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PREDHOVOR

ZvySena intenzifikacia vyroby je v suc¢asnosti spojena s vysokym chemickym zat'azenim pdd
a pestovanych komodit, ¢asto je to odrazom nedostatonej pripravenosti na zmenu klimatickych
podmienok. Ulohou projektu VEGA 1/0102/21 sledovanie optimalizicie podmienok vyuzivania
pol'nohospodarskej a lesnej techniky pri zniZzovanie jej degrada¢ného vplyvu na pddu a jej vlastnosti.
Vol'ba vhodnej technologie obrabania v kombinacii s biostimulaciou, m6ze byt ¢iasto¢né rieSenie
problému.

Délezitym intenzifikaénym faktorom polnohospodarstva je uroven technickej zakladne
pol'nohospodarstva, to znamena Giroven vybavenosti strojmi a strojovym zariadenim, jeho technickou
uroviiou, stupfiom opotrebovania a primeranym ekonomickym vyuzivanim. Uvedena intenzifikacia
je spojena so zmenou pddneho stavu a preto je potrebné monitorovat’ rézne aspekty ako mechanické
vlastnosti pddy, infiltracia vody do pody, zasoba zivin a chemické zatazenie pod. V sticasnosti sa
sleduje aj tinik emisnych plynov. Z pohl'adu ekonomiky je délezity vplyv technologie na energeticki
narocnost’ pri jej obrabani.

Predpokladom zvySovania turovne konkurencne schopného a rozvijajuceho sa
pol'nohospodarstva je aj rozvoj vyrobnych technolégii. Od novych perspektivnych vyrobnych
technologii sa ocakava zvySovanie produkcie pol'nohospodarskych vyrobkov, pri zvySovani kvality a
bezpecnosti potravin, pri dodrzani environmentalnych poziadaviek a trvalo udrzate'ného rozvoja
krajiny. Zakladnym intenzifika¢nym a integratnym prvkom pol'nohospodarskej vyroby su stroje a
strojové zariadenia, ako sucast’ vSetkych vyrobnych technoldgii v agropotravinarskom komplexe. Pri
hl'adani moznosti ako obstat’ v naro¢nej konkurencii na eurépskom trhu potravin, bude nevyhnutné
zamerat technicky rozvoj takym smerom, ktory umozni znizovat’ priame vyrobné naklady na jednotku
produkcie v pol'nohospodarskej prvovyrobe. Venovat pozornost’ takym technologiam, ktoré sa
vyznalujii nizSou spotrebou ludskej prace a vy$Sou produktivitou. Uspesnost technologickych
systémov prinasajucich vyssSie efekty v podobe vysSej vykonnosti strojov, nizSich jednotkovych
nakladov a uspory l'udskej prace bude klast' vysSie naroky na manazment polnohospodarskeho
podniku ale aj obsluhy strojov, na ich vedomosti a zru¢nosti.

Stucasné trendy rozvoja pol'nohospodarskych strojov kladi narocné a Specifické ulohy pre
Cloveka pri realizovani technického a technologického potencialu, ktory nové stroje a zariadenia
predstavuju.

Rieseniu tychto problémov by mala napomdct aj toto kolokvium, kde zvlaStny vyznam
venujeme skiimaniu efektivnosti implementacie réznych prvkov systému presného pol'nohospodarstva
ako napriklad navadzanie strojovych suprav s podporou naviga¢ného systému GPS. Ddlezity je aj
vyskum efektov uplatiiovania roznych variantov pddoochrannych technoldgii a to nielen s ohl'adom
na vlastnosti pddy, ale aj vo vztahu k okolitému Zivotnému prostrediu ¢o sa tyka produkcie emisii
CO2, NOx a inych. Cielena aplikacia chemickych prostriedkov prostrednictvom dronov a porovnanie
efektivity pozemnej, leteckej a aplikacie spominanych latok prostrednictvom dronov méze napomoct’
prvovyrobe dosiahnut’ znizovanie vyrobnych nakladov.

V suvislosti s rozvojom odvetvia bioenergetiky sa pozornost’ vyskumu sustred’uje na Siroké
spektrum problémov od pestovania energetickych plodin cez spracovanie biomasy na energetické
ucely az po hodnotenie vlastnosti pevnych a kvapalnych biopaliv.

Riesenim uvedenych problémov sa zaoberé aj Ustav polnohospodarskej techniky, dopravy a
bioenergetiky ktorej historia siaha az do roku 1953, kde svojimi prispevkami v predkladanom zborniku
vedeckych prac chee prezentovat’ vystupy z jednotlivych projektov ktoré na katedre v kratkom Case
prebiehali a prebichaju. Aj vdaka tymto projektom sme mohli zakupit’ Spickovu laboratérnu techniku.
Zaroveli sa snazime tieto poznatky implementovat’ prostrednictvom Utvaru transferu inovativnych
technologii do praxe.

prof. Ing. Pavol Findura, PhD.
veduci projektu Vega ¢.012SPU-4/2020
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ANALYZA VPLYVU TECHNIKY V POZBEROVEJ UPRAVE NA KVALITU
VYBRANEHO DRUHU ZELENINY

MICHAL ANGELOVIC, ADAM TKAC

Slovak University of Agriculture, Institute of Agricultural Engineering, Transport and
Bioenergetics

Abstrakt: Cielom prace bolo zhodnotit' linku strojov pri pozberovej Uprave zemiakov v podniku
ABM vegetable, s.r.0., Ivanka pri Nitre. Nasim hlavnym cielom bolo zhodnotit’ vyznam
a moznosti vyuzitia techniky pri pozberovej uprave zemiakov, z ohl'adom na kvalitu
vysledného potravinarskeho produktu. Prakticka Cast’ bola zamerana na hodnotenie linky
strojov od prijmu po zbere na podniku az po vyskladnenie zemiakov. Medzi sledovanymi
parametrami boli hl'uzy napadnuté hnilobou a mechanicky poskodené hl'uzy. Z merani
vyplyva, ze straty sposobené¢ mechanickym poskodenim, sa pohybovali na rovni 4,71
%, k comu sa pridavali straty, ako mnozstvo primesi a napadnuté hl'uzy, ktoré boli spolu
so zemiakmi dopravené z pol'a. Priemerna hodnota primesi bola 18,89 %. Na konci prace
sme podniku odporucali, aby nepretrzite inovovali svoje technoldgie, nie len v oblasti
vysadzovania a zberu, ale aj v oblasti pozberovej pravy zemiakov.

Kracdové slova: zemiaky, pozberova uprava, linka, triedenie, balenie, Cistenie, pouzité stroje,

skladovanie, straty.

Abstrakt: The aim of the work was to evaluate the line of machines for post-harvest processing of
potatoes in the company ABM vegetable, s.r.0., [vanka pri Nitra. Our main goal was to
evaluate the importance and possibilities of using technology in the post-harvest
processing of potatoes, regarding to the quality of the resulting food product. The practical
part was focused on evaluation lines of machines from reception to harvesting at the
company to the packing of potatoes. Among the monitored parameters were tubers
attacked by rot and mechanically damaged tubers. The measurements show that losses
caused by mechanical damage were at the level of 4.71%, to which were added losses
such as the amount of admixture and infected tubers that were transported from the field
together with the potatoes. The average value of the admixture was 18.89%. At the end
of the work, we recommended the company to continuously innovate its technologies,
not only in the field of planting and harvesting, but also in the field of post-harvest
processing of potatoes.

Key words: potatoes, post - harvest processing, line, sorting, packing, cleaning, used machines,

storage, losses.

1 UVOD

Zelenina patri k nezastupitelnym doplnkom l'udskej vyZivy a ma vysoku biologicku hodnotu.
Zaroven je jedna z najnaro¢nejsich plodin na pestovanie. Vyplyva to predovSetkym z velkého poctu
odréd a druhov s rozdielnou nutricnou hodnotou a odlisSnou naro¢nost'ou na pestovanie, pozberové
osetrenie, skladovanie a pod. Zelenina je nenahraditel'na, ked’Ze je zakladom zdravia a kladne posobi
aj na pracovny vykon. Najvhodnej$ia je konzumacia Cerstvej ¢i surovej zeleniny, ktora by mala byt
hlavne kvalitna, zdravotne nezavadna a cenovo prijatel'na.
Druhy zeleniny, ktoré st dopestované na Slovensku st konkurencieschopné s porovnatelnou
zahrani¢nou zeleninou. Maju Casto aj lepSie kvalitativne vlastnosti z hl'adiska nutri¢nej hodnoty ¢i
chutovych vlastnosti, ako dovazana zelenina. NaSa dopestovand zelenina straca
konkurencieschopnost’ po zbere, pretoze chybaju vhodné zariadenia na pozberovi upravu,
predovSetkym na Cistenie, triedenie, balenie, suSenie, trhova Upravu, transport, ozna¢ovanie a na
skladovanie (ValSikova, 2004).
Predovsetkym pestovanie trhovych plodin je ststredené na zemiaky, sladovnicky jacmen a repku
ozimnu. Nasledujuci vyvoj a odhady naznacuju, Ze podiel umyvanych, Supanych a vdkuovo balenych
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zemiakov v obchodnej sieti docieli viac ako 30 %. Tento zamer si bude vyzadovat investicie do balenia
hl'iz pre obchodnu siet’ a finalizacie upravy (Kokoska, 2012).

2 MATERIAL A METODY
Pre splnenie ciel'a prace sme spracovali nasledovnii metodiku.
2.1 Charakteristika vybraného podniku
2.2 Charakteristika vybranej meranej odrody
- Annalena -varny typ A
2.3 Charakteristika vybranej linky strojov
- prijmova nasypka,
- separaéné ustrojenstvo GRIMME WG 900,
- automaticky plni¢ paliet GRIMME GBF,
- triedi¢ka zemiakov,
- balenie zemiakov-§ijaci stroj Fischbein,
- sklady spolo¢nosti ABM s.r.0.
2.4 Vysledky merania pozberovej tipravy
Pre posudenie kvality pozberovej tipravy zemiakov sme sledovali tieto faktory:
- mechanické poskodenie v kg vo vzorke a v %,
- mnozstvo primesi v kg vo vzorke a v %,
- mnozstvo hliz s hnilobou v kg vo vzorke a v %.
2.5 Statistické metody hodnotenia
Na zhodnotenie vysledkov merani sme pouzili pocita¢ notebook Assus s programovym
vybavenim od firmy Microsoft Windows XP a Office 2010.

3. VYSLEDKY A DISKUSIA
3.1 Charakteristika podniku

Obec Ivanka pri Nitre je v juznej Casti Slovenska, na pravom brehu rieky Nitra, asi 8 km od
Nitry. Spoloc¢nost’ ABM vegetable, s.r.o. vznikla v roku 2010. Zeleninu pestuju na ploche priblizne
270 ha pddy. Pestuju rézne druhy zeleniny, napriklad hlavkovy Salat, kapustu obycajni karfiolovu,
kel, hlavkovu kapusta, kukuricu na zrno, osivovt kukuricu, pSenicu a slne¢nicu. Z toho na zhruba 20
ha su pestované zemiaky.
Zakladnou filozofiou firmy je priamy kontakt so zakaznikom. Svojim klientom sa snazia ku kvalitnym
produktom poskytntt’ pridant hodnotu. Spolo¢nost’ ustavi¢ne vylepsuje svoje postupy a technologie
z dovodu zvysenia kvality a konkurencieschopnosti na trhu.

Obrazok 1 Hlavna budova spolo¢nosti (Zdroj: autor)

3.2 Charakteristika vybranej meranej odrody
3.2.1 Annalena

Odroda Annalena je poloskora Salatova a prilohova odroda vybornej kvality a chuti, pevnej
konzistencie, vhodna na $upanie. Je varny typ A. Salatova odroda vhodna aj ako prilohovy zemiak,
vybornej kvality, ktord vynika syto Zltou duzinou a peknymi dlho-ovalnymi hlizami s jemne
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sietovanou Supkou a plytkymi ockami. VyznaCuje sa vysokymi vynosmi, jej vlastnosti ju predurcuju
na balenie, jej vnutorna kvalita je spojend s dobrymi agronomickymi parametrami. (POSPISILOVA,
2005).

Obrazok 2 Hl'uzy zemiakov Annalena (Zdroj: autor)

3.3. Charakteristika vybranej linky strojov

Funkciou tejto linky je spracovavat’ zemiaky, ktoré si dopestoval podnik. Linka pozostava
z prijmového ustrojenstva na prijem, skladovanie a balenie. (Obrazok ¢. 3).
Medzi hlavné Casti prijmového ustrojenstva patri prijmovy kos, triedicka, predtriedicka, triediaci pas
a plniace zariadenie. Na upravu mikroklimy st v skladoch vyuzité ventilatory a na manipulaciu
s materidlom sa pouziva vysokozdvizny vozik.
Po vyskladneni sa zemiaky triedia manudlne anasledne strojovo linkou na pozberovi Upravu
zemiakov. Nasleduje balenie v automatickom stroji a expedicia k odberatel'ovi.

Prijem zemiakowv

!

Triedenie > Primesy
\ Napadnuté a
Davkovanie poskodené hl'uzy
Manipulacia
Uskladnenie
Vyskladnenie

J

Triedenie podl'a

vel'kosti \
l Balenie
Pranie / l

Expedicia

Obriazok 3 Technologické procesy v linke
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3.3.1. Prijmova nasypka linky stojov
Prijmova nasypka je prvym ¢lankom pozberovej linky. Priamo z dopravného prostriedku st
zemiaky vyklopené do nasypky. Prijmova nasypka zabezpecuje vysoky vykon a jemnu manipulaciu
so zemiakmi suc¢asne. Aby nedochadzalo k zbyto¢nym stratam pri prijme plodiny, ma nasypka viacero
stupfiov nastavenia pre rozne druhy plodiny. Za nasypkou nasleduje triediaci stdl a d’alSie zariadenia
nutné k pozberovej uprave zemiakov.

Obrazok 4 Prijmova nasypka (Zdroj: autor)

Nasypka pokracuje na dopravniky a separacné tstrojenstvo (Obrazok ¢.5), kde cielom je odseparovat
kamene, zeminu a jedince napadnuté hnilobou a inymi chorobami.

—

Obrazok 5 Separacné ustrojenstvo Grimme WG 900 (Zdroj: autor)

3.3.2. Davkovanie zemiakov

Davkovac boxov a paliet GBF je plne automatizovany systém, ktory méze byt aplikovany ako
v priebehu triedenia, tak v priebehu skladovania a spracovania zemiakov. Polohovaci ram, ale aj
nastaviteI'na prijmova vyska st adekvatne na plnenie vSetkych debien. Stroj s prikonom 5,5 kW je
ovladany terminal GBT 840, cez ktory sa nastavuju vSetky dolezité funkcie a systémom Flow-control.
Terminal GBT 840 umoziuje nastavenie rozmanitych funkcii. Vyhodou je nastavitel'na vyska, ked’ze
pad zemiakov z velkej vysky moze zapri€init’ ich poskodenie. Pocas skladovania moZe poskodena
hl'uza podl'ahniit’ mikroorganizmom.
Po dosiahnuti maximalnej vysky plnenia sa box optimalne naplni zatiahnutim plniaceho elevatora.
Nasledne dopravnik automaticky zmeni smer dopravy a spusti plnenie d’alSieho boxu.
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Obrazok 6 Automaticky davkovac paliet a boxov GBF(Zdroj: autor)

3.3.3. Triedenie zemiakov
Na triedenie zemiakov sa pouziva linka, ktora triedi hl'uzy podla rozmerov. Podla

poziadaviek, sa rozmery hl'iz daju nastavit’ v uréitych intervaloch. Triediace Gstrojenstvo pozostava
z valcekového mechanizmu. Vzdialenost’ valé¢ekov sa postupne meni, ¢o je dosledok prepadnutia
zemiakov rozlicnych rozmerov na dopravnik pod valcekmi. Vytriedené hluzy sa pomocou

dopravnikov nalozia do debniciek alebo boxov.

3 ,‘ -~

Obrézok 7 Triedicka zemiakov (Zdroj: autor)

3.3.4. Balenie zemiakov
Zemiaky su balené pomocou automatického sietového Sijacieho stroja od spolo¢nosti

Gillenkirch. Stroj vykonava automatické balenie do vopred pripravenych sietovych raslovych
vrecusok. Velkost balenia je 5 a 25 kg. Balenia st zasivané pomocou jednonitového Sijacieho stroja
Fischbein. Podl'a rozmerov baleni sa nastavuje vySka vynaSacieho dopravnika. Za hodinu dokazu

zabalit’ priblizne 3 az 4 ton zemiakov.

3.4. Vysledky merania pozberovej upravy
Pri posudzovani linky sme sa zamerali na niekol'ko kritérii a ukazovatele kvality zemiakov.

Prvym kritériom hodnotenia bolo mnozstvo primesi a necistot, ktoré boli privezené do haly z pola.
Nasledujicim kritériom bol percentudlny podiel hlhdz napadnutych rozdielnymi chorobami,
mechanické poskodenie a rozdel'ovanie hI"iz do troch vel'kostnych skupin.
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Obrazok 8 Automaticky sietovy $ijaci stroj Fischbein (Zdroj: autor)

3.4.1. Straty sp6sobené mechanickym poSkodenim

Pri hodnoteni vzoriek, kde boli straty sposobené mechanickym poskodenim sme pouzili
vyberovi metddu. Tato metdda sa slizi napriklad pri Statistickom skimani akosti. Skiimali sme 10
vzoriek, ktoré sme vybrali ndhodne a odvazili. Pocet poskodenych zemiakov sme zistili vizualnou
kontrolou. Zemiaky sme odvazili a vysledky zapisali do tabulky ¢.1. Nasledne sme vypocitali
Standardnu (smerodajnt1) odchylku meranej veli¢iny zo vzorca a variaény koeficient javu merane;j

veli¢iny.

Tabul’ka 1 Straty spésobené mechanickym poskodenim

Cislo Hmotnost Hmotnost’ poskodenych | Mechanicky poskodené hl'uzy,
merania vzorky, kg hPaz, kg %

1 10,16 0,45 4,43
2 10,42 0,55 5,28
3 9,52 0,47 4,94
4 9,97 0,43 4,31
5 10,55 0,67 6,35
6 9,66 0,42 4,35
7 9,43 0,38 4,03
8 10,62 0,71 6,69
9 10,24 0,29 2,83
10 9,57 0,37 3,87
x 10,01 0,47 4,71
s 0,42 0,13 1,15
Vi, % 4,19 27,43 24,43

Vysledky prevadzkovych merani prezentujeme v tabul’ke ¢.1. Z vysledkov vyplyva, Ze minimalne

mnozstvo poskodenych hl'iz bolo 2,8 % a maximalne 6,69 % , s priemernou hodnotou 4,71 %.

3.4.2. Straty sposobené primesami a h’'uzami napadnutymi hnilobou

Podobne, ako pri predchadzajicom bode sme zrovnakych 10 vzoriek zvolili vizualnu

kontrolu. Ziskané hodnoty sme zapisali do tabul’ky ¢. 2 a 3.
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Tabulka 2 Mnozstvo primesi v sledovanych vzorkach

m(e::’;l::ia ‘I:Izl(l)lrolgrl,ols(g Hmotnost’ primesi, kg Primesi, %
1 10,16 1,05 10,33
2 10,42 1,12 10,75
3 9,52 2,35 24,68
4 9,97 1,75 17,55
5 10,55 1,45 13,74
6 9,66 1,86 19,25
7 9,43 2,97 31,50
8 10,62 2,52 23,73
9 10,24 1,64 16,02
10 9,57 2,04 21,32
x 10,01 1,88 18,89
s 0,42 0,58 6,31
Vi, % 4,19 30,99 334

V tabulke ¢.2 je zapisanych mmozstvo primesi, ktoré boli privezené spolu so zemiakmi z pola.
V sledovanej spoloc¢nosti, sa podla nasich sledovanych $tatistickych udajov toto mnozstvo pohybuje
od 10,33 % do 31,50 %. Priemerna hodnota primesi je 18,89 %.

Tabulka 3 MnozZstvo hI"iz napadnutych hnilobou

m(;li-;l::ia Hmotnols{g vzorky, Hmotnost hl'iz s hnilobou, kg Hluzy s(;:)nllobou,
1 10,16 0,20 1,97
2 10,42 0,07 0,67
3 9,52 0,12 1,26
4 9,97 0,05 0,50
5 10,55 0,17 1,61
6 9,66 0,15 1,55
7 9,43 0,07 0,74
8 10,62 0,19 1,79
9 10,24 0,03 0,29
10 9,57 0,15 1,57
x 10,01 0,12 1,20
s 0,42 0,06 0,56
Vi, % 4,19 45,83 47,2

Percentualny podiel hI"iz napadnutych hnilobou sa pohybuje od 0,29 % (zanedbate'né mnozstvo), po
priblizne 1,20 %.

Zo zaznamov firmy sme zistili, Ze mnozstvo odparenej vody sa pohybuje v rozpéti od 5 do 10 %.
Hlavny podiel strat tvoria hmotnostné straty, ktoré¢ st sposobené odparenim vody zo zemiakov
v priebehu skladovania.
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3.4.3. Vyskladnenie zemiakov uskladnenych na paletich

Pomocou vysokozdvizného vozika sa zabezpeCuje vyskladnenie hliz. Nasledne sa zemiaky
prepravia na pracovisko triediacej linky, kde sa vylozia a preberaji. Po preberani nasledovali d’alSie
operacie, podla urcenia vysledného produktu. Zemiaky boli triedené podl'a velkosti a odtial’ sa
presunuli do baliarne. V pripade potreby sa zemiaky vy¢istili v bubnovej pracke a odtial’ podobne ako
neprané zemiaky sa presunuli do baliarne.

3.4.4. Triedenie zemiakov

V prvom kroku boli zemiaky triedené manualne. Zemiaky, ktoré boli nevyhovujuce pre
konzum a d’al$ie spracovanie sa odstranili. Pomocou val¢ekovych ustrojenstiev boli zemiaky triedené
do 4. velkostnych skupin. V tabul’ke ¢.4 st uvedené jednotlivé velkostné skupiny. Zmysel triedenia
je v tom, ze hl'uzy rozdielnej vel'kosti maju rézne vykupné ceny.

Tabul’ka 4 Velkostné skupiny spracovanych zemiakov

Velkostna skupina Rozmery hl'dz (mm)
1. Trieda 30-50
2. Trieda 50—-60
3. Trieda 60— 70
4. Trieda =170

3.4.5. Balenie zemiakov

Zemiaky su balené pomocou automatického stroja Gillenkirch. Spolo¢nost ma viacero
odberatelov, medzi ktorymi st Skolské jedalne alebo rozne sklady. Zemiaky sa balia len do
sietovanych vriec s hmotnostami 5 az 25 kg. Zabalené zemiaky sa odvazaji do medziskladov, kde
su pripravené na expediciu. Medzisklady su zalozené na vhanani chladného no¢ného vzduchu dvomi
vykonnymi ventilatormi. Na jesen je teplota udrziavand medzi 16 — 18 °C a od novembra do februara
je 5 °C. Na prepravu zemiakov do medziskladov a na nakladanie kamionov sluzi vysokozdvizny
vozik.

Obrazok 9 Balenie zemiakov (Zdroj: autor)

3.4.6. Obchod s ovocim a zeleninou

Obchod sa nachadza v Ivanke pri Nitre. Venuju sa prvovyrobe niekolkych druhov zeleniny.
Pocas letnej sezony sa snazia zadovazit’ ovocie a zeleninu najmé od slovenskych farmarov. Najdete
u nich aj mnoho iného a zdravého tovaru ako su rézne druhy muk, olejov, taktiez strukoviny, ovocie,
koreniny, ¢okolady, ¢aje, ovocné §tavy ¢i zavaraniny.
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Obrazok 10 Obchod s

ovocim a zeleninou (Zdroj: autor)

ZAVER
Pozberova uprava zemiakov je velmi vyznamny proces, ktory nasleduje po vyorani a zbere
zemiakov z pddy. Podstatné je spravne vybrat’ pracovné postupy pri prijme, skladovani, triedeni

a baleni. Kvalita procesov prebichajucich pri pozberovej Giprave zavazne ovplyviiuje mnozstvo strat
pri vyrobe a kvalitu findlneho produktu.

Pozberova uprava zemiakov by mala byt spracovavana ¢o najniz§im po¢tom pracovnych operacii,
pretoze pri kazdej d’alSej operacii sa riziko mechanického poskodenia zintenzivni a nasledne sa
znizuje ich pouzitel'nost pre trhové spracovanie.

V naSich meraniach sme sa zamerali na straty spdsoben¢ mechanickym poskodenim, kde sa
pohybovali na Grovni 4,71 %, k ¢omu sa pridavali straty ako mnozstvo primesi a napadnuté hl'uzy,
ktoré boli spolu so zemiakmi dopravené z pol’a. Priemerna hodnota primesi bola 18,89 %.

STN 46 2200-1 udava, ze pocas skladovania by teplota hl'iz nemala klesnit’ pod 2 °C a prekrocit’
uroven 5°C. Zemiaky boli skladované v klimatizovanom sklade, kde od novembra do februara je
teplota 5 °C ana jesen je udrziavana medzi 16 — 18 °C. V tomto pripade podmienky skladovania
spliiaju uvedent normu.

Straty spdsobené mechanickym poskodenim boli na urovni 4,71 %, ¢o sa zhoduje s hore uvedenou
normou, ktora udava maximalne hrubé poskodenie do 0,8 %, stredné do 5,5 % a I'ahké do 13,5 %.
Podniku sme na zaklade merani odportcali, aby na zaklade svojich moznosti inovovali technologie
nie len v oblasti vysadzovania a zberu, ale aj v oblasti pozberovej Gpravy zemiakov. Ked'Ze sa jedna
o potraviny, ktoré su potrebné z hl'adiska jej kvality a bezpe¢nosti, treba aj nad’alej v danom podniku
udrziavat’ technickl Giroven strojov na stanovenej trovni. Odpori¢ame, aby sa zamerali na zniZovanie
strat od okamihu zberu, povedzme plnenim boxov so zemiakmi priamo na poli. Tento krok by prospel
k celkovému znizeniu strat, ale aj k obmedzeniu operacii potrebnych k pozberovej uprave.
Problematika mechanizovaného zberu apozberovej upravy zeleniny zhladiska strojov,
technologického a ekonomického hl'adiska je v ramci Slovenskej republiky malo preskiimand, preto
tieto otazky budi predmetom d’alieho vyskumu aj na Ustave polnohospodarskej techniky, dopravy a
bioenergetiky, Technickej fakulty SPU v Nitre.
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Abstract: International trade is the exchange of capital, goods, and services across international
borders or territories because there is a need or want of goods services. Paper focuses on
the Slovak Republic’s foreign trade in food and agricultural products. The aim of the
work is to assess foreign trade in our country and to interpret the data found. We have
included the functions and instruments of foreign trade policy and fundamental processes
in foreign trade. We compared the data and interpreted the different elements of trade,
such as imports, exports, and balances. Analysis is focused on characteristics of import
and export of selected products (live animals, meat, milk, eggs, honey, sugar, cereal and
flour products); characteristics of import and export in foreign trade with selected
countries; commodity analysis of foreign trade; territorial analysis of foreign trade,
focusing on V4 countries.We have found that the Slovak Republic's foreign trade is
stable, but we import more food and agricultural products than we export.

Keywords: foreign trade, Slovak Republic, grocery, goods

INTRODUCTION

Foreign trade is the trade of one national economy with another national economy, or by
several, whereby goods or services cross national borders through commercial operations. (Pavelka
et.al. (2021). It is an important source of technological innovation, competition, specialization of
economic scale and basic knowledge between countries. These factors play a key role in global
economic development. It is also an influential mediator of economic expansion throughout the world.
Engaging different countries in foreign trade helps them to revitalize their economies and achieve
broad development goals such as poverty reduction, employment growth, food security, gender
equality, health and environmental sustainability, as argued by Sohamil et al. (2021) in their study.
Foreign trade gains are found to be low in prosperous economies but greater in poorer economies. At
this stage, one of the main determinants is energy consumption and environmental degradation.
Foreign trade is an important way of importing new products and thus helps to achieve the required
level of high technology for investment. It creates significant potential for domestic companies to
change production bases to more ecological ones (LU et al. 2022). The tools of foreign trade policy
have traditionally had the greatest influence on the territorial and commodity structure, volume and,
to a lesser extent, the institutional form of foreign trade implementation. Svatos (2009) perceives it as
part of state regulation of external economic relations. In practice, every trade policy oscillates between
two extreme principles, namely between protectionism (protectionism) and liberalism (free trade). In
addition, there is a bilateral (bilateral) and multilateral (multilateral) trade policy. It is distorted by time
and reflects the overall economic situation. Basic tendencies can be traced in the politics of every state,
which will not be affected even by political changes during elections. Every political change can bring
about small changes, new approaches or other priorities that do not affect the basic directions. In
foreign trade policy, we will also encounter discrimination, i.e. different obstacles towards individual
countries, such as unequal treatment of the same goods for different countries. On the contrary, in
some cases we can also encounter preferences, with the granting of advantages to certain countries.
The Slovak economy is enormously dependent on the ability to assert itself on international markets,
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as stated by Balaz (2010). Since it is not sufficiently equipped with its own production resources, it
bases its economic growth on a traditional industrial base and experience, a developed energy sector,
an influx of foreign direct investments and a strategic geographical location. These factors determine
the market segments in which Slovak companies or investors are able to successfully establish
themselves abroad. In the practice of international trade, certain clauses have been created that the
contracting parties have included in the contracts. Incoterms clauses are the most used and well-known.
If the contracting parties agree on the use of these rules in international trade, they must explicitly state
in their purchase contracts that they are governed by them. They are not international treaties and do
not apply as international trade practices. They are binding until agreed upon by the contracting parties
and only then do they become part of a specific contract, according to Svatos et al. (2009). Incoterms
has been revised eight times since its original publication in 1936 to reflect current trade practices. The
latest, 8th revision of Incoterms 2020 came into effect on January 1, 2020. It seems to be better and
more organized, but it also brings some critical and controversial issues. It provides for each rule
"instructions" that describe the basic elements of each rule; transfer of risk, distribution of costs,
delivery of goods, etc. Guidelines help users choose the appropriate rule for a particular transaction,
as described by Kim (2022).

MATERIAL and METHODOLOGY

As the goal of the scientific contribution, we have chosen the analysis of foreign trade in food
and agricultural products in the Slovak Republic for the period 2011-2021, based on data from the
Eurostat database and the Statistical Office of the Slovak Republic. In the work we determine the share
of foreign trade and subsequently analyze predetermined food and agricultural products with a focus
on meat, milk and dairy products, eggs, sugar, cereal products, and live animals. We focused mainly
on the V4 countries, as we have the largest foreign trade turnover with them.
To express the development of the foreign trade we used the formula of balance:

X=Ex—Im )]

where: X — represents the balance of the trade balance.
Ex — expresses the export of the country.
Im — expresses the import of the country.

« if the balance is > 0, then the balance is active;
« if the balance is < 0, then the balance is passive.

To provide and readable overview we used the method of time series analysis, with which we
monitored the development of data over time and the method of graphical and tabular display of the
obtained data, which was used in the graphical presentation of information.

RESULTS and DISCUSSION

Slovak Republic has a relatively small area compared to other countries in the European
Union. In the past, it was more self-sufficient, but over time it gradually lost its comparative advantages
in the food industry and the agricultural sector. It is conveniently located in the center of the European
Union and has good access to various resources thanks to its location. During the monitored period of
ten years, from 2011 to 2021, foreign trade in the Slovak Republic has advanced significantly. In total,
we import and export more goods.
From the data in the Figure 1, we can sae that every year the Slovak Republic exported more goods
than it imported into the country. The last tracked year 2021 was a record year for imports and exports
in recent years, and was the 2nd overall in history. Year-on-year growth was recorded in the amount
of 12,315 €, which represents 16.22% in exports. An increase was also recorded in imports, in the
amount of 13,832 €, which represents 19.05%.
As a country, we have the largest share of exports in the technical sector. We mainly export cars,
televisions and monitors. We transport them mainly to the countries of the European Union, such as
Germany, the Czech Republic, Italy, France, but also to China. We import the most non-food goods
in the fuel sector, such as oil, natural gas or electricity, the prices of which have increased recently.
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According to the latest surveys, the Slovak Republic mainly imports food that it can produce itself and
agricultural products that it can grow itself. This is because other countries have a comparative
advantage over us in growing or raising animals, and they have lower costs for the production of these
products. We import them mainly from neighboring countries such as Poland, Austria, the Czech
Republic or Hungary, mainly various types of meat; pork, beef, poultry. We also import bakery
products, desserts and mineral waters from abroad more than in the past, despite the fact that as a
country we were able to produce an excess of these foods in the past. Slovakia is a very good exporter
of cereals, legumes, oilseeds, sweets, raw milk, eggs and honey. We send most of the exported products
abroad for processing and subsequently buy them from foreign companies already processed as goods.
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Figure 1 - Export and import of the Slovak Republic 2011-2021 (in €)
Source: Authors own processing based on data from Statistical office of SR

Table 1 Development of trade in food and agricultural products in the Slovak Republic (in million €)

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Export | 2919 | 3773 | 3263 | 2735 | 2735 | 2827 | 2836 | 2856 | 2915 | 3136 | 3637
Import | 3723 | 4183 | 3896 | 3790 | 3831 | 4104 | 4238 | 4486 | 4728 | 4831 | 5362
Balance | -805 | -410 | -633 | -1055 | -1096 | -1278 | -1402 | -1630 | -1813 | -1695 | -1725

Turnover | 6642 | 7956 | 7159 | 6524 | 6566 | 6931 | 7074 | 7343 | 7643 | 7967 | 8999

Source: Authors own processing based on data from Statistical office of SR

Slovak Republic has a passive balance in foreign trade in the food and agricultural products sector
every year for the specified monitored period. As we can see from the table 1, the negative balance is
increasing. In the last observed year, 2021, it represents -1,725 million. €, which means that it increased
year-on-year by approximately 7.7% compared to 2020. Exports of agricultural products and food
reached 3,637 million in 2021. € and imports represent a value of 5,362 million. €. In percentage terms,
this represents an increase of 14.8% in exports and approximately 12.4% in imports. The largest
passive balance in agribusiness was recorded in 2019 in the amount of 1,813 million. € and on the
contrary the lowest in 2012, only 410 million €. The largest export since the introduction of the euro
currency was recorded in 2012 in the amount of 3,773 million. € and the most we imported in this
category in 2021 was food and agricultural products for 5,362 million. €, as we can see in table 1.
Slovak Republic imports more food than it exports. We focused on five basic groups according to the
harmonized system, which we will analyze in detail and evaluate their development in the monitored
period from 2011 to 2021. Among the foods that are traded the most are mainly basic food and they
are mainly imported from nearby, neighboring countries. The items we have chosen are animals, meat,
milk, sugar, and grain products.

Of the selected items, the most exported were sugar and confectionery, with a total value of 356,743 €,
and the least exported were cereal and flour products, worth 87,345 € in 2011. In this year, the most
meat and edible meat offal was imported in the amount of 378,721 €, and the least live animals in the
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amount of only 66,259 €. In the last year of the monitored period, the most exported milk and dairy
products, eggs and honey were 313,194 € in total, and the least exported was meat and edible meat
offal in the amount of 98,542 €. The most imported was meat and edible meat offal for 552,114 €, and
the least imported was live animals in the total amount of 73,185 € in 2021.
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Figure 2- Foreign trade balance (in €)
Source: Authors own processing based on data from Statistical office of SR

From the Figure 2 can be seen, that sugar and live stocks are the groups with positive foreign trade
balance in whole monitored period, what means that export exceed import. The highest value of
negative foreign trade balance was recorded within the meat, so that in Slovakia most of the meat for
consumption is from abroad, this is mainly due the price. From 2011 to 2021, we imported various
types of meat for 5,063,615 €. On the contrary, in each year we imported the least amount of live
animals, in the amount of 896,765 € during the entire monitored period.

Our research focuses also on the ratio of the countries to which we generally exported the most and
from which we imported the most. Among the countries with which we do the most food trade are
mainly countries in the European Union. It has many advantages, including, for example, exemption
from customs duties when transporting goods within the European Union. Transporting food can have
many complications and therefore it is worthwhile to import it from nearby countries, it applies mainly
to food that is perishable and more demanding to transport.

Based on the data from the Eurostat database, we have found that we trade mostly with the Czech
Republic, Hungary and Poland with predetermined products. The turnover of foreign trade with the
Czech Republic in the first year of the monitored period was 859,086,027 €, and in the last it was
984,490,831 €. We imported the most milk and milk products in 2021, in the total amount of
168,451,565 €, and we also exported the most milk, in the amount of 127,070,119 €.

Table 2 Foreign trade in 2011 (in €)

Czech republic Hungary Poland
Import Export Import Export Import Export

Livestock 47685268 | 12247201 | 10712802 71307 628 987 25904 729
600

Meat 157 035806 | 66 468 284 | 47 883 600 29319 49 168 267 5401 434
839

Milk and milk 109 076 959 | 70983 372 | 17 237 366 80 621 84 701 333 6882214

products, eggs, 783

honey

Sugar and 51534572 | 72943 375 103 542 173 565 18 042 293 40 143 870

confectionery 543 256

Grain and flour | 114 540 615 | 50555137 | 16 645 157 10379 31912 124 11711 002

products 167
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Source: Authors own processing based on data from Eurostat

The total turnover of foreign trade with Hungary in 2011 reached 607,090,387 €, and in 2021
it decreased to 332,526,180 €. We imported the most sugar and confectionery in the amount of
103,542,543 €, and we also exported the least amount of sugar in the total amount of 173,565,356 € in
2011. In 2021, we imported the most meat and edible meat offal in the amount of 58,911,156 €, and
the most exported live animals to Hungary, in the total amount of 59,551,867 €.

In foreign trade with Poland, we achieved a total turnover of 308,297,092 € in 2011, and it
increased during the monitored period until it reached 531,340,742 € in 2021. In 2011, we imported
the most milk and dairy products, eggs and honey from Poland in the total amount of 84,701,333 €,
and we exported the most sugar and confectionery for €40,143,870. In 2021, we imported the most
meat for 152,028,636 € and exported the most cereal and flour products for 35,670,092 € .

Table 3 Foreign trade in 2021 (in €)

Czech republic Hungary Poland
Import Export Import Export Import Export

Livestock 33887412 | 13210659 | 14650020 59551 5073763 32999 551
867

Meat 116 905 152 | 33397526 | 58911 156 27438 152 028 636 | 10769 302
026

Milk and milk 168 451 565 | 127070 119 | 11 285 256 36 145 124 848 094 | 22 754 609

products, eggs, 105

honey

Sugar and 37407253 | 24239916 8340 239 36 163 9964 765 30 942 647

confectionery 014

Grain and flour | 195114 587 | 82124746 | 16645 157 20 039 61 118 565 35670 092

products 877

Source: Authors own processing based on data from Eurostat

CONCLUSION

Slovak Republic has long been trying to have an active balance in foreign trade. In overall
foreign trade, it meets this goal, but in agro trade it has a long-term passive balance, which reached its
maximum in 2019 and has been trying to reduce its values since then. However, more food and
agricultural products are still imported into the country than exported. As we could read above, our
country has introduced various trade measures to protect domestic consumers and the quality of
imported food. These are various import quotas, customs duties, but also quality controls. In the future,
the country will try to be more self-sufficient in the sectors for which it has the prerequisites. The
balance of foreign trade was passive in every year of the monitored period, which means that we import
more food than we export. The lowest balance was in 2012, i.e. -410 million. € and the highest in 2019
in the amount of -1,813 mil. €. The turnover of foreign trade in total increased every year during the
monitored period, which means that there is more trade in foreign trade every year. In the food and
agricultural product analysis section, we have already specifically addressed the groups of food and
agricultural products and found data on imports and exports, from which we calculated the balance.
We found out what is exported the most and least in each year of the monitored period and what is
imported the most and least. We interpreted these data step by step and summarized this information
at the end. Toward the end, we summarized the most exported and most imported foods, including
numerical data in euros. The focus was on the Slovak Republic and the European Union, but we also
slightly summarized foreign trade with third countries. The last chapter was about the intention of
foreign trade of the Slovak Republic and its goals for the future.
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HODNOTENIE EFEKTiVNOSTI PESTOVANIA VYBRA,NYCH PLODIN V RASTLINNEJ
VYROBE UPLATNENIM METODY ABC

JOZEF DUDAK
Technicka fakulta, SPU v Nitre

Summary: Current results in the cultivation of field crops at the national level point to a low level of
achieved cost profitability. In the contribution, the results of the evaluation of the efficiency
of the cultivation of wheat, barley, rapeseed, corn for grain, sugar beet and sunflower are
processed in more detail. When calculating the economic efficiency of growing selected
crops at the supra-enterprise level, the value of the indicator of the effect of production
inputs was determined in the range of 0.665 to 1.275 when growing wheat, when growing
barley 0.703 to 1.352, when growing rapeseed 0.326 to 1.256, when growing corn for grain
0.677 to 1.450, when growing sugar beet 0.662 to 1.578 and when growing sunflower at
the level of 0.609 to 1.399. However, at the corporate level, it is possible to apply several
variants of production technologies, therefore it is necessary to pay attention to their
evaluation from the point of view of economic efficiency and energy consumption. The
solution presented in the work with the application of the ABC method can therefore be a
suitable tool.

Keywords: technological procedures, economic efficiency, effect of production inputs

Suhrn: Aktuélne vysledky pri pestovani pol'nych plodin na celoslovenskej trovni poukazuju na nizku
uroven dosahovanej miery rentability nakladov. V prispevku st podrobnejSie spracované
vysledky hodnotenia efektivnosti pestovania pSenice, jaémena, repky, kukurice na zrno,
cukrovej repy a slne¢nice. Pri vypocte ekonomickej efektivnosti pestovania vybranych
plodin na nadpodnikovej trovni bola stanovena hodnota ukazovatela efektu vyrobnych
vstupov pri pestovani pSenice v rozmedzi hodndt 0,665 az 1,275, pri pestovani jaémena
0,703 az 1,352, pri pestovani repky 0,326 az 1,256, pri pestovani kukurice na zrno 0,677
az 1,450, pri pestovani cukrovej repy 0,662 az 1,578 a pri pestovani slnecnice na trovni
0,609 az 1,399. Na podnikovej urovni je v§ak mozné uplatnit’ viaceré varianty technologii
vyroby, preto je nevyhnutné venovat’ sa ich hodnoteniu z hladiska ekonomickej
efektivnosti a energetickej naro¢nosti. V praci predstavené rieSenie s uplatnenim metody
ABC moze byt preto vhodnym nastrojom.

Kruacové slova: technologické postupy, ekonomicka efektivnost, efekt vyrobnych vstupov

UvoD

Vyrobné naklady su povazované za jeden z najdblezitejSich kvalitativnych ukazovatelov
hospodarenia pol'nohospodarskeho podniku. Vyjadruju kvalitu zhodnocovania zdrojov vo vyrobe
jednotlivych polnohospodarskych produktov. Od ich Struktury, vyvoja a trovne sa odvija tvorba
vlastnych finanénych zdrojov podniku, tvorba zisku, prostriedkov na odmetiovanie i vSetkych d’alsich
ukazovatel'ov reprodukcie a efektivnosti hospodarenia. Castym problémom pri stanoveni skutoénej
vysky nakladov na vyrobu pol'nohospodarskych produktov a vypocte efektivnosti ich vyroby sa stava
vol'ba pristupu a interpretacia analyzovanych tdajov. Kalkulacie uplnych ndkladov je mozné
zostavovat’ dvoma sposobmi:
- tradi¢nou metodou podla klasického kalkulacného vzorca,
- metédou ABC.

V odbornych analyzach publikovanych na Slovensku st najcastejSie uvadzané vysledky nakladovosti
polnohospodarskych vyrobkov spracovavané VUEPaP (Kubankové a kol., 2012). Tieto vychadzaju z
tradi¢ného Statistického zist'ovania nakladov vo vybranom stibore poI'nohospodarskych podnikov a st
vyuzivané pri réznych analyzach a hodnoteniach efektivnosti vyroby na nadpodnikovej urovni (napr.
na urovni MP SR pri vypracovavani navrhov na zmeny v nastrojoch agrarnej politiky), ako aj na
podnikovej trovni pri vypracovavani odporacani a opatreni pre minimalizaciu nakladov. Pri takejto
klasickej kalkulécii uplnych nékladov vSak vznikaju problémy s objektivnou alokéaciou nepriamych
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nakladov a s ich neuplnym a prekro¢enym krytim pri nedodrzani planovaného mnozstva a sortimentu
vykonov.

Najobjektivnejsie vysledky pri rozvrhovani ndkladov je mozné dosiahnut’ pomocou kalkula¢nej
metody ABC (Activity Based Costing). VyZzaduje si to vSak modifikaciu nakladového systému
podniku tak, aby umoznil evidovat, spracivat a prezentovat naklady vyvolané jednotlivymi
¢iastkovymi ¢innostami. Jednotlivé Ciastkové ¢innosti je potrebné v podniku identifikovat'. Hlavna
myslienka metédy ABC spociva v tom, Ze za pri¢inu vzniku ndkladov povazuje Cinnosti a nie
jednotlivé vykony. Preto si vyZaduje znalosti a poznatky o vecnom priebehu konkrétnych ¢innosti,
postupov a procesov vnutri podniku. Na zaciatku snazenia podniku o uplatnenie uvedenej metody stoji
identifikacia ¢innosti, ktoré vyvolavaju vznik nakladov. Naklady vyvolané kazdou ¢innostou sa potom
prirad’uju k vykonom, ktoré dant1 ¢innost’ spotrebuvaju.

MATERIAL A METODY

Pri spracovani charakteristiky ekonomickej efektivnosti technologickych procesov pri
pestovani polnych plodin na nadpodnikovej tirovni bola vyuZzitd metodika kalkulacie vlastnych
nakladov pol'nohospodarskych vyrobkov (Anonym, 2002). Zakladny metodicky pristup vychadzal
z podrobného hodnotenia Struktiry nakladovych poloziek na urovni materidlovych nakladov,
nakladov na pracu strojov a rezijnych nakladov (spolu vlastnych nakladov). Z pomeru priemernej
realizacnej ceny a vlastnych nakladov na vyrobu jednotky hlavného vyrobku bol stanoveny ukazovatel’
efektu vyrobnych vstupov. Ako podkladové zdroje pre vykonanie uvedenej analyzy sme vyuzili idaje
publikované VUEPaP v rokoch 1999 az 2021.
Pri hodnoteni ekonomickej efektivnosti pestovanych plodin na podnikovej urovni bol zvoleny postup
spracovania podrobnych technologickych kariet plodin Dudak (2001). Metodika je zalozena na
spracovani podrobnych charakteristik pracovnych postupov pri pestovani pol'nych plodin, analyzovani
nakladov na prevadzku pouzivanej techniky a podrobnom sledovani spotrebovanych pracovnych a
materialovych vstupov. Prave takyto pristup si vyzaduje uplatnenie metédy ABC pri podrobnom
alokovani nakladov na jednotlivé pracovné operacie spojené s vykonavanim c¢innosti, procesov a
postupov na podnikovej Grovni. V tejto Casti prace boli vyuzité udaje spracované pri hodnoteni
technoldgii pestovania pSenice.

VYSLEDKY A DISKUSIA

Na zéklade podkladov statistického zistovania nakladov a vynosov polnohospodarskych
vyrobkov, ktoré v podmienkach Slovenska zabezpeCuje Vyskumny ustav ekonomiky
polnohospodarstva a potravinarstva (VUEPaP), bola spracovanad analyza vyvoja nakladov pri
pestovani vybranych plodin za obdobie rokov 1999 az 2021 (tabulka 1).
Z uvedenych udajov je zrejmé, ze v obdobi rokov 1999 az 2021 bolo pestovanie vybranych produktov
z hl'adiska ukazovatela efektu vyrobnych vstupov realizované na r6znej tirovni. Z priemernych hodnét
mozno zistit, ze najlepSie v hodnotenom obdobi z hl'adiska zvoleného ukazovatela dopadli ja¢men,
kukurica na zrmo a cukrova repa. Pestovanie ostatnych hodnotenych produktov bolo pri porovnavani
vynosov a nakladov pre farmarov stratové. Pre objektivnost’ je treba uviest’, Ze pri hodnoteni nakladov
a vynosov nebolo uvazované na strane prijmov (vynosov) u farmarov so Ziadnymi priamymi platbami
(dotaciami) a na strane ndkladov nebolo uvazované s ndjomnym za prenajati pddu a s danou z pddy.
Z hl'adiska riadenia vyroby je dolezitym predpokladom poznanie §truktiry jednotlivych nakladovych
poloziek. Podiel vybranych nakladovych poloZiek uhodnotenej skupiny plodin v analyzovanom
obdobi je uvedeny v tabulke 2. Je zrejmé, ze vybrané nakladové polozky sa rozdielnym spdsobom
podielaju na vlastnych nakladoch spojenych s vyrobou konkrétneho vyrobku. Napr. pri pestovani
olejnin (repky a slnecnice) predstavuju najvacsi podiel materialoveé néklady (osiva, hnojiva pesticidy),
pri pestovani obilnin a kukurice na zrno prevladaji naklady na pracu strojov, ktoré dosahuju viac ako
40 % podiel.

DOI: https://doi.org/10.15414/2023.9788055226989



https://doi.org/10.15414/2023.9788055226989

TabulPka 1 Analyza nakladov a vypocet ukazovatel'a efektu vyrobnych vstupov pri pestovani vybranych plodin v
obdobi rokov 1999 — 2021

Vlastné naklady, €/ha VN hlavného vyrobku, €/t Priemerna realiza¢na cena, €/t | Efekt vyrobnych vstupov
min. max. min. max min. max. min. max.
priemer priemer priemer priemer
201,5
pSenica 514,80 1028,87 | 113,44 4 102,94 208,93 | 0,665 1,275
734,72 151,36 150,04 0,998
192,9
jacmen 399,56 1 029,05 | 115,42 8 114,59 213,98 | 0,703 1,352
670,52 155,77 162,16 1,052
855,6
repka 583,75 1285,19 | 249,62 5 224,42 484,98 | 0,326 1,256
922,61 362,12 328,18 0,949
211,1
kukurica | 656,74 1378,39 | 98,31 5 102,84 199,17 | 0,677 1,450
na zrno 911,89 139,79 144,25 1,052
cukrova 1
repa 250,25 230444 25,32 43,61 | 20,33 57,03 | 0,662 1,578
1 834,43 33,34 33,66 1,012
387,6
slnecnica | 462,49 971,60 | 261,73 4 198,26 456,91 | 0,609 1,399
755,15 321,93 315,90 0,980

Prameii: VUEPaP, SU SR a vlastné vypoéty

Tabul’ka 2 Podiel jednotlivych nadkladovych poloziek na vlastnych nakladoch v obdobi rokov 1999 - 2021

materialové naklady na naklady na

Nakladové polozky: ostatny pracu vyrobna | spravna

osiva | hnojiva | CHOP | material strojov rézia rézia

jednotka % % % % % % %

plodina:
- pSenica 9,57 18,51 10,38 3,26 40,58 9,80 7,91
- jaémen 10,63 14,77 9,89 3,34 41,58 11,02 8,76
- repka 5,27 20,96 21,64 2,18 33,31 9,43 7,20
- kukurica na zrno 14,00 14,62 9,05 3,10 41,41 10,12 7,71
- cukrové repa 10,98 10,79 18,82 1,69 38,80 10,72 8,20
- slne¢nica 11,73 13,14 18,53 3,39 34,65 10,16 8,40

Prameni: VUEPaP, SU SR a vlastné vypoéty

Podrobnejsi vyvoj vybranych nakladovych poloziek pri pestovani pSenice v hodnotenom
obdobi rokov 1999 az 2021 je predstaveny na obr.1.
Z obrazku je taktiez zrejmé, Ze najvy$$i podiel z hladiska hodnotenych nakladovych poloziek
predstavuju néklady na pracu strojov, zaroven je vSak vidiet’ aj trend znizovania podielu uvedenej
nakladovej polozky v ramci vlastnych nakladov. Predpokladame, Ze k znizovaniu podielu nakladov na
pracu strojov pri pestovani pSenice, ale aj niektorych d’alSich plodin dochadza tak v dosledku narastu
pouzivania minimalizaénych technoldgii pri zakladani porastov (podla informécii VURV
v Piestanoch je podiel minimalizacnych technologii v sucasnosti priblizne 30 %-ny), ako aj
uplatiiovania rozdielnych variantov pracovnych postupov na podnikovej udrovni, no zo
Statistickych udajov VUEPaP sa to presnejiie zistit' nedi. Z uvedeného doévodu sme pristapili
k vykonaniu podrobnej analyzy nakladov pri pestovani vybranych plodin na podnikovej trovni
metodou zostavovania technologickych kariet plodin a pristupom zaloZenym na vyuziti metody ABC.
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Obrazok 1 Struktira podielu vybranych nékladovych poloZiek pri pestovani psenice
v obdobi rokov 1999 - 2012

V suvislosti s rieSenim ulohy odbornej pomoci pre opatrenie ,,Zelend nafta 2019+ bol
vypracovany modelovaci program pre analyzu prevadzkovych ukazovatel'ov (normativov) nasadenia
strojov anakladovych ukazovatel'ov v rastlinnej vyrobe. Modelovaci program umoziuje pre
jednotlivé plodiny pomerne podrobnym spdsobom vykalkulovat celkové naklady na jednotku
produkcie, ¢o mé vyznam napr. pre kalkulaciu ceny produktu, vysledny zisk (resp. stratu) a celkovl
rentabilitu plodiny, tzn. v percentach vyjadreny pomer vysledného zisku na jednotku vynalozenych
nakladov. Dostupné kalkulacné programy umoziuju aj stanovenie tzv. Urodového prahu - vypocet
minimalnej Urody plodiny potrebnej pre dosiahnutie aspon nulovej rentability. S podobnym
spracovanim modelovacieho programu bolo uvazované aj pri navrhovanom rieSeni. DoéleZitym
vystupom modelovania si vypocCitané hodnoty planovanej spotreby Casu prace, spotreby nafty
a vyslednych vyrobnych nékladov pre zvoleny variant technologie.

Aktualne vyuzivané modelovacie programy maji hlavnu vyhodu v tom, Ze pri pomerne nizkej
narocnosti na naklady a ¢as ulah¢uju pripravu vyroby. Predovsetkym pre tito etapu zabezpecenia
vyrobného procesu st nakoniec aj urcené. Ich hlavnym (a zatial’ neriesitelnym) nedostatkom je to, ze
realne vysledné hodnotenie ekonomiky pestovania vybranej plodiny je aj pri preciznom dodrzani
naplanovaného (namodelovaného) technologického postupu a z vysledkov planovania vyplyvajiacich
nakladov v konecnom désledku zavislé predovsetkym od dosiahnutej irody plodiny a hlavne od jej
realnej trhovej ceny. A tuuz,,do hry* vstupuju viaceré faktory, ktoré sa spravidla nedaji na podnikovej
urovni ovplyvnit, ako je napr. faktor pocasia, ktory moze ovplyvnit tak vysku dosiahnutej tirody, ako
aj jej kvalitu, faktor ponuky a dopytu tovaru na trhu a od toho sa odvijajucej aktualnej realizaénej ceny,
apod. Preto je mozné skuto¢nt ,.ekonomiku“ vyhodnotit az s odstupom casu po ukonceni
hospodarskeho roka. Napriek uvedenému ,,nedostatku“ st modelovacie programy vhodnym a ¢asto
vyuzivanym rieSenim.

Hlavny rozdiel medzi §tatistickym zistovanim nakladov podl'a metodiky pouzivanej VUEPaP, ktorej
vysledky boli uvedené v predchadzajucej Casti prispevku a postupom zostavovania technologickych
kariet plodin, ktory sme pouzili pri hodnoteni efektivnosti vyroby na podnikovej Grovni, spo¢iva
v podrobnom kalkulovani a prirad’ovani nakladov na jednotlivé pracovné operacie podla realnych
suvislosti (metédy ABC). Takyto pristup ku kalkulacii ndkladov umoznuje aj zistenie Cinnosti
(operacii), ktoré v podniku predrazuju vyrobu a vytvara predpoklady pre hladanie moznosti na
redukciu vyrobnych nakladov.

V prvej etape rieSenia ulohy bol modelovaci program vyuzity pri vypocte normativov spotreby nafty.
Dosiahnuté vysledky modelovania su porovnatelné s roznymi hodnotami normativov publikovanych
v zahrani¢nych zdrojoch ako vystupy z r6znych modelovacich programov (tabul’ka 3). Ak zahrani¢né
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zdroje infomacii uvadzaju urCity rozsah v nastavenom normative, je to prave z dovodu hodnotenia
variantnych rieSeni vybranych technologii v ramci modelovania.

Tabulka 3 Normativy spotreby nafty pri pestovani obilnin

, . . o Xttt Normativ spotreby nafty, L.ha™!
Kod a nazov plodiny podl’a ¢iselnika PPA SR Nemecko CR

101 PSenica ozimna 87,24 83,83 77,9 - 89,8
102 PSenica jarna 84,14 83,65 68,4 - 82,1
103 PSenica tvrda 86,73 88,43

104 Raz siata 77,30 82,57 50,9 - 89,9
105 Tritikale 86,81 82,72 68,1 -90,2
106 Ja¢men jarny 85,90 81,18 74,1 -97.9
107 Ja¢men ozimny 87,17 84,33 65,4-923
108 Ovos siaty 82,71 79,1 73,2 -97,6
109 Kukurica 105,96 87,42 77,8-111,5

Na to mozno poukazat’ v priklade podrobne spracovanych technologickych kariet pri pestovani
pSenice (tabul’ky 4, 5 a 6) s navrhovanym variantnym rieSenim vybranych pracovnych operacii.

Tabul’ka 4 Technologicky postup pestovania pSenice ozimne;j

- konven¢na technologia Normativ Néklady na pracu
spotreby nafty, | strojov v €.ha' (bez
I. faza - priprava pody a sejba Lha! DPH)
podmietka tanierovym podmietatom 6,64 35,60
valcovanie po podmietke 3,68 17,99
stredna orba 20,33 61,13
drvenie hrud 6,30 23,35
nakladanie priemyselnych hnojiv 0,08 0,35
doprava priemyselnych hnojiv traktorovou dopravnou supravou 0,19 0,66
predsejbové hnojenie priemyselnymi hnojivami bez dopravy 1,10 13,47
priprava pddy kombinatorom 5,77 25,65
nakladanie Zeriavovym nakladadom (objemova hmotnost nad 400 kg.m) 0,08 0,28
doprava osiva traktorovou dopravnou supravou 0,11 0,44
plnenie zasobnika sejacky z vel'koobjemovych vakov 0,10 0,32
sejba univerzalnymi sejackami 3,64 38,08
valcovanie po sejbe 2,65 20,45
Spolu na fazu pracovného procesu, L.ha! 50,66 237,76
I1. faza - oSetrovanie pocas vegetacie
doprava vody na plo$ny postrek traktorovou dopravnou supravou 0,18 0,90
plosny postrek (davka do 400 Lha™!) 1,64 15,56
doprava vody na plosny postrek traktorovou dopravnou supravou 0,18 0,90
plosny postrek (ddvka do 400 Lha™!) 1,64 15,56
nakladanie priemyselnych hnojiv 0,02 0,10
doprava priemyselnych hnojiv traktorovou dopravnou supravou 0,05 0,19
prihnojovanie priemyselnymi hnojivami (dédvka do 0,30 t.ha'!) bez dopravy 0,92 13,05
doprava vody na plosny postrek traktorovou dopravnou supravou 0,18 0,90
plosny postrek (ddvka do 400 Lha™!) 1,64 15,56
Spolu na fazu pracovného procesu, Lha! 6,46 62,72
I11. faza - zber
zber obilnin bez drvenia slamy 15,13 69,78
doprava ndkladnym automobilom (objemova hmotnost’ nad 400 kg.m™) 2,28 9,02
lisovanie slamy (vel'ké hranolové baliky) 9,48 68,30
nakladanie balikov I'anu, sena a slamy ¢elnym kolesovym nakladadom 0,88 4,06
doprava lisovaného I'anu, sena a slamy nédkladnym automobilom 1,46 7,75
stohovanie balikov 'anu, sena a slamy ¢elnym kolesovym nakladatom 0,88 4,06
Spolu na fazu pracovného procesu, l.ha'! 30,11 162,98
Spolu na konvenénu technologiu, L.ha™! 87,24 463,46

V ramci pestovania polnych plodin je zauzivané rozdelit’ cely pestovatel'sky postup na tri zékladné
fazy: faza predsejbovej pripravy pody a sejby, faza oSetrovania pocas vegetacie afaza zberu
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a pozberového spracovania. Prvym krokom pri hodnoteni rentability (efektivnosti) vyroby psenice
moze byt zistenie nakladov pre takto zvolené fazy pestovatel'ského postupu a druhym krokom potom
bude hladanie ur¢itych moznosti na ich zniZenie.

Z vysledkov vykonanej analyzy, ale aj podla nazoru viacerych odbornikov, tou fazou pracovného
procesu pestovania pSenice ozimnej, kde je eSte mozné hl'adat’ urité rezervy vo vztahu k zvySovaniu
efektivnosti vyroby, je oblast’ obrabania pody a zakladania porastov. Tieto nazory podporuji aj
vysledky analyzy, v ramci ktorej bol zistovany podiel jednotlivych faz pracovného procesu na
spotrebe Casu prace, spotrebe nafty a strojovych nékladoch. Z vykonanej analyzy je zrejmé, ze pri
konvenc¢nej technologii pestovania pSenice ozimnej (tabulka 4), ktora v praxi niektorych podnikov
stale prevlada, na fazu pripravy pody a sejbu pripada priblizne 54 % z celkovej spotreby Casu prace,
58 % z celkovej spotreby nafty a 63 % z celkovych vynakladanych nékladov. V praxi to znamena asi
tol’ko, ze ak chceme redukovat’ vyrobné naklady, musime pozornost zamerat predovsetkym na
vykonavanie energeticky najnarocnejSich pracovnych operacii a vo vicésine pripadov to st prave
operacie spojené s obrabanim pody.

Vo vSeobecnosti je zndme, Zze pSenica vyzaduje mierne ulahnutt pddu a kladne reaguje na plytSie
obrobenie pody, preto je realne pri pestovani pSenice pouzit technologiu minimalizacie.
Predpokladom uspechu minimalneho obrdbania su vSak nezaburinené a zivinami dobre zasobené
pody. Povrchové obrabanie pody pre pSenicu v porovnani s orbou je vzdy zenergetického aj
ekonomického hl'adiska efektivnejsie a takmer rovnocenné je aj z pohl'adu agronomického hodnotenia
(tabulka 5).

Tabul’ka 5 Technologicky postup pestovania pSenice ozimnej

- minimaliza¢na technologia Normativ Naklady na pracu
spotreby nafty, strojov v €.ha’! (bez

I. faza - priprava pody a sejba l.ha'! DPH)
podmietka tanierovym podmietaom 6,64 35,60
valcovanie po podmietke 3,68 17,99
nakladanie priemyselnych hnojiv 0,08 0,35
doprava priemyselnych hnojiv traktorovou dopravnou supravou 0,19 0,66
predsejbové hnojenie priemyselnymi hnojivami bez dopravy 1,10 13,47
plytké kyprenie pddy radli¢kovym kypricom 7,37 57,90
nakladanie Zeriavovym nakladaom (objemova hmotnost nad 400 kg.m) 0,08 0,28
doprava osiva traktorovou dopravnou siipravou 0,11 0,44
plnenie zasobnika sejacky z vel’koobjemovych vakov 0,10 0,32
sejba univerzalnymi sejaCkami 3,64 38,08
valcovanie po sejbe 2,65 20,45

Spolu na fazu pracovného procesu, l.ha’! 25,63 185,54
11. faza - oSetrovanie pocas vegetacie

| Spolu na fazu pracovného procesu, L.ha™! | 6,46 | 62,72 |

I11. faza - zber

Spolu na fazu pracovného procesu, L.ha! 30,11 162,98

Spolu na konvenénu technolégiu, 1.ha™! 62,20 411,24

Nahradenim pracovnej operacie stredna orba s oSetrenim oraciny a pripravou osivového 16zka
pomocou kombinatora pracovnou operaciou kyprenie doSlo k zniZeniu spotreby nafty nal. fazu
pracovného procesu priblizne o polovicu a k poklesu na priblizne 41 % podiel na celkovej spotrebe
nafty a zniZili sa aj naklady na pracu strojov.

V modelovacich programoch je spravidla umoznené vyberat zo S$irSej ponuky alternativnych
pracovnych operacii, ktorych konkrétny vyber Casto zévisi od stavu, v akom zostal pozemok po zbere
predplodiny (Casto sa napr. variabilne volia operacie zakladného a predsejbového obrabania pody),
alebo od sposobu zberu a vyuzitia urody pestovanej plodiny (je mozné volit’ napr. viaceré varianty
zberu slamy pri zbere obilnin, alebo jej drvenia hned’ pri, pripadne az po zbere). UZ len ako priklad
takéhoto modelovania mozno uviest' v tabulke 6 variant minimalizacnej technologie pestovania
pSenice ozimnej bez zberu slamy, pri ktorej je zrejmy najvacsi pokles tak spotreby nafty, ako aj
nakladov na pracu strojov.
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TabuPlka 6 Technologicky postup pestovania psenice ozimnej

- minimaliza¢na technologia Normativ Naklady na pracu
spotreby nafty, strojov v €.ha’! (bez
I. faza - priprava pdody a sejba Lha'! DPH)
| Spolu na fazu pracovného procesu, l.ha’! 25,63 185,54
11. faza - oSetrovanie pocas vegetacie
| Spolu na fazu pracovného procesu, L.ha™! | 6,46 | 62,72 |
I11. faza - zber
zber obilnin s drvenim slamy 17,13 70,86
doprava ndkladnym automobilom (objemova hmotnost’ nad 400 kg.m™) 2,28 9,02
Spolu na fazu pracovného procesu, L.ha"! 19,41 79,88
Spolu na minimalizaénu technolégiu, Lha™! 51,50 328,14
ZAVER

V praxi aktualne pouzivané technoldgie obrabania pody pri zakladani porastov pSenice
ozimnej, ako aj d’alSich ozimnych plodin, zahriiuju Siroku skalu rozli¢nych pracovnych operacii - od
intenzivneho az po zjednodusené (menej intenzivne) obrabanie pody, hlbokého az po plytké kyprenie,
v krajnom pripade aZ po sejbu do nespracovanej pody. Kazda z vykonavanych operacii v ramci
zvolenych pracovnych postupov sa réznym spésobom podiel’a na ovplyviiovani tak vlastnosti pody,
ako aj na stabilite a vySke dosahovanych urod. Pestovatelia dobre vedia, Ze po sejbe do zoranej pody
pocas suchej jesene je Groda spravidla nizsia ako pri sejbe do povrchovo obrabanej pody. Vol'ba
technologie minimalneho obrabania zavisi hlavne od predplodiny, pritom najvhodnejsie st okopaniny,
najmd skoré zemiaky a cukrové repa, zelenina a strukoviny, po ktorych spravidla postacuje iba
kyprenie do hibky sejby.

Kazda z pouzivanych technologii sa rozdielnym spésobom podiela aj na vyslednej energetickej
a pracovnej narocnosti, ako aj vyslednych vlastnych nakladoch zvolené¢ho technologického postupu.
V praxi je zname, Ze z hladiska spotreby energie je to prave orba, ako rozhodujlica operacia tzv.
konven¢nych technologii pripravy pody. Jej nahradenie niektorou zinych kypriacich operacii
spravidla vzdy prinasa tsporu nielen nakladov na naftu, na ¢o sme sa snazili poukazat’ v tomto
prispevku, ale aj nakladov vyrobnych.

Modelovacie programy vyuzivané pri hodnoteni variantnych technologii pestovania pol'nych plodin
poskytuju cely rad normativnych ukazovatel'ov vyuziteInych aj v praxi. Okrem samotného zostavenia
technologickej karty pre zvolenu plodinu kazdy modelovaci program spravidla poskytuje cely rad
d’al§ich vystupnych informacii, ktoré su zamerané do viacerych oblasti, ako napr. uz popisané
ekonomické hodnotenie plodiny (pripadne skupiny plodin, alebo aj celého vyrobného zameru).
Vysledky modelovania st vSak vyuzite'né aj pri zostavovani planu zabezpecenia vyroby (umoznuja
napr. stanovit’ potrebu strojov v jednotlivych fazach pracovného procesu, potrebu PHM, pracovnikov,
materialovych vstupov, financnych prostriedkov a pod.). V niektorych modelovacich programoch sa
vysledky vyuZzivaju aj pri zostavovani planu obnovy strojovej techniky a hlavné uplatnenie nachadzaju
pri spracovavani podkladov pre finanéni analyzu podniku. Medzi najvyznamnejSie vystupné
informacie vSak celkom urcite patri ekonomické hodnotenie plodiny, pretoze toto je zakladom pre
posudenie vhodnosti pestovania plodiny v danych podmienkach.

Asi prekvapi, ze hodnota nakladov na précu strojov zistenych pri modelovani sa odlisuje od nakladov
zistenych pri $tatistickom zistovani uvadzanom v podkladoch VUEPaP, no modelovacie programy
pracuju s aktualnymi informaciami napr. aj o cenach strojov, cenach nafty a to su polozky, ktoré buda
aj ekonomiku vyroby pSenice nad’alej vyznamne ovplyviiovat'.
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EFFECT OF DIFFERENT APPLICATION METHODS IN CHEMICAL PROTECTION ON
PLANT COVERAGE
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Abstract: New economic conditions, expansion of the range of chemical products used for plant
treatments at different stages of development and high fuel prices are leading to strict
demands on the technical level of machinery, its equipment and performance. In view of
these requirements, we need sprayers with maximum quality indicators. At achieve this
objective, it is necessary to improve the current chemical plant protection machinery,
because the level of quality indicators of domestic machines is low and the cost of foreign
equipment with adequate level of quality are very high and not affordable for average
owners farms. The aim of this paper is to highlight modern ways of applying chemical
protectants in agricultural practice.

Keywords: chemical protection, optimum application, sprayer

INTRODUCTION

Therefore, to ensure safe and sustainable plant protection, new and innovative technologies.
The use of intelligent sensors that can monitor and record the environmental conditions where plants
are grown and adjust accordingly fertiliser and pesticide dosages can be very effective (Shulishovska
et al,, 2021). In addition to In addition, modern technologies such as artificial intelligence are
increasingly being used to predict the occurrence of pests and diseases and to more accurately target
pesticide application (Kulibaba et al., 2020).
The development and improvement of plant protection systems are therefore crucial for sustainable
agriculture and ensuring an adequate food supply for humanity. Research and development of new
plant protection technologies are essential to remain competitive agricultural sector and to achieve
sustainable land use (Mykolenko, 2020). The development of plant protection systems is also
important from an international from an international point of view. It is important to have global
cooperation to solve plant protection problems because pests and diseases can travel between countries

and threaten plants worldwide (Forsyth et al., 2019).

Therefore, different pest management systems are currently being developed and tested in different
countries plant protection systems. In China, methods such as biological control, the use of repellents
are currently being used, use of barriers and agrotechnical measures (Zhou et al., 2020).

Similarly, in the US, the new methods such as genetic modification of plants and the use of predictive
models to more accurately targeting pesticide application (Krupke and Cappaert, 2019).

Despite the fact that different countries use different methods of plant protection, the common goal is
to minimize the impact of pests and diseases on crops and to ensure safe food for humans and animals.
As they state Singh and colleagues, the development of new and innovative plant protection systems

is key to sustainable and efficient agriculture in the future (Singh et al., 2021).

Scientific research and collaboration between countries are therefore key to achieving successful plant
protection and sustainable land use.

As Sunilkumar and colleagues state, it is important to invest in research and development of new
technologies and plant protection systems in order to achieve safe, efficient and sustainable agriculture
(Sunilkumar et al., 2020).

There are the following methods of chemical plant protection:

- Morination - is a pre-sowing treatment of seed material with poisonous drugs that kill pathogens and
seed pests and prevent the occurrence and spread of many diseases diseases and diseases of plants
during their rapid growth and development. This medicine takes three forms: dry, semi-dry and wet.

- Spraying - involves the application of liquid pesticides to the plant in the form of
solutions,suspensions, emulsions or extracts of various concentrations. It is more commonly used low-
volume spraying, which reduces the flow of liquid and increases the concentration of the solution.
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Pollination - covers the plant with a thin layer of powder, a chemical substance. The preparation is
more effective compared to spraying, but the waste of the substance is 4-6 times higher, so this method
is very rarely used.

- Fogging - consists in taking a solution of a concentrated chemical and heating or mechanically
converted into a mist or smoke consisting of liquid particles with between 1 and 15 microns in size,
which settle on plants, room walls and animals. Aerosols are characterised by their high efficiency and
economy. Application of this tool is, however, limited by strict requirements for weather conditions.
- The method of application of the means of poisoned baits -consists in the fact that the feeding
substance, which the pests most love, is treated with poison and sown or placed in places of occurrence
(rodents, insects). Baits can be: dry, semi-dry, wet and aqueous.

- Fumigation - is the introduction of a readily evaporating chemical into the soil. Preparations used in
fumigation can be solid, liquid and gas.

- Chemical pest control - is the introduction of a chemical product that is harmless to the plant but
harmful to pests and pathogens. A chemotherapeutic substance that is reaches any part of the plant,
spreads rapidly throughout the vascular system and, in the long term gives the plant protective
properties.

- Retardants - are chemicals that retard growth in height, create wall support stems and strong root
development. If at least one of these operations is excluded or carried out with the departure of an
established technology, the intensity of the technology will be disrupted.

The global market for drones and their technologies according to the latest PwC analysis reaches 127
billion. USD. One of the most promising sectors where these agriculture is one of the most promising
sectors for the use of these technologies.

PwC estimates the value of the drone market for creating solutions in agriculture at 32.4 billion. USD
32 billion, more than a quarter of the total market (PwC, 2021). Drones can be used in agriculture
throughout the year, from soil and plot analysis, through the seeding process, spray application, crop
monitoring, irrigation and health assessment crop health assessment. They can produce accurate 3D
maps that are useful for planning conditions sowing conditions.

After sowing, the soil analysis offers the data needed for irrigation and information on the content of
nitrogen in the soil. New start-ups have already created drone-based technologies that can sow seed at
up to 85% lower costs compared to conventional sowing. The yield of seeds sown in this way These
are systems that literally shoot seed and nutrients into the soil.

Equipment has also been developed that can monitor obstacles within the field and thus guide the
drone's flight. For example, the LIDAR method (Fig. 1), allows the drone to adjust the height of flight
based on the changing topography and geography of the terrain during flight. Drones can thus scan the
ground and apply the right amount of material when needed. This results in material savings, less
pressure on pollution and speed of application. Experts believe that aerial spraying using drones can
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be done up to 5 times faster compared to compared to ground-based techniques (Pham, Hai - Lim,
Yixiang - Gardi, Alessandro - Sabatini, Roberto, 2018).

MATERIAL and METHODOLOGY

The methodology of each experiment consisted in analysing:

e The laboratory part of the experiments was analysed in the chemistry laboratory of the
university of Life Science in Lublin, the second part was carried out in the central area of TF
SPU in Nitra. These measurements consisted in analysing the chemical and physical properties
of the carrier fluid. In the investigation of the influence of the geometrical shape of the
scatterers on the transverse non-uniformity of the application of chemical substances and in
analysing the aspects of permeability of dispersants.

¢ Field measurements consisted in evaluating the quality parameters of the selected technique
for chemical application. In our case, it was a comparison of the quality of work of the JD
4730 self-propelled sprayer, the DJI T20 UAV and the Z37 Bumblebee aircraft. modified for
aerial application of liquid chemical agents.

Methodology for measuring the volume , dimensional parameters of a drop, surface tension and
cumulative distribution of spray liquid

Nowadays, there are several options for measuring the dimensions of a drop. Despite the fact
that the quality of spraying and droplet size play an important role in spraying - still only some farmers
concentrate their attention on measurements of this type. To measure the size and number of drops
laser measurement technique is currently used.
It is important to know that verification and calibration against known standards . The nozzle should
be oriented to scan the entire arc. For our measurements, we have chosen a laboratory apparatus to
investigate the dimensions of the drop using laser method.

. O
. o ma
W o =
. ‘ -
D e
Py ol
on -

Figure 2 Drop Shape Analyzer - DSA30, manufactured by KRUSS - a device designed for contact angle and
surface tension measurement

The surface tension was measured by a method called by the equipment manufacturer : "vertical drip"
(Fig. 2). A drop of liquid was dispensed with a certain mass, which which allowed it to remain
suspended below the tip of the dispensing needle. The shape of the drop was then analyzed to calculate
the surface tension on the liquid-air surface using KRUSS proprietary software. For each water sample
analysed, the 32 measurements were taken (Fig. 3).
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Figure 3 Image on DSA drop surface tension measurement software

Methodology for calculating the volumetric flow rate of individual spreaders

The measurement of the volumetric flow rate of individual nozzles depends on the selected
theoretical volume of the delivered liquid Q. The selected working speed vp, the working range of the
machine Bp also has an influence, and the number of nozzles on the machine frame i . On the basis of
these parameters we calculate the required flow rate gx. (Paltik et al., 2005)

Gy 4.108
= ].ha'
Q BpVp
go= 2oV o
i.10’

The measured data must then be evaluated by means of the overall average flow rate and coefficient
of variation. The arithmetic mean of the volumetric flow rate of the i-th spreader ¢i.

Where: n-number of repetitions

Arithmetic mean of the volumetric flow rate from all scatterers
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n

Where: n-number of nozzles

The measurement was performed using a measuring stool (Fig. 4), which is used in the measurement
of a report and results of the inspection of a given application device. This measuring stage is placed
under the arms of the sprayer and moved at a given interval under the nozzles. Measuring is one metre
wide and has ten grooves which capture the spray liquid. With the aid of a computer, this device
evaluates the lateral uniformity of the nozzles. After the evaluation, the table is moved at a given time
interval to the next position and evaluates the lateral uniformity until it has evaluated the entire
footprint of the application device.

Methodology for the measurement of lateral spraying non-uniformity and spray angle

The measurement was performed using a measuring stool (Fig. 4), which is used in the
measurement of a report and results of the inspection of a given application device. This measuring
stage is placed under the arms of the sprayer and moved at a given interval under the nozzles.
Measuring is one metre wide and has ten grooves which capture the spray liquid. With the aid of a
computer, this device evaluates the lateral uniformity of the nozzles.

Figure 4 Detail of the measuing device in field conditions

After the evaluation, the table is moved at a given time interval to the next position and evaluates the
lateral uniformity until it has evaluated the entire footprint of the application device.

RESULTS and DISCUSSION
Results of spray liquid surface tension evaluation

When measuring the surface tension, we followed a method called "vertical drip". A drop of
liquid was dispensed with a certain mass that allowed its to keep it suspended below the tip of the
dispensing needle. The shape of the drop was then analyzed for to calculate the surface tension.
For the surface tension evaluation, we analyzed 3 samples A, B, C. Each of them was examined 32
times, the water temperature was always 25°C and the volume of water examined was always 30 pl.
At such conditions, the highest degree of surface tension was shown by sample A from UP Lublin and
it 75.36 [mN/m], interestingly, the lowest stress was also recorded in sample A68.31 [mN/m], this may
be due to human factors or climatic conditions at 100 measurements. Comparing the average values,
we see that the water of sample C from the urban tap Kiev has the worst indicators, although 3 samples
have very similar results.
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Figure 5 Graphical representation of the comparison of the surface tension of the investigated water samples

Results of the evaluation of the influence of nozzle design parameters and the influence of the
source of water on the drop spectrum

Using specialized software, we determined statistical data that we were able to use for
statistical analysis of the effect of nozzle design humidity on the size and volume of the drop spectrum.
By making us accustomed to calculating an average value, unable to quantify the true average, we
calculated an estimate of the mean u (Mean) and plotted graphically the quantified points and intervals

of the mean.

Table 1 Input values for the statistical calculation of the point estimate of the mean (Mean) and the interval
estimate of the mean

Level N Relative Relative Relative Relative Relative
of frequency frequency frequency frequency frequency
at angle of | at angle of | at angle of | at angle of | at angle of
Factor measurement | measurement | measurement | measurement | measurement
0° - Mean 0° - Std.Dev. 0° - Std.Err 0°--95.00% 0° - 95.00%
Total 192 6,2498 8,3888 0,6054 5,0557 7,4440
]62eChler LU 120- 1 48 6,2504 9,5214 1,3743 3,4857 9,0151
Lechler ID 120-25 2 48 6,2498 4,2096 0,6076 5,0275 7,4721
g;s;;t XP  110- 3 48 6,2498 8,7883 1,2685 3,6979 8,8017
Lechler AD 120- | 4 48 6,2494 10,0182 1,4460 3,3404 9,1584
Variant 1 water A 64 6,2498 8,2911 1,0364 4,1788 8,3209
Variant 2 water B 64 6,2494 8,1611 1,0201 4,2108 8,2880
Variant 3 water C 64 6,2503 8,8318 1,1040 4,0442 8,4564

The table 1 shows the point estimate of the mean (Mean) and the interval estimate of the mean (95%
confidence interval of the estimate of the mean) for all data, individual atomizer types as well as
individual water sources. The point (Mean) and interval estimate of the mean (Mean+-1.96*StdErr) is

visualised by a box plot.
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Figure 6 Graphical demonstration of the effect of nozzle design features on droplet size

The graph shows minimal differences in terms of mean (average), larger differences are in terms of
variability (Mean+-SE, or from the table: Standard deviation - StdDev, Standard Error - StdErr) in the
case of the atomizers. We can say that the based on the statistical data we can state and confirm the
direct influence of nozzle type on the size drops.
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Figure 7 Cumulative nozzle drop distribution Lechler LU 120-02

From the graph below we can see that the nozzle type Lechler 120-02 produces drops of the size from
18 um to 1460 um. The measurement result based on water sample A (blue colour) shows that VMD
= 174.97 um. Which means that 50% of the drops were smaller than 174.97 pm, but also also 50%
were larger than 174.97 um. The water of sample B (red color) has a result of VMD = 175.95 um,
which means that in this case the water did not affect the drop size. A small difference, we can can be
counted as an inaccuracy of the machine and the influence of external conditions. In the case of the
water sample C (green colour) we have a difference in VMD: from the original 174.97 and 175.95 up
to 337.15 pm.

In the measurements I made about less than 1 second I pressed the start measurement button as the
start of water delivery to the nozzle, this caused change the number and size of the drops. Therefore,
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we can see that the first two measurements contain around 20% drops up to 100 um, with the
measurement on sample C containing less than 10%.

CONCLUSION

Spray quality investigation is a process that involves not only the collection of the given results
but also , measurement and description of the results. The main part is the analysis and evaluation of
the results. In this part of the dissertation we have described different plant protection technologies,
mainly by the method of spraying, we have illustrated which technical characteristics and parameters
are included in the process spraying. We also hit the topic of spraying systems and described mainly
their parts.
We have placed a great deal of emphasis on precision agriculture, in which we all see the future both
in terms of machinery innovation and in terms of the concept of plant protection. The above described
chapters required us to carry out measurements of drop size, surface tension and the chemical
composition of the water to accurately indicate their influence on spray quality. Such investigations
can have an enormous impact on the development of spraying and agriculture as a whole, so we have
concentrated on the details and described a comparison of systems of different types for better
integrating the results of the work into practice.
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PROXIMALNE SNIMANIE ,VYUZITEBNE PRE AGROTECHNOLOGIE ELIMINUJUCE
ZATAZ ZIVOTNEHO PROSTREDIA
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Ustav polnohospodarskej techniky, dopravy a bioenergetiky
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Abstract: Precision farming technologies enable to optimise the application of agro-chemicals in
order to minimise the environment impact. Submitted article describes information
sources, which may be used to define the nutrient deficit in crops based on proximal
sensing. Soil conductivity as well as crop reflectance of oil seed rape were used to create
the application maps for variable rate nitrogen application.

Key word: soil conductivity, variable rate application of Nitrogen, crop variability, yield mapping

Abstrakt: Technologie presného polnohospodarstva umoziuji optimalizovat’ aplikéciu
agrochemikalii tak, aby nedoslo k zvySovaniu zataze zivotného prostredia. Predkladany
prispevok popisuje informacné zdroje, ktoré je mozné vyuzit' na definovanie potrieb
doplnenia Zzivin porastu, ktoré st zalozené na principoch proximalneho snimania.
Prispevok popisuje vyuZitie merania vodivosti poddy a odrazivosti porastu repky olejnej
pri tvorbe aplikacnych map potrebnych pre variabilna aplikdciu dusika pocas
vegetacného obdobia.

Krucové slova: vodivost’ pddy, variabilna aplikacia dusika, variabilita porastu, mapovanie Grody

UvoD

Stcasna rastlinnd vyroba ¢eli mnohym vyzvam, ako z pohladu efektivnosti vyroby, tak z
hl'adiska poziadaviek na elimindciu negativnych dopadov na zivotné prostredie. Tieto poziadavky sa
hlavnym impulzom pre implementaciu modernych technologii v pol'nohospodarstve. Pozornost uz
nie je venovand iba znizovaniu nakladov, do centra pozornosti sa dostdva zvySovanie Urod,
udrzatelnost’ Girod v kontexte klimatickych zmien a ochrana zivotného prostredia. V tomto zmysle sa
vyvijaju aj trendy v technoldgiach rastlinnej vyroby oznacované pojmom Pol'nohospodarstvo 4.0.
Podla Rataja et al. (2020) Pol'nohospodarstvo 4.0 v principe znamend, ze do vyrobného procesu
vstupili prvky, ktoré dokazu autonomne ziskavat' informacie vhodné na nasledné riadenie procesov.
Autori d’alej uvadzaju, ze zavedenie novych aplikacii, ktoré mozno priradit’ k Po'nohospodarstvu 4.0,
predpokladad vyvoj snimacov, ale aj systémov na bezproblémové riadenie procesu podla zistenych
informacii. Ak ma byt vyroba zabezpecCena v sulade s principmi Pol'nohospodarstva 4.0, potom
snimanie informacii a nasledné riadenie procesu musi byt’ v ¢o najuzsej Casovej nadvaznosti. Ak bolo
v zacCiatkoch vyuZivania potrebné vopred vykonat merania a tie pre nésledné riadenie pracovnych
operacii previest’ do aplikacnej mapy, su¢asné trendy smeruji k vyuzivaniu on-line metdd (Rataj et al.
2020).
Jednou z najrozsirenejSich je technologia on-line variabilnej aplikdcie dusika. Ide o vyuzivanie
snimacov na detekciu tirovne obsahu chlorofylu v rastlinach, ¢o je riadiaca informacia pre aplikaciu
hnojiva. Spresnenie rozhodovacich algoritmov sa vykonava pomocou map priestorového rozlozenia
urodového potencialu ziskanych z vlastnych pozorovani (napriklad z map tGrody z predchadzajucich
rokov) alebo zo spominanych satelitnych snimok. Teda pri aplikacii je kombinovana informéacia zo
senzora s informaciou ziskanou z analyz vlastnosti pozemku (Mezera et al. 2021).
Coraz &irsie uplatnenie zaznamendva snimanie elektrickej vodivosti pddy (konduktivity) a na jej
zéklade uréenie variability pddnej Struktary, stupna utlac¢enia pody a relativnej vlhkosti (Gebbers,
2018). Ziskanie informacie by malo byt rychle, presné a geograficky lokalizované.
Cielom predkladaného prispevku je demonsStrovat moznosti vyuzitia technologii proximalneho
snimania pody a porastu apri zbere informacii vyuzitelnych v procese volby agrotechnologii
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eliminujtcich zataZenie zivotného prostredia. Prezentované daje boli ziskané pocas overovania
technoldgie variabilného hnojenia dusikom na porastoch repky olejne;j.

MATERIAL a METODY
Parcela a udaje vyuZité v predkladanom prispevku
1. Zaucelom demonstrovania systému ziskavania, aplikacie a vyuzitia informacii pomocou
proximalnom snimania su prezentované tidaje z vyskumnej parcely ,,Za depom™ s rozlohou
48,15 hana VPP SPU Kolinany, stredisko Oponice, na ktorej prebiehali experimenty
zamerané na variabilnu aplikaciu dusika.

Senzory proximalneho snimania a spracovanie tidajov

1. Bezkontaktny konduktomer EM38-MK2; Geonics Limited, (Canada). Zariadenie bolo
pouzité v horizontalnom mode, teda EMI bolo merané v hibkovom horizinte 0 - 0.38 ma 0 -
0.75 m.

2. Senzor ISARIA (Fritzmeier Umwelttechnik GmbH & Co. KG), ktory bol vyuzity na snimanie
porastu v danych rastovych fazach. Ide o aktivny senzor proximalneho snimania porastu,
ktory snima odrazivost’ vinovych dizok v oblasti NIR, na zaklade ktorej stanovuje 2
vegetacné indexy: IBI (index biomasy) a IRMI (index reflektujici zasobenost’ dusikom).

3. Snimaé okamzitej Girody (pracujici na narazovom principe) a snima¢ vlhkosti umiestneny na
kombajne John Deere T 670i.

Spracovanie informacii bolo realizované v prostredi ArcGIS 10.1. Nasledne bola spracovana mapa
variabilnej aplikacie, ktora sluzila ako vstupna informacie pre variabilnu aplikaciu dusikatého hnojiva.
Vysledok bol monitorovany pomocou systému mapovania urody na kombajne JD a spracovany
v programovych moduloch informa¢ného systému JD link.

VYSLEDKY a DISKUSIA

Priklad mapy variability pddnych podmienok je uvedeny na obr. 1. Zapadna cast’ parcely
vykuje odli$né vlastnosti, spojené predovsetkym s dostupnostou vody. Tieto variabilné vlastnosti sa
napriek uniformne vykonanému zakladnému hnojeniu, a vysevku odzrkadlilo na variabilite porastu.
Tato je zdokumentovand na obr. 2 a 3. Na obrazku 2 je zobrazend mapa variability biomasy pocas 2
merani, pri¢om je zrejmy progres vo variabilite porastu v ¢ase.
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Obrazok 1 Vystup z mapovania variability elektromagnetickej konduktivity

Rovnako tato rozdielnost’ a ¢asovy vyvoj zachytil index IRMI. Oba indexy pocitané na zaklade
odrazivosti vlnovej dizky identifikovali vo vychodnej ¢asti parcely problematicky porast z hladiska
vyzivy porastu — deficit dusika. Nasledne spracovana aplika¢na mapa pre hnojenie dusikom respektuje
tato variabilitu, pre vychodnu Cast’ je navrhovana vyssia davka (obr. 4). Naopak, na zapadnej Casti
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parcely boli aplikované vyrazne nizSie davky dusikatého hnojiva, aby v danej casti nedoslo
k prehnojeniu a potencialnemu znecisteniu spodnych vod.
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Obrazok 2 Variabilita porastu repky olejnej ziskana proximalny snimanim pocas vegeticie — vegeta¢ny index
IBI

Hnojenie na parcele bolo realizované 2 x pocas vegetacie variabilnym spdsobom. Uniformne by
agronom aplikoval davku 150 kg/ha hnojiva, t.j. 40 kgN/ha. Na zaklade tohto je mozné analyzovat’
efektivnost’ aplikacie. Ako vyplyva z histogramu aplika¢nych davok poc¢as prvého hnojenia (Obr. 5),
na 57% parcely bola aplikovana nizSia davka ako by bola realizovana pocas uniformného hnojenia —

rozhodnutim agronéma. Druha aplikacia bola opit’ variabilna, na 37% plochy bola aplikovana nizsia
davka a na 61% vyssia davka ako uniformna (Obr. 6).
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Obrazok 3 Variabilita porastu repky olejnej ziskana proximalny snimanim pocas vegeticie — vegeta¢ny index
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Obrazok 4 Navrhovana appllikacnd mapa pre hnojenie dusikom, hnojivo s obsahom N —27%
Efekt hnojenia je mozné pozorovat’ na zéklade urodovej mapy parcely ziskanej opéat’ proximalnym
snimanim pocas zberu plodiny. Mozno konStatovat’, ze variabilna aplikacia davok, najma ich zniZenie
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nemalo negativny efekt na urodu. Naopak, rozdielnost’ v ramci parcely bola odstranena a porast bol
pri zbere vyrovnany.

Na zaklade uvedeného je mozné konstatovat’, ze aplikovanim variabilnych davok bola zabezpecena
optimalna vyziva porastu a nedoslo k nadmernej aplikacii zivin umelych hnojiv na miestach, kde by
neboli porastom vyuZité.

ZAVER

Predkladany prispevok popisuje moznosti geograficky lokalizovanych informacnych zdrojov,
zaloZzenych na proximalnom snimani pody a porastu, ktoré mozno vyuzit’ pri uplatiiovani technologie
variabilnych vstupov.
V konkrétnych podmienkach bola dokézana opodstatnenost’ vyuzitia merania ele. vodivosti pody, ako
aj merania variability reflektancie porastu v oblasti NIR pri urCovani variabilnych davok dusikatych
hnojiv. Variabilna aplikacia, zaloZzend na principe optimalizacie davok, umoznhuje vyraznu usporu
davok a zdroven predchadza zataZeniu zivotného prostredia nadmernou aplikaciou na miestach, kde
by hnojivo nebolo pestovanou plodinou vyuZzité.
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Obrazok 5 Histogram davok aplikovanych pocas prvého hnojenia porastu
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Obrazok 6 — Histogram davok aplikovanych poc¢as druhého hnojenia porastu
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Obriazok 7 Mapa trody repky olejnej na sledovanej pokusnej parcele

References:

1.

Baillie, C. P., Thomasson, J. A., Lobsey, C. R., McCarthy, C. L., Antille, D. L. (2018). Areview
of the state of the art in agricultural automation. Part I: Sensing technologies for optimization of
machine operation and farm inputs. ASABE Paper No.: 1801589. St. Joseph, MIL.: ASABE. DOI:
10.13031/aim.201801589.

GALAMBOSOVA, Jana. Variabilna aplikacia dusikatych hnojiv na zaklade informacii
ziskanych proximalnym snimanim porastu. In Nase pole. ISSN 1335-2466, 2019, ro¢. 23, €. 9,
pril. Presné pol'nohospodarstvo, s. 20-23.

GALAMBOSOVA, Jana - MACAK, Miroslav - RATAJ, Vladimir - BARAT, Marek -
MISIEWICZ, Paula. Determining trafficked areas using soil electrical conductivity — a pilot
study. In Acta technologica agriculturae. ISSN 1335-2555, 2020, vol. 23, iss. 1, s. 1-6. Dostupné
na internete: <https://doi.org/10.2478/ata-2020-0001>.

GEBBERS, R. 2018. Proximal soil surveying and monitoring techniques. In Precision
agriculture for sustainability, Burleigh dodds 2018. DOI 10.19103/AS.2017.0032 494 p.
ISBN 978-1-78676-204-7

MEZERA, J.; LUKAS, V.; HORNIA'CEK, I.; SMUTNY, V.; ELBL, J. 2021. Comparison of
Proximal and Remote Sensing for the Diagnosis of Crop Status in Site-Specific Crop
Management. Sensors 2021, 22, 19. Dostupné na internete: https://doi.org/10.3390/s22010019
RATAJ, Vladimir - GALAMBOSOVA, Jana - MACAK, Miroslav. Presné po'nohospodarstvo -
slovenska sucasnost’ a perspektiva. In Rol'nicke noviny. ISSN 0231- 6617, 24.7.2019, ro¢. 90, ¢.
30, s. 22.

RATAJ, Vladimir - GALAMBOSOVA, Jana - MACAK, Miroslav. Presné ponohospodarstvo a
klimatické zmeny. In Zivotné prostredie. ISSN 0044-4863, 2019, ro¢. 53, ¢. 2, s. 108-115.
Dostupné na internete: <http://147.213.211.222/node/6186>.

Contact address: doc. Ing. Jana Galambosova, MPhil. PhD.; doc. Ing. Miroslav Macak, PhD.
Ustav pol'nohospodarskej techniky, dopravy a bioenergetiky

Katedra strojov a vyrobnych biosystémov

Technicka fakulta

Slovenska pol'nohospodarska univerzita v Nitre

DOI: https://doi.org/10.15414/2023.9788055226989



https://doi.org/10.2478/ata-2020-0001
https://doi.org/10.3390/s22010019
http://147.213.211.222/node/6186
https://doi.org/10.15414/2023.9788055226989

VYUZITIE BIOUHLIA AKO ZDROJA TEPLA

TOMAS GIERTL!, MARIA KAPUSNIAKOVA?, JAN GADUS?, MICHAL AIV\IGEL’OVICI
'SPU v Nitre TF UPTDB, SPU v Nitre FAPZ UVG, 3SPU v Nitre FESRR UEM

Abstract: The use of individual components of thermochemical conversion can be applied during
direct combustion in boilers, combustion in cogeneration units for own use or by selling
the produced energy to the distribution network. By using waste biomass for the production
of alternative biofuels, we can partially replace fossil fuels, reduce greenhouse gas
emissions and support Slovakia's transition to a low-carbon economy. The aim of this
publication was to point out the possible energy valorization of biochar based on the data
obtained through a laboratory test carried out in the premises of the AgroBioTech research
center, "Biomass Gasification Laboratory" using the process of thermochemical
transformation of biomass into liquid, solid and gaseous components. The obtained
biochar, which has a higher calorific value than the input biomass, can also be used as
biofuel in order to obtain heat. For the experimental measurement, we used the Miscanthus
plant, which was collected in the off-vegetation period. After processing in the pyrolysis
unit, we obtained 4.8 kg of biochar from 20 kg of input biomass processed at a temperature
of 500 °C. The calorific value analysis of biochar showed an increase in the calorific value
of biochar by 11 MJ.kg! compared to the input biomass from 17.8 MJ kg to 28.8 MJ.kg"
I, With a calorific value of 28.8 MJ.kg"!, this biochar approaches the calorific value of
natural gas.

Keywords: biochar, combustion, heat value, heat

Abstrakt: Vyuzitie jednotlivych komponentov termochemickej premeny je mozné uplatnit’ pri
priamom spal'ovani v kotloch, spalovani v kogenera¢nych jednotkach pre vlastnu potrebu
alebo predajom vyrobenej energie do distribu¢nej siete. Vyuzitim odpadovej biomasy na
vyrobu alternativnych biopaliv méZeme Ciasto¢ne nahradit’ fosilne paliva, znizit' emisie
sklenikovych plynov a podporit’ prechod Slovenska na nizkouhlikové hospodarstvo.
Cielom tejto publikacie bolo poukazat’ na mozné energetické zhodnotenie biouhlia na
zaklade udajov ziskanych laboratornym testom realizovanym v priestoroch vyskumného
centra AgroBioTech ,Laboratérium splyfiovania biomasy“ s vyuzitim procesu
termochemickej premeny biomasy na kvapalinu pevné a plynné zlozky. Ziskané biouhlie,
ktoré ma vyssiu vyhrevnost’ ako vstupnd biomasa, je mozné vyuzit aj ako biopalivo na
ziskanie tepla. Na experimentalne meranie sme pouzili rastlinu Miscanthus, ktora bola
zberand v mimovegetacnom obdobi. Po spracovani v pyrolyznej jednotke sme z 20 kg
vstupnej biomasy spracovanej pri teplote 500 °C ziskali 4,8 kg biouhlia. Rozborom
vyhrevnosti biouhlia sa zistilo zvySenie vyhrevnosti biouhlia o 11 MJ.kg-1 oproti vstupne;j
biomase zo 17,8 MJ.kg-1 na 28,8 MJ.kg-1. Tento biouhlie sa vyhrevnostou 28,8 MJ.kg-1
priblizuje vyhrevnosti zemného plynu.

Krucové slova: biouhlie, spalovanie, vyhrevnost, teplo

UvoD

Biomasa je jednym z kl'iCovych obnovite'nych zdrojov energie a je vyznamnym faktorom pri
dosahovani eurdpskych klimatickych cielov do roku 2030, ked” 32 % spotreby energie
v Eurdpskej tnii by malo pochadzat’ z obnovitelnych zdrojov. Clenské staty EU sleduji $pecifické
cesty k splneniu svojich povinnosti, ktoré st definované v narodnych akénych planoch podla
prislusnych energetickych trhov a dostupnych zdrojov. V roku 2018 predstavoval podiel
obnovitelnych energii v EU 18,9 % hrubej kone&nej spotreby energie. S podielom viac ako 58 % na
spotrebe energie z obnovite'nych zdrojov predstavuje biomasa hlavny obnovitelny zdroj energie v
EU. Biomasa je jeden z vyznamnych obnovitelnych zdrojov energie ako v celosvetovom, tak aj
v europskom meradle. Ako zdroj energie mdze byt pouzitd priamo, napriklad drevo, slama, alebo
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modze byt spracovana do inej formy paliv, napriklad biopaliv ¢i bioplynu a az nasledne vyuzita na
energetické ucely. V porovnani s inymi formami obnovite'né zdroje energie, ako je veterna, vodna
alebo slne¢na energia vyhodou biomasy je, Ze sa da vyuzit kdekol'vek v sveta. V Narodnom akénom
plane pre obnovitelnt energiu, ktory vypracoval Ministerstvo hospodarstva a vystavby SR, ktoré bolo
schvalené 6. 10. 2010, je uvedené: ZvySovanie podielu obnovitelnych zdrojov na vyrobe elektriny a
tepla vyroby s ciel'om vytvorit’ primerané dodato¢né zdroje potrebné na pokrytie domaceho dopytu je
jednou z hlavnych priorit energetickej politiky, ktora bola schvalena uz v roku 2006. Je zrejmé, Ze
vyuzivanie obnovitelnych zdrojov energie, ako domace zdroje energie sa do urCitej miery zvysuje
bezpeénost’ a Ciastoéne diverzifikuje dodavky energie a zaroven zniZuje ekonomicka zavislost’ od
nestabilnych cien ropy a plynu. Ich pouzitie je zalozeny na pokrokovych a ekologickych technologii a
prispieva k znizovaniu sklenikovych plynov a iné znecist'ujuce latky. Energetické vyuzitie biomasy na
Slovensku ma vel’ky potencial, ktory je zaloZeny predovsetkym na geografickych krajinnych prvkoch:
celé uizemie republiky pokryva asi 47 % pol'nohospodarskej a priblizne 41 % lesnej pody.

Pri priprave biopaliv 1. generacie sa uplatiiuju hlavne procesy fyzikalno-chemickej povahy. Podla
Bajusa (2008) st pre biopaliva 2. generacie charakteristické predovsetkym chemické premeny, akymi
su napriklad tepelné krakovanie, katalytické krakovanie, pyrolyza a karbonizacia, katalytické
reformovanie. Pre procesy a technoldgie na konverziu biomasy na biopaliva druhej generacie su
priznacné tvrdsie reakéné podmienky (vysSie teploty, tlaky, pritomnost” vodika), pri ktorych sa
uplatiiuje hlbsi termicky a katalyticky rozklad. Krakovacie technoldgie, bud’ termalne alebo
katalytické, v pritomnosti alebo bez pritomnosti vodika patria medzi zname a rozSirené procesy v
rafinérskom priemysle spracovania ropy na palivd a maziva a petrochemickom priemysle spracovania
uhl'ovodikov zo zemného plynu a ropy na chemikalie (Bajus, 2002).

MATERIAL A METODIKA

Pre materidlovii konverziu biomasy bola aplikovand metdda nizkoteplotného rozkladu
organickej hmoty bez pritomnosti kyslika. Tato technoldgia sa pouziva predovsetkym na vyrobu paliv
pre spalovacie motory, ale aj na materidlové zhodnotenie biomasy. Schéma zariadenia
je znazornend na Obrazku 1.

KONDENZATOR PLYN

M

BIOMASA PLYN

REAKTOR

y

y
BIOUHLIE [ KVAPALINA

Obrazok 1 Technologicka schéma splynovacej jednotky
Ako vstupny material bola vybrana rastlina Miscanthus. Na experimenty boli pouZité vzorky

biomasy, ktora je znazornena na Obrazku 2. Experimenty boli vykonané pri teplotach
300 °C, 400 °C a 500 °C.
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Obrazok 2 Drveny Mlscanthus

Tepelné spracovanie organickej hmoty v reaktore vedie k rozkladu vstupného materialu
na tri hlavné vystupné komponenty — plyn, kvapalina, biouhlie. Nasim cielovym produktom
experimentu bolo biouhlie, ktoré bolo d’alej skimané. Vyprodukované biouhlie bolo podrobené
analyze vyhrevnosti a porovnavané so zakladnou vstupnou biomasou.

VYSLEDKY A DISKUSIA

Po spracovani Miscanthusu ako vstupnej biomasy sme ziskali 4,8 kg biouhlia z 20 kg vstupnej
biomasy, Co predstavuje 24 % hmotnosti zo vstupnej biomasy spracovanej pri teplote 500 °C.
Vyprodukované biouhlie je znazornené na Obrazku 3.

Obrazok 3 Biouhlie

Nasledne sa vyprodukované biouhlie analyzovalo, pricom sa zistovala vyhrevnost’ biouhlia.
Vysledky analyz preukazali vyhrevnosti, ktoré su uvedené v Tabul’ke 1.

Tabul’ka 1 Vyhrevnost biohulia a rastliny

Biomasa Vyhrevnost’, MJ.kg™!
Miscanthus 300 °C 24,7
Miscanthus 400 °C 27,7
Miscanthus 500 °C 28,8

Miscanthus - rastlina 17,8

Podl'a Jani¢ka (2007) ma zemny plyn vyhrevnost' 31,7 MJ.kg'!. Vyprodukované biouhlie
z Miscanthusu 500 °C ma vyhrevnost’ 28,8 MJ kg, ¢o je 0 3 MJ kg menej. Vyhrevnosti vybranych
materialov su znazornené v Tabulke 2.
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Tabul’ka 2 Vyhrevnost vybranych druhov biomasy (Janicek, 2007)

Biomasa Vyhrevnost’, MJ.kg"!
Drevo — dub 14,1
Slama 14,3
Hnedé uhlie 10 -20
Bioplyn 22
Zemny plyn 31,7

Ako vyplyva zanalyz vyhrevnosti, so zvySujicou sa teplotou spracovania biomasy,
sa zvySuje vyhrevnost’ biouhlia. V porovnani so vstupnou biomasou ma biouhlie z Miscanthusu
spracovavaného pri teplote 500 °C vyhrevnost' vy$iu o 11 MIJkg! Vyhrevnost' priblizne
11 MJkg! ma vodik. To znamena, ze spoluspal’ovanie vodika s Miscanthusom bude mat’ rovnakt
vyhrevnost’ ako biouhlie.

ZAVER

Cielom vyskumu bolo sledovanie moznosti vyuzitia biouhlia z Miscanthusu na produkciu
tepla. Najskor bolo potrebné vyprodukovat’ biouhlie zo vstupnej biomasy. Ziskali sme tri vzorky
biouhlia, ktoré vznikli spracovanim Miscanthusu pri teplotach 300°C, 400°C a 500°C. Potom
sa vykonala analyza vyhrevnosti. V porovnani s inymi druhmi biomasy, ale aj so zemnym plynom sme
zistili, Ze vyhrevnost’ tohto biouhlia je trochu nizsia ako ma zemny plyn, ale je 2x vyS$Sia ako ma slama,
obilie alebo drevo. Vyhrevnost’ vstupnej biomasy je porovnatelna s vyhrevnostou skladkového plynu
alebo biometanolu.
Predkladana publikacia poukazuje na to, Ze biouhlie je mozné pouzit aj ako zdroj materialu na
spalovanie a ziskavanie tepla. Vyskum v tejto oblasti by mal byt’ d’alej venovany aj produkcii emisii,
ako aj pripadnej potrebe upravy technologii na spalovanie biouhlia.
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ZHODNOTENIE KVALITY PRACE ZAVLAZOVACA OTECH

JAN JOBBAGY!, JOZSEF VINCZE!, ZUZANA BAJUSOVAZ TATIANA BULLOVA?

'Ustav polnohospodarskej techniky, dopravy a bioenergetiky, TF, SPU v Nitre
2Ustav ekonomiky a manazmentu, FEM, SPU v Nitre

Abstract: V prispevku sme sa zamerali na zhodnotenie kvality prace moderného Sirokozaberového
zavlazovaéa OTECH s celkovou dizkou 255 m. Praktické merania prebichali v podniku
Druzstvo agropodnikatel'ov Muzla. Rozloha zameraného pozemku, na ktorom sa merania
uskutocnili, bola 22.9 ha. V pol'nohospodarskom podniku tvori moderna mechanizacia a
strojovy park vyznamna ulohu. Prvé meranie bolo vykonané v aprili pri zavlazovani
plodiny, ktora bola nizka. Priemerna zavlahova davka bola 4,24 mm (vazeny priemer 4,16)
s hodnotou koeficienta rovnomernosti postreku CuH 79,13 % a pri druhom merani mm s
hodnotou koeficienta rovnomernosti postreku CuH 89,65 %. Zo Statistickych vysledkov je
taktiez zrejmé, Ze kontrolou zavlazovaca a jednotlivych rozstrekovacov, sa kvalita prace
zvysila. Hodnota varia¢ného koeficienta dosiahla v prvom pripade 27,29 %, avSak po
kontrole stroja bola hodnota podstatne nizsia (15,79 %). Aj ked’ sa nedosiahla normou
stanovena kvalita prace, to jest 90%, mozno konstatovat’, Ze pravidelna kontrola a spravna
¢innost’ zavlahovej techniky, zvySuje kvalitu prace.

Kruacové slova: zavlahova davka, zavlazovanie, kvalita prace

Abstract: Presented manuscript is focused on evaluating the quality of work of the modern OTECH
wide-range irrigation machine with a total length of 255 m. Practical measurements were
performed at agricultural cooperative Druzstvo agropodnikatelov Muzla. The area of the
fixed land, on which the measurements were carried out, was 22.9 ha. Modern
mechanization and machinery play an important role in an agricultural cooperative. The
first measurement was made in April when irrigating the crop, which was considered small.
The average irrigation dose was 4.24 mm (weighted mean 4.16) with a CuH spray
uniformity coefficient value of 79.13% while at the second measurement of mm a spray
uniformity coefficient CuH valued 89.65%. It is also clear from the statistical results that
the quality of work has increased by checking the sprinkler and individual sprinklers. The
value of the coefficient of variation reached 27.29% in the first case, but after inspection
of the machine, the value was significantly lower (15.79%). Even if the quality of work
set by the standard, that is 90%, was not achieved, it was observed that regular inspection
and precise operation of irrigation technology increases the quality of work.

Keywords: irrigator, quality of work, pivot irrigation machine

UvOD

Na zéklade zhodnotenia moznych dosledkov klimatickych zmien na Slovensku, sa ukazuje
potreba nového prehodnotenia programu rozvoja zavlah i hydromelioracii ako celku. Boli urobené
prepocty podl'a zahrani¢nych renomovanych matematickych metdd, a na zaklade toho dosli k zaveru,
ze v ramci hodnotenia 6smich alternativ klimatickych zmien v SR je potencialna potreba zavlah pri
extrémne suchych variantoch kvantifikovana na 700 tis. ha zavlah s hlavnym doérazom na ich
produkéno-ekonomické uplatnenie (Jobbagy a kol., 2017). Pivotovy zavlazovac sa otaca do kruhu, a
je napojeny pivotom na hydrant. Tieto zavlazovaée dosahuju az 700 metrovi dizku s vyskou potrubia
cca. 3 m nad povrchom pozemku. ZavlaZzova¢ sa ota¢a synchronizovanym pohybom okolo hydrantu.
Pohon podvozkov je zabezpeCovany hydromotormi alebo elektromotormi (Findura a kol., 2013).
Sirokozaberové stroje majii k dispozicii viac moznosti ovladania. Systémy mézu byt vybavené od
zakladného vybavenia az po maximalne. Zakladnym riadiacim systémom je typ, ktory umoznuje
zakladné kontrolné funkcie, spustenie a zastavenie zariadenia, nastavenie zavlahovej davky areverzny
chod. (Rehék akol., 2015). Najmodernejsie inteligentné rieSenie zavlazovania je prostrednictvom
programového vybavenia, ¢o je zabudované do kazdého inteligentného panela (Angelovi¢ a Jobbagy,
2015). Ciel'om prace bolo zhodnotit’ kvalitu prace vybranej zavlahovej techniky.
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MATERIAL a METODY

Merania rovnomernosti zavlahovej davky prebehli na vybranom pozemku, kde bol nasadeny
Sirokozaberovy zavlaZzovac¢. Podnik Druzstvo agropodnikatel'ov MuzZla sa zaobera rastlinnou vyrobou
(obr.1).
Z predmetu ¢innosti vyplyva, ze sa venuje podnikaniu v polnohospodarskej vyrobe, vratane predaja
nespracovanych pol'nohospodarskych vyrobkov na tGcely spracovania, alebo d’alSicho rozvoja, nakupu
a predaju jedov a Zieravin, okrem zv1ast' nebezpecnych jedov, ¢innosti organiza¢nych a ekonomickych
poradcov, cinnosti uctovnych poradcov, sprostredkovaniu obchodu s polnohospodarskymi
vyrobkami, nakupu a predaju pol'nohospodarskych vyrobkov a nakupu a predaju vsetkého druhu
tovarov v rozsahu vol'nych Zivnosti a v neposlednom rade poskytovaniu poI'nohospodarskych sluzieb
Pred rokom 2016 mali okrem rastlinnej vyroby, aj zivo¢isnu. V roku 2016 vybudovali novy zavlahovy
systtm s jedenastimi centralnymi pivotmi. Zavlazova¢e s novou potrubnou sietou a novym
elektrickym vedenim boli vybudované na 435 ha. Firma ro¢ne pestuje 10-13 rdznych druhov rastlin,
ztoho jedna Cast’ je pestovana ako osivo. Nase merania prebiehali na parcele ¢.5 s celkovou rozlohou
22.9 ha (obr.2).
Na zavlaZovanie sa aplikoval pivotovy zavlazova¢ Otech so 4 podvozkami a krakorcom, ktoré su
ovladané mobilnou aplikaciu Dositech. Otech pochadza z juhozapadného Franctzska. Spolo¢nost’
vyréba stroje uz viac ako 25 rokov. Prioritou firmy je vyrabat’ stroje z kvalitnej ocele, ocel’ s vysokou
pevnost'ou v tahu (s vysokym obsahom uhlika poskytuje tvrdost’ a zabezpecuje dlhsSiu Zivotnost).
Konstrukcia strojov je navrhnuta tak, aby odolala silnému vetru az 140 km.h'!, a aby pracovala na
nerovnom teréne do prevySenia medzi podvozkami az 20°. NajvdcSou vyhodou Otech centralnych
pivotov je, Ze st jednoduché a 'ahko pouzivatel'né. Ovladaci panel ma synoptické zobrazenie, LED
svietidla sa aplikuji na zobrazenie aktudlneho prevadzkového nastavenia zariadenia. Riadenie
zavlazovaCov je mozné zlepsit’ ovladacim panelom Dositech. V roku 1998 Otech vyvinul kontrolér
Dositech, ktory umozioval pestovatelom pristup k Gdajom a nastaveniam zavlazovacov. Dositech
kontroluje polohy a sektory s dial’kovym ovladanim. Program dokaze pivot rozdelit’ na viac ako 10
sektorov (¢im je mozné konfigurovat davky vody na kazdy sektor osobitne). Dositech webovy
program je pristupny odkialkol'vek s pripojenim na internet. Okrem toho moZze Dositech poslat’ SMS,
aby informoval pestovatel’a o akejkol'vek zmene pracovnej ¢innosti.
Pocas zavlaZovania sa vyskytla porucha so signalom GSM (obr. 3, ZIta farba pivota €. 11). Celkovo
zavlazované Uzemie uvedenym zavlazovadom ¢&ini 22,9 ha, potreba vody je 95,42 m’h'! acas
zavlazovania predstavuje 13 h (200 m>.h!). Potrebny prikon je 6 kW. Namerana rychlost’ veta bola do
1,5 m.s’l. Zrazkomerné nadoby boli rozlozené s rozstupom 5 m. Teplota ovzdusia bola 22 °C.
Pomocou odmerného valca sme zistili mnozstvo vody v zrazkomernych nadobach.

Obrazok 1 Stredisko podniku: Druzstvo agropodnikatel'ov Muzla

Pre zhodnotenie kvality prace zavlahovej techniky sa pouzije metodika podla normy
ISO/TC23/SC18N190 (STN EN ISO 11545). Dana norma hovori o spésobe ur€enia rovnomernosti
zavlazovania polnohospodarskymi zévlahovymi zariadeniami, konkrétne pivotové a celné
zavlazovale z rozstrekovaémi a postrekovaémi. V pripade, ze sa jednd o pivotové zavlazovacie
zariadenia, pouziva sa metdda D.F. Heermana a P.R. Heina. (Jobbagy, 2011):
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o Si|Vi-vi
CuH = 100. [1 L SUVETE] gy Q)
i=m V1.SU
V= Bl VLSt mm (2)
SemSi
kde:
CuH - koeficient rovnomernosti podl'a Heermanna a Heina
i - ¢islo urcené pre identifikaciu urcitej zrazZkomernej nadoby so zaciatkom i = 1 pre nadobu, ktora je

najblizSie pri pivote a konciace i = n pre zrazkomernu nadobu, umiestnenu najd’alej od pivota
n - Pocet zrazkomernych nadob

Vi - zavlahova davka v i-tej zrazkomernej nadobe, mm
Si - vzdialenost’ i-tejzrazkomernej nddoby od pivota, m
14 - priemerna zavlahova davka, mm

[Vi-V] - absolutna hodnota odchyliek od priemernej davky, mm.

.‘L. .

N - L")

b L 5 iy
Obrazok 2 Zamerany pozemok (pri obci Muzla)

P1
P10
P11
P2
P3
Obrazok 3 Ovladaci panel — Dositech, meranie v teréne
VYSLEDKY a DISKUSIA

Terénne merania su uvedené na obr. 4. Po priprave zrazkomerného profilu, ktory sa umiestnil
mimo dostreku postrekovacich dyz, sme zacali prvé meranie a ukoncilo sa po preukazatelnom
ukonceni prechodu zavlazovaca cez zrazkomerny profil, a to vtedy, ked uz zavlazovacie dyzy
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nedostrekli do zrazZkomernych nadob. Potom sme odmerali objem vody v jednotlivych zraZkomernych
nadobach kalibraénymi valcami a vysledky sme si zapisali do tabulky. Pred zac¢iatkom merania sa
overil smer otacania zavlazovaca. Nasledne sa prichystali zraZkomerné nadoby umiestnené v stojanoch
a rozmiestnili sa pozdiz celej dizky zavlazovada. Pouzili sa zrazkomerné plastové nadoby kruhového
tvaru s objemom 1250 mm®. Dizka meraného useku bola v prvom pripade 285 m a v druhom pripade
taktiez 285 m. Rozstup nadob pozdiz zavlazovada bol 5 m. Poéet rozmiestnenych nadob bol 57 ks
v oboch pripadoch. Teplota vzduchu sa pohybovala okolo 22 °C. Rychlost’ narazového vetra bola do
1,5 m.s™.

Obrazok 4 Terénne merania

Prvé meranie bolo vykonané v aprili pri zavlaZzovani plodiny, ktora bola nizka. Hodnota variacného
koeficienta dosiahla v prvom pripade 27,29 %, avsak po kontrole a iprave stroja bola hodnota
podstatne nizsia (15,79 %). Priemerna zavlahova davka bola 4,24 mm (vazeny priemer 4,16) s
hodnotou koeficienta rovnomernosti postreku 79,13 % a pri druhom merani mm s hodnotou
koeficienta rovnomernosti postreku 89,65 %. Grafické zobrazenie vysledkov je uvedené na obr. 5 (pre
pravy 14¢) a na obr. 6 (pre l'avy 1G¢). Na zaklade vysledkov sa odporuca jednoznaéne prekontrolovat’
stroj a vykonat’ Gdrzbu rozstrekovacov. Zo Statistickych vysledkov je taktiez zrejmé, Ze kontrolou
zavlazovaca a jednotlivych rozstrekovacov, sa kvalita prace zvysila.

Podvozky s hodnotou Cu men3ou ako 70 % nespiiiaji minimalnu kvalitu prace, ktori definovali
niektori autori ako postacujtiicu (Servuk, 1967; Latecka, 1999; Jobbagy, 2011). Z popisnej Statistiky
vyplyva ,ze hodnoty variacného koeficientu boli 27,30 % (lavy lac) a % pre pravy luc.
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Zavlahova davka, mm

Poradove Cislo nadoby, -

Obrazok 5 Rovnomernost’ postreku Otech 255 m, pravy lu¢ merania
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Automatizacia bola revolucia zavlazovania, pretoze znizili potrebu prace a riadenia, ale zlepsili
ucinnost’ vody. Vedci zavlazovania urobili vynikajicu pracu pri vyvoji presnych metod urcovania,
kedy zavlazovat’ a kol'ko. Tieto metddy st vSak pre va¢sinu l'udi ¢asto prili§ komplikované alebo
drahé¢, a preto rozSirovanie tejto techniky prebieha vel'mi pomaly (Jobbagy, 2011). Automatizécia a
informatika st nevyhnutnymi polozkami modernizacie nielen v oblasti pol'nohospodarstva, ale aj v
oblasti strojarenstva, stavebnictva a lesnictva (Jobbagy a Simonik, 2019).
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Obrazok 6 Rovnomernost’ postreku Otech 255 m, lavy 1€ merania

Tabul’ka 1 Rovnomernost’ postreku [%], Valley Center Pivot 365, 'avy a pravy lac¢
Podvozok 1 2 3 4 5 krakorec | ZavlaZovad
Lavy luc¢ 83,72 88,63 89,92 88,43 89,70 85,17 80,88
Pravy lu¢ 91,85 94,28 95,56 94,36 95,39 71,77 89,65
Tabul’ka 2 Popisna Statistika dosiahnutych vysledkov
Parameter Lavy Iié Pravy luc
Priemer, mm 424 421
Standardné odchylka, mm’ 1,16 0,09
Rozdiel, mm 6,45 3,68
Minimum, mm 0 1,54
Maximum, mm 6,45 5,22
Suma, mm 241,82 239,87
Pocet, - 57 57
Variacny koeficient, % 27,29 15,79

Pri meraniach na pozemkoch kde sa pestovali zemiaky, u Agromacaj, s.r.o. sidliacom v Kralovej pri
Senci, bola rychlost’ zavlazovaa nastavena na hodnotu 50 m.h-1. Rychlost’ vetra bola do 1 m.s™. Zo
ziskanych vysledkov mozno konstatovat’, Ze pri prvom merani sa dosiahla rovnomernost’ 73,79 % a
pri druhom merani 85,79 %. Z hodnotenia jednotlivych podvozkov mozno konstatovat’, Ze pri prvom
merani dosiahlo najlepsiu hodnotu CuH pole 9 s hodnotou 93,88 %, pri druhom pole 6 s hodnotou
92,57 % (Mistrik, 2011). Nové metody v oblasti racionalnej intenzifikacie vyroby plodin, zamerané
na hnojenie a vyzivu rastlin spojenim zavlahy s hnojenim, poskytuju rozsiahle moznosti regulacie a
optimalizacie vyzivného a vlahového rezimu pocas vegetacného obdobia (Nielsen, Roberts, 1996;
Paoli, 1997).

ZAVER

V danej prispevku sme sa zamerali na zhodnotenie kvality prace Sirokozaberového
zavlazovaca Otech, Poc¢as merani sa prejavila porucha s GSM signalom, ktort sme sa vSak rychlo
odstranili. Zavlahova technika sa pouziva na zavlahu vybraného pozemku o rozlohe 22,9 ha, ¢im
podnik dosahuje vyssie vynosy a konkurencie schopnost’. Tieto zavlazovace je mozné vd’aka novym
technoldgiam ovladat’ dial’kovo a zavlahar kontroluje vzdialene ich ¢innost. Po¢as merani sa nam
potvrdilo nemenej zndme, Ze spravna udrzba a kontrola strojovej techniky zvySuje kvalitu prace.

DOI: https://doi.org/10.15414/2023.9788055226989



https://doi.org/10.15414/2023.9788055226989

PODAKOVANIE

Prispevok vznikol s finanénou podporou v ramci projektu VEGA-1/0102/21: ZniZovanie

chemického zatazenia a degradacie polnohospodarskych a lesnych pdd volbou vhodnych
agrotechnologii s ohl'adom na klimatické zmeny.

LITERATURA

1

2
3

11

12

ANGELOVIC, M. — JOBBAGY, J. 2010. Mechanizacia rastlinnej vyroby.SPU: Nitra, 2010, ISBN
978-80-552-0453-6.

FINDURA, P. - JOBBAGY, J. 2013. Stroje pre rastlinna vyrobu, ISBN 978-80-552-124-4
JOBBAGY, J. - SIMONIK, J. 2009. Zavalzovanie pasovymi zavlazovaémi v systéme presného
pol'nohospodarstva, 2009, ISBN 978-80-552-0201-3

JOBBAGY, J. 2011. Hodnotenie zavlahovej techniky z hladiska rovnomernosti zavlahy
postrekom. ES SPU: Nitra, 2011, ISBN 978-80-552-0617-2

JOBBAGY, J. - KOLOMAN, K. — BAREK, V. 2017. Melioracie v pol'nohospodarstve. SPU:
Nitra, 2017, ISBN 978-80-552-1676-8

LATECKA, Mikulds. 1999. Rovnomernost’ postreku $irokozaberovych postrekovacov. In:
Hydromelioracie Slovenska na prahu 21. storocia. Bratislava: Semisoft, Vyskumny ustav
melioracii a krajinného inZinierstva, 1999. s 233-236, ISBN 80-85755-08-4.

MISTRIK, T. 2011. Kvalita prace §irokozaberovych zavlazovatov v manazmente zavlazovania.
In: Diplomova praca, SPU v Nitre, TF, 2011.

NIELSEN, D. - ROBERTS, T.L. 1996. Potassium fertigation of high density apple orchards. In:
Better Crops with Plant Food, 1996, r. 80, ¢.4, s.12, ISSN 0006-0089

OTECH [online] [cit. 18-3-2019]. Dostupné na: http://www.otechirrigation.com.au/centre-pivot/
PAOLI N. (1997): What does fertigation have to offer? Obstbau-Weinbau, 1997, r.34, ¢.1, s.10-
13

REHAK, S. - BAREK, V. — JURIK, L. 2015. ZavlaZovanie pol'nych plodin, zeleniny a ovocnych
sadov. Bratislava, 2015, ISBN 978-80-224-1429-6

SEVRUK, B. 1967. Zavlaha postrekom za vetra. In:UVTI-Zemé&délka technika, Praha, 1967, ¢.2.

Contact address: prof. Ing. Jan Jobbagy, P.hD. Slovak University of Agriculture in Nitra, Faculty of
Engineering, Department of Machines and Production systems, Tr. A. Hlinku 2, Nitra 949 76, Slovak Republic
phone: : +421 37 641 4796, e-mail: Jan.Jobbagy@uniag.sk

DOI: https://doi.org/10.15414/2023.9788055226989



http://www.otechirrigation.com.au/centre-pivot/
mailto:Jan.Jobbagy@uniag.sk
https://doi.org/10.15414/2023.9788055226989

ZHODNOTENIE KVALITY PRACE PIVOTOVEHO ZAVLAZOVACA VALLEY

JAN JOBBAGY!, ZSOLT SZABO!

'Ustav polnohospodarskej techniky, dopravy a bioenergetiky, TF, SPU v Nitre
2Ustav ekonomiky a manazmentu, FEM, SPU v Nitre

Abstract: Cielom prispevku bolo stanovit koeficient rovnomernosti postreku pivotového
Sirokozaberového zavlazovaca, u ktorého sa koeficient rovnomernosti CuH stanovil podl'a
Heermanna a Heina. Merania sa uskuto¢nili na pozemku, ktory patri Vysokoskolskému
pol'nohospodarskemu podniku VPP s.r.o. Kolifiany so sidlom v Oponiciach. Pestovanou
plodinou na pozemku, na ktorej sa uskutoCnili merania bol ovos. Na meranie sa pouzili
zrazkomerné nadoby umiestnené na stojanoch. Pocet zraZkomernych nadob bol 54.
Rychlost vetra dosahovala pocas nasho merania maximalne 1 m.s-1. Z nameranych hodno6t
vyplyva, Ze pri prvom merani bola dosiahnutd rovnomernost’ 90,94 %, a pri druhom merani
sa dosiahla rovnomernost’ 91,23 %. Merania boli uskuto¢nené za rovnakych podmienok.
Co sa tyka hodnotenia jednotlivych podvozkov, najlepsie vysledky CuH boli dosiahnuté
pri prvom merani na sekcii 5, kedy bola dosiahnuta hodnota 93,27%. Pri druhom merani
sa najlepsie vysledky dosiahli taktiez na sekcii 5 a to s hodnotou 95,10%. Na zaklade
merani a naslednych vysledkov je mozné konstatovat’, Ze sledovany zavlazova¢ dosiahol
normou pozadované hodnoty.

Kruacové slova: rovnomernost’ postreku, pivot

Abstract: The goal of the article was to establish the constant regularity of spraying of the pivot
irrigation machine. It is a Valley named irrigator, in which the constant regularity was set
according to Heermann and Hein’s CuH. The measuring were carried out on the parcel of
the premises belonging to the University agricultural company VPP s.r.o. Koliany seated
in Oponice. Arable crop, on the parcel premises on which the measuring were taken, was
oat. The precipitation-gage containers on stands were used for the measuring’s. The
number of measured containers was 54. The wind speed during the measuring was 1 m.s™..
It resulted from the measuring that during the first measuring the regularity of 90.94 % was
reached and during the second 91.23 % was reached. Measuring were taken under the same
conditions. Based on the evaluation of the separate chasses, the best results of CuH were
achieved during the first measuring on the section 5, where the measured value was 93.27
%. During the second measuring the best results were achieved on the section 5 with the
value of 95,10%. Based on the measuring and resulting findings it is possible to state that
the observed irrigator functioned with a high level of regularity. From the technical point
of view the irrigator is reliable and is suitable for everyday use.

Keywords: irrigation uniformity, pivot

UvOoD

Voda je velmi délezitou zlozkou Zivotného prostredia a vyznamnou Castou prirodného
bohatstva Zeme. Voda pokryva asi 2/3 zemského povrchu, vo forme vodnej pary sa vzdy vyskytuje i
v zemskej atmosfére. Voda je podstatnou zlozkou biosféry a popri péde ma prvorady vyznam pre
zabezpecenie vyzivy ludstva. Voda ako vynikajice rozpustadlo rozmanitych latok sa zacastiuje na
ich transporte v nezivej prirode a spolupdsobi pri prijme, premene a rozvadzani zivin a produktov
latkového metabolizmu v Zivych organizmoch (Antal, Spanik, 2004). Z hladiska biologickych
vlastnosti je dolezity fakt, aby voda neposkodzovala zdravotny stav pddy a rastliny. Voda v Ziadnom
pripade vSak nesmie obsahovat’ semena burin, jedovaté latky, choroboplodné zarodky a oleje, ktoré
by znemoznovali vsakovanie vody do pddy (Jobbagy a kol. 2017). Kazda voda obsiahnuta v pode v
skupenstve kvapalnom, plynnom i pevnom sa oznacuje pojmom pddna voda. Niekedy sa pouziva
synonymum termin podna vlaha, ktora je zdoraznena tesna spojitost’ systému pdda-voda-vegetacia.
NajucinnejSia a najvyznamnejsia je podna voda kvapalna (Zaujec a kol., 2002). Pddna voda je jedinym
realnym zdrojom vody pre hospodarske plodiny a ako takd nema pre produkény proces alternativu
(DEMO a kol., 2000).
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Pod zavlahou v polnohospodarstve rozumieme melioracné opatrenie, ktorym sa uskutocnuje
navlazenie pody, porastu, alebo prizemnej vrstvy vzduchu, aby sa dosiahla optimalizacia
reprodukéného systému pri ziskani vysokych a stalych hektarovych trod v rastlinnej vyrobe. Potreba
a aj ucinok zavlah sa menia a st r6zne v zavislosti od klimatickych, topografickych, poddnych a d’alsich
podmienok (Jobbagy, Simonik, 2009).

Cielom vyskumnych prac a prispevku bolo posudenie kvality prace moderného Sirokozaberového
zavlazovaca Valley. Pol'né merania prebiehali na vybranom pol'nohospodarskom podniku.

MATERIAL a METODY

Z dostupnych materialov VPP SPU Kolinany, zavod Oponice sme spracovali charakteristiku
o podniku, kde sme sa zamerali na pestované plodiny, rozlohy pod zavlahovou a pouzivanu techniku
pre zavlazovanie. Na obr. 1 sme si znazornili zaujmové izemie na ktorom v danom podniku prebicha
pocas sezony zavlaha.

Obrazok 1 Mapa zdujmového uzemia, zraZkomerna nadoba, meranie

Vysokoskolsky pol'nohospodarsky podnik Slovenskej pol'nohospodarskej univerzity s.r.o. Kolinany
(dalej VPP SPU, s.r.o. Kolinany) vznikol 1.7.2003. Jedinym spolo¢nikom a jeho vlastnikom je
Slovenska poI'nohospodarska univerzita v Nitre (dalej SPU). Hlavnym zameranim podniku, okrem
podnikania na pdde je vytvaranie podmienok a poskytovanie sluzieb v oblasti praktickej vyucby,
vyskumu, vyvoja a realizacie odbornych praxi studentov SPU v Nitre, s cielom komplexnej pripravy
absolventov pre ich uspesné uplatnenie na trhu préace.

V rastlinnej vyrobe sa spolo¢nost’ orientuje na pestovanie hustosiatych obilovin, kukurice, cukrovej
repy, repky olejnej, horCice, maku, tekvice olejnej bezSupkovej a krmovin. V Zivoc¢isnej vyrobe sa
spolo¢nost’ orientuje na chov krav s produkciou mlieka, mladého dobytka, teliat, plemenny chov
osipanych, plemenny chov oviec a formou vzorkovnic chov koni, hydiny, drobnej pernatej zveri,
bazantov a ryb. VPP SPU, s.r.o. Kolinany sa sklada z troch zavodov sidliacich v obciach Kolinany,
Oponice, Zirany.

Zo ziskanych materidlov sa spracoval zakladny prehl'ad o pouzitej zavlahovej technike. Zamerali sme
sa na nasledovné parametre: funkcia, podet vezi, dizka systému a mozné varianty prevedenia.
Napajanie zavlazovaca bolo z hydrantu (obr. 2).

Pre hodnotenie kvality prace Sirokozaberovej zavlahovej techniky sa pouzila metodika uvadzand v
norme STN EN ISO 11545, (2010). Metodika je rozpracovana aj v inych publikaciach, kde sa pre
hodnotenie kvality prace zavlahovej techniky Sirokozaberovej uplatiuje vypocet rovnomernosti
postreku podl'a Heermanna a Heina (Jobbagy, 2011; Rehak a kol., 2015; Findura a kol., 2013;
Angelovi¢ a kol., 2015).
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Zn:Si.‘Vi—ﬁ‘
CuH=100/1-"— | % (1)

S visi

Voim mm )

kde:

CuH - koeficient rovnomernosti postreku podl'a Heermanna a Heina, %,

n - pocet zrazkomernych nadob, ks,

i - ¢islo urcené pre identifikaciu urcitej zrazkomernej nadoby so zaciatkom i = 1
pre nadobu, ktora je najblizsie pri pivote a konéiace i = n pre
zrazkomerni nadobu, umiestnent najd’alej od pivota,

Vi - zavlahova davka v i-tej zrazkomernej nadobe, mm,

Si - vzdialenost’ i-tej zrazZkomernej nadoby od pivota, m,

Vv - priemerna zévlahova davka, mm,

‘Vi — Vi - absoltitna hodnota odchyliek od priemernej davky.

Ak sa vo vypocte pouziji hodnoty od vSetkych zrdzkomernych nadob m = 1. Pri vyluceni tidajov 20
% z dizky od pivota, sa m = p, kde p je najblizsie celé &islo pre 0,20.n. Meranie rovnomernosti postreku
pri zavlahe si vyZaduje najmé z dovodov medzinarodnej Standardizacie a normalizacie postupovat’
podl'a medzinarodnej normy ISO.

Obrazok 2 Napéjaci hydrant a centralna jednotka Valley

VYSLEDKY a DISKUSIA
Ako uz bolo uvedené, merania sa uskutoCnili na vybranom pozemku. Vymera

pol'nohospodarskej pddy (zavod Oponice) je 880 ha z toho 865,5 ha orna poda a 14,5 ha predstavuje
vinohrad. Pestované plodiny sl ozimna pSenica 200 ha, jarny ja¢men 110 - 140 ha, repka 120 ha,
cukrova repa 60 ha, kukurica na osivo 80 - 100 ha, s6ja 35 - 60 ha, krmoviny lucerna 80 ha , silazna
kukurica 80 ha. Pod zavlahou sa pestuju plodiny najmaé soja, osivova kukurica, ale aj ovos a jaCmen..
Sklon terénu je do 3 %. Podnik disponoval v roku 2018 zavlahovymi zariadeniami:

» pivotovy zavlazovac¢ Valley 270 m - 1 ks,

» linearny zavlazova¢ 265 m - 1 ks,

» pivotové zavlazovaCe Fregat 155 m - 5 ks,

» pasovy zavlazova¢ Hron - 4ks.
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Na praktické meranie sa pouZzil premiestnitelny pivotovy zavlazova¢ Valley s elektromotormi.
Zavlahovy stroj je stavebnicovej konstrukcie, tvoreny centralnym privodom vody prostrednictvom
pivota. Prenosny pivotovy zavlazovac je vybaveny kolesovym podvozkom, pri ktorom sa pivot pocas
prace zafixuje retazami. Tento zavlazova¢ umoziuje zavlazovat’ do kruhu. Na zavlahu plodin pouziva
¢istu vodu z podzemnej rurovej siete. Pohyb podvozku je zabezpeceny elektromotormi umiestnenymi
na jednotlivych podvozkoch. Svetla vyska pod sekciou je 2,9 metra a stroj umoznuje zavlaZzovat’ aj
vysoko - stebelnaté plodiny. Poget podvozkov je 4. Dizka stroja je 270 m. Dizka jednotlivych sekcii
je 60,63 m a dizka previsu &ini 25,08 m. Jednotlivé sekcie sii spojené kibmi, ktoré umoziuji
vodorovny aj vertikadlny ohyb medzi nimi. Dodavku vody zabezpecuju rozstrekovace uchytené cez
flexibilné vysiace hadice z hlavnej rozvodnej riry vody na zavlahovom zariadeni. NajdolezitejSia
vlastnost'ou pivotového zavlazovaca je dodrzat rovnomerné¢ davkovanie vody na celej ploche. S
narastajucou vzdialenostou od pivota sa vel'kost’ dyz zvacsuje. Na konci systému s dyzy najvacsie,
ked’ze tie pokryvaju najvacsiu plochu. Rychlost’ pohybu zavlazovaca suvisi so zavlahovou davkou.
Pohyb zavlaZzovaca je zavisly od pohybu poslednej veze. Vzhl'adom na poslednu vezu sa ostatné sekcie
dorovnavaju pod spravny uhol. Krakorec je na konci zavlazovaca vybaveny d’alekopradovym
postrekovacom. Narovnavanie zavlazovaca je plne automatické. Posledna veza je riadiaca. K pohybu
poslednej veZe sa prispdsobuju ostatné, aby tvorili spravny uhol. Na zabezpecenie elektrickej energie
pre cely zavlazovaci stroj, sluzi dieselovy generator umiestneny na konstrukcii pivota.

Terénne merania

Pred samotnym zaciatkom merania sa overila situacia zavlazovania s danym zavlazovacom
t.j. smer pohybu atd’. Nasledne sa prichystali zrazZkomerné nadoby s 54 stojanmi a rozmiestnili sa
pozdiz celej dizke zavlazovania. PouZili sme zrazkomerné nadoby z plastovej hmoty kruhového tvaru.
DiZka meraného tiseku bola 270 m. Rozstup nadob pozdiz zavlazovaga bol 5 m. Poéet rozmiestnenych
nadob bol 54 ks. Po priprave zrazkomerného profilu, ktory sa umiestnil mimo dostreku postrekovacich
dyz, sme zacali prvé meranie a ukoncilo sa po preukazatelnom ukonceni prechodu zavlazovaca cez
zrazkomerny profil, a to vtedy, ked’ uz zavlazovacie dyzy nedostrekli do zrazkomernych nadob. Potom
sme odmerali objem vody z jednotlivych zraZkomernych nadob kalibracnymi valcami a vysledky sme
si zapisali do tabul’ky. O par minit na to sme meranie zopakovali a vysledky zapisali znova do tabul’ky.
Teplota vzduchu sa pohybovala okolo 26 °C. Rychlost’ narazového vetra bola do 2 m.s™.
Statistické zhodnotenie rovnomernosti pravého a l'avého lu¢a sa uviedlo v tabulke 1. Variatny
koeficient dosiahol hodnotu 18,00 %. Maximalna zavlahova davka v nadobe bola 31,03 mm a
minimalna hodnota bola 0 mm. Pri meraniach 'avého luca dosiahol varia¢ny koeficient hodnotu 17,92
%. Maximalna hodnota vody v nddobe bola 31,55 mm a minimalna hodnota bola 0 mm.
Rovnomernost’ postreku a jej hodnotenie patri medzi zakladné vlastnosti kvality zavlazovania
(Simonik, 1997; Klementova a kol., 2003A). Metédy merania rovnomernosti postreku sa delia podla
toho, ¢i ide o zavlahu postrekovaCmi umiestnenymi pozi¢ne v sponoch, zavlahu pivotovymi
Sirokozaberovymi zavlazova¢mi alebo zavlahu pasovymi zavlazovacmi (Latecka, 2000). Presnost’
merania je negativne ovplyvnena posobenim vetra, vykyvmi tlaku v rozvodnom potrubi a pod.
(Razicka, 1996).

Tabul’ka 1 Popisna Statistika, rovnomernost’ postreku

Parameter Lavy la¢ Pravy la¢
Stredné hodnota 23,73 22,95
Chyba strednej hodnoty 0,58 0,56
Median 23,81 23,35
Modus 21,41 24,38
Smerodajna odchylka 4,25 4,13
Rozdiel Max - Min 31,55 31,03
Minimum 0 0
Maximum 31,55 31,03
Sucet 1281,31 1239,42
Pocet 54 54
Variaény koeficient % 17,92 18,00
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Tabul’ka 2 Porovanie koeficientov rovnomernosti CuH (%) pravého a lavého luca

Podvozok 1 2 3 4 krakorec
Pravy lu¢ Koeficient
e T CTI) 91,23 89,54 88,97 91,57 93,27
Lavy lu¢ Koeficient
e Ch T () 91,49 89,50 94,06 94,67 95,10

Vlhkost pody je velmi dolezita veli¢ina s vyznamom pre vlastnosti pody, ale i pre produkcéni
schopnost’ pdd. Sezéonne ma premenlivy vyvoj s limitujiicim dopadom na trodu (DEMO,M. a kol.,
2000). V sucasnosti je na Slovensku 22 % ornej pody zabezpecené zavlahovymi sustavami. Odber
vody pre zavlahy dosahoval eSte v roku 1990 280 mil. m* vody pri¢om do roku 2005 toto mnoZstvo
kleslo len na 3,6 mil. m® Kritickym zdsahom v rdmci vyuZivania upravy vodného rezimu
polnohospodarskych pod na Slovensku bola likvidacia Statnej meliora¢nej spravy (Koncepcia RHS,
2014).

ZAVER

V predkladanej diplomovej praci sme zhodnotili rovnomernost’ postreku pivotového
Sirokozaberového zavlazovaca s rozstrekovacmi Valley. Zakladnou charakteristikou zavlazovania
bola rovnomernost’ celého zavlaZzovaca, ale aj rovnomernost’ jednotlivych sekcii. Z nameranych
hodnét, ktoré sme si zapisali do tabuliek, sme vypocitali koeficienty rovnomernosti a zostrojili ich
grafické vyjadrenia. Z nameranych vysledkov diplomovej prace vyplyva, Ze rovnomernost’ pivotového
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Sirokozaberového zavlazovaca Valley je vyhovujuca, pretoze koeficienty rovnomernosti CuH st nad
90%.
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ANALYSIS OF THE ROLLING RESISTANCE OF THE TIRES OF AGROFORESTRY
MACHINERY ON A REINFORCED BASE

JAN KOVAC

Technical University in Zvolen, Faculty of Technology, Department of Environmental and Forestry
Machinery

Abstract: The main goal of the article is the analysis of the measurement of the rolling resistance of tires for
agroforestry machines and equipment on a reinforced base, to compare different combinations of
rolling resistance under different loads with tires with different inflation pressures. It is achieved
by measuring the traction force on the device which is stored in the computer using software. The
measured values are processed in the Excel and Statistica programs, which are used for tabular
and graphic evaluation of the data and formulation of the conclusion.

Key words: agricultural tyres, tyre rolling, rolling resistance,

INTRODUCTION

The majority of used agro-forestry machines have a wheel chassis, as these chassis
mostly correspond to the soil conditions in our area. In agro-forestry machines, these tires are
subject to great strain, resulting from the growing performance of agro-forestry machinery.
By choosing the right tire and inflation pressure, we can reduce rolling resistance, reducing
wear and tear, reducing time to work and, in particular, reducing fuel consumption. An
important advantage is the reduction of soil compaction, which is a very important factor in
the use of heavy energy vehicles carried and towed. (Benes P., 2009)
At present, the deformation properties of the entire tire are investigated by finite element
method calculations. The predictive ability of the calculation results can only be verified by a
real tire test. In addition, according to the test results, the calculation can be adjusted to allow
calculations to be made more precise with regard to the input of material and other inputs.
That is why it is very important for the tires to be tested. The endeavor is for the tests to be as
close as possible to the actual load during operation and to make the results comparable to
each other. (Bauer F. et al., 2013)

Rolling Resistance Coefficient

The rolling resistance coefficient f is affected by several factors. The most important
is the road surface. Other factors affecting the rolling resistance coefficient include
deformation and wheel speed of the vehicle. For a tire with a low inflation pressure,
deformation occurs to a greater extent than when the tire is inflated to a higher pressure. As
the tire pressure decreases, the rolling resistance increases. This is due to a higher value of
deformation and damping work. The last factor is the wheel speed of the vehicle. (Dockal V.,
Kovanda J. and Hrubec F., 1998)

Experimental rolling resistance measurement

Measurement of tire rolling resistance is relatively simple. For this purpose, we use a
guiding frame with side guides. The measurement is based on the drawing of the pulling force
required to traverse the main and auxiliary guide frame of the wheel by means of the brake
reel. The main sensed physical magnitude is in this case the pulling force required to pull the
wheel and guide frame. This is captured by the HBM S9M sensor. (Helexa, 2012)

MATERIAL and METHODOLOGY

The basis of our test facility is to guide the subframe. Its length is 9,000 mm, which can be
extended to the required value by connecting other welded steel beams. The support rails are also
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fastened to the concrete floor of the laboratory by means of threaded anchors. This ensures its stable
position and capture, in particular, the lateral and vertical forces acting on the subframe. The auxiliary
frame (or lateral guide) serves to longitudinally guide the subframe, the main purpose of which is to
guide the main support frame of the test wheel (s) in the straight line. The guide frame and the main
frame with the wheel are connected together by means of four square bars. The main support frame of
the wheel includes a wheel drive mechanism and also carries additional weights through which the
wheel's vertical load can be changed. The main frame of the wheel itself has a weight of 222 kg, with
the additional weight being increased up to 734 kg. The drive of the test wheel is provided by the
Siemens 1LA7 133-4AA electric motor of 7.5 kW. The Siemens 1LA7 113-4AA winding electric
motor with a power of 4 kW serves for the backward movement of the entire steering and wheel drive
mechanism. A picture . (Helexa, 2012)
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Figure 1 Soil Testing Channel (Measurement on Concrete Floor)
1. Side guides, 2. Main wheel support frame with drive, 3. Guiding frame, 4. Braking device, 5. Reversing winch
[Helexa, 2012]

Used tyres

Tires to carry out the measurement were selected by Mitas. Specific type of TS tread for
agroforestry machines. From this series we used two models to measure. Specifically TS-04 ( table 1).
We chose them mainly because of their availability and similarity because they are from the same
manufacturer of the same type. Further, they have been selected for their appropriate dimensions for
the device used and their parameters that are suitable for measurement.

Table 1 Technical data of Mitas TS-04 tires

Casing size 6.00—16 Load Index / Speed Index 79/91 A8

PR 6 PR Frame / Frame (allowed) 4.00Ex16/4.50Ex16

Profile Width (mm) - Outer diameter (mm) 735

Static radius (mm) 345 Effective circuit (mm) 2160

Weight (kg) 10 Load (kg) -

Hose pressure (bar) 2,8 Tubeless (TL) / Tubetype (TT) | TT

Inner tube / Inserts 6.00 - 16 EAN code 8590341017314
RESULTS and DISCUSSION

We used the Catman program from DAQ Software, which belongs to HBM, from
which we also used the QuantumX MX840A signal strength and signal amplifier to guarantee
compatibility and accuracy of measurement.
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The accuracy of the measurement is given by the manufacturer of the silomer HBM S9N,
namely 0.02%. So, in this case, we need to take into account the measurement deviation
because it represents a negligible part of the result. We've set the scanning frequency from the
sensor to SHz, so every second we get 5 values, which is enough because the main frame goes
through the entire usable path of the device in about 40 seconds.

Measurement procedure

Put the selected tire on the main frame of the measuring device without using the drive
and, after it has been inflated to the required pressure, weigh the main frame of the measuring
device by weighing the necessary weight. We move the main and auxiliary frames using a
winch to the starting position where the winch is disconnected and the rope is attached from
the main winch, which is tensioned manually to reduce the vibrations of the trolley. On the
computer, we run the measurement record and run the main reel until the trolley reaches the
final position where the reel stops. We stop recording the measurement that we store and
prepare for further measurement with other loads or other tire pressures ( table 2).

Measuring parameters
Table 2 Mitas TS-04 tire input parameters

Tire inflation pressure [kPa] Tire Load Size [kg]
100 222
150 350
200 478
250 542
300 606
670

Calculation of measured data

For each measurement, we received approximately 200 values, and after reviewing,
we found that the measured values had a scattering which is the smallest in 2 areas. This
scattering can be caused by several factors. We can divide the values into 2 regions, namely
A and B, and from each region we chose a 10 second section in which the values were the
least scattered to maintain the highest accuracy and consistency of the measurement. As an
example for the enclosed graph, we chose Range A for Area A between 16 and 26 seconds,
and Area B ranges between 38 and 48 seconds.

Subsequently, we added values from each area to Statsoft's Statistica, which allowed
us to calculate, for example, the mean and the standard deviation of the measured values. We
used the values of the mean in the resulting graphs and we used the standard deviation values
as a check. If the standard deviation value was too large, we did not match that measurement
into a graphical representation. This situation can be considered a measurement error that is
mainly due to the instability of the device's lateral guidance and non-repeat measurement.
Finally, we used an area that had a smaller measurement error.

As a result, however, we only got the total resistance when pulling the trolley. To
determine the magnitude of the rolling resistance, we still had to calculate all other resistances
in the device and deduce them from the total resistance.

To calculate the resistance of the trolley, we proceeded as in the total resistance
measurement. The only difference was that no tire was mounted on the main frame and was
unloaded onto the guiding frame in order not to rush on the ground.

DOI: https://doi.org/10.15414/2023.9788055226989



https://doi.org/10.15414/2023.9788055226989

450

400

350

300

250

200

150

PULLING FORCE (N)

100

50

16 17 18 19 20 21 22 23 24 25 26
TIME (S)

Figure 2 Approximate values from area A, Mitas TS04 6,00-16 6PR p = 150 kPa, m =478 kg
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Figure 3 Approximate values from area B, Mitas TS04 6,00-16 6PR p = 150 kPa, m =478 kg

Evaluation of measurement results

We calculated the resulting calculated values visually into graphs for better interpretation. For
the most appropriate evaluation of the results, we have chosen three types of dependencies that best
show the dependence of the rolling resistors. To view the example, we chose the Mitas TS04.

Example 1

In the first example of the dependence of rolling resistance on wheel load at different inflation
pressures, we should see a linear dependence on theoretical knowledge, where the roller resistance
should also increase when increasing the load on the wheel. Along with the increasing inflation
pressure, the resistance of the vane should decrease.
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Figure 4 Dependence of rolling resistance on wheel load, Mitas TS04 6,00-16 6PR A

As we can see in Chart 3, the measurement has confirmed the theory and therefore, with
increasing tire load, the rolling resistance is almost linear, and the rolling resistance decreases with the
increasing inflation pressure. At the lowest tire pressure measured, the tire pressure is considerably
higher at the lowest pressure, but at all other inflation pressures the rolling resistance does not change.
This is due to the fact that, at low inflation pressures, most of the load is transmitted to the sidewall of
the tire which in this case can not handle even a low load and its deformation results in an increase in
rolling resistance. At higher inflation pressures, the sidewall is relieved to the extent that the increase
in inflation pressure no longer reduces rolling resistance, as with higher loads. When measuring with
a tire that has a stronger sidewall already this trend at a low load we can not see what we can confirm
on chart 3.

At the same time, the function of dependence on the pressure value of 200 kPa is still described in the
graph, since it is the mean value of the pressure and should describe this dependence as accurately as
possible.

}.1 _ ﬂJl4ﬁleD919 (1)

Example 2

In the second example, the dependence of the rolling resistance on the tire inflation pressure.
Here, according to theoretical knowledge, we should see the decreasing tendency of rolling resistance
with increasing tire inflation pressure. At the same time with the increasing load, the rolling resistance
should also increase.
Figure 4 shows the confirmation of the theoretical part. Rolling resistance has a decreasing tendency
with increasing tire inflation pressure. We can also see that, at lower loads, the inflation pressure value
begins to stagnate from a certain inflation pressure value. This means that the tire is sufficiently
infiltrated and has sufficient strength to prevent further deformation, and further pressure increases no
longer affect the rolling resistance.
Also, a dependency function for a load of 478kg is described in the graph, since it is the average load
value and should describe this dependence as accurately as possible.

y = 945 G4y 0383 (2)
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Figure 5 Dependence of rolling resistance on tire pressure, Mitas TS04 6,00-16 6PR A
Example 3

In the latter example, we have the dependence of the rolling resistance coefficient on the
inflation pressure of the tire, which is essentially the same as in the previous example, except that the
rolling resistance is calculated on the tire load unit. According to theoretical knowledge, we should
see the same dependence as in the previous example, namely the decreasing tendency of the rolling
resistance coefficient with the gradually increasing tire inflation pressure. The roller resistance
coefficient should remain the same with varying load.

As we can see in Figure 6, the theoretical part is mostly confirmed and we see a very similar
dependence as in the previous example. Values are scattered but not too large. This scattering may be
due to less stability of the lateral guidance of the device when increasing the tire load. We can also see
the measurement uncertainty at a load of 222kg. This inaccuracy is probably caused by the imperfectly
flat surface of the laboratory on which the measurements were made, as the error occurred at a low
load and in the previous example of dependence the error did not appear.

As in the previous example, the chart depicts a dependence function for a load of 478kg, since it is the
average load value and should describe this dependence as accurately as possible.

y = 0,2023x %383 (3)

Measurement errors

As with each measurement, this measurement also had measurement errors. Errors may have
been caused mainly by the imperfections of the construction of the equipment and of the laboratory
environment where the measurement was carried out. Errors have been attempted to remove the best
of measurement by using the measured values averages and using the data from the two most steady
areas of measurement.

CONCLUSION

Based on the theoretical knowledge obtained in the first part, we could only evaluate and compare the
measured and calculated measured data with the theoretical values based on the calculations. All
measured and calculated results were confirmed in all three cases.
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In the first example, we confirmed that the rolling resistance of the tire increases almost linearly with
increasing load, but we can partially reduce it by increasing the inflation pressure in the tire.

The second example confirmed that rolling resistance decreases with increasing compression pressure.
However, at a certain value of the inflation pressure, the rolling resistance stops decreasing and begins
to stagnate. This inflation pressure value increases with increasing load.

In the third example, we reached the same conclusion as in the second example. The only difference
in these examples is the use of the rolling resistance coefficient instead of the direct rolling resistance.
This change should eliminate the load on the tire and the resulting coefficient values should be the
same.

Measuring readings and collecting the seemingly best ranges of values was not enough. The
incompleteness of the laboratory environment and especially the solid substrate contributed to
inaccuracies and measurement errors. Another important factor in accuracy is the number of repeated
measurements.

—o—222kg 350kg —A—478kg =>=542kg —H—606kg —@=670 kg
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STRESS ANALYSIS OF UNDERCUT BLADE FOR SINGLE ROW SEEDLING
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Abstract: The aim of the article is the structural design of an undercut blade for a single-row seedling
lifter. The following chapter provides a brief overview of seedling lifting. The result of
the work is a structural design of an undercut blade with a maximum cutting force of
5,000 N. A stress and deformation analysis were performed on the undercut blade. The
maximum deformation of the undercut blade is 2.711 mm.

Keywords: Undercut blade, seedling lifter, cultivation, single row seedling

UvoD

Zakladanie lesa ako neoddeliteI'na siicast’ pestovatel'skej ¢innosti predstavuje jeden z hlavnych
¢lankov lesného hospodarstva, ktory rozhoduje o celkovej produkeii drevnej hmoty, ale aj o uc¢innych
mimopestovatel'skych funkciach lesa. Produkcia lesnych porastov v budicnosti, zvySovanie kvality a
stability lesnych ekosystémov zavisi od stavu vyuZzivania sucasnych genetickych zdrojov. Lesné
Skolkarstvo vytvara predpoklady pre plynuli obnovu lesa, zalesniovanie nelesnych pdd a iné ucelové
vysadby. Jeho hlavnou tilohou je zabezpe€it’ dostato¢né mnozstvo sadbového materialu jednotlivych
druhov lesnych drevin potrebnej kvality s ohl'adom na charakter zalesiiovanych ploch. Zber je
poslednou fazou vyroby semenacikov a sadenic v lesnych Skdlkach od vyzdvihnutia az po ich dopravu
na miesto vysadby (presadenie alebo Skolkovanie) (Wiesik et al., 2011). V druhej casti prvého
vegetacného obdobia sa vysevné 16zka podrezavaji horizontalnou ¢epel’ou, aby sa narusili dominantné
koretiové korene a podporil sa vlaknitejsi korenovy systém. Wrenching je Specialny typ podrezdvania,
ktory vyuziva §ikmu ¢epel na rozbitie pddneho profilu a zvySuje priepustnost’ pddy a prevzdusnovanie.
Stlacanie tiez vyvolava docasny stres sadenic z vlhkosti, ktory mozno pouzit' na spomalenie rastu
vyhonkov a na vyvolanie pokoja. Mézeme sa stretnut’ s nazvom strojov ako vyzdvihovace alebo
vyoravace sadenic.

Vyzdvihovanie sadbového materialu

Vyzdvihovanim sa nazyva uvol'fiovanie a vlastné vyberanie sadenic z pody (Smelkova, 2001,
Smelkova, 2003). Casovo je tto operacia viazana na jarné a jesenné obdobie.
Hibka vyzdvihovania zavisi od veku rastlin a tvaru korefiovej sustavy (Kantor, 1975). Semenaciky
ihli¢nanov a listnd¢ov uréené pre skolkovanie sa vyzdvihuju v hibke 15 cm. Pri sadeniciach s kolovymi
korefimi nesmie byt hibka podrezivania mensia ako 20 cm.

Sposoby vyzdvihovania sadenic
Vyzdvihovanie sadenic moézeme uskutoctiovat’ tromi spdsobmi:
— ruéné vyzdvihovanie,
— polomechanizované vyzdvihovanie,
— mechanizované vyzdvihovanie (Kovac et al., 2017).

Casovo je tato operacia viazand na jarné a jesenné obdobie. Technoldgia zberu sadenic
pomocou vyoravacov a vyzdvihovacov sa uplatiiuje vo vacsine lesnych $kolok.
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Obrazok 1 Jednoriadkovy vyzdvihovaé Fobro Ag Oscilator Side (http://www.baertschi.com)

DESIGN AND CALCULATION OF THE CUTTING RESISTANCE OF THE UNDERCUT
BLADE

Ciel'om ¢lanku je analyza reznych sil na podrezavacom nozi, pricom sa bude jednat’ o analyzu
zatazenia na jednom nozi. Zvolime si material, a na zaklade materidlu a ostatnych potrebnych
parametrov bude vypocitana rezna sila (rezny odpor), ktorou bude néz zatazeny (Obr. 5, 6). Analyza
bude vykonana v CAD systéme Creo Parametric pomocou metddy koneénych prvkov. Vo
vieobecnosti je velkost' rezného odporu dana Sirkou podrezavacieho noza, hibkou podrezavania
korenovej sustavy a mernym reznym odporom pddy.

Vypoctové rozmery podrezavaciecho noza (obr. 2):
- Sirka podrezavacieho noza: b =250 mm
- maximalna hlbka podrezavania sadenic: himax= 250 mm

NI

|
am
| #!

250

Obriazok 2 Vypoctové rozmery podrezavacieho noza

Merny rezny odpor pody k

Merny rezny odpor pddy ,.k* vyvija pdda pri krajani, zdvihu, drobeni a obracani prie¢neho
rezu odvalu. Merny rezny odpor pody velmi uUzko suvisi so zakladnymi fyzikalnymi
a technologickymi vlastnostami pody. Charakterizuje sudrznost’ pody a nie je zavisly len na zloZeni
pody, ale aj na tvare nastroja, ktorym sa pdda spraciiva. Pre jednotlivé druhy pdd su v tabulke 1
uvedené hodnoty merného rezné¢ho odporu.
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Tabulka 1 Merny rezny odpor pody (Semetko et al., 1986)

Druh pody Merny rezny odpor pddy & [Pa]
Lahké pody (2-3).10*

Stredne t'azké pody (3-5).10*
Tazké pody (5-8).10*

Velmi tazké pody (8-10).10*

Navrhovany jednoriadkovy vyzdvihova¢ sadenic je urCeny pre pracu v lesnych skdlkach.
Lesné skolky su zakladané prevazne na lesnych podach, ktoré su stredne t'azké az tazké. Volime merny
rezny odpor pody k = 8.10° Pa.

Pri vypocCte rezného odporu podrezdvaciecho noza uvazujem s maximalnou hlbkou
podrezavania koretiovej stistavy sadenic 250 mm.

Rezny odpor podrezavacieho noza je dany vztahom:

Fr=k-b-hpay ey
Fr=8-10%-0,25-0,25
Fr = 5000N
kde: k - merny rezny odpor pody [Pa]
b - Sirka podrezavacieho noza [m]
hmax - maximalna hibka podrezavania [m]

Navrh reguldcie hibky podrezavania

Regulédcia hlbky podrezédvania korenovej sustavy sadenic sa nastavuje priamociarym
hydromotorom, posobenim ktorého sa meni polohy podrezavaciecho noza v zavislosti od veku a druhu
vyzdvihovanych sadenic.

Navrh kizného vedenia podrezavacieho noza

Podrezéavaci noz je prichyteny k drziaku podrezavacieho noza dvomi skrutkami. N6z spolu
s drziakom sa pohybuje v klznom vedeni, ktoré je privarené na pohyblivy ram. K hornej strane drziaka
noza su privarené platicky pre upevnenie oka hydromotora

Rozbor sil posobiacich v klznom vedeni

Pri rozbore sil uvazujem so zjednodusenim klzného vedenia na nosnik na dvoch
podperach (obr. 3).

Rozmery: a=150mm
b = 600mm
Aby bola sustava sil v rovnovahe musi platit’:
ZFx=0:FR_RA+RB=0 (Z)
ZMA=O:FR-(a+b)—RA-a=0 3)

Vypocet reakcie kizného vedenia R 4:
Reakciu R4 uréime z momentovej podmienky k bodu A.
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R, =R+ D) @)
5000 - (0,15 + 0, 6)
AT 0,15
R, = 25000N

Vypocet reakcie kizného vedenia Rg:
Reakciu Rp ur¢ime zo suctu vSetkych sil v smere osi x.

Rp =R, —Fp (5)
Rg = 25000 - 5000
Rp =20000N
/ﬁ\ B \\ RB
[ -:‘__\ % =
.-‘:I o
LR i
— ]
R, A
a';
F,

Obrazok 3 Schéma klzného vedenia

RESULTS
Podrezavaci n6z je zatazeny od rezného odporu pddy. Pri tomto rieSeni je potrebné

skontrolovat’ napétie v mieste uchytenia podrezavacieho noza na drziak. Pre vypocet podrezavacieho
noza sme zvolili rieSenie metodou konecnych prvkov. Vypocet bol vykonany v programe Creo.
Vyhodou programu je, Ze umoziluje zobrazenie napétia a deformécii v 'ubovolnom mieste
konstrukcie a to bud’ v grafickej alebo pisomnej forme. Postup je interpretovany pomocou obrazkov.
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Obrazok 4 vl’avo - Model podrezavacicho noza, vpravo - Uchytenie a zat'azenie podrezavacieho noza

Na obr. 4 vpravo je znazorneny spdsob uchytenia a zat'azenie podrezavacieho noza. Prvym
krokom pre spravne vysledky v napétovej analyze je zvolit’ material. Po vybrani materialu si ur¢ime
pevné body celej konstrukcie (Kotsmid et al. 2018). Cervenymi znatkami je znazornené uchytenie
podrezavacieho noza na drziak. Na ploche ohrani¢enej svetlo modrymi ¢iarami su odobrané vsetky
stupne volnosti. Modrou farbou je zndzornené zatazenie podrezavacieho noza. Podrezavaci ndz je
zatazeny silou, reznym odporom podrezavacieho noza pri maximalnej hibke podrezévania koretiov
sadenic.

V d’alsom kroku sme zvolili spdsob vypoctu (Multi pass adaptive), s presnostou 5%. Vypocet
vzhl'adom k jednoduchosti konstrukcie podrezavacieho noza netrval dlho. Na nasledujticich obrazkoch
su zobrazené priebehy napéti a velkosti deformacii podrezavacieho noza. Na obrazku 5 su farebne
znazornené napat'ové zony podrezavacieho noza.

Stress von Mises (Moximum) 2. B27e+86
Original Model 1.782evEE
load| - rdee
Principal Units: _ ) 1.?399—9E
Meter Kilogram Second (MKS) 1.294=+08
1.849%=+08
8.047e+07
5.603e+07
3.15%e+07

Obrazok 5 Napitové zony na podrezvacom nozi

Hodnoty napéti na obrazku 5 st uvedené v Pa. Vypocitané maximalne napétie na
podrezdvacom nozi je 0y, = 202,7MPa (Cervena farba). Maximalne napitie je sstredené v mieste

uchytenia podrezavacieho noza na drziak. 5
Maximalne dovolené napitie pre material podrezavacieho noza, ocel’ 11 700.1 (Cernoch,
1977, Vavraet al., 1983):

Op =+~ (6)
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_ 350
1,5
op = 233,3MPa

Op

Maximalne napitie na podrezavacom nozi je nizSie ako dovolené napitie, podrezavaci noz
vyhovuje pre dant prevadzku.

Op = (Tvyp (7)

233,3 MPa > 202,7 MPa — vyhovuje podmienke

Na obrazku 6 su zobrazené deformacie podrezavacieho noza pri podrezavani koreniov sadenic
v maximalnej hlbke 250 mm. Maximalna deformacia je na volnej strane podrezavacieho noza
(Cervena farba) a jej hodnota je 2,711 mm.

Displacement Mog

Origingl Model

Max Disp  +3.0496E-03
loodl

Frincipal Units:

Meter Kilogram Second (MKS)

Obrazok 6 Deformacné zony na podrezavacom nozi

Uvedené napitové adeformacné zony na podrezavacom nozi davaju jasny prehlad
o miestach s maximalnym napétim a deformaciou.

CONCLUSION AND DISCUSSION

Zber sadbového materialu je poslednou fazou pestovania sadenic v lesnych $kolkach. Je to
dolezita faza pripravy sadbového materidlu pre d’alSie pouzitie. Pri zbere je nutné dbat’ na to, aby
nedochadzalo k posSkodzovaniu koretiového systému, odieraniu a poldmaniu sadenic. Vyzdvihovanie
sa moze vykonavat ru¢ne alebo s pouzitim vhodnej mechanizacie, aj ked’ je vonkajsia vyroba sadenic
celkom dobre mechanizovana, a to hlavne pomocou lesnych skolkarskych strojov (Neruda, Walczyk
2009, Kierunki rozwoju 2008, Walczyk 2010, Walczyk 2009, Walczyk 2007). Navrhnuty podrezavaci
ndz je vhodny pre jednoriadkovy vyzdvihova¢ sadenic a moze sa pouzit’ pri polomechanizovanom
zbere sadbového materialu. Regulacia hibky podrezavania sadenic sa vykonava podla druhu a velkosti
sadboveho materialu.

Hlavnou ¢ast'ou ¢lanku bol navrh podrezavacieho noza s potrebnymi vypoctami pre napatova
analyzu v programe Creo Parametric. Na zaklade stanovenych parametrov sa ndm potvrdil tvar
a material podrezédvacieho noza ako vhodny avyhovuje stanovenym podmienkam. Hibka
podrezavania koretiov sadenic sa mdze nastavovat’ priamociarym hydromotorom, ktory postva drziak
spolu s podrezavacim nozom v klznom vedeni. Podrezavaci ndz je k drziaku pripevneny skrutkovym
spojom, ¢o umoziuje jeho jednoduchii vymenu v pripade poSkodenia v prevadzke. Toto rieSenie
zaruduje spol'ahlivi ¢innost’ regulacie hibky podrezavania sadenic.
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IMPACT OF TECHNOLOGY ON CHANGING SOIL PROPERTIES
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Machinery

Abstract: The erosion and compaction soil is biggest problem in our country. The erosion threatens
agricultural and non-agricultural soil. Development of agricultural machinery is associated with
increasing working width. Modern tractors have great weight. The weight causes compaction of soil.
The objective of this thesis is evaluation of Soil tillage and agriculture machinery influence on soil
compaction.

Keywords: soil, technology, machinery soil,

INTRODUCTION

The best way to protect our entire planet is the prevention of the occurrence of damages that
should not occur at all. A worse alternative is dealing with already occurred damages and trying to
reduce them at least partially once irreversible damage to nature and its balance has occurred.
Currently, the biggest problem with soil is erosion and compaction. This is a process that has already
affected a large part of all agricultural land, often appearing in non-agricultural areas as well. It occurs
in every country and causes larger or smaller problems with management, life near agricultural land,
etc. The most common cause of erosion on land is improper land management, exposure of unsuitable
land, and the like. Recently, the consequence of inappropriate human actions with the soil is
increasingly appearing, whether it be landslides, subsidence of large areas, or the collapse of inhabited
areas.
The results of the action of erosive factors cause us many problems, both at the site of occurrence
(impoverishment of agriculturally used land of the most valuable part of the topsoil, followed by the
drainage of organic matter, nutrients, plant damage, loss of organic matter, lack of fertilizers added to
the soil by humans, etc.). This also applies to areas with sedimentation of soil particles in eroded soils
(sediments in rivers and lowlands, pollution of rivers and water sources by bound substances, and so
on).

MATERIAL and METHODOLOGY

The aim of the article is to assess the impact of technology on the change in the physical
properties of the soil. In experimental measurements, we used two types of tractors on one plot,
utilizing tracked and wheeled propulsion systems.
The land was divided into three sections, with passes repeated on two of them, while the third was
unaffected by technology.
For measurements, we used a tractor (Fig. 1) synonymous with maximum productivity, reliability,
comfort, and performance — the four-track tractor CASE QUADTRAC 620. The new generation of
tractors is equipped with HI-eSCR technology, ensuring maximum performance with reduced fuel
consumption. It is the most powerful tractor on the market, with an unparalleled tracked chassis, the
largest cabin on the market with four-point suspension and low noise level, easy machine control
thanks to the Multicontroller, working LED lighting, and many other features.
The tractor's engine enables high performance, which is guaranteed by the six-cylinder engines from
the sister company FPT with a displacement of 12.9 litters and a power of 497 kW with two-stage
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turbocharging, a high-pressure Common Rail injection system, and a newly designed cooling system.
Thanks to the utilization of HI-eSCR technology, the engines excel in high efficiency, productivity,
and meet the strict emission standard STAGE IV. The combination of a highly efficient transmission,
a powerful hydraulic system, and an unparalleled tracked chassis can effectively transfer the high
engine power to the soil.

It

Figure 1 Tractor Case Quach620

The MAGNUM 220 tractors (Fig. 2) are powered by a 6-cylinder engine with 24 valves, featuring a
displacement of 8.7 liters and a Common Rail high-pressure injection system from the sister company
FPT Industrial. The MAGNUM series is available with power ranging from 220 to 435 horsepower,
and it's the maximum power of 435 horsepower that makes the MAGNUM 380 tractor the most
powerful agricultural tractor in the world. It is worth noting that all tractors meet the stringent emission
standard STAGE IV, thanks to the use of patented High-Efficiency Selective Catalytic Reduction (HI-
ESCR) technology. This technology simultaneously maximizes engine performance while minimizing
fuel consumption.

The MAGNUM models with the continuous CVX transmission also offer the option of using the
Automatic Productivity Management System (APMT) and ECO Drive, which can significantly reduce
fuel consumption costs. The tractor's weight is 11,090 kg.

Flgur 2 Tractor Case Magnum 220

RESULTS and DISCUSSION

The agricultural enterprise typically cultivates the soil conventionally, but for selected crops,
it replaces plowing with harrowing. In our case, we prepared the soil in the fall with a 5-furrow
reversible plow from Kverneland, and in the spring, we performed harrowing and complete pre-sowing
soil preparation, compacting the soil with two passes of a compactor. The predominant soil conditions
are fluvic gleysol, with a soil type ranging from clay loam to silty clay, exhibiting intense capillary
rise. The soil is moderately challenging to work, hence we demand a perfectly prepared seedbed. The
experimental plot was prepared for annual sunflower cultivation.
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Table 1 Measured values of density

depth of soil reduced volumetric weight | specific gravity
sampling volumetric weight, | unreduced, g.cm?
g.cm3
Case Magnum 0-10cm 1.2456 1.5175 2.53
10-20 cm 1.3612 1.6495 2.60
20-30 cm 1.5253 1.8612 2.52
Case Quadtrac 0-10 cm 1.2623 1.5528 2.56
10-20 cm 1.3646 1.7632 2.60
20-30 cm 1.4984 1.891 2.53

The measured data (Tab. 1) we can conclude that bulk density increases directly with the depth of the
soil horizon, considering a critical value at the threshold of 1.4 g.cm™. It is noticeable that, on average,
the wheeled tractor caused greater soil loading compared to the tracked tractor.

The maximum value of the reduced bulk density reached 1.52 cm™, and for the unreduced bulk density,
it was 1.89 cm>.

The degree of bulk density depends on the percentage ratio of capillary and non-capillary pores in the
soil.

Table 2 Measured porosity values

depth of porosity non-capillary semi capillary capillary pores
soil pores pores
sampling
Case Magnum 0-10cm 50.7668 15.6168 8.1 27.05
10-20 cm 47.64615 13.26615 7.08 27.3
20-30 cm 39.47222 2.08222 5.01 32.38
Case Quadtrac 0-10 cm 50.69141 10.95141 7.56 32.18
10-20 cm 47.51538 3.77538 6.57 37.17
20-30 cm 40.7747 2.454704 3.23 35.09

According to experts in the field of pedology, non-capillary pores are of the greatest importance for
water infiltration into the soil. In our case, the highest content was achieved at a depth of 0-100 mm
with the Case Magnum tractor, reaching 15.61%. It can be stated that, in terms of soil porosity, there
were negligible differences between the experiments.

Table 3 - Measured soil moisture values

depth of soil sampling soil moisture
Case Magnum 0-10cm 10.245
10-20 cm 12.232
20-30 cm 13.879
Case Quadtrac 0-10 cm 8.989
10-20 cm 11.346
20-30 cm 13.447

If the water regime in the soil is undisturbed, soil moisture increases with depth according to climatic
conditions. The maximum measured moisture value in the 200-300 mm horizon was recorded at
13.88%. The minimum moisture value was found after drying the samples, at 8.98%.

Soil moisture can vary during pre-sowing soil preparation, depending on the tools used. Tines on
compactors cause intensive soil mixing in layers up to 120 mm. In a dry spring when it is necessary to
conserve soil moisture, minimizing passes over the field is recommended. Two to three passes are
considered optimum for pre-sowing preparation. Each pass beyond this optimum reduces the field
emergence of cultivated crops.
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During soil processing, the technique causes soil compaction, which is sometimes positive from the
point of view of germination and emergence of plants.

In our case, the soil was after autumn soil preparation and was being prepared for annual sunflower
sowing. When preparing the land, the company followed the conventional method of cultivating the
land. This means that the soil cultivated in this way is more prone to its suppression.

Protecting soils for future generations is not an easy task, technology manufacturers solve this problem
only partially. However, it is often associated with higher investments, which farmers do not always
have at their disposal. It should be emphasized that the development of the situation in the field of
preserving the natural fertility of the soil is not at all flattering and any radical turn in this direction
can hardly be expected in the foreseeable future.

Another huge problem is soil erosion, which in Slovak conditions is up to 30%. Accelerated soil
erosion has been a serious global problem for a long time, at least since man began to cultivate the
Earth, the landscape, cultivate and use agricultural land. However, the approach to its understanding
and evaluation methods is still (and perhaps even more so) inconsistent, the views of geologists,
geomorphologists, pedologists, farmers, foresters, water managers, environmentalists, ecologists and
economists are significantly differentiated, in rare cases perhaps completely different.

The negative effects of mobile technology on the soil have been known practically since the beginning
of the mechanization of agriculture. However, the concrete consequences caused by the high degree
of soil compaction with all the accompanying signs were fully manifested only after several decades
of intensive use of mechanization means, with the interaction of other negative factors.

CONCLUSION

As a result of our experimental measurements and the result of the comparison of two tractors
with different technical chassis solutions, we came to the following conclusions: * From the measured
data, we can conclude that the volume weight increases in direct proportion to the depth of the soil
horizon, we consider the critical value to be 1.4 g.cm- 3. While we can see that the wheeled tractor on
average caused a greater load on the soil than the tracked one tractor.
The maximum value of the reduced bulk density reached a value of 1.52 cm-3 and for the non-reduced
bulk density it was 1.89 cm-3. The bulk density measure depends on the percentage of capillary and
non-capillary pores in the soil.
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Abstract: In this article we are dealing with analysis of available online tools which offer customers
scientific computing and solutions of their problems especially in the field of soil
compaction prevention. Agricultural production is based on ongoing scientific research.
The research areas are focused mainly on the areas of the weather forecasting, plant
protections against the diseases, fertilizer, and humus range in soil, updating database of
approved plant protection products for various vegetable crops. Also, the information
system to assess the risk of Fusarium infection and DON contamination in wheat. Finally,
the tool for calculating the working-time requirement of work and production processes
on the farm is necessary application for economical approach of business. Minimizing
the risk of soil compactions and optimalisation of the weight of agricultural machinery
and proposing the optimal tires is also could be solved by available online tools which
are also available as an Excel worksheet solver.

Keywords: soil cultivation, plant protection, online apps, soil compaction

INTRODUCTION

The European states governments support their agricultural production with many tools and
financial funds. Also, the European Union Commission, as described in EC, in their Common
Agricultural Policy (CAP) anchored that the farmers receive direct payments under the European
Agricultural Guarantee Fund (EAGF). This fund primarily finances direct payments and measures
regulating or supporting agricultural markets. The European Agricultural Fund for Rural Development
(EAFRD) finances the EU's contribution to rural development programs. The funding belongs also to
research and innovation activities. Farmers may also benefit from support in the Horizon Europe
cluster of Food, Bioeconomy, Natural Resources, Agriculture and Environment. Funding opportunities
are listed on the Funding & tender opportunities portal. On the other hand, the governments support
the third-party partners for developing and implementing online tools which are available via internet.
As is described, the AGORA program, set up by the Food and Agriculture Organization of the UN
(FAO) together with major publishers, enables developing countries to gain access to an outstanding
digital library collection in the fields of food, agriculture, environmental science and related social
sciences. AGORA provides a collection of up to 15,500 key journals and up to 48,000 books in more
than 115 countries. AGORA is designed to enhance the scholarship of the many thousands of students,
faculty and researchers in agriculture and life sciences in the developing world. AGORA is one of the
five programs that make up Research4Life: AGORA, HINARI, OARE, ARDI and GOALI. (Agora,
2023) The unique set of online tools is provided by Swiss Confederation named AGROSCOPE.
Agroscope is the Swiss Confederation's center of excellence for research in the agriculture and food
sector and is affiliated with the Federal Office for Agriculture (FOAG). Agroscope makes an important
contribution to a sustainable agriculture and food sector as well as to an intact environment, thereby
contributing to an improved quality of life. Agroscope research along the entire value chain of
agriculture and the food sector. Its goals are a competitive and multifunctional agricultural sector,
high-quality food for a healthy diet, and an intact environment. In pursuing these aims, the research
institute gears itself to the needs of its service recipients. Agroscope has outlined six priorities for the
research and development activities from 2022 to 2025. Agroscope deals with issues in the following
spheres:

o Plant Breeding, Plant Production, Plant Protection and Plant Products,
e Livestock, Feed and Products of Animal Origin,
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e Food and Nutrition,
e Cropping Systems, Protection of Natural Resources, Agricultural Economics and Agricultural
Engineering. (Agroscope)

The development of the online tools which aimed to help the agricultural stakeholders in the field
of weather and climate information outside the EU area, mainly in USA is analyzed by Ju et.al.
(2021). Authors in their research mentioned that the agricultural decision support tools (DSTs)
with weather or climate information can provide useful information to help stakeholders make
operational farming decisions and adapt to increasingly variable weather or climate in the context
of climate change. However, many of these DSTs are still not fully utilized. Understanding the use
of DSTs can help identify strategies to promote their usage to more end-users. The global wide
world online tools named “EOS Data Analytic” help the agricultural production companies with
data which obtaining from earth monitoring from space and data are processed with Al. As
published IAF, the EOS Data Analytics (EOSDA) is a global provider of Al-powered satellite
imagery analytics founded by Dr. Max Polyakov. The company operates worldwide, partnering
with governmental, commercial, and scientific organizations. The company provides Earth
observation solutions for smart decision-making in 22+ industries, with the focus on agriculture
and forestry. EOS combines data retrieved from satellite imagery with Al technologies and
proprietary algorithms to analyze the state of crops within farms and trees growing in forest stands
to drive businesses and implement sustainable practices globally. The EOSDA’s mission is to
preserve the Planet by equipping the decision-makers with the tools for tackling today’s most
urgent challenges. EOSDA’s main product in the agriculture industry is EOS Crop Monitoring, an
online satellite field monitoring service that collects all the important information about the state
of crops in one tool.

MATERIAL and METHODOLOGY
Model object

For our simulation we used the tractor implements combination. The combination is set up

with tractor Fendt 824 and mounted reversible plough Péttinger Servo 6.50 Plus. To degrees the
contact area the soil with mouldboard shares the slat mouldboard was chosen. For this type of semi-
heavy soil is the best option. The tractor implements are depicted in figure 1. The tractor tires and
flotation tire of plough properties are in table 1. The table parameters are in the unit with respect to the
excel sheet tool for calculation.

b

Figure 1 Fl mounted 2x6 mouldboard plough with 182kW 4WD tractor )

Table 1 Tires parameters

Tire type width, cm | diameter, cm | load, kg Pressure, bar
BKT Flotation 500/45 R 22.5,

flotation (plough) 45 o1 27335 21
Continental 540/63 R30, front, tractor 63 146 3875 2.4
Continental 650/65 R42, rear, tractor 65 195 5410 2.4
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Calculation background
The methodology of basic calculation of tire and ground relationship is published by Diserens
et.al (2014). The normal stress function under the tire is solved by eq.1 as follows:

0__2'(]'0',”.atan(a-bj_l_a-b'z.( 1 N 1 j 0
: /4 R-z R a+z2 b +z*)|

where R? = a” +b* + z* and variables are:

O, - normal stress at depth z, 0, - mean contact pressure, ¢ - concentration factor of the soil, depending on

the hardness of the topsoil, @ - horizontal coordinate of the contact area (x-direction), b - horizontal coordinate

of the contact area (y-direction), z - corresponding soil depth, R - soil resistance (reaction). Solving the soil
bulk density is calculate by eq.2 as follows:

BD,;, =BD,+0.009-C, where )
BD,, - effective bulk density, BD, -dry bulk density, C -clay content.

Solving the shear stress which is rising between soil and tire contact area has been solved by eq.3 as
follows:

T oax :c+6-tan(g0), where (3)

T . - Shear soil strength, ¢ - soil cohesion, @ - angle of soil shear resistance (angle of internal friction).

Calculation tools

The equations 1,2,3 with input parameters is implemented into the solving algorithm which is
available on the internet as an online tool. This tool is available in two versions, light, and expert. The
application name is Terranimo® and the view of both versions are depicted in the figure 2,3
(https://ch.terranimo.world/)

Decision chart (valid for 35 cm soil depth)

e 1 ®D 250

o 025 050 075 100 125 150 175 200 225
Sail stress [bar]

Figure 2 Terranimo® ligth Figure 3 Terranimo® Expert

Schjenning and Lamandé (2020) published the TASC manual where the application is defined as an
easy-to-use Excel application for decision support in connection with the design, equipping and use of
large machinery and implements for farming. Soil stress caused by tires and tracks can be assessed
according to running gear parameters (dimensions, load, inflation pressure) and soil properties
(texture, stability of topsoil), with reference to numerical and graphical output. The aim is to minimize
the risk of soil compaction in agricultural and forestry production according to the prevention
principle. The potential risk of soil compaction in areas not reached by tilling implements is indicated.
Technical data on the tires most used in forestry and agriculture are stored in the application. TASC is
divided into a small number of clearly arranged sections. The underlying mathematics are based on
findings from soil physics and soil mechanics, on the one hand, while the other hand, algorithms from
several field trials have been worked out and integrated into the application to come as close as possible
to individual conditions in practice. The evaluation of the soil compaction risk is based primarily on
the standard value for effective bulk density. The application permits:
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- Calculation and display of pressure distribution in the soil for a particular load according to
the stability of the topsoil.
- Calculation and display of pressure distribution according to the tire/track dimensions,
tire/track load and tire inflation pressure for a particular soil.
- Evaluation of the risk of soil compaction in the subsoil (below the maximum tilling depth)
according to soil type, stability of topsoil and load.
- Calculation of compressive stress at any point in the soil profile.
- Determination of the traffic area share with multiple passes for one or more machines during
one or more working operations.
- Access to technical data for over 1180 types of tires used in agriculture and forestry. The data
for any type of tire of the user’s choice can be incorporated directly into the application.
- Maximum permissible wheel load to be determined according to tire inflation pressure, speed
of travel and type of work.
The Excel worksheet is depicted in figure 4 and it is freely downloaded from https://www.tasc-
application.ch/en/tasc-downloads/ . In the worksheet the eq.1,2,3 are also implemented.

Menu Print sheet Print all results

Stress propagation in the soil due to wheel and track load

TASC

iption |Wheel/track comparison - soil comparison |

Farming - humid soil - pF 1.8

Clay loam and loarm hd

Mean Severe soil Severe soil
contact compaction | compaction risk

| | el
it [bar} o/ yes [om]

Select tyre ar
1 |Pattinger servo pius vk | | 45 | s | o [ 15 [ e [
Select tyre p
2 Confinental 540/63 R30 front | |« [ &3 ]| 6 | 375 [ 24 Jems [ o4t [ no ] 0
Select tyre
3 | 138 | yes | 34
Select tyre
4 [ I I
* 1 bar = 1.019 kgiom” = 10 Nicm” = 100 kPa = 0.9872 alm
** Below the maxmum tling depth
Y Comments
5"‘;;"";1'“9‘;"“" Stress propagation Pressure bulbs Pressure bulbs. Pressure bulbs Compressive stress In a
aenis i iatesa Data sheet Variants 142 Variants 3+4 Data sheet defined spot in the soil

rib. data res: 142

Pres 3+4  Press bulbdata | Stre

Figure 4 TASC Excel worksheet application

RESULTS and DISCUSSION

For simulation purposes we used the real experiment data. The real experiment with different
aim were realized in location of Nitra city county approximately 20km in west direction in the village
Velké Zaluzie. The soil type was clay loam soil and agrotechnical operation was the middle ploughing.
The tractor implements combination parameters were mentioned above as well as the tires parameters.
The soil properties were used from web page www.podnemapy.sk. The simulation output contains a
few charts with additional valued results. These graphical results are depicted in figures 5,6,7. The soil
compaction stress was calculated with respect to the applied tires properties. The probability of soil
compaction was calculated with soil depth of compaction. For the better visualization of stress ranges
the bulbed graphs were generated. From these graphs the user is able detect the critical point of his
applied technology weak points.
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Stress propagation and soil stability TASC \/
Wheel/track comparison - soil comparison

Compressive stress (tyre/track centre) [bar]
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0
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severe soil compaction risk at the 25 to 26 cm depth

e tolerable compaction
=—  severe soil compaction risk at the 25 to 34 cm depth

Figure 5 Stress propagation and soil stability

In figure 5 is depicted the dependency of compressive stress on soil depth. The application allows us
to analyze the four wheels of agricultural machines. We used the application for analyzing the front
and rear wheels of tractor in pair as one wheel and the third wheel which belongs to mounted plough.
For this reason, the last possibility is not fulfilled (below the chart). From the analysis we could
conclude that the plough wheel and tractor rear wheel cause the high-risk possibility of soil
compaction.

Pressure bulbs in the soil

Wheelitrack comparison - soil comparison TASC \/
Variant 1 Pottinger servo plus Variant 2 Continental 540/63 R30 front
e e L s - : 0
HHH i i e
S t H 21
HH e B s T i
= = 3 £
4. g | 2 2
3 i 3
3 63 =
& 7. o . g
84
9.
105
75 60 45 30 15 0 15 30 45 60 75 75 60 45 30 15 O 15 30 45 60 75
DISTANCE TO TYRE/TRACK CENTRE [CM] DISTANCE TO TYRE/TRACK CENTRE [CM]
O0-02 [@0.20.4 00.40.6 H0.60.8 00.81 @112
01.2-1.4 @1.4-1.6 01.6-1.8 @1.82 [@2-2.2 [bar]
1 bar = 1.019 kg/em? = 10 Niem? = 100 kPa = 0.9872 atm
Variant 1 severe soil compaction risk to 26 cm depth

Variant 2 no severe soil compaction risk

Figure 6 Pressure bulbs in the soil, front tire and flotation tire
The stress distribution under the tires is depicted in figures 6,7. The clay soil type stress distribution

is comparable with elastic medium subject, meanwhile the soil has plastic deformation. We must
emphasize that the stress distribution is independent on the modulus of elasticity of the material, and
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this is just a function of the applied load. The stress distribution under the contact area with tire and
ground could be calculated as stress distribution under the contact point. The calculation method is
based on the premise of existence of infinite, homogeneous, isotropic elastic medium subject to a
vertical point load applied on the ground surface.

Pressure bulbs in the soil TASC
Wheelltrack comparison - soil comparison \/

Variant 3  Continental 650/65 R42 rear

..... 0
H 21
£ 42 8
=
[s5) j
g 2
R 1.
7563 51 39 27 15 3 9 21 33 45 57 69
DISTANCE TO TYRE/TRACK CENTRE [CM]
@0-0.2 00.2-04 [0.406 [HO0.60.8
bo.8-1 H1-12 |iz21.4 O1.41.6 [bar]
1 bar = 1.019 kg/cm? = 10 N/icm? = 100 kPa = 0.9872 atm
Variant 3 severe soil compaction risk to 34 cm depth

Variant 4

Figure 7 — Pressure bulbs in the soil, front tire, and flotation tire

CONCLUSION

In this article we are dealing with a short review about the available online tools designed for
support of agricultural science and production. The risk of soil compaction has been calculated by
TASC Excel worksheet tool. The application is designed for Tires/Tracks and Soil Compaction
calculation. We finished the calculation of the risk of soil compaction of tractor implements
combination which were the tractor Fendt 824 with implemented reversal plough Péttinger Servo 6.50
Plus. Their tires technical parameters were used for calculation. In the part of stress propagation and
soil stability for the flotation tire of plough we reached the result when the severe compaction of soil
risk to the 25-26¢m raising. Tolerable soil compaction is obtained for the front-end wheel (tire). For
the rear wheel the severe compaction of soil risk to the 25-34cm raising. The pressure bulbs in the soil
are depicted for each analyzed tire in figures 6,7. Final recommendations for the users are based on
the premises that they can simulate the stress distribution which are depending on the chosen tire types
and they properties. Optimalisation of the tire parameters helps to protect the soil from the high
compaction and then reduces the technology expenses and protects the soil at last.
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THE INFLUENCE OF THE ANNEALING TIME OF THE SAW BAND WELD ON ITS
HARDNESS

MIROSLAVA TAVODOVA, JOZEF KRILEK
Department of production technologies and quality management

Department of Environmental and Forest Technology
Faculty of Technology, Technical University in Zvolen

Abstract: The article deals with the evaluation of the influence of the annealing time on the weld joint
of the saw band as well as the heat-affected area and the base material in connection with the change
in its hardness. Three samples of welded joints of spring steel, used for the production of saw bands,
were evaluated. Experimental measurements of Rockwell hardness (HRC) were conducted from the
weld axis through the heat-affected zone (HAZ) to the base material, which had a hardness value of
42 HRC. Sample no. 1 was not heat treated, the other two samples were annealed, but each for a
different time. Sample no. 2 for 1.5 minutes and sample no. 3 for 3 minutes. The goal was to determine
the influence of the annealing time on the course of hardness as well as the total resulting hardness in
individual areas of the weld joint. From the results written in the table as well as the graphic hardness
curve, it is recommended to include local annealing for 1.5 minutes after welding.

Keywords: saw band, annealing, hardness, wood mass, safety

INTRODUCTION

Tools are part of machine tools. Their quality is closely related to the entire material processing
process, whether metal-based or for wood processing. High demands are placed on tool steel. They
are not always explicitly tool steels, but spring steels are often used for wood processing due to their
excellent toughness. It is thanks to the nickel content, which guarantees this mechanical property to
steels. In addition to this, steels must have high hardness and strength [FREMUNT, P. et al.,
HRIVNAK, 1.]. The finished tool, ready for sawing wood, is only when the strip is welded. And it is
precisely the correct execution and subsequent adjustment of the weld that gives the entire tool its
final, satisfactory properties. Tearing of the saw band in the process of cutting wood can have fatal
consequences not only for the machine itself but especially for the operator of this machine. The
importance of heat treatment, stress-relief annealing - relaxation annealing in weld joints is
indisputable. It is important to choose the right annealing length, at the right annealing temperature.
Welds made in this way can be checked by several methods, either destructive - microscopic or tests
of mechanical properties, or non-destructive, which also includes the measurement of the hardness of
the welds from the axis to the base material [HRIVNAK, I, ZUBOR, P. et. al.]. It can be the Vickers
hardness measurement method or the Rockwell method.

MATERIAL and METHODOLOGY

Manufacturing deciduous and coniferous lumbers on a frame or band saw is essentially a
longitudinal division of the trunk into blanks of the same or similar dimensions (Fig. 1a). Cutting of
raw wood is a serial production of sawmill semi-finished products - raw lumber and sleepers. Band
saws belong to woodworking tools. A spring steel strip is used as a semi-finished product, which is
adjusted by cutting and grinding the teeth to the required profile. By welding the ends of the saw band,
an endless saw band is created (Fig. 1b), which is usually stretched between two wheels of the machine
[BALAEV E.Y. - LITVINOV A.E., BARCIK, S. et al., KMINIAK, R. — SIKLIENKA, M.].
In general, the purpose of welding is to make a solid weld joint that should have the required properties.
They are a certain strength and toughness, as well as resistance to degradation processes and also
resistance to sudden breakage, that is, safety, mostly expressed by integrity and fracture toughness
[BRZIAK, P. et al. UZUNALI U.Y. - CUVALCI, H.]. Welded joints are created by joining the melted
base material and, in most cases, additional material. Three basic areas are defined for welded joints:
weld metal, HAZ and base material. Weld metal and HAZ has its own characteristic properties and
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microstructure. The high temperature during canning changes the structure and thus also the
mechanical properties of the HAZ from the properties of the base material (Fig. 2).

Maximum

TeRp grain growth zone

recrystallised zone

Figure 2 Changing the structure of the weld joint from the axis to the base material

Therefore, it is necessary to carry out a suitable heat treatment after welding. Its purpose is to equalize
the structure and eliminate or at least reduce internal tensions. In general, it can be said that the internal
stresses are reduced and disappear due to spontaneous plastic deformation in the annealed steel,
induced by the initial stresses that existed in the steel before annealing. Among other things, the heat
treatment of welded joints is supposed to ensure the improvement of the properties of the welded joint,
especially the structure, mechanical properties, hardness, etc. [KUBIT A. et. Al, ZUBOR, P. et. al.,
BRZIAK, P. etal., TOTAL MATERIA]. Welding tool steels is different from welding ordinary steels.
This is due to their specific chemical composition. In principle, however, it is necessary to observe the
basic conditions for making a quality joint and to observe the correct annealing regime after welding
[FREMUNT, P. et al., ZUBOR, P. et. al.].

The 75Ni8 and C75 steels are most often used for wood processing tools, specifically for saw bands.
Spring steel 75Ni8 is steel with high nickel content to ensure high tool toughness. It is mainly used for
saw bands for wood. It is also suitable for the production of flexible and stressed knife blades. Due to
its high nickel content and very good weldability, 75Ni8 steel is also excellent as a second, bright
component for Damascus steel. C75 steel is a spring, oil-hardenable carbon steel. It is also used to
make knives. It is cheaper than steel 75Ni8, which has a high proportion of nickel compared to C75.
Author [KALINCOVA, D.] performed the experiment on the samples material DIN C75 have been
welded and evaluated in the states prior and after welding and annealing. The purpose of the
experiment was to analyse the influence of different annealing temperatures on structural and
mechanical properties and based on the analysis to propose optimal heating temperature that
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guarantees reliable operation of the band-saw blades. The results of hardness measurement and
microstructure evaluation confirmed the need of annealing after welding of band-saw blades.

Three samples of saw bands made of spring steel 75Ni8 (1.5634) were used for the experiment. It is a
steel with a higher nickel content to ensure high toughness. It is intended primarily for saw bands for
wood. Hardening temperature of steel is Ty=850 - 880°C, tempering from temperatures T1=180° -
200°C, to ensure hardness of 58 - 60 HRC. The hardness after heat treatment is adjusted to values of
45 - 46 HRC. The chemical composition of the steel is shown in Table 1.

Table 1 - Chemical composition of spring steel 75Ni8 [Lexikon kovu 2.7]

Element C Si Mn Ni P S Cr Mo Fe
wt % 0.72 — 0.15 - 0.3 - 1.8 - max. max. max. max. balance
0.78 0.35 0.5 2.1 0.025 0.025 0.15 0.1

The samples had dimensions of 400mmx140mmx1.2mm. They were welded by the MIG method (butt
weld), with preheating T=250°C on a copper plate, on an IDEAL BLS 320 welding machine. Bohler
DMO-IG, EN ISO 14341/21952-A, G MoSi welding wire was used as additional material. The
chemical composition is in Table 2.

Table 2 - Chemical composition of welding wire [BOHLER DMO-IG]
Element C Si Mn
wt % 0.1 0.6 1.1

Mo Fe
0.5 balance

The welds on the samples were ground from both sides. Local annealing with a gas burner (propane-
butane) took place on a special single-purpose machine that was made specifically for this purpose. It
was performed with the help of nozzles located along the entire width of the weld with a spacing of
20 mm. The annealing temperature was Ta = 480°C and was inspected by thermal chalk. After the
weld has cooled, the jaws on the machine are released, which are supposed to prevent flatness
deformations during annealing.

The measurement was carried out on three samples of saw bands:

- Sample No. 1 - without heat treatment, annealing to remove internal stresses after welding;

- Sample No. 2 - annealed for 1.5 minutes;

- Sample No. 3 — annealed for 3 minutes.

Figure 3a shows a sample of a saw band with the measurement points indicated. The hardness
measurement was carried out in two lines, in a zig-zag manner, to ensure the condition of a distance
of min. 2 mm, so that the deformation of individual indents does not affect the hardness value.
Hardness was measured using the Rockwell HRC method according to ISO 6508-1:2016 on an
analogue hardness tester Skoda (Fig. 3b).

weld joint axis of the weld

management
of indents
Zig — zag way

indent

guide lines

basic
material

basic
material

a,

Figure 3 Saw band with indicated HRC hardness measurement points (a,); analogue Rockwell hardness tester

(b,)
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RESULTS and DISCUSSION

Before measuring the hardness of individual saw bands, the hardness in the base material was
first checked. It had a value of 42HRC. To evaluate the hardness from the weld axis to the base
material, 21 hardness measurements were performed. The first 9 were in a zig-zag shape up to a
distance of 9 mm by one millimeter, the next 8 by two millimeters and the last 4 in one line by five

millimeters. Table 3 shows the measured HRC hardness values for all three samples.

Table 3 - Measured hardness values of the tested samples

Serial number of | Distance from the axis HRC
the indent of the weld (mm) Sample no 1 Sample no 2 Sample no 3
1 0 55 32 37
2 1 50 40 32
3 2 53 42 41
4 3 66 41 40
5 4 57 45 34
6 5 31 39 34
7 6 38 42 39
8 7 39 43 40
9 8 41 41 40
10 9 41 42 42
11 11 44 43 40
12 13 44 44 39
13 15 44 43 41
14 17 43 43 40
15 19 43 43 44
16 21 41 44 44
17 23 42 40 44
18 25 41 41 45
19 29 42 41 47
20 34 44 41 43
21 39 41 40 46

(5]

5

n

H

Destance from the axis of the weld (mm)
Figure 4 Curves of the hardness from the axis to the base material of all three samples

— Samplenal *

— Samplenod .

= Sampde no 3

£

1

Figure 4 shows a graph showing the hardness curves of the saw blades from the axis of the weld to the
base material on both sides of the weld of all three samples. The measurement was taken on one side
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of the samples and mirrored to the other side. It is assumed that both sides should be identical in terms
of weld formation and subsequent annealing, in terms of structure and consequently hardness.

As some authors write in their works [HRIVNAK, 1., ZUBOR, P. et. al., SANDVIK STEEL],
welding negatively affects the material properties of the saw band. The result is a structure in HAZ
consisting of unhardened martensite, pearlite and bainite on the weld side. Unhardened martensite in
the weld is very brittle, as it is a cast structure. One way to reduce the hardness of steel is to heat the
saw blade to about 400°C after welding. However, there is a risk that cracks may appear before
annealing. This is why it is recommended to anneal immediately after welding the strip. A better way
is to heat the edges of the strip to a temperature of 400 °C during the entire welding process. The weld
does not cool down so quickly that e.g. pearlite and bainite in the weld and in HAZ. It is important to
control the annealing times and annealing temperature well so that the weld becomes neither too hard
nor too soft [SANDVIK STEEL, UZUNALI, U.Y., - CUVALCI, H.].

As can be seen from the graph in Figure 4, the necessity of annealing the weld joint has been confirmed.
The difference in hardness in the area of the weld joint as well as in the HAZ is significant between
the non-annealed and the annealed joint. For sample no. 2, annealed for 1.5 minutes, the decrease in
hardness in the first 5 impressions is 30%, and for sample no. 3, annealed for 3 minutes, it is 35%.
Even though the difference between the decrease in hardness of the weld of sample no. 2 and 3 is not
significant, we can state that the hardness distribution from the axis of the weld to the base material is
more uniform in sample no. 2. This confirmed the practice-proven fact that annealing for 1.5 minutes
would be sufficient to equalize the internal stresses in the weld and thereby ensure the quality of the
weld joint. This will ultimately ensure safety when processing wood on band saws. High demands are
placed on the saw band in terms of production quality and preventive maintenance [SYSALA T. et
al.]. As the authors [KREIDL, M. — SMID, R., VALENCIK, S. — STEJSKAL, T.] state, by diagnosing
a welded and correctly heat-treated joint, we can prevent undesirable events, not only during wood
processing in sawmills.

CONCLUSION

The quality of tools for processing wood is closely related to the entire process of processing the
material, and therefore high demands are placed on them. Spring steels are used for wood processing
due to their excellent toughness. The importance of heat treatment of weld joints is indisputable.

Experiments have proven, that although the difference between the decrease in weld hardness of
sample no. 2, annealed for 1.5 minutes, and sample no. 3, annealed for 3 minutes is not significant, we
can conclude that the hardness distribution from the axis of the weld to the base material is more
uniform in sample no. 2.

Annealing saw blades for 1.5 minutes for wood processing will significantly improve their uniform
hardness from the weld axis to the base material. The results of the hardness measurement confirmed
the need for annealing after welding the saw bands. In this way, a more balanced structure is obtained
in the critical area of the weld joint and the HAZ, and it approaches the state in which the base material
is. This is of great practical importance in terms of tool life and safety when working on band saws.
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