniami, pomocou ktorych st schopné nahradit’ finan¢ne nakladné a zloZité
manipula¢né zariadenia v podobe roznych typov dopravnikov.

Ekonomicky rozvoj v priebehu tohto storocia, ktory sa vyznaCuje prudkym rastom
podnikov aich expanziou na rozne trhy, vyvolal silny tlak na koordinovany a sledovany
pohyb vSetkych hmotnych a hodnotovych tokov, (Mojzis M. a kol., 2001) Z dévodu rieSenia
dopravno — manipula¢nych tokov materialu vo vyrobnom procese predstavuju vysokozdvizné
voziky manipula¢né prostriedky so Sirokou pouziteI'nost'ou a po zadani spravnych vstupnych
udajov, je mozné optimalizovat’ dopravny a manipulacny proces z pohl'adu poctu, casového
vyuZitia a vyuZzitia parametrov vysokozdviznych vozikov.

Na zaver je potrebné dodat, ze kazdy manipulacny proces, ktory vyuziva tento typ
mechanizaénych zariadeni je potrebné posudzovat’ individudlne, a to jednak z pohladu
manipulacnych  podmienok ajednak zpohladu vhodnych pracovnych vlastnosti
vysokozdvizného vozika. Pri vybere manipulaéného zariadenia, je potrebné analyzovat’ jeho
nasadenie v konkrétnych prevadzkovych podmienkach tak, aby boli vyuzité vsetky vyhody,
ktoré¢ dany produkt poskytuje. Taktiez je velmi dolezité eliminovali pripadné nedostatky,
ktoré je potrebné pri nasadeni vysokozdvizného vozika brat’ do uvahy.

Navrhovanymi zmenami nového rieSenia dopravno-manipulaénych tokov materialu vo
vyrobnom procese sa nam podarilo skratit ¢asy manipulacie s materidlom, avSak sme
nedokazali zvysit’ vyuzitie manipulacnych zariadeni, vzhl'adom k ich vysokej nosnosti, ktora
nedokézeme v procese manipulacie vyuzit'.
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Sdhrn

Manipula¢ny proces je charakterizovany logickou nadvédznostou prepravnych,
loZznych a skladovacich operécii, kde vysokozdvizné voziky predstavuji v dopravno-
manipulacnom procese uvedeného vyrobného zavodu dolezité dopravné a manipulaéné
prostriedky. Nasim zamerom bol navrh ¢iasto¢ného rieSenia dopravno-manipula¢ného cyklu
materialu v konkrétnych podmienkach vyrobného zavodu a postdenie vhodnosti pouZitia
vysokozdviznych  vozikov. Navrhovanymi zmenami nového rieSenia dopravno-
manipulaénych tokov materidlu vo vyrobnom procese sa nam podarilo skratit’ casy
manipulécie s materialom, avSak sme nedokazali zvysit vyuZzitie manipulaénych zariadeni,
vzhl'adom k ich vysokej nosnosti, ktord nedokazeme v procese manipulacie vyuzit'.
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HODNOCENI KVALITY ZPRACOVANI PUDY U
VYBRANYCH STROJU PRO HLUBSI KYPRENI BEZ
OBRACENI PUDY
QUALITY ASSESSMENT OF SELECTED TILLAGE
MACHINES FOR DEEPER LOOSENING SOIL WITHOUT
TURNING

PETR KNAP - PETR NOVAK

Abstrakt

The aim of this thesis is to evaluate the quality of soil tillage with machines for deep
tillage without turning over the soil. Quality of work is assessed cultivators then after crossing
machine. The evaluated parameters of the quality of work is to evaluate the surface cover of
crop residue, bottom profiles tillage soil, surface profile and evaluation of the processed soil
surface roughness. This evaluation is performed on three-row chisel cultivators Strom Export
Ecoland, Lemken Karat 9 and Horsch Terrano FX.

Key words: soil tillage, chisel plows, chisel tines, soil properties, erosion, coverage of surface
crop residue, bottom profile, soil roughness

1 Uvod

Pida je neobnovitelnym pfirodnim zdrojem a v zemédé€lstvi jednim z hlavnich vyrobnich prostiedki
pro vyrobu potravin. V soucasné dobé dochézi spolu s technickym a technologickym rozvojem ke stéle
intenzivnéj$imu vyuzivani pudy. Tento trend je nebezpecny z pohledu udrzitelného vyuzivani ptudy. Je proto
nezbytné hledat technologie, které jsou efektivni pro zemédélskou prvovyrobu a zaroven Setrné pro pidu. Jedna
se zejména o technologie poskliziiového zpracovani pudy.

Pro vybér vhodné technologie zpracovani pudy je nezbytné zohlednit fadu faktort.
Mezi tyto faktory patii stanoviStni podminky, ekonomické podminky, lokélni riziko eroze
apod. V dnesni dob¢ je za jeden z nejSetrnéjSich a agronomicky a ekonomicky pfiznivych
zpusobl zpracovani pidy pokladano bezorebné hloubkové kypteni bez obraceni pidy. Tento
systém zpracovani pudy je také oznacovan jako konzervacni. Jedna se o kompromisni zplisob
zpracovani pudy, ktery stoji mezi tradi¢ni orbou a pfimym setim bez zpracovani pudy.

Pro hloubkové kypteni pidy slouzi hloubkové kyptice. Konstrukéni provedeni
hloubkovych kypfic¢l je variabilni. Zpravidla se jednd o dlatové kypftice, kde jsou dlata
umisténa v nékolika fadach. Casto jsou dlatové kypfice spojeny s dalsimi pracovnimi organy,
které ¢ini polni operaci komplexnéj$i a minimalizuji tak pocet nutnych piejezdl po poli.

Pouziti hloubkovych kypfica jako alternativy k tradi¢ni orbé skyta fadu nevyhod.
Pfesto povazujeme tento systém zpracovani pidy za Setrny a efektivni. Proto cilem tohoto
¢lanku je provést hodnoceni kvality zpracovani pidy u stroji pouzivanych pro hlubsi kypteni
bez obraceni pudy. Kvalita prace kypfi¢l je posuzovana nasledné po piejezdu strojem.
Urcujicimi parametry kvality prace je vyhodnoceni pokryvnosti povrchu poskliziovymi
zbytky, profil dna zpracovaného pidy a povrch zpracovaného profilu. Toto hodnoceni je
provedeno u stroju Stromexport Ecoland EN3000R, Lemken Karat 9 a Horsch Terrano 3FX.
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2 Materidl a metodika

Stroj Stromexport Ecoland EN3000R byl osazen mulch dlatem, coZ je kombinace
dlata o Sifce 60 mm a Sroubové desky (,,odhrnovacky*). Jisténi pracovnich nastrojii proti
pretizeni zajisStuje non — stop jiSténi (2 vinuté pruziny). Pro zpétné utuzeni po nakypteni byl
soucasti stroje valec V-Ring. Nastaveni pracovni hloubky se provadélo vkladanim stavécich
podlozek na pistni ty¢ hydromotoru ovladajiciho utuzovaci vélec.

Kypfi¢ Lemken Karat 9 byl také v provedeni neseného stroje o pracovnim zabéru 3 m.
Na stroji byly namontovana dlato o Sifce 80 mm. JiSténi slupic proti pfetizeni zajisStovalo non
— stop jiSténi (2 vinuté pruziny). Nastaveni pracovni hloubky se provadélo pfestavénim kolikli
na rdmu utuZovaciho véalce. Na stroji byl namontovan valec MSW 600 pro opétovné utuzeni.

Kypfti¢ Horsch Terrano 3 Fx v neseném provedeni byl vybaven radlickami MulchMix
o Sifce 80 mm. Proti pfetizeni radlicek je stroj vybaven non — stop jiSténim TerraGrip.
Urovnavaci talife byly proti pietizeni jistény vinutou pruZinou. Pro opétovné utuZeni byl stroj
osazen valcem RollFlex o @ 540 mm.

Me¢teni bylo uskutecnéno na farmé soukromé hospodaticiho zemédélce Ing. Pavla
Knapa v Lunanech u Ji¢ina. Pozemek pro méfeni se nachdzi v nadmotské vysce 325 m.n.m.
u obce Radim-Lhan. Méteni bylo uskutecnéno 10.7.2012. Predplodinou na tomto pozemku
byl jeCmen ozimy, ktery dosahl primérného vynosu 7,7 t/ha.

Taznym prostiedkem pro vSechny kypftice byl kolovy traktor New Holland T7050,
ktery disponuje jmenovitym vykonem 145 kW (197 hp) a maximalnim vykonem 156 kW
(212 hp). Tazny prostiedek mél dostacujici vykon, aby byly splnény u vSech stroji shodné
podminky pro méteni. Pojezdova rychlost pii praci stroje byla 10 km/hod a pracovni hloubka
byla nastavena u vSech stroju v rozmezi 18 — 20 cm.

Pro stanoveni pidnim vlastnosti byly odebrany vzorky ptdy do Kopeckého valecki.
Pro odbér valecki byl povrch pozemku ocistén od poskliziiovych zbytkli a byl proveden
odbér do Kopeckého ocelovych véaletkil o objemu 100 ecm® v hloubkach 5-10 cm, 10-15 cm a
15-20 cm. Odbér byl proveden na 2 stanovistich ve 4 opakovanich.

Méieni pokryvnosti piidy rostlinnymi zbytky

Mg¢teni bylo provedeno hned po piejezdu strojem po pozemku. Na povrch pozemku se
poloZi 3ablona o rozmérech 0,5m x 0,5m, kterd vymezi 0,25m” pozemku. Takto vymezena
plocha se vyfotografuje a pomoci obrazové analyzy se uréi pokryti povrchu rostlinnymi
zbytky.

Sablona na pozemek je poloZena sikmo ke sméru jizdy tak, jak je to znazornéno
Sipkou na obrazku 1, aby byl zajistén co nejvérohodnéjsi obraz rozmisténi rostlinnych zbytka
po poli. Vybér je nahodny.

Fotografovani bylo provedeno digitalnim fotoaparatem, ktery uklada obrazky ve
formatu jpeg. Obrazky se pfenesou do pocitace pro dalsi Upravu ve stejné kvalité, pii které
byly vytvoreny.

Fotografie ulozené v pocitaci byly upraveny v programu Gwyddion 2.30. Nejdtive se
provede vyiez z ramecku, v naSem piipad¢ z vytycenych kolik.

Pomoci funkce programu vyznaceni zrn podle prahu si program vyznaci hranice pro
posklizinové zbytky. Dale se pouzije funkce odstranéni zrn podle prahu, kde se nastavi
hodnota nejmensich zrn, se kterymi se nebude pocitat, aby se eliminovala chyba vznikajici
odleskem malych c¢asti piidy. Na obrazku jsou poskliziiové zbytky po této upravé znadzornény
¢ervenou barvou a pida je v odstinu Sedé barvy. Na takto upraveny obrézek se pouzije funkce
maska, ktera ho pfetransformujeme v programu na Cernobily, kde cernd barva znazornuje

165



povrch pudy a bilou barvou jsou oznaceny rostlinné zbytky (obr.2). Takto upravena fotografie
se uloZi, aby se mohla pouZzit pro dali Gpravy.

Obr. 1 Fotografie pofizena na poli Obr. 2 Vytvotena maska v programu
Fig. 1 Photo taken on the field Gwyddion
Fig. 2 Mask created in the program
Gwyddion

Takto upraveny snimek se vlozi do programu ImageJ, a pouZije se funkce, ktera urci
celkovou plochu obrazku. Nasledné¢ se Vvtomto programu pievede obrazek do bindrni
soustavy, ve které jsou poskliziiové zbytky zndzornény Cernou barvou a piida je zndzornéna
bilou barvou.Nakonec se pouzije na takto upraveny obrazek funkce, ktera ur¢i plochu
poskliziiovych zbytk a zaroven procenticky podil poskliziiovych zbytka v ploSe obrazku.

Méfreni profilu dna

Po pfejezdu strojem po pozemku byl ocistén profil nakypiené zeminy a tim bylo
odkryto dno. V mistech, kde se provadi méteni profilu dna se nesmi po piejezdu stroje piejit a
ani nijak jinak utuzit misto méfeni, aby nedoslo k chybé.

Profil byl méfen na jeden ptejezd stroje, tedy do 3 m. Okraje, kde na sebe navazovali
dalsi jizdy, byly z méfeni vynechany. Pro méfeni profilu byla pouzita dievéna lat’ o délce 3,5
m. Tato lat’ byla polozena na pozemek nad vycisténym profilem. Lat’ lezela na koncich na
pozemku a tim urcovala nulovou vysku nad povrchem. Pomoci metru byla odectena hloubka
dna od lat¢ viz obr. 3. Hodnoty byly méfeny po 2,5 cm.

Obr. 3 Meg¢ieni profilu dna
Fig.3 Bottom profile measurement
Méfeni profilu povrchu
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Pro méteni povrchového profilu byl pouzit valeckovy fetéz o délce 1 m. Pii méfeni
byl fetéz nahodné poloZen na zpracovany povrch a poté byla zméfena jeho délka metrem.
Drsnost povrchu byva definovéana jako standardni odchylka urovné povrchu pudy pfi
zanedbani zmén povrchu zplisobenych sklonem nebo po kolejovych stopach zemédélské
techniky (Valla et al. 2002).

Drsnost pudy podle Klika et al. (2002) lze vypocitat z délky fetézu za pouziti
tetizkové metody dle néasledujiciho vzorce:

D:(A*LI—_l*L|—_|+ B*Ll—_|+Cj*10 [mm] (1)
Kde: D - drsnost pudy

Parametry:

e A-2937
e B+37,59
e C+0,75
L — délka fetézu — 1000 mm
| — namétena délka fetézu na povrchu pozemku.

Pro vyhodnoceni ziskanych dat z méfeni byly pouzity zakladni metody experimentalni
statistiky. Pro vypocet byl pouzit program Statistika 10.

Dalsi statistické zpracovani namétfenych hodnot bylo provedeno v programu
Statistika 10. Vystupem z tohoto programu jsou tabulky a grafy. Program Microsoft Excel byl
pouzit pro jednoduché vypocty u vyhodnocovani odbéri pldnich vzorkd. Vystupem byly
tabulky a grafy.

3 Vydedky a diskuze

stroj; Praméry MNC
Soucasny efekt: F(2, 74)=2,4792, p=,09075
Dekompozice efektivni hypotézy
Vertikalni sloupce oznacuji 0,95 intervaly spolehlivosti
26

25

24 |

23 +

21+t

20

19 ¢

pokryti povrchu posklizhovymi zbytky (%)

18

17

ecoland karat terrano
stroj

Obr. 4 Vyhodnoceni pokryvnosti rostlinnymi zbytky
Fig. 4 Evaluation of cover of plant debris
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Pokryvnost povrchu plidy poskliziiovymi zbytky nebyla statisticky prokazana mezi
ani jednim strojem. Z krabicového grafu je v3ak patrné, ze nejvyssi primérné pokryvnosti
povrchu pidy poskliziiovymi zbytky dosahl stroj Stromexport Ecoland. Hodnota medianu
tohoto stroje dosahla 21,1 % a primérna hodnota byla 22,67 %. Kypti¢ Lemken Karat 9
Ecoland a Karat 9 doséhly podobného rozptylu a rozdilu mezi minimalni a maximalni
hodnotou. Kypii¢c Horsch Terrano FX mél hodnotu medidnu 21 % primérnou hodnotu
pokryvnosti 20,19 %. Tento kypfi¢ vSak dosahl nejmensiho rozptylu a nejmensiho rozdilu
mezi minimalni a maximalni hodnotou.

Zpracovani pudy témito kypfici nelze oznacit jako piidoochranny, protoze zaddny stroj
nedosahuje pokryvnosti povrchu pozemku rostlinnymi zbytky ptes 30 % (Hula et al. 2008).

Puda je vSak stale z Casti chranéna proti erozi rostlinnymi zbytky, nebot’ pii kazdém
zvyseni pokryvnosti pudy rostlinnymi zbytky o 10 % se snizi eroze pudy o 20 % (Wischmeier
et Smith 1978).

Podle jinych vyzkumu ziistane-li po zpracovani pidy na povrchu pozemku 20 — 30 %
rostlinnych zbytkd, je ptida oproti konvenc¢ni technologii chranéna pied erozi a vysychanim.
Toto procentudlni pokryti povrchu rostlinnymi zbytky sniZuje riziko eroze o 50 — 90 %
(Hanna et al. 1995, Johnson 1988).

stromexport - ecoland - 1. méreni

hloubka (cm)

zabér (cm)

Obr. 5 Profil dna — Ecoland — 1. méfeni
Fig. 5 Profile bottom - Ecoland - 1 measurement

stromexport - ecoland - 2. méreni

hloubka (cm)

-25 -

zabér (cm)

Obr. 6 Profil dna — Ecoland — 2. méfeni
Fig. 6 Profile bottom - Ecoland - 2 measurement

Kypfi¢ Ecoland dobfe dodrzuje nastavenou hloubku zpracovani, coz je patrné v obou

méfenich. Siika ryhy zpracované pady v mists, kde projelo dlato je opét relativné tizka. Uzké
ryhy opét ovlivnili zpracovani celého zabéru. Mezi jednotlivymi dlaty zlstavala plocha
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nezpracovana, kde ziistalo neporusené strnist¢ po predplodin€. U 1. méfeni v délce 2625 mm
bylo naméteno 300 mm nezpracovaného strnisté a u 2. méteni v délce 2575 mm jsme naméfili
250 mm nezpracovaného strniste.

lemken - karat - 1. méfreni
5
0 . . . . . . . . . . )
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Obr. 7 Profil dna — Karat 9 — 1. méfeni
Fig. 7 Profile bottom — Karat 9 - 1 measurement

lemken - karat - 2. méreni
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Obr. 8 Profil dna — Karat 9 — 2. méteni
Fig. 8 Profile bottom — Karat 9 - 2 measurement

V 1. méfeni je z obrdzku 7 patrné, ze kypti¢ Karat 9 $patné dodrzoval nastavenou
hloubku zpracovani. V ngkterych piipadech dlat se jednalo o ptizvednuti slupice non-stop
jisticim zafizenim, které reagovalo na piekazku v pudé nebo na zvysSené mistni utuzeni, ale
spiSe Slo o pfi¢né naklopeni stroje, které bylo umoZznéno nastavenim plovouci polohy na
traktoru. V ptipadé 2. méfeni je z obrdzku 8 patrné, ze kypti¢ Karat 9 naopak oproti 1. méteni
dobfe dodrzoval nastavenou pracovni hloubku. Sitka ryhy zpracované pidy v misté, kde
projelo dlato je relativné dostadujici. Sitka ryhy ovlivnila zpracovani celého zabéru. Mezi
jednotlivymi dlaty né€kde ztistala plocha nezpracovana, kde zlstalo neporusené strniSté po
predplodiné. U 1. méfeni v délce 2400 mm jsme namétili 150 mm nezpracovaného strnisté a
u 2. méfeni v délce 2500 mm jsme naméfili 125 mm nezpracovaného strniste.
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Obr. 9 Profil dna — Terrano — 1. méteni
Fig. 9 Profile bottom — Terrano - 1 measurement

horsh - terrano - 2. méreni
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Obr. 10 Profil dna — Terrano — 2. méfeni
Fig. 10 Profile bottom — Terrano - 2 measurement

U 1. méteni je zobrdzku 9 patrné, ze kyptic Terrano 3FX S$patné dodrzoval
nastavenou hloubku zpracovéani. V vétsing pripadech dlat se jednalo o piizvednuti slupice
non-stop jisticim zafizenim, které reagovalo na piekdzku v pidé nebo na zvySené mistni
utuzeni. Pfi¢né naklopeni stroje, které bylo umoznéno nastavenim plovouci polohy na
traktoru lze vyloucit, protoze dlata na obou krajich pracovniho zabéru pracovala v nastavené
hloubce. V piipadé 2. méfeni je z obrazku 10 patrné, Ze kypii¢ Terrano 3FX naopak oproti 1.
méfeni dobie dodrzoval nastavenou pracovni hloubku. Siika ryhy zpracované pudy v misté,
kde projelo dlato je relativné dostadujici. Sitka ryhy ovlivnila zpracovani celého zabéru. Mezi
jednotlivymi dlaty né¢kde zlstala plocha nezpracovand, kde zlstalo neporusSené strnisté¢ po
predplodiné. U 1. méteni v délce 2675 mm jsme naméfili 175 mm nezpracovaného strnisté a
u 2. méteni v délce 2600 mm jsme naméfili 300 mm nezpracovaného strniste.
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stroj; Praméry MNC
Soucasny efekt: F(2, 6)=23,325, p=,00148
Dekompozice efektivni hypotézy

Vertikalni sloupce oznacuji 0,95 intervaly spolehlivosti
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Obr. 11 Drsnost povrchu pidy — 1. méfeni
Fig. 11 Surface roughness soil - 1 measurement

1. méfeni drsnosti povrchu profilu po piejezdu kypficem statisticky dokazuje, Ze
kypti¢ Karat 9 vytvofil nejrovnéj$i povrch po zpracovani oproti strojiim Ecoland a Terrano
FX, u kterych nelze prokazat statisticky vyznamny rozdil. Primérna hodnota drsnosti piady
zpracovan¢ho povrchu pozemku po stroji Karat 9 je 21,766 mm, avsak oproti konkuren¢nim
strojim dosahoval nejvétsi smérodatné odchylky. U stroje Ecoland je primérnd hodnota
32,596 mm a u stroje Terrano FX je primérna hodnota 33,491 mm.

stroj; Primé&ry MNC
Soucasny efekt: F(2, 6)=13,005, p=,00659
Dekompozice efektivni hypotézy

Vertikalni sloupce oznacuji 0,95 intervaly spolehlivosti
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Obr. 12 Drsnost povrchu — 2. méfeni
Fig. 12 Surface roughness soil - 2 measurement
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Z 2. méteni drsnosti pudy po piejezdu kypfiCem je statisticky prokazan Tukeytiv HSD
testem rozdil mezi kypti€¢em Ecoland a Karat 9, ktery dosahl niz8i drsnoti pudy. Kypfi¢ Karat
9 dosadhl nizsi drsnosti plidy néz ostatni stroje a to hodnoty 21,006 mm oproti strojim
Ecoland, ktery dosahl hodnoty 35,409 mm a Terrano FX, které dosahlo hodnoty 28,001 mm.
Kypfice Ecoland a Karat 9 maji vSak oproti konkuren¢nimu stroji Terrano FX vétsi
smérodatné odchylky.

Nizka drsnost povrchu pidy je dulezitd pti zaklddani ozimych porosti bez dalSiho
zpracovani pidy secimi stroji. Obzvlasté drobnosemenné plodiny (napt. fepka olejka)
nesnaseji hrudovité pozemky a u nerovneho povrchu je problém s dodrzenim hloubky seti
(Barany et al. 2008)

Vysoka drsnost pudy je dilezita pii podzimni piipravé pudy pro jarni plodiny kvili
sniZeni eroze puidy. Navic Ize s uspéchem vyuzit rozruSeni vytvorenych hrud na povrchu pudy
v zimnim obdobi za ucasti pusobeni mrazu a vody v pudé (Novak 2012)

4 Zaveér

Vysledky namétenych parametrt se nijak vyrazné nelisili. Pokryvnost povrchu ptdy
rostlinnymi zbytky byla nejnizsi primérna hodnota u kypftice Karat 9. Rozptyl naméfenych
hodnot tohoto kypfice byl vSak natolik velky, Ze nelze statisticky prokazat, ktery z nami
meéifenych kypfici nejlépe misi rostlinné zbytky se zeminou a zapravuje je do pidy. Nejnizsi
pokryvnost plidy rostlinnymi zbytky vSak nemusi byt pozadovanym vysledkem. Velmi zélezi
na pohledu uZivatele, jakou technologii chce pouZivat v danych podminkach. K pidoochranné
technologii se nejvice pfiblizoval svym vysledkem v naSem méfeni kypti¢ Ecoland.

Zpracovani profilu dna je velmi ovlivnéno Sifkou dlata. Stroj Ecoland v naSem méteni
provedl uzké ryhy a proto by bylo vhodné doporucit osazeni stroje SirSimi dlaty, aby byl
zpracovan vétsi zabér a nezastavaly nezpracované plochy. Tento kypii¢ vSak velmi dobie
dodrzel nastavenou pracovni hloubku v obou méfenich. Kypftic¢e Karat 9 a Terrano FX dosahli
velmi podobnych vysledkd a nelze fici, ktery z téchto kypftic¢u provedl kvalitn€jsi nakypteni.
Oba v 1. méteni mély problém s dodrZzenim pracovni hloubky, v 2. méfeni v§ak oba pracovali
dobfe v nastavené hloubce.

Na drsnost povrchu pudy je kladen pozadavek, aby pfi ptipravé pro ozimé plodiny
kterého byla drsnost pidy nejniZsi a tento parametr byl prokdzan Tukeyiv HSD testem
V prvnim méfeni oproti obéma kypti¢iim a ve druhém meéfeni oproti kypfi¢i Ecoland. Dalsi
dva kypfice pak dosahly podobnych hodnot v prvnim méteni a ve druhém méteni doséhl nizsi
pramérné drsnosti pidy kypti¢ Terrano FX oproti kypfic¢i Ecoland. Rozdil mezi t€émito kypftici
vSak nelze statisticky potvrdit.
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Souhrn

Cilem ¢lanku je provést hodnoceni kvality zpracovani ptidy u strojli pro hlubsi kypteni
bez obraceni pudy. Kvalita prace kypfici je posuzovana nasledné¢ po piejezdu strojem.
Hodnocenymi parametry kvality prace je vyhodnoceni pokryvnosti povrchu poskliziiovymi
zbytky, profilu dna zpracované pudy, povrchu zpracovaného profilu a vyhodnoceni drsnosti
povrchu pidy. Toto hodnoceni je provedeno u tfitadych dlatovych kypfi¢h Strom Export
Ecoland, Lemken Karat 9 a Horsch Terrano FX.

Klicova slova: zpracovani pidy, dlatovy kypfic, radlicka, pudni vlastnosti, eroze, pokryvnost
povrchu poskliziiovymi zbytky, profil dna, drsnost pady
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KONSTRUKCNY NAVRH ZDVIiHACIEHO ZARIADENIA
CONSTRUCTIONAL DESIGN OF LIFTING DEVICE

STANISLAV KOTSMID — MARIAN MINARIK

Abstract

The work deals with possibility of construction of lifting device, which is designated
for lifting and lowering of material, or people. In the work is explained choosing of
construction type and lifting mechanism, which is suitable for construction from viewpoint of
achievement of aim, which is minimization of mass and increasing of lifting velocity. The
work describes procedures of design of individual components and geometrical characteristics
according to valid rules and it verifies their correctness in computing program. The big
meaning is laying on chain system of components lifting and lowering, which was rework and
modified for achievement of their smaller stressing. The work on the basic of achieve results
proves, that described system is, on difference from others, preferable from the point of view
of mass, velocity of lifting and price. Thanks to this fact, the system can be applied to many
branches of human activities, where is needed activity of lifting.

Key words: lifting blocks, chain, lifting device, pole

1 Uvod

V technickej praxi sa cCasto vyskytuji situacie, ked’ je nutné spristupnit’ vysoko
polozené miesta, ¢i uz za ucelom udrzby alebo opravy objektu, alebo dopravy materidlu na
toto miesto. Prvé kroky k vyvoju tychto zariadeni viedli k stavbe drevenych leSeni. V
pociatkoch pouzivané drevo sa pod vplyvom jeho Setrenia postupne nahradzalo inym
materialom, pri¢om d’alSim dévodom bolo zniZenie pracnosti pri montézi a demontézi leenia.
V neskorSom Case sa vyvoj zameral na zvySovanie obratu a bezpecnosti prace pri montazi a
demontézi a hlavne odstraniovanie skrutkovych spojov (Koubek, 1975). Vyvoj smeroval k
navrhnutiu zariadenia, ktoré by menilo vySku plynule, bez nutnosti zdsahu do konstrukcie z
pozicie ¢loveka. Vznikli tak zavesené pracovne lavky a mobilné zdvihacie plosiny.

V stcasnosti sa zdvihanie pri zdvihacich zariadeni vykonava véac§inou pomocou
hydraulickych systémov. Hydraulika m& oproti ostatnym systémom mnoho vyhod ako
jednoduchost’, presnost’ a vysoku ucinnost. Na druhej strane je charakteristickd drahou
prevadzkou a udrzbou, pricom méze dojst’ aj k uniku kvapaliny a tym k ohrozeniu Zivotného
prostredia. V sucasnej dobe je v popredi trend zniZovania hmotnosti ocelovych konstrukcii,
zvySovania rychlosti manipulacie s materidlom a zniZzovania celkovej ceny zariadenia. V' nasej
praci sme sa zamerali na zdvihanie Cisto vertikalne, tak ako je to zrejmé u noZnicovych
mechanizmoch zdvihania. Praca si kladie za ciel’ rozsirit’" skupinu zdvihacich zariadeni 0
konstrukciu zdvihacieho zariadenia so zameranim sa na vy3Sie spomenuté trendy.
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2 Material a metédy

Pri vybere typu konstrukcie mame k dispozicii rézne druhy:

- stoziarova,
- noznicova,
- teleskopicka,
- vyloznikova.

Prvym typom konstrukcie je stoZiarovd konStrukcia, lepSie povedané konstrukcia
postavena na principe priehradovej konstrukcie. Ako je vSeobecne zname, priehradoveé
konstrukcie st vyhodné z hl'adiska dobrého vyuzitia materialu a teda ich nizkej celkovej
hmotnosti, s ¢im vyznamne suvisi aj cena zariadenia. Ostatné typy konstrukcii (zaloZené na
principe hydrauliky) su zase vyhodné svojou rychlost'ou zdvihania, zvlast’ treba poukazat’ na
teleskopicky systém vysuvania, ktory je vyhodny aj z hl'adiska malych rozmerov pri zloZeni.
Tu sa pontka myslienka skibit' vyhody stoZiarovej a teleskopickej konstrukcie do jedného
celku. Vznikne tak vysuvné zariadenie priehradovej konstrukcie zloZené z jednotlivych
vysuvnych modulov, ktorych tvar popisuje obrazok (Obr. 1).

Obr. 1 Navrh tvaru modulu vysuvného zariadenia
Fig. 1 Design of the lifting device module form

Ideovy navrh uvedeného tvaru modulu vznikol na zaklade pozorovania existujdcich
konstrukcii, hlavne stoZiarov pre rozvod elektrickej energie. Tie pozostavaju zo Styroch L —
profilov, po jednom v kazdom rohu a navzajom su prepojené priehradovymi pratmi tiez z L —
profilov. Rohové L — profily st vhodnym rieSenim vzhl'adom na moznost’ zasuvania modulov
do seba a moznost’ pripojenia vodiacich 1i§t. Vzhl'adom k tomu, Ze sa snazime o Setrenie
materialom, zvolime si priehradove praty z rarok. Ako vyplyva z praxe a uvéadza to aj Cmiral
(1990), rarky maju pri rovnakom priereze oproti ostatnym profilom vyhodu vo vécsej
nosnosti pri zatazeni vzperom, vac$iu tuhost v krateni, maly aerodynamicky odpor pri
zat’azeni vetrom, men$iu hmotnost’ a vacsiu odolnost’ voci korodzii.

Pre spajanie rarok s L — profilmi méZeme vyuzit' bud’ spojenie bez styénikovych
plechov, alebo spojenie pomocou sty¢nikovych plechov. Vzhladom k tomu, Ze bude
konstrukcia rieSend ako prutova ststava a chceme sa vyhnit poésobeniu pridavnych
ohybovych momentov, a vzhladom k tomu, Ze bude nitovand, volime spojenie pomocou
sty¢nikovych plechov.

175



Pre nitovanie sme sa rozhodli po naStudovani publikéacie ,,Havérie ocelovych konstrukci*
od autorov Augustyn a Sledziewski [1], kde sme sa presved¢ili o mnozstve havarii, ktoré
vznikli pri chybnych zvaranych askrutkovych spojoch. Co sa tyka spijania rarok s
L — profilmi, v sti€asnosti existuje mnozstvo spdsobov ako pripojit’ rurky na stycnikovy plech.
Ako uvadza Cmiral (1990), najvhodnej$im rieSenim je rirku na konci splostit’ a pripojit’ k
sty¢nikovému plechu, pokial’ to pevnost’ rirky dovol'uje. Priklaname sa teda k tejto variante
spajania.

Vysuvna plosina sa bude skladat’ z viacerych modulov, ktoré budu réznych rozmerov z
dbvodu zasUvania sa do seba. Spdsob ich vzajomného pohybu mo6Zeme navrhnit’ pomocou
roznych druhov mechanizmov, ako su:

- skrutkovicovy,

- hydraulicky,

- lanovy,

- retazovy,

- ozubenymi kolesami.

Podrobnym skamanim vSak zistime, Ze nie kazdy spdsob moéZeme pre tento typ
konstrukcie pouzit. Spésob vysuvania skrutkovicou by mohol byt nasledovny. V zakladni
plosiny bude umiestnena skrutkovicova ty¢. V kazdom module bude matica, za ktoru sa
skrutka zachyti a vynesie modul do urcitej vysky. V momente, ked” modul opusti skrutku,
dopadne na zachytné prvky modulu pod nim. Dalej bude skrutka dvihat tieto dva moduly a
proces sa bude opakovat, az do zdvihnutia na urcitd vysku. Spustanie modulov sa bude
vykonavat’ prostrednictvom dvoch motorov. Skrutka nadvihne modul, po odl'ah¢eni z&chytiek
ich druhy motor zaklopi a skrutka modul spusti nadol. Proces sa bude opakovat’ az do tplného
spustenia stoziara. Jednotlivé moduly sa budii vzajomne pohybovat’ na z&klade klznych
vedeni umiestnenych na vnutornej strane L — profilov. Tento spdsob nepovaZzujeme za vhodny
z dovodu velkého opotrebenia skrutkovice a komplikovaného nabehu matice na skrutku.

Druhy mozny sp6sob je pouzitie hydrauliky. K dispozicii mame dve moznosti a to pouzit’
jeden teleskopicky stip a vystuvat ho do pracovnej vysky. Tym sa ale straca opodstatnenie
vonkajsej konstrukcie. Druhd moznost’ je pozit’ hydraulické piesty na kazdom module zv1ast,
¢o vSak znamena vysoky pocet piestov a tym vysoké néklady.

Dalsimi moznymi sposobmi su lanovy a retazovy systém zdvihania. Ide o dva, pre tito
konstrukciu vhodné sposoby. Vzhl'adom k tomu, Ze lan st nachylné na dizkové deformécie a
ich vodiace kladky su relativne véac¢Sich rozmerov, ako kladky pre retaze, rozhodli sme sa
zvolit’ retazovy systém vystvania.

Prvy krok pri dimenzovani modulu vykoname pri navrhu vysky jednotlivych modulov.
Moduly budd rovnakej vysky. Aby sme mohli vykonat navrh musime si uvedomit
nasledujuce fakty. Vieme, do akej vySky ma dosiahnut' zdvihacie zariadenie. Zaroven
pozadujeme, aby zariadenie po zloZeni zaujalo ¢o mozno najmensSiu vySku. Mame vedomosti
aj o tom, aka cast’ modulu bude pri rozloZzenom stave zasunutd do modulu pod nim, a zaroveii
vieme, aka ¢ast’ modulu bude po zloZeni vy¢nievat’ von. Po vyuZiti matematickych znalosti sa
mozeme dopracovat’ k vztahu, ktory popisuje vypocéet vysky modulu v zavislosti od vysSie
uvedenych vstupnych faktorov:

C:hr+1[hz'iH—hri (1)
Kde: h, - diika prekrytia, m

h, — dlzka vy¢nievania, m

H — vySka vysunutia zariadenia, m
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Prie¢ne rozmery podstavy modulu su variabilné podla konkrétnych poziadaviek
v prevadzke, obdobne je tomu tak aj s pésobiacimi silovymi u¢inkami. V naSom navrhu sme
uvazovali s vysuvnou ploSinou pre zdvihanie materidlu a 0séb v naroénych podmienkach
v exteriéri. Pri tejto ploSine bude teda na hornom module umiestneny pracovny kés, ktory
bude navrhovany v zmysle normy STN EN 280:2010 [9]. Vzhl'adom na rozdielnost’ zat'azeni
prvkov zariadenia budeme vysetrovat’ silové u¢inky pre jednotlivé moduly postupne.

Pocas pracovného procesu je zariadenie naméhané tiazou od bremena F,, tiazou
spdsobujucu namraza F+ a silou vetra F,, (Obr. 2). Vrchny modul zachytava bremeno spojite
po hornom povrchu modulu, ostatné moduly tiaZz bremena zachytavaju prostrednictvom
reakcii od modulu umiestnenym nad nim. Spodny modul bude umiestneny na rame a od jeho
reakcii bude zavisiet’ dimenzovanie podpier.

Dolezitym poznatkom je spravny predpoklad maximalneho zataZenia vetrom.
Rozoznavame dva druhy pdsobenia vetra na konstrukciu. Prvym je pdsobenie kolmo na jednu
zo &yroch stien konStrukcie. Pri tomto pésobeni st najviac namahané dve protilahlé
vertikalne priecky. Pri posobeni vetra kolmo na jednu zo Styroch hran sa sice posobiaca sila
rozlozi na vacsiu plochu, ale zataZenie sa presunie uz len na jednu vertikalnu priecku, pri¢om
aj norma STN EN 1991-1-4:2007 [12] dokazuje, Ze tento spbsob je nepriaznivejsi, a preto
budeme pre tento sposob dimenzovat’ aj konstrukciu. Spojité zatazenie sposobené vetrom
rozlozime do styénikov prostrednictvom odpovedajucich sil. K tymto silam priddme aj sily
sposobené namrazou, ktorymi zatazime kazdy sty¢nik rovnomerne. ZataZenie od bremena F
rozloZime rovnomerne na $tyri horné sty¢niky. Na kazdy teda pdsobi sila Fp/4. Zatazenie
spdsobené vetrom F, rozdelime rovnomerne. Priklaname sa k hypotéze, Ze polovica sily vetra
pdsobi priamo na hranu a druh& polovica na susedné dve hrany rovnomerne. Z toho vyplyva,
ze na styCniky hrany, ktora je priamo vystavena vetru posobi sila F,/4 a na ostatne Styri
styéniky sila F/8. Silu namrazou rozlozime na dvanast’ sty¢nikov rovnomernou silou F¢/12.

Modul je uchyteny na priestorovych kibovych podperach, ktoré nasledne vo vypodte
nahradime prislusnymi reakénymi silami. V podstate ide o reakcie vo vertikalnom smere od
zavesnych prvkov a o reakcie horizontalne, pdsobiace v dvoch osiach od vodiacich prvkov.
Zjednodusena schéma horného modulu zatazeného bremenom, vetrom a namrazou aj s
prislusnymi silami je znazornena na obrazku (Obr. 2).

Obr. 2 Schéma posobiacich sil na modul zdvihacieho zariadenia
Fig. 2 Scheme of the impact forces on the module of lifting device
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U ostatnych modulov budu rozdiely nasledovné: na rozdiel od horného modulu majd
ostatné moduly v hornych sty¢nikoch umiestnené sily, ktoré maju opacnti orientaciu, ako
reakéné sily modulu nad nim. Vertikdlne sily na horné sty¢niky majd hodnotu, ktord
reprezentuje dvojnasobna hodnota vertikalnej reakcie zmensena o hodnotu vertikalnej reakcie
modulu o dva rady nad nim. Tento fakt bude zrejmy pri popise vysivania modulov. Z
charakteru namahania mézeme predpokladat’, Ze jedna z vertikalnych reakcii posobi smerom
nahor. V tom pripade nebudeme uvazovat s touto vertikalnou reakciou pri vypocte modulu o
dva rady niZsie.

Zatazenie vetrom F,, ako aj vypofet namrazy F; (Obr. 2) vykondme postupom
uvedenym v normach STN EN 1991-1-4:2007 [12] a STN EN 1991-1-4/NA:2010 [13].

Teraz uz budeme poznat’ vSetky pdsobiace sily na modul. Vypocet osovych sil modulu
prevedieme sty¢nikovou metodou, na zaklade ktorej mozeme urcit’ pdsobiace reakcie a 0SOVE
sily posobiace v prvkoch modulu. Tieto vysledky budeme overovat’ vo vypoctovom programe
Ansys.

Dimenzovanie L — profilov a rdrok vykondme z namahania na vzper. Pri dimenzovani
vychadzame z postupu, ktory uvadza norma STN EN 1993-1-1:2006 [10]. Dalej budeme
reSpektovat’ rozstupy nitov, ktoré uvadza norma STN-EN-1993-1-8:2007 [11]. Stcinitel
bezpecnosti k stanovime na zéklade literatdry [5] na hodnotu k = 5.

=\ AN
Obr. 3 Schéma vysuvania modulov Obr. 4 3D pohl'ad retazového systému
Fig. 3 Scheme of the module lifting Fig. 4 3D view of the chain system

Systém zdvihania a spuastania modulov popisuje obrazok (Obr. 3). Moduly st navzajom
pospajané systémom retazi a aZz f (na obrazku su pre nazornost' uvedené len a az c).
Vyvolanim tahovej sily na ret'az a sa zdvihne modul 2. Ret'az b je pevne ukotvena na kladke
modulu 1 a zdvihanim modulu 2 sa napina, ¢o vyvola automaticky zdvihanie modulu 3.
Analogicky sa zdvihaju aj ostatné moduly. Vyhodou tohto systému je, Ze na jedno
vytiahnutie retaze a sa zdvihni vSetky moduly naraz, s ¢im je spojend rychlost montaze a
demontaZe. Nastavenim predpisanej konstantnej tahovej sily na retazi a sa dosiahne stavu
nulového pohybu a retazovy systém plni Glohu fixdcie modulov. Retaze tym, ze nie st
spojené po celej svojej dizke, nie st tak namahané, ako v pripade kladkostroja.
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Nevyhodou oproti inym spdsobom ostava zvySené zat'azenie L — profilov, ako aj kladiek,
¢o sa v8ak da vyrieSit vhodnym dimenzovanim.

Retaze su umiestnené vo vSetkych Styroch rohoch modulov. Pre naSu konstrukciu
pouzijeme Flyerové retaze, ktoré sa radia do kategorie nosnych retazi a nepouzivaju sa ako
hnacie retaze. Su uréené na zdvihanie, napinanie, drZzanie protizvaZi a pod. 3D pohlad na
retazovy systém je znazorneny na obrazku (Obr. 4).

Ako sme uviedli pri popise posobiacich reakcii, vratime sa k stanovovaniu hodnoty
zatazujucej sily na L — profil. Teraz uz aj na zaklade obrézku (Obr. 3) chapeme princip, a tak
vypocet zat'azujucej vertikalnej sily moéZzeme stanovit’ s prispenim obrazku (Obr. 3) tak, Ze
zatazujica sila sa bude rovnat’ dvojnasobku reakénej sily modulu nad nim zmenSenej o
tahovu silu retaze modulu umiestneného o dva rady vysSie. Vzhladom k tomu, aby sme
nemuseli pouzit' prili§ mnoho velkosti retazi, vyberieme z katalogu len dve, ktoré budd
pevnostne spiiiat’ podmienky pre pouzitie na plosine.

Flyerové retaze budu prechadzat’ cez hladké retazové kladky, ktoré su umiestnené na
vrchu modulov. Ide o typizovany vyrobok a jej vel’kost’ sa vybera na zaklade vel'kosti retaze.
Kladky budu stucast'ou kladkového mechanizmu, ktory je znazorneny na obrazku (Obr. 5).

Obr. 5 Kladkovy mechanizmus
Fig. 5 Mechanism of the lifting blocks

Ret'azova kladka, pozostavajlca z vnatorného kruzku 5, klietky s ihlami 4, vonkajSieho
krazku 3 a krytov 7, je nasunuté na hriadeli mechanizmu 2 pevne umiestneného na kotviacom
plechu 1. Hriadel’ bude d’alej niest’ kotviaci plech 6, ktory bude sluzit’ na ukotvenie retaze
pochadzajucej z vysSieho modulu. Od kladky a kotviaceho plechu bude jeho poloha
vymedzenad vymedzovacimi krizkami 8 a 9. Proti axidlnemu pohybu hriadel’a sluzia poistné
kruZzky 10. Retaz pochadzajuca z vysSicho modulu bude ukotvena prostrednictvom
skrutkového spojovacieho prvku 11, poistnej podlozky 12 a maticami 13. Samotna retaz 14
bude so spojovacim prvkom spojena pomocou ¢apu 15. Cely kladkovy mechanizmus bude
privareny k hornej ¢asti L — profilu.
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Jednotlivé moduly konstrukcie sa v sebe pohybuju prostrednictvom klznych vodiacich
list. Celd konstrukcia modulov a mechanizmov na zdvihanie a zasUvanie je umiestnena na
kolesovom podvozku. Tu uz nemusime navrhovat’ vlastny model, ale mdZzeme s vyhodou
vyuzit’ uz existujice typy podvozkov a pripadne na iom vykonat’ drobné konstrukéné tpravy.
Tie spocivaju v namontovani stranovo vysuvnych podpernych néh, pretoZe Standardne sa
podpery takéhoto typu nemontuju. Dalej je na podlahu doplnené vedenie sani, na ktorych je
kibovo uchyteny spodny modul a nakoniec dvojéinny priamogiary hydromotor s obojstrannou
piestnicou, ktory moduly vztycuje do priamej polohy prostrednictvom lana tak, ako je to
schematicky zn&zornene na obrazku (Obr. 6).
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Obr. 6 Princip stavby zariadenia
Fig. 6 Principle of the device building

Podvozok 1 ma umiestnené na svojom zaciatku a konci lanové kladky 2 a na spodnej
strane dvojéinny priamociary hydromotor s obojstrannou piestnicou 3. Na jeho vrchnej strane
je umiestnené kizné vedenie 4, na ktorom s posuvne uloZené sane 5 s kibovo prichytenou
ststavou modulov 6. Na obrazku (Obr. 6) su Cervenymi Ciarami zndzornené lana. Modul je
kibovo uloZeny na saniach, pri¢om je lanami ukotveny na podvozku. Pri pohybe hydromotora
sa sane posuvaju raz jednym, raz druhym smerom. Pod vplyvom kotviacich lan sa zacina
modul postvat’ horizontalne na podvozku, a zaroven naklanat’. Pri vztyCovani sa naklananie
realizuje Tavym kotviacim lanom az do momentu straty jeho predpatia. Potom funkciu
naklapania prebera pravé kotviace lano, ktoré modul pribrzd'uje, aby vztyCovanie nemalo
charakter narazu modulu na podvozok. Pri sklapani je cely proces analogicky.

3 Vysledky a diskusia

Pri ndvrhu vysuvnej ploSiny sme reSpektovali nasledovné poziadavky. Predpokladali
sme, ze ploSina bude zdvihat material a naradie o celkovej hmotnosti 1 000 kg. S nakladom
moézu byt zdvihané aj osoby. Pri reSpektovani vlastnej hmotnosti pracovnej klietky, ato
priblizne 300 kg, budeme vo vypoctoch uvazovat’ zat'azenie o hmotnosti 1 300 kg.

Dal$ou poziadavkou bola maximalna vyska vysunutej plosiny. Pre bezné pouzitia vo
vicSine vyrobnych zévodov postacuje vyska 15 m, preto budeme uvazovat’ prave s touto
vyskou. Vzorovy vypocet sme vykonali na hornom module. Vypoctom podla noriem
spomenutych v kapitole 2 Materidl a metddy, sme sa dopracovali k hodnotam zat'azeni
Fp =15303,6 N, F = 2045,2 N a F¢ = 746 N. Vyska modulu podl'a vztahu (1) je c = 2,4 m.
Postupom vypoctu definovanym v predoslej kapitole sme zostavili maticovy zapis vypoctu
osovych sil a reakcii, ktorych hodnoty su uvedené v tabulke (Tab. 1).
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Tab. 1 Prehl'ad osovych sil a reakcii horného modulu

Tab. 1 Summary of the axial forces and reactions in the top module

Sila [N] Sila [N] Sila [N] Sila [N]
Ay | -1512,72 | Dy /368,87 Ng | -2362,95 [ Njg | -3157,41
Ay | 531394 | D, -789,65 Nio | 2362,95 | Ny | -4618,72
A, 0 N 0 Nip | 1233,47 | Npi | 151584
Bx 0 N> 0 Ny, | -1233,47 | Np» | -1515,84
By | -1947,13 | N3 0 N13 180,77 NP -951,10
B, | 1512,72 [ N4 0 N4 -361,54 N24 951,10
Cx 789,65 Ns | -3436,51 [ Nis -180,77 N2s -575,59
Cy | 531394 | Ng 194,03 N16 0 N2s 394,82
C, 0 N7 | -6199,35 [ Njz | -5052,57 | Ny 214,06
Dy 0 Ng | -6359,13 | Nig | -2723,57 | Ny -394,82

Ansys podl'a obrazku (Obr. 7) s ndslednym zhodnotenim uvedenym v zévere.
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Obr. 7 Vypis hodndt osovych sil a reakcii — Ansys

Fig. 7 List of the axis forces and reactions values - Ansys

Hodnoty v tabulke (Tab. 1) overime vystupom vykonanym vypoctovym programom

Na zaklade postupov uvedenych v predoslej kapitole sme nadimenzovali modul, ktory

je tvoreny L — profilmi podl'a normy STN 42 5541 o rozmeroch 56 x 5 a rdrok priemeru 32
mm s hrabkou steny 1,5 mm podl'a normy STN 42 5715 [7]. Pri uvedenych rozmeroch sa
kritickd vzperna sila L - profilu rovna hodnote 38 399 N a rurky 12 913 N. Napéitova analyza
vykonana programom Ansys je uvedena na obrazku (Obr. 8).

Obr. 8 Napat'ova analyza navrhnutého modulu
Fig. 8 Stress analysis of designed module
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Vypocet d’alSich modulov prebiehal analogicky. Hmotnost' horného modulu sme
vypocitali na 99,25 kg. Pri namodelovani d’alSich modulov sme zistili hmotnost’ celého
zariadenia pohybujucu sa okolo hodnoty 4,8 tony. Norma STN EN 280:2010 udava
maximalnu povolenu rychlost’ vysavania 0,4 m's™. Pri na§om systéme vysivania sa uplatiiuje
princip skladania rychlosti ateda rychlost’, ktord je postadujica na pohyb najspodnejsich
ret’azi ¢ini hodnotu 0,067 m-st,

Celkovy tvar a dispozi¢né riesenie mdzeme vidiet’ na obrazku (Obr. 9), kde je uvedeny
pohrlad na zlozené zdvihacie zariadenie (Obr. 9a) a rozlozené zdvihacie zariadenie (Obr. 9b).

a) zloZené zdvihacie zariadenie b) rozloZené zdvihacie zariadenie
Obr. 9 Vysledny pohl'ad na zdvihacie zariadenie
Fig. 9 Final view on the lifting device

4 Zaver

Ako sme uviedli v Gvode prace, v sucasnosti je doraz v konstruovani kladeny na nizku
hmotnost’ konStrukcie, vysSiu rychlost’ zdvihu anizke naklady. Ked sa zmieflujeme
0 hmotnosti plosiny, musime zhodnotit’, Ze na§ navrh ma v porovnani s ostatnymi ploSinami
vo svojej kategorii naozaj nizSiu hmotnost’. Pri predpoklade hmotnosti podvozku 2,5 tony sme
dosiahli celkova hmotnost’ zariadenia priblizne 4,8 tony. Pre porovnanie, hmotnosti
noznicovych plosin rovnakych vyskovych dosahov a nosnosti sa pohybuji v rozmedzi 5 + 10
ton [8]. Tu je eSte nutné zdoraznit, Ze naSa ploSina je dimenzovana pre rychlost’ vetra podla
11. stupna Beaufortovej stupnice, pricom stcasné ploSiny len podla 7. stupna. Pri polaveni
Z kritérii by mohla byt hmotnost’ nasej ploSiny este nizsia.

Ako sme uZ uviedli, rychlost’ vystvania bola limitovana normou. Mohli sme tiezZ
vidiet, Ze nie sme nuteny dodavat’ do systému pozadovant rychlost’ vystivania, ale zaobideme
sa aj snizSou. Samotnu rychlost’ vysuvania nam zabezpeCi retazovy systém. V pripade
neobmedzenych moznosti vol'by rychlosti sme teda schopni dosiahnut’ velkych vystuvacich
rychlosti.
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Po zhodnoteni vysledkov teda mdézeme povazovat’ ciel tejto prace za splneny. Rozsah
tejto prace, ¢o sa komponentov a technologii tyka, je vSak vel'mi velky a stdle eSte ostava
priestor a prilezitost’ pre rieSenie problémov, ktoré eSte ostali nezodpovedané, takisto aj pre
prispdsobenie a uplatnenie tohto systému v d’alSich oblastiach T'udskej ¢innosti, ako je
pol'nohospodarstvo (skladovanie), lesnictvo (lesnicke lanovky), stavebnictvo (Zeriavy) a iné.
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Sdhrn

Praca pojedndva o moznostiach konStrukcie zdvihacieho zariadenia uréeného pre
zdvih materialu, pripadne o0séb. V praci sa zdovodiuje vyber typu konstrukcie a zdvihacieho
mechanizmu vhodného pre konStrukciu z hladiska dosiahnutia ciela, ktorym je
minimalizovat hmotnost’ konstrukcie a zvysit' rychlost zdvihania. Praca opisuje postup
navrhu jednotlivych sucasti a ich geometrickych charakteristik podl'a prislusnych noriem,
pri¢om ich spravnost’ overuje vo vypoctovom programe. Velky vyznam je v praci kladeny
retazovému systému zdvihania prvkov konstrukcie, ktory bol oproti klasickému principu
prepracovany a pozmeneny tak, aby sme dosiahli menSie naméahanie prvkov systému. Praca
na zaklade vysledkov dokazuje, Ze uvedeny systém je oproti ostatnym vyhodnejSi z hl'adiska
hmotnosti, rychlosti zdvihania a ceny. Vd’aka tejto skuto¢nosti moze byt systém aplikovany
do mnohych odvetvi 'udskej ¢innosti, kde je potrebna ¢innost’ zdvihania.

Kruacové slova: kladkostroj, retaz, zdvihacie zariadenie, stozZiar
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BEZPECNOST INORMACNYCH SYSTEMOV
INFORMATION SYSTEM SECURITY

MARCEL KUPEC - MONIKA BOZIKOVA

Abstract

This contribution is focused on the issue of security of information systems, namely
social network. Penetration testing as a tool for network security analysis allows to simulate a
real attack on the system, which are exposed weaknesses in the system that could use the real
attacker. The most famous penetration testing techniques are OSSTMM, IS-SAF.
Methodology OSSTMM system can be assessed and certified team to assure users of its
apparent safety. The system is not foolproof protection possible, therefore, knowing their
weaknesses and corrected vital. To ensure its technology was used Brute-force attack,
unencrypted connection, persistent XSS vulnerabilities CSRF, the results of which allow
increasing information security.

Key words. information system, information security, social network, penetration testing,
information, cookie

1 Uvod

V sucasnej dobe sa ukazuje ako stupnujuca sa hrozba nedostato¢né zabezpecenie
informa¢nych systémov (socialnych sieti), komunikaénej infrastruktary proti neopravnenym
pristupom, ktoré su realizované externymi utokmi zvonka, ako aj internymi Gtokmi,
prichadzajucimi z vnutra organizacie.

Fenomén socialnych sieti je v dnes pravdepodobne najrychlejSie sa rozvijajucim a
rozliehajacim sa odvetvim sluzieb na internete. Denne pribudnd tisice novych pouzivatel'ov
tychto sluZieb. Tito pouzivatelia si na socialnych sietach zverejfiuju svoje osobné udaje.
Neraz ide o zverejnenie citlivych (dajov a zverejnené data su vystavene nedostatoénej
ochrane. Casto mdzeme pozorovat’ pripady, kedy sa riesi bezpe¢nost’ a zabezpeéenie tychto
sluzieb. Nespocetnekrat ide o samotnych pouZzivatelov, ktori svojou nepozornostou
a nedostato¢nou obozretnost'ou si sami sposobuji §kody na svojich datach a svojej reputacii.
Otazka na mieste je, ako velkou mierou ide o pouzivatelovu neuvedomelost’, popripade
0 nespravne a nedostatoéné informacie zo strany poskytovatelov sluzieb, alebo slabé
zabezpecenie dat proti odcudzeniu samotnou sluzbou (ELLISON, 2009).

Pocet tutokov na informacné systémy ustavicne rastie asu stile ¢im dalej
sofistikovanejSie a nebezpecnejsie, preto sa na ich bezpecnost' pouziva komplexny systém
technickych a organiza¢nych opatreni (TATE, 2010).

Jedna z technik analyzy sietovej bezpecnosti je penetracné testovanie. Princip spociva
v simulacii realneho utoku na dany systém, ¢im st odkryvané slabé miesta systému, ktoré by
mohol vyuzit realny utoénik. K (Otoku prichddza z vnutra podniku, alebo moéze byt
vykonavany navonok, prostrednictvom siete, podl'a toho sa testy kategorizuji na interné a
externé. K pouZivanym technikam patri, identifikacia spustenych aplikacii, opera¢ného
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systému, skenovanie portov, testovanie zranitenosti systému a podobne. Vystupom
penetracného testu je spravidla hodnotiaca sprava obsahujica zoznam zranitelnosti s
ohodnotenim ich z&vaZnosti a nvrh spdsobu na ich odstranenie (SECURITY, 2012).

2 Material a metédy

Ak chceme predchadzat’ riziku nedplnosti v penetratnom testovani je vhodné
testovanie viest' podla niektorej z metodik, ktord& nam umozni vyhodnotenie. Po takomto
absolvovani je moznost udelenia certifikatu, ktorym moéze danad organizacia preukazat
testovanie zvolenou metodikou. Medzi najznamejSie metodiky patria OSSTMM, IS-SAF,
d’alej napriklad OWASP (The Open Web Application Security Project) a dokument institutu
NIST (National Institute of Standards and Technology) Guideline on Network Security.
V sucasnosti najviac prilezitosti ponika OSSTMM, ale rastie tiez vplyv metodiky ISSAF,
ktord je vSak stdle eSte vo vyvoji. Relevantné ¢asti oboch metodik boli pouZité v ramci
realizacie vlastnej prace.

Open Source Security Testing Methodology Manual (OSSTMM) — je vol'ne dostupna
metodika pre uskuto¢nenie bezpecnostnych testov. Metodika je vytvorend organizéaciou
ISECOM. Zamerom tohto manualu je poskytnut’ konzistentni a spolahlivii metodiku pre
vykonavanie bezpecnostnych auditov, hodnotenia zranitel'nosti penetraénych testov, a d’alSich
metdd hodnotenia bezpe¢nosti. Obsahuje subor zasad, ako dokladné vykonanie potrebnych
Casti testu, zarucenie suladu s platnymi pradvnymi normami, vyhodnotite'nost’ vSetkych casti
testu, opakovatel'nost’ testov a uvadzanie faktov vyplyvajicich len zo samotného testovania.
Pri dodrZzani tychto zasad je mozné vykonat certifikovany OSSTMM audit. Testovanie
bezpeénosti je v tejto metodike rozdelene na dole uvedenych 6 etap, ktoré sa vzdjomne
previazané a preto by malo testovanie jednej zlozky zahifiat’ aj prvky ostatnych zloziek:

1. Testovanie informacnej bezpecnosti.

. Testovanie bezpecnosti procesov.

. Testovanie internetovej bezpecnosti.

. Testovanie komunikac¢nej bezpec€nosti.

. Testovanie bezdrdtovej bezpecnosti.

. Testovanie fyzickej bezpecnosti (HERZOG, 2010).

The Information Systems Security Assessment Framework (IS-SAF) - predstavuje
Struktrovany ramec, ktory deli bezpecnost’ IT do viacerych oblasti a Specifikuje hodnotiace
kritéria pre jednotlivé oblasti. Metodika je vyvijana organizaciou OISSG a je stale vo vyvoiji.
Ciel'om tohto ramca je:

AN AW

1. Posudzovanie bezpecnostnych procesov a politik organizacie a uistenie, ze vyhovuju
platnym pravnym normam.

2. Identifikovanie kritickych systémov a ohodnotenie ich bezpec¢nosti.

3. Realizécia ohodnotenia zranitel'nosti a penetra¢nych testov pre uréenie zraniteInosti v
systéme.

4. Vzdelavanie personalu v oblasti hodnotenia bezpecnosti a zvySovani zabezpeCovania
systémov a sieti.

Sucastou ISSAF je tieZ ramec pre penetracné testovanie (Penetration Testing Framework),
ktory testovanie deli do 3 faz: planovanie a priprava, ohodnotenie a vytvorenie hodnotiacej
spravy. Prva faza obsahuje urcenie kontaktnych osob, rozsahu testu, dohodnutie ¢asovych
Usekov a postupu pri testovani. Nasledujiucou fazou je vykonanie samotného penetra¢ného
testu, o pozostava z nasledujucich krokov, ktoré by mali byt vykonané v uvedenom poradi:

1. Ziskavanie informacii.
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. Mapovanie siete.

. Identifikécia zraniteInych miest.

. Prienik.

. Ziskavanie pristupu a zvySovanie pravomoci.
. Zbieranie d’alsich udajov.

. Kompromitovanie vzdialenych uzivatel'ov.

. UdrZovanie pristupu.

. Zahladenie stobp (RATHORE, 2005).

Po dokonceni testu by mala byt vytvorena hodnotiaca sprava, ktora dokumentuje priebeh
testu a zaroveinl obsahuje odportic¢ania pre rieSenie zistenych zranitel'nosti.

Pri rieSeni Glohy bol pouZity program Nmap, ktory sliZi na prvotné preskenovanie
cielového adresného rozsahu, ked” pomocou neho mapujeme spustené sluzby. Je dostupny vo
verzii pre platformu Linux, ako aj pre Windows. Nmap tiez Casto ur¢i konkrétnu verziu
beziacej sluzby alebo verziu opera¢né¢ho systému, co su vel'mi doblezité udaje pre dalSie
aktivity (MARQUES, 2012).

OO0 WN

Realizacia penetraéného testu
Realizacia stanovenej ulohy prebiehala podl'a klasifikacie penetraénych testov, ktorej metoda
je nasledovna:

0 Podla informacii ktoré ma tester k dispozicii.
V naSom pripade bol vyuZity spbsob Black-box - bez informécii (redlne
simuluje pristup hackera ktory si musi zistit’ vSetky informacie).

O Podla typu agresivity alebo doraznosti testovania.
Bol vykonany pasivny test, kde sa realizuje iba prieskum (sken) zamerany na
detekciu zranitelnosti ale nie samotny prienik.

0 Rozdelenie podla oblasti alebo rozsahu testovania - ktoré systémy budd
testovane. Ak sa testuje iba separatna podsiet’ alebo systém alebo sluzba,
test sa nazyva zamerany. Test je zamerany na :

* N4jdenie zranitelnosti vo verejne pristupnych Castiach stranky.

* N4jdenie zranitel'nosti na servery a aplikaciach na nom beziacich s pouzitim
zndmych exploitov.

* Urcenie dopadu zneuzitia tychto zraniteInosti na:

» funk¢nost stranky,
» tajnost’ osobnych udajov pouzivatel'ov,
> reputaciu stranky.

o Dalsim klasifikaénym parametrom je viditelnost testovacieho timu v priebehu
testov skryté testovanie - boli pouzité metddy, ktoré sa nedaju identifikovat
ako pokus o utok na system.

0 Technika testovania: Pouzita bola sietovo zalozena technika - simuluje typicky
utok hackera. Vyuziva skutocnost’, ze prevazna vacsina sieti pouziva TCP/IP
protokol.

0 Posledné rozdelenie penetracnych testov je podla miesta, Z ktoreho sa testy
vykonévaju, v naSom pripade sa jednalo o externy test, nakol’ko najviac titokov
hackerov je cez siet’ z prostredia Internetu. Externé penetracné testy detekuju a
hodnotia potencionélne riziké z externého prostredia (SENELIN, 2011).
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Obr. 1 Klasifikacia penetra¢nych testov (SENELIN, 2011)
Fig. 1 Classification of the Penetration tests

3 Vysledky a diskusia

Vo vysledkoch st popisané detaily zraniteI'nosti, ich dopad, rizika a rieSenia.

0 Brute-force Utok proti heslam a loginom
Této zraniteI'nost’ je vel'mi beznd a je pouzite'na len pri slabych heslach, preto riziko ktoré
predstavuje je pomerne malé. Pre rieSenie tohto problému je potrebné implementovat
kontrolu poc¢tu pokusov o prihldsenie na strane servera. Pre funkciu obnovy hesla odporti¢am
pouzit’ v§eobecnu odpoved’ typu ,,Na zadany email bola odosland sprava...“ z ktorej nemozno
usudit’ ¢i existuje pouZivatel’ s danym emailom.

0 NezaSifrované spojenie
Nezasifrovanym spojenim sa odosielaju doverné udaje ¢o umoziuje ich kradez kymkol'vek na
rovnakej sieti ako obet’ Utoku. Toto predstavuje vdzne riziko najmi pre uzivatel'ov, ktory na
stranku pristupuju zo Skolskej alebo firemnej siete, alebo verejnej wifi, kde ktokol'vek moze
zachytit’ ich prihlasovacie udaje. RieSenim tohto problému je pouZitie https pri prihlasovani a
pre vSetku komunik&ciu s autentifikovanym pouzivatel'om.

O Persistentnd XSS zranitelnost vo fore

Tato zranitelnost’ predstavuje vel'mi velké riziko. Zneuzitim tejto zranitenosti mozno
ukradnut’ session cookie vSetkych pouzivatel'ov, pripadne diskreditovat’ organizaciu
presmerovanim na nevhodny obsah. Zranitelnost' spoc¢iva v moznosti odoslat’” JavaScript v
nazve témy vo fore. Ked'Ze sa téma zobrazi na hlavnej stranke, ako aj na domovskej stranke
vsetkych pouzivatelov ako novéa téma resp. téma bez reakcie, JavaScript sa spusti v ich
prehliadaci a umozni odoslat’ ich cookies utocnikovi pomocou ktorych méze vykonat’ vsetky
akcie ako povodny majitel’ tychto cookies.

Dizka zobrazeného nazvu a teda pouzitého html kédu vloZeného do stranky je sice
obmedzena na asi 47 znakov, toto obmedzenie sa vSak dé obist’ pouzitim skriptu ulozeného na
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inom servery pomocou: <script src='url'></script>. Kde url je adresa skriptu.
Takto je mozné pouzit akokol'vek zlozity JavaScript. V pripade Ze v JavaScript bude
presmerovanie na inu stranku, ktokol'vek pristupujuci na strdnku bude presmerovany na
utocnikovu stranku, ¢im by sa stranka stala az do odstrdnenia problému nepouzitelnou.
Zneuzitie tejto zranitelnosti by malo vel'mi vazne dosledky na funkcnost’ stranky, tajnost
udajov, aj na reputaciu spolocnosti.

Pre oSetrenie tejto zranitelnosti je potrebne 'escapenut” (nahradit’ znakovymi entitami) znaky
pouzivané v HTML.

0 Persistentna XSS zranitelnosti v profile
V profile bola zistena persistentnd XSS zraniteInost vo vSetkych parametroch okrem
,Hl'adam (Vasa orientacia)“. Téato zranitelnost’ je rovnaké ako zranitel'nost’ vo fore, jedinym
rozdielom je Ze Uto¢nikov JavaScript sa spusti ked’ obet’ uvidi ato¢nikov profil. Riziko ktoré
tieto zranitelnosti predstavuji je preto vel'ké. Pre oSetrenie je potrebné escapenut HTML
znaky. Toto je potrebné urobit’ pre kazdy udaj odoslany pouzivatel'om.

o CSRF

Cross site request forgery utok spociva v manipulacii pouzivatel'ovho prehliadaca k odoslaniu
requestu na stranku, ktorym zmeni stav stranky: zmazanie prispevku na fére, odstranenie z
priatel'ov a pod. Ked'Ze na stranke existuju XSS zranitel'nosti, proti CSRF neexistuje G¢inna
obrana, ked’ budli odstranené, je pre oSetrenie CSRF potrebné napriklad pouzit' pre kazdy
Session unikatny retazec, ktory bude odoslany spolu s requestami, ktoré na stranke
vykonavaji citlivé akcie. Odpora¢a sa tiez pouzivat pre citlivé akcie len POST
requesty(RFC2616), ked'ze GET je l'ahsie replikovatelny a v pripade pouzitia retazca proti
CSRF by mohol sposobit’ jeho tnik.

4 Zaver

Pri prihlasovani bolo zistené, Ze neexistuje ochranny mechanizmus proti skuSaniu

velkého poctu hesiel (brute-force utok). Pri teste funkcie obnovy hesla bolo zistené, Ze tato
funkcia poskytne informaciu ¢i dany uzivatel' existuje alebo nie, ¢o robi brute-force Utok
jednoduch$im ked’Zze je mozné zistit' mena pouZzivatel'ov a potom automaticky skusat’ velky
pocet hesiel. Pri prihlasovani bolo tieZ zistené, Ze prihlasovacie Udaje sa odosielaju cez http
V nezaSifrovane] forme a tiez celd autentifikovand cast’ stranky pouZziva nezaSifrované
spojenie ¢o umoziuje inym l'ud’om na sieti zachytit’ heslo a login, pripadne Session Id a tym
ukradnut’ identitu uzivatela. Vo funkcii féra bola zistena persistent XSS zranitel'nost’ v nazve
témy. Tato zranitenost’ umoznuje napriklad ziskat’ session uzivatel'ov, ktory vidia tito tému,
alebo spdsobit’ presmerovanie na inu stranku, ked” uzivatelia namiesto legitimnej stranky
uvidia akukol'vek stranku poskytnuti Gto¢nikom. Vel'ké mnozstvo persistentnych XSS bolo
tiez zistenych v profile. Bol tiez zisteny viacsi pocet CSRF zranitelnosti, ktorych
nebezpecenstvo je vyrazne vysSie existenciou XSS zranitel'nosti.
Aj pri maximéalnej snahe s vyuzitim neobmedzeného finan¢ného toku, nie je mozné dosiahnut’
stopercentni bezpe¢nost’. Pre obmedzenie rizika neautorizovaného pristupu na minimum je
nutné vykonat’ adekvatne opatrenia zaistujuce bezpeény chod informaéného systému, v rdmci
moznosti organizacie, na ktoré moze poukazat’ prave penetracné testovanie.
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Sdhrn

Prispevok sa zaobera problematikou bezpe¢nosti informacnych systémov, konkrétne
sociélnej siete ajej testovanim pomocou penetraénych testov. Penetracné testovanie ako
nastroj analyzy sietovej bezpe¢nosti umoziuje simulaciu redlneho Utoku na dany systém, ¢im
s odkryté slabé miesta systému, ktoré by mohol vyuzit' realny utoénik. NajznadmejSie
techniky penetraéného testovania st OSSTMM, IS-SAF. Metodikou OSSTMM je mozné
hodnoteny systém certifikovat’ a tym ubezpecit’ pouzivatel'ov o jeho zdanlivej bezpecnosti.
Systém nie je mozné ochranit’ stopercentne, preto je poznanie slabych stranok a ich korekcia
velmi dolezita. Na jej zaistenie boli pouzité: Brute-force utok, NezaSifrované spojenie,
Persistentnd XSS zranitel'nost’, CSRF, ktorych vysledky umoznili zvySenie bezpecnosti
informacii.

Krudové slova: informacny systém, informacna bezpecnost, socidlna siet, penetrac¢ny test,
informacia, cookie
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APLIKACIA AKUMULATORA V HYDRAULICKOM
OBVODE NA ZATAZOVANIE EKOLOGICKYCH KVAPALIN
APPLICATION OF AN ACCUMULATOR IN A HYDRAULIC
CIRCUIT FOR A LOADING OF ECOLOGICAL FLUIDS

STANISLAV LINDAK - RADOSLAV MAJDAN

Abstract

Work is focused on reducing the water hammer that is created at the beginning of
cycles in a hydraulic circuit of a test bench. During the work of designed test bench without a
hydraulic accumulator the output pressures reach the range of 16 to 24 MPa at the beginning
of cycle. To reduce the pressure in the hydraulic circuit the hydraulic accumulator strokes was
used, that reduce these water hammer at the beginning of the cycle. Hydraulic accumulator
reduces the value of the water hammer on 19 to 21 MPa, which greatly reduce the range of
pressure by about one third. The aim of this work was reducing the water hammer in the
hydraulic circuit, what was achieved using a hydraulic accumulator, which greatly damped
water hammer at the beginning of the cycle. Hydraulic circuit using the hydraulic accumulator
can operate more smoothly and without major water hammer, which will be reflected on the
life of the components and also the hydraulic circuit.

Keywords. accumulator, pressure, test bench, hydraulic circuit, life.

1 Uvod

V sucasnosti st na hydraulické obvody kladené vysoké poziadavky. Ich spolahlivost’,
technickd Uroven, U€innost’ a taktieZ aj bezpecnost’ st prvoradé a sledované pocas prevadzky.
Kazda jedna &ast’ v hydraulickom obvode musi teda spiiiat’ poziadavky, normy a funkciu,
ktorl v obvode zastava. Praca prindSa popis a funkcie hydraulického akumulatora, je
zamerana na jeho Cinnost tlmit' tlakové razy pocas prevadzky v hydraulickom obvode.
Z pohl'adu pouzitia hydraulického akumuldtora v obvode je najddlezitejSie poznat
prevadzkové vlastnosti daného obvodu. Spravnou volbou typu a velkosti hydraulického
akumulatora pre dany obvod docielime spravne funkcie celého hydraulického obvodu,
V naSom pripade ide o dosiahnutie vyrazného znizenia tlaku na zaciatku cyklu. Na testovanie
funkcie hydraulického akumulatora bolo pouzite skisobné zariadenie na realizaciu skiSok
Zivotnosti hydrogeneratorov.

Vsetky systémy, ktoré obsahuju kvapalinu pretekajucu potrubim mézu zaznamenat
tlakové pulzéacie pri zmene prietoku. Tento jav je spdsobeny tym, Ze zmeny kinetickej energie
kvapaliny sa premenia do zmien tlaku. Tie sa nasledne §iria vo forme vin v kvapaline, pric¢om
mozu spdsobit’ nenapraviteI'né poskodenie instalacie. Medzi priciny, ktoré veda ku vzniku
tlakovych vin patria napriklad:

e uzatvéaranie a otvaranie ventilov,

e odstavenie alebo rozbeh Cerpadiel,
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e napustanie alebo vypustanie systému,
e mechanické vibracie systému a jeho komponentov,

Vseobecne sa da povedat’, Ze najlep$im sposobom je obmedzit’ tlakové razy hned’ vo svojom
pociatku, teda spravne predpokladat’ prislusné rychlosti kvapalin v potrubi a dimenzovat’ Casti
systému tak, aby sa prediSlo ich vytvaraniu. V pripade uZ zrealizovanych alebo zle
vyprojektovanych instalacii nie je mozné dodato¢ne zabranit’ vytvoreniu tlakovych razov.
V takomto pripade existuje uz len moznost inStalovat’ potla¢ujuce prvky. Jednym zo
spdsobov instalacie potlacujucich prvkov je inStaldcia akumuldtora. Akumulatory st vhodné
hlavne na olejové hydraulické okruhy alebo okruhy s ¢erpadlami pozitivneho posunu, medzi
ktoré inStalacia bazénov patri. Do uritej miery je to najpouzivanejsi sposob u tychto druhov
inStalacie, aby sa tlakové razy potlacili. Akumulatory sa inStaluju hlavne v blizkosti Cerpadiel
ithned’ za spdtnym ventilom. Po odstaveni cerpadla akumuldtor vytlaca vodu smerom
k hlavnému potrubiu a tym znizuje negativnu vinu. Ked’ sa vracia pozitivna tlakova vlna,
akumulator absorbuje vodu z potrubia a tym zniZuje pretlak v potrubi. Proces sa opakuje, aZ
sa tlakova energia rozptyli trenim a tym sa prestane $irit” tlakovy raz (astralpool, 2013).

V naSom pripade iSlo taktieZ o pridanie potlacujiceho prvku do uz vopred
zostrojeného skdSobného zariadenia na realizaciu skuSok Zivotnosti hydrogeneratorov. Po
zostaveni navrhnutého skusSobného zariadenia bol porovnany priebeh cyklického tlakového
namahania s priebehom, ktory sme si vopred stanovili. Na tento ucel bol pouZzity snima¢ tlaku
a zdznamova jednotka Hydac HMG 2020 pre zaznam nameranych udajov (Tkag, 2010).

2 Material a metédy

Na testovanie zniZenia tlakovych rdzov v obvode bolo pouzité skiSobné zariadenie na
realizaciu skusok Zivotnosti hydrogeneratorov, (Obr.1). Funkcia zariadenia a priebeh skuSok
ekologickych kvapalin si podrobne popisané v pracach publikovanych autormi Tka¢ et al.
(2011), Tkac et al. (2005), Petransky et al. (2004a), Petransky et al. (2004b), Petransky et al.
(2004c) a Skulec et al. (2001).
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Obr. 1 SkiSobné zariadenie na uskuto¢nenie skusok ekologickych kvapalin:
Fig. 1 Test bench for carrying out the tests of ecological fluids:
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M — elektromotor, n1 — snima¢ ota¢ok, HG1 — hydrogenerator, TV1 — poistny ventil, TV2 —
ventil pre nastavenie nominalneho vystupného tlaku hydrogeneratora, pl - tlakomer
vystupného tlaku, p2 - tlakomer podtlaku, R — elektrohydraulicky ovladany postvacovy
rozvadzac, ktory vytvara cyklické tlakové namahanie, CH1, CH2, CH3 - chladi¢e, HG2 -
hydrogenerator chladenia, t1 — snimac¢ teploty oleja v nadrzi, R — termostaticky regulator,
ktory zapina ventilatory chladicov, OB - ovl&daci blok, K1,K2- uzatvaraci ventil, A-
akumulator, T — nadrz.

Hodnoty namerané na skiisobnom zariadeni boli porovnané s intervalom hodnét, ktory
sme si vopred stanovili. Skuska bola realizovana cyklickym priebehom tlaku. Casovy priebeh
cyklického tlakového naméahania, ktory sme si vopred stanovili je na (Obr.2).
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Obr. 2 Casovy priebeh cyklického tlakového namahania (Tkag, 2010)
Fig. 2 The time course of the cyclic pressure loads (Tkac, 2010)

V skdSobnom zariadeni bol pouZity jednosmerny zubovy hydrogenerator, (Obr.3)
vyrobeny firmou Jihostroj Aero Technology and Hydraulics. Hydrogenerator UD 25 je
vybaveny tlakovou kompenzaciou axialnej vole, ktora je realizovana tvarovym tesnenim
priamo V loziskovych ¢elach. Ma uplatnenie v menSich a strednych polnohospodarskych
a stavebnych strojoch. Technické parametre hydrogeneratora UD 25 sU uvedené v tab.1.

Obr. 3 Jednosmerny zubovy hydrogenerator UD 25 (Jihostroj, 2007)
Fig. 3 Hydraulic gear pumps UD 25 (Jihostroj, 2007)
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Tab. 1 Technické parametre hydrogeneratora UD 25 (Jihostroj, 2007)
Tab. 1 Technical parameters of hydraulic gear pumps UD 25 (Jihostroj, 2007)

Parameter Jednotka Hodnota
Menovité 1500
Otacky Maximalne min™ 3000
Minimalne 500
Tlak na vstupe Méx_imélny Pa 0,05
Minimalny 0,03
Tlak na vystupe Menovity Mpa 20
Maximalny trvaly 23
Menovity objem (geometricky objem) Vg cm® 25
Menovity prikon kw 14,2

Do obvodu bol zaradeny aj membranovy akumulator SBO 210 — 0.32 E1 od firmy Hydac
s.r.0., (Obr.4). Ako plynova napln v akumulatore bol pouZity dusik, jeho objem je 0,32 litra,
teplota pracovnej kvapaliny bola 20 °C, maximalna hodnota teploty bola stanovena na 50°C,
minimalny pracovny tlak bol stanoveny na 4MPa a maximalny pracovny tlak bol stanoveny
na 25MPa. Volba hydraulického akumulatora bola stanovena podla poziadaviek obvodu
anavrh akumulatora prebiehal s pomocou programu od spolo¢nosti Hydac s.r.o. V nasom
pripade bol zvoleny membranovy akumulator.

Plniaci tlak pre dany typ akumulatora je: po<0,9 p1
Maximéalne dovoleny pomer tlakov: p2/poje: 8: 1
Maximalny prietok je: do 6 dm®.s™

Pre vyber akumulatora je dblezité vybrat’ spravnu rovnicu, ktora sa pouzije na vypocet jeho
parametrov. Vyber je zavisli od doby trvania pri nabijani a vyprdzdnovani akumulatora.
KedZe v naSom pripade bola doba trvania cyklu kratSia ako 1 min, zmena stavu plynu
prebieha tak rychlo, Ze vymena tepla s okolim sa nemdze uskuto¢nit’. Tato zmena stavu plynu
sa nazyva adiabatickou a je vyjadrena rovnicou (1):

p.VE=p;. V5 =kondt. (1)
Kde: p-tlak, MPa

V — objem, m*
K — adiabaticky exponent, pre dvojatomové plyny ako je dusik je exponent K= 1,4
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Obr. 4 Membranovy akumuléator SBO 210 — 0.32 E1 (Hydac, 2012)
Fig. 4 Diaphragm accumulator type SBO 210 - 0.32 E1 (Hydac, 2012)

Po zvoleni vhodného typu hydraulického akumulatora sa poZadované hodnoty
vyplyvajlice z daného obvodu vpisali do programu ASP 5.0 od spolo¢nosti Hydac s.r.o.
(Obr.5), ktory ich nasledne vyhodnotil a zvolil vhodnt velkost” a parametre akumulatora pre
dany obvod.

Obr. 5 Simulaény program pre akumulatory (Hydac, 2012)
Fig. 5 Accumulator simulation program (Hydac, 2012)

Membranovy akumulator, ktory bol zvoleny pomocou programu pre dany obvod sa
nasledne pripojil do hydraulického obvodu, (Obr.6).
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Obr. 6 Membranovy akumulator v hydraulickom obvode
Fig. 6 Diaphragm accumulator in the hydraulic circuit

V meracom retazci skuSobného zariadenia bol pouzity snimac¢ tlaku typu HDA 3800
od firmy Hydac, (Obr.7). Tento snima¢ tlaku slizi na meranie priebehu tlaku v hydraulickom
obvode. Snima¢ disponuje meracim rozsahom 0 — 60 MPa a presnostou 2 %. Signal zo
snimaca bol privedeny cez adaptér na vstup jednotky HMG 2020.

Obr. 7 Snima¢ tlaku HDA 3800 (Hydac, 2012)
Fig. 7 Pressure sensor type HDA 3800 (Hydac, 2012)

Na zaznamenavanie nameranych tlakov, prietokov a ota¢ok bola pouzita zaznamova
jednotka HMG 2020, (Obr.8). Pristroj HMG bol napojeny na notebook MicroBook 825D,
pomocou ktorého s pouzitim programu HMGDESK sa riadil proces merania. PouZity program
umoznuje v on-line rezime sledovat priebeh merania v grafickej forme a stcasne
zaznamenavat' ¢asové priebehy zvolenych velic¢in. Meranie priebehu tlaku v hydraulickom
obvode bolo realizované na zaklade poznatkov publikovanych autormi Drabant et al. (2005)
a Vitazek (2005).

Obr. 8 Zaznamova jednotka HMG 2020 (hyquip, 2013)
Fig. 8 Recording unit type HMG 2020 (hyquip, 2013)

Na vyhodnotenie a spracovanie nameranych datovych suborov ktoré sa zaznamenali
s pristrojom HMG 2020 a programom HMGDESK sa pouzil program Microsoft Excel.
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3Vysedky a diskusia

Bez hydraulického akumulatora boli v obvode namerané tlakové razy, konkrétne na
zacCiatku cyklov. Tieto tlakové razy boli vytvorené v skiSobnom zariadeni pocas vhanania
pracovnej kvapaliny do obvodu. Ciel'om tejto prace bolo stlmit’ tlakové rdzy v hydraulickom
obvode s pouZzitim hydraulického akumulatora pridaného do obvodu skiSobného zariadenia.
NeZiaduce tlakoveé razy vytvarané hydraulickym obvodom boli zachytené pri merani v podobe
grafu, (Obr.9). V grafe je vidiet’ velkost’ a priebeh tlakovych razov na zac¢iatku cyklov.
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Obr. 9 Priebeh tlakovych razov bez hydraulického akumulatora
Fig. 9 The course of water hammer without hydraulic accumulator
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Obr. 10 Priebeh tlaku s pridanym hydraulickym akumulatorom
Fig. 10 The course of pressure with the addition of a hydraulic accumulator
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Tlakové réazy, ktoré boli v hydraulickom obvode zaznamenané pred pridanim
hydraulického akumulatora mali hodnotu od 16 do 24 MPa. Vyskytovali sa na zaciatku
cyklov a pravidelne sa opakovali. Cielom prace bolo stlmit’ dané tlakové razy pomocou
hydraulického membranového akumulatora, ktory mal vytvéaranie tlakovych rdzov na zaciatku
cyklov obmedzit. Po pridani membranového hydraulického akumulatora do skuSobného
obvodu sa meranie zopakovalo. Namerané hodnoty sa zachytili do grafu, (Obr. 10). Meranie
sa ststredilo na velkost' apriebeh tlakovych razov na zaéiatku cyklov. Tieto vykyvy
tlakovych razov na zaciatku cyklov sa podarilo stlmit’ na hodnotu 19 az 21 MPa.

4 Zaver

V hydraulickych obvodoch sa pocas prevadzky vyskytuji neZiaduce tlakové razy
spésobované samotnym hydraulickym obvodom, ktoré nepriaznivo vplyvaji na kazda jednu
Cast’ hydraulického systému. Okrem nepriaznivého vplyvu na Casti systému spdsobujd
nadmerny hluk, vibréacie, chvenie a opotrebovanie spojov hydraulického potrubia. Pocas
prvého merania na skuSobnom zariadeni bez hydraulického akumuldtora sa aj v naSom
pripade vyskytovali tlakové razy, ktorych hodnota sa pohybovala v rozmedzi od 16 do 24
MPa. Ciel'om prace bolo dané tlakové razy na zaciatku cyklu stlmit’ pomocou hydraulického
akumulatora. Po pridani hydraulického membranového akumulatora do skuSobného
zariadenia sa meranie zopakovalo. V druhom merani na skuSobnom zariadeni s pridanym
akumuldtorom sa ukdzalo, ze tlakové razy na zaciatku cyklov sa podarilo stlmit. Hodnota
tlakovych razov sa pri druhom merani pohybovala v rozmedzi od 19 do 21 MPa.

Ziskané vysledky z merania na skuSobnom zariadeni s pouzitim hydraulického
akumulatora dokazuju zlepSenie chodu hydraulického obvodu a dosiahnutie vopred
stanoveného ciel’a, ktorym bolo stlmit’ tlakové rézy vytvarané samotnym hydraulickym
obvodom. V porovnani sprvym meranim uskutonenym na skaSobnom zariadeni sa
preukazalo zniZenie tlakovych pulzacii takmer o jednu tretinu.
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Sdhrn

Praca je zamerand na zniZenie tlakovych rdzov v hydraulickom obvode, ktoré su
vytvarané na zaciatku cyklov v skaSobnom zariadeni. Navrhnuté skuSobné zariadenie pri
praci bez hydraulického akumulatora vykazuje na zaciatku tlaky na vystupe v rozmedzi 16 aZ
24 MPa. Na zniZenie tlakovych rézov v hydraulickom obvode bol pouzity hydraulicky
akumulator, ktory tieto tlakové razy na zaciatku cyklu znizi. S pouzitim hydraulickeho
akumulatora sa podarilo tlakové razy znizit’ na hodnotu 19 az 21 MPa, ¢o vyrazne redukovalo
rozmedzie tlaku priblizne o jednu tretinu. Ciel'om tejto prace bolo znizenie tlakovych razov
Vv hydraulickom obvode, ¢o sa docielilo pouzitim hydraulického akumulatora, ktory vyrazne
stlmil tlakové razy na zadiatku cyklu. Hydraulicky obvod s pouZitim akumulatora mdéze
pracovat’ plynulejSie a bez vyraznejSich tlakovych rdzov, ¢o sa prejavi na Zivotnosti suciastok
a taktieZ aj samotného hydraulického obvodu.

Kracové slova: akumulator, tlak, skasobné zariadenie, hydraulicky obvod, Zivotnost’.
Prispevok bol vypracovany vramci rieSenia grantového projektu Ministerstva Skolstva

Slovenskej republiky VEGA 1/0857/12 ,,ZnizZenie neziaducich vplyvov pol'nohospodarskej a
dopravnej techniky na Zivotné prostredie*.
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VLIV TECHNOLOGIE VARENI MLADINY NA PRUBEH
KVASENI PIVA
INFLUENCE OF WORT BOILING TECHNOLOGY FOR
FERMENTATION OF BEER

JOSEF LOS - TOMAS GREGOR - ONDREJ STIKA

Abstract

This paper deals with characteristics of fermentation from wort obtained by infusion
and decoction method. For the experiment, an analysis was made of light, semi — dark and
dark beers with instrumental methods (pycnometric determination of original gravity wort,
dynamic viscosity, solids in the spent grain), followed brewer's basic values measured by
Fermentostar (degree of fermentation, alcohol volume, redisual extract, etc.) and the results
were verified by using HPLC device. All beers also passed by sensory evaluation.

Keywords: beer, infusion, decoction, wort, fermentation, Fermentostar

1 Uvod

Zakladnim rozhodnutim ve vyrob¢ piva je to, jakou technologii vyrabét: infuzné nebo
dekok¢né. Infuze je rozhodné jednodussi na vybaveni, obsluhu, ale pivo vyrobené touto
cestou neni tak chlebnaté a plné jako pivo vyrobené dekokénim zptisobem. Dekokce je vSak
velmi Siroké a zasahuji do vSech oblasti vyroby piva, v ivodu bych se proto zaméfil jen
napiiklad na oblast chmeleni piv. Zkoumani vlivu skladovani chmelovych pelet na kvalitu
piva se vénuje ve své praci Mikyska a kol. Autofi dosli k zavérim, ze chmele skladované
dlouhodobé jsou vhodné pro pivovarské pouziti, ale je nutné brat v Uvahu mozné mirné
senzorické zhorSeni profilu piva. Autofi proto doporucuji kombinaci starého chmele s novym.
Jina prace autorti Nesvadby a kol. do3la k zavéram, Ze chmel Zatecky polorany &erveiidk ma
velky vliv na jemnost hotkosti piva. Cilem této prace je porovnat rozdily v kvaSeni
Vv zavislosti na zpisobu vaieni mladiny.

2 Material a metédy

Piiprava vzorkil probihala v mésicich fijen 2011 — Gnor 2012 na Ustavu technologie
potravin Mendelovy univerzity. Piva byla piipravovana laboratorni cestou, z dostupného
vybaveni Gstavu. Vzorky byly vafeny vzdy dvakrat a to zpisobem dekokénim a infuznim.
Skala vyrobenych piv:
svétlé pivo infuznim zpiisobem
svétlé pivo dekokénim zpisobem
polotmavé pivo infuznim zptisobem
polotmavé pivo dekokénim zptsobem
tmavé pivo infuznim zplisobem

Ing. Toma§ Gregor, Ph.D., Ing. Josef Los, Ph.D., Be. Ondrej Stika. Adresa (vichni autoti): Zem&délska 1, 613
00 Brno, Ustav zemé&dé&lské, potravinaiské a environmentalni techniky, e-mail: xstika@mendelu.cz
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e tmavé dekokénim zplisobem

Ockovani vyrobené mladiny kvasnicemi bylo vZdy nésledujici den, po zchlazeni
mladiny. Poté bylo pivo ve sklenéné nadob¢€ ulozeno do lednice vytemperované na teplotu 7
°C, kde 7 dni probihalo hlavni kvaseni. Nasledn¢ bylo pivo pielito do plastovych lahvi a opét
ulozeno do lednice, kde probihalo dokvaseni (pfiblizné tii tydny). U vSech vyrobenych piv
byla provedena analyza pomoci pfistroje Fermentostar, analyza pfistrojem HPLC, stanovena
viskozita sladiny, suSina mlata a senzorické vyhodnoceni. Vzhledem k omezenym moZnostem
vtomto textu bude pouze pouzito grafické vyjadieni z pfistroje Fermentostar a ze
senzorického vyhodnoceni.

2.1 Fermentostar

Piistroj umoziiuje rychlé méfeni nékterych wveli¢in pro analyzu piva.
Napiiklad: ptivodni stupniovitost mladiny (%), skute¢ny extrakt (%), stupenn prokvaSeni (%) a
dalsi. V rdmci této prace jsme se zaméfili na: hmotnostni alkohol, objemovy alkohol, pivodni
stupniovitost mladiny, skuteény extrakt, zdanlivy extrakt, stupenn prokvaseni a bod mrznuti.
Mg¢fteni zacinalo jeden den po zaockovani mladiny. Obvykle se méfilo v pondéli, stfedu a
patek a to opakované az do doby nez bylo pivo senzoricky zhodnoceno. Primérny pocet
méfeni na jednotlivé vzorky byl 10. Vyhodou pfistroje jsou jeho relativné nizké provozni a
pofizovaci naklady, systém umoznuje az 20 rozdilnych kalibraci pro jednotlivé produkty.
Samotna analyza zacind nejdiive zapnutim pfistroje, protoZe pfiblizné¢ 2 hodiny trva jeho
kalibrace. VVzorek pro vlastni analyzu musi byt zfiltrovany, optimalni objem je 20 ml.
Analyze jednotlivych vzorkd musi pfedchazet nulova kalibrace s destilovanou vodou. Po této
kalibraci jsou jiz vzorky nasavany do dvou méficich bunék. (Bentley Czech, 2012)

Modra cast pracuje na optickém principu, kdy pomoci turbidimetru je méfena
nerozpustna ¢ast piva. Cervena termalni ¢ast mé&i pii riznych teplotich rizné fyzikalni
veli¢iny, napf. tepelnou vodivost, koeficient teplotni roztaznosti (hlavné alkohol), stlacitelnost
a tepelnou kapacitu, aj. Piesnost rozliSeni jednotlivych méfeni je dle vyrobce 0,01 pro
vSechny méfené veli¢iny. (Bentley Czech, 2012)

22HPLC

Vysokoucinna kapalinova chromatografie patfi mezi nejvice rozSifené separacni
techniky béZn¢ pouzivané napiiklad v oblastech farmakologie, toxikologie, klinické analyzy,
aj. Své misto ma 1 pii analyze potravin a piva. Odbér vzorkt pro ucely HPLC byl vzdy po
zchlazeni mladiny, vzorky byly v plastovych lahvickach poté zamraZeny v mrazniéce. Pro
vyhodnoceni analyzy HPLC byly vybrany tyto ukazatele: oligosachardza, maltdza, glukdza,
fruktéza, plivodni stupiiovitost mladiny.

2.3 Viskozita dladiny
Viskozita pivovarskych tekutin se nejcastéji stanovuje pomoci kuli€¢kového
Hopplerova viskozimetru. Orienta¢né informuje o stupni degradace hemiceluléz (zv1astd -

glukantl) a o pfedpokladu doby scezovani ve varné. (Basatova, 1992)

2.4 Pivodni stupniovitost mladiny

Stanoveni extraktu pyknometricky (ur¢eni hustoty sladiny) se provadi pomoci
pyknometru (pfima metoda), a to zvazenim pyknometru s destilovanou vodou
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vytemperovanou na 20 °C a nasledné zvazenim ¢iré sladiny pii stejné teploté (na 4 desetinna
mista na analytickych vahach). (Basatova, 1992)

Ve sladaiskych tabulkach (Zacek, 1952) potom najdeme hodnotu odpovidajici hustoté
nasi sladiny, vyjadienou v hmotnostnich %. Urceni hustoty sladiny probihalo druhy den (po
zchlazeni mladiny), bylo dulezité pro standardizaci vSech piv na stupniovitost 11 (dle platné
legislativy — leZak).

2.5 Susina— mléato

Mlato po scezovani bylo vzdy zabaleno do mikrotenového sacku a ulozeno do
mraznic¢ky. Pro analyzu bylo mlato rozmrazeno a pti konstantni teploté 105 °C suSeno v susici
peci. Navazka cCinila 5 grami, mlato bylo suseno pfiblizné¢ 2 hodiny. Po vysuSeni byly misky
S mlatem zvazeny, vypoctem proveden rozdil mezi navdzkou pfed suSenim a po vysuseni.
Nasledné byly dopocitany skutecné hodnoty vlhkosti a suSiny u jednotlivych vzorkd a
zpracovany Vv tabulce.

2.6 Senzorické hodnoceni

Pivo bylo vzdy hodnoceno pfiblizné po mésici kvaseni. Komise byla slozena z:
Tomase Gregora, Josefa Lose, Ondieje Stiky. Hodnoceni piva bylo zaznamenino do
formulafi. Jako neutralizator chuti mezi jednotlivymi vzorky byl pouZit syr Eidam, chléb a
Cistd voda. Vzorky byly nalévany do pfedem omytych degustacnich sklenic, objem pro
kazdého hodnotitele byl 150 — 200 ml. U vzorkt byly hodnoceny tyto znaky jakosti: vuné,
cizi vung, chut, cizi chut, plnost, tiz, intenzita hofkosti, charakter hoikosti — doznivani a
celkovy subjektivni dojem. Vzor senzorického formulare je v piiloze. Nejprve byly vSechny
vysledky zprimérovany a pak setazeny k jednotlivym piviim. Ziskané vysledky byly graficky
zpracovany (viz Obr. 7). (Stika, 2013)

3 Vysedky a diskuse

Tab. 1 Ciseln4 oznaéeni vafenych piv
Tab. 1 Numerical designations of brewed beers

Zpusob Oznaceni
Vzorek Druh piva vyroby v DP
1 Bavorské Infuze B-I
2 Svétlé Infuze S-l
3 Svétlé Infuze S-1
4 Svétlé Dekokce S-D
5 Svétlé Dekokce S-D
6 Polotmavé Infuze P-1
7 Polotmavé Infuze P-1
8 Polotmavé Dekokce P-D
9 Polotmavé Dekokce P-D
10 Tmavé Infuze T-
11 Tmavé Infuze T-
12 Tmavé Dekokce T-D
13 Tmavé Dekokce T-D
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V Tab. 1 je uvedeno piifazené oznaovani vzorkt pouzité v této praci.

3.1 Fermentostar

Obr. 1 Porovnani ¢asovych pribéhi sledovanych veli¢in vzorku S — |
Fig. 1 Comparison of trending samples S — |

Obr. 2 Porovnani ¢asovych pribéhi sledovanych veli¢in vzorki S — D
Fig. 2 Comparison of trending samples S — D

Nepravidelnost kvaseni u vzorku 3 je zpiisobena pouzitim suSenych kvasnic. Prudky
pokles kvaseni u vzorku 4 muze byt ptisuzovan odbéru vzorku z jiné lahve.
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Obr. 3 Porovnani ¢asovych pribéht sledovanych veli¢in vzorkt P — |
Fig. 3 Comparison of trending samples P — |

Obr. 4 Porovnani ¢asovych prubéht sledovanych veli¢in vzorkd P — D
Fig. 4 Comparison of trending samples P — D

Vzorek 6 a 7 ma v porovnani se vzorky 7 a 8 rychlejsi nastup kvaseni a vétsi obsah
objemového alkoholu.
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Obr. 5 Porovnani ¢asovych prubéhti sledovanych veli¢in vzorkd T — |
Fig. 5 Comparison of trending samples T — |

Obr. 6 Porovnani ¢asovych prabéhi sledovanych veli¢in vzorka T — D
Fig. 6 Comparison of trending samples T — D

Vzorky 10 — 13 maji ¢asové priab&hy sledovanych veli¢in podobné, nejevi se zde
Zadny podstatny rozdil.

3.2 Senzorické hodnoceni

Mezi zakladni smyslové vlastnosti piva patfi barva, Cirost, prizracnost, pénivost, viné
a chut’ piva. Vliné piva je jeho dulezitou charakteristikou, pivo ¢eského typu méa mit vini
slabou az stfedni. V praxi se vSak vyskytuje cela Skala vini (slaba ovocna, esterova, velmi
slaba kvasni¢nd, jemna chmelovd). Viné by méla dané pivo odliSovat od ostatnich, neméla by
kolisat a neméla by z piva vyrazné vynikat. (Kosat, 2000)
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Charakter chuti piva je dan vlastnim typem piva. Chut’ a viné svétlého piva ¢eského
typu je Cistd, plna, zaokrouhlena a fizna. (Kosat, 2000)

Nejlépe se v senzorickém hodnoceni umistilo svétlé pivo, vyrobené infuznim
postupem. Nejhtife dopadlo svétlé pivo, vyrobené dekokénim zplisobem. Piva polotmava se
ocitla na pomyslném 2. a 3. mist¢, piva tmava na poslednich mistech. Z hlediska jednotlivych
deskriptorti bylo hodnoceni nasledujici: sttedni viiné byla u polotmavych piv, slabé — stfedni u
piv svétlych a velmi slaba u tmavych piv. Cizi viiné se pohybovala v kategoriich velmi slabéa —
slaba u vSech piv. Zajimavosti bylo, Ze hodnotitelé se shodli u této kategorie na tom, Ze
vesmes vSechna piva vykazovala vini po citrusech (kromé vzorku 7, kde nebyl ptitomen
zadny citrus a vzorku 10, ktery vonél po cokolad¢). Tato viiné mohla byt zplisobena bud’
mikrobialni kontaminaci, nebo uvoliujicimi se estery. Stiedni chut’ méla vSechna piva az na
tmavé pivo vafené infuznim zptisobem. Dekokéni zpiisob vyroby se na vini projevil obecné
lépe, nez na infuznim zptisobu. Cizi chuti slabou — stfedni byla hodnocena piva tmavé vatrena
infuznim zptsobem, vSechna ostatni piva byla v cizi chuti velmi slaba — slaba. Plnost se u
vSech piv pohybovala v kategoriich méalo plné — plné. Malo tizna — tizna byla piva svétla a
polotmava. Malo fizna byla pouze piva tmava. Co se tykd intenzity hotkosti, tak silnd hotkost
byla u svétlych a polotmavych piv. U tmavych piv byla hoikost stfedni. Charakter hoikosti
byl siln€ ulpivajici u tmavého piva varené¢ho infuznim zpiisobem, u tmavého piva vafeného
dekokénim zplsobem pak mirné ulpivajici, u ostatnich piv se pohyboval v kategorii mirné
ulpivajici — ulpivajici.

Celkovy dojem

S-1

Obr. 7 Celkovy dojem senzoricky hodnocenych vzorkt
Fig. 7 Overall impression of sensory evaluated samples

4 Z.aveér

Cilem této diplomove prace bylo zjistit jaky je vztah (prab&éh) mezi jednotlivymi
zpusoby vyroby mladiny a jejim naslednym kvaSenim. Duraz byl kladen na to, aby
ptipravované vzorky byly v rdmci dvou opakovani stejné. Technologie byla vzdy stejnd, ale
vysledek pokazdé trochu jiny. Kazdy vzorek byl tedy origindl. Néktery pénil vice, jiny méné,
dalsi chutnal jinak nez ten piedesly, atd. Vysledky analyzy z laboratorniho pfistroje
Fermentostar (viz Obr. 1 - Obr. 6) jsou pro kazdy vzorek jiné, zminim se tedy jen o par
spoleénych ukazatelich. Praimérny stupen prokvaseni byl 75,9 %, podle vyhlasky (MZe, 1997)
je pivo prokvaseno pii minimalné 50 %. Primérnd stupiiovitost mladiny byla 11,24 %, podle
vyhl&sky (MZe, 1997) by spadala piva do kategorie lezaka. Je dulezité zduraznit, Ze pfistroj
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Fermentostar vyznamné zkresluje idaje o stupni prokvaSeni: hned po druhém dni kvaSeni je
mladina tdajné prokvasena z 50 a vice procent. Vyrobce v navodu k pfistroji neudava, jak
tento problém vyfesit. ReSenim by byla kalibrace pfistroje nejdfive na libovolny
nealkoholicky napoj a nasledné méteni ptipravenych vzork.

Doporuceni pro zlepseni kvality vzorku a s tim souvisejici vliv na nasledné analyzy je
nasledujici: vafeni provadét ve Skolnim minipivovaru, pouzivat od zac¢itku PET lahve pro
uchovavani vzorku, pro analyzu Fermentostar nalévat vzorky vzdy z jedné stejné lahve,
pouzivat Cerstvéjsi suroviny. VIiv na kvaseni mohla mit i generace kvasnic kdy nebylo znamé
jaka generace je pravé k dispozici. V pivovaru VySkov pouZivaji kvasnice 6 — 7krat, obvyklé
je spiSe 3 — 4krat. Vitalita kvasnic pii kazdém cyklu klesd. Pro zlepSeni tohoto procesu se
pouziva nékolik metod, naptiklad odplynéni CO;, kysel¢ prani a provzdusiovani.
(Lehman, 1998)

Cil stanoveny v tivodu prace byl dosahnut, vliv zpisobu vafeni mladiny na nasledné
kvaSeni se neprokazal.
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Souhrn

Tato prace se zabyva sledovanim parametri hlavniho kvaSeni a dokvaseni mladin
ziskanych infuznim a dekokénim zplisobem. Pro experiment byla provedena analyza svétlych,
polotmavych a tmavych piv pomoci instrumentalnich metod (pyknometrické stanoveni
puvodni stupiiovitosti mladiny, dynamicka viskozita sladiny, obsah suSiny v mlat¢), dale byly
sledovany zakladni pivovarské veliCiny pomoci piistroje Fermentostar (stupent prokvaseni,
objemovy alkohol, zbytkovy extrakt aj.) a vysledky se ovetovaly pomoci HPLC. VSechna
piva prosla i senzorickym hodnocenim.

Klic¢ova slova: pivo, infuze, dekokce, mladina, kvaSeni, Fermentostar.
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MANIPULACIA SREZIVOM PRE DVOJKOTUCOVU PIiLU
D9
LUMBER MANIPULATIONSFOR D9 CIRCULAR SAWMILL

JAKUB MICINEC — MARIA KRAJCOVICOVA

Abstract

This work deals with a design of lumber sorting line which is designated for work
behind the D9 Circular Sawmill. Designed device represents an alternative solution against
the existing construction solutions. In this work we can find a described principle of the
designed device with parameters definition of lumber which the device is able to use.
Substantial part of this work is focusing on description of individual parts of sorting line. The
biggest emphasis is put on description of sorting manipulator which represents fundamental
part of sorting line. The main focus in the description of manipulator is concentrated on
description of construction of scissor mechanism and tipping mechanism. In the next part of
this work is described a calculation procedure of reactions in individual bindings of the
device. The main focus in calculation of reactions is concentrated on calculation of power
which is required from hydraulic cylinder, which secures the lift of scissor mechanism.

Key words: manipulations, sorting, scissor mechanism

1 Uvod

Pbévod ndzvu ,,Manipulacia s materialom™ vznikol d’aleko v histérii, ked’ ¢lovek zacal
vyrabat’, manipulovat’ so surovinou, predmetmi a nastrojmi a vysledkom jeho ¢innosti bol
vyrobok. Vzniknuty vyrobok bol charakterizovany ur¢itou hodnotou a velky podiel na
hodnote vyrobku mala manipulacia. Podl'a zloZitosti vyrobku a urovni technolégie vyroby bol
podiel ,,Manipulécie s materidlont* viacsi alebo mensi, ale vzdy sa jednalo o podiel pomerne
velky. Manipulacia s materidlom, ako subor operacii potrebnych pri vyrobe, sa stala
vyznamnym odborom novodobej techniky.

V sucasnosti je ulohou manipuldcie, dopravy a skladovania zabezpecit' plynuly
priebeh vyrobného procesu. V drevarskom priemysle dosiahol obeh materialov, vyrobkov
a polotovarov vo vSetkych fazach vyroby podstatny pokrok av sucasnosti predstavuje
neoddelitel'nu sucast’ vyrobného procesu. Praca bola zamerana na navrh triediacej linky
reziva, ktord bola uréena pre kontinualne pracovanie za Dvojkotu¢ovou uhlovou pilou D9 od
firmy Strojcad. Ulohou navrhovanej triediacej linky reziva bolo zatried'ovanie hotovych
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vyrezov, ktoré su na vystupe zpily podla ich prieéneho prierezu do jednotlivych
zadefinovanych skupin.

2 Material a metédy

Pri navrhu triediacej linky reziva sme vychadzali ztechnickych parametrov
Dvojkotuc¢ovej uhlovej pily D9 (Obr.1). Pila D9 predstavuje nova generaciu dvojkotacovej
kmetiovej pily s pohyblivymi upinacimi vozikmi s moZnostou variabilnej zmeny dizky
rezanych rozmerov. Samotny rezaci mechanizmus je stacionarny aje tvoreny dvoma
navzdjom kolmymi pilovymi kotd€mi. Pricom jeden kota¢ pily je orientovany
v horizontdlnom smere a druhy vo vertikdlnom smere. Takéto rezanie umozZiiuje na jeden
prechod obrobku cez rezaci mechanizmus vytvérat’ hotové omietané rezivo velkej kvality.
Pila je riadend jednym operatorom, ktory ma moznost’ interaktivne vybrat’ vhodnt porezovu
schému, zohl'adiujucu parametre kmena a poZzadovaného reziva (Obr.2).

Obr. 1 Dvojkota¢ova uhlova pila D9
Obr.1 D9 Circular Sawmill

Obr. 2 Vyber vhodnej porezovej schémy
Obr. 2 Choosing the best sawing scheme

Z hladiska navrhu triediacej linky s najpodstatnejSie rozmery minimalnej
a maximalnej dlzky spracovavaného kmena a maximalny mozny prieny rozmer rezaného

vyrezu. Technické parametre pily D9 s uvedené v tab.1. Z uvedenych parametrov je vidiet,
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Ze pila D9 umozituje spracovavat’ kmefi v rozmedzi dizok |, = 2 + 8,3 m a s maximalnym
moznym prieénym rozmerom vyrezu 180x180 mm. Dalsim doélezitym technickym
parametrom je minimalny ¢as rezu vyrezu, ktory uréuje takt prace triediacej linky. Cas rezu je
zavisly na rozmeroch rezaného reziva a druhu dreviny. Najmensi ¢as rezania sa dosahuje pri
rezani najkratsich kmetiov, teda s dizkou I, = 2 m. Pri rezani mékkej dreviny je minimalny &as
rezu vratene navratu upinacieho vozika do vychodzej polohy t, = 8sapri rezani tvrdej
dreviny t, = 5s.

Tab. 1 Technické parametre Dvojkotii¢ovej pily D9
Tab. 1 Technical parametres of D9 Circular Sawmill

Priemer pilovych kotucov 500 mm
Maximalny priemer spracovdvaného kmenia | 800 mm
Minimalna diZka spracovavaného kmetia 2m
Maximélna dizka spracovavaného kmetia 8,3m
Maximalny rozmer rezaneho vyrezu 180x180 mm
Vykon hlavnych elektromotorov 2x22 kW
VVykon motora pojazdu 15 - 30 kW
Celkovy instalovany elektricky vykon 70 — 120 kW

Pri rieSeni danej ulohy bolo hlavnou snahou navrhnut' zariadenie, ktoré svojim
rieSenim umozni realizovat’ triedenie vyrezov roznych rozmerov na vystupe z pily v ¢o
najvaésom moznom rozsahu. Dal§im zamerom bolo vytvorit' tak( kon3trukciu triediacej
linky, ktora svojim rieSenim umozni vykonavat' kon$trukéné upravy podla konkrétnych
poziadaviek zékaznika. Navrhnutd triediaca linka reziva je tvorena kombinéaciou réznych
dopravnych a manipula¢nych zariadeni, ktoré vytvaraju kompaktny celok (Obr.3). Zakladnou
Castou linky je samotny triediaci manipulator pozostavajlci z noznicového a vyklapacieho
mechanizmu. V konS$trukcii manipulatora je zabudovany valcekovy dopravnik, ktory
zabezpecuje dopravu vyrezov od pily. Po strandch manipuldtora s umiestnené dopravné
sklzy, po ktorych sa zatriedované vyrezy dopravuji do zbernych koSov. Na obidvoch
stranach zariadenia s umiestnené tri koSe ¢o umoziiuje triedenie do Siestich skupin.

Obr. 3 Triediaca linka reziva
Obr. 3 Lumber sorting line
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Princip prace celej triediacej linky je zaloZeni na pohyboch, ktoré vykonava triediaci
manipulator. Zéakladny pohyb je realizovany noZnicovym mechanizmom, ktory svojim
zdvihom odobera vyrez prichadzajuci od pily po valcekovom dopravniku a zdviha ho do troch
roznych vyskovych urovni. Maximalna hodnota zdvihu je hpax = 1200 mm, tato hodnota
zdvihu odpovedéa zdvihu pre zatriedenie do tretej vySkovej Urovne. Pre zatriedenie do prvej
vySkovej urovne je potrebné vykonat’ zdvih h; = 305 mm a do druhej Urovne h, = 745 mm.
Na zdvih noZnicoveho mechanizmu sa Vv praxi pouziva bud hydraulicky pohon alebo
mechanickd pohonnéa jednotka. V naSom rieSeni bol pre zdvih noZnicového mechanizmu
pouZity priamoéiary hydromotor, s rychlostou vysuvania piestnice v, = 0,3 ms™. Maximalna
hodnota vysunutia piestnice hydromotora bola vypocitana podl'a nasledovného vzt'ahu:

>
x=4F=m*—1 (1)
Kde: |- diZka ramena noZnicového mechanizmu (vzdialenost’ osi ¢apov ramena), mm

m - vzdialenost’ ¢apov ramien v dolnej polohe mechanizmu vo vertikdlnom smere, mm
I; - vzdialenost’ ¢apov ramien pri maximalnom zdvihu v horizontdlnom smere, mm

Obr. 4 Kinematicka schéma noznicového mechanizmu
Obr. 4 Scissor mechanism kinematic scheme

Konstrukcia noznicového mechanizmu sa skladé zo spodnej zvaranej konstrukcie (1),
ramien noznic (2), vrchnej zvaranej konstrukcie (3) a priamociareho hydromotora (4).
Ramena noznic maji na jednej strane umozneny priamociary pohyb v posuvnej vézbe, ktoru
predstavuje linearne vedenie a na druhej strane su z hl'adiska posuvu ulozené pevne. UloZenie
ramien noznic je navrhnuté tak aby v dolnej polohe manipulatora boli vo¢i jeho stredu
asymetrické a pri maximalnom zdvihu zaujali symetricku polohu.
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Obr. 5 Triediaci manipulator
Obr. 5 Sorting manipulator

Na vrchnej konstrukcii noznicového mechanizmu je umiestneni vyklapaci
mechanizmus, ktory sliZzi na vyklapanie vyrezu do stran podla jeho zatriedenia.
Mechanizmus je tvoreny pracovnou lyZicou, ktora je oto¢ne uloZena a je poota¢and o uhol a,
= 60° priamoc¢iarym hydromotorom. Mechanizmus obsahuje celkovo Styri lyZice s vlastnym
hydromotorom umiestnené v navzajom rovnobeZznych rovinach za sebou s rozstupom 1035
mm. Rozstup lyzic bol zvoleny tak aby bolo mozné zdvihat® aj najkratsie vyrezy s dizkou 2 m
a aby vyrez stakouto dizkou bol podopierany dvoma lyzicami. Uvedeny hydromotor
zabezpetujuci ota¢anie lyZice pracuje s rychlostou vy = 0,2 m.s'a je uvedeny do &innosti
v momente, ked’ dojde k zdvihnutiu vyrezu do pozadovanej vyskovej Grovne. PO pootoceni
lyZice na jednu alebo druhd stranu o uvedeny uhol sa bude vyrez nachadzat’ na naklonene;j
rovine pod uhlom sklonu as = 30° a u¢inkom zlozky vlastnej tiaze sa sklzom dopravi do
prislusného zberného kosa.

Obr. 6 Zatriedenie vyrezu
Obr.6 Lumber classification
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Triediaci manipuldtor je pocas prace zatazovany tiazou vyrezu, ktory je v danom
momente predmetom manipulacie. Pri vypocte sa uvazovalo s tiaZzou najvicSieho vyrezu G,
ktory dokaze pila D9 vyprodukovat’. Manipulator predstavuje priestorovd konstrukciu, aviak
jeho jednotlivé ¢leny su usporiadané v rovnobeznych rovindch preto je sustava rieSena ako
rovinna. Z hladiska nadimenzovania jednotlivych strojnych Casti bolo potrebné urcit’ kritické
polohy manipulatora v ktorych dochadza k maximalnemu zatazeniu. Pri vypocte boli najprv
vypocitané reakcie na vrchnej konStrukcii od vyklapacieho mechanizmu v polohach pri
hodnote uhla pootocenia lyZice . = 0° a o = 60°. Celkova tiaZz vyrezu G bola rovnomerne
rozdelenad na kazdu lyzicu. Teda na kazdu lyZicu pdsobi tiaz G/4. Schematické znazornenie
vyklapacieho mechanizmu s uvazovanim zatazenim od tiaZe vyrezu v polohe pootocenia
lyZice o uhol . = 60° je na obr.7a. V d’alsom kroku boli vypocitané reakcie vo vazbach C a
D pri pootoceni lyzice o uhol o = 0° a a. = 60° aplikované ako zat’azujuce sily Fg Clena (4)
noznicového mechanizmu. Nasledne boli na ¢lene 4. vypocitané reakcie vo vazbach Aa B od
uvedenych zat'azujucich sil. Reakcie vo vézbach A a B boli v dalSom kroku vypoc¢tu pouZzité
ako zatazujuce sily ramien noznicového mechanizmu. Reakcie vznikajuce v jednotlivych
vazbach ramien mechanizmu ako aj na c¢lene 4. boli vyratané v Styroch polohach
mechanizmu a to pri hodnotach zdvihov hp = 0 mm, hy = 305 mm, h, = 745 mm a hpx =
1245 mm. Pocitanie reakcii v réznych polohach mechanizmu bolo z dévodu potreby zistenia
priebehu sily od hydromotora Fp potrebnej pre zadrZanie noZnicového mechanizmu
v pozadovanej polohe. Rovnice statickej rovnovahy ramien mechanizmu boli rieSené podla
nasledovného maticového zapisu:

1 1 0 0 00 Ry, R,,
0 0 -1 -1 00 0

| . Ey

E~COSO{ 0 ——sina 0 0 O R, R, ‘| -cosa @
-1 0 0 0 1 0||R, Rg,

I 0 0 I 1 0 0 1|R, — Ry

E-COSO{ 0 E-sina 0 0 0] F — Ry, -l-cosa—Rg, -l -sina

Kde: |- dizka ramena noznic, m

a — uhol medzi ramenom noznic a horizontalnou rovinou, °
Fn —sila od hydromotora potrebna na zadrZanie mechanizmu v danej polohe, N
R,i — reakcia v x-tom bode a v i-tom smere ramien noznic, N
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Obr. 7 Schematické znazornenie zat'azenia vyklapacieho a noZnicového mechanizmu
Obr.7 Load schematic representation of tipping and scissor mechanism

Ako uz bolo v uvode prace spomenuté v konStrukcii triediaceho manipulatora je
zabudovany valéekovy dopravnik. Val¢ekovy dopravnik pozostava z piatich samostatnych
Casti, ktoré s rozoberatelnym spojom spojené s konstrukciou manipulatora. Pre pohon
val¢ekovych dopravnikov sa v praxi pouZivaju rézne pohony. V nasom rieSeni bol pouzity
klasicky pohon pomocou elektromotora a ¢elnej prevodovky, od ktorého je kritiaci moment
privedeny na hnané valCeky retazovym prevodom. Pri ndvrhu pohonu sa uvazovalo aj nad
pouzitim samopohéaiacich tzv. Rollerdrive valCekov, ktoré by podstatne zjednodusili
kons$trukciu val¢ekového dopravnika. AvSak pouzitie danych val¢ekov nebolo mozné
z dovodu ich malého vykonu. Styri z piatich ¢asti dopravnika s pohafiané od spominaného
pohonu a piata Cast’ je vyhotovena ako nepohanana.

Obr. 8 Zobrazenie val¢ekového dopravnika
Obr.8 Roller conveyor representation
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3Vysedky a diskusia

Zékladnym parametrom triediacej linky je minimalny c¢as tomin potrebny pre
zatriedenie a nasledné vratenie sa do vychodzej polohy. Minimalny ¢as prace navrhnutého
zariadenia pri zvolenych rychlostiach jednotlivych pohonov je tpmin = 8s. Za tento Cas
zariadenie zdvihne vyrez do druhej triediacej skupiny, preklopi lyZicu, zotrva v danej polohe
po dobu 1s a nasledne sa vrati do vychodzej polohy. Pri triedeni do Siestich triediacich skupin
je potrebné vykonat’ maximalny mozny zdvih noZnicového mechanizmu na tretiu vyskovu
troved, v désledku &oho sa minimalny ¢as prace zariadenia predizi na hodnotu tpmin = 11s. Na
zakladne uvedenych Casov je triediace zariadenie uréené pre triedenie vyrezov z makkej
dreviny s rozsahom dizok I, = 2+83ma vyrezov z tvrdej dreviny s rozsahom dizok I, = 4+
8,3 m. Pri triedeni reziva dlhého |, = 2 + 5 m zariadenie umoziuje roztriedenie do Styroch
skupin a pri rezive s dizkou I, = 6 + 8,3 mje mozné pouzit triedenie do Siestich skupin.

V dalSej casti prace bol zisteni priebeh sily Fp, ktorou pdsobi hydromotor na
noznicovy mechanizmus. Vysledkom vypoctov bolo zistenie, Ze sila potrebna pre zadrzanie
mechanizmu Fy, je maximalna pri hodnote zdvihu h = 0 mm, teda v jeho vychodzej polohe.
Pri d’alsom zdvihani mechanizmu dochadza k postupnému poklesu potrebnej sily Fp. Priebeh
sily Fp v zavislosti na velkosti zdvihu je uvedeny v grafe na obr.9. Hodnoty sily Fy uvedené
v grafe predstavuji polovi¢ni hodnotu celkovej sily potrebnej pre zadrZzanie mechanizmu
v poZadovanej polohe, ked’ze Uloha bola rieSend ako rovinna. Graf tieZ uvéddza zavislost’
medzi zdvihom piestnice hydromotora a celkovom zdvihu noZnicového mechanizmu.

Obr. 9 Graf vyjadrujtci zavislost medzi zdvihom noznicového mechanizmu, silou Fp, a
zdvihom piestnice hydromotora
Obr. 9 This graph is expressing the dependence between the scissor mechanism lift, F, power
and the piston rod lift of hydraulic cylinder

K maximalnemu zataZeniu ramien noznic dochadza v polohe ked’ sa mechanizmus

nachadza vo vyske zdvihu h = 305 mm a lyZzica vyklapacieho mechanizmu je pooto¢ena do
strany, teda dochadza k vyklapaniu vyrezu v prvej vyskovej trovni. V tejto polohe dochadza
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k nerovnomernému zatazeniu ramien na l'avej a pravej strane. Je zrejmé, ze ramena na strane
preklopenia lyZice st viac namahané. Hodnoty vzniknutych reakcii st uvedené v tab.2.

Tab. 2 Prehl'ad vzniknutych reakcii na noznicovom mechanizme
Tab.2 Overview of the reactions created in the scissor mechanism

Sila [N]
Ray 3321,88
Rey 4768,17
RBX 0

Rey -1446,28
Rex -33315,6
Rey 4768,17
Rex 333156
Fn 333156

4 Zaver

RieSenie triediacej linky uvedené v préaci predstavuje alternativne rieSenie triedenia
reziva za pilou D9, ktoré rozsiri moznosti triedenia uzZ existujucich konstrukénych rieseni, ¢im
bol splneny zakladny ciel' prace. Navrhnuta triediaca linka svojou konstrukciou umoznuje
triedenie takmer celého sortimentu, ktory produkuje pila D9. Jediné obmedzenie je pri rezani
tvrdého reziva s dizkou I, = 2 + 3,5 m. Obmedzenie triedenia reziva s uvedenou dizkou je
z dovodu kratkeho Casu rezania, za ktory by sa triediaci manipulator nestihol vratit’ do svojej
vychodzej polohy. Minimalny ¢as prdce manipulatora je mozné v pripadnom d’alSom rieSeni
menit’ podla konkrétnych poziadaviek, kedy bude presne urcené pre aky rozsah rozmerov
vyrezov bude triediaca linka pouZita.

Konstrukcia triediacej linky taktieZ umoziuje vykonat ur¢ité konstrukéné upravy
podla konkrétnych poziadaviek na rozmer linky, ktoré su ¢asto obmedzované rozmerov
pracovnej haly v ktorej ma byt zariadenie umiestnené. Pri pracovnych halach, ktoré su
charakteristické svojou malou Sirkou je mozné pouzit’ triediace kose len na jednej strane.
Takymto rieSenim by doSlo k zmenSeniu Sirky triediacej linky, avSak zaroven dojde
k zmenseniu poctu triediacich skupin na polovicu. Tento nedostatok by sa dal odstranit’
pridanim zberného koSa na koniec valc¢ekového dopravnik a vhodnou konstrukénou tGpravou
takto dosiahnut’ triedenie do Styroch skupin.
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Sthrn

Praca sa zaoberd navrhom triediacej linky reziva, ktord bola uréena pre pracu za
Dvojkotu¢ovou uhlovou pilou D9. Navrhnuté zariadenie predstavuje alternativne rieSenie
oproti uz existujucim konstrukénym rieSeniam. V préci je popisani princip prace navrhnutého
zariadenia spolu s definovanim parametrov reziva sktorym moze zariadenie pracovat'.
Podstatna Cast’ prace je venovana opisu jednotlivych Casti triediacej linky. Najvacsi doraz sa
kladie na popisanie konstrukcie samotného triediaceho manipulétora, ktory predstavuje
zékladnu cCast’ celej triediacej linky. Pri popise manipuldtora je pozornost’ sustredend na opis
konstrukcie noznicového mechanizmu a vyklapacieho mechanizmu. V d’alsej Casti prace je
popisany postup vypoctu reakcii v jednotlivych védzbach zariadenia. Pri vypocte reakcii je
doraz kladeni na vypocet potrebnej sily od hydromotora, ktory zabezpeCuje zdvih
noznicového mechanizmu.

Kruacové slova: manipuldcia, triedenie, noZznicovy mechanizmus
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DEVELOPMENT AND TESTING OF WIND GENERATOR

KIRIL MITSOV

Abstract

The paper reviews the advantages and disadvantages of wind generators. The structure
of wind turbines is described. Stages associated with planning and setting up the system are
listed. Some research on the effectiveness of the energy produced is carried out. An electronic
system associated with charging the battery is proposed.

Key words. wind generator, electronic system, renewable energy sources

1 Introduction

It is known that in recent years the production of wind turbines has increased
significantly. This necessitates the introduction and training of the basic principle of operation
of these machines. The current paper presents the experience in the construction of a small-
scale wind turbine.

Wind is attractive for several reasons:
e Isitinabundance;
o ltisa practically inexhaustible source of energy;
e It does not pollute and does not change the climate;

These are qualities that none of the traditional renewable sources of electricity can
boast with (Tonchev, 2005). Today's efficient and modern technologies offer a hope that the
future will develop in the direction of the inexhaustible and environmentally friendly
production.

Some applications of wind energy are for production of electricity (Figure 1), battery
charging, lighting for buildings, parks, supply of office equipment and meeting all kinds of
energy needs.

Fig. 1 Common type of wind turbine

Kiril Mitsov, University of Rousse ,,Angel Kanchev”, specialty "Automation Information and Control
Engineering ”, Studentska str. 8, Ruse 7017, Bulgaria
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Wind generators have typical shortcomings:

e Wind turbines operate with only 30 percent of their capacity.

In a study on the efficiency of wind turbines in Britain, it was proved that they worked
with 27.18% of their capacity in 2009, 21.14% in 2010, and 24.08% for an average of
two previous years [2]. According to the survey, turbines produce energy in between (65-
80)% of the time, but often work with very low capacity. The trend is for its increase by
an average 15% per year;

e Wind is a renewable resource, but with different intensity.

The American Wind Energy Association reported that during November 2008 -
December 2010 there were 124 cases where the wind turbines in the UK have produced
20 kWh. The power the turbine used is 1600 kW (John Muir Trust published report,
2012). Of course, in other areas of power industry moments of decline in productivity
have been noticed. One famous case is in the U.S. state of Texas earlier this year, when
50 TPP refused to work, leaving large numbers of people without power;

e The risk of a slight wind in a period of increased energy consumption is very high.
Another study in the U.S. shows that in periods of increased energy consumption and
festive seasons etc., the capacity of wind turbines work never exceeds 6% of the average
electricity consumption for them (John Muir Trust published report, 2012). In the U.S,,
the turbines don’t operate at their maximum power point either; however, the average
capacity is between 10 and 40 % depending on territory;

2 Material and M ethods

Key elements of the development

In Figure 2 the structural scheme of the classical wind turbine is shown.

Fig. 2 Structure of Wind Turbine

The wind powers the energy facility propeller mounted on the rotor. As a result, the
force that creates rotation between the high pressure on the flat surface of the blades and the
low pressure of their counterparts generates rotation that causes direct conversion of
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mechanical energy into electrical energy by using the electric generator (G). Generators have
two or three blades, where the main objective is to achieve high speed.

The propeller has three blades, all components are located upwind. They have special
aerodynamic shape to be able to create and use the power of the air flow. The mechanical
power of the rotor blades is fed to the generator through the gearbox. It consists of a box with
speeds of gears, locking system and the auxiliary lubrication and cooling systems. The
transmitter unit of gears carries out the conversion speed. The locking system is designed to
turn off the generator when the turbine is shut down. The rotating system turns the rotor
windward using a drive gear mechanism.

3 Results and Discussion

Fig. 3 General view of the developed vane

The original idea for the construction of wind turbines started with a small piece of
wood that was later shaped like a fin with several blades. Its dimensions are approximately
800mm in diameter and 100mm in width. It attaches to the body so that it can be freely
loosened This could lead to a problem with the stability of the wind generator and the impact
of wind direction on it. To solve this problem a tail was added to guide the wind turbine
against the wind. This has increased the results achieved so far. The system orients itself and
is relatively stable, but to turn the propeller the wind speed needs to be greater.

Over time the system has been turned into a wind vane (Fig. 3), which needs only a
slight breeze.

Research has been done on the system’s parameters since the moment the propeller
starts to accelerate. It has been found that with the current power, the vane not only rotates
itself but also works with load included.

This system can convert the mechanical energy from the rotation of the blades into
electrical energy. For this purpose a larger fin has been designed (¢ 1200mm), and plastic
expansions have been added, with flexible rims. This in turn helps the generator to cope with
wind turbulence which leads to vibration. A gearbox is placed, which provides 50 times more
powerful rotation of the generator than the blade. Thus, the resistance is increased, but the
improved fin works better. The vane has turned into the wind turbine shown in Figure 4.
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Fig. 4 Common type of wind turbine storm

From the testing conducted it can be found that the acceleration of the propeller with
® = 13 min', causes the generator rotor to rotate 650 times about its axis. For the purposes of
this study six trials were made. The results are presented in Table. 1 and graphically displayed
in Figure 5.

Tab. 1 Results of trials

Angular velocity Angular velocity Voltage,
Ne the blade ®», min? rotor o, min® V
1 13 650 1,2
2 20 1000 3,5
3 24 1200 6,8
4 32 1600 8,4
5 41 2050 9,7
6 45 2250 11,8
o, mit1 ™!
2500
r_ﬂ_______a

2000 /'_/_,/'/
1500
1300 /_/‘
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5]
-
o
o
=
-
(=]

Fig. 5 Relationship between speed of rotation and pressure of the blade

The big problem is the transfer of energy to the ground due to the rotation of the wind
turbine around its axis. This requires the development of a new method by which this
deficiency can be remedied. The problem is solved by two conductive rings, along which
sliding brushes are installed. With this improvement the wind generator is ready to create
electricity.
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The name of the generator is "STORM". It produces a maximum voltage of 12V in
high winds, and under normal conditions (light wind) - up to 6V. Energy is stored in batteries
or being used. Battery charging should create an electric circuit, which is shown in Fig. 6.

VD2 R2
& N | &
M T
1N5818 470 52
s LD1 LD3
LED GREEN LED RED
\.\' \\'
_ 1+
R1 R3 - A
2200 100Q

Fig. 6 Electrical circuit for charging battery

The scheme consists of two switches S1 and S2, three LEDs, two of which are LEDs
LD1 and LD2, and three resistors. The principle of operation is as follows: when S1 is closed
and S2 is open, LD3 unblocks and turns red. This is a sign that at J1 battery there is no power
supply. Upon closing of the two switches and supplying voltage to the generator, LD1 opens
and turns green. In this situation, both LEDs are lit, indicating that the battery is charging.
Diode VD2 is used when the generator stops producing electricity to immediately interrupt
the circuitry. This prevents J1 battery discharge.

4 Conclusion

1. A wind turbine "STORM" has been developed and tested .

2. The results of the investigation show that at high speed winds the wind turbine generates
12V voltage, and at low speed winds - at least 6V.

3. Circuitry for charging batteries has been developed.
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APLIKACIA MERACIEHO ZARIADENIA NA RUCNE
VEDENE VY SOKOZDVIZNE VOZIiKY
APPLICATION OF MEASURING DEVICE TO HAND
FORKLIFT TRUCKS

PETRA MLADENEKOVA - CUBOMIR HUJO

Abstract

Material handling and transportation have their own identity and function in the
production and circulation. People adapt things in the production process to their needs
through working tools. Therefore right choice of transport and handling equipment is very
important for the proper and efficient operation of the handling process. When choosing these
means, we have to take into account the material flow, cost, properties of materials handling
equipment and not least the handling specialty and area of use. Our goal was to design a
handling device that will measure the weight and simultaneously send data
of measured weight to the PC through a wireless connection. Together with the previous
functions the device will have the product pieces counting feature and through these functions
we want to point to saving the time and improve the registration achieved through the use of
such equipment in the specific conditions of the production company. The proposed changes
to the new solution of material flow  transport and handling
in the manufacturing process, we managed to shorten the material handling time, saving time
by sending the data, but we were unable to increase the use of weighing equipment, due to not
using its all features offered in the handling process, except of the weight measuring.

Key words: handling, manufacturing process, scales, forklift

1 Uvod

Dopravu a manipuldciu s materidlom mozno charakterizovat udajmi a technicko-
hospodarskymi ukazovateI'mi. NajéastejSie sa pouzivaju ekonomické parametre, ktoré
podciarkujii narodohospodarsky vyznam tychto procesov. Su to hlavne néklady na dopravu
a manipulaciu s materialom, pocet pracovnikov zabezpecujucich tato ¢innost’ a priebezny Cas
potrebny na vyrobu, (Jasan, Kosabek, Szuttor, 1989). Ekonomické Studie uvadzaju, ze v
hodnote kaZdého vyrobku su obsiahnuté priemerné néaklady na dopravu a manipulaciu vo
vySke cca 30 %. Dopravné voziky si najpouZivanej$im manipulaénym dopravnym
prostriedkom, pouZivaju sa pri preprave, skladovani materidlu, medziobjektovej,
vnutroobjektovej a medzioperaénej doprave, (Abraham R. a kol., 2010).

Modernd spolocnost méa konzumny charakter, ktord akceptuje coraz viac
maximalizaciu uspokojovania svojich materialnych potrieb. Tato skuto¢nost’ spolu s rastacim
poctom obyvatelov, neustdle sa zvidc¢Sujica aglomeracia, zvySujuci sa pocet obyvatelov
v urcitych oblastiach, koncentracia vyrobnych ¢innosti a zvacSujuce sa prepravné vzdialenosti
vyplyvajlce z del’by prace, zvacSujucimi sa narokmi na vyber tovaru, ale aj servis a taktiez
V protismere pdsobiace poziadavky na zniZzovanie nakladov sa oznacuju za logistické

Bc. Petra Mladenekova; Ing. Cubomir Hujo, PhD., Slovenska polnohospodarska univerzita v Nitre, Technicka
fakulta, Trieda Andreja Hlinku 2, 949 76 Nitra, Slovensko, Tel: +421 (37) 6415 4530, e-mail:
lubomir.hujo@uniag.sk,
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problémy. Hlavnym cielom v logistiky je tuspe$nost podniku v oblasti trznej ekonomiky,
uspokojenie potrieb a poziadaviek zakaznika a v podstatnej miere zniZovanie nakladov
na vyrobu a distribdciu tovarov. (Kral, Knajbel, 2001)

»Logistika je organizacia, planovanie, riadenie avykon toku tovarov — vyvojom
a nakupom zacinajtc, vyrobou a distribuciou podl'a objednavky finalneho zdkaznika konciac
— tak, aby boli splnené vSetky poZiadavky trhu pri minimalnych nékladoch a minimalnych
vydajoch.

Materidloveé toky predstavuju pohyb materialu vo vyrobnom procese a pri jeho obehu.
Charakterizované su smerom, intenzitou a frekvenciou materialu. Materidlové toky spolu
s logistikou v sucasnosti tvoria zna¢nu ¢ast’ vyrobnych procesov. Maju vyznamny vplyv
na zefektiviiovanie vyrobnych procesov, manipulaénych procesov a zniZzovanie nakladov.

Ekonomicky rozvoj v priebehu tohto storoCia, ktory sa vyznacuje prudkym rastom
podnikov aich expanziou na rbézne trhy, vyvolal silny tlak na koordinovany a sledovany
pohyb vSetkych hmotnych a hodnotovych tokov, (MojZis M. a kol., 2001).

Manipula¢ny proces je subor logicky nadvizujucich operacii, ktorymi st preprava,
ukladanie a skladovanie. Jednou z pracovnych operacii pri manipulacii s materialmi je
véazenie hmotnosti manipulovanych materidlov. Meranie hmotnosti v su¢asnosti uz neprebicha
len staticky (vaZzeny material sa prepravi k pevne uloZenej vahe), ale aj dynamicky, resp.
mobilne. Mobilné vaZenie prebicha sGCasne s procesom prepravovania materialu.
To znamend, ze zariadenie je vybavené vaziacim systémom. Vdaka tomu pri preprave
materidlu hned’ zistujeme aj jeho hmotnost. Takéto mobilné vazenie ma velka vyhodu
Vv ispore Casu. Skracovanim doby potrebnej na zistenie hmotnosti materialov a tovarov, a tym
aj znizovanim poctu prejazdov sa vyrazne prejavil v ekonomickej Uspore a zefektivneni vo
vyrobnych procesoch.

2 Material a metédy

Manipulacia s materialom a doprava maju svoju podstatu, a taktieZz funkciu vo vyrobe
avobehu. Vo vyrobnom procese l'udia prispdsobuju veci svojim potrebam pomocou
pracovnych nastrojov, (Jasan, Kosabek, Szuttor, 1989). Preto je vel'mi dolezity spravny vyber
dopravnych a manipula¢nych prostriedkov na spravny a efektivny chod manipulaéného
procesu. Pri vol'be tychto prostriedkov musime prihliadat’ aj na tok materialu, néklady,
vlastnosti manipulaénych prostriedkov a materidlov v neposlednej rade na zvlastnosti
manipulécie a oblast’ ich pouzitia Nasim zamerom je navrh manipulaéného zariadenia, ktoré
bude merat’ hmotnost’ a zaroven odosielat’ idaje o nameranej hmotnosti a prostrednictvom
bezdrdtového spojenia do PC. Dalej s funkciou pocitania kusov vyrobkov. Prostrednictvom
tychto funkcii poukdzanie na uspory casu a ZlepSenia evidencie dosiahnutej prostrednictvom
vyuZzitia takéhoto zariadenia v konkrétnych podmienkach vyrobného zévodu.

Popis vyrobného zavodu

Vyrobny zavod SWEP Slovakia s.r.0. Kechnec sa zaobera vyrobou vymennikov tepla
a je jednou zo spolocnosti, ktord je zarad’ovand do malej skupiny spolo¢nosti pokladanych
za priekopnikov v oblasti tepelného inZinierstva. Ponlka efektivne rieSenia a aplikacie
Vv oblastiach vykurovania, dialkového vykurovania, klimatizacia, priemyslu a vykurovania
domécnosti za vyuZitim najnovsej technolégie. Dopravné trasy vo vyrobnej hale st rozdelené
pre manipulaéné zariadenia s polotovarmi uréenymi na spracovanie a dopravneé trasy
expedicie hotovych vyrobkov. Pre manipuléciu s materidlom sa v podniku vyuzivaju ru¢ne
vedené a akumulatorové nizkozdvizné voziky s elektrickym pohonom, ru¢ne vedené
elektrické vysokozdvizné voziky a jeden ¢elny vysokozdvizny vozik s plynovym pohonom
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Linde H20 s nosnostou 2,0 t pouzivany pre primarny pohyb polotovarov k vyrobnej linke.
Pre rieSenie manipulacie stovarom sme sa zamerali na manipulaéné zariadenia
s inStalovanym vaziacim zariadenim, ktoré vykonavaju najvacsi objem manipulaénych
operécii s polotovarmi a hotovymi vyrobkami. Do tejto skupiny manipuldtorov sme zaradili
elektrické vysokozdvizné voziky (vyrobca Toyota, Linde). Konkrétne sme sa zamerali na
voziky BR Staxio W-seria, typ SWE120L (vyrobca Toyota) s vaZiacim zariadenim RPW 4 ST
+ indicator 2100 (vyrobca RAVAS) s nosnostou 1,2 t. Tieto voziky vyuzivaji na dopravu
materialu zo skladu na vyrobna linku, prepravu paliet s vyrobkami z vyrobnej linky do
expedi¢ného skladu (zakladanie paliet do regalov, do vysky 4 500 mm) a kontrolu celkovej
hmotnosti paliet s vyrobkami pred premiestnenim do expediénej Casti skladu.

Po analyze dopravnych manipulaénych zariadeni sme sa rozhodli navrhnit' nové
rieSenie vyuZitia a zefektivnenia dopravy polotovarov a hotovych vyrobkov v ramci vyrobnej
haly vyuZitim funkcii vaZiaceho zariadenia nainstalovaného do vysokozdviznych elektrickych
vozikov.

Vo vyrobnej hale podniku sa nachddzaji vyrobné linky z oznacenim C1 — C8,
pre jednotlivé technologické operéacie vyrobného procesu (Obr. 1):

- C1 a C3 su rovnaké vyrobné linky, st plne automatizované a z polotovaru sa vystrihuje,
nasledne lisuje jadro vymennika tepla,

- C2 a C4 st rucné linky, na ktorych sa skladaji ru¢ne vymenniky tepla podl'a Specifickych
poziadaviek klienta, zaroven sa tu vyraba zadna Cast’ a ¢elo spajkovacej dosky,

- CS5 na tejto linke sa vyrobok kontroluje, oznacuje a bali.

- C6 — C7 su lisovacie linky ktoré vyrabaju krycie platne vymennikov tepla, ktoré sa zaroven
testuju 2-krat na odolnost’ a poruchovost’,

- C8 je oznaceny priestor skladovania polotovarov uréenych do vyrobného procesu (Obr. 2).

Obr. 1 Pédorys vyrobnej haly s vyznacenim sekcii
Fig. 1 Ground plane of production hall with marking the sections

Jednotlivé sekcie C1 — C7 maju svoj sklad (Obr. 3), ktory je tvoreny regalom, na ktory
je rozdeleny na dve casti. Do prvej Casti (Obr. 4) sa umiestiiuju polotovary prevezené
zo sekcie C8 urCené na spracovanie a vyrobu vymennika, druhd cCast’ regalu sluzi ako
expedicnd (Obr. 5). Sem sa uskladiiuju palety s hotovymi vyrobkami ur¢enymi pre expediciu
ku zékaznikovi. Znamena to, pracovnici z tejto Casti palety prepravuju priamo na vozidla
pri nakladkach tovaru pri expedicii. Vd’aka vysuvnym zariadeniam vozikov s vySkou zdvihu
4 500 mm je mozné palety zakladat’ na horné Casti regalov (Obr. 6). V podniku sa pouZzivaju
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» Europalety” vyrobené z dreva. Ich loZzna plocha je 0.96  , rozmery 1 200 x 800 x 144 mm
a hmotnost” 20 — 24 kg, snosnostou 1500 kg. V podniku sa na europalety pripeviiuja
bocnice. Pre pocet bo¢nic je uréujici typ, hmotnost’ vyrobku alebo polotovaru, V zavislosti
od hmotnosti jednotlivych kusov a ich vysky sa odvija aj pocet kusov, ktory sa na fiu bude
ukladat’.

Obr. 2 C8 - priestor skladovania polotovarov
Fig. 2 C8 — semi product storage place

Obr. 3 Prva cast’ skladu vyrobnej linky
Fig. 3 First storage area of the production line
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Obr. 5 Expedicna Cast’ skladu
Fig. 5 Dispatch store

Koncom roku 2012 spolo¢nost’ SWEP Slovakia s.r.0. zakupila dva voziky BR Staxio
W-seria, typ SWE120L (vyrobca Toyota) (Obr. 7) sucasne si k voziku zakupili aj vaZiace
zariadenie RPW 4 ST + indicator 2100 (vyrobca RAVAS) s nosnostou 1,2 t. Meracie
zariadenie hmotnosti RPW 4 ST + indicator 2100 pozostava ztroch hlavnych Ccasti:
tenzometre (4ks), indikator 2100, 8 Zilovy kabel (spolu s Uchytmi). InStalaciu vaZiaceho
zariadenia realizovala spolo¢nost’ Libra spol. sr.0., ktord je vyhradnym zastupcom
spolo¢nosti RAVAS Europe bv na Slovensku.

Zariadenie RPW 4 ST + indikator 2100 umoziuje vazenie hmotnosti Brutto/Netto,
sucty vazenia s poradovym ¢islom, davkovanie a pocitanie kusov, prenos dat prostrednictvom
Bluetooth, prenos dat WMS a ERP, automatické a manualne nulovanie, pripojenie tlaciarne
(pre tlac etikiet). Maximalna vazivost je 1 200 kg, dielik 1 kg, s mierou toleranciou zatazenia
zdvihu 0,1 %, tenzometre s odolné voci narazom (IP67) a vode (IP65); zariadenie obsahuje
digitalny displej, plastoveé vyhotovenie (ABS) krycej Casti (obalu), konzolu ocelovi, krytie
IP65, segmenty LCD, velkost' ¢islic 18 mm, napdjanie 12 V (230 V pre stacionarnu
aplikaciu), spotreba energie 18 mA.

Tenzometrické snimace (odporovy snima¢, pracujuci na principe deformacie
sposobenej tlakom) sa umiestnia do paletizacnych vidlic vozika odkial’ sa potom vyvedie
kabel az k do indika¢ného zariadenia (indikator) 2100. Instalacia tohto zariadenia si vyzaduje
odstranenie povodnych paletizaénych vidlic a vyrobu novych (Obr. 8 a 9). Pévodné vidly
mali rozmery 60 x 180 x 1150 mm, nové vidly maju rozmery 70 x 190 x 1160 mm.
Maximalna véazivost' zariadenia je 1 200 kg. Zat'azenie vozika je definované ako horizontalna
pozdizna vzdialenost vidlic k taZisku bremena. Predstavuje normu alebo zaklad pre
klasifikovanie zat'azenia vysokozdvizného vozika. Podla JIS (Japan Industrial Standards), je
vys$§ie spomenuta vzdialenost’ 500 mm pre vysokozdvizné voziky s nosnost'ou od 1 t do 3 t.
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Obr. 6 Rozmery stoziara BR Staxio W-seria, typ SWE120L
Fig. 6 Mast Dimensions BR Staxio W-serial, type SWE120L

Obr. 7 Vozik BR Staxio W-serial, typ SWE120L pred a po Uprave
Fig. 7 Forklift BR Staxio W-serial, type SWE120L before and after modification

227



Obr. 8 Instalacia vaZiaceho zariadenia RPW 4 ST +indikéator 2100
Fig. 8 Installation scales RPW 4 ST +indikator 2100

Obr. 9 Rozmery po Uprave
Fig. 9 Dimensions after modification
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Umiestnenim tenzometrickych snima¢ov do paletizaénych vidlic doslo kich
prediZeniu a rozsireniu. AvSak prvd montaz nevysla uplne podla predstav zadavatela
objedndvky. Ukoncenie paletizaénych vidiel bolo pre zadavatela prili$ Siroké a kratke, vidly
tazko podoberali palety. Dodavatel'skd spolo¢nost’ Libra vidly upravila, pricom doslo
k zmene ukonéenie a prediZeniu paletizaénych vidlic (Obr. 10).

Obr. 10 Vidlice pred a po oprave
Fig. 10 Forks befor and after repair

Tym, Ze sa ukonéenie vidlic predizilo, predizila sa aj celkovéa dizka lyzin. Uvedené
zmeny Vv praxi pri pouzivani v spolo¢nost SWEP so sebou priniesli vznik problémov pri
manipulacii, konkrétne pri loZeni paliet do regalov. Ako vidno na Obr. 11 a Obr. 12
paletizaéné vidly pretiéali z pod palety, ¢o pracovnikom stazovalo manipulaciu s paletou.
Tym, ze vidly prettéali dochadzalo pri zakladani paliet do regalov ku kontaktu paletizaénych
vidlic s regalom, alebo ku kontaktom sa zariadenim vyrobnych liniek. Takymito narazmi
velmi l'ahko moéze dojst’ k poSkodeniu tenzometrického snimaca. Na zaklade tychto
skuto¢nosti boli preto paletizacné vidly znovu upravované koncom mesiaca marec 2013
(Obr. 11 a Obr. 12).

Obr. 11 Vidlice pred a po oprave
Fig. 11 Forks befor and after repair
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Obr. 12 Vidlice pred a po oprave
Fig. 12 Forks befor and after repair

3 Vysdedky adiskusia

Pre rieSenie dopravno-manipulaénych tokov materialov vo vyrobnom procese, sme
stanovili z&kladné poziadavky na dopravno-manipulacni vykonnost' pouzitého rucne
vedeného elektrického vysokozdvizného vozika so zabudovanym meracim zariadenim,
ktorého technické a pracovné parametre st ukazovatel'om vyuzitia daného zariadenia.

Pre zvySenie vykonnosti dopravného a manipulaéného cyklu sme zvolili trasu B
oznafenii zelenou farbou, jedna sa 0 manipulaciu v priestore vyrobnej linky. Prvou
podmienkou pre zvySenie vykonnosti dopravného a manipulaéného cyklu na trase B, boli
merania hmotnosti palety s polotovarmi pocas prepravy od prvej Casti skladu (prisluchajice;j
vyrobnej linky) k samotnej vyrobnej linke a palety s vyrobkami poc¢as prepravy od vyrobnej
linky k expedi¢nej Casti skladu vyrobnej linky (Obr. 1). Pri vyrobnej linke sme zaznamenéavali
prostrednictvom merania hmotnosti Brutto/Netto, sucty vazenia s poradovym Cislom,
pocitanie kusov.

V naSom pripade sa jednalo oru¢ne vedeny elektricky vysokozdvizny vozik BR
Staxio W-seria, typ SWE120L (vyrobca Toyota) svaziacim zariadenim RPW 4 ST +
indicator 2100. (vyrobca RAVAS) Uvedeny vysokozdvizny vozik sa pohyboval po presne
vymedzenej dopravnej trase, pricom dosSlo k skriteniu casu pracovnych Ukonov,
k zaznamenavaniu aprenosu nameranych UGdajov. Pri véaZeni hmotnosti v pohybe
vysokozdviZzného vozika sa podarilo znizit' ¢as potrebny na manipulaciu s polotovarom od
prvej Casti skladu vyrobnej linky k samotnej vyrobnej linke. Pomocou funkcii vaZenia
hmotnosti Brutto/Netto, s¢itavania vazenia s poradovym ¢islom, pocitanie kusov a prenosu
dat prostrednictvom Bluetooth sme zvysili kontrolu, zjednodusili evidenciu skladovych zésob
a ulah¢ili T'udska pracu. Tymto spésobom sme ziskali ¢asova usporu pre d’alSie pracovné
ukony, nakolko nemusi dochadzat ku kontrolnému vaZeniu paliet na stacionarnej vahe
umiestnenej v jednej Casti vyrobnej linky. Uvedené zariadenie ul'ahCuje obsluhe manipulaciu
a zakladanie paliet do regalov expedi¢ného skladu, ktoré sa zakladaju do piatich poschodi,
pricom moznost’ zatazenia vysokozdvizného vozika je limitovana vyskou zakladania paliet do
regalu. Rovnako aplikéciou véZiaceho zariadenia sme ziskali moznost’ kontroly prekrocenia
povolenej hmotnosti na nakladnom automobile pri expedovani tovarov.
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Tab. 1 Hmotnost” a pocet kusov vyrobkov na palete
Tab. 1 The weight and count of parts in palette

P.g. | Typ vymennika | Pocet kusov Celkova hmotnost’ Paleta
(kg) (pocet bocnic na

palete)
1 E5x 10 100 105 PO1
2 E5 x 10 300 210 PO1
3 E5x 12 200 190 PO1
4 E5x 12 1080 810 P04
5 E5x 14 720 607 P03
6 E5x 14 1020 850 P04
7 E5x 14 300 280 P02
8 E5 x 16 900 844 P04
9 E5 x 20 360 360 P02
10 E5x 20 210 390 P02

Z uvedenej tabulky vyplyva, ze vyuzitie priestoru palety, vzhl'adom na typ a pocet
vymennikov je nerovnomerny a v pocte kusov na palete je rozdiel viac ako 50%. Maximalna
hmotnost’ palety je 844 kg, ¢o nie je hmotnost’ limitujuca pre pouzitie elektrického vozika
s vysuvnym dopravnym zariadenim BR Staxio W-seria, typ SWE120L s vaZiacim zariadenim
RPW 4 ST + indikator 2100 s nosnost'ou 1 200 kg (Obr. 7), ktory hotové vyrobky prepravuje
v priestore vyrobnej linky a ¢asti jej skladovacich priestorov. Pouzité manipulaéné voziky st
svojou nosnostou zna¢ne predimenzované a koeficient vyuzitia nosnosti je vel'mi nizky.
Zvysenie vyuZzitia BR Staxio W-seria, typ SWE120L s vaZiacim zariadenim RPW 4 ST +
indikator 2100 z pohl'adu prepravnej hmotnosti nie je mozné, nakolko sa na manipulaciu
hotovych polotovarov a prevoz vyrobkov k ndkladnym automobilom pri expedicii pouZiva aj
vysokozdvizny vozik Linde H20 s nosnost'ou 2,0 t. Maximalna hmotnost’ prepravovanych
polotovarov vysokozdvizného vozika Linde H 20 z predvyrobného skladu na jednotlivé
vyrobné linky je 1200 kg, kde pri uvedenej manipulacii je nosnost’ vyuzivana len na cca
65%.

Navrhovanymi zmenami a vybavenim ru¢ne vedenych elektrickych vysokozdviznych
vozikov TOYOTA BR Staxio W-seria, typ SWE120L, vaziacim zariadenim RPW 4 ST +
indicator 2100 sa ndm podarilo skratit’ potrebny ¢as manipulécie s tovarom, nakol'’ko nemusi
dochadzat’ ku kontrolnému véazeniu a zaroven sa podarilo zvysit’ bezpecnost’ pri manipulacii
a zakladani paliet na expedi¢nom sklade.

Zaroven sa podarilo odstranit’ nedostatky, resp. sme naplnili poziadavky spolo¢nosti
SWEP Slovakia s.r.o. ohl'adne inStalacie vaziaceho zariadenia a S tym spojenou konstrukénou
zmenou paletiza¢nych vidlic. Po insStalacii tenzometrickych snimacov hmotnosti v prednej
a zadnej Casti paletizaénych vidlic bolo zistené, Ze dizka vidlic je nevyhovujica a dochadza
ku kontaktu prednej Casti vidlic s regdlom, bola vykonana uprava prednej Casti skratenim,
pri¢om poziadavka zoSikmenia stran vidlic bola zachovana.

4 Zaver
Vysokozdvizné voziky predstavuji vo vyrobnom, dopravnom a manipulaénom
procese vyrobného podniku SWEP dbéleZité dopravné a manipula¢né prostriedky, vybavené

modernymi pracovnymi zariadeniami, ktoré su schopné nahradit’ finanéne nakladné a zloZité
manipulaéné zariadenia v podobe réznych typov dopravnikov.
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Po prerobeni manipula¢ného zariadenia TOYOTA BR Staxio W-seria, typ SWE120L
s vaziacim systtmom RPW 4 ST + indikator 2100 v marci 2013 sme pri rieSeni d’alSich
poZiadaviek zistili, Ze sa uvedené aplikacie vyuZivaju v obmedzenej miere. Nanajvys sa
V podniku meria hmotnost’ vyrobkov na palete, ale udaje sa
po zapisani do evidenéného listu nespracovavaji a  Udaje o hmotnosti
sa udavaju len na Stitku palety.

DalSou z moznosti vaziaceho systému je prenos dat a moznost’ pripojenia tladiarne
K tomuto systému. Sc¢itavanim hmotnosti a dal§im spracovanim udajov 0 navazenej
hmotnosti, by sa pri nakladani paliet s tovarom uréenym na expediciu ul'ah¢ila praca, pretoze
pracovnik by mal okamZitd informéciu o mnoZstve ahmotnosti nakladu uloZzenom na
nékladnom vozidle. Neustdlym vyvojom sa tieto systémy vylepSuju a rozSiruje sa ich
funkcionalita. Takymito vylepSeniami mame na mysli moznost’ prenosu prostrednictvom wi-
fi alebo bluetooth spojenia nameranych udajov, ¢iarovych kodov, poéitanie kusov materiélu,
tlac etikiet.

Vyhodami tychto funkcii je uspora priestoru (moézeme vazit kdekol'vek), casu
(moznost’ vazit’ kedykol'vek), urychlenie jednotlivych pracovnych ¢innosti, zniZovanie poctu
jazd, ulahcenie l'udskej prace, lepSia kontrola a prehlad kontrola hmotnosti pretazenia
nakladnych automobilov (pri expedicii tovarov), lepSia kontrola pri naskladiiovani a
vyskladnovani materidlov a tovarov. Bezdrotovym prenosom udajov do PC ma sa
zefektivituje a ulahCuje evidencia, kontrolu a prehlad skladovych zasob a vystavovanie
nalezitych dokladov (internych, externych), ale aj fakturdcia. Z toho vyplyva, Ze mobilné
vazenie a bezdrotovy prenos dat vyrazne ovplyviluje znizovanie ndkladov a teda Setri
vyrobnému podniku peniaze.
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Manipulacia s materidlom a doprava maju svoju podstatu a funkciu vo vyrobe
aVvobehu. Vo vyrobnom procese. Ludia prisposobuju veci svojim potrebam pomocou
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pracovnych nastrojov. Preto je vel'mi dolezity spravny vyber dopravnych a manipula¢nych
prostriedkov na spradvny a efektivny chod manipulaéného procesu. Pri volbe tychto
prostriedkov musime prihliadat aj na tok materialu, naklady, vlastnosti manipula¢nych
prostriedkov a materialov v neposlednej rade na zvlastnosti manipulacie a oblast’ ich pouzitia.
Nasim zamerom bol navrh manipulacného zariadenia, ktoré bude merat hmotnost’, odosielat’
Udaje o nameranej hmotnosti prostrednictvom bezdr6tového spojenia do PC. Zaroven bude
mat’ s funkciu pocitania kusov vyrobkov, a prave prostrednictvom tychto funkcii poukazat’
na uspory casu a zlepSenia evidencie dosiahnutej prostrednictvom vyuZitia takéhoto
zariadenia v konkrétnych podmienkach vyrobného zavodu. Navrhovanymi zmenami noveho
rieSenia dopravno-manipulacnych tokov materialu vo vyrobnom procese sa nam podarilo
skratit’ casy manipulacie s materidlom, dosiahnut’ tsporu ¢asu odosielanim udajov, avSak sme
nedokazali zvysit' vyuZzitie vaziaceho zariadenia, vzhladom k nevyuZivaniu jeho funkcii,
ktoré ponuka v procese manipulacie (okrem merania celkovej hmotnosti).

KPuacové slova: manipulacia, vyrobny proces, vaZziace zariadenie, vysokozdvizny vozik

Prispevok bol vypracovany vramci rieSenia grantového projektu Ministerstva Skolstva
Slovenskej republiky VEGA 1/0857/12 ,,ZniZenie neziaducich vplyvov pol'nohospodarskej a
dopravnej techniky na Zivotné prostredie®.
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DATABAZOVY FIREMNY SYSTEM
DATABASE FIRM SYSTEM

DOMINIK MUDRY - VLADIMIR CVIKLOVIC

Abstract

This contribution is oriented for problematic of informatics systems determined to a
small organization and firms with a low-security. System allows the store, view, evaluate and
compare of data. Due to security policy allows to control of access to information
independently for each user. System is based on MySQL database and it programmed in MS
Visual Studio Express C# 2010 applications.

Key words: MySQL, program language C#, Windows Forms, .NET Framework

1 Uvod

Informacné systémy sa stali neoddelitelnou sucastou kazdej organizacie alebo
podniku. Zabezpecuju pristup k tidajom na réznych Urovniach, vyhodnocuju a spracovavaji
data, generuju vysledky na zaklade vstavanych algoritmov alebo riadia d’alSie procesy.

Ciel'om tejto prace je navrhnut’ a realizovat’ program s databazou, zastavajici funkciu
informacného systému, ktory by umoznil pridavat do systému zamestnancov firmy.
Pouzivatelia by na zaklade opravnenia mohli pristupovat’ k informéacidm a pracovat’ s nimi.
DalSou ulohou systému je podpora manazérskeho systému riadenia a vyhodnocovanie
Uspesnosti zamestnancov. Vyhodnocovanie prebieha na zaklade odovzdanych hlaseni, ktoré je
mozné komentovat’ vdaka vstavanému komunikaénému systému. RieSenie tejto ulohy si
vyzaduje systematicky pristup k jednotlivym prvkom informa¢ného systému, znalost SQL
dotazov pre pristup k MySQL databdze, a C# programovacieho jazyka pre vytvorenie
obsluznej aplikéacie. Podobné rieSenia programované na mieru zakaznika st drahé nielen kvéli
hodnote tohto produktu, ale aj kvoli nutnosti prevadzkovat’ server ktory odpoveda na dopyty
klientskej aplikacie. NaSe rieSenie nepotrebuje ziadny server, postacuje len hosting, na ktorom
je mozné vytvorit MySQL databazu. Vzhl'adom na citlivost’ ukladanych udajov je jednym z
dolezitych prvkov systému bezpecnost. Zabezpecend je pomocou opravneni pouzivatelov v
MySQL databaze a verifikaénych algoritmov v obsluznej aplikacii.

2 Material a metédy

Realizacia stanovenej Ulohy pozostava z analyzy poZiadaviek na systém, vyberu
softvérovych prostriedkov, vytvorenia Struktiry databazy, navrhnutia algoritmov a
naprogramovania obsluznej aplikacie. Okrem toho bolo potrebné analyzovat’ aj bezpecnostné
rizika a testovat’ aplikaciu kvoli moznym chybam ktoré by mohli narusit’ integritu databazy a
tym sposobit’ nefunkénost’ systému.

Poziadavky kladené na Informacny systém:

Bc. Dominik Muadry, Hlavna 138, 951 51 Nova Ves nad Zitavou, tel. 0917 172806, email:
mudrydominik@gmail.com

Ing. Vladimir Cviklovi¢, PhD., Katedra elektrotechniky, automatizacie a informatiky, Technicka fakulta,
Slovenska pol'nohospodarska univerzita v Nitre, tel. +421 37 641 5783, email: vladimir.cviklovic@uniag.sk
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- prihlasovanie do systému pomocou mena a hesla,
- pouzivatelia budi mat’ r6zne opravnenia pre pristup k informécidm,
- moznost’ vytvarania novych pouzivatel'ov,
- funkcie pre odovzdavanie, spracovavanie a zobrazovanie hlaseni tzv. reportov,
- komunika¢ny systém pre zasielanie a prijimanie sprav,
- funkcie pre ukladanie, Upravu a zobrazovanie klientov,
- pristupnost’ informacii k obsluznému programu cez internet,
- hlasenie narodenin klientov,
- vytvaranie PDF dokumentov.

Ako vyvojové prostredie pre tvorbu programu v jazyku C# bolo pouzité Visual Studio
2010 Express. Pre lokalnu prevadzku databdzy a nasledné testovanie bola pouzita aplikacia
XAMPP s podporou MySQL databaz poskytujica uzitotny doplnok phpMyAdmin, ktory
ponlka vsetky funkcie pre spravu MySQL databaz pomocou grafického webového rozhrania
s podporou vlastnych SQL dotazov. Pre internetova prevadzku bol pouZity komerény hosting.
Program dopliiajii externé nekomeréné kniZnice s volnou licenciou. Pre vytvaranie PDF
dokumentov bol zvoleny PDFSharp a pre graficku reprezentaciu hlaseni vo forme grafu
ZedGraph. Dal§im dolezitym doplnkom bol MySQL adaptér pre komunikaciu s databazou.
Tato kniZznica poskytuje prostriedky nielen na komunikéciu, ale aj na posielanie dopytov v
SQL jazyku a prijimanie dat. Pre zabezpeCenie hesiel zamestnancov bola pouzitd metoda
hashovania textu pomocou algoritmu SHA-256. Text je tak Sifrovany jednosmerne 256-
bitovym kdédovanim. Tento algoritmus je sucast'ou kniznic Visual Studio 2010 Express.

3Vysedky a diskusia

Sprava klientov

Uspesnost # Macitanie a zobrazenie klientov podla prihlasengho pouzivatela

# Zobrazovanie Statistik o (spe3nosti # Dynamické vyhl'adavanie pri zmene textu

# Filtrovanie zobrazovania '\ # Vytvaranie, odstrafiovanie, dprava klientov, e-mail

# Graficka reprezentacia Gdajov N # Vytvaranie PDF wstupu

.\2
\-.
\-.
Sprava pouiivatefov AN
VyZadovane opravnemnie. Administrator \-..\ Odosielanie hlaseni (reportov)
# anr;?znu_aniu? vetkych pDU%I’VEtBrDV systému \ # Vikladanie, aktualizacia, ukladanie reportov
# Vytvéranie, lprava a odstrafiovanie A # Kontrola tyZdiia, stavu a dplnosti
pouZivatelov N
e — \\ I =

Domovska obrazovka

# Nacitanie domovske] obrazovky

# Zobrazovanie tlagidiel podla drovne pristupu

# Nacitanie, zobrazovanie a overovanie sprav z databazy
# Vytvaranie sprav a odpovedi

# Pristup ku vEetkym €astiam programu

Prihlasovanie

# Porovnanie zadanych prihl. ddajov s ddajmi v databaze
# UloZenie informacii o prihlasenom pouZivatelovi do glob. premennych
# Zmena "Connection String” na prihl. meno a heslo

Obr. 1 Struktura systému
Fig. 1 System structure
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Vysledny produkt je softvérovy balik obsahujuci nastroje na vytvorenie informa¢ného
systtmu bez podpory programétora. Sucastou balika je softvér na vytvorenie
administratorského uctu a skript na naplnenie databazy zakladnymi tabulkami potrebnymi
pre spravnu funkciu systému. Uvedenie informa¢ného systému do prevadzky je tak otdzkou
piatich az desiatich minat. Bezpecnosti udajov bola venovana zvySena pozornost, comu
zodpovedd aj prisne nastavend politika opravneni priamo v databdze. Kazdy pouzivatel
pristupujlci do aplikacie ma okrem svojho Gctu, eSte jeden, pre neho neviditel'ny, ktory slazi
na pripojenie k databdze s urCitymi opradvneniami a spristupiiuju sa tak len tie tabulky a
¢innosti, na ktoré ma povolenia.

Nas systém ponuka:

- spravu pouzivatel'ov systému,

- bezpecnost’ pristupu k adajom,

- grafickd reprezentaciu Udajov,

- ukladanie udajov do Standardizovanej databazy MySQL,

- dynamické vyhl'adavanie,

- komunikacny systém,

- prevadzku na sieti ethernet alebo internet,

- jednoducht rozsiriteI'nost,

- prevadzku bez potreby servera (postacuje len MySQL databéza).

Obr. 2 UkaZka domovského formularu
Fig. 2 Home form sample

Ovladanie programu je intuitivne aj vdaka komponente Windows Forms, ktora
ponuka vzhlad ovladacich prvkov v §tyle operaéného systému Windows. Po kliknuti na
tlacidlo sa otvori nové okno s prisluSnymi ovladacimi prvkami pre dana ¢innost. Funkcie
jednotlivych tlacidiel su nasledovné:

1. Sprava klientov — slizi na ukladanie Kklientov aich osobnych informacii ako je
bydlisko, poistovna, identifikacné ¢isla a pod. Tieto informaci je mozné vlozit do

PDF dokumentu, ktory je mozné ulozit’ pre d’alSie potreby pouzivatela.

2. Moja uspesnost’ — kazdy odovzdany report pouzivatel’a je vyhodnocovany v tejto Casti
programu. PonUka zobrazenie UspeSnosti v % pre zvoleny ¢asovy rozsah. Hodnoty su
subezne zobrazované aj vo forme grafu ktory je mozné ulozit’ alebo vytlacit’.
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3. Nova Spréava — zobrazi okno na vytvorenie spravy. Toto okno obsahuje pole na vyber
adresata v tvare meno a priezvisko, uzivatel, mesto pre jednoduchSiu identifikéciu
Vv pripade zhody 2 mien. Pre odoslanie spravy je nutné vyplnit aj d’alSie polia —
Predmet a Text spravy.

4. Odoslat’ report — ¢ast’ programu ktora umoznuje ukladat’ hlasenie (report) o planovanej
a vykonanej ¢innosti zamestnancov. Informacie 0 planoch je mozne pridat’ len raz za
tyzden a len v pripade ak bol predchadzajuci report odoslany na ulozZenie. Aktualizéciu
skutocne vykonanych ¢innosti je mozne prevadzat az do doby, kym nebol report
odoslany na uloZenie a vyhodnotenie.

5. E-Mail - tato komponenta programu ma z pochopite'nych dévodov funkcie okresané
len na odosielanie sprav. Jej vyuZitie v programe je hlavne pre rychle posielanie
predformatovanych sprav klientom.

6. Posledné spravy — [zobrazit’] — zobrazi prijatl spravu a umozni okamzZitu odpoved’ bez

potreby vyplnenia adresata.

Prvky pristupne len pre pouzivatel'a s opravnenim Administrator:

Sprava pouzivatel'ov — vytvaranie, Uprava a odstrafiovanie pouzivatel'ov.

2. Sprava reportov — umozinuje zobrazovat’ vSetky uloZzené reporty a podavat’ vystup vo

forme Statistik a grafov ktoré porovnavaju uspesnost’ jednotlivych pouzivatelov.

Zaloha DB - funkcia pre zalohu MySQL databazy do *.sqgl suboru

4. Obnova DB - funkcia pre obnovu MySQL databazy z *.sgl stboru

=

w

4 Zaver

Navrhnuty a zrealizovany informa¢ny systém splia zakladné poziadavky na
bezpec¢nost’, jednoduchost’ pouzivatel'ského rozhrania, funkcionalitu a moznosti d’alSieho
rozSirenia funkcii. Cena tohto rieSenia je podstatne nizSia ako cena inych rieSeni. Nasadenie
tohto typu informac¢ného systému je vhodné najmé pre malé organizacie a podniky s niz§imi
narokmi na bezpe¢nost. Vys$8iu bezpecnost’ poskytuji rieSenia klient-server, ktoré vsak
vyzaduju pre svoju prevadzku server, obsluhu a viac finan¢nych prostriedkov.

Ciel prace bol splneny, informacny systém poskytuje vsetky pozadované funkcie a
tiez spiiia charakteristiky informaéného systému ako takého.
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Sdhrn

Prispevok je orientovany na problematiku informac¢nych systémov urcenych pre malé
organizacie a podniky s niz§imi narokmi na bezpec¢nost. Systém umoznuje ukladanie,
zobrazovanie, vyhodnocovanie a porovndvanie udajov. Vdaka bezpecnostnej politike
umoznuje riadit’ pristup k informaciam nezavisle pre kazdého pouzivatela. Systém je
zaloZeny na databaze MySQL a je naprogramovany v aplikacii MS Visual Studio Express C#
2010.

Kriacové slova: MySQL, programovaci jazyk C#, formulare Windows, .NET Framework

Tento prispevok vznikol na zaklade rieSenia projektu VEGA 1/0696/11 Vedeckej grantovej
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WASTEWATER TREATMENT METHODS SELECTION

ALEXANDER MYRONETS

Abstract

Selection and justification of technological scheme of urban wastewater cleaning
which is a mixture of domestic and industrial wastewater of a diversified industry depends on
the number of physical and chemical state of impurities contained in them, as well as the
requirements for cleaning. The development of flow diagrams and layout treatment plants
should be made on the basis of norms, rules, regulations, guidelines and recommendations of
the special research institutes, as well as the experience of operating facilities. To keep your
drinking water clean qualitative biological wastewater treatment is necessary.

Key words: biological methods, wastewater cleaning, aero tanks, bioreactor

1 Introduction

To date, the state of water resources of Ukraine is alarming. Of course the main reason
of pollution of a water resources - is outdated equipment at different places, in many cases, no
treatment equipment, filters, to contaminated water did not get into the environment.

Usage of a biological methods for sewage treatment is based on the ability of different
groups of microorganisms to use organic pollution in wastewater for food, as a result they
gain energy for their livelihoods and constructive material to recombine their own cells, and
waste water gets free of these contaminants. The idea of biological wastewater cleaning is
borrowed by the mankind from nature, which is constantly undergoing complex processes of
decomposition of organic matter with various organisms. Therefore, any structure for
biological wastewater treatment is limited in space kind of ecological system with certain
conditions of existence and formed for these conditions characteristic ecological community.

Efficiency of biological treatment processes depends on temperature, pH, presence of
nutrients, the level of nutrition of microorganisms, oxygen regime and containment of toxic
substances.

The most common are three groups of treatment facilities for biological treatment,
which differ by type of accommodation of a biomass:

e Biomass fixed motionless, and waste water is moving;
e Biomass found in wastewater in a free state;
e First and second option combined.

2Material and Methods

Selection and justification of technological scheme of urban wastewater cleaning
which is a mixture of domestic and industrial wastewater of a diversified industry depends on
the number of physical and chemical state of impurities contained in them, as well as the

Myronets Alexander Volodymyrovych 4 th year student of the specialty "Energy and electro technical systems in
agriculture™ Senior Lecturer Roman Krygul, Department of Energy, Lviv National Agrarian University City
Dublyany, Zhovkva district, Lviv region, st. V. Velykogo-1, 80381, E-mail: krroma@ukr.net
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requirements for cleaning.

Mechanical cleaning exercise is for discharge from sewage insoluble impurities by
filtration, sedimentation and filtration. When mechanical cleaning delayed no more than 60%
of suspended solids that are deposited. Higher effect is achieved by applying various methods
of intensification. These include primary aeration, biocoagulation and lighting in a suspended
layer.

Mechanical cleaning as an independent method is used in cases when liberated from
pollution is being water used repeatedly in production or for local and sanitation and can be
reset in the reservoir. In other cases, mechanical cleaning is a preliminary stage before
biochemical. Mechanical method can reduce the total number of initial contamination by 40-
50%.

Biochemical purification methods are based on the life activity of microorganisms that
promote oxidation or recovery of organic substances that are in the liquid waste in the form of
thin suspensions, colloids and solutions. For biochemical wastewater treatment biological
filters and aero tanks are used. In these structures the cleaning process proceeds more rapidly
than in the wild. Intensity of wastewater treatment in a particular building determine oxidative
capacity building, which includes the number of grams of oxygen derived from 1 m® per day
and facilities used to reduce the BOD of wastewater oxidation of ammonium salts to nitrites
and nitrates, as well as increased content wastewater dissolved oxygen. Size oxidative
capacity for a different structures varies widely. Biochemical method allows to reduce
pollution by 65 - 95% and bring the water to the technical condition of water suitable for re-
use in industrial water supply for irrigation in agriculture while dumping into open waters
without danger of contamination.

The development of flow diagrams and layout treatment plants should be made on the
basis of norms, rules, regulations, guidelines and recommendations of the special research
institutes, as well as the experience of operating facilities.

Most of the large urban treatment plants built earlier are using two-stage scheme:
mechanical and biochemical purification. Due to the special requirements for the degree of
wastewater treatment and environmental protection from pollution are increasingly designing
wastewater treatment plants for the three-stage scheme of deep cleaning, after purification
biologically treated wastewater. There are many types of treatment facilities and a large
variety of technological schemes used for two and three-stage cleaning.

Sitting for treatment plant construction is carried out according to project planning and
development of the city, and in the presence of regional planning scheme - this scheme. This
should take into account long-term development of the city, the expansion of the city,
providing access roads, water, gas and warmth conditions and power supplement.

The site for the construction of wastewater treatment plant should be chosen tend to
leeward to the prevailing winds warm period in relation to housing development and lower
settlement downstream river. It should be possible to have a bias that ensures gravity
movement of wastewater to plants and diversion of surface water, located in the territory, not
flooded floodwater, low groundwater levels, to ensure rational distribution facilities in both
the current period and the prospective development station.

3 Results and Discussion

The first group of wastewater treatment plants include biofilters, the second - aero
tanks, circulation channels oksytenky, the third - submerged biofilters with fillers. Biofilters -
a structure in which the body is placed tool and switchgear for waste water and air. In
biofilters wastewater is filtered through a layer of lump tips coated with a film of
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microorganisms. Biofilters microorganisms oxidize organic substances that are used with both
power and energy. As a result of wastewater are derived organic matter, and the mass of the
active film increases. Spent Biofilters washed off through flow waste water and removed from
the biofilter. As a lump nozzle biofilter are in use: crushed stone, gravel, slag, expanded clay,
ceramic, plastic rings, cubes, spheres, cylinders, fabric and plastic mesh, convoluted into a
roll. After determination of a structures lets proceed to their calculation. Sewage buildings are
planned through the moving of waste water streams: receiving chamber, grills, sand catchers,
water measuring devices septic tanks.

Fig. 1 Technological scheme of wastewater cleaning.

When calculating the lattice and sand catchers first perform hydraulic calculations of
connecting channels and trays so that the water level in trays included in the calculation of
live-sectional flow in cut and sands. In the short term the introduction of membrane
techniques for wastewater treatment is planned. Thus, protection and rational use of water
resources - is one of the links in the complex global issues of environmental protection.

4 Conclusions

The problem of clean water is one of the most pressing problems of the century. To
keep your drinking water clean qualitative biological wastewater treatment is necessary.
Currently, the new technologies for wastewater treatment are developed and developing.
Greatest interest and perspective are natural and cheapest biological cleaning methods, which
are intensifying natural processes of decomposition of organic compounds by microorganisms
under aerobic or anaerobic conditions.
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IMPROVING THE QUALITY OF THE COMMERCIAL COURT
IN UZICE BY USING QFD METHODS

IVANA OBUCINA —MILUTIN R. DJURICIC

Abstract

The quality of the decisions of the Commercia Court is highly dependent on the quality
of processes by which you reach them. The application of modern methods of quality
improvement can lead to better verdicts. This paper presents the improvements of the
Commercial Court in Uzice by applying QFD method.

Key words: quality, quality improvement, QFD method, the commercial court

1 Introduction

Product quality is a necessity of modern business [1]. Besides the economy, itis more and
more included in social activities. The number of certified business entities in accordance with
standard 1SO 9001/2008 is growing [ 3]. Also, there are many working independently of
certification to improve their own business operations. One of those ingtitutions is the
Commercial Court in Uzice, which improves its work in an organized way by using modern
methods. This paper presents the effects of quality improvement achieved by using QFD
methods.

2 Material and Methods

Needsfor improving the state administration functioning

The State Administration of Serbia and of Commercial Courts belongs to the classical
structure of state organizations characterized by a slow administrative concept. It was observed
that the courts should be more open to the public, and that in addition to improving their internal
operations, al the advantages of the Internet and electronic business running should be used.
This will restore confidence in the economic judicial system which has been perceived in the
public as slow, inefficient and corrupted in the last decades.

A review of the situation in the Commercial Court shows that there are numerous poor
quality services of the Commercial Court, which should be eliminated by improving the quality
of well-designed work of the Court. It was estimated that it could be effectively accomplished by
the use of QFD method, applied to the services in three steps.

Ivana Obucina, prof. Milutin, R. Djuricic, High Businnes Technical School of UZice, Serbia, email:
skola@vpts.edu.rs
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1. Based on pre-defined requests of service users, the characteristics of the services are
defined, on which the fulfillment of these requests depends;

2. The critical points of services or points of service performances are defined, which are
related to the established characteristics of services; and

3. The procedures for solving these critical points are established, respectively, for meeting
the requests of users (Figure 1).

In thisway, the level of quality that meets the requests of usersis achieved. This means that
the application of QFD method to services leads to users' satisfaction and by that they achieve
market advantages over competitors, primarily with the quality of services that are offered.

U

Requests

17 What are important

Service

characteristics
Il Measures in a manner of service

Critical points in
service

i i What to control specially

Fig. 1 Application of QFD method on a service

More detail s about QFD method can be seen in references [1-5].

3 Results and Discussion

Improvement of quality process at Commer cial Court by applying QFD method

A team for quality improvement made a review of the existing situation firstly, and then
analyzed it. (Table 1).
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Tab. 1 Review of the situation with processes at the Commercial Court and its analysis

REVIEW OF EXISTING
SITUATION

An employee stops the present activity
and meets arequest of aclient , and
then continues the activity previously
interrupted

Unlike the law- specialized public,
other interested people use Web-portal
servicesto avery small extent and
they rely on standard ways of
information collection via phone or in
personal contacts.

ANALYSISOF REVIEWED SITUATION

A change of work activity has an impact on a
drop of concentration, work effectiveness and it
causes afatigue. A client hasto come to Court.

Depending on an organisational unit from which
an information is needed, an employee stops his
regular work and meets a client's request.

A client spends time and money for coming to
the court or for along phone conversation.

A client came to the court without the adequate
documentation and must come again, while an
employee spends additional time for giving new
instructions

The organization of receiving the journalists
demands alot of time and some premises should be

Due to a bad communication channel,
aclient has not accepted the requested
information in an adequate way.

Information to the publicisgivenina
classic way, by sending the

information to med b provided.
Informattion to media or by It depends on the program schedule and media
inviting/calling journalists interest in that information if it will be released

Advertising space in the public mediais very
expensive and is a major expenditure in the budget
of the court.

Interested people often do not know about certain
tendersif they do not follow the mediain which the
event was advertised or they did not come in person
to the court to obtain information on the bulletin
board

A client or lawyer isinterested to Lawyers or interested clients come to the court
know at which stage a certain case is, or get some information about a specific case by
who the partiesare in adispute or who phone, wasting their time and the time of an

Necessary court announcements
(auctions, public tenders) are published
in various public media

is representing a certain client/party employee who is servicing them.

Aninterested client or lawyer wantto = Lawyersor interested clients come to the court
get the historic course of the case or or by phone collect informaton about a specific
they do not know when the next case, wasting their time and the time of an
hearing is appointed employee who is servicing them..

Due to unavailability of ajudge or Court services failed to find a party to the disputein
party,a hearing was cancelled as order to give new information on time.
emergency Costs of unnecessary coming to the court.
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In Table 1, one can clearly see users requests, "the voice of a client” (user) with the
required quality of service of the Court. Of course, it is of a great importance. Therefore, we will
start the implementation of the QFD method to verify the validity of realization of the website of
the Commercial Court in Uzice with all the elements of e-business. Below we will show three
phases of the application of QFD method to improve the quality of services of the Commercial

Court by introducing e-business.

| Phase

At this phase, all the respondents in the survey were the users of the services of the Court:

lawyers, trustees, legal representatives of companies and individuals. The answers obtained from

the survey are quantified and ranked as requests according to importance:

1.Costs reduction,

2.The accuracy of the information available,
3.Time saving .

4.Ease of data obtaining,

5.Quality of full-service,

6.Data protection,

7.Timeliness of information

As important characteristics for the realization of this service at this phase, the following

areidentified (Figure 2) :
= Possessing computer equipment,
» [nternet connection,
= Web-based portal
» e—mail order system,
= System protection,
= Qualified certificate,
* Human resources,
» Financia reasons.

Requests of users and defined characteristics are entered into the first quality house.

Based on the results from the first house of quality, it can be concluded which of the

charasteristics are transferred to the next matrix:

= P0ssessing ComMputer eqUIPMENt .........cceeveeeereerenenseennens relative importance 25.72%
B HR e relative importance 14.87%
n Web-based portal ..o relative importance 13.95%
LIS VA (=0 0 (0] =1 o o 1SS relative importance 13.95%
m e—mail Order SYSteM .......occviieiee e relative importance 9.61%
» Qualified CErtifiCate.........ccuvmniriere e relative importance 8.16%
= Internet CONNECLION ......ooveieeeriieieeee e relative importance 7.44%
® FNANCIal FEASONS........cceeieeeerieeie e siee e ee et nse e relative importance 6.30%

We transferred the characteristics from the first phase into the second phase in the column

HOW according to the stated importance (Figure 3).
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In the second house of quality we enter the information from groups of processes
"Resources Management " and "Realization ", so the caharacteristics that are pointed out in this
phase are:

Approval of the Court management,

Apprpova of Ministry of Justice of R Serbia,
Employment of personnel,

Training for employees,

Cretion of preconditions for presentation development ,
Use of services available,

Additional financial resources,

Promotion of new solutions.

After making the analysis, the following characteristics were pointed out, with the biggest
Importance:
= Additiona financial resources,
Approva of Ministry of Justice of R Serbia,
Training for employees,
Approval of the Court management,
Employment of personnel.

Accordingly, these will the inputs into the next house of quality — I11 phase (Fig. 4)

Analyzing the obtained results, we have found out that the key elements that affect the
implementation-realization of the internet presentation of the Commercial Court in Uzice, in
order to meet users needs and requests, are the increase of the budget of the Commercial Court
in Uzice (we see that the relative importance of this column is 28.83%) and obtaining the
approval of the Court management and Ministry of Justice to create the presentation. Also, the
analysis showed that the control of this project reaization must be at a high level. Finadly,
making documentation and better utilization of the existing human resources should contribute to
the savings and therefore to the increase of the budget and providing the necessary funds to
implement this project.
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4 Conclusion

Quality isthe key to business success. It can be established by using different methods of
improvements, among which the QFD method occupies a prominent place.

The presented example shows that the QFD method is successfully implemented even
when it is not a tangible product in question, but it is a service. Application of the method is
amost identical, the difference isin"skipping over" the second matrix, the matrix of components,
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which is not needed to be made with the services. Application of this method to the services is
even simpler because it has less problems of atechnical-technological nature.

Results obtained by using QFD method indicate to which items the most attention should
be paid during the implementation of the website of the Commercial Court in Uzice, in order to
meet the set requests of users (lawyers, trustees, legal representatives of companies or
individuals).

The application of this method alows us to direct the entire business system to meet
users’ needs and at the same time to keep pace with the modern development of society.
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BACKUP DATA SYSTEM USING ARM PROCESSORS

PETKOVIC MILOS - CVIKLOVIC VLADIMIR

Abstract

The paper represents one way of making platform for backup data excluding
dependence of other platforms or devices. Inexpensive, versatile and low power device,
which give options to access from anywhere with Internet access. For creating that kind of
platform is used hardware from Stellaris company and programmed to work as web server
and data storage in the same time. As a result, data stored on appropriate hardware are
visualy presented in the form of web page, opening opportunity to be accessible from
anywhere on any modern device.

Key words: ARM, microcontroller, web server, serial communication, Ethernet, JavaScript

1 Introduction

Idea of this project was to create small, low power used platform for solar system
state monitoring. By solar system state we think information about outside temperature,
temperature of solar panels, wind speed, battery voltage, etc. Also, one of requirements was
to create platform which will make data avail able from anywhere, anytime with precise data.

To accomplish such a requirements hardware which we used is the Stellaris
LM3S8962 Evolution Board (EVB), a compact and versatile evolution platform with ARM
Cortex-M 3-based microcontroller. We programmed EVB to work as web server by what we
achieve one of requirements, access to data from anywhere with Internet access. EVB is
directly connected to solar system where using serial link receive data in specific format and
save it on microSD card located on EVB. System is programmed to send data in two parts.
First part contains information related to temperature of solar panels, temperature of
processor, wind speed. Those data are sent every 3 seconds. Second part contains information
about solar panels voltage, batteries voltage, and that information are sent every second. After
receiving information from system, EVB store them on microSD card from where
information are loaded and presented on web page.

On of big benefits on which we count is Serial-to-Ethernet conversion. When legacy
products only contains a serial port for a configuration or control intercede, continuing to
access the legacy product through the seria interface can become challenging over time.
Newer computers do not necessarily have seria ports, and a serial connection is limited by
cable length, typically 10 m. Using Ethernet in place of the serial port provides many
benefits. Ethernet is more common interface available on computing equipment, the legacy
products can be more easily shared, and most important, 10 m cable length is no longer an
issue. In this project Stellaris microcontroller is used as a seria-to-Ethernet converter. By
placing a serial-to-Ethernet converter on the serial port of a legacy product, it can be given
the ability to operate on the Ethernet without requiring any changes to the existing hardware
or software.

Bc. Petkovi¢ Milo§, e-mail: milosh.pet@gmail.com Department for Electronics, Informatics and Automation,
SUA in Nitra, Tr. A. Hlinku No. 2, 949 76 Nitra
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251



2 Material and M ethods

The Stellaris LM3S8962 Evaluation Board is a compact and versatile evauation
platform for the Stellaris LM3S8962 ARM Cortex-M 3-based microcontroller. The evaluation
kit design highlights the LM3S8962 microcontroller's integrated CAN and 10/100 Ethernet
controllers. Aswell as implementing an embedded web server, the kit functions as a complete
controller area network (CAN) by providing two boards each with a Stellaris microcontroller.
The main evaluation board (EVB) isthe CAN host.

Fig. 1 Stellaris LM 3S8962 Evaluation Board Layout

The hearth of EVB is Stellaris LM3S8962 ARM Cortex-M3-based microcontroller.
The LM3S8962 offers 256-KB Flash memory, 50-MHz operation, an Ethernet controller, a
CAN module, and wide range of peripherals. A key feature of the LM3S8962 microcontroller
isfully integrated Ethernet controller. Only an RJ45 jack with integrated magnetics and a few
passive components are needed to complete the 10/100baseT interface. The LM3S8962
supports automatic MDI/MDI-X so the EVB can connect directly to a network or to another
Ethernet device without requiring a cross-over cable. A CAN module enables highly reliable
communications at up to 1IMbit/s. The EVB includes a standard CAN transceiver and a 10-
pin CAN connector whose signal assignments follow a commonly used CAN standard. Also
the microcontroller has four on-chip oscillators. Three are implemented on the EVB. An
internal 12 MHz oscillator is the clock source the microcontroller uses during and following
POR. One of EVB advantages is his small size. Also it requires small amount power supply.
The LM3S8962 is powered from a +3.3-V supply. A low drop-out (LDO) regulator regulates
+5-V power from the USB cable to +3.3-V.
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Fig. 2 LM3S8962 Evolution Board Block Diagram

Stored data on microSD card are presented via web page. Web page is created by
combination of HyperText Markup Language (HTML) code for site body, Cascading Style
Sheets (CSS) for style and JavaScript for formatting stored data on the card. For reading data
from microSD Card we use Asynchronous JavaScript and XML (AJAX) techniques. In web
developing AJAX is used to present data from other web pages without refreshing. Using
AJAX, every 3 second we call stored dataon EVB MicroSD card.

Information sent from solar system using seria link represent state of whole solar
system and they are in following format:

[1] $StatSolar;data;13;10.3125;10.375;10.3125;32;0;128;*4F

[2] $PosSolar;data;18;13.125;12;n0 dev;36;44;59;357;27;4;1;65505;450;1;*72
[3] $T1;02;25;E3;25;9F;1A;37;06;D4;24;D0;00;15;00;19;26;22;00;00;FF;*2D
[4] $T2;02;25;F4;25;B5;1A;43;0A;F6;24;D7;00;15;00;19;26;22;00;00;FF;*51
[5] $T3;02;25;F7;25;A9;1A;5C;14;E7;24;D2;00;17;00;19;26;22;00;00;FF;*5C
[6] $MZ;02;$LD;00;28,595;550;854;*1D

First parametersis“$statSolar” and it represent what next information are about. For
example, in this case at line 1, it will be solar panels information about temperature of four
solar panels and temperature of processor. In line 2, will be information about position of
solar panels. Every parameter is separated using semicolon “;” which we use to
separate every parameter and present it on web page. Also, every parameter line have end
cyclic redundancy check by NMEA protocol.
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3 Results and Discussion

First of al, for receiving data from solar system we used the Universal Asynchronous
Receiver Transmitter (UART). UART isawidely used serial communication peripheral used
in many applications for connecting to legacy devices. The implementation uses two GPIO’s,
one transmit (TX), one receiving (RX) and two timers. Two 32-bit timers are configured as
two individual 16-bit timers. One timer is used to generate the transmit tick and the other is
used for the receive tick. We configure UART in 115.200 baud, 8-n-1 mode. Also, all
characters received on the UART are transmitted back to the UART. Following code shows
how to use UART standard 10 module to write a string to UART *“console”.

// Configure the appropriate pins as UART pins; in this case, PA@/PAl are
// used for UARTO.

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOA);
GPIOPinTypeUART(GPIO PORTA BASE, GPIO PIN © | GPIO PIN 1);

// Initialize the UART standard IO module.
UARTStdioInit(@);

// Print a string.
UARTprintf("Hello world!\n");

To demonstrate the operation of the Stellaris Ethernet controller we used the IwlP
TCP/IP Stack. DHCP is used to obtain |P address. If DHCP times out without obtaining
address, AUTOIP will be used to obtain a link-local address. EVB is programmed to first
check if an SD card has been plugged into the microSD dlot. If so, al files requests from the
web server will be directed to the SD card. Otherwise, a default set of pages served up by an
internal system will be used. For communication with the SD card is used FatFs file system
module. The file system wrapper module alows several binary file system images and FatFs
drivers to be mounted simultaneously and referenced as part of a single file system with each
mount point identified by name. This is useful for our application which makes use of SD
card referenced as “/sdcard”. Mount points are defined using an array of structures, each
entry of which decibels a single mount and provides its name and details of the actual file
system that is to be used to support that mount. Following code shows writing data to SD
card with using FatFs file system module.

int statSolar(char value[])

{
FIL dataFile;
WORD bytesWritten;
if (f_open(&dataFile, g File[@], FA_CREATE_ALWAYS | FA_WRITE)==FR_OK) {
if(f_lseek(&dataFile, dataFile.fsize)==FR_OK) {
if(f_write(&dataFile, value, strlen(value), &bytesWritten) ==
FR_OK) {
f _close(&dataFile);
}
}
}
return 0;
}

When data are stored on SD card, it is ready to be loaded on web page. First what we
do is initialize web server caling function httpd_init(), and then wait to obtain IP address.
When IP address is obtained, web page is ready to be loaded. For loading data from SD card
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we use AJAX techniques. Following code shows main AJAX function, which load whole
datain one variable called result.

function loadAjax()

{
var xmlhttp;

if ( window.XMLHttpRequest ) {
xmlhttp = new XMLHttpRequest();

}

else {
xmlhttp = new ActiveXObject( "Microsoft.XMLHTTP" );

}

xmlhttp.onreadystatechange = function() {
if ( xmlhttp.readyState == 4 && xmlhttp.status == 200 ) {
result = xmlhttp.responseText;

}
}

xmlhttp.open( "GET", filePath, true );
xmlhttp.send();

After loading previews function, all data are in variable results. Information are stored
in specific format as we show it previously. Here is example of code how we change format
of information readable for web page. Information now are in text format so, first what we
will do is split text in every new line and make array of six elements. Using for loop program
will go through every element of array and check for specific one. In this example, we want
to get information about state of solar panels. Using indexOf method, we are positioned on
first line and ready to get data from that information line. Next what we do is just create new
array splitting every parameter separated by semicolon and put it in variable data. Following
code shows described process.

result.split('\r\n');

s_Txt

for(i = @; i <= s_Txt.length - 1; i++)

{
if(s_Txt[i].indexOf("$StatSolar") > -1)
{
data = s _Txt[i].split(';"');
}
}

temperature = data[2];

On Figure 3 is shown web page with loaded information about state of solar panels.
Information are refreshed every 3 seconds using JavaScript function setInterval.
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State of Solar Panels

Solar State
TEMPERATURE OF SOLAR PAMELS
T1 T2 T3 T4
10.3175 °C 10.3125 °C 10.375 °C 10.3125 °C
32°C

Fig. 3 Web page with information about state of solar panels
4 Conclusion

Since the Stellaris Evoultion Board have a lot of useful features, possibilities are in
the same number. We saw that LM3S8962 microcontroller can hold web server and in
combination with microSD card store web pages and data. Further advancement will be
creating a small database using XML file and in that way making data available even more
easier and sorted in virtual tables.

It should be mentioned that this platform is not limited to store data only from solar
systems and that can be improved in many ways. It can be used in any system which is
connected by seria link. It is perfect solution for monitoring much bigger systems. For
example, in bigger industry, where is monitoring very important.

Web site can be programmed to be available only for special users in levels, from
administrator to just usual user. With this option it will be prevented data abuse or data will
be able to sort by company sectors in case when we have alot of information.
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VISUALIZATION OF MEASURED PARAMETERS OF
PHOTOVOLTAIC CELLS

PETROVIC ANA — CVIKLOVIC VLADIMIR

Abstract

The paper presents the visualization of measured parameters of photovoltaic cells
using Web design. For design of web page is used HTML plus CSS language and the
JavaScript is used for updating data. As a result of the creating the visual presentation of
measured parameters, the Web page is obtained, that can be used as a monitoring tool to
the most of solar systems.

Key words: Visualization, Web page, HTML, CSS, JavaScript, Solar panels

1 Introduction

The aim of this paper is designing a Web page for the system of getting renewable
energy from the sun energy using Solar panels. This Web page represents visualization
which shows how parameters, like Temperature of Air, Wind Speed and
Photosynthetically Active Radiation have affect on amount of energy which goes from
Solar panels through Charge controllers to Batteries. From there energy flows through
Inverters and Breaker Box to various devices in homes, factories and public facilities. In
this way it is shown how it is possible to monitor the whole system of solar panels
remotely.

The advantages of systematic approach in designing Web page using HTML are
that HTML is easy to use and understand. As second, there is no problem display it with
any browser we know so far. Formed a whole using the smaller components and
subsystems. Define the general procedures as a set of instructions and guidelines. The
system approach is particularly suitable for large scale systems, as well as small systems.

Designing of web page given in this paper, is based on the standard ECMA-262 6th
Edition. ECMAScript is the scripting language standardized by Ecma International in the
ECMA-262 specification and | SO/IEC 16262.

HTML can use wide ranges of colors, objects and layouts. And in combination with
CSS it is possible to make anything you want on your wab page. In case of Solar Energy
Viewer, which is the name of created web page in the paper, it was used several tools to
visualize production and consumption of energy. JavaScript has a role to give behaviour to
the web page, which is static. Therefor it is used here to achieve the aim of visualization.

2 Material and M ethods

The web page was built in Dreamweaver CS 5.5. environment. For design of web
page isused HTML plus CSS language and the JavaScript is used for updating data. The
web page is based on the scheme of photovoltaic panels at SUA, Faculty of Engineering.

Bc. Petrovi¢ Ana, Department of Electronics, Informatics and Automation, Faculty of Engineering, Slovak
University of Agriculturein Nitra, e-mail: petrovic.hannah@gmail.com,

Ing. Cviklovi¢ Vladimir PhD., Faculty of Engineering, Tr. A. Hlinku 2, 94976 Nitra, Slovakia tel/fax: +421
376 415 783, e-mail: vladimir.cviklovic@uniag.sk,
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HyperText Markup Language (HTML)

HTML is the main markup language for creating web pages and other information
that can be displayed in aweb browser. It is a set of markup tags which describe document
(web page) content. HTML is written in the form of HTML elements consisting of tags
enclosed in angle brackets (like <html>). HTML tags come in pairs like <h1> and </h1>,
although some tags are unpaired, for example <img>. The first tag in a pair is the opening
tag, the second tag is the closing tag. In between these tags web designers can add text,
tags, comments and other types of text-based content. HTML allows images and objects to
be embedded and can be used to create interactive forms. HTML is easy to use and
understand and all browsers support it. It is free and it is interactive with CSS and
JavaScript. The last version of HTML was published in 2013 as XHTML.

Fig. 1 Screen of Dreamweaver with HTML code

Cascading Style Sheets (CSS)

CSS allows web authors to apply styles to their web pages. Using just HTML, we
get taught to set the font face, size, colour, style etc every time it occurs on a page. With
CSS, you only have to specify these details once for any element. CSS will automatically
apply the specified styles whenever that element occurs. CSS saves time and pages load
faste, because less code means faster download times. To change the style of an element,
you only have to make an edit in one place.

JavaScript (JS)

JavaScript is an interpreted computer programming language. It was originally
implemented as part of web browsers so that client-side scripts could interact with the user,
control the browser, communicate asynchronously, and alter the document content that was
displayed. Its syntax was influenced by the language C.

Communication

Communication between our application and real monitored system is via RS 232
port. Data are send from monitoring system each second. Monitored are energy intensity of
globa iradiation and PAR iradiation, air velocity, temperatures of panels and air
temperature. Form this values are calculated efficiencies of photovolatic panels. Bloc
diagram of full photovoltaic system is shown in figure 3.
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Fig. 2 Screen of Dreamweaver with CSS code

Fig. 3 Scheme of Photovoltaic panels at SUA, Faculty of Engineering
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3 Resaults and Discussion

Asdeveloping final result is aweb page Solar Energy Viewer is shown in figure

Fig. 4 Web Page Solar Energy Viewer

First of all, it is necessary to click on Start button to run the visualization. Until
than al the parametres have value “000” (Figure 5.). After running it, the Current and
Voltage values are received from Braker Box and Charge Controlers via serial port. The
Current and voltage values are load via RS232 port from real photovoltaic system.
Multiplying the Voltage and the Current, Power is obtained.

P=1.V (1)
Where: P —power, W

| —current, A

V —voltage, V

All the three parameters depend on Temperature of Air, Wind Speed, Global
radiation and Photosynthetically Active Radiation, which is presented as scroll bar in right
top corner (Figure5.)

Power inverters are converting direct current (DC) to alternating current (AC). The
converted AC can be at any required voltage and frequency with the use of appropriate
control circuits (Figure 6.).

Apart from the above mentioned parameters, the amount of current in batteries
depends on the number of consumer devices (in this paper, household devices). It is
possible to set every device by the ON/OFF button next to device. All of thisis monitored
viaacomputer that is connected to the whole system through RS232 port.

Fig. 5 Viewer isON

260



Fig. 6 The wiring scheme part
4 Conclusions

On web page Solar Energy Viewer is presented system of getting renewable energy
from the sun energy using Solar panels. In order to visualize the whole process, it is used
method of building web page by HTML and CSS in order to apply styles to web page.
JavaScript had a role to update page and display the values of Current, Voltage and Power.
Whole system of Solar panels and web monitoring is working properly under certain
conditions.

Systems approach to designing Web page using these tools allows the system to
model a whole, eliminating unnecessary detail. Enabled easy communication between the
designer, user and system of Solar panels. Graphic display allows easy understanding,
remot monitoring and changes in the web page and system.

Finally we can conclude that designing of web page is necessary if you want remote
monitoring of solar panels system with the possibility of adjustment in the case of system
expandibility in the future, where it is known that 80% of electricity should be from green
Sources.
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HODNOTENIE VYROVNANOSTI POVRCHU PODY PRI
SPRACOVANI ROZNYMI TECHNOLOGIAMI
EVALUATION OF SOIL SURFACE ROUGHNESSIN
TREATMENT WITH DIFFERENT TECHNOLOGIES

MARTIN PSENKA — MAREK ANGELOVIC

Abstract

This script deals with evaluation of work of soil machinery at different machining
technologies in Agricultural cooperative Bobot Horflany. This company owns agricultural
machines usable for conventiona treatment of soil, as well as for minimization soil
treatment.. In this company, we compared different technologies for soil treatment.

In thesis, we evaluated parameters of soil treated with different technologies under
specific conditions in the company, at approximately equal soil conditions. We focused the
compliance of level of roughness of the soil surface.

Key words: agricultural machinery, treatment of soil, technologies, plow, cultivator

1 Uvod

Obrabanie pddy je jedna zo z&kladnych pracovnych operécii pri mechanizovanych
précach v rastlinnej vyrobe. Svojou doélezitostou z hl'adiska zabezpeenia predpokladov
dobrej Grody ako aj rozsahom prace si zasluhuje pozornost’ vSetkych riadacich pracovnikov
agrokomplexu. Z&kladné obrédbanie pddy je mechanizované obrabanie pddy po zbere
(podmietka) alebo pred pripravou pddy k sejbe asadeniu, napriklad orbou do rdznej hibky
podl'a poziadaviek rastlin v danych pédnych a klimatickych podmienkach. Charakteristickym
ukonom orby je obrétenie brazdového odvalu ana tato ¢innost’ sa pouzivaju pluhy (Fran¢ak
akoal., 2012).

Kypri¢e sa pouzivaji na pripravu pody pred sejbou a Sadenim azabezpecuju
dostatoény miesaci ucinok arovnomerngSie rozmiestnenie rastlinnych zvyskov vo
vrchnejsich vrstvach pody. Podu kypria, drobia, prevzdusiuju, podrezavaju buriny a pripadne
zapracovavau do nej hnojivo (Angelovi¢ — Jobbagy, 2010).

Na Slovensku sa v ostatnych rokoch stretdvame skonvenénym, ale Coraz CastejSie
I minimalizaénym a pddoochrannym spdsobom obrabania. Je to dané Specifickymi
podmienkami Slovenska, ked” pol'mohospodarske podniky, ktoré chcel i prezit, museli
zareagovat’ na zmenené ekonomické i ekologické podmienky (BuSo, 2009)

V poslednom obdobi st polnohospodari ale aj vyrobcovia polnohospodarskej
techniky postaveni pred nel'ahku tlohu. V situacii, ked’ dochadza k zhorSovaniu vyrobnych
podmienok, musia adekvéatne reagovat’ na zvySeny zdujem o pol'nohospodarsku produkciu,
ktory je vyvolany stibehom viacerych agronomickych a ekonomickych faktorov. Je zreme, ze
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odpoved’ na rieSenie tejto Ulohy spojenej s rastom objemu vyrdbanej pol'nohospodarske;j
produkcie nebude mozné bez kvalitnej pol'nohospodarske;j techniky (Dud’ak, 2013).

Cielom prispevku je zhodnotit' kvalitu prace strojov pre spracovanie pody Vv
ramci konvencnej a podoochrannej technologie so zameranim na vyrovnanost povrchu
spracovaneg] pody v pol'nohospodarskom podniku PD Bobot Hornany.

2 Material a metédy
Hodnotili sme précu 5-radliéného pluhu (tab.1) a tanierového kyprica
(tab.2). Jednalo sa o stroje pomerne moderného konstrukéného riesenia, ktoré podnik pouZziva

pri spracovani pody.

Tab. 1 Udaje o pouzitom pluhu
Tab. 1 Information about used plow

Pluh
Vyrobca Grégoire Besson
Typ SPB9 616 180114
Rok vyroby 2008
Vyrobné ¢islo 721044
Zaber orbového telesa 0,45m
Pocet orbovych telies 5
Hmotnost’ stroja 2 600 kg
Typ poloneseny, oto¢ny

Tab. 2 Udaje 0 pouzitom tanierovom kypriéi
Tab. 2 Information about used disc cultivator

Tanierovy kypri¢
Vyrobca Grégoire Besson
Typ MXE 616/ 38
Rok vyroby 2005
Vyrobné ¢islo 56219
Pocet tanierov v sekcii 10
Pocet sekcii 4
Hmotnost stroja 2 800 kg
Typ umiestnenie sekcii do tvaru " X"
Z&ber stroja 35m

Na postdenie kvality prace sme zvolili vyrovnanost povrchu po pouziti konvenéne;j
apbdoochranngj technologie. Namerané hodnoty pri jednotlivych technolégiach sme
spracovali do tabuliek (tab.3 atab. 4). Meranie sme vykonali pomocou dosky dlhe 1 meter,
na ktorgj bol kazdych 0,1 metra ozna¢eny bod, pri ktorom sme vyrovnanost’ povrchu pédy
zmerali. Hodnoty uvedené v tabul’kach si v metroch.
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Tab. 3 Vyrovnanost’ povrchu pddy pri konvencnej technol ogii
Tab. 3 Uniformity of soil surfacein conventional technology

. Pocet merani priem.
meranial 1 2 3 4 5 6 7 8 9 | 10 |hodnota
(m | m | (m | (m | (m | (m | m | (m ] m | (m | (m
1 0091 009 ] 015 ] 0,18 | 0,16 0,1 0,09 | 0,095] 0,085] 0,05 | 0,109
2 0,04 | 001 |0,135] 0,125 0,07 | 0,05 | 0,035] 0,07 | 0,02 | 0,025 | 0,058
3 0,07 1 0,095 0,11 | 0,06 | 0,07 | 0,055| 0,03 J 0,035] 0,02 | 0,04 | 0,0585
4 0,02 | 0,07 | 0,07 0,1 ] 0,055] 0,075 ] 0,06 0,1 0,11 | 0,25 | 0,091
5 002 ] 002 | 003 ] 012 | 0,13 | 0,06 | 0,05 ] 0,04 | 0,045] 0,06 | 0,0575
6 011 ] 6011 ] 006 | 001 | 001 | 0085} 0,11 | 0,09 | 0,01 | 0,04 | 0,0635
7 001 ] 002 ] 001 ] 003 ] 004 | 0,065| 007 ] 005] 009 | 005 | 0,0435
8 0,055] 0,06 | 0,055 0,025] 0,08 | 0,04 | 0,16 | 0,245] 0,035 ]| 0,01 | 0,0665
9 001 ] 002 | 003 ]005]| 01 0,03 | 0,05 ]0125] 0,07 | 0,04 | 0,053
10 0,01 | 0,03 | 0,035] 0,038 0,075] 0,045 0,035] 0,04 | 0,02 | 0,01 | 0,0338
Tab. 4 Vyrovnanost’ povrchu pody pri pddoochrannej technologii
Tab. 4 Uniformity of soil surfacein soil protection technology
y Pocet merani priem.
A 2 3 | 4 [ 5 6 7 8 9 | 10 |hodnota
m | m | m ] m | m/fm]J]m]m]m]|m]| m

1 0,030 | 0,020 | 0,070 | 0,040 | 0,080 | 0,070 | 0,040 | 0,050 | 0,060 | 0,050 | 0,051
2 0,020 | 0,030 | 0,065 | 0,125 ] 0,080 ] 0,055 ] 0,055 | 0,025 | 0,035 | 0,045 ] 0,054
3 0,025 ] 0,040 ] 0,065 | 0,051 | 0,035 0,031 ] 0,060 | 0,050 | 0,022 | 0,020 | 0,040
4 0,020 | 0,010 | 0,030 | 0,085 | 0,065 | 0,075 ] 0,060 | 0,082 | 0,042 | 0,035 ] 0,050
5 0,030 | 0,035] 0,040 | 0,050 | 0,053 ] 0,070 ] 0,045 | 0,044 | 0,042 | 0,039 | 0,045
6 0,063 ] 0,023 ] 0,040 | 0,030 | 0,050 | 0,047 | 0,041 ] 0,032 ] 0,045 | 0,034 | 0,041
7 0,042 |1 0,055 ] 0,031 | 0,110 | 0,070 | 0,055 | 0,065 | 0,068 | 0,021 | 0,042 | 0,056
8 0,038 | 0,040 | 0,052 | 0,063 | 0,053 ] 0,110 J 0,081 | 0,098 | 0,011 | 0,072 | 0,062
9 0,110 | 0,120 ] 0,056 | 0,051 | 0,027 | 0,060 | 0,055 | 0,075 ] 0,084 | 0,080 | 0,072
10 | 0,080 0,060 | 0,015 0,053 ] 0,050 | 0,038 | 0,012 | 0,035 | 0,041 | 0,070 | 0,045
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3 Vysdedky adiskusia

Na obrazku (Obr. 1) je graf spracovanych hodnét z tabulky (tab. 3), na ktorom
amplitady krivky prezradzaju tiroven vyrovnanosti povrchu po spracovani pddy pluhom.

Obr. 1 Graf vyrovnanosti povrchu po orbe pluhom
Fig. 1 Graph of uniformity of soil surface after tillage with plow
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Pri pohlade na graf je vidno velka variabilitu zltej krivky, ktord zndzoriiuje
konkrétne namerané hodnoty oproti Cervenej krivke, ktora predstavuje strednii hodnotu
0,06343 m. Smerodajna odchylka ma v tomto pripade hodnotu 0,04355, a z toho vyplyva, Ze
povrch pddy pri pouziti pluhu je na jednom metri v priemere nevyrovnany Vv rozmedzi
0,06343 + 0,04355 metra.

Varia¢né rozpitie nameranych hodnét je 0,24 metra, ¢o pri porovnani krajnych
hodn6t takisto sved¢i o nerovnomernosti povrchu pody.

Na obrézku (Obr. 2) je graf spracovanych hodnét z tabul’ky 4, na ktorom amplitady
krivky prezradzaju Groven vyrovnanosti povrchu po spracovani pddy tanierovym kypricom.
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Obr. 2 Graf vyrovnanosti povrchu po pouziti tanierového kyprica
Fig. 2 Graph of uniformity of soil surface after using disc cultivator
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Pri pohlade na graf je vidno pomerne vécSiu variabilitu zelenej krivky, ktora
znazoriiuje konkrétne namerané hodnoty oproti Cervenej krivke, ktord predstavuje strednu
hodnotu 0,0515 m. Smerodajnd odchylka ma v tomto pripade hodnotu 0,02384, aztoho
vyplyva, Ze povrch pbdy pri pouZiti pluhu je na jednom metri v priemere nevyrovnany
v rozmedzi 0,0515 + 0,02384 metra.

Variané rozpitie nameranych hodnét je 0,115 metra, ¢o pri porovnani krajnych
hodnét sved¢i o mierng nerovnomernosti povrchu pody.

4 Zaver

Z vysledkov hodnotenia vyrovnanosti povrchu pbédy po pouziti pddoochranng
akonvencénej technologie pri zékladnom spracovani pédy sme zistili odlisnosti tychto
sposobov.

Namerané hodnoty sme spracovali do grafov a prostriedkami popisngj Statistiky sme
vyvodili ¢iselné hodnoty, ktoré pri vzdjomnom porovnani obidvoch sposobov spracovania
pOdy su pomerne zna¢ne odlisné.

Povrch bol vyrovnanejsi po spracovani tanierovym kypri¢om, kde pdda sice nebola
otatana, a poda bola spracovana do mensej hibky, ale povrch pddy je po pouZiti tanierového
kyprica lepsie spracovany pre pouzitie d’alSich strojov v ramci technologie pestovania, ako
napriklad sejacky. Naklady spojené so spracovanim pddy pred sejbou sa teda podniku
vyrazne zniZzuju a podnik tieto prostriedky moze vyuzit’ na iny tcel.

Na druhg strane pluh, ako naradie pre konvenéna technoldgiu, v mnohych
pol'nohospodarskych podnikoch stdle patri k najdolezitegiSim nastrojom pre zékladné
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spracovanie pody. Podoochranna technologia sa nedd uplatnit’ vSade a Vv niektorych
podmienkach sa prave vyZaduje obracanie pody.

Podnik uskutoéiiuje svoju ¢innost’ na stredne tazkych az tazkych ilovitych pddach
akazda péda si vyZaduje individudine posidenie z hl'adiska pouzitia technologie obrabania.
Preto g napriek vysSie zhodnotenym vysledkom vyrovnanosti povrchu pody, sa na niektorych
parcel &ch podnik nezaobide bez pouzitia konvenénej technologie obrabania.
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Sthrn

Praca sa zaoberd zhodnotenim préace strojov na obrdbanie pddy pri réznych
technol6giach obrébania v Pol'nohospodarskom druzstve Bobot Hornany. Podnik vlastni
pol'nohospodarske stroje vyuzitené pre konvenéné obrabanie pody ako aj pre pddoochranné
obrébanie. V tomto podniku sme porovnali jednotlivé technol dgie pre spracovanie pody.

V préci sme hodnotili parametre spracovanej pddy pri jednotlivych technolgiéch za
Specifickych podmienok v danom podniku, na priblizne rovnakych pédnych podmienkach.
Sledova som dodrZiavanie Urovne vyrovnanosti povrchu pédy.

KPucové slova: pol'nohospodarska technika, spracovanie pddy, technologie, pluh, kypri¢
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VYTVORENIE MODELU VZNETOVEHO MOTORA PRE
LABORATORNE UCELY
CREATING A DIESEL ENGINE MODEL FOR LABORATORY
PURPOSE

TOMAS REGRUT - RASTISLAV BERNAT - ZOLTAN ZALEZAK -
MARTIN HUSEK

Abstract

In our work we deal with high-pressure Common Rail injection system for four-
cylinder diesel engine. Working in the introductory part of a feature common-rail system and
its evolution to its current form. The next part is solved by rebuilding the engine design to a
fully functional model and its preparation for further research tasks solved in the laboratories
of the Department.

The use of the model will be designed as a teaching aid for students in accredited
subjects Diagnosis and repair of machine groups at the Department of Quality and
Engineering Technologies. It will also assist in creating new innovative measurement
solutions for bachelor and diploma theses as well as in dealing with international projects
regarding the construction of automobile engines.

K ey words: engine, model engine diagnostics, laboratory measurements

1 Uvod

Napriek snahe Cloveka prejst’ na alternativne paliva, ktoré su ekologické a Setrné k
zivotnému prostrediu, stale je najrozsirenejsi klasicky motor spalujuci benzin alebo naftu.
Motory prechadzaju neustalymi zmenami a vyznamnému vyvoju, aby plnili prisne kritéria
najavsich emisnych noriem. U vznetového spalovacieho motora bolo velkou modernizaciou,
okrem iného, zavedenie vstrekovacieho systému s ndzvom Common Rail. Do tej doby sa
pouzival systém Cerpadlo — tryska, kde je systém zalozeny na ¢erpani nafty do vstrekovacieho
cerpadla odkial’ ide pod vys$sim tlakom do mechanického vstrekovace, ktory sa tlakom otvori
a dojde k vstreku paliva do valca. Oproti spominanému konstrukénému rieseniu vstrekovania
systém Common Rail pracuje s tlakovym zasobnikom. Tlak v iom je vytvarany nezavisle na
otackach a vstrekované mnozstvo paliva. V zasobniku (Railu) je palivo pripravené na
vstrekovanie, to riadi elektronicka riadiaca jednotka, ktora vypocitava okamih vstreku a
vstrekované mnozstvo. Presna davka je dana jej tlakom a dobou otvorenia vstrekovacie
trysky. Trysky su ovladané elektrohydraulicky pomocou elektromagnetickych ventilov.
Hlavné vyhody tohto druhu vstrekovania spoc¢ivaji vo vel'mi jemnom rozprasenie paliva, jeho
okamZitom odpareni a vzniku kvalitnej zmesi so vzduchom. To zaist'uju vysoké vstrekovacie
tlaky (u 1. generéacie 135MPa, u druhej az 160 MPa). Spalovanie je v motore ekonomickejSie
so vSetkymi vyhodami medzi ktoré patri hlavne zniZenie emisii nez u predchadzajucich
druhov vstrekovania a to az 0 40% CO, 50% HC a 60% pevnych nespalenych ¢astic, d’alej sa

Bc. Tomas Regrut, Ing. Rastislav Bernat, PhD., Ing. Zoltdn Zalezak, PhD. Katedra kvality a strojarskych
technol6gii, TF SPU v Nitre, Tr. A. Hlinku 2, 949 01 Nitra, rastislav.bernat@uniag.sk, mob. 0903 816 302
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znizuje merna spotreba paliva a dochadza tiez k znizeniu produkcie CO, az o 20%. Dal§imi
vyhodami su tichSie a mékSie chod.

2 Material a metédy

Zavedenim systému vstrekovania Common Rail sa naStartovala nova éra v priprave
zmesi. Common Rail prechadzal nespocetnymi inovaciami, ktoré pracovali od tlaku 135 MPa
az 250 MPa. Pociato¢na verzia common railu pracuje s vysokym tlakom dosahujicim az 135
MPa uhlavného vstreku s predstrekom zanedbatelného mnozstva paliva za ucelom predhriatie
spalovacieho priestoru, ¢im je mozné dosiahnut’ niz$iu spotrebu.

Druha generacia pracuje na rovnakom principe, avsak s vyssimi vstrekovacimi tlaky a
to az 160 MPa. NavySe sa u nej pouziva eSte tzv. "dovstrek" po hlavnom vstreku. Ten
stanovuje konecné mnozstvo spaleného paliva vo valci na jeden pracovny cyklus.

Tretia generacia prisla s novym typom vstrekovaca, ktory je ovladany piezoelektricky
a tiez s vacsim vstrekovacim tlakom az 200 MPa. Vd’aka zvécsenie tlaku a elektromagneticky
ovladanym vstrekovaom mozné palivo d’aleko lepsie a jemnejSie rozprasit’ vo valci, tym sa
zvacsuje ucinnost’ jeho spalovanie, ktord prinaSa vyS$s$i vykon, niz$iu spotrebu a emisie
vyfukovych plynov.

U Stvrtej generdcie v roku 2008 bol prvykrat pouzity hydraulicky zosiliujici
vstrekovaé paliva. Tento vstrekova¢ zosiliiuje pracovny tlak panujici v zasobniku (railu) a
umoznuje dosiahnut’ vstrekovacicho tlaku az 250 MPa pri¢om pracuje v systéme s nizsim
tlakom nafty, ktory je I'ahSie ovladatelny. Potrebny vysoky vstrekovaci tlak je vytvarany az
vo vstrekova¢i pred samotnym vstrekom. Inovaciou konstruktéri docielili SetrnejSie
spalovanie a menSiu tvorbu emisii. Vylep3ena je tieZ priprava zmesi, to obmedzuje vznik
Castic. V poslednej rade mozno tieZ pracovat’ s viacnasobnym vstrekom, ¢o prispieva k
regeneracii filtrov pevnych cCastic.

Obr. 1 Palivova sustava Common Rail od firmy Bosch, umiestnenie na vozidle
Fig. 1 Fuel system Common Rail from Bosch, the location of the vehicle
(1) - mera¢ hmotnosti nasdvaného vzduchu, (2) - riadiaca jednotka, (3) - vysokotlakové
Cerpadlo, (4) - vysokotlakovy zasobnik, (5) — vstrekovac, (6) - snimac ota¢ok kl'ukového
hriadel’a, (7) - snimac teploty chladiacej kapaliny, (8) - filter paliva, (9) - snimac polohy
akceleracného pedala
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Cely systém vstrekovania Common Rail je ovladany riadiacou jednotku, ktoré
vyznamne spolupracuje so snima¢mi a ovladdacimi ¢lenmi prislusného motora. Signaly zo
snimac¢ov st v riadiacej jednotke vyhodnotené a vystupné signaly z riadiacej jednotky slUZia
K regulacii roznych sucasti motora k jednotlivym ovladacim ¢élenom, ktoré regulaciu
realizuju.

Snimace a ovladace st kriadiacej jednotke pripojené pomocou viacpolového
konektora. Riadiaca jednotka je tvorena mikroprocesormi, ktoré vykonavaju vypoéty. Zo
vstupnych déat a ulozenych datovych poli urcuju kedy a ako dlho mé trvat’ vstrek paliva.
Jednotlivé doby sa prispésobuju pracovnym rezimom motora a su prevadzané na signal, ktory
ma Casovy priebeh. Tieto operacie st naro¢né na vypoctovy vykon. Vystupné signaly aktivujd
ovladacie Clenov ako je regulacia tlaku paliva v zasobniku, odpdjani vysokotlakového
erpadla, recirkulacia vyfukovych plynov, relé palivového &erpadld, apod.. Dalej ovlada
vedl'ajsie zariadenia ako ventilator karenia, zhavenie, klimatizaciu. VSetko je treba chranit’
proti skratu a elektrickému pretazeniu. VSetky pripadné zdvady st hlasené spit’ do riadiacej
jednotky, ktora vlastnou diagnostikou rozpoznava zly priebeh signalu, napr. u vstrekovacov.

Obr. 2 Motorovy priestor ALFA Romeo
Fig. 2 Engine compartment Alfa Romeo

Obr. 3 Model motora so vstrekovanim Common Rail
Fig. 3 Model engine with common rail injection
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Tab.1 Parametre modelu motora
Tab. 1 Parameters of the model engine

M otor
Zdvihovy objem: 1970 cm®
Typ motoru: 4 valec inline

Umiestnenie motoru:

priecne vpredu

Velkost’ valca:

82.7 x 90 mm (3.3 x 3.5 palca)

Kompresia: 19.2:1

System paliva: Common Rail
Systém prepliovania: Turboduchadlo
Maximalny vykon: 78.6281 kW pri 4000 ot.
Maximalny to¢ivy moment: | 255Nm/2000 ot.
Pomer vykon véha: 0.0649766 kW/kg
Zrychlenie 0-100 km/h: 104 s

Spotreba v meste: 8.3 |
Spotreba mimo mesta: 4.7 |
Spotreba kombinovana: 57 1
Objem nadrze: 10 |

Tab. 2 Popis konstrukcie modelu
Tab. 2 Description of the structure model

Material kon&trukcie - profil ,, U*

Vyska profilu: h-80 mm
Sirka ramena: b-40 mm
Hrabka profilu: t—3mm
Hmotnost’: 3.51kg/m
Medzna odchylka h: +0.75 mm
Medznéa odchylka b: +0.75mm
Medzna odchylka priamosti na 1 m: 0.002mm/m
Medzna odchylka pravouhlosti stran: +1%45
Uhol ohybu: 90°
Skrutenie: 1°m*

Celkové rozmery konstrukcie modelu motora s prisposobené rozmerom motora
s prevodovkou ako aj ostatnym neodmysliteI'nym su¢astiam motora a ich uchyteni. Celkova
dlzka modelu: 0,92 m, Sirka modelu: 1,07 m, vySka modelu: 1,2 m.

271



Obr. 4 R&m — ocel'ové nosniky profilu U Obr. 5 Zvaranie metddou TIG
Fig. 4 Frame - Steel Beams U Fig. 5 TIG welding
1 - zvareny dielec, 2 - obluk, 3- zvar, 4 - pridavny material, 5 - dyza, 6 - ochranny plyn, 7 -
elektricky kontakt (kontaktna $picka), 8 - volframova elektrdda, 9 - zdroj prudu

3Vysedky a diskusia

Inovéciou vstrekovacich systémov  vznetovych motorov je jednou z moZnosti
zvySovania vykonu motora a zniZovania Skodlivych emisii vypustanych do ovzduSia.
Podstatou a cielom naSej prace bolo vytvorit' plne funkény model naftového motora
apripravit ho na dalsie vyskumné ulohy rieSené v laboratoriach Katedry kvality
a strojarskych technolégii ako aj na ucely praktickej uc¢ebnej pomdcky v ramci vyucovanych
predmetov s praktickou ¢astou.

Model tvori pristupni u¢ebnit pomocku na prehl'adné pripojenie réznych merani
a vyskumnych retazcov pri zmenach vstupnych parametrov motora, kde mozno jednotlivé
stavy kontrolovat’ cez pripojenie prostrednictvom diagnostickej zasuvky DIP.

Modelové zariadenie pre laboratorne ucely plne nahradzuje vznetovy motor Z 8401.12
doposial’ pouzivany v laboratornych podmienkach. Motor zo systtmom Common Rail dava
Studentom nové moznosti vlastnej realizacie pri simulacii réznych podmienok prace
naftového motora ako aj rieSenia problémov pri novsich spdsobov pripravy palivovej zmesi.

Plnohodnotne sa da vyuZit’ na meranie v jednotlivych cielovych skupinach:

1. Elektricka sustava:
Meranie velkosti straty energie akumulatora pri Starte, Meranie charakteristik
menovitého napétia, Meranie charakteristik prevadzkového napétia, Porovnavanie
menovitého a prevadzkového napdtia, Meranie Ubytku pradu na vybranych
elektrickych spojoch, Meranie dobijania akumulatora, Meranie Zivotnosti akumulatora
2. Palivové sUstava:
Meranie spotreby, Meranie tesnosti palivovej sustavy, Meranie tlaku palivovej sustavy
3. Atmosféricka Cast’ motora: SpOSoby merania tesnosti spalovacieho priestoru,
Sledovanie sacich odporov, Meranie Ubytku tlaku, Meranie mnozstva vzduchu pri
spal’ovani ,Meranie tlaku vzduchu turbodlchadla
4. Mazacia sUstava: Meranie Ubytku oleja v Ustave, Meranie viskozity oleja, Meranie
mnoZstva a vel’kosti neziaducich Castic v oleji, Meranie tlaku oleja ,Porovnévanie
olejov, Meranie hrabky a kvality mazacieho filmu

272



5. Chladiaca sustava: Meranie Ubytku chladiacej kvapaliny, Meranie tlaku chladiacej
sustavy, Meranie mnozZstva tepla odvedeného chladiacou kvapalinou

6. Pohyblivé Casti motora: Meranie ovalitosti piestu, Meranie tesnosti ventilov, Meranie
opotrebenia kl'ukového hriadel’a, Meranie volnosti vackového hriadel’a, Meranie
drsnosti piestnych kruzkov, Meranie rozt'aznosti rozvodového remena, Meranie
stiosovosti ojnice a pod.

4 Zaver

NaSou pracou sme chceli priblizit' funkciu systému Common Rail v laboratérnych
podmienkach a jeho uplatnenie v sucasnosti, d’alej ¢asti jednotlivych komponentov a ich
funkciu. Pri pisani sme cerpali ako z odbornych publikécii, tak aj z ¢lankov verejnosti a
internetovych stranok priamo vyrobcov, hlavne firmy Bosch.

Prichodom vstrekovacieho systému Common Rail poukazujeme ako délezity krok v
rozvoji naftového spalovacieho motora, ktory az do roku 1997 pracoval na rovnakom
principe vstrekovania Cerpadlo - tryska. S jeho prichodom sa stal vznetovy motor tichSim,
vykonnejsim, UspornejSim a hlavne ekologickejSim v spojeni s modernymi filtrami pevnych
Castic.

Vysledkom naSej prace je navrhnutd arealizovand kons$trukéna prestavba
Stvorvalcového vznetového motora Alfa Romeo 145 1.9 JTD na plne funkény model. Pri
navrhu vsetkych rieSeni bol kladeny déraz na miniméalne zasahy do pdvodného systému a
ekonomicku stranku prestavby. Najskor bol technicky rieSeny a pevnostne vyhovujuci rdm
celého modelu kde sme postupne navrhli umiestnenie samotného bloku motora spolu s
chladiacou, palivovou, elektrickou ststavou motora. Nasledne bolo navrhnuté umiestnenie
vysokotlakového vedenia od ¢erpadla k vysokotlakovému zasobnika a od vysokotlakového
zasobnika k hrdlam tlakovych trubiek. Bolo potrebné zohladnit’ zastavbové priestory, ¢o
najkratiiu dizku rirok a vyrobitenost. Skonstruovany ram modelu ktory podopiera cely
model je mobilny vzhl'adom na namontované kolieska s brzdou.

Jedinym nevyhnutnym zasahom do konStrukcie motora bola vyroba vlastnej palivovej
nadrze a navrh a vyroba nizkotlakovej casti palivového systému, predovietkym palivového
filtra, palivového Cerpadla a meraca hladiny pohonnych hmét ktoré boli umiestnené do novej
palivovej nadrZze. Samotny navrh zohladiioval spravnu funkciu palivového systému ako aj
velky d6raz na udrzbu a opravitel'nost, pretoze jednou z nevyhod systtmu Common Rail je
vysoka citlivost’ na kvalitu paliva. Poslednym krokom bolo navrhnutie a umiestnenie riadiacej
jednotku so vsetkymi snimaémi a snimaémi potrebnymi pre spravnu funkciu systému.
Navrhnuté rieSenia prestavby motora boli aj realizované atak sme vytvorili plne funkény
model motoru so systétmom Common Rail, ktory je sti¢ast'ou laboratoria diagnostiky.
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Sthrn

V naSej préaci sa zaoberame vysokotlakovym vstrekovanim systému Common Rail u
Stvorvalcového vznetového motora. Praca v avodnej Casti predstavuje funkciu systému
Common Rail a jeho vyvoj az do sucasnej podoby. V d’alSej ¢asti prace je rieSena konstruk¢éna
prestavba motora na plne funkény model a jeho priprava na d’alSie vyskumné ulohy rieSené
v laboratoriach katedry.

VyuZitie modelu bude uréené ako ucebna pomécka pre Studentov v ramci
akreditovanych predmetov Diagnostika a Opravy strojovych skupin na Katedre kvality
a strojarskych technolégii. Taktiez bude napomocny pri vytvoreni novych inovativnych
merani pri rieSeni bakalarskych a diplomovych prac ako aj pri rieSeni medzinarodnych
projektov ohl'adom konstrukcie automobilovych motorov.

Kruacové slova: motor, model motora, diagnostika, laboratorne merania
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NUMERICAL MODELLING OF SILO DISCHARGE

FERENC SAFRANYIK - ISTVAN OLDAL

Abstract

A large number of studies have been described the outflow of granular materials.
Several empirical and analytical model are used to determinate the discharge rate of silos, but
only the model of Oldal et al. gives physical explanation of the phenomenon (the constant
discharge rate and velocity distribution). This model explains the constant discharge rate with
the formation and collapse of arches in the bin. This analytical model is still unable to
determine the discharge rate in the case of mass flow type silos.

The aim of our work is to create a numerical model, which can determine the
discharge rate of wheat particles from silos in a case of funnel flow and also in case of mass
flow. We modeled the discharge process by using discrete element method. Our additional
aim is to validate the simulation results by experiments.

Key words: silo, DEM, discharge, flow patterns, discharge rate

1 Introduction

Granular materials have great importance in almost every field of the industry. The
transportation and handling of agricultural products, comestibles, compounds, chemicals and
minerals have special needs that have to be taken into account as well as the design of the
connected apparatuses. The solution of the upcoming problems regarding the discharge of
silos (design of the connecting apparatuses, stop of mass flow, etc.) can result serious cost
decrease during the design of a new or re-design of an existing silo.

The fundamental conditions of applicability of silos are the possibility of the
discharging and the knowledge of the discharge rate (in view of design of the connecting
apparatuses). Because of their special mechanical behavior the discharge of granular materials
differs from the discharge of liquids. In case of fluids, the flowing velocity changes with fluid
level. In case of granular materials, the velocity and the discharge rates are constant
(independent of the filling level of silo).

In the literature a large number of studies have been described the outflow of granular
materials. Most of the discharge models are empirical without physical explanation of the
phenomenon. Only the model of Oldal et al. [5] gives physical explanation of the
phenomenon (the constant discharge rate and velocity distribution). This model explains the
constant discharge rate with the formation and collapse of arches in the bin, so it throws light
on why the velocity distribution isn’t uniform at the silo outlet. In case of funnel flow the
grain velocity was determined by the height and shape of the arch by Oldal et al. [5]. Using
the average grain velocity, the bulk density discharge rate can be derived:

Ferenc Safranyik, MSc student, Szent Istvan Univerity, Faculty of Mechanical Engineering, Institute of
Mechanics and Machinery H-2103 Go6dollé, Hungary, e-mail address: safranyik.ferenc@hallgato.szie.hu

Istvdn Oldal, associate professor Szent Istvan Univerity, Faculty of Mechanical Engineering, Institute of
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W = -‘H:'g VB p,-(d—d,). (1)

In this equation W is the discharge rate, p is the density of the bulk material, g is the
gravitational acceleration, d is the outlet size and d, is the particle size. This model can be
used if the outlet size is between the values of

7d, <d < 0,6D. (2)

Still this analytical model is unable to determine the discharge rate in the case of a
mass flow silo (Fig 1).

Fig. 1 Measured and predicted discharge rate [5]

The aim of our research is to create a numerical model, which can determine the
discharge rate of wheat particles from silos in a case of funnel flow and also in case of mass
flow. The discrete element method (DEM) was used for the modeling. The flow pattern, the
discharge rate and the velocity distribution were determined by this new numerical model.
Further aim of our work is to validate the simulation results by experiments.

2 Material and M ethods

The discharge of wheat was modeled by discrete element method. The Discrete
Element Method (DEM) is a numerical technique for modeling the static and dynamic
mechanical properties of the granular materials. The method is based on the simulation of the
motion of granular materials as separate particles and involves the movement of all particles
and detection of their collision with other particles and with their environment [6]. The
method has great computational demand and it is continuously developing. All of the
simulations were done in the EDEM Academic 2.4 (2008) discrete element software.

Two different geometrical models were created. We made a silo with a diameter 200
mm and a height 700 mm, the outlet size was 60 mm. The first geometrical model was created
with 30° bin half angle; the second was created with 60° bin half angle. In the engineering
practice, we have diagrams helping to determine the flow mode. On the basis of these
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diagrams in case of a bin with a half angle 30° we can suppose mass flow, in case of a bin
with a half angle in 60° we can suppose funnel flow [2].
Particle and contact model

The particle model and the micromechanical parameters of wheat were determined by
the literature. [3]. These parameters were validated in a mixed flow dryer. We had to verify
that these parameters are suitable for modeling also the discharge process.

The particle model of a grain of wheat was a rigid model. This model was created of
as a clump of three spheres, having radiuses 3 mm and 2,5 mm (Fig 2) [3].

Fig. 2 Particle model of a grain of wheat

The Hertz-Mindlin no slip contact model was used by the modeling. This contact
model uses spring-dashpot model of interacting the particles and the wall. By using Hertz-
Mindlin no slip contact model we had to use the following micromechanical parameters for
the description of the interaction of particles and walls:

Tab. 1 The micromechanical parameters [3]

Milcromechanica Wheat Stedl
parameter
v [-] 0,4 0,3
¢ [Pa] 3,58- 107 8- 10%
o [kg/m?] 1460 7500
6. [ for wheat: 0,5 -
r for steel: 0,6 | for wheat: 0,5
for wheat: 0,3 -
4[] for steel: 0,25 | for wheat: 0,25
for wheat: 0,01 -
ur [M] for steel: 0,01 | for wheat: 0,01

The parameter s of the smulation

To reduce the computational demand we filled just the three quarter of the silo [1].
The first step is the filling. The software randomly generates particles in a virtual volume.
After this the generated particles fall under gravity and fill the silo. The outlet of the silo has
been closed while the kinetic energy of the bulk will be almost zero. When the system came
to static state then the outlet will be open and the material begin to discharge. The discharge
simulation continued until all the particles had exited the silo. Since as the software randomly
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generates the position of particles therefor all of the simulations were made with five
repetitions. The average results were compared with measurements.

3 Results and Discussion

In Figure 3 can be seen the section of the silo during the discharge process. The
particles were painted according to their vertical velocity. Vertical velocity of the blue
particles is minimal and the vertical velocity of red particles is maximal. As we expected the
flow mode is mass flow in case of 30° bin half angle and in case of 60° bin half angle is
funnel flow (Fig. 3).

©=30° 0=60°

Fig. 3 Flow mode in case of different bins

Based on the simulation results we determined the mass of the silo in the function of
the time. We made comparison between the results of the numerical model and experiments
(Fig. 4/a). We can also see that the functions are linear in all cases. This means, that the
discharge rate (the slope of the lines) is constant. Consequently the discharge rate is
independent of the filling level of silo.

The average discharge rates were compared with measurements results. The difference
between our model and measurements are by both bins less than 5% (Fig. 4/b).
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Fig. 4 a) Mass of the silo in function of the time; b) Discharge rates

The numerical model is suitable for determine also the maximum grain velocity at the
outlet of the silo. The grain velocity was determined by three points of the outlet. These
velocities were compared with the results of analytical model of [5]:

o0 = 2580 1 (Z). ®

In the equation x and ¢ are the coordinates of the surfaces of an arch in a polar
coordinate system. The origin of this polar coordinates system is in the symmetry axis of the
bin. 9 is the quotient of the arch’s height and the outlet diameter, this is the shape coefficient
of the arc (which depends on the type of stored material) [5]. The difference between the
numerical model and Oldal’s analytical model was by both bins less than 10% and the
character of simulation results are same with the analytical model (Fig. 5).

©,=30° ©,=60°

n: % DEM - * DEM
T et} ./,
E / E’i, \ Analytical E i/ :; \l Analytical
0,05 0 0,05 0,05 0 0,05

x [m] X [m]
Fig. 5 Velocity distribution (0,=30°; ®,=60°)
4 Conclusion

Based on the results of the numerical model the flow mode is in accordance with the
design charts: we got in case of a bin with a half angle 30° mass flow and in case of a bin with
a half angle 60° funnel flow. The discharge rate is in good agreement with reality (the
difference is less than 5%) in case of both bins. With the numerical model the whole
discharge process can be described. One of the analytical models is not able to describe the
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process in non-stationary case. The characteristic of the velocity distribution at the outlet is
same with Oldal’s validated analytical model and the difference is less than 10% in both
cases.

Based on the above, the new numerical model is suitable for modeling wheat
discharge of silo in case of funnel flow and also in case of mixed flow. The discharge rate can
be determined and this model can be used in case of these flow types.

In the followings we have to make measurements and simulations in order to
demonstrate that this numerical model is suitable for modeling the mass flow.
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APLIKACIA ANALYZY OHROZENI V PROCESE
NAVADZANIA POCNOHOSPODARSKYCH STROJOV
ANALYSISOF THREAT IN THE GUIDING PROCESS OF
THE AGRICULTURAL MACHINESAND ITSAPPLICATION

STANISLAV SKACAN — MIROSLAV ZITNAK

Abstract

The main focus of the paper is a threat analysis in the process of agricultural
machinery guidance. It addresses the impact of various navigation systems in connection to
the comprehensive safety of machine operators, ie. working environment safety. The
enhanced-point method was engaged in order to assess and execute the risk analysis, while
taking into consideration the evaluators” opinions. In the review process of the risk analysis,
numerous measures aiming to improve the existing situation have been implemented. Possible
threats include stress, sensorial stress or improper ergonomics. These influences are partly
initiated by untrained staff.

Key words: threat, risk, work environment, navigation system, PDV method

1 Uvod

Aplikacia modernej technologie navadzania alebo riadenia strojov do organizécie je
spojend aj s novovznikajucimi rizikami, ktoré by mal manaZzment v organizacii identifikovat’,
analyzovat’ a prijimat’ potrebné ndpravné opatrenia. To sa da dosiahnut’ len dokonalym
poznanim pouzivaného systému navadzania, moznych poruch a faktorov prostredia, ktoré
mozu vplyvat’ na bezpeénost’ obsluhy.

Macak a Zitiak (2010) tvrdi, Ze pod pojmom navigécia strojovej stipravy rozumieme
sposob akym dochadza k navadzaniu energetického prostriedku (traktora) a pracovného
naradia na potrebny smer jazdy pomocou navigaénych zariadeni. Riadenim strojovej sipravy
zase rozumieme sposob akym dochadza k udrZovaniu poZzadovaneho smeru jazdy stroja.

Presnost navadzania pol'nohospodarskych strojov je limitovana presnostou
prijimaného signalu, je teda mozné vyuzivat’ DGPS presnost, ale aj systém RTK a mnohé
d’alsie korekéné signaly (Nozdrovicky a kol., 2008).

V stiasnosti sa v odbornej literatare a technickych norméach prezentuja viaceré
Specifické metddy pre analyzu ohrozeni, ktoré si vhodné pre jednotlivé kroky procesu
posudzovania rizik. Vystupy z jednej metody nam slGzia ako vstupy do inej metody za
ucelom odhadu rizika. Niektoré je mozné aplikovat’ v kvantitativnej ako aj kvalitativnej
forme. Jednotlivé metddy analyzy ohrozeni v procese manazérstva rizika boli vytvorené na
konkrétne vyuZitie, a preto je potrebné ich v praxi prispoésobovat’ (Pacaiova, Sinay, Glatz,
2009).

Podla Sinaya (2011) pri volbe metdédy urCovania miery rizika je mozné pouzit
nieckol’ko postupov. Kazdy postup moze viest' k efektivnym vysledkom v pripade, Ze bol
vykonany skupinou odbornikov zloZenou zo Specialistov z oblasti BOZP, z odbornikov
analyzovanej oblasti a zastupcov zamestnancov. Je dolezité si uvedomit’, ze vysledky analyzy
musia vytvorit’ podmienky pre minimalizéciu rizik.

Be. Stanislav Skacan, Student, e-mial: skacan.stanislav@gmail.com
Ing. Miroslav Zitiiak, PhD., KS TF, SPU Nitra, Tr. A. Hlinku 2, 949 76 Nitra, e-mail: Miroslav.Zitnak@uniag.sk
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Ciel'om prispevku je analyzovat’ nebezpecenstva/(ohrozenia) pri pouZivani navigacii
V poI'nohospodéarskej prvovyrobe.

2 Material a metédy

NaSou ulohou bolo analyzovat” ohrozenia pri jednotlivych systémov navédzania
vyuzivanych v pol'nohospodarskej prvovyrobe, ako aj faktory prostredia, ktoré vyrazne
prispievaju k celkovej bezpe¢nosti operatorov. Na analyzu jednotlivych nebezpecenstiev sme
pouZili rozSirenu bodovi metddu. Pred samotnou analyzou sme si stanovili hodnotiaci tim,
ktory sa podiel'al na celkovej analyze rizika navadzacich systémov. Na zéklade doporuceni
noriem sme sa rozhodli pre vytvorenie pétclenného hodnotiaceho timu zloZeného
z mechanizétorov, pracovnikov obsluhy na cele s bezpe¢nostnym technikom (osvedéenie
bezpe¢nostného technika podl'a § 23 Zakona ¢. 124/2006 Z.z.). Pri hodnoteni sme vyuZzili
skusenosti posudzovatelov s danym systémom, navody na obsluhu a dostupnu legislativu.
Hodnotenie bezpe¢nosti prace snavadzacimi systémami sa uskuto¢nilo v spolupraci
s organizaciami a to: Agro Divizia Selice s.r.o., PD Zemné, PD Vréble a VPP Kolifiany. Ako
vstup pre vykonanu analyzu ndm poslizil aj kontrolny zoznam rizik, ktory vyplnili prislusné
pracoviska, ¢im sme ziskali redlnu predstavu o moznych ohrozeniach, ktoré si spajané
s navigaciou strojov. Postup pri zostavovani kontrolného zoznamu:

e vyhladanie moZnych ohrozeni pomocou prislusného registra,

e vytriedenie zoznamu ohrozeni pre posudzovany systém,

e zostavenie logickych otazok pri¢om odpoved’ ,,Ano“ znamen4 riziko resp. Ze je v procese
nebezpecenstvo/(ohrozenie).

Postup pri analyzerizika rozSirenou bodovou metédou

identifikacia nebezpecenstva,

identifikécia ohrozenia,

popis ohrozenia,

vyhodnotenie zavaznosti rizika pred opatreniami (pravdepodobnost, ddsledok, nazor
hodnotitel'ov),

uskuto€nenie bezpecnostného opatrenia,

e vyhodnotenie zavaznosti rizika po opatreniach (pravdepodobnost, dosledok, nazor
hodnotitel'ov).

Vyhodnotenie zavaznosti rizika

a) odhad pravdepodobnosti P, sktorou mdze uvazované nebezpeCenstvo nastat’ (kritéria
a uroven jednotlivych nebezpecenstiev (0hrozeni) sme urcovali na zaklade Tab. 1a);

b) odhad dbsledkov D, ktoré mézu nastat’ (kritérium podl'a Tab. 1b);

¢) nazor hodnotitel'ov V, ako posledny parameter u ktorého sme zohl'adnili mieru zadvaznosti
ohrozenia, pocet ohrozenych osob, Cas pdsobenia ohrozenia, navyky pracovnikov,
predpoklady na chyby pracovnikov, uroven kvalifikacie, odlucenost’ pracoviska ako aj
urovenn BOZP (kritérium Tab. 1c).

Po odhade vysSie menovanych parametrov sme vypocitali vysledni mieru rizika mR.
Nésledne sme pomocou rozhodovacej tabul’ky ¢. 2 stanovili rizikovy stupen, ktory je uréeny
stupnicou od | po V, pri¢om plati ¢im nizSia hodnota na stupnici tym lepsie.

MR=PxDxV (1)
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Po zisteni moznych rizik posudzovaného systému navadzania v polnohospodarske;
prvovyrobe sme pre lepSiu interpretaciu zistenych skuto¢nosti urobili porovnanie miery rizika
po a pred opatreniami pomocou stipcovych grafov (program Microsoft Office Excel 2007),
kde bolo najlepsie vidiet’ znizen hodnotu rizika.

Tab. 1la Pravdepodobnost’ vzniku a existencie nebezpeéenstva
Tab.1a The likelihood of the existence of a hazard

ohggggtveiie Odhad pravdepodobnosti — P
1 Néahodnd
2 Nepravdepodobna
3 Pravdepodobna
4 Vel'mi pravdepodobna
5 Casta
Tab. 1b MoZné désledky ohrozenia
Tab. 1b Possible consequences of hazards
Bodove M 02né dosledky — D
ohodnotenie
1 Poskodenie zdravia a pracovna neschopnost’, za¢iatok stresu, zanedbatel'né
finanéné, materialne a Casové straty.
5 Uraz s pracovnou neschopnostou, za¢iatok choroby z povolania, pretrvavajuci
stres, drobné finanéné, asové a materialové straty.
3 Vaznejsi Graz vyzadujaci hospitalizaciu vacsie finan¢né a materialne straty.
Prevladajlce choroby z povolania.
4 Tazky pracovny tiraz s trvalymi nasledkami, choroba z povolania, velké
finan¢né a materialne straty.
5 Smrtel'ny pracovny uraz nenahraditelné straty, straty veduce k likvidacii.
Tab. 1c Nazor hodnotitel'ov
Tab.1c Opinion of evaluators
i ] Nazor hodnotitel'ov —V
ohodnotenie
1 Zanedbatel'ny vplyv na mieru nebezpecenstva/ohrozenia.
2 Maly vplyv na mieru nebezpecenstva/ohrozenia.
3 Nezanedbatel'ny vplyv na mieru nebezpecenstva/ohrozenia.
4 Vyznamny vplyv na mieru nebezpecenstva/ohrozenia.
5 Vel'mi vyznamny a nepriaznivy vplyv na zavaznost' a nasledky
nebezpecenstva/ohrozenia.

Tab. 2 Rozhodovacia tabul’ka pre celkové vyhodnotenie miery rizika
Tab. 2 Evaluation table for an overall assessment of the degree of risk

Rizikovy stupen Hodnota mR Mierarizika
l. <3 Bezvyznamné riziko
. 3+10 Akceptovatel'né riziko
1l 11+50 Mierne riziko
V. 51+100 NeZiaduce riziko
V. >100 Neprijatel'né riziko
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Po uskuto¢neni analyzy nebezpecenstva metodou PDV vidime v jednotlivych
formularoch (tab.3), Ze hodnota rizika sa pohybovala pred zavedenim opatreni na Grovni
mierneho rizika — rizikovy stupeit III. Nam sa podarilo stanovenim spravnej volby
bezpecnostnych opatreni znizit'" vac¢§inu odhalenych ohrozeni na prijatelnu troveni miery
rizika (grafické porovnanie obr. 1). Zavadzanie tohto principu znamena pre aplikaciu
podobnej analyzy v praxi velky tspech z hl'adiska bezpe¢nosti prace operatorov. Z grafického
porovnania vidime prehladne pomer o ktory sa znizila hodnota rizika po opatreniach.
Vodorovna Cervena Ciara predstavujuca hodnotu 10 je hranicou akceptovate'ného rizika.
Zistili sme, Ze bezpeCnost prace stymito systémami je na dobrej drovni, ¢o sa tyka
technického vybavenia. PrevySujice hodnoty rizika, ku ktorym sme dospeli su ovplyvnené
hlavne absenciou Skolenia personalu. Navadzacie systémy kazdy rok prinasaju nové a nové
funkcie, ktoré znamenaji pre nezaskolenych pracovnikov velka prekazku. Ak obsluha
nepozna systém a pride k nejakej necakanej napr. banalnej elektronickej alebo mechanickej
chybe, ktord sa da l'ahko odstranit’ dochadza ¢asovému stresu. Stres moze mat’ nepriaznivé
nasledky na zdravie zdlhodobého hladiska. V sucasnosti je velmi podcenovany.
V neposlednom rade nesmieme zabudnat’ ani na fyzikalne a senzorické ohrozenia, ktoré boli
pri posudzovani identifikované. Fyzikalne ohrozenia vznikaju hlavne v procese montaze
jednotlivych komponentov navigacie. Priklad je montaz prijimaca signalu na strechu traktora.
Dalej si to rozne vplyvy ako poSmyknutie sa pri nastupovani, ¢o priamo nestvisi
snavigaciou, ale zhladiska pracovného prostredia ovplyviluje bezpecnost’ obsluhy.
Nesmieme zabudnut’ ani na senzorickd zat'az, ktorou je obsluha neustale vystavovana, aj ked’
zamestnavatelia Castokrat nevenuji tomuto ziadnu pozornost. Nakoniec dalSie
nezanedbatelné rizik4, ktorym treba venovat patricni pozornost’, su rizikd ktoré vznikaja
nespravnou ergondmiou pracoviska (pracovnik je v nepriaznivej polohe pri postrekovani
vysokého porastu). Dochéadza k bolesti chrbtice a pod. Tieto vplyvy mdzu byt z dlhodobého
hl'adiska spustacom chordb z povolania. Preto ak je moznost’ nieCo vylepSovat na procese
navadzania polnohospodarskych strojov, organizicie by mali tomu venovat pozornost'.
Jednotlivy vyrobcovia ako napr. Norac ® ponikaji technické riesenia, ktoré znizuji mieru
rizika u niektorych ohrozeni. Z hladiska bezpec¢nostnych opatreni, ktoré sme zaviedli figuruju
Vv jednotlivych formuldroch organiza¢né (Skolenie pracovnikov, poucenie pracovnikov) ako
aj technickeé opatrenia.
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Obr. 1 Grafické porovnanie rizika pred a po zavedeni opatreni
Fig. 1 Graphical comparison of risk before and after the introduction of measures

4 Zaver

V danom prispevku sme sa zamerali na problematiku BOZP s navigaénymi
systémami, ktoré si vyuZivané v pol'nohospodarskych strojoch. Z celkového zhodnotenia
mdzeme konStatovat, ze vyuzitie navigacnej techniky prindSa pre organizacie ako aj
pracovnikov velké vyhody zhladiska bezpecnosti a produktivity. Ale na druhej strane
zavadzanie elektronickej podpory riadenia strojov ni¢ nerie$i, ak nebude zavedena dostatocna
prevencia. Je dolezité aby organizacie, ktoré vyuzivaji navigaéni techniku
V pol'nohospodarskych strojoch neboli v domnienke, ze urobili vsetko pre bezpecnost
obsluhy. Zamestnavatel' je zodpovedny aj za opatrenia, koncepciu a politiku bezpe¢nosti
a ochrany zdravia pri praci. Kazdou novou technolégiu prichadzaju aj nové rizika. Cim je
systém zloZitejSi, tym viacsia pravdepodobnost’, ze dojde k poruche alebo ohrozeniu, aj ked’
len nevedomost'ou obsluhy.
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Sdhrn

Prispevok sa zaoberd analyzou ohrozeni v procese navadzania pol'nohospodarskych
strojov. RieSi oblast’” vplyvu jednotlivych naviga¢nych systémov z hladiska komplexnej
bezpenosti operatorov tj. bezpecnost' celého pracovného prostredia. Analyza rizika bola
vykonana pouZzitim roz8irenej bodovej metddy, v ktorej sa zohl'adiiuje aj nazor hodnotitel'ov.
V ramci analyzy rizika boli prevedené opatrenie na zlepSenie existujuceho stavu v
analyzovanom procese. MoZné ohrozenia poukazuju na stres, senzorick zataz, nevhodnd
ergonomiu. Tieto vplyvy su ¢iastoéne iniciované nezaskolenou obsluhou.

Kruacové slova: ohrozenie, riziko, pracovneé prostredie, navigacia strojov, metéda PDV
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WEB BASED APPLICATION AGROSYS

RAKO SMILJANIC - LJUBICA DIKOVIC — MILOVAN MILIVOJEVIC

Abstract

In this paper the authors represent the structure and performance of Web-based
software in agriculture. AGROSYS is a web application designed for small farmers, with a
vision of their software networking for exchange of knowledge and experiences, as well as
better communication using Web technologies. In this paper we will discuss some of the key
benefits of Web information system in agriculture.

Key words: web application, C#, ASP.NET, Agriculture

1 Introduction

During the past decades, agriculture has experienced substantial structural and
technological changes. The advent of the Internet has opened vast opportunities for
communication and business opportunities within the agricultural and environmental
communities (Papajorgji at al., 2013).

Serbia has great agricultural potential and achieved considerable export of certain raw
materials. Serbia is the largest exporter of corn- among the top ten countries in the world, and
the largest exporter of raspberries- among the three countries in the world market. However,
Serbia still has a great unrealized potential to become the leader in food production with
modernized agricultural processes.

In Serbia, especially in western Serbia, there are a large number of small producers
who need help to improve their production. One of the aims of this paper is to present the new
models of association of small producers and new forms of communication in the processes of
training, expert advices and exchange of literature. Association of producers has many
advantages such as readily available literature and technical assistance, promotion of
cooperation with buyers, help with marketing products, planning of technological processes
and exchange of experiences.

2 Material and M ethods

The Structure of Web Application Named AGROSY S

Considering that the Internet is a great tool for sharing information, given system
AGROSYS is presented as a web application, respectively as Internet service for upgrade
production of certain agricultural cultures. This information system contains:

- Data,
- Software,

Rako Smiljanic, student, Department for Informatics, Ljubica Dikovic Ph.D., Milovan Milivojevic, M.Sc.
Bussines Technical College, Trg Sv. Save 34, 31000 Uzice, Serbia Tel/fax +38131512013 e-mail:
rako.smiljanic@gmail.com, ljubica.dikovic@vpts.edu.rs, milovan.milivojevic@vpts.edu.rs
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- Users.

Relational database diagram is a core of information system (see Figure 1). It is
important to create database which can support various types of agricultural cultures and
varieties. When designing information system was used SQL relational database.

Fig. 1 Relational database diagram

Software is presented trough user interface which interprets data in a meaningful way
to user and also allows the user to manipulate with information (see Figure 2). Database
contains private user’s data and therefore the application requires user authentication. Access
to data and data management are limited. That is accomplished by adding types of users with
different levels of authorization.

We mentioned that AGROSYS application access is limited to registered users. In
order to improve safety, entire security concept is based on fact that whole application stored
in one .aspx file presented as HTML page. At the begging, that page is empty, namely it has
one container for further adding components of user interface. At the first page request on
page implements a form for user login. If the user successfully logs in, then the site
implements user’s interface depending on the type of user (see Figure 3). We have noted that
there are four types of users and hence four user’s interface.
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Fig. 2 AgroSys application diagram

During each request application create a page which depends of request itself.
Application doesn’t leave any trace which can be misused. Tools which used to create
application are Microsoft ASP.NET framework with C# .NET programming language.

page loading

\

request >> empty page >> app response >> created page >
| < |

Fig. 3 Page loading cycle

290



Users are essential for the functionality of AgroSys and to ensure useful and working
system, which is necessary to provide a number of associates, buyers and producers (see
Figure 4).

user login

Fig. 4 AgroSys application flow

Three knowledge aspects are found to be relevant for the design of Information
System: adaptability, offloading and knowledge evaluation. The service oriented-based
architecture seems to be appropriate to support the proposed approach (Maruster and others,
2008).

3 Results and Discussion

Presentation of Web Application AGROSYS

AgroSys application contains seven parts which are presented as seven main

application functionality (see Figure 2.):

- User profiles,

- Education,

- Market,

- Field activity,

- Weather forecast,

- Public discussions,

- Agro calendar.

User profiles are very similar with social network’s profiles. User adds related data
about himself and his fields, which varieties planted, as well as photos that can be seen by
other users. Also, we developed concept of virtual fields that owned by user. User uses this
tool to plan productions processes.

In education part user get literature, information about fertilization and chemical
treatment and articles that written by experts (see Figure 5).

Market is a place where buyers present their offers and where producers find help with
marketing and how-to sell product.

Field activity is a tool for creating a virtual fields which containing all relevant data
about field. It keeps records about that fertilization and chemical treatment are applied.
Virtual fields help user to make a plan of production with expert advices and other users help.
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Also, field activity keeps records about past years and sessions of production, as well as
custom notebook. User can easily compare data from previous years. It provides statistical
data with weather conditions during season and helps the user to improve production.

Weather forecast gives actual weather data for specific place and forecast for ten days
which allow easier planning agricultural processes that depends of weather conditions. Within
weather forecast data are available through monthly forecast and forecast for seven months.

Users use public discussions to discuss about all topics. This part of application is
available to all users and they can start new topics and replies (see Figure 6).

Agro calendar presented a scheduler of all events in agriculture. Calendar is edited by
experts. Using calendar to presented the best time to do some agriculture processes, for
example which is ideal time for planting or organization some other events.

Fig. 5 Education through AGROSY'S

Software of AgroSys system is a multiuser application. There are four types of users
with different levels of authorizations:
- Administrators,
- Experts associates,
- Buyers,
- Producers.

Role of administrators is to monitor other users, to set-up information system
according to the requirements of target group and to maintenance system. Administrators can
edit all data in education, market, agro calendar and public discussions. Private information
administrator user can not directly regulate but can indirectly be changed if there is an
irregularity.

Experts are allowed to change data in education, agro calendar, take part in public
discussions and communicate with other users. They can suggest processes and action which
should be applied to producer’s virtual field, in their opinion. Experts should provide enough
information which producers needed to improve production.

Buyers are representatives of companies interested in buying product. The goal of
participation buyers is to improve communication between producers and buyers. They can
make a request for the specific demand that could define what kind of product they want to
purchase. Buyers can edit the information in the purchase, but separately from other buyers.
Also, they can take part in public discussions and exchanging private messages.
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Fig. 6 Public discussion in AGROSYS

Producers can view other user’s profiles, review information related with education,
view buyer’s offers, edit their field activity about applied and planned process, monitor
weather conditions, take a part in public discussions, tracking event in scheduler and
communicate with other users.

4 Conclusions

AgroSys is a web application designed for small farmers, with a vision of their
software networking for exchange of knowledge and experiences, as well as better
communication using Web technologies.

We believe that further development of mobile and web applications and their use in
agriculture of Serbia is to be one natural process of modernization.It should follow the
development of portals, videos, and educational workshops aimed at training farmers in the
using of Web technology. Also, the directions of future development will be in the connecting
of web-based software - AGROSY'S with a series of devices that are now used on farms. It is
obvious that the next agricultural revolution will be encouraged with information and
communication technologies, i.e that the so-called agricultural informatics will play a major
role in the development of agriculture in Europe and worldwide.
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POZBEROVA UPRAVA OBILIA CHLADENIM
POST —HARVEST COOLING GRAIN

TOMAS STRANAK - IVAN VITAZEK

Abstract

The present paper addresses the issue of postharvest processing of grain with focus on
storage, where cooling is used in order to maintain the quality of the processed product and
the required storage period.

The paper presents the results of the control measurements at postharvest
equipment, their evaluation and comparison. The measurements were performed manually by
the means of the measuring device Dickey - John type GAC 2100. Results of
measurements of temperature and moisture of grain provide basis for decisions upon possible
extension of storage period, probably upon further processing of grain as well.

The paper also describes the possibility of maintaining the required parameters for
the storage of grain, such as cold preservation. This section includes description and principle
of operation of the device Granifrigor, the recommended storage periods of different types
of crops, depending on the humidity and temperature of  cooling
of grain. Moreover, grain storage principles are described with respect to division according
to moisture.

Key words: grain, control measurement, cold preservation, agriculture

1 Uvod

Pol'nohospodarstvo sa v porovnani s ostatnymi odvetviami hospodarstva vyznacuje
zvlastnost'ou, spocivajucou vo vyrobe produktov obsahujucich chemicku energiu zlucenin pre
vyzivu ludi (povodom zo slneéného Ziarenia), ktori tito v koneCnej faze z velkej casti
spotrebovavaju. Pol'nohospodarstvo vlastne plni tlohu transformatora a skladovatel’a zivotne
nevyhnutnej energie.

Ked'Ze obilie je zivd hmota, prebieha v iom latkova premena, t.j. dychanie. Intenzitu
dychania ovplyviiuje hlavne vlhkost’ obilia, teplota a pristup vzduchu. Zrno ustavi¢ne dycha
a za ur¢itych podmienok sa prebera k Zivotu, ¢o znamend, ze sa musia sledovat’ rdzne
parametre, ako napriklad teplota, vlhkost’, farba, vona, napadnutie Skodcami...Pri zvySenej
vihkosti sa voda vzniknutd pri respiracii obilia hromadi a podporuje dalSie dychanie.
Tym sa tvori teplo, ktoré opédt’ zvySuje intenzitu dychania a nakoniec méze poskodit
senzorické aj fyziologické vlastnosti obilia alebo méze dojst k samovznieteniu obilia
(Vitazek, 2011a).

Obilie je nasou najdodlezitejSou zékladnou potravinou. Vysieva sa a zberd s velkou
starostlivostou. Podla Organizacie OSN pre vyzivu a polnohospodarstvo (Food and
Agriculture Organisation of the United Nations - FAO) sa ro¢ne zni¢i na celom svete viac ako
20% pozberané¢ho obilia. Najvicsia Cast’ tychto strat je zavinend aktivitami hmyzu a vznikom
plesni.

Bc. Tomas Stranak, Katedra dopravy a manipulacie, Slovenska polnohospodarska univerzita v Nitre, Tr. A.
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Pozberové spracovanie obilnin je dolezité, aby sme znizili vlhkost' obilia na
skladovatelnu vlhkost’, ktora je 11 — 12 %. Pri nedodrZani predpisanej vlhkosti dochadza
znehodnocovaniu obilia, napr. zaparenie obilia, plesne a pod. Pri ur€ovani hmotnosti suSiny,
pre vypocet absolttnej a relativnej vlhkosti, je potrebné postupovat’ podl'a noriem prislusnych
pre jednotlivé materialy.

Na meranie vlhkosti polnohospodarskych materidlov existuje viacero pristrojov
vyuzivajucich rozne elektrické vlastnosti skiiSanych materidlov. Vlhkost sa zistuje postupom
stanovenym vyrobcom.

V prispevku je rieSené problematika zamerana na moznosti udrZiavania poZzadovanych
parametrov pri skladovani obilia. UdrZiavanie pozadovanych parametrov ma obrovsky
vyznam tykajuci sa doby a kvality skladovania obilia v zavislosti na vihkosti obilia. TiezZ je
kladena pozornost na vykonanie kontrolného merania na pozberovej linke. Z vysledkov
kontrolného merania zavisia d’al$ie operacie spojené s Upravou obilia, napr. bez stanovenej
vlhkosti ateploty nie je mozné urobit’ najspravnejSie a najvyhodnejSie rozhodnutia pri
uskladiovani pol'nohospodarskych plodin (Los, Pawlica, 2010).

2 Material a metédy

Voda ma mimoriadny vyznam pre vSetky Zivotne pochody biologického materialu.
UdrZiava sa nielen na povrchu av kapildrach, ale aj vo vnutri buniek jednotlivych jeho
sucasti. Znizovanim obsahu vody vytvarame podmienky, pri ktorych sa biologicka ¢innost’
zmens$i, ¢o nam umoznuje jeho dlhodobé konzervovanie. Pritom vSak musime dbat, aby sa
zachovali jeho uzitkové vlastnosti. Vlhkost je totiz nositelom metabolizmu, latkovej vymeny
sokolim. To znamena, napr. u osivového materialu zachovanie kliivosti, u ostatnych
zachovanie niektorych skupin bielkovin, sacharidov, tukov, vitaminov a fermentov, ktore
urcuju kvalitu daného materialu, resp. zlepSuju tie jeho vlastnosti, ktoré si dolezité pre jeho
neskorsie spracovanie na potraviny, krmoviny a priemyselné spracovanie. Poznanie a presné
urcenie vlhkosti materialu ma preto mimoriadny vyznam.

Pri ur¢ovani hmotnosti suSiny (Mus), pre vypocet absolttnej a relativnej vihkosti, je
potrebné postupovat’ podl'a noriem prislusnych pre jednotlivé materidly. Pokial' tdito norma
neexistuje, susi sa vzorka materialu v laboratérnej susiarni pri teplote vy3sej, ako je bod varu
odstraniovanej vlhkosti za atmosférickych podmienok (napr. voda pri 105°C)
a v polhodinovych intervaloch sa zistuje tbytok hmotnosti vzorky. Za hmotnost’ suSiny sa
uvazuje hmotnost’ vzorky, ktord sa d’al§Sim suSenim uz nemeni.

Na meranie vlhkosti pol'nohospodarskych materidlov existuje viacero pristrojov
vyuZzivajucich rdzne elektrické vlastnosti skiSanych materialov. Vlhkost sa zist'uje postupom
stanovenym vyrobcom. Pri merani vlhkosti rastlinnych vyrobkov, ktoré¢ maji vyssiu vlhkost’
ako je rozsah merania daného pristroja, alebo pri vzorkéach, ktoré sa daji tazko zomliet’ je
mozné postupovat’ nasledovne:

Mnozstvo skiSobnej vzorky s vyssou vlhkostou sa zmieS$a s rovnakou hmotnostou vzorky
S nizSou znamou vlhkostou. Zmes sa dokladne premieSa a pouzije sa na meranie. Vlhkost
vzorky sa vypocita podl'a vzt'ahu (Vitazek, 2011b):

W= 2W1 - W, % 1)

Kde: wji —namerana vlhkost’ zmesi, %
w; — vlhkost’ vzorky s nizSou znamou vlhkostou, %
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Obr. 1 Schéma odberného miesta kontrolnej vzorky obilia
Fig. 1 Scheme of delivery point of control sample of grain

Uvadzanie vlhkosti suSenych materidlov - merna vlhkost’ a podiel vlhkosti boli
nahradené plathou STN novymi nazvami — absolutna a relativna vlhkost'.

absolitna vlhkost materialu u

_ My _ My_Mpyc -1
U= Mas -~ My kg.kg 2
relativna vlhkost’ materialu ®
w= Y100 = 2=M5 1090, 04 ©)
)'1[*'[ 3"[*'[

Kde: My —hmotnost’ vlhkosti,
Mwm — hmotnost’ vlhkého materialu,
Mwus — hmotnost’ susiny, (Vitazek, 2012)

Kontrolné meranie na pozberovej linke sa vykonava ru¢nym meracim zariadenim
na meranie vlhkosti obilia Dickey - John typ GAC 2100. Vysledky merania ziskané
rovnakym vlhkomerom mo6zu byt ovplyvnené roznymi podmienkami pri pestovani,
dozrievani, vlhkostou, teplotou, zberom, dopravou a obsahom necistdt najméd u obilnin
s vysokym obsahom vody. Metodu kontroly kalibracie vihkomerov pre obilniny ustanovuje
STN ISO 7700-1.

GAC 2100 je spolahlivy pristroj uréeny pre okamZité stanovenie vlhkosti, teploty
a objemovej hmotnosti pre 64 réznych plodin.

Princip analyzy:
- naplnenie komory zrnom,
- automatické odvazenie,
- automaticka teplotna korekcia,
- automaticka kompenzécia vihkosti,
- vyprazdnenie komory.
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Hlavné parametre:

- merané veli¢iny — vlhkost’, teplota a objemovéa hmotnost,

- rozsah vlhkosti — 5 az 45% podl'a kalibra¢nej krivky dane;
plodiny,

- teplota plodiny — 0 az 50°C,

- teplotny rozdiel — max. 20°C medzi teplotou pristroja a teplotou
vzorky,

- hmotnost’ vzorky — 250g pre obilniny.

Konzervovanie chladom pristrojom Granifrigor KK 220:

Vyhody chladovej konzervacie st hlavne v bezrizikovom skladovani bez straty kvality
aj vo velkych skladoch. Nizke teploty obilia poskytuju spolahlivii ochranu pred napadnutim
insektami a ich mnoZeniu, ¢im Setria naklady na drahé chemické oSetrenie a plynovanie
(Vitéz, Travnicek, 2011).

Pre umiestnenie je vhodné chladné, bezpra$né miesto, chrdnené pred pocasim. Pri
hortcich letnych diioch by mala byt’ rozvodna skrifia chranena a umiestnend na tienistej strane
budovy.

Parametre:

- chladiaca vykonnost’ za 24 hod. (220 — 350t/den)

- mnozstvo chladiaceho vzduchu pri proti tlaku:
- 1000Pa (5700m3/h)
- 2000Pa (4900m*/h)
- 3000Pa (3500m*/h)

- chladiaci vykon vyvevy (31,3kW)

- celkovy prikon (26,0kW)

- elektro pripojka (63A)

- priemer flexibilnej vzduchovej hadice (300mm)

- priemerné mnozstvo kondenzovanej vody (161/hod)

- hmotnost’ (850kg)

Ventilator chladiaceho pristroja Granifrigor nasdva vzduch z okolia. Tento vzduch
sa chladi vo vzduchovom chladi¢i vyparniku na poZadovanu teplotu a odvlh¢uje sa. Pritom
sa odluéuje voda. Nadvézne zapojend jednotka Hygrotherm ohrieva chladny vzduch. Tymto
klesa relativna vlhkost. Nakolko jednotka Hygrotherm pouziva na ohrev energiu
zZ chladiaceho okruhu, nevznikaju tymto ziadne dodatoéné néaklady na energiu. Suchy
a studeny vzduch sa privadza cez hadicu k rozdel'ovaniu vzduchu v sklade a je tlaceny do
obilia. Tento systém je mozné pouzit’ tak v ploSnych skladoch, ako aj vo vyskovych silach.
Cez vypustné otvory vychadza vzduch do okolitého prostredia a odvadza prijaté teplo
a vlhkost’ z obilia.
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Obr. 2 Schéma upravy vzduchu pristrojom Granifrigor
Fig. 2 Scheme of air treatment by the device Granifrigor

1 — vstup vzduchu,

2 — prachovy filter,

3 — radialny ventilator studeného vzduchu,

4 — chladiaci systém,

5 — regulator teploty chladiaceho vzduchu,

6 — ukazovatel teploty za chladiacim systémom,

7 — Hygrotherm (na ohriatie a suSenie chladiaceho vzduchu),

8 — elektricky vyhrievaci register,

9 — regulator pre doohrev,

10 — ukazovatel teploty pre vystupnu teplotu,

11 — ukazovatel teploty pre vystupnu teplotu,

12 — vystup studeného vzduchu z Granifrigora,

13 — kandl chladiaceho vzduchu do sila, na tomto Useku dochddza k d’alsiemu ohrevu
studeného vzduchu vstupom teploty,

14 — odporuceny teplomer pre teplotu chladiaceho vzduchu na vstupe sila.

1 —air inlet,

2 — dust filter.

3 — centrifugal fan of cold air,

4 — cooling systém,

5 — controller of the temperature of cooling air,

6 — indicator of temperature behind cooling system,

7 — Hygrotherm (for warming and drying of cooling air),

8 — electric heating register,

9 — controller for heating up,

10 — temperature indicator for outlet temperature,

11 — temperature indicator for outlet temperature,

12 — outlet of the cold air from Granifrigor,

13 — channel of cooling air into the silo; in this area occurs further heating of the cool air by
heat transfer,

14 — recommended thermometer for temperature of cooling air at silo inlet.
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Pred preruSenim chladenia je dobleZité zaznamenat chladiacu teplotu, aby pri
opatovnom chladeni sme nepracovali s teplejSim vzduchom na chladnejSie obilie. Aby
sa dali zavCasu zistit' zmeny, ale zabréanilo sa Skoddm zahriatim, sU potrebné pravidelné
kontroly teploty v skladoch.

Ochranna teplota, pri ktorej sa neuskutocniuje ziadny vyvoj insektov, je priemerne
+15°C a menej. Rast mikrobov a plesni sa chladenim podstatne zastavi. Rast Cervotoca sa
sice zabrzdi uz pri 5°C, rozhodujica viak pre Zivotnost’ ervototov je vlhkost. Cervotoom
napadnuté obilie by sa malo bezpodmienecne viac susit’ a opdtovne schladit’.

Zasady skladovania obilia:

- Suché obilie: (vlhkost’ 12 — 15%)
teplé partie, ktoré sa maju skladovat” dlhsie ako 3 mesiace, sa zasadne chladia za G¢elom
ochrany proti samoohrevu a insektom. Partie napadnuté Skodlivymi insektami sa musia
chladit’ vzdy a o najrychlejSie, ato za ucelom zabranenia d’alSicho rozsirenia do dalSich
skladov. Skladovacia teplota : cca 13 — 16°C,

- Obilie s hrani¢nou vlhkost'ou: (vlhkost’ 15,5 — 17%)
uZ sa viac nesusi, ale len ochladzuje. Skladovacia teplota : cca 10 — 11°C,

- VIhké obilie: (vlhkost’ do 22%)
schladené vel'mi dobre skladovateI'né. Skladovacia teplota : cca 7 — 8°C,

- VIhké obilie: (vlhkost’ nad 25%)
véac¢sie mnozstvad obilia by sa mali Ciastocne vysusit' v suSiarni, znizenie vlhkosti moze
priniest’ niekol’ko nasobné predizenie ¢asu k samoohrevu. Naproti tomu mensie partie (cca
jednodnovy vykon susiarne) s vel'mi vysokou vlhkost'ou — napr. kukurica s vlhkostou 30 —
40 % sa moze chladenim zakonzervovat’ na niekol’ko dni. Skladovacia teplota : cca 5 - 6°C.

(FrigorTech, 2013)

3Vysedky a diskusia

Kontrolné meranie na pozberovej linke sa vykonava kazdu hodinu na odobratej vzorke
obilia. Vzorka obilia sa odoberd z odberného miesta, ktoré sa nachddza medzi dopravnym
pasom, ktory odobera materiél zo suSiarne obilia a kor¢ekovym dopravnikom, ktory material
dopravuje na expediciu alebo na skladovanie. Hmotnost’ kontrolnej vzorky je min. 250g.

Kontrolna vzorka obilia sa nasype do nasypného miesta na meracom pristroji. Meraci
pristroj automaticky odvazi hmotnost’ meranej vzorky. Stlacenim prislusného tlacidla, ktorym
zvolime dany druh materidlu, sa uskutoéni meranie. Na displeji meracicho pristroja sa
znézornia hodnoty vihkosti a teploty meranej vzorky. Tieto hodnoty zapiSeme do prisludnej
tabul’ky ,,Susiarenn SBC — pracovny zapisnik®.

Pocet vyprazdneni 0,6/50 kde:
- 0,6 (dlzka vyprazdnenia),
- 50 (dlzka cyklu).

Hodnoty poctu vyprazdneni mozeme ovplyviiovat’, ak vystupna vlhkost nedosahuje
poZadované hodnoty, ktoré st potrebne pre bezproblémové skladovanie nasledovne:
- zvysit teplotu horticeho vzduchu,
- prediZit cyklus susenia.
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Tab. 1 Namerané hodnoty na pozberovej linke obilia
Tab. 1 Measured values at postharvest equipment of grain

o Vlhkost’ Nastave-
Teplota [*C] produktu [%] nia
. . .. Pocet . ,
Datum Cas \';'Z%rl:fr'] Produkt Vstup Vystup | vyprézdneni Pa(;;,/vzzva
4122012 | 9% 129,1 57,4 24,7 13,8 0,6/50 130°C
10° | 1283 56,8 24,3 13,7 0,6/50
11° | 1291 55,8 24,7 14,0 0,6/52
12° | 1295 56,6 25,9 13,9 0,6/50
13%° | 1291 55,6 31,8 14,0 0,6/52
14° | 1281 57,3 31,0 13,8 0,6/51
15° | 1291 56,9 26,0 13,6 0,6/51
16° | 1278 56,4 24,8 14,2 0,6/51
17 | 1281 56,2 22,8 13,9 0,6/52
Tab. 2 Vysledky suenia pre prislusné roky
Tab. 2 Results of drying for the particular years
Rok 2003 2004 2011 2012
Typ suSiarne B1-15 B1-15 LAW LAW
Kukurica pred suSenim t 9112 9029 12059 9483
Kukurica po suseni t 8645 8393 10549 85586
Pocet dni prevadzky 28 31 34 25
Pocet prevadzkovych hodin 346 471 694 517
Priemerné vyuzitie hod/den 12,3 15,1 20,4 20,7
Spotreba plynu tis.m? 62 152 166 127
Spotreba el. energie na susenie tis.kWh 30 41 45 34
Spotreba el. energie na ¢istenie tis. kWh 26 35 51 40
Priemerny osusok % 3,5 7,2 8,9 8,8
Priemerna vykonnost’ t/h suché 25 17,8 15,2 16,6
Priemerna vykonnost’ t/h mokré 26,3 19,2 17,4 18,4
Spotreba plynu m*/t% 1,95 2,34 1,55 1,52
Spotreba el. energie KWh/t% 0,94 0,63 0,42 0,41

Z tab. 2 je vidiet’, ze suSiaren LAW ma oproti susiarni B1 — 15 ovel'a vys$$i priemerny
odsuSok (%) pri sudeni kukurice pri niz8ej vykonnosti, ato aj pri porovnatenom mnozstve
kukurice pred suSenim. TieZ spotreba plynu a el. energie je u suSiarne LAW podstatne nizsia

ako u suSiarne B1 — 15.

301




Vysledky konzervovania chladom:

Graf 1 Sorp¢na izoterma roznych druhov obilnin

Graph 1 Sorption isotherm of different types of grain

Sorp¢né izotermy ukazuju stav rovnovahy medzi vlhkost'ou obilia a relativnej vihkosti
vzduchu. Pri chladeni vlhsieho obilia relativna vlhkost’ vhananého chladiaceho vzduchu moze
byt vysSia ako pri suchom obili. Pri vlhkosti 15% aviac sa obilie schladi na pribliZzne
rovnak teplotu ako vhanany vzduch. Pri velmi suchych partiach obilia (8 — 13%)
su dosiahnuteI'né teploty obilia podstatne vyssie, ako je teplota vhananého vzduchu 3 — 6°C.

Tab. 3 Doba skladovania osivarskeho obilia a sladovnickeho jaémena
Tab. 3 The storage period of seed grain and malting barley

Osivérske obilie a sladovnicky ja¢men
Vlhkost’ Teplota skladovania Pribl. doba skladovania
12,0 - 15,0% 9-12°C dlhodobé skladovanie
15,0 - 16,5% 8-10°C 1-1,5rokov
16,5 -18,0% 5-7°C 4 — 6 mesiacov
18,0 — 20,0% 5°C 2 — 3 mesiace
20,0 — 22,0% 5°C 3—4tyzdne
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Tab. 4 Doba skladovania potravinarskej pSenice

Tab. 4 The storage period of edible wheat

Potravinarska pSenica
Vlhkost’ Teplota skladovania Pribl. doba skladovania
12,0 - 15,0% 10 - 22°C dlhodobé skladovanie
15,0 - 16,5% 9-10°C dlhodobé skladovanie
16,5-18,9% 8-10°C 5 — 10 mesiacov
18,0 — 20,0% 8- 1%°C 2 — 7 mesiacov
20,0 - 22,0% 6 -8°C 4 — 16 tyzdiov

Tab. 5 Doba skladovania kimneho obilia
Tab. 5 The storage time of grain used as animal feed

Potravinarska pSenica
Vlhkost’ Teplota skladovania Pribl. doba skladovania
12,0 - 15,0% 10 - 22°C dlhodobé skladovanie
15,0 - 16,5% 9-10°C dlhodobé skladovanie
16,5-18,9% 8-10°C 5 — 10 mesiacov
18,0 — 20,0% 8- 1%°C 2 — 7 mesiacov
20,0 - 22,0% 6 -8°C 4 — 16 tyzdiov

Z tabuliek skladovatelnosti roznych druhov pol'nohospodarskych plodin je vidiet', ze
chladenim obilia zariadenim Granifrigor mozeme dosiahnut’ dlhodobé skladovanie obilnin,
ato aj pri roznych vlhkostiach, pri zachovani porovnatel'nej kvality skladovaného materialu
ako pred zacatim skladovania.

4 Zaver

Z dosiahnutych vysledkov vyplyva, Ze chladiacim zariadenim Granifrigor od
spoloc¢nosti FrigorTech mozno dosiahnut’ bezrizikové dlhodobé skladovanie obilia bez straty
kvality. Dalfou vyhodou je, ze chladenim obilia dosiahneme ochranu pred poZieranim
hmyzom, zabranime tvorbe plesni a mikrotoxinov a minimalizujeme straty vzniknuté
dychanim obilia. Z ekonomického hl'adiska je pozitivom vynechanie drahého
a neekologického chemickeho oSetrenia. TieZz su niZSie naklady na suSenie obilia anie je
potrebné jeho preskladnovanie. Chladenie je nezévislé na poveternostnych podmienkach
a tiez je zachovana kvalita zberovej Cistoty a kli¢ivost’ zrna. Zakupenie chladiaceho zariadenia
Granifrigor sa ukazalo ako dlhodobo dobra a vyhodna investicia.

Z vysledkov kontrolného merania vykonaného na pozberovej linke, ktoré je
uskutocnované kazdi hodinu, mézeme zhodnotit’, Ze obilie je ususené¢ na hodnotu, ktoré
zabezpecuje bezproblémové a bezrizikové skladovanie bez pouzitia d’alsich uprav alebo jeho
opatovného suSenia. Hodnota nameranej vlhkosti u kazdého kontrolného pokusu bola
v intervale od 12 do 15%, ¢o znamena moznost’ dlhodobého uskladnenia obilia. Z vysledkov
vyplyva, Ze proces pozberového spracovania obilia v PD Mocenok je na vysokej odbornej,
technickej atechnologickej trovni, ¢o zabezpecuje vybavenie modernymi zariadeniami a
pristrojmi a ich kvalifikovana obsluha.
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V predloZzenom prispevku je rieSena problematika pozberového spracovania obilnin so

zameranim na skladovanie, kde je za ucelom zachovania kvality spracované¢ho produktu
a pozadovanej doby skladovania pouZzité chladenie.
Uvedené su vysledky kontrolného merania na pozberovej linke, ich vyhodnotenie a
porovnanie. Meranie bolo prevedené ruénym meracim pristrojom Dickey - John typ GAC
2100. Na zéklade vysledkov merani vihkosti a teploty obilia je mozné urobit’ rozhodnutia
ohl'adom d’al$ej moznej doby skladovania, popripade d’alSej tipravy obilia.

V prispevku su tieZz popisané moznosti udrZiavania pozadovanych parametrov pri
skladovani obilia, ako je konzervovanie chladom. Tato cast' obsahuje popis a princip
fungovania pristroja  Granifrigor, odporicané doby skladovania rdznych druhov
polnohospodarskych plodin v zavislosti na vlhkosti ateplote chladenia obilia. Dalej su
popisané zasady skladovania obilia na zdklade delenia podla vlhkosti.

KPiacové slova: obilie, kontrolné meranie, konzervovanie chladom, pol'nohospodarstvo
This report is presented thanks to the solution of research and development project “Inform

technologies in work of growing of environmental and economical maintenance of production
in agrosystem” No. 26220220014.
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APLIKACIA NA KONVERZIU SURADNICOVEHO SYSTEMU
G KODOV
APPLICATION FOR COORDINATE SYSTEM CONVERSION
OF G CODES

MIROSLAYV SUKOVSKY - VLADIMIR CVIKLOVIC

Abstract

The contribution is oriented to the programming of CNC equipment and the issue of
the use of relative and absolute coordinate system. Developed software is focused to
programming and machining procedures for the conversion of coordinates. Such software has
to meet the requirements for an accurate calculation for programming CNC equipment, which
is important for precision machining. From the development has succeeded in creating
software that meets the quality of recalculating values in different coordinate systems.

Key words: Programing CNC, G codes, MS Visual Studio, NET Framework

1 Uvod

Nastavovanie CNC zariadeni je problematika s celosvetovou pdsobnost'ou tykajuca sa
hlavne vyrobnych podnikov. Nastavovanie a programovanie CNC zariadenia sa zjednodusuje
a prisposobuje kvalitativnym poziadavkam na vyrobok. Doélezita sucast’ programovania CNC
zariadeni je zadavanie vstupnych informacii a parametrov obrébania teda samotneho
programovania a programovacieho jazyka.

Cielom tejto prace je navrhnut' a vytvorit’ taky softvér ktory dokaze spracovavané
stradnice prepocitat’ tak, Zze so suradnic relativnych vytvori stradnice absolUtne, a dokéaze
editovat’ rozmery a parametre obrabania a tak zvySovat’ moznosti obrdbania. RieSenie tejto
alohy si vyZaduje systémovy pristup, znalost programovacieho jazyka CNC zariadeni
a znalost programovacieho jazyka C#. V prirastkovy sdradniciach sa jednoduchSie
programuje CNC zariadenie, ale v absolutnych suradniciach je vyroba presnejSia. Tento fakt
vyplyva zo zaokruhlovania aktualnych suradnic a nacitavanim chyby jedného kroku pri
opakovanych pracovnych postupoch pri obrabani.

2 Material a metédy

Realizovanie ulohy pozostava z vytvorenia spravnej funkcie prepocitavania stradnic
a vietkych parametrov spojenych so stradnicovymi systémami a skibenie prepo¢itavania
suradnicového systému s ostatnymi castami nastavovania CNC  zariadenia. Nasledné
programovanie v objektovo orientovanom programovacom prostredi Microsoft Visual Studio
2010 Express C# pod systemom MS Windows realizuje navrhnuté algoritmy. OdskusSanie
spravnosti prepocitavania a nastavovania ostatnych parametrov obrabania bolo vykonané
v aplikécii Mikroprog, ktora slGzi na programovanie CNC zariadeni.

Bc. Miroslav Sukovsky, Golianova 64, 949 11 Nitra, Slovenska republika, email. miro.sukovsky@gmail.com
Ing. Vladimir Cviklovi¢, PhD., Katedra elektrotechniky, automatizacie a informatiky, TF SPU, Tr. A. Hlinku
¢. 2,949 76 Nitra, email: vladimir.cviklovic@uniag.sk
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MS Visual Studio C# obsahuje editor zdrojového kddu, kompilator, debugger a object
browser. PouZiva udajové Struktury — objekty a ich interakcie na vyvoj aplikacii.

Programovanie CNC zariadeny funguje najcastejSie v 2 programovacich sustavach.
Pozname sustavu relativnych(inkrementalnych — G91) a absolttnych (G90) sdradnic kazda
sustava ma svoje Specifikd pri programovani ako aj pri aplikovani na CNC zariadenie.
V oboch su prikazy zapisované rovnakymi znakmi, hlavny rozdiel je v hodnotdch daného

znaku.

NajpouZzivanejsia je sUstava relativnych (inkrementélnych) suradnic, kde programétor
vychadza z aktudlneho bodu ako keby sa jednalo o nulovy bod. Pri relativnej sustave sa
jednotlivé suradnice spocitavaju.

Absolutne suradnice, ako vyplyva z ndzvu, sa vZdy odvijaju od nuly. V prenesenom
vyzname sa piSe ndzov jednotlivého bodu v stradnicovej sustave. Suradnice sa nijakym
sposobom nescitavaju alebo nedocitavaji. Pri vyvoji vyrobku je jednoduchSie pouzivat
relativne slradnice z dévodu ze programator pri zlozitejSich stciastkach nepozna hodnotu
stradnice, v ktorej bude koncovy bod, do ktorého sa ma dostat’ nastroj.

Tab. 1 Zakladné prikazy pre programovanie CNC zariadeni

Tab.

1 The basic commands for programming of CNC machines

Najpouzivanejsie slova v programovani CNC

Symbol

Popis

XY,z

Zakladné osy suradnicového systému

A B,C

Rotacia okolo zakladnych osi

l,J,K

Parametre interpolacie, stredy kruznic, stupanie zavitu v osi

R

Polomer

Volitelny parameter programu

Vyber ndstroja

Rychlost posuvu

Otacky vretena / konstantna rezna rychlost

Cislo riadku

Pamat korekcie nastroja

Volanie podprogramu

O-rjglZ2vn|m|H|©

Pripravna geometricka funkcia

<

Pridavna strojna funkcia

P,Q,R

Pohyb paralelne pozdiz zakladnych osi

U, V, W | Druhy pohyb pozdi? zékladnych osi

Tab. 2 Kratky prehl'ad prikazov slova G
Tab. 2 Short view of G commands

Nazov Adresy

G00

Rychle polohovanie X,Z

GO01

Linearna interpolacia X,Z,F

G02

Kruhova interpolécia v smere hodin. ruciciek X,Z,R,F

GO03

Kruhova interpolécia proti smeru hodin. ru¢i¢iek X,Z,R,F

G04

Casova zadrz T

G21

Prazdny blok

G22

Programovanie priemerov
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G23 | Podmieneny skok L,P

G24 | Programovanie polomerov

G25 | Skok do podprogramu L

G26 Programovy cyklus (podprogram, ktory sa H-krét opakuje)
LH

G27 | Programovy skok L

G28 | Prepnutie programovej oblasti L,%

G29 | Textova poznamka 20 znakov

G33 | Rezanie zavitov Z, K

G64 | Pozdizny hrubovaci cyklus X, Z, U, F

G66 | Zapichovaci cyklus X, Z, W, F

G68 | Celny hrubovaci cyklus X, Z, W, F

G73 | Vrtanie s prerusenim Z, W, F

G78 | Zavitovi cyklus X, Z, U, K

G79 | Zavitovi cyklus so Sikmym prisuvom X, Z, U, K
G81 | Vitaci cyklus Z, F

G83 | Vitaci cyklus s vyplachom Z, W, F

G85 | Vystruzovaci cyklus Z, F

G90| Absolutne programovanie

G91 | Prirastkové programovanie

G92 | Stanovenie novej absolutnej polohy sar. systému X, Z
G93 | Maximalne otacky

G94 | Rychlost’ posuvu

G95 | Posuv na otacku

G96 | Konstantna rezna rychlost’

G97 | Konstantné otacky

G98 | Programovy najazd do referen¢ného bodu X, Z

Zariadenie, na ktorom boli vykonavané v3etky skasky programu je vyrobene, a ma tri
riadené osi. CNC zariadenie ma vlastny zdroj a je pripojené na osobny pocita¢ priamo cez
riadiacu jednotku. Kazda os je ovladana dvomi krokovymi motormi pre zvySenie presnosti,
odstranenie chvenia a zvysenie silového ucinku pri pohybe.

Obr. 1 Pouzity CNC robot
Fig. 1 Used CNC machine
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3Vysedky a diskusia

Nami naprogramovand aplikacia na prepocet stradnic obsahuje pridavné funkcie ako
je zmena velkosti suciastky, zmena rychlosti posuvu F, zmena nastavenia osi Z, zmena otac¢ok
vretena Sato vSetko v percentudlnom meradle. Medzi pridavné funkcie je zaradeny aj

prepocet stradnic stredu kruZnic 1, J na polomer kruznice R.

Obr. 2 Ukazka aplikacie na prepocet sturadnic

Fig. 2 View of the application determined to recalculating coordinate system

Porovnanie dvoch jednoduchSich vzorovych prikladov na demonstraciu Struktary

programu:
Relativny sUstava
N10 M6 T20

N20 M3 S100

N30 GO X0 Y0 z225
N40 G1 F1000

N50 G91

N60 G1 Y20

N70 G2 Y20 R10
N80 G1 X50

N90 G1 Y10

N100 G2 X40 R20
N110 G1 Y-50

N120 G1 X-90

N130 G1 Z-5

N140 G1 Y25

N150 G1 75

Absolltna slstava
N10 M6 T20

N160 G2 X0 Y10 R5
N170 G2 X0 Y-10 RS
N180 G1 Z-5

N190 G1 X60 Y25
N200 G1 Z5

N210 G2 X20 YO R10
N220 G2 X-20 YO R10
N230 G1 Z-5

N240 G1 Y-35

N250 G1 Z5

N260 G2 X20 YO R10
N270 G2 X-20 YO R10
N280 G1 Z-5

N290 G1 X-50

N300 G1 Z5

N20 M3 S100

N310 G1 Y20 X20
N320 G1 Z-5

N330 G1 Y-20
N340 G1 Z5

N350 G1 X-20 Y20
N360 G1 Z-5

N370 G1 X50 Y15
N380 G1 Z5

N390 G1 X20
N400 G1 Z-5

N410 G1 X-10 Y10
N420 G1 Z5

N430 G1 X0 Y-20
N440 G28

N450 M30

N30 GO X0 Y0 Z225
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N40 G1 F1000 N180 G1 2220 N320 G1 2220
N50 G90 N190 G1 X60 Y50 N330 G1 Y15

N60 G1 Y20 N200 G1 2225 N340 G1 2225
N70 G2 Y40 R10 N210 G2 X80 Y50 R10 N350 G1 X10 Y35
N80 G1 X50 N220 G2 X60 Y50 R10 N360 G1 2220
N90 G1 Y50 N230 G1 2220 N370 G1 X60 Y50
N100 G2 X90 R20 N240 G1 Y15 N380 G1 2225
N110 G1 YO N250 G1 72225 N390 G1 X80
N120 G1 X0 N260 G2 X80 Y15 R10 N400 G1 2220
N130 G1 Z220 N270 G2 X60 Y15 R10 N410 G1 X70 Y60
N140 G1Y25 N280 G1 2220 N420 G1 2225
N150 G1 Z225 N290 G1 X10 N430 G1 X70 Y40
N160 G2 X0 Y35 R5 N300 G1 2225 N440 G28

N170 G2 X0 Y25 R5 N310 G1 Y35 X30 N450 M30

— &0
U S ORI

BN 1

D 40 g0 En
1 | 1 1

i

Obr. 3 Skusobny utvar podl'a uvedeného programu
Fig. 3 The test body under the program

Porovnavané programy su rozdielne vo svojich hodnotach pre kazdy jeden prikaz.
Testovanie a simulécie prebiehali zamerne s ¢o najvacsim poctom tkonov, aby sa prejavovali
chyby presnosti. Hlavna vyhoda programatora pri programovani Utvarov je v jednoduchSom
programovani Vv relativnych sdradniciach. Takyto vystup maju aj aplikacie z inych odborov
technike ako je napriklad aplikacie Eagle uréena na vyrobu dosiek plosnych spojov. Uvedené
vystupy su konvertované do absolutnych saradnic, ktoré st pri obrabani presnejSie z dévodu
mensieho poctu krokov so zaokrihl'ovanim pozicii a stabilnom referencnom nulovom bode.

Samotné testovanie prebiehalo na CNC robotovi, ktory demonstruje fyzicky prenos
programu na papierovu podlozku pomocou pera. CNC robot je ovladany osobnym pocitatom
soperanym syst¢émom Windows. Prikazy na hardvérovej Urovni s sprostredkované
pomocou softvéru Mach 3, ktory komunikuje s riadiacou jednotkou robota cez paralelny port
LPT na adrese 378H.

4 Zaver

Porovnanie vysledkov obrdbania v réznych sdradnicovych systémoch, ukazuje, Ze
obrébanie v relativnych stradniciach ma menSiu presnost’ ako obrabanie v absoltnych
stradniciach G90. Preto je vhodné suradnice prepocitavat a aplikovat v absolitnom
suradnicovom systéme. Funkcia prepoc¢itavania I, J na R a funkcia zmeny velkosti ma vyhodu
v ulah¢ovani a zrychlovani prace programatora CNC zariadeni. Hlavnou vyhodou nasho
vystupu je rychla premena suradnic spojena s jednoduchym editovanim velkosti vyrabanej
suciastky.
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Prispevok je zamerany na problematiku programovania CNC zariadeni uréenych pre
vyrobu vyrobkov réznych materidlov. Na zéklade programovania CNC zariadenia
v relativnych suradniciach, ktoré by inak museli byt ru¢ne pocitané a nasledne zapisané do
zdrojového kodu, samotny software prepocita suradnice automaticky a zapiSe ich do
pozadovaného tvaru. Nasledne sa moze vykonavat’ obrabanie na navrhnutom zariadeni. Tieto
zariadenia musia spifiat’ hardvérové i softvérové poziadavky, ktoré si kladené na presnost’.
Vdaka vyskumu sa podarilo vytvorit zostavu softvéru a hardvéru, ktora spiha zadané
poziadavky na presnost.

Kriacové slova: programovanie CNC, G kddy, MS Visual Studio, .NET Framework

Tento prispevok vznikol na zaklade riesenia projektu VEGA 1/0696/11 Vedeckej grantovej
agentiry MS SR a SAV.
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ANDROID BASED BEER GAME SIMULATION IN
CORPORAL TRAINING AND INNOVATION

NORINA SZANDER - PETER BAJOR

Abstract

The supply chain management problems can easily be demonstrated by the widely
known BeerGame simulation. The problem is the implementation of the game especially in an
industrial training situation or in formal education caused by the insufficiencies of the
traditional forms of the game. In the Szab6-Szoba R&D Laboratory we developed an
Android-based software tool on the purpose of having an adaptable, entertaining and effective
program, which can give real life experience for participants about the nature of the bullwhip
effect, inventory management challenges and create measurable results right away. We use
the four perspectives of Balanced Scorecard approach to demonstrate the benefit of
performance measurement systems: the discussion of outcomes and the team learning. This
software can be used also for examine and optimize the operation of a real industrial partner
or supply chain.

Key words. Beer Game, Balanced Scorecard, Bullwhip effect, Corporal

1 Introduction

The Beer Game logistics management game is widely used to demonstrate the
inventory imbalance problems in supply chains — in the frame of the game participants
impersonate a four stage supply chain, and make their own decision about actual orders in
every round according previous demands and expectations. The factory is responsible for
production, and the other three collaborators for distribution towards the customer. The aim of
the players is rather simple: each of the four traders has to fulfil incoming orders by
forwarding the required units of beers to the partners in the chain with minimal total cost (the
charge of inventory holding is 1, in the case of backlog the related cost is 2). Communication
and collaboration are not allowed between supply chain stages. This game can be used in the
formal education and on trainings as well to model real life situations and to highlight the
difference between practice and theory by the learning-by-doing method.

2 Thebullwhip-effect

The competing supply chains are characterized by the ever growing extension. The
need of mass-production is increasing in the industry while on the costumers’ side the demand
of unique goods is extending. These cross-purposes cause the elongation of supply chains and
turn them into supply networks with more and more processing, forming, storage stations and
resulting in huge transportation and forwarding needs. This system structure has a serious and
inseparable drawback, the presence of the bullwhip-effect.

Norina Szander, Logistics and Management MSc student at Széchenyi Istvan University H-9026, Gy6r, Egyetem
tér 1, Member of Szab6-Szoba R&D Laboratory noinya@gmai.com +3670 426 0730

2 Péter Bajor, Assistant Lecturer at Department of Logistics and Forwarding, Széchenyi Istvan University H-
9026, Gyér, Egyetem tér 1. Head of Szab6-Szoba R&D Laboratory pbajor@sze.hu +3630 637 3270
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Because of the growing globalization of supply chains/networks we can observe in an
increasing number the bullwhip-effect which is a really expensive phenomenon: at different
stages of the distribution channels high inventory levels arise, although at the same time other
stages suffer from serious shortages. Therefore, the end users in many cases can’t get the
desired product, on the other hand, insufficient or excessive production and warehouse
capacity establishment and its inappropriate coordination causes the inaccurate production,
delivery and distribution plans. The consequences are growing total cost of supply chains,
lower profit rate, and loss of competitiveness. The inappropriate usage of resources implies
the increasing logistics costs and declining customer service and its adverse effects which
worsen the performance of companies and supply chains.

The inventory levels at different points of supply chains varying separately from the
real costumer demand because of the bullwhip-effect. The usage of resources as production-,
distribution-, and warehousing capacities is apparently not effective. The emerging shortage
and unnecessary accumulation of inventories at different stages with the passage of time and
the fulfillment of the backlogs of orders run through the whole supply chains. Therefore the
systems/networks loose their balances and these swings maintain the presence of the
bullwhip-effect for an indefinite time. Despite the fact that this phenomenon has been known
for long time, its examination, accurate detection and modeling, is still subject of intense
scientific interest. [1]

6 manta of me I darys

. e : . : Fig. 2 Demand amplification of
Fig. 1 Demand amplification typical of time series to time series to be viewed through

be viewed through the “variance” lens (Porter, 2005) the “shock” lens — Fisher 1997
[2] 2]

Based on many scientific research the trigger of the bullwhip effect can be traced by
the lead time of information and material. A supply chain’s reaction on a change in end
customer demand is delayed firstly because it takes time to pass on information about the
change to suppliers and secondly because these suppliers need time to adjust their capacities
and deliveries. The longer a supply chain is unable to react on a changed demand, the heavier
it needs to react as soon as this is possible. The bullwhip effect increases with longer lead
times.

In addition to the lead time of information and material, the bullwhip effect is caused
by other reasons:

- Demand forecast based on orders of the succeeding tier
- Historically oriented-techniques for demand forecast

- Batch ordering

- Price fluctuation

- Exaggerated order quantity in case of delivery bottlenecks
Commonly, demand amplification is mostly caused by some internal mechanism or
event; it is not due to something external to the system. Although the customer demand may
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be extremely volatile, it is self-induced worsening of any situation. As bullwhip is a time-
varying phenomenon, graphical representation of system behaviour is extremely helpful. The
next figure shows specific demand amplification in a six month period.

The previous figure is a typical example which illustrates how a major manufacturer
““‘gambling’” by offering a temporary discount severely disrupts the system both upstream and
downstream. This causes a “‘shock’” to the system forcing retailers to stock up rapidly, then
run stocks down as they realise customer sales are relatively smooth. In this case we can
easily catch the bullwhip-effect. [2]

3 BeerGame
History

The beergame (or beer distribution game) was invented in the 1960s by Jay Forrester
at MIT as a result of his work on system dynamics. The BeerGame has proven to be a very
simple, yet effective experiential exercise for teaching the dynamics of marketing and
logistics channels specifically and systems in general. Since then had been played all over the
world by people at all levels, from students to presidents of big multinational groups. The
purpose of the game was to show how the patterns we create in our relations with the world
around us sometimes give unexpected and undesired results. This is an expression for what is
called system dynamics. Jay W. Forrester in the USA first developed the ideas and theories
behind this branch of science. The game can represent how we (re)act in such trading
situations, and how these situations lead us into standard ways of "thinking" that we accept
without question, don’t we? [3]

Beergame, on the tables

After we hold some BeerGame training with the traditional forms of the concept it
became clear that for further experiments, analyse the results and applying the game in a
training environment we need a better solution. For this we started to develop the BeerGame
software for android devices in the Szab6-Szoba Laboratory. The purpose of this project is to
join together the advantages of previous implementations. The game is continuously
developed, but still it’s in an initial phase, doesn’t have all the functions we planned.

In the actual state of the software the processes at the different positions are totally
synchronised; the documentation is automated but easy to follow. With this we successfully
excluded the drawbacks of the original, paper based form of the game. That version was hard
to follow - even more if somebody plays for the first time - because of the complexity of the
rules. In fact it slows down the gameplay and gives place to the mistakes. Unfortunately it is
really hard to puzzle out the errors and to correct them what takes away the fun. The
BeerGame application also prevents the opportunity of cheating or making accidental
mistakes. The results are immediately apparent, helps the discussion of experiences and better
understanding the background of the bullwhip effect. At this point it’s really important, that
the participants can share their experiences, observations and knowledge The tablets are very
practical and manageable and provide an excellent graphical appearance. The only drawback
we found until now, that it’s not really expressive in material handling. A solution for this can
be the involving of other devices or better graphical visualization.

Training environment
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The game in our trainings lasts for 24 round. This is long enough to see the trends and
the challenges, also short enough to not get bored. By this time every participant gets some
experience about managing a supply-chain, can observe the difficulties, possibilities, typical
tricks and some coincidences. That’s the time when they can share the feelings, experiences
and some information with each other by the lead of the trainer. This discussion is very
important in the aspects of recognition and learning.

Typical observations:

- the evolved shortage spreads along the chain

- usually the factory has the biggest shortage and the retailer has the least

- at the half of the gameplay (10-12th round) each of the participants gets frustrated by
the appearing backlogs and makes the decisions in panic — worsening the situation

- the period with the shortages is followed by a period with high inventory level

- the bullwhip effect emerges without exception

The time frame usually lets an other round. In this case the participants are more
experienced, they can focus on the discussed and relevant details, they configure some kind of
tactic regarding to the consequences. In the second game they usually feel themselves
confident and assume that the bullwhip effect at this time won't upset the balance. But is does
- in all cases.

The game as we can see quite simple, easy to understand the tasks and the functions.
A great advantage is that from the server we can get instantly the results, so after the game the
experiences immediately can be discussed.

4 The Balanced Score Card System as performance measurement
approach

We had to realize that the traditional efficiency measures by themselves — because
they are considering mostly the financial parameters of production processes — are inadequate
in providing a complete and useful overview of organizational performance (in our case it
means the performance of the whole distribution channel as a system). For better
understanding the relations not only on the operational, but also on tactical and strategic levels
the use of Balanced Score Card measurement system is widely accepted: it is operating on the
financial, marketing (customer-related), operational (internal-business processes) and strategic
dimensions (learning and growth).

Financial Perspective
“Ta satisfy sharehalders,

what financial abjectives
st be accomplished
Customer Perspective
“To achieve the financial
Outcomes objectives, what custamer
? vty rrust be met T
"' k Internal Process Perspective
Drivers “To zatisfy customers and
sharehoblers, which internal
business processes are critical?”

People and Knowledge Perspective

“To achieve these goals,
how must the crganization

be equipped ™
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Fig. 3 The perspectives of the Balanced Scorecard [4]

With other words the typical BSC consists of four perspectives - financial and non-
financial measures to guide implementation and evaluation: financial, customer,
internal/process, and learning/innovation, in addition focuses both on the short- and long-term
objectives of the organization. [5]

The financial perspective of course is the basic of the BSC measurement system, but
this is the easiest to create exact numbers from which we can jump to a conclusion, and so it
has lots of common attribute with the typical measurements systems. Also the truth is that the
managers will always want to see clearly the data, trends, graphs, and use every possible
instrument to learn where the company is heading to, be aware of the risk assessment and
cost-benefit data. This is why it’s colligated with the other three perspectives, to see the whole
picture. We can generate the most obviously measurable indicators in this area. We can
exactly calculate the inventory holding cost and the penalty in case of shortage. We can also
easily say the growth in the certain customer's orders, which refers our next perspective.

Examples:

- Lot of capital tied up in inventories
- Frequency and amounts of out-and in stores

- Storage costs depend on the size of the warehouse and the storage technology

In our trial gameplay the inventory levels moved quite simultaneous. Increase at one
players stock caused the raise at the others. In this case quite natural that the retailer had the
lowest and the factory owned the highest stock, so the parallel lowest and highest inventory
holding costs.

The next factor is the customer, who should be satisfied. The management has to
realise that the future of the company depends on the strong loyalty of the partners. Applying
indicators on customer satisfaction may show hidden problems before our partner changes
supplier. A possible way to separate our customers in different groups, and rate their different
needs, then the customer service can get closer and closer to the needs based on this. In this
case customers are mostly the trading partners, who order from our inventory. We can see
their satisfaction, when we consider for example the “lifespan” of the relationship. If we have
old partners with a long-term relation and common history, we should be doing something
well. We can think about more concrete tools here.

For example:

- How much late we can afford with the delivery of an order?

- How many times do we have to compensate, until the customer does not choose
another supplier?

- How do we behave in the case of a missing product?

- Do we monitor the order amounts?

- What do we conclude from the orders gradient?

- Do we look for the underlying reasons in case of fluctuation in the orders?

The different inventory management strategies affect differently the relation with the
customer. In our first try everybody had their own tactic for satisfying the demand. The high
safety stock at the Factory was the best solution in this aspect but it conflicts with other goals.

To reach successes the internal business processes must be continuously improved
and examined. It makes easier to the employees to perform their tasks, minimise the possible
mistakes and the managers can see the quality of the production or services. The problem with
this perspective is that it requires very profound knowledge about every tiny detail of the
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internal business processes, so it can not be developed by an outsider consultant or expert.
The internal processes of distribution channels contain lots of components. Forecasting,
human and material resource planning, production and shipment scheduling can largely
influence the efficiency of the company, and globally the performance of the chain. Usually
there is not only one possible optimal way to fulfil the demand. Furthermore sometimes not
possible to find the real optimum; just use any good solutions close to it.
Based on the experiences we can say it’s a good way to treat the whole supply chain as

one system. If we consider globally the factors maybe we can get closer to the best solution. A
lot of question entails related to the internal processes:

- How much information do we share with the partners?

- Do we discuss our trading plans with our supplier?

- Are we able to manage a common inventory or trading plan with the others?

- How efficient is our capacity utilisation?

- Do we have idle resources in the shipments?

- What kind of forecasting method leads to the optimal resource allocation?

- What is the ideal safety stock level?

In the game we all paid huge attention on not sharing any information to see what will
happen. The expectation was fulfilled, we finally created the bullwhip effect without any
efforts (some managers may deliberately mislead the partners).

The last perspective is the innovation and lear ning. It both means the training of the
associates and the self development of the company. With this nowadays technical
improvement speed no one can afford to miss out these aspects. The employees have to be
updated and also evaluated during their work. It’s a good way if the company has a collective
data base of specialised knowledge. The level of technical developments can be measured by
adequate metrics (physical and quality indicators). This part should show us, how fast we can
comply with new techniques, trends, and the fluctuation of the customer demands. Some
adequate indicators can measure for example the technical or infrastructural development of
the company. Yet there are some aspects of progression in the business life which can be
really affective but uneasy to evaluate.

- Peak management — treat the accumulated stock

- Don’t panic — strategy in case of shortage

- IT systems — sequential improvement is necessary in every field of company governance
including the product tracking, customer-supplier relationship management, inserting
new methods in operational processes, development of corporate culture

With the BeerGame software we can create graphs to demonstrate the bullwhip-effect
and its consequences regarding to the four BSC perspectives. The typical results are shown

below:
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Fig. 4 Hlustration of the bullwhip phenomenon
5 Conclusion and further research

The main challenges of modern logistics and supply chain management are providing
high level quality service for customers according to the ever-growing and ever-changing
demands, optimizing low series production and distribution in various environments,
managing stocks in lean and agile production systems, eliminating the bullwhip effect,
applying different trade-off solutions for minimizing infrastructure investment, distribution
and warehousing costs and maximizing capacity utilization. The wide variety of products, the
challenges of fluctuating demand, the appropriate inventory management and the application
of modern production and distribution strategies requires flexible innovative thinking and
special management skills from experts: to construct and manage effective, well-balanced
manufacturing and distribution process in supply networks.

The BeerGame environment is excellent for training university students and expert
from the economy to get these cooperative and innovative skills. In the same time, during the
trainings the importance of Balanced Score Card methodology is coming from theory into
practice and participants can get real-life experience about the construction and operation of
logistics performance measurement systems.

In our further research we are focusing on the specification of typical “incoming
order” patterns — derived by the expert trainings — and some “best practice” inventory
management samples.
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OPTICKE METODY MERANIA V MANAZERSTVE
KVALITY — 3D SKENER
OPTICAL MEASUREMENT METHODSIN QUALITY
MANAGEMENT - 3D SCANNER

JURAJ SARISSKY — ROBERT DRLICKA

Abstract

This paper provides an overview of 3D optical scanning / sensing technology and
technique based on laser and structured light scanning for sensing spatial information about
the shape of the object and its geometrical characteristics, which are transferred to the virtual
coordinate system of the software for further processing.

In cooperation with the Volkswagen Foundation and its grant support for student
projects within the grant program "College students and technology" we were able to compile,
respectively purchase a fully functional 3D scanner working on the principle of structured
light beam transmission, which is located on the Technical Faculty of the Slovak University
of Agriculture.

Key words: 3D scanning, structural light, laser, shape, object, measuring, project.

1 Uvod

Digitalizacia objektov je moznd vdaka skenovacim zariadeniam. Zariadenia, ktoré
nam umoznuju prevod realnych trojrozmernych objektov do digitalnej podoby, sa nazyvaja
3D skenery. Su to zariadenia na ziskavanie digitalnych informaécii o tvare telesa. Vysledkom
je ziskanie virtudlneho modelu reprezentujuceho hmotny fyzicky model, ktory je zvycajne
zobrazeny pomocou mra¢na bodov. Vo vicsine pripadov jedna snimka hmotného modelu na
jeho pretvorenie do virtudlneho 3D sveta nestaci, preto sa teleso musi snimat’ postupne
z viacerych pohladov. Jednotlivé skenery ur¢ené na snimanie 3D povrchov sa liSia svojou
konstrukciou, velkost'ou, principmi ich fungovania, pouzitou technoldgiou av porovnani
s ostatnymi 3D skenermi ur¢itymi kladmi a zapormi z hl'adiska ich vyuziteI'nosti konkrétnych
situaciach.

Princip vacSiny tychto zariadeni je zaloZeny na snimani povrchu objektu v diskrétnych
bodoch, z ¢oho vyplyva Ze zdigitalizovany objekt je v pocitaci prezentovany ako vel’ky pocet
bodov v priestore tzv. mrak bodov. Skenery sa od seba liSia hlavne tym, akym sp6sobom
dochadza k snimaniu bodov povrchu objektu.

V tomto konkrétnom projekte sa zaoberame instalaciou 3D skenera pracujuceho na
principe pouZzitia Struktirovaného svetla, a to ako nadstavby s priamou nadvéznostou na
laserové skenovanie vyuZivajice podobny systém. Tento patri do kateg6rie prenosnych,
bezdotykovych (optickych) skenerov a po zakupeni lasera je mozné tento systém vyuzit
taktieZ pre bezdotykové laserové skenovanie.

Bc. Juraj Sarisky, Slovenska polnohospodarska univerzita v Nitre — Tecnicka fakulta, Katedra kvality a
strojarskych technolégii , Tr. A. Hlinku 2, 949 76 Nitra, 0903 787 268, jurajsarissky888@gmail.com
Ing. Rébert Drlicka, Slovenska polnohospodarska univerzita v Nitre — Tecnicka fakulta, Katedra kvality a

strojarskych technoldgii, Tr. A. Hlinku 2, 949 76 Nitra, robert.drlicka@uniag.sk 319



Bezdotykové skenery nevyZaduju fyzicky kontakt s povrchom predmetu. Ich vyhodou
su kvalitnejSie vystupy, mensSia ¢asova narocnost’ skenovania a schopnost’ vytvorit’ hustejSiu
siet’ bodov i v miestach, kde sa hrot dotykového skeneru tazko dostane.

Pracuju na principe bezdotykového snimania, digitalizuja vonkajsi povrch a niektoré
dokazu rozpoznat’ aj textiru povrchu. Pred samotnym snimanim povrchu sa objekt najskor
pripravi. Na povrch vicsich telies, ktory je treba skenovat’ po Castiach, sa na povrch nalepia
znacky. Znacky slazia na presnejSie vystihnutie tvaru povrchu a lepSiu orientéciu softvéru pri
spajani jednotlivych skenov do celku.

Pri vyuZiti skeneru pracujuceho na principe vysielania Struktirovaného svetla na
povrch skenovaného objektu je tento objekt osvetleny pasmi svetla. Pasy svetla kopiruju
povrch a zaroven su snimané kamerou. Pomocou pasov svetla a znaciek systém rozpozna
povrch predmetu.

Ziskavanie trojrozmernych dat spociva vo vyuziti principu triangulacie. Techniky
aktivnej triangulacie spocivaju vo fotogrametrickej rekonStrukcii snimaného objektu
nesvietenim jeho povrchu svetelnym zdrojom a su¢asnym snimanim CCD snimac¢om. Zdroj
svetla spolu so snimacom a osvetlenym bodom na skimanom objektu tvori tzv. ,triangula¢ny
trojuholnik®. Spojnica svetelny zdroj — snima¢ nazyvame ,.triangula¢na baza (zakladia)“. Na
strane zdroja je uhol zvierany triangulacnou bazou nemenny, pricom na strane snimaca je
uhol ureny premennou poziciou osvetleného bodu vo vztahu k CCD snimacu. Z velkosti
tohto uhla a na zaklade znalosti triangula¢nej bazy mézeme urcit’ z-ovu sUradnicu objektu.

Laserové skenery skenuju vonkajSi povrch bez kontaktu s nim. Laserovy skener
vyuziva vlastnosti laserového luca. Emitor vySle laserovy 1a¢ na povrch skenovaného
predmetu. Po odraze od povrchu sa vrati do snimaca skeneru. Skener vyhodnocuje dobu a
uhol vratenia sa laca. Doba navratu luc¢a dava informéciu o vzdialenosti skenovaného bodu a
uhol navratu o nakloneni daného bodu. Na zaklade tychto dvoch udajov systém rozpozna
geometriu skenovaného miesta. Tymto postupom sa prejde cely povrch. Hustota lica urcuje
kvalitu digitalneho modelu. Tento postup zachyti len geometriu povrchu, nie vSak jeho
textaru.

Tieto postupy a metddy maju Sirokospektralne vyuZitie v reverznom inZinierstve,
v strojarstve a automobilovom priemysle, pri zistovani geometrickych diferencii, rozmerov
a opotrebeni stcasti poduspracujtcich strojov v pol'nohospodarstve, v medicine, v umeni pri
digitalizacii kulturneho dediéstva, vo filmovom priemysle a poc¢itacovych hrach, v kozmetike,
atd’.

2 Material a metédy

Pri zostavovani skenera pracujuceho na principe Struktirovaného svetla, ktory je
mozno roz§irit' o skenovanie pomocou lasera, sme vyuZzivali systtm DAVID SLS-1 od
spolo¢nosti DAVID Vision Systems GmbH, ktory obsahuje nasledujdce komponenty:

e Skener vyuZivajuci Struktdrované svetlo,
e video projektor,
e kamera s SoSovkami s moznost’ou zaostrenia,
e zariadenie na uchytenie kamery,
trojnozka s ochrannym puzdrom,
2 kalibra¢né panely s dvomi drziakmi na ich upnutie do 90° uhla,
USB so softvéerom DAV ID-Laserscanner Pro Edition a PC ovlada¢mi pre kameru,
prisluSenstvo pre projektor,
externy elektricky zdroj,
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VGA kébel

HDMI kabel

ochranné puzdro,
navod na pouZitie,
USB kabel pre kameru.

Systémové poziadavky na PC:

Windows XP, Vista or 7 (32-bit or 64-bit),

3D graficky adaptér,

VGA or HDMI port,

dva pristupné USB porty,

Odporucané: Dual-core processor, 2 GHz, 4 GB RAM, NVIDIA or AMD graficky
adaptér.

+ doplnenie systému o laser zodpovedajlci poZiadavkam pre 3D laserové skenovanie.

Priprava

Pred pripojenim systému a sfunkénenim
jednotlivych komponentov je idealne ako
prvé rozmiestnit’ jednotlivé prvky vzhl'adom
na velkost’ skenovaného objektu (resp. Casti
daného objektu, ktoru chceme skenovat)).

Obr. 1 Znazornenie rozloZenia prvkov pri procese skenovania.
Fig. 1 Representation of the distribution of elements in the process of scanning.

Tab. 1 Orienta¢né hodnoty pri urovani parametrov rozlozenia sucasti skenovacieho systému.
Tab. 1 Indicative values to determine parameters of the distribution of the scanning system
components.
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Kamera moze byt umiestnena v pravo alebo v 'avo od projektora v zavislosti od miery
dosiahnutie vhodnej vzajomnej vzdialenosti $oSoviek. Softvér DAVID taktieZ umoZiuje
vertikalne usporiadanie, kde kamera je umiestnena nad projektorom alebo pod projektorom.

Zapojenie

Jednotlivé komponenty skenovacieho systému su zapojené nasledovne:

Obr. 2 Zapojenia komponentov skenovacieho systému.
Fig. 2 Connection of the scanning system components.

Kalibracia skenera

Vyhoda tohto skenovacieho systému je v jeho variabilnom nastaveni, ktoré sa moze
prispdsobit’ roznym velkostiam skenovanych objektov. Z tohto dbvodu je vyZzadovana
kalibracia zariadenia pri skenovani parametricky rozdielnych objektov pre dosiahnutie
neskreslenych vysledkov v spravnej mierke. Pre tento ucel sa pouzivaju kalibraéné pozadia
volené podla velkosti skenovaného objektu, ktorych parametre su zname. Kalibracia sa
sklada z rozmiestnenia hardvéru, kalibracie kamery a kalibracie projektora a to v nasledovne:

1. Menu nastavenia harvéru “ Hardware Setup “: nastavenie projektora a kemery
1. Zvolime typ skenovania pre Struktdrované svetlo “Structured Light Setup®.
2. Pre spravnu projekciu pruhovaného vzoru projektorom zvolime identifikaciu
zariadenia projektora “Screen ID*
3. Umiestnime skener pred skenovany objekt a nastavime poziciu a orientaciu projektora
tak, aby vyZarovane svetelné zvazky dopadali na skenovany objekt

Obr. 3 Rozmiestnenie sustavy ,,projektor — kamera — skenovany objekt*
Fig. 3 The distribution of the system ,,projector - camera - scanned object*
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4. Pouzijeme moznost' zaostrenia projektora pre nastavenie najvysSej ostrosti na co
najlepsie rozoznanie bielych a ¢iernych pruhov na povrchu osvetleného objektu.

5. Zvolime kameru DAVID-CAM-2-M azobrazi sa nam aktudlny snimany obraz
kamerou na monitore PC.

6. Otocime kameru tak, aby skenovany objekt bol v zabere kamery a kameru upevnime.

7. Doba expozicie kamery by mala byt’ nastavend na 1/60s, v opa¢nom pripade mdze byt
zapricinené blikanie alebo pulzovanie obrazu.

Obr. 4 Nastavenie jasu premietaného Struktarovaného svetla.
(vlavo — prili§ tmavé, v strede — vyhovujuce nastavenie, vpravo — prilis svetlé)
Fig. 4 Adjusting the brightness of the projected structured light.
(left - too dark, in the middle - suitable setting, right - too bright)

8. Nastavenie jasu projektora je vo vidcSine pripadov odpori¢ané ponechat’ na maxime.
V pripade ak dosahujeme skresleny anecisty obraz, nastavime jas projektora na
pozadovani hodnotu. Nastavovanie hodnoty kamerou snimaného jasu premietaného
vzoru prebieha pomocou clony kamery. Pomahaju ndm zobrazené Cervené krivky,
ktoré sa musia nachadzat’ ¢o najstimernejSie nad aj pod ich stredovou preruSovanou
¢iarou, pricom nesmu pretinat’ vrchni ani spodntt modru ¢iaru urcujicu maximum
a minimum jasu daného Useku premietaného vzoru.

9. Nastavime zaostrenie kamery na ¢o najostrejsi obraz za pomoci premietaného obrazu
na monitore.

10. Zafixujeme kameru a projektor tak, aby v d’alsom procese nenastalo ich nechcené
vychylenie z pozicie.

2. Menu pre nastavenie kamery ,,Camera Calibration®.

1. Zvolime si kalibraény vzor, ktory vyhovuje vzhladom na velkost skenovaného
objektu (vid’. Tab 1). Kalibratné pozadie uchytime do stojana zarucujuceho 90° uhol
medzi stenami kalibraéného pozadia.

2. Odstranime objekt a posunieme kalibraéné pozadie priblizne do takej vzdialenosti od
skenera, ako sa nachadzal objekt (projektor aj kamera musia byt z predchadzajiceho
nastavovania zaostren¢). Obraz snimany kamerou musi zobrazovat’ aspon 6 kruhovych
vzorov na kalibraénom pozadi a niekol'’ko bodov. Obraz snimany kamerou by mal
obsahovat’ priblizne 15-70 kalibra¢nych bodov a kamera by nemala snimat’ priestor za
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kalibra¢nou. plochou. Pri nastaveni mézeme pohybovat’ skenerom ako celkom, ale nie
kamerou a skenerom jednotlivo.

3. Zadame mierku zvoleného kalibra¢ného vzoru uvedené¢ho na kalibracnej stene a typ
pouzitej kalibracnej steny.

4. Projektor nam teraz zobrazuje kalibra¢nu ¢ierno-bielu plochu. Na projektore mézeme
nastavit' jas pre zretelnejSie zobrazenie, resp. ak mame v miestnosti dostatok
osvetlenia, moZeme ho nastavit’ na hodnotu 0 (expozicny ¢as kamery na 1/60s.).

5. Spustime kalibraciu kamery ,, Calibrate*. V tomto kroku softvér zaznamena poziciu
aorientaciu kamery a parametre nastavenia SoSovky. Od tohto momentu
nemanipulujeme so ziadnou <castou skenera. V opacnom pripade opakujeme
kalibraciu.

3. Menu pre kalibréciu kamery ,,Structured light scanning*.

1. Po otvoreni tohto menu projektor automaticky osvetli plochu Strukturovanym
vzorom. Zvolime prednastaveny profil ,,default®.

2. Na obrazovke znazornujucej snimok z kamery si vSimame jednotlivé Cervené vinky,
ktoré v oblastiach osvetlenych pruhovym kruhovym vzorom nesmu presahovat
modré priamky. V opa¢nom pripade opatrne nastavime clonu na kamere, ale
nemenime jej zaostrenie.

Obr. 5 Kalibrécia projektora
Fig.5 Projector calibration

3. Spustime kalibraciu projektora ,,Calibrate”. V tomto kroku softvér zaznamena poziciu
,orientaciu projektora a jeho nastavenie. Od tohto momentu mézeme hybat’ skenerom
ako celkom a mozeme zavriet’ alebo restartovat’ DAVID softvér bez straty kalibracie.

3D skenovanie

Skenovanie moéze prebehnit po splneni vsetkych predchadzajucich kalibraénych
podmienok. Skenovany objekt umiestnime pred skener v takej vzdialenosti ako bol pri
kalibracii. Ak ho umiestnime do inej vzdialenosti, pruhové vzory premietané na objekt
nebudd viditel'né v poZadovanej ostrosti. V tomto pripade upravujeme vzajomnt vzdialenost,
nie nastavenia skenera.

Skenovanie spustime tlacidlom ,,Start”. Zariadenie osvetli skenovany objekt r6znymi
vzormi Strukturovaného svetla a nasnima obraz skenovaneho objektu. Tento proces zabera 2-4
sekundy v zavislosti od nastaveni. Pri skenovani objektov s prili$ reflektivnym povrchom je
potrebné vykonat’ jeho povrchovu tpravu.
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Obr. 6 Zobrazenie naskenovaného objektu v 3D virtualnom prostredi softvéru.
Fig. 6 View of the scanned object in a 3D virtual environment of the software.

Softvér je takisto schopny automaticky zachytit’ textiru skenovaného povrchu. Ak je
snimok textiry prili§ jasny alebo tmavy, tento problém sa da vyrieSit nastavenim jasu
snimanej textdry v menu ,, Texturing®. Farebna texturu je mozné zachytit’” pouzitim farebnej
kamery ako sucasti skenovaného systému. V opacnom pripade je textara ¢iernobiela.

Skenovanie kompletného 3D objektu musi prebiehat’ v nickol’kych fazach, v ktorych
zachytime kompletny objekt v rozsahu 360°. Tento postup si vyZaduje miniméalne 6 skenov,
pricom jednotlivé skeny sa musia prekryvat’ kvoli naslednému spéjaniu tychto skenov na
zaklade ich spolo¢nych ploch. Jednotlivé skeny sa ukladaju vo formate OBJ a neskor sa
na¢itavaju do softvéru DAVID pre ich konetné spojenie a vytvorenie kompletného
a kone¢ného 3D zobrazenia skenovaného objektu. Tieto 3D modely je mozné ulozit vo
formatoch OBJ, STL, PLY.

Obr. 7 Zobrazenie procesu spajania jednotlivych ¢iastkovych skenov vytvorenych pomocou
otacania skenovaného objektu a ich spojenia do vysledného 3D modelu.
Fig. 7 View of the process of linking individual sub-scans created by turning the scanned
object and its connection to the resulting 3D model.

L aser ova metéda

Pre aplikacny priklad 3D skenovania pomocou lasera sme pouzili ako objekt
skenovania jednu z casti pluhu — lemeS (Obr. 8). Cielom bolo zistit', na ktorych castiach
zvolenej sucasti pluhu vznika najvécsie opotrebenie a to pomocou 3D skenovania a vyuZitia
dostupnych metdd Upravy a prace s vystupmi tohto procesu pouzitim rdznych softvérovych
nastrojov. K dispozicii boli tri varianty lemeSa: s navarom, mierne opotrebeny a opotrebeny.
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Opotrebenie (resp. ubytok materialu tychto stciastok) vznika kontaktom s podou pri jej
obrabani v zavislosti od umiestnenia, typu a vlastnosti pody, jej Struktary, dlzky a frekvencie
pouzivania, pricom vznika ¢oraz vicsie opotrebenie a u¢innost’ tejto sucasti pluhu sa znizuje.

Obr. 8 Skenovane lemeSe — s navarom, mierne opotrebeny, silne opotrebeny
Fig. 8 Scanned harrow spades — with weld deposit, slightly worn, heavy worn

Laserova metdda 3D skenovania mé podobny postup pripravy ako pri Struktirovanom
svetle. Priprava sa sklada z rozmiestnenia hardveru, splnenia pozZiadaviek na PC, kalibracie
kamery, samotného skenovania jednotlivych lemeSov z réznych pohladov, spajanie
jednotlivych skenov do celku a porovnanie lemeSov. Skenovanie prebieha v Uplne zatemnenej
miestnosti, kde sme zretel'ne vidiet ¢ lasera pohybujuci sa na objekte. Pohyb lasera je
vertikalny pohyb bud’ z hora dole, alebo opacne, v zavislosti od zaciatocnej polohy Iluca.
Pohyb musi byt plynuly, ¢o najpomalsi, na ziskanie Co najuspokojivejSiecho vysledku.
Priebezny vysledok moézeme vidiet na monitore uz pocas skenovania, ¢o ndm umoziuje
eliminovat zle nasnimané Casti objektu a tie li€om znova prejst’ a lepSie zachytit’.

Proces skenovania sa skladal s viacnasobného skenovania povrchu lemeSov
z roznych uhlov. Tieto ¢iastkové skeny slizia na vytvorenie kompletného 3D modelu lemesa
ato prostrednictvom ich spojenia na zdklade spolo¢nych ploch jednotlivych skenov.
V dosledku jednoduchosti tvaru skenovaného lemesa bolo ucelné zaradit' do procesu
skenovania aj drziak skenovaného objektu, ktory bol spolu s lemeSom nasnimany a vo faze
spajania Ciastkovych skenov napomocny pri ich spajani. Tento drziak bol v procese upravy
vysledného 3D modelu graficky odstraneny.

Obr. 9 Ciastkové skeny a vysledny 3D model Gasti lemesa.
Fig. 9 Partial scans and the resulting 3D model of harrow spade.

Prekrytim 3D modelov na principe zhodnosti pléch jednotlivych lemeSov, spravnou
Upravou zobrazenia do formy sietovej Struktury alebo ponechanim naskenovanych lemeSov
vo forme farebného prevedenia a spravnym osvetlenim objektov v trojrozmernom prostredi
programu sme dosiahli vidite'nost’ rozdielov porovndvanych geometrickych parametrov a
tym aj opotrebenia.
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Obr. 10 Zobrazenie opotrebenia ,,leme$ mierne opotrebeny - leme$ opotrebeny
Na l'avom obrazku — farebné prevedenie (opotrebenie zobrazené fialovou farbou)
Na pravom obrazku — sietova Struktura (opotrebenie zobrazené ¢iernou farbou)
Fig. 10 View of the harrow spades ,,wear slightly worn - heavy worn”

On the left picture - color design (wear shown in purple)

On the right picture - net structure (wear shown in black)

Obr. 10 Zobrazenie opotrebenia ,,lemes s ndvarom — leme$ opotrebeny*

Na 'avom obrazku — farebné prevedenie (opotrebenie zobrazené Zltou farbou)
Na pravom obrazku — sietova Struktura (opotrebenie zobrazené tmavou farbou)
Fig. 10 View of the harrow spades ,,with weld deposit - heavy worn”

On the left picture - color design (wear shown in yellow)

On the right picture - net structure (wear shown dark color)

3 Vysledky a diskusia

Realizovany 3D skener je inStalovany na Technickej fakulte Slovenskej
pol'nohospodarskej univerzity v Nitre, kde su v danej ucebni vyhradené priestory pre jeho
umiestnenie, manipuléciu s nim a umiestnenie skenovaného telesa roznej velkosti.

Vysledky demonstrovaného aplikaéného prikladu laserového 3D skenovania
zobrazenim pl6ch opotrebenia lemeSov boli vyuZzité v praxi ako sucast’ skiimania opotrebenia
tychto pdduspracujicich lemeSov a takisto nazorne zobrazuju priame pouZitie trojrozmerného
skenovania v praxi.

Uspesné ukonéenie projektu dava moznosti nadobudnutia teoretickych a praktickych
poznatkov o najnovsich metédach merania a komplexného snimania objektov pomocou 3D
optickych meracich metdd a ich vyuZitia v praxi a to prostrednictvom vybudovania tohto 3D
snimacieho zariadenia a jeho mozného zaradenia do vyucby. TaktieZ sa otvaraju prilezitosti
spolupréce s vyrobnymi podnikmi v okoli Nitry a dava §tudentom mozZnost’ angazovania sa na
tejto spolupraci priamym vyuZitim vybudovaného zariadenia a ziskanych teoretickych
a praktickych poznatkov.

4 Zaver

Na zjednoduSenie prace s otacanim skenovaného telesa je mozné pouzit’ otoény stol,
pricom do budicna je mozna taktiez automatizacia tohto procesu otacania a skenovania
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zaroven. Vyuzitie kolajni¢iek, po ktorych je mozné skener ako celok pohybovat moze
zjednodusit’ manipulaciu so skenerom a jeho postvanie napr. pri skenovani vacsieho objektu.

Na zéklade dosiahnutych vysledkov laserového skenovania je mozné urcit’ potrebu
aplikécie renovacnych navarov prostrednictvom merania velkosti opotrebenia tychto najviac
opotrebovavanych funkénych ploch lemeSov. Podla velkosti opotrebenia, ktoré vznikne za
urity casovy usek pri pouzivani lemeSa na konkrétnom type pddy, je mozné porovnavat
takto nahromadené vysledky z réznych lemeSov a urcit’ vhodnost’ jednotlivych ndvarovych
materialov na pouZitie.

Priebeh a ¢iastkové vysledky sa zhoduju s ofakavaniami o jeho priebehu a davaju
priestor pre rozSirovanie a obohacovanie celého realizovaného skenovacieho systému o nové
prvky a softvérova podporu.
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Sdhrn

Tato préca poskytuje prehl'ad 3D optickych skenovacich/snimacich technoldgii
a technik zaloZenych na pouziti lasera a Struktirovaného svetla pre snimanie priestorovej
informécie o tvare telesa a jeho geometrickych charakteristik, ktoré su prenesené do
virtualneho sdradnicového systému prislu$ného softvéru na d’alsie spracovanie.

V spolupraci s Nadaciou Volkswagen Slovakia a jej grantovou podporou Studentskych
projektov v ramci grantového programu ,VysokoSkolaci atechnika“ sme boli schopni
zostavit,, resp. zakupit' plne funkény 3D skener pracujdci na principe vysielania zvazkov
Struktarovaného svetla, ktory je umiestneny na pbde Technickej fakulty Slovenskej
pol'nohospodarskej univerzity v Nitre.

Kracové slova: 3D skenovanie, Struktirované svetlo, laser, tvar, objekt, meranie, projekt.
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PREVADZKOVE SKUSKY PODOSPRACUJUCICH
NASTROJOV SDVOJVRSTVOU
OPERATIONAL TESTSOF DOUBLE LAYERED TILLAGE
TOOLS

RADOVAN SOSKA - RASTISLAV MIKUS

Abstract

Aim of this contribution is the investigation of tungsten carbide content influence in
hardfacing powder materials based on NiCrBSi and their resistance against wear in
application on tillage tools. Hardfacing materials were investigated in operational conditions.
There was found out no relation between tungsten carbide content and wear resistance.

Key words: abrasive wear resistance, NiCrBSi, tungsten karbide, tillage tools

1 Uvod

Opotrebenie, ako proces Ubytku materialu z povrchu jedného alebo
obidvoch kontaktnych povrchov tuhych telies, prebieha pri vSetkych druhoch relativneho
pohybu tychto povrchov. Ci¢o (2011) definuje opotrebenie ako progresivnu stratu materialu z
povrchu operujdcich kontaktov, ktora je vysledkom relativneho pohybu povrchov. Prejavuje
sa ako odstraiiovanie a premiestiiovanie Castic z opotrebované¢ho povrchu mechanickymi
u¢inkami, ktoré moze byt sprevadzané aj inymi vplyvmi (napr. kordziou). Vysledkom
opotrebenia je degradacia materialu, ktora u poéduspracujucich nastrojov spoésobuje zatupenie
ostria. Dosledkom toho dochadza k vyznamnym ekonomickym Skodam (zvySenie spotreby
energie, prestoje spojené s vymenou, resp. renovaciou nastrojov).

Jednou z moznosti znizovania doésledkov degrada¢nych procesov je vytvorenie
dvojvrstvy na ostri, ktora je predpokladom vzniku efektu samoostrenia na ostri nastroja
(Mikus, Balla, Zernovi¢, 2006). Dvojvrstva pozostava z makkého podkladového materialu
a z nanesenej vysokotvrdej vrstvy.

NajdostupnejSim a ekonomicky najvyhodnejSim spdsobom nanaSania vysokotvrdych
vrstiev je navaranie (Kotus, Ci¢o, 2011). V sucasnosti je v ponuke vyrobcov tvrdonavarovych
materialov Siroky sortiment materialov s roznymi vlastnostami. V pol'nohospodarskej praxi
stale méalo vyuZivanymi tvrdonavarovymi materialmi su praskové materidly nanasané
plamenom. Pritom ide o technologicky nendro¢nu metddu, pri ktorej sa dosahuje minimalne
premieSanie zakladného materidlu s névarom. Z hl'adiska zvySovania odolnosti vrstiev
ziskanych nandsanim praskovych materidlov sa do praskov pridavaju castice s vysokou
tvrdost'ou, viac¢sinou na baze karbidov wolframu.

Ciel'om prezentovaného experimentu je vyhodnotit’ vplyv obsahu karbidu wolframu v
prasku na odolnost’ tvrdonavaru proti opotrebeniu v prevadzkovych podmienkach.

Bc. Radovan Soska, radovansoska@gmail.com, Katedra kvality a strojarskych technolégii, Technickéa fakulta,
SPU v Nitre, Tr. A. Hlinku 2, 949 76, Ing. Rastislav Miku$, Katedra kvality a strojarskych technoldgii,
Technicka fakulta, SPU v Nitre. Tr. A. Hlinku 2, 949 76.
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2 Material a metédy

Pri prevadzkovych skuskach bolo skiimané opotrebenie reznych casti pluhov — dlat.
Do experimentu bolo zahrnutych celkovo dvanast’ dlat, ktoré boli namontované na pluhu
EUROPA OSTROJ. Tri dlata bez uprav boli pouzité jako etalon, zvySnych devét dlat bolo
upravenych plamenopraskovym navaranim pridavnymi materialmi na baze NiCrBSi s roznym
obsahom karbidu volframu (WC). Chemické zloZenie pouZitych pridavnych materialov je
uvedené v tab. 1.

Tab. 1 Chemické zloZenie pridavnych materialov (VUZ PI SR, 2013)
Tab. 1 Chemical composition of hardfacing materials

Smerné chemické zloZenie (% hmot.)
Pridavny materidl C S B Fe Cr wcC Ni

NP 60 0,6 5 |39 16 - zvysok
NP 60 WC 20 0,6 5 139 20 20 | zvySok
NP 60 WC 45 0,6 5 |39 20 45 | zvySok

ool o

Pridavné materidly boli nand3ané pomocou kyslikovo-acetylénoveho, neutrélneho
plamena prostrednictvom horaka NPK-3. Po navareni boli dlata upravené tak, aby nadobudli
rozmery atvar originalneho dlata. Kazdy variant pridavného materialu bol naneseny na tri
dlata. Pridavné materialy boli nanaSané na chrbtova cCast’ ostria dlata, v ktorej bola
vyfrézovana drazka so irkou 20 mm a hibkou 2 mm. Vytvorenie tejto drazky zabezpetovalo
rovnaky geometricky tvar v porovnani s originalnymi dlatami.

Prevadzkové skusky prebehli na dvoch parcelach s vymerou 54 ha a 46 ha pieso¢nato-
hlinitou podou, s vlhkostou 13,36 %, resp. 13,57 %. Hibka orby bola 18 cm.

Pri prevadzkovych skaskach boli sledované dva parametre, pomocou ktorych bolo
mozné uréit’ velkost ich opotrebenia. Prvym parametrom bolo sledovanie velkosti
opotrebenia dlat po zorani 50 ha a 100 ha vymery v presne definovanych rovinach (obr. 1).
Tym bola dosiahnutd vicsia objektivnost’ merania. Opotrebenie bolo zistované ako rozdiel
povodnych rozmerov dlat arozmerov dlat po zorani uréenej vymery. Rozmery dlat boli
merané posuvnym meradlom s presnost’ou 0,5 mm.

S O

Obr. 1 Roviny merania rozmerov dlat
Fig. 1 Planes of measurement of chisel proportions

Druhym sledovanym parametrom bol Ubytok hmotnosti dlat po zorani uréenej vymery.
Hmotnosti boli merané pomocou vahy NAHITA model 5041/5000 s presnost'ou na 2 g. Na
zaklade hmotnostnych Ubytkov bola urc¢ena pomerna odolnost’ proti abrazivnemu opotrebeniu
podl’a vzorca:

330



Ame
_Am (1)
W apr. AM

Kde: Amg - aritmeticky priemer hmotnostnych Ubytkov etalénov (g),
Am - aritmeticky priemer hmotnostnych Ubytkov navarenych dlat (g),

3Vysedky a diskusia

Intenzita opotrebenia bola skimané na zaklade zmeny rozmerov dlat v definovanych
rovinach, zmeny hmotnostnych Gbytkov, z ktorych sa pocitala pomerna odolnost’ proti
opotrebeniu po zorani uréitej plochy.

Z dosiahnutych vysledkov vyplyva Ze intenzita opotrebenia po 50 ha (obr. 2) v danych
prevadzkovych podmienkach je, pri vSetkych druhoch tvrdnonavarov aj etalénov, rozdielna.
Z hladiska intenzity opotrebenia dosiahli lepsie vysledky navarové prasky NP 60 a NP 60
WC 20. Horsie vysledky dosiahol navarovy praSok NP 60 WC 45. Tieto rozdiely mohli byt
sposobené roznymi vplyvmi (napr. I'udskym faktorom pri navarani, pouzitym zékladnym
materialom, ale tieZz umiestnenim dlata na pluhu). Kvoli faktoru zavislosti opotrebenia od
umiestnenia na pluhu sa po zorani vymery 50 ha pozicie na pluhu vymenili v opa¢nom
poradi.

Najvicsia intenzita opotrebenia nastala na etalonoch, pretoze nemali vrstvu odolnu
proti opotrebeniu. Ich intenzita opotrebenia bola niekol’konasobne vyssia v takmer vSetkych
meranych rovinach oproti NP 60 a NP 60 WC 20.

Velkost 16
opotrebenia [mm)]

14

12

10

M Rovina A
8 » M Rovina B
| I Rovina C

5]
M Rovina D
4 W Rovina E

RS-
5SS, SO

Obr. 2 Zmeny rozmerov dlat v meranych rovinach po 50 ha zoranej plochy
Fig. 2 Chisel proportions changes in measurement planes over 50 ha of ploughed surface

Vysledky po 100 ha zoranej plochy ukazuju vyrovnanejsi priebeh opotrebenia (obr. 3
a obr. 4). DIata s oznacenim 1, 3, 9 sa pocas prevadzky odtrhli a tak ich nebolo mozné zaradit’
do vyhodnotenia po 100 ha zoranej plochy.

Ubytky rozmerov po 100 ha sa pribliZzili k etalénovym hodnotam. V rovinach E, D a A
to bolo sposobené tym, ze vrstva odolnd proti opotrebeniu sa pocas prevadzky opotrebovala
natol’ko, Zze z funk¢nej Casti dlata degradovala a zanikla. Tym nastroj stratil svoju odolnost’
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proti opotrebeniu. Naopak v rovindch B a C sa nachadzala vrstva tvrdonavaru, preto intenzita
opotrebenia bola na niZsej arovni.

Obr. 3 Zmeny rozmerov dlat v meranych rovinach po 100 ha zoranej plochy
Fig. 3 Chisel proportions changes in measurement planes over 100 ha of ploughed surface

Velkost
opotrebenia
[mm]

m50ha
W 100 ha

Obr. 4 Zmeny rozmerov dlat v meranej rovine x (obr. 1) po 50 ha a 100 ha
Fig. 4 Chisel proportions changes in measurement plane x (fig. 1) over 50 ha and 100 ha

Pomerna odolnost’ proti opotrebeniu navarenych dlat po 50 ha nadobudla hodnoty od
1,2 az 1,6 (obr. 5). To dokazuje funkénost a zelané vlastnosti navarov. Pocas dalsej
prevadzky tato pomerna odolnost’ klesala na zéklade degradécie tychto vrstiev.
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Obr. 5 Pomerna odolnost’ proti opotrebeniu jednotlivych skimanych tvrdonavarov
Fig. 5 Relative resistance againt wear of particular investgated hardfacings

4 Zaver

Ciel'om prispevku bolo porovnanie vybranych tvrdondvarovych materialov na baze
NiCrBSi a zhodnotenie vplyvu Kkarbidu volframu na ich odolnost” proti opotrebeniu v
konkrétnych prevadzkovych podmienkach.

Z dosiahnutych vysledkov vyplyva :

e bolo zistené zvySenie odolnosti proti opotrebeniu po naneseni tvrdonavaru oproti
etaldnovym dlatam,

e necbola zistena ziadna zavislost medzi obsahom karbidu volframu v tvrdonavare
a odolnost’ou proti opotrebeniu v konkrétnych prevadzkovych podmienkach.
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Sdhrn

Ciel'om prispevku je skiimanie vplyvu obsahu karbidov volframu v tvrdonavarovych
kovovych préSkoch na baze NICBSi a ich odolnosti proti abrazivnemu opotrebeniu pri
aplikacii na poduspracujucich nastrojoch. Navary boli skdSané v prevadzkovych
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podmienkach. Nebola zistend Zziadna =zavislost medzi obsahom karbidov volframu
a odolnost’ou proti opotrebeniu.

KPiacové slova: kovove prasky, odolnost’ proti abrazivnemu opotrebeniu, karbid volframu

Experimenty boli realizované v spolupraci s Vysokoskolskym pol'nohospodarskym podnikom
SPU, s.r.o., Kolinany, na parcelach v katastri Oponice. Tymto chceme pod’akovat
zG¢astnenym zamestnancom za pomoc a spolupracu.
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THE RESULTS OF PROCESSING OF WINTER RAPE
SEEDSON ELECTRO-FRICTION SEPARATOR

MYKOLA TSIKALO

Abstract

The problem of obtaining of high quality seeds of winter rape under conditions of
agricultural enterprises of Ukraine is highlighted in the article; it is suggested the way of
efficiency increasing of pre-sowing seed treatment of winter rape and the results of
researches on the efficiency of its treatment on electro-friction separator are presented.

Key words: winter rape seeds, pre-sowing treatment, corona electric field, electro-friction
separator, sowing qualities of seeds

1 Introduction

Rape is one of the most important food oil crop in agriculture of Ukraine, and
many countries. The important role in seed production of oil crops, in particular winter
rape, belongs to the question of sowing material quality, which does not always meet the
requirements of existing standards through the littering by the heavily separated
impurities and seeds that have low biological potential. for Seed preparation machines
that are currently available in agricultural enterprises of Ukraine do not provide their
qualitative separation from high-quality seeds.

It is possible to solve this problem by improving the technologies of seed
preparation and development of new seed separation machines that could perform the
separation of seed mixtures, not only according to physical and mechanical, but also
biological quality factors. These, in our opinion, are machine that besides sorting and
separation of seed mixtures allow conducting pre-sowing seed treatment with the help of
methods of electro physical effects. However, their impact on sowing qualities of seeds,
in particular winter rape, is still not investigated. Therefore, the results of researches that
are highlighted in this article are of urgent importance under today's conditions.

2 Material and Methods

The cause of emergence of low quality seeds in sowing material is a poor agro-
climatic conditions, especially during ripening. The most damaged seeds appear as a result of
their interaction with the working parts of machines during harvesting, post-harvesting and
pre-sowing seed treatment. The most separation machines are not able to separate the
damaged seed from the bulk. And vice versa, use of sorting machines in production lines, or
increase the quantity of spaces on the working parts of separators only increases the number
of damaged seeds.

Tsikalo Mykola Vasyliovych, senior Lecturer Shvets Oleksii Petrovych. Lviv National Agrarian University.,
Volodymyr Velykui St,1, Dubliany, Zhovkva district, Lviv region, 80381, tel: (032)2242904. E-
mail:kolyatsikalo@mail.ru

335


http://en.wikipedia.org/wiki/Seed�

In order to determine the physical nature and detect the indications of quality reduction
of seed material of winter rape and determine the nature of seed damage we have analyzed
their surface condition with a scanning microscope JEOL-D220 and found differences
between certified and low quality seeds. These images of seeds are presented in Fig. 1.

Seorm CLT-T-T-E-)

Fig. 1 Electronic microscopic images of winter rape seeds
a) high quality b) shrunken c) damaged d) crushed

Analysis of received images allowed to reveal in sowing material of winter rape the
following types of seeds: high quality seeds - filled, spherical shape, shrunken - wrinkled,
irregularlyshaped with shrivelled endosperm; damaged - with all sorts of cracked shell,
crushed - with destroyed shell and core.

Because of the presence of various damaged seeds in seed mixture, a large quantity of
winter rape varieties do not meet quality indicators set by the standard requirements 1SO
2240-93 "Crop seeds. Varietal and sowing qualities". In this case, we can affirm that for any
level of agricultural technology it will be a need in separation of seeds impurities not suitable
for sowing.

Modern technology of preparing of quality sowing material, except primary,
secondary and additional sorting, should also include a seed treatment operations using a
various methods of physical effects in order to improve its quality indicators, namely:
increasing of field germination, stimulation of plant growth and development, improving the
ability of plants to withstand adverse environmental impact, improving immunity of seeds to
diseases and pests.

One of the simplest and most effective methods of pre-sowing seed treatment is the
impact of the corona electric field on seed. According to the authors' data the usage of seed
treatment method allows to increase grain yield, depending on the operating mode options on
the average - 10 ... 30%. It is also found that treatment of crop seeds be means of electric field
has a positive influence on growth, development and vyield of vegetative mass. In
technological process of post-harvesting and pre-sowing treatment of seed material the seed
treatment should be processed during seed separation.

336



Despite the positive effect of seed treatment by means of electro physical effects, the
mechanism of electric fields effect on winter rape seeds is not adequately investigated.

Experimental studies were aimed at identifying the impact of winter rape seed
treatment on his crop quality on electro-friction separator.

Seed treatment (separation and pre-sowing stimulation) was performed on the
experimental sample of electro-friction separator (Fig. 4.).

o
© 9%

00
a) b)
Fig. 2 General appearance (a) and technological drawing of (b) electro-friction separator
1 receiver of certified seeds 2 — input shaft 3 - separation tape;
4 - high voltage source 5 - hopper-feeder, 6 - corona forming electrode;
7 — output shaft. 8 - cleaning brush 9 -grounding 10 — waste receiver

Seed treatment was performed according to the next working condition of separator: V
= 0,06 m/s, E =214 kV / cm; o = 9 degrees. Five varieties of winter rape seed has been
subjected to treatment. Seed obtained as a result of treatment were taken as samples to
determine the effectiveness of treatment, namely to determine the quantity of low quality
seeds (shrunken, damaged, crushed), germinating energy, laboratory germination, ability to
absorb moisture and length of seedlings.

Determination of quantity of low quality seeds was carried out by means of X-ray
microscopic analysis on the digital X-ray apparatus Faxitron MX-20. Researches of sowing
qualities of seed samples were conducted by its germination in thermostat at temperature 22 °
C. The results are shown in Table 1.

The research results show that due to seed treatment of winter rape on electro-friction
separator it is possible to reduce the number of damaged seeds in seed mixtures from 16 ...
20%to 2 ... 4%.

Pre-sowing seed treatment of winter rape also has positive impact on his sowing
quality. So seed germination energy increased on average by 13 ... 17%, and laboratory
germination increased by 7 ... 20%.

3 Results and Discussion

Statistical analysis of results of determination of relative change of seed mass showed
that the moisture absorption in treated seeds 10 ... 40% higher than in control samples of
untreated seeds.
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Moreover, the seeds that were subjected to pre-sowing treatment as a result of their

germination had a greater average length of seedlings in comparison with control samples of
seeds. The average difference between the lengths of seedlings was 12 ... 15 mm.

Tab. 1 Results of X-ray analysis of winter rape seeds

Quantity Germination Laboratory Weight Length of
of low- energy, % germination, gain, % seedlings,
quality % MM
Variety seeds, %
L v | L v - L v L wn| o L v ge!
o | £ 2o S| v |20 | E2| L8|l E2 | £8
D © = - = oD © [ 8 - = D © =
1 2 3 4 5) 6 7 8 9 10 11
Danhal 182 | 2,8 54 68 78 88 34,1 | 59,1 23 38
Exotic 19,2 | 3,3 52 65 76 83 43,4 | 59,8 27 40
Horvet 158 | 2,1 48 60 69 86 41 | 57,3 24 39
Olio 20,1 | 3,8 46 63 70 82 45,8 | 51,0 25 37
Atlant 186 | 2,2 44 61 72 84 36,3 | 48,7 21 33
4 Conclusion

The results of researches testify the effectiveness of pre-sowing seed treatment of

winter rape on electro-separator as it allows them to significantly reduce the quantity of
damaged seeds, increase germination energy and laboratory germination of sowing material,
provides better moisture absorption by seed and development of seedlings.
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COMPARATIVE ANALYSISAND EVALUATION OF
RENEWABLE ENERGY SOURCES FOR WIRELESS SENSOR
NETWORKS

IVANKA TSVETKOVA

Abstract

The aim of this paper is to investigate and study some of the widely available
renewable energy sources, which can be used in the modern wireless sensor networks
(WSNs). The Introduction section presents shortly what the WSNs are, what their main
energy source is and its main disadvantages. The second section of the paper introduces some
of the renewable energy sources for WSNs and their main characteristics. Later a comparative
analysis between the investigated renewable energy sources is presented. The next chapter of
the paper presents the parameters of the simulation models and the results of the conducted
simulation experiments about the impact of the energy obtained by renewable energy sources
on the overall system lifetime of WSNs. The paper is then completed by the Conclusion
section, followed by References and the Acknowledgment sections.

Key words: Wireless sensor networks, renewable energy sources, lifetime increase

1 Introduction

During the last decades the research efforts in the area of the information and
communication technologies have made huge progress and have presented the possibility to
decrease the size of the computational and communication devices, while increasing their
capabilities. This progress has allowed the creation of many new types of devices, which have
found their application in various systems and for various purposes. Probably one of the most
widely accepted application of the new microcontrollers and miniature radio interfaces is their
use in the wireless sensor networks (WSNs). The idea behind the WSNs is to have thousands
or millions of tiny devices, which are spread over given area of interest, and have numerous
sensors, which are used to sense various environmental parameters — from temperature and
luminosity to radiation and hazardous agents. Once sensed, the data is to be delivered to a
base station, which is acting as a hub and is gathering information from the entire network.
The base station is used also as a terminal for remote or local access to the data of the WSN.

At present days many of the available wireless sensor nodes are using batteries as their
primary and most commonly their only energy source. This approach for powering the sensor
nodes presents the biggest disadvantage of the WSNs, due to the unavailability to replace the
batteries, especially in very large sensor networks. A different set of challenges is to decrease
the amount of energy consumption for sensing the environment and for transmitting and
aggregating the data. The size of the sensor devices is also a problem, due to the nature of
many of the applications of these networks, and since the size of the batteries is directly
corresponding to their capacity and power density, this is affecting the lifetime of the WSN as
well. In this sense the batteries are the main factor for the lifetime of the devices, their overall

Ivanka Dimitrova Tsvetkova, MSc, PhD Student University of Ruse ,,Angel Kanchev*, Department of
Telecommunications Studentska str. 8, Ruse 7017, Bulgaria Tel: 00359 82 888 836, Fax: 00359 82 888 841 e-
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size and cost. It is essential that alternative power sources are investigated, considered and
developed.

Renewable ener gy sourcesfor wireless sensor networks

Currently there are many small and low-power wireless platforms on the market. The
devices used in these platforms require an average power consumption of around 100-150
UW. In the meantime there are many alternative energy sources, which are freely available
and could be used in the WSNs to increase the overall lifetime of the system. This section
presents some of the most widely used renewable energy sources, which can be used in the
WSNs - the photovoltaic solar cell systems, the thermoelectric generators and the
piezoelectric, electrostatic and electromagnetic vibration-to-energy generators. In order to
compare these technologies it is necessary to normalize the power potential they are
characterized with. While the overall size of the wireless sensor is application dependent a
standard volume of 1 cm® will be used as a primary metric of comparison.

Photovoltaics (Solar Cells)

The whole concept of using solar cells as a renewable power source is not new, but the
implementation of photovoltaics for the needs of the WSNs has been a very hot topic in the
recent years. It is a widely known fact that the incident light on the Earth’s surface has a
maximum power density of around 100 mW/cm? [8]. At the same time a single-crystal silicon
solar cells has efficiency of around 20% outdoors, which is corresponding to 20 mW/cm? and
far lower efficiency in indoor conditions, where in a scenario with common office lighting it
will provide about 100 uW/cm?. Thin-film amorphous silicon or cadmium telluride cells offer
better efficiency indoors (about 10%), because their spectral response matches that of
artificial indoor light. Therefore the general power available from photovoltaics can range
from about 10 pW/cm? indoors to about 15 mW/cm?. A single solar cell has an open circuit
voltage of about 0.6 V [6]. Individual cells are easily placed in series, especially in the case of
thin-film cells, to get almost any desired voltage needed.

Fig. 1 The Heliomote module is an example of solar harvesting sensor node [5]

Solar cells provide a fairly stable DC voltage through much of their operating space.
Therefore, they can be used to directly power electronics. More commonly, solar cells are
used to charge an auxiliary battery. Solar cells can be connected directly to rechargeable
batteries through a simple series diode to prevent the battery from discharging through the
solar cell. This extremely simple circuit does not ensure that the solar cell will be operating at
its optimal point, and so power production will be lower than the maximum possible.
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Temperature Gradients

Naturally occurring temperature variations can also provide a means by which energy
can be harvested from the environment. The maximum efficiency of power conversion from a
temperature difference is equal to the Carnot efficiency, which is given as equation [8]:

n= Thigh _Tlow (1)

Thigh

Assuming a room temperature of 20 °C, the efficiency is 1.6% from a source 5 °C
above room temperature and 3.3% for a source 10 °C above room temperature.

A reasonable estimate of the maximum amount of power available can be made,
assuming heat conduction through silicon material. Convection and radiation would be quite
small compared to conduction at small scales and low temperature differentials. The amount
of heat flow (power) is given by equation [8]:

q-ko- @
where k is the thermal conductivity of the material and L is the length of the material through
which the heat is flowing. The conductivity of silicon is approximately 140 W/mK. Assuming
a 5 °C temperature differential and a length of 1 cm, the heat flow is 7 W/cm?. If Carnot
efficiency could be obtained, the resulting power output would be 117 mW/cm?®. While this is
an excellent result compared with other power sources, one must realize demonstrated
efficiencies are well below the Carnot efficiency. This is particularly true of tiny devices.

Fig. 2 Commercially available thermoelectric generator [1]
Vibrations

Low-level mechanical vibrations are present in many environments. Examples include
automobiles, manufacturing and assembly equipment, aircraft, trains, heating, ventilation, and
air-conditioning (HVAC) ducts, exterior windows, and small household appliances. When a
device is subjected to vibration, an inertial mass can be used to create movement. This
movement can be converted to electrical energy using three mechanisms: piezoelectric,
electrostatic and electromagnetic. [3]

Fig. 3 Piezoelectric and electromagnetic power generators for WSNs [3]
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3 Results and Discussion

Comparison of the investigated renewable ener gy sources for WSN

This section of the paper presents a basic comparison of the overviewed power sources
for wireless sensor networks. Because the investigated sources are fundamentally
characterized by power density (and not energy density) this is the main metric used for the
comparison. A summary table is shown below as Table 1.

Table 1 Comparison of the renewable energy sources for WSNs

. Auxiliary Voltage Comm.

Power Source | Power Density Battery Regulation Available
Solar (outside) | 15 mW/cm® Supported Possible Yes

Solar (inside) 10 pW/cm? Supported Possible Yes

Temperature 40 pW/cm® Supported Possible Limited

Vibrations - | g, uwW/cm?® Required Yes Limited

piezoelectric

el - 3.8 pw/cm® Required Yes Limited

electrostatic

Viibrationse: 4 uWicm? Required Yes Limited
electromagnetic

The power density in the table is measured in both pW/cm® and pW/cm? due to the
fact that the solar cells and the thermoelectric generator are using a metric of power per
square centimeter while the other sources use power per cubic centimeter. All values in the
table are real experimental values and are not theoretical optimal values [2, 3, 7, 8].

Simulation evaluation of the investigated renewable ener gy sour ces

Presenting the impact of the use of renewable energy sources in real sensor network is
a time consuming and very expensive task. Thus this section of the paper aims at presenting
the results of a series of simulation experiments with the most common renewable energy
sources for WSNs. For this purpose it is necessary to express the amount of the energy, which
is needed for communication. In the simulation experiments a radio-energy dissipation model,
which is presented in Fig. 4 is being used. Based on this model the transmitter will use a
combined amount of energy consisting of the amount of energy needed by the radio
electronics - Egqer and the amount of energy needed by the radio amplifier - Ea. The receiver
will need only energy for powering the electronic components of its radio interface.

I L
Transmitted Total amount of energy for transmittion, ET
packets b,bits

E.b

> Egex:D —

I N
Received Energy for reception
packets b, bits

- elect

Fig. 4 Radio-energy model used for describing the communication processes in the WSNs
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The amount of energy needed for the reception (Erx) and the transmission (Erx) of a
packet with size of b bits at distance of d meters is equal to:

ERx = bEeject @)

Erx = b( Egtect + Ead®) @)

Where: k — a coefficient used to present the signal strength loss [4]. The value of this
coefficient depends on the data propagation model used in the system. For free
space and direct line of sight k=2 and for environments with severe interference
k=4.

In order to compare the simulation results when different renewable energy sources
are used in the WSNSs and their impact on the system lifetime a series of experiments with
simulation models have been conducted. The simulation studies are performed using MatLAB
models of WSNs, where the devices are powered only by batteries and when they are
powered by batteries and renewable energy sources. For all of the experiments it is assumed
that LEACH is used as data delivery and routing protocol. The investigated wireless sensor
network is placed on a field of 100x100 square meters, the number of the sensor nodes in all
experiments is 100 and the base station is placed at X=50m, Y=50m (in the center of the
sensor field). The energy needed for the function of the radio amplifier is Ea=10
pJ/bit/m? when k=2 and Ea=13.10" pJ/bit/m? when k=4 and the amount of the energy needed
for the radio electronics is Eqe:=50 nJ/bit. The initial amount of the energy in every sensor
node is assumed to be 0.5J. In order to evaluate the efficiency of the investigated renewable
energy sources two series of experiments with different system parameters are performed. For
the first set of simulations we assume size of the packets b=40000 bits and a sampling rate of
100 samples per second. Due to the large packet size this scenario is very unlikely, but yet
possible in multimedia sensor networks. The second set of simulations is performed assuming
the same sampling rate, but with the more often used size of the packets of b=4000 bits. The
results of the conducted simulation experiments are presented on Fig. 5 and Fig. 6.

100 T T T . .
— Without any renewable energy sources
Fr R [ ===-- With solar cells (indoor) i
""""" With solar cells (outdoor)
8or —mee With termoelectric generator i
é 2ok With vibrations to energy generator |
e (electrostatic)
E 60k With vibrations _to energy generator |
S (electromagnetic)
g 50t With vibrations to energy generator |
-% (piezoelectric)
S 40r -
8
S L 4
3 30
20 ¥ .
10 g = = .
0 1 1 1 1 ".""i_;—' e
0 500 1000 1500 2000 2500 3000 3500 4000

Number of communication rounds

Fig. 5 Number of alive sensor nodes per communication round for WSN of 100 sensor nodes
with packet size of b=40000 bits.
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Fig. 6 Number of alive sensor nodes per communication round for WSN of 100 sensor nodes
with packet size of b=4000 bits.

The results presented by Fig. 5 and Fig. 6 are the average of 100 simulation runs.
Although not clearly visible on Fig. 5, but very clearly visible on Fig. 6, the solar cells placed
outdoors provide the best results among all six types of renewable energy sources, which
makes them a good choice when the size of the sensor mote is not a problem. Assuming that
every sensor node is powered by 2 rechargeable Lithium lon AA batteries, then the overall
average energy per sensor node can be calculated at around 20000J. Assuming this and
scaling it according the results from the conducted simulation experiments with b=4000 bits,
the average number of communication rounds per sensor node in a WSN and the effect from

using the renewable energy sources are given in Table 2.

Table 2 Comparison of the renewable energy sources for WSNs

Estimated first | Estimated last Average
node depletes it | node depletes it | increase of the
Power Source energy (in energy (in lifetime of the
communication | communication WSN
rounds) rounds) (in %)
Without renewable energy sources 39 440 000 64 240 000 -
Solar (outside) 57 180 000 93 100 000 ~ 45%
Solar (inside) 39 455 000 64 265 000 ~0.04 %
Temperature 39 724 000 64 702 000 ~0.72%
Vibrations - piezoelectric 41 806 000 68 094 000 ~6%
Vibrations - electrostatic 39 460 000 64 272 000 ~0.05%
Vibrations - electromagnetic 39 459 000 64 271 000 ~0.05 %
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4 Conclusions

Almost all currently available wireless sensor nodes are powered by batteries. This
presents a serious drawback to the wider deployment of the wireless sensor networks. The
main reason for this is the costly replacement of the batteries, their size and the limited energy
they provide. The renewable energy sources are a possible solution to some of the problems
including the limited energy and the replacement of the power source, but on the other hand
are presenting a new set of challenges including how to increase the effectiveness of the
renewable power sources, how to decrease their size and prize and etc.

From the conducted simulation experiments it is clear that the effect of the
implementation of renewable energy sources for WSN should not be neglected. Nevertheless
there are also some other factors which could have an impact on the lifetime of the sensor
network, like the size of the packets, the wake-up and active period duration, the data routing
protocols, the network and cluster organization strategies and other. Combining these factors
with a highly effective, low sized and low cost renewable energy source could render the
WSNs new application possibilities and their wider acceptance.
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DETERMINATION OF STRENGTH AND DURABILITY OF
MULTILAYER PACKAGING FOILS

ATTILA VARGA - ATTILA CSATAR

Abstract

The aim of my work so far was to determine the properties and the change of these
properties of the multi-layer packaging foils used in the agricultural storage-technology.
These foils are used to store fibrous and mass forage. The plastics under load has properties
called creep and relaxation in function of time. The viscoelastic body is suitable to describe
these properties. The material models describe the connection between mechanical stress and
specific elongation. Rheology deals with that phenomena. This article describes the
rheological modelling of the given agricultural foils.

Keywords: agricultural foils, rheology, material models, viscoelastic body, creep, relaxation

1 Introduction

The multi-layer packaging foils used in agricultural storage technology have three
layers. The layers all have special tasks:
- Inner layer: usually black, which blocks light,
- Middle layer: ensures the required mechanical characteristics,
- Outer layer: primarily for UV protection and to ensure light reflection.
During the definition of the layers’ solidity characteristics and their changes, we were looking
for connections between the tensile strength and load speed of the above mentioned foils
while also analysing the change of tensile strength due to harmful UV rays coming from the
atmosphere. In parallel with these measures, | also did reological measures, the aim of which
was to chose the appropriate viscoelastic body which can describe the phenomenon on the one
hand, and to define material constants belonging to the chosen model on the other hand. In
accordance with this, our aims were the following:
- To examine maximum stress values received during tensile tests taken as a function of
different speed loads.
- To choose a viscoelastic material model required for reological examinations (based
on measuring).
- To define the material constants belonging to the chosen material model.
- To examine the change of tensile strength and creep curves as a result of UV rays.

Attila Varga, MSc. Il., Attila Csatar, Ph.D., assistant professor, Szent Istvan Unviersity, Faculty of Mechanical
Engineering, Institute of Mechanics and Machinery, e-mail: atiilavarga.tdk@freemail.hu
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2 Material and Methods

Rheological Examinations

Creep is the phenomenon when the load and the deformation created by the added
load continue to grow in time, while the stress created in the material is kept at the same
value.

Sackening (relaxation) is the phenomenon when the stress is created by a forced shift,
and the stresses decrease in time, while the deformation state created this way is kept at the
same value.

To describe these phenomena, reological models have been created.

We used these models during the experimental stage to define the material constants of the
foils. The main problem is that we have to choose the simplest model which can describe the
mechanical behaviour of the material with the accuracy required by our aim.

Based on the experience gained from measuring, the simplest model to describe the examined
phenomenon is the Poynting-Thomson model (Fig. 1). It is the task of the rest of the
examinations to find out whether this model is accurate enough.

E, E,
'—/\/\/\/—m ¢

M
Fig. 1 Poynting-Thomson Test Creep Model

The Poynting-Thomson model connects elongation, elongation speed, stress and stress
speed. The aim is to define the material constants b;, ap and a;.

—g=_ :Ezﬂ o E, 75
h=9=g g % E+E * "TTE+E @)

I conducted the tensile and creep examinations in the material testing laboratory of the
Hungarian Institute of Agricultural Engineering with the INSTRON 5581 universal material
tester, taking into consideration the MS EN ISO 527-1, 527-3 standards.

Fig. 2 Capture Modes
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The formation of the specimen:

Fig. 3 Formation of Specimen

Before the experimental examinations, we had to examine the change of maximal
normal stress created in the specimens on different load speed levels, and we examined the
stresses belonging to the yield point. Based on the measurements, we have to choose a normal
stress which is smaller than the yield point; we will need it for the calibration of the creep
tests. The foil was loaded to a value under the yield point for the creep test.

The data we received during the creep tests is electronically stored, processed and
summarized in a chart (elongation-time value pairs). The approaching values of the required
parameters can be gained by using the principle of the smallest squares.

We use the already mentioned Poynting-Thomson model to evaluate the
measurements. The mathematical form is the following:

E3

B 1 1 1 -t
&(t) = o, [( E + EB) 3 e ™ ] 3)
Function (3) is placed on the measuring points based on the principle of the smallest

squares. In order to do this, we have to form the square value of the errors:
E

MEEn) = Xt —ollg +g e I @

We have to find the values E,, E,and7n,, which together give the minimal
difference-square amount. In the equation, & means the specific elongation measured at t;
time, while the amount in the square brackets means the specific elongation which is
calculableat t; time.

The minimum of the (4) error function can be defined by the derivatives according to
the three independent variables.

OA OA OA
_— = 0’ _— O _—
ok, ok, 01,
The equation system gained that way was solved by the EXCEL solver method. The

correctness of the received parameters and the calculation can be checked by the values read
from the & =&(t) curve, which was drawn by the tensile tester. (Fig. 4).

0 (5)

& :&’ gw:(i+i)aa’ tK :E (6)

T EE E,
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_ U
Fig. 4 Values Readable from the Measured Curve

The constants appearing in the differential equation of the Poynting-Thomson model
can be calculated from the modal constants [2], [3].

3 Results and Discussion

Definition of the M aterial Constants

- Together with the experimental method presented earlier, the suitability of the
measured and the calculated curves as well as their correlation values show that the
Poynting-Thomson model is suitable for the description of the mechanical behaviour
of the foils | was examining.
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Fig. 5 Comparison of the Measured and Calculated Curves

- | defined the material constants belonging to the given material of the chosen
viscoelastic body.
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Tab. 1 Material constants

Material constants
o, [MPa] 7
&, [MPa] 0,053452
a, [MPa*s] 0,500266
a, [MPa] 0,000669
b [sec] 0,0000027

4 Conclusions

Influential Factors in Material Constants:
- | found that the tensile strength of the (non-experimental) foils does not depend on the
load speed, as opposed to the expected practical effect.
- The examinations confirmed that the maximum stress values of the foils currently in
everyday use do not change in time.
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HODNOCENI SKLIZECICH MLATICEK CASE 8120
A NEW HOLLAND CX 8080
RATING COMBINES CASE 8120 AND NEW HOLLAND CX
8080

ANTONIN WOLLNER —ANTONIN JELINEK —VACLAV VAVRA

Abstract

The aim is to review the activities and the quality of work combines two different
manufacturers at harvest crops. Anaysis of activity and quality of work is focused on the
magnitude of losses, quality crushing and spreading plant residues, the influence of humidity
on the size of the losses, spreading and crushing plant residues and analysis of performance
and fuel consumption.

Based on the data obtained in this work can be recommended both machines. Combine
harvester Case is indeed more powerful than the harvester New Holland, but in practice the
difference is seen only in the most weight and circuit performance. Undoubtedly contributed
to its axial threshing method combines the Case.

Key words:. harvester threshers, evaluation, technology, quality, brand

1 Uvod

Prvni sklizeci mlaticky slucuji dvé hlavni operace, seCeni a vymlat, jsou znamy jiz
zptelomu 19. a 20. stoleti. Znamy je napiiklad Mooretiv kombinovany Zaci stroj a mlatici
stroji, patentovany jako celek v roce 1836. Prvni samojizdnou sklizeci mlaticku postavil
Ameri¢an G.S.Berry. Stroj byl pohanén dvéma parnimi stroji se spoleénym kotlem. K topeni
pod nim, se pouzivalo slamy. Prvni samojizdnou sklizeci mlaticku s benzinovym motorem
vyvinul v roce 1912 patrné¢ G.F.Harris. Firma Massey-Harris vyrobila v roce 1922 sklizeci
mlati¢ku s vestavénym motorem a v roce 1938 jiZ firma Massey-Ferguson vyrobila svou prvni
samojizdnou sklizeci mlaticku, ktera se s uspéchem prodavala. V letech 1910 az 1930 se vSak
vSeobecné davala piednost strojum tazenym, piedev§im z ekonomickych divodu. V téchto
letech se také sklizeci mlati¢ky rozSifuji v Evrop€. Napt. Firma Claas vyrobila v roce 1937
svou prvni tazenou sklizeci mlaticku, ktera patrné byla prvni sklizeci mlatiCkou vyrobenou na
evropském kontinenté. Samojizdnou sklizeci mlaticku tato firma vyrobila v roce
1953(Heimanek, Kumhala 1997).

V nasich zemich se prvni sklizeci mlaticky objevily po roce 1945. Nepatrné mnozstvi
bylo dovezeno ze zapadni Evropy, vétSiho rozsifeni vSak dosdhla sovétskd naveésna sklizeci
mlaticka typu S-6. V roce 1957 se zacinaji pouzivat samojizdné sklizeci mlaticky typu S-4
zbyvalého SSSR a madarské stroje ADC-343 piiblizn¢ stejné vykonnosti s haftovym
motorem. Od roku 1956 do roku 1957 vyrébi také Agrostroj Prostgjov sklizeci mlaticku ZM-
330.V této dob¢ se zacal dovazet novy typ sklizecich mlaticek ze SSSR, a to SK-3, ktery

Ing. Antonin Wollner, Zemédélska fakulta, Katedra zemédélské, dopravni a manipulacni techniky, Studentska
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Zemédélska fakulta, Katedra zemédélské, dopravni a manipulaéni techniky, Studentska 13, 370 05 Ceské
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pozdé&ji nahradil typ SK-4. Od roku 1968 se k nam zacaly dovazet stroje E-512 z byvalé NDR,
které se zahy staly velice oblibenymi a ktery k nam patrné bylo dovezeno nejvice ze vech u
nas prodavanych mlaticek. Od roku 1974 se v mensi mife dovazeji také typy SK-5 Niva a SK-
6 Kolos z byvalého SSSR. Od roku 1979 se dovazeji sklizeci mlaticky E-516 z byvalé NDR,
které se posléze stévai spolu sE-512 a E-514 zakladnimi stroji na sklizen obilovin
pouzivanych v nasem zemédélstvi. Kromé nich se v mensi mife pouzivaji polské stroje Bizon
Z-056 a Z-060, rumunské CP-12 Gloria v horské upravé a vyjimec¢né dalsi. Po roce 1989 se
diive ¢i pozdé€ji do republiky dostavaji téméf vSichni svétovy vyrobci sklizecich mlaticek -
Case, Claas, John Deere, MDW, Massey-Ferguson, New Holland atd. (Hefmanek, Kumhala,
1997).

Zakladni rozdéleni sklizecich mlaticek je provedeno dle vymlatu, tedy na tangencidlni
a na axialni, popfipadé kombinaci téchto systému, tzv. hybridni systém. V naSem pokusu
figuruje mlaticka jak tangencialni, tak axialni. Proto se zaméfime blize pouze na tyto dva
zpusoby vymlatu.

U tangencialni sklizeci mlaticky se vlastni mlatici mechanismus sklada z bubnu
(jednoho ¢i dvou), nejCastéji mlatkového a mléticiho koSe. Prichodem materidlu mezi
mlaticim bubnem a koSem dochazi k rozruseni hmoty a k uvolnéni zrna z klast. Mlaticim
koSem propadava 70 — 90% jemného omlatu na stuptiovou vynaseci desku, nebo u nékterych
typll na soustavu Snekovych dopravniki, kudy se jemny omlat dopravuje k Cistidlu. Dale
nasleduje odmitaci buben, ktery zamezuje dalSimu unédSeni slamy milaticim bubnem a
usmériuje jeji tok na vytfasadlo. U nékterych typtl je kos prodlouzen az pod odmitaci buben,
ktery poskytuje piidavnou separaci a napomaha hladkému toku hmoty. Slama diky pohybu
klaves vytfasadla postupuje ven z mlaticky. Béhem pohybu dochdzi k rovnomérnému
rozvrstveni a natfasani, ¢imz se uvolni zbytek jemného omlatu, ktery je piiveden pred Cistidlo.
Pro zlepSeni separace se nad vytiasadlo umist'uji rizné ¢echraci mechanismy nebo buben s
vysuvnymi prsty, které maji za ucel pfed koncem vytfasadla zajistit tiplnou separaci jemného
omlatu. Omlat je dopraven na Cistidlo, které se sklada ze sitové skiiné a vzduchového proudu
od ventilatoru. Zde dojde k oddéleni zrna od plev a thrabku, které odchazeji ven z mlaticky
klaskt, jez se vraceji dopravnikem klaskid na domlaceni. Vyc¢isténé zrno je dopravovano
dopravnikem zrna do zasobniku (Zemédélsky tydenik [online], 2009).

Sklizeci mlatiCky s axidlnim mlaticim a separacnim mechanismem se od klasickych
tangencialnich velmi lisi. Z nazvu vyplyva, ze mlatici ustroji je ve sklizeci mlati¢ce je uloZzeno
tak, aby byl material pfi vymlatu nucen postupovat ve sméru osy bubnu, tedy axialng. Sikmy
dopravnik, na ktery se pfipojuji jednotlivé adaptéry, je ponékud odlisny, byva vétSinou kratsi
a celkové mensi. Od Sikmého dopravniku se posecena hmota pfivadi k axidlnimu mlaticimu a
separaénimu mechanismu. Né&ktefi vyrobci vlozili pied vlastni axialni jesté tangencidni
lopatkovy rotor, ktery vytahuje rostlinnou hmotu ze Sikmého dopravniku a rychle ji vmeta do
axidlniho bubnu. Tim se dosahuje hladky a kontinualni tok hmoty. Lopatky vkladaciho Sneku
v soucinnosti s vodicimi liStami vtahuji poseCenou hmotu do mezery mezi otaejicim se
kombinovanym rotorem a pevnym mlaticim a separacnim plastém. V prvni Casti rotoru
dochdzi mezi nim a koSem k mlaceni, tedy k uvolfiovani zrna z klasii. Obilni hmota pfitom
rotuje mezi rotorem a plastém rychlosti rovnajici se asi jedné tfetiné obvodové rychlosti
rotoru a pomoci vodicich list plasté axialniho rotoru je posouvana ve sméru osy otaceni. V
druhé ¢asti mechanismu dochazi k separaci zrna ze slamy (hrubého omlatu). Primér kose
muze byt po celé délce stejny nebo odstupiiovany, jako napt. u sklizeci mlaticky John Dere
9880 STS. Tato konstrukce, kdy se ko$ zvétSuje, umoznuje rostlinné hmoté expandovat pii
pratoku ustrojim. Prstovy rotor separatoru tak vyuziva systém tahu a uvolfovani zrna z
rostlinné hmoty. Tim je omezeno navijeni slamy na rotor a na druhé strané sniZuje toto
uspofadani energetickou narocnost. Slama postupuje dale stejnym zpiisobem diky vodicim
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listam z mechanismu ven, nejcastéji do drtice a je rozptylena do Sitky zabéru sklizeci mlaticky
(Zemedelsky tydenik [online], 2009).
Zakladni agrotechnické pozadavky na sklizeci mlaticky lze charakterizovat takto:

. stroje jsou urceny pro sklizenn obilnin, kukufice na zrno, luskovin, olejnin,
jetelovin a trav na semeno, popiipad¢ dalSich zrnin.
o vykondvané operace jsou: seCeni porostu nebo sbirani z tadkd, doprava

materidlu do mildticiho Ustroji, jeho vymlat, separace hrubého a jemného omlatu,
doprava zrna do zésobniku a sldmy na fddek nebo drceni a rozptyl sldmy po strnisti.
o neposeceny porost obilnin s vynosem zrna do 10 t.ha-1, vySkarostlin od 0,3 do
2,5 m. VIhkost zrna do 30 %, vihkost sslamy do 40 %. Pomér zrna ke slam¢ od 1:0,8 do
1:2,5. Porost stojaty i polehly (zvifeny) do vSech stran.
o pti fadkovani je porost secen ¢elnim samojizdnym fadkovacem se §Sitkou zabéru
4 az 6 m. Sitka fadku 0,8 az 1,4 m, vyska fadku 0,2 az 0,6 m. Stébla jsou k podéné ose
fadku ulozena pod thlem 15 az 25°. Radek nesmi byt ulozen do stopy kol. Mnozstvi
klast po fadkovani v bezprostfednim styku s ptidou do 5 %.
o vyska strnis$té rovnomernd, plynule ménitelnd od 70 do 600 mm. Ztraty zrna pfi
piimé sklizni do 1,5 % (hmotnostni z biologického vynosu), z toho za Zacim stolem do
0,5 %, za mlatickou do 1 %. Ztraty zrna pfi délené sklizni do 2 %, z toho po fadkovaci
do 0,5 %, za sbéracim ustrojim do 0,5 % a za mlatickou do 1 %. Ztrdty zrna z
nedomlatkt do 0,5 %. Poskozeni zrna do 3 %. Obsah obilnich pfimési a necistot v zrnu
(v zasobniku) do 3 % (hmotnostnich), z toho neéistot nejvyse do 1 %. Sitka fadku slamy
do 150 cm.
o hmotnostni pritok (prichodnost) u standardnich sklizecich mlaticek se
pohybuje od 8 do 20 kg.s?, tomu odpovidaji §itky zabér Zacich stold 4 az 9 m, objemy
zasobnikil zrna az 10 m®s plnici vySkou do dopravniho prostiedku nad 3 m, vykony
motort az 300 kW, pracovni rychlosti plynule ménitelné od 1 do 8 km.h-1 a vykonnosti
az 4 ha.h-1. Svahova dostupnost 8 az 12°, tlak na pudu pod 0,15 MPa.
o hmotnostni pritok svahovych sklizecich mlaticek se uvazuje mens$i a tomu
odpovidaji Sitky zabéri zacich stold, objemy zasobnikd, vykony motord, pracovni
rychlosti a vykonnosti. Svahova dostupnost 20°, tlak na pidu pod 0,15 MPa.
o sklizeci mlaticky standardni i svahové maji mit moZnost vybaveni témito
adaptéry s prislusenstvim: sbéraci ustroji pro d€lenou sklizen, neseny drti¢ slamy,
podvozek na Zaci stil, klimatizovand kabina. Standardni sklizeci mlaticky navic:
adaptér pro sklizen kukufice na zrno, adaptér ke sklizni slune¢nice a fepky.
. sklizeci mlaticky maji mit tyto prvky automatizace: indikace a signalizace ztrat
zrna za vyttasadly a cistidlem, indikace poklesu jmenovitych otacek hlavnich hiidel
pracovnich Ustroji, pocitani hektard, svahové mlaticky pak automatické vyrovnavani
mlaticky v pfiéném i1 podélném sméru na svazich do 20°. Perspektivné by standardni
sklizeci mlaticky meély déale mit: automatické navadéni stroje na obilni sténu,
automatickou regulaci pojezdové rychlosti podle indikovanych ztrédt zrna a podle
prachodnosti, automatickou regulaci mlaticiho ustroji, vytiasadel a Cistidla, mapovani
vynostl.

. sklizeci mlaticky maji pracovat s vysokou provozni spolehlivosti, musi

vyhovovat predpisiim o bezpecnosti a ochrané zdravi pti préci, pfedpisim o provozu na

vetejnych komunikacich, poptipadé¢ predpisim o dopravé po Zeleznici.

. stroj ma obsluhovat jeden pracovnik (Neubauer, Honzik, 2001).

Sklizen semennych plodin, zejména pak obilovin a lusténin si Ize v dnesni dob€ jen
tézko predstavit bez sklizecich mlaticek. Jsou to sloZité stroje, jeZ se neustdle vyvijeji,
jejich vykonnost se zvysuje, snizuji se ztraty a provozni naklady. Nejdilezitéjsi ukol, ktery
je pozadovéan od sklizeci mlaticky, je oddéleni zrna od slamy pomoci separace.
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Od prvnich sklizecich mlati¢ek, které tahlo nékolik part koni, ub¢hla jiz fada let, a proto
dnes bézné potkavame sklizeci mlaticky o vykonu pies 300 kW, nejvykonnéjsi mohou
disponovat dokonce motory o vykonu ptesahujici 400 kW.

2 Material a metody

Pro porovnani parametrii strojii s axidlnim a tangencidlnim mlaticim ustroji byly
vybrény sklizeci mlaticky — Case 8120 a New Holland CX 8080. Podrobné&jsi charakteristika
jednotlivych stroji je uvedena v tabulkéch 1 a 2.

Tab. 1 Technické tdaje sklizeci mlaticky New Holland CX 8080
Tab. 1 Technical parameters of the harvester New Holland CX 8080

Rok vyroby 2007
) M otor Iveco Cursor, 290 kW, objem 9 litrti
Zaci ustroji Biso, 750 cm
o < Tangencidlni mlétici Ustroji s rotaénim
Mlatici a separacni . , , y y
L separatorem, 6 klavesovych vytiasadel o plose
ustroji 2
5,93m
Priimér [mm)] 750
Sitka [mm] 1560
MIa&tici buben Otacky mlaticiho bubnu [min] 305-905
Uhel opésani mléticiho kose [°] 111
Plocha hlavniho mléticiho koSe[m?] | 1,18
Plocha sit [m?] 6,5
Velikost zasobniku 105001
zrna[l]

Tab. 2 Technické tdaje sklizeci mlaticky Case 8120
Tab. 2 Technical parameters of the harvester Case 8120

Rok vyroby 2010
Motor Iveco Cursor, 313 kW, objem 10,3 litri
Zaci Ustroji MacDon, 915 cm
Mlatici a separacni Axidlni, 1 rotor, hydraulicka reverzace
Ustroji
Primér [mm] 762
Délka[mm] 2638
MIa&tici buben Otacky mlaticiho bubnu [min] 220-1180
Uhel opasani mléticiho koZe [°] 180°(360°)
Plocha hlavniho ml&ticiho koge [m?] X
Plocha sit [m?] 6,5
Velikost zasobniku 123001
zrna[l]
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Charakteristika poli a klimatickych podminek byla vybirana tak, aby vyhovovala
nasledujicimu:

Plodina: 0zima pSenice

Terén: rovina

Vynos[d]: 6-7 t/ha

VIhkost zrna [Q]: 12,5-13,5%

Pocasi: jasno, bezvétii, 20-25°C

Porost: max. z 5% polehly, minimalni zapleveleni

Spotiebu sklizeci mlaticky zjistime pode vztahu (1):

m=2 0
nha
Kde: m-—spotieba PHM, |.ha*
O, — objem dolitého paliva, |
Nha — Sklizené plocha, ha

Cas pracovniho nasazeni stroje se zjisti pfimym méfenim a sklada se z uréitych dilgich
druhil ¢ast. Pro naSe méfeni jsou dilezité zejména 4 Casy, podle kterych zjistime 4 rGzné
vykonnosti - ¢as Ty, pro vykonnost W (efektivni). Cas Toz pro vykonnost W, (operativni).
Cas Toa, Pro vykonnost Wos (produktivni). Cas To7 pro vykonnost W7 (celkovou).

Rozdéleni ¢asu::

T, - ¢as hlavni

T, - ¢as vedlejsi (vyprazdinovani zasobniku, otdceni)
- T1+ T2 =To = ¢as operativni

Ta - ¢as na udrzbu

T4 - ¢as na odstranéni poruch
- T1+To+ T3+ T4=Tgs = cas produktivni

Ts - ¢as prostoju zavinénych obsluhou

Ts - ¢as pro zahdjeni a ukonceni prace SM

T - ¢as ostatnich prostoja

T1+T+T3+Ty+Ts+Te+T7=Tor = &as celkovy

Plosnou vykonnost sklizeci mlaticky zjistime z plochy ,,P“ za ur¢ity ¢as ,,T*. Sklizeci
mlaticky byly sledované pifi pracovni sméné a Casy zaznamenany v ¢asovém snimku.
Zjistujeme 4 druhy vykonnosti — efektivni, operativni, produktivni a celkovou. Jednotlivé
plosné vykonnosti vypocteme dle vzorct (2), (3), (4), (5).

Plodna vykonnost efektivni

P
W, = —

E @
PloSna vykonnost operativni
P
PWo, = —
D T ®
PloSna vykonnost produktivni

P
PWo, = —

Tos @)
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Plosna vykonnost celkova

P
pWo7 Eal——

To7 ( 5)

Kde:  pWi, pWoz, pWos, pWo7 — plodna vykonnost v daném &asovém sledu, hahod™
P — zpracované plocha pii méteni, ha
T; — ¢as hlavni, hod
Toz — Cas operativni, hod
To4 — ¢as produktivni, hod
To7 — ¢as méfeni v daném ¢asovém sledu, hod

Hmotnostni vykonnosti se rozumi zjisténa hmotnost vzorku ,,Vz* za uréity cas ,, T
Sklizeci mlati¢ky byly sledované pfi pracovni sméné€ a ¢asy zaznamendny v ¢asovém snimku.
Jako u plosné vykonnosti i zde zjistujeme 4 druhy vykonnosti — efektivni, operativni,
produktivni a celkovou. Jednotlivé hmotnosti vykonnosti zjistime pomoci vzorcu (6), (7), (8),
(9).

Hmotnostni vykonnost efektivni

m
mW, = —

E (6)
Hmotnostni vykonnost operativni

m
MW, =—

To 7
Hmotnostni vykonnost produktivni

m
mW,, = —

Tos (8
Hmotnostni vykonnost celkova

m
mW,, = —

Tor (9)
Kde:  mWi, mWgo, mWos, MWy, — hmotnostni vykonnost v daném &asovém sledu, t.hod™
m— hmotnost vzorku Vz pfti méfeni, t
T1—¢ashlavni, hod
Toz — Cas operativni, hod
To4 — ¢as produktivni, hod
To7 — ¢as méfeni v daném ¢asovém sledu, hod

Kvalitu drceni slamy vypoéteme ze vzorce (10). Pro odebréni vzorku pouZijem
plachtu, kterou umistime mezi pfedni a zadni kola sklizeci mlaticky. Na tuto plochu
roztdhneme jesté jednu plachtu ve tvaru obdélniku o délce Zaci listy sklizeci mlaticky a Siice
rovnajici se mérné plose 1m? Po zajeti sklizeci mlaticky do porostu plachtu poponasime tak
dlouho, dokud se sklizeci mlati¢ka zcela nezaplni, poté polozime, pfiloZime na ni vyrobeny
obdélnik a nechame zadnimi koly pfejet. Drti¢ sklizeci mlaticky nam nasledovné rozprasi
podrcené poskliziiové zbytky na nami vyrobeny obdélnik. Jednotlivé frakce se oddéli,
provede se jejich zméfeni a vyhodnoceni. Nasledn¢ se jednotlivé frakce rozdéli do
jednotlivych tfid podle délky slamy (0-5cm, 5,1-7,5cm, 7,6-10cm, 10,1-12,5cm, 12,6-15cm,
15,1 cm avice). Kvalitu drceni damy zjistime dle vzorce (10).

357



K, =—"x 100

m, (10)

Kde: Ky — procentni zastoupeni jednotlivych t¥id, %
fi — hmotnost jednotlivé frakce, g
m. — celkova hmotnost poskliziiovych zbytkli na odbérné plachté, g

Skliziiové ztraty se zjisti tak, e kontrolovana plocha K ,,=1m? se vymezi kolmo na
fadek. Pracovni zabér listy je shodny s délkou tohoto obdél niku, Sitka je vypoctena dle vzorce
(11). Z kontrolovaného obdé¢lniku mizeme zjistit relativni ztraty ¢i absolutni ztraty.
Z kontrolni plochy je tfeba vybrat vSechna zrna vcéetné zrn, kterd se nachdzi v ptipadnych
nevymlacenych klasech.

Koz
d (11)
Kde: §-giifka obdéniku, m
d — délka obdélniku (dle Zaciho Gstroji), m

S=

Relativni ztraty celkové Z,. se stanovi vypoctem dle vzorce (12). Jedna se o ztréaty
predskliziiové i skliziiové zjisténé z kontrolni plochy Kp,. Vynos zrna (m;) je hmotnost zrn
v kg.ha, které je sklizeno sklizeci mlati¢kou a zjisti se pfimo na ¢idle sklizeci mlaticky.

z. =% 100 (12)
mZ
Kde: Z..—relativni ztréty celkové, %
Mip —hmotnost zrn z kontrolni plochy Kp, kg-m™

m, — vynos zrna, kg-ha*

Vypocet relativnich ztrat sklizeci mlaticky Z,s zjistime ze vzorce (13).

, _(Me=m) o (13)

rs mz
Kde: Zs—relativni ztraty sklizeci mlaticky, %
M, — hmotnost zrn z kontrolni plochy K, kg-ha !
m, — piedskliziiové ztréty, kg-ha*
m,— vynos zrna, kg-ha*

3 Vydedky a diskuze

vvvvvv

uzivatele, zajimé PloSna a hmotnosti vykonnost, jakoz i ¢asovy snimek jsou znazornény
v jednotlivych tabulkach pro jednotlivé sklizeci mlaticky.
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Tab. 3 Casovy snimek sklizecich mlati¢ek pfi sklizni
Tab. 3 The time frame combines at harvest

Cas Case 8120 [h] New Holland [h]
T 3,85 3.9
T> 0,95 1,1
T3 0,9 11
T, 0,22 0,15
Ts 0,1 0,2
Te 0,8 0,7
T 1,13 0,85
Toz 4,8 5
Tos 5,92 6,25
Tor 8 8

Hmotnostni vykonnost sklizecich mlaticek je znazornéna v tabulce 4.

Tab. 4 Hmotnostni vykonost mlati¢ek pii sklizni ozimé pSenice
Tab. 4 Mass production rate threshing wheat at harvest

Case 8120 [t.hod™] |  New Holland
[t.hod™]
mwW; 75,71 68,21
mWog 59,01 53,20
MWo4 47,24 42,56
mWoy7 36,91 33,25

Plosna vykonnost sklizecich mlaticek je znazornéna v tabulce 5.

Tab. 5 Plosna vykonost mlatic¢ek pfi sklizni ozimé pSenice
Tab. 5 Surface production rate threshing wheat at harvest

Case 8120 New Holland CX
[ha.hod ] [ha.hod ]
pW1 9,96 8,97
pW02 7,77 7,00
PWos 6,22 5,60
pPWo7 4,87 4,38

Kvalitné pofezana slama zpravidla obsahuje 88-93% castic mensich neZ 80 milimetrt.

Cim mensi ¢astice, tim 1épe se rozkladaji v ptidé. Nedostateéné pofezané posklizitové zbytky
vedou k delsi dob¢ rozkladu a tim davaji moznost vzniku nezddoucim plisnim, jez se mohou
ptenést na nasledujici plodinu. Kvalita drceni u jednotlivych mlati¢ek je uvedena v obrézku 1.
Primérna vlhkost materialu bylav obou piipadech 13,2%.
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Obr. 1 Procentni vyjadieni kvality drceni poskliziiovych zbytkid u pSenice

Fig. 1 Percentage of quality milling whest at harvest residues

Velikost absolutnich ztrat pti sklizni pSenice ozimé je znazornén u obou sklizecich

mlati¢ek v tabulce 6.

Tab. 6 Velikost absolutnich ztrat u p3enice ozimé
Tab. 6 Size absolute |osses in winter wheat

Velikost skliziiovych ztrat Z, .

Sklizeci mlati¢ka Méreni [%]
Case 8120 sklizeni pSenice 0,29
New Holland CX | sklizen pSenice 0,37

Velikost spotteby pohonnych hmot je dulezitym faktorem pii vypoctu nakladi na
sklizeny hektar. Spotfebu jednotlivych mlati¢ek znazortiuje tabulka 7.

Tab. 7 Velikost spotieby pohonnych hmot pii seceni pSenice
Tab. 7 Size of fuel for mowing wheat

Spotfeba PHM
Sklizeci mlati¢ka m
[l.ha]
Case 8120 17,9
New Holland CX 17,7

Faktem ale zlstavd, Ze trendem je navySovani vykonu motoru, zejména pak u
axialnich mlati¢ek. Dneska se bézn¢ setkavame s vykony ptesahujici 400 kW. Prakticky vzdy
se jedné o stroje saxialnim zptisobem vymlatu. Neni vyjimkou, kdy tyto sklizeci mlati¢ky

maji Zaci adaptér o zabéru pievysujicim 10 metra.

Osobn¢ s takovouto sklizeci mlatickou pracuji a jsem toho nézoru, Ze s ptibyvajicim
zabérem se snizuje pocet prejezdu po poli, tedy i Spoticbované palivo. Je tieba ale zvazit
vhodnost pozemkl pro takovou to Zzaci liStu. Idealni podminky jsou bezesporu na jizni
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Moravé nebo na Slovensku v oblasti Zitného ostrova. Zde je prakticky krajina rovinna.
Ovsem pokud je majitelem stroje zivnostnik ¢i firma zabyvajici se sluzbami, zpravidla sklizi
po celém staté, mnohdy i ve vice statech. Pak stoji za tivahu koupit liStu mensi nebo
zainvestovat a koupit flexibilni Zaci adaptér, napf. firmy MacDon. Osobné mam s touto listou
jen kladné zkuSenosti. Nevyhodou tohoto Zaciho adaptéru je cena, kterd se pohybuje okolo
dvojnasobku klasického Zaciho adaptéru.

Nedoporucuji ovsem listy se zabérem vétsim nez 9,15 metri na tangencialni sklizeci
mlaticky. Jednak tyto stroje nestaci vykonem, ale hlavné ani pruchodnosti celého mléticiho a
separa¢niho systému. V nekterych ptipadech se dokonce doporucuje lista u tangencialnich
mlaticek o maximalnim zabéru 7,5 metru.

4 Zavér

Vypoctem skliziiovych ztrat, zejména pak absolutnich ztrat bylo zjisténo, Ze nizsich
hodnot bylo dosaZeno u sklizeci mlaticky Case 8120. Jgji ztrédty se pohybovay do 0,29%,
oproti ztratdim New Hollandu, ktery mé¢l 0,37%. Oba stroje dosahly vynikajicich vysledkd, co
se ztrat tyCe. Maximalni pfipustné ztraty uvadi literatura mezi 2-3%. Faktem ale zustava, ze
velikost ztrat se odviji od sklizené plodiny a mnohdy i od konkrétniho typu osiva. Nejvétsi
podil na ztratach bude mit ovSem vzdy obsluha sklizeci mlaticky. Nastaveni stroje je na
kazdou plodinu, vlhkost a nékdy i pfimo odriidu jiné a vyzaduje maximalni Usili a zkuSennost.

Jednim z dalezitych faktord je vykonnost sklizeci mlaticky. Jak v hmotnostni
vykonnosti, tak v plosné byly dosazeny u sklizeci mlaticka Case 8120, ktera sklidila 36,91
t/hod, respektive 4,87 ha/hod. New Holland sklidil 33,25 t/hod, respektive 4,38 ha/hod.

U obou stroju byla splnéna podminka 80% potezané slamy v rozmezi 0-80 mm.
Procenticky podil jednotlivych frakci je zfejmy z grafu na obrézku 1. Z grafu je patrné, Ze
lepsich vysledkt bylo dosazeno u sklizeci mlati¢ky Case, ale rozdily jednotlivych hodnot jsou
v fadu procent.

Spotieba pohonnych hmot byla u obou stroji prakticky totozna. O 0,2 1/ha byla nizsi u
sklizeci mlaticky New Holland, kdy bylo dosdhnuto spotfeby 17,7 I/ha oproti 17,9 1/ha u
sklizeci mlaticky Case. V praxi ae plati, ze ¢im vétsi je vynos pole, tim vétsi je spotieba.
V ptipadé naSeho pokusu §lo vzdy o pole ozimé pSenice o vynosu nad 7 t/ha. V ptipadé
sklizné fepky o primérném vynosu 2,5 t/ha se da uvazovat o spotiebé o 2-4 litry niz8i. Opét 1
zde zalezi na skliziiovych a klimatickych podminkéach. Do této tvahy by se méla zapocitavat i
Sitka zaciho stolu.

Sklizeci mlaticky Case a New Holland spliovaly veskeré agrotechnické pozadavky
Z pohledu ztrat, vykonnosti a kvality drceni poskliziovych zbytkil. Pfi porovnani obou strojii
byly dosazeny hodnotové vhodnéjsi vysledky u stroje Case, ale rozdil jednotlivych
sledovanych parametrti je fadové v jednotkéch procent.
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Souhrn

Cilem prace bylo zjistit kvalitu prace sklizecich mlati¢ek rozdilnych vyrobct a
zpusobu mlaticiho systému. Analyza ¢innosti a kvality prace je zaméfena na velikosti ztrét,
kvality drceni, ploSné a hmotnostni vykonnosti a spotiebé paliva.

Z namétenych a vypoctenych hodnot vyplyva vétsi plosna a hmotnostni vykonnost u
sklizeci mlaticky Case oproti sklizeci mlaticce New Holland. Tomuto vysledku nepochybné
ptispélo i axialni provedeni mlaticiho systému u sklizeci mlaticky Case. Na zakladé udajt
ziskanych v této praci vyplyva, ze oba stroje vyhovuji agrotechnickym pozadavkim na né
kladenych.

Klic¢ova slova: sklizeci mlaticka, hodnoceni, technologie, kvalita, znacka
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