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VYUZITIE DETERMINISTICKEHO CHAOSU V KOMUNIKACNYCH TECHNOLOGIACH
THE USE OF DETERMINISTIC CHAOS IN COMMUNICATION TECHNOLOGIES

Martin OLEJAR, Miroslav PAP, Viadimir CVIKLOVIC, Zuzana PALKOVA
Slovenskd polnohospoddrska univerzita v Nitre, Slovenska republika

This article deals with possibilities of using the Chua circuit to design a reliable communications system. The concept uses the deterministic
chaos for the encryption (masking) of information signal using a chaotic modulation. In order to remove the chaotic signal and re-obtain the
information signal it is necessary to know exactly the parameters of the Chua circuit. The reliability of the system depends on the sensitivity
of synchronization to change the parameters. Other applications, where the unpredictability of deterministic chaos could be used, are as
follows: generation of guard random numbers, design of improved white and coloured noise generators.
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Chaos v elektrickych obvodoch je zaujimavy nielen z teoretic-
kého (Guzan, 2009), ale i praktického hladiska. Zakladnu ne-
predvidatelnost deterministického chaosu je mozné pouzit pre
navrh zlepSenych bielych a farebnych Sumovych generatorov, pre
generovanie zabezpecovacieho nahodného Cisla, alebo v systé-
moch, ktoré su zostavené z dvoch alebo viacerych chaotickych
obvodov pre Sifrovanie signalov a zabezpe€ovanie komunikacie.
Cielom ¢lanku je poskytnut teoretické a praktické podklady pre
Studovanie nielen samotného Chuaovho obvodu generujuceho
deterministicky chaos, ale aj jednej z moznosti jeho vyuZzitia pri
Sifrovani signalov. Zatial ¢o diferencidlne rovnice a mechanické
systémy poskytnu vhodnu kostru v ktorej skimame chaos, elek-
tronické obvody su jedine¢né tym, Ze sa jednoducho realizuju,
jednoducho merajti a modeluji. Dalej funguju v redlnom &ase
a hodnoty parametrov sa daju jednoducho nastavif. Vyznam
Chuaovho obvodu a jeho pribuznych obvodov je, Ze mézu uka-
zat r6zne typy atraktorov, ktoré v trojrozmernom priestore zod-
povedaju danému dynamickému systému (Guzan, 2009;
Sobota, 2010). Pri bohatej réznorodosti komplexnych dynamik,
obvody su dost jednoduché, preto je ich mozné skon&truovat
pouzitim Standardnych elektronickych suciastok a modelov.

Material a metddy

Zakladnou myslienkou je vyuzitie chaotickej modulacie na pre-
nos informécii a chaotickej synchronizacie na jeho opatovné zis-
kanie. Vyhoda chaotického signalu pri modul&cii je hlavne v jeho
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Obrazok 1
Figure 1

Zakladné zapojenie Chuaovho obvodu
Basic connection of Chua’s circuit

nepredvidatelnosti, ¢im dbéjde k zamaskovaniu informa¢ného
signalu, s im suvisi jeho zlozita opatovna rekonstrukcia klasic-
kymi postupmi. Cely systém tvoria dva Chuaove obvody, ktoré
generuju nosny chaoticky signal sliZiaci na zamaskovanie resp.
zasifrovanie a desifrovanie signalu nestceho pozadovanu infor-
méciu. Zakladna schéma Chuaovho obvodu je na obr.1.
Obvodové stavové rovnice su nasledovné:

du,
C1 dt‘ :G(ucz_ucw)_g(ucw)

c, ,

G, ™ = G(uc‘ *Ucz)+ i
di . 1

LF; =-U;, — R, )
kde: G=1/R
R. - odpor induk&nosti

g(uc‘) — V-A charakteristika Ng a je podfa ltoha
(1994) vyjadrena takto:

9, )= mu, + L;m‘(‘uc‘ + BP‘—‘UC‘ —BPD @)

Grafické vyjadrenie V-A charakteristiky Ng je na obr. 2.
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Obrazok 2  Trojsegmentova po Gastiach linedrna V-A charakteristika pre
nelinedrny rezistor Nz v Chuaovom obvode
Three-segments PWL |-V characteristic for non-linear resistor

Ng in Chua’s circuit

Figure 2
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Prostrednictvom pocitacovej simulécie bolo dokazané, ze
chaoticky atraktor sa objavi v Chuaovom obvode pre nasledu-
juce hodnoty parametrov (Matsumoto, 1985):

Ci=110F; C;=2F; L=1/7TH; G=0,7 S; (3)
Br=1V; m =-0,1 S, m0=-4S

Princip Sifrovania informaéného signédlu je zobrazeny na obr.
3a.

Prvym krokom pri Sifrovani informaéného signalu je nasta-
venie jednak parametrov Chuaovho obvodu ktorymi st G, L,
C4, Co, mg, My, Bp, RL a Rs a taktieZ pociatoénych podmienok
pre vypocet hodnbt ucs, Uce @ i zo sustavy diferencialnych rov-
nic (1). Samotny vypocet sustavy diferencialnych rovnic je vy-
konavany po jednotlivych €asovych intervaloch, kde na konci
vypoctu je do pociato€nych podmienok pre dalsi Casovy inter-
val k napatiu uc, pripo€itavany informacny signal vydeleny hod-
notou Rs. Tento postup sa cyklicky opakuje dovtedy, kym nie je
zasSifrovany cely informaény signal. ZjednoduSene povedané
informaény signdl, ktory je privadzany do Chuaovho obvodu

G=0,7S, L=1/TH, C4=1/10F, C,=2F
mg=-4S, my=-0,18, B,=1V, R.=0Q, Rs=10Q

v

uc1(0)=0V, uc2(0)=1V, iL(0)=0A

i=1

€

A,
t=(1+(i-1).0,1):0,1:(1+i.0,1)

v

du
017‘:1 =G(uc, ~Ucr) ~9(ue1)
ducy _

c
2 dt

Glucy ~Ucy) *iL,

di )
Ldilt_ =-Ucy ~ Ry,

v
sif_sig(i)=ucs(t=(1+(-1).0,1))
v

uct(0)= ucs(t=(1+1.0,1))+inf_sig(i)/Rs
Uc2(0)= Uca(t=(1+1.0,1))
iL(0)= iL(t=(1+i.0,1))

i=length(inf_sig)+1

a)
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modifikuje napatie na kondenzatore C, &im meni charakter
prenadaného chaotického signalu. Pri deSifrovani (obr. 3b) in-
formaény signal opatovne ziskame tak, Ze v kazdom ¢asovom
intervale vypocCitame rozdiel medzi prenasanym chaotickym
signalom a signalom uc; vypocitanym zo sustavy diferencial-
nych rovnic. Potom tak ako pri Sifrovani aj pri deSifrovani je vy-
sledok rozdielu, ktorym je deSifrovany informaény signal
pripogitavany k napatiu uc; ¢im dojde k zmene pociatoénych
podmienok pre dalsi asovy interval. Samotné deSifrovanie sa
taktiez vykonava cyklicky dovtedy, kym neziskame cely infor-
macny signal. Délezitou podmienkou, ktord musi byt spinena
na opatovné ziskanie informa¢ného signalu, je Ze parametre
Chuaovho obvodu pri deSifrovani informaé&ného signalu musia
byt rovnaké ako pri jeho Sifrovani.

G=0,7S, L=1/7H, C1=1/10F, C,=2F
mo=-4S, my=-0,1S, B,=1V, R.=0Q, Rs=10Q

v
uci(0)=0V, ucz(0)=1V, iL(0)=0A

¥

du
=1 = G(ug, ~Ucr) ~ 9lucr)

i#length(sif_sigl)

inf_sig(i)=(sif_sig(i+1)-uc:(t=(1+i.0,1))).Rs
v

Uc1(0)= ucq(t=(1+i.0,1)+inf_sig(i)/Rs
Ucz(0)= uco(t=(1+i.0,1))
iL(0)= iL(t=(1+i.0,1))

i=length(sif_sig)

b)

Obrazok 3  Vyvojové diagramy pre: a) Sifrovanie informacného signalu, b) desifrovanie informacného signélu

Figure 3

Flow diagrams of: a) encryption of the information signal, b) decryption of the information signal
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Vysledky a diskusia

Pri Sifrovani sme pouzili datovy (pravouhly) signal. Na uréenie
vzajomnej podobnosti informaéného a desifrovaného informac-
ného signalu a taktieZ aj spravnosti nastavenych parametrov
desifrovacieho algoritmu budeme pouzivat korela¢ny koefi-
cient, ktory je dany vztahom:

(A -A)B,-B)
R = n

kde:

R - korelaény koeficient, ktory mbéZe nadobudat hodnoty od
-1 az po +1

A, — n-ta vzorka informac&ného signalu

B, - n-t& vzorka deSifrovaného informa¢ného signalu

A - aritmeticky priemer informa&ného signalu

B - aritmeticky priemer de&ifrovaného informa&ného signalu

Ak je hodnota korelaéného koeficientu R = -1 vyjadruje to
nepriamu zavislost vektorov. Hodnota korelaéného koeficientu
R =1 vyjadruje priamu zavislost vektorov a ak je korelaény koe-
ficient rovny 0, tak medzi vektormi nie je Ziadna Statisticky zisti-
telna zavislost.

Ak parametre Chuaovho obvodu pri Sifrovacom a deSifro-
vacom algoritme su totozné, korelaény koeficient vzajomne;j
podobnosti informacného a deSifrovaného informaéného sig-
nalu je rovny 1, z €oho vyplyva Ze deSifrovanim ziskame signal,
ktory je Uplne zhodny s pdvodnym informaénym signalom.
Tento vysledok je zobrazeny aj graficky na obr. 4.

Dal&im z déleZitych faktorov, ktory vplyva na kvalitu desifro-
vania je presnost parametrov Chuaovho odvodu. Hodnoty pa-
rametrov G, L, C4, C,, mg, my, Bp, RL vyraznou mierou vplyvaju
na priebeh desifrovaného signalu a tym aj na spatnu rekon-
Strukciu informaéného signalu. Vplyv zmeny vybranych para-
metrov na korelaény koeficient uvadzame v tabulke 1, pricom
informaény signal je zhodny so signalom na obr. 4 (hore).

Pévodny informaény signal (1)

L L L L L L L
1000 2000 3000 4000 5000 5000 7000 8000
poradové ¢&islo vzorky, 1 (4)
Sifrovany signal (2)

L | | | L
1000 2000 3000 4000 5000 BO00 7000 8000
poradové ¢islo vzorky, 1 (4)

Desifrovany informacny signal (3)

3 T T
1
UV pst 1
D L 1
5 1 1 1 1 1 1 1
1000 2000 3000 4000 £000 G000 7000 8000
poradové ¢islo vzorky, 1 (4)

Obrazok 4  Priebehy pdvodného informacného signdlu (vrchnd Cast ob-
rdzka), prenaSaného Sifrovaného signélu (strednd Cast obrézka)
a deSifrovaného informacného signélu (spodnd ast obrazka)
Original information signal (the upper part of the picture),
transmitted encrypted signal (middle part of the picture) and
decrypted information signal (the lower part of the picture)
(1) original information signal, (2) encrypted of the information signal,
(3) decrypted information signal, (4) serial number sample

Figure 4
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Tabulka 1  Vplyv vybranych parametrov Chuaovho obvodu na hodnoty
korelacného koeficientu

G,S 0,699 0,69 0,68

R,1 0,9928 0,5588 0,2393

C2,F 1,999 1,99 1,9

R, 1 0,9931 0,6558 0,1099

mo, S -3,99 -3,9 -3,8

R, 1 0,9875 0,6230 0,4432
Table 1 The effect of selected parameters of the Chua circuit on the

values of the correlation coefficient
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Pévodny informacény signal (1)

! | ! ! | ! .
1000 2000 3000 4000 5000 B000 7000 S000
poradoveé ¢&islo vzorky, 1 (4)

Sifrovany signal (2)

. ! ) ) .
1000 2000 3000 4000 5000 BO00 000 8000
poradové &islo vzorky, 1 (4)
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Desifrovany informacny signal (3)

. . . ! | . .
1000 2000 3000 4000 5000 B000 000 g000
poradoveé ¢&islo vzorky, 1 (4)

Obréazok 5

Figure 5

Priebehy pdvodného informacného signalu (vrchna ¢ast ob-
razka), prendSaného Sifrovaného signdlu (strednd Cast ob-
rdzka) a deSifrovaného informacného signélu pri Co = 1,99 F
(spodnd Cast obrdzka)

Original information signal (the upper part of the picture),
transmitted encrypted signal (middle part of the picture) and
decrypted information signal in C, = 1,99 F (the lower part of
the picture)

(1) original information signal, (2) encrypted of the information signal,
(3) decrypted information signal, (4) serial number sample

Povodny informacny signal (1)

1000 2000 3000 4000 5000 E000 7000 8000
poradové ¢islo vzorky, 1 (4)
Sifrovany signal (2)

! 1 | | |
1000 2000 3000 4000 5000 6000 7000 8000
poradove ¢&islo vzorky, 1 (4)
Desifrovany informacny signal (3)

{

1000 2000 3000 4000 S000  BODO 7000 &000
poradoveé ¢&islo vzorky, 1 (4)

Obrézok 6

Figure 6

Priebehy povodného informacného signélu (vrchnd Cast ob-
razka), prendSaného Sifrovaného signdlu (strednd Cast ob-
razka) a deSifrovaného informagného signdlu pri ugy(0) = 0,5V
(spodnd Cast obrédzka)

Original information signal (the upper part of the picture),
transmitted encrypted signal (middle part of the picture) and
decrypted information signal in ugz (0) = 0.5 V (the lower part
of the picture)

(1) original information signal, (2) encrypted of the information signal,
(3) decrypted information signal, (4) serial number sample
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Z tabulky 1 je zrejmé, Ze pri deSifrovani sta¢i mala zmena
niektorého z parametrov Chuaovho obvodu na to, aby deSifro-
vany signal bol vyrazne odliSny od pévodného informa¢ného
signalu, €o spbsobi nenavratnu stratu udajov. Tento vplyv je zob-
razeny aj graficky na obr. 5.

Dal3ie parametre, ktoré sa z poéiatku javili ako nemenej do-
lezité pri deSifrovani informaéného signalu boli poc¢iatoéné pod-
mienky pri samotnom Sifrovani a deSifrovani. Simulacia v8ak
dokazala, Ze poc€iato€né podmienky pri deSifrovani nemaju vy-
razny vplyv na deSifrovany informac¢ny signal. Vysledny desifro-
vany signdl pri zmene pociato€nych podmienok z uc(0) = 1 V
na uc(0) = 0,5 V je zobrazeny na obr. 6. Korelacny koeficient
medzi pdvodnym informaénym signalom a deSifrovanym infor-
macnym signalom mal hodnotu R = 0,9596, &im je zrejmé zZe
k strate informéacie nedoslo.

Zaver

Hlavné vyhody komunikaénych systémov umozZriujucich Sifro-
vanie signalov prostrednictvom chaotickej modulécie su v jed-
noduchej realizacii s pomerne malymi vstupnymi nakladmi.
Priebehy prena$aného chaotického signalu mézu maskovat [u-
bovolny informaény signal, ak amplitida tohto signélu je dosta-
to€ne mala. Prena8ané signaly maju Siroké spektrum a tiez
moZu maskovat spektra vstupnych informaénych signalov. Na
synchronizovanie chaotického signalu musime velmi presne
poznat parametre systému, aby sme odstranili maskovaci sig-
nal. Tieto parametre systému sliZzia ako ,Sifrovaci kfuc“, pricom
vzhladom na neobmedzené mnozstvo hodn6t, ktoré mézu na-
dobudat, je mozné z hladiska bezpe&nosti Sifrovania skonsta-
tovaf, Ze navrhovany systém je bezpelny na prenos &i uz
datovych alebo analégovych signalov.

Sihrn

V tomto €lanku je spomenuta jedna z moznosti vyuzitia Chua-
ovho obvodu pre konstrukciu spolahlivého komunikaéného
systému. Myslienkou systému je vyuzit deterministicky chaos
na zasifrovanie (zamaskovanie) informaéného signalu pros-
trednictvom tzv. chaotickej modulécie. Na odstranenie chaotic-
kého signalu je potrebné presne poznat parametre Chuaovho
obvodu na to, aby sme mohli opatovne ziskat informacny sig-
nal. Spolahlivost systému zavisi od citlivosti synchronizacie na
zmeny parametrov. DalSie z aplikacii, kde je mozné vyuzit ne-
predvidatelnost deterministického chaosu je napr. generovanie
zabezpec€ovacieho nahodného C&isla, alebo deterministicky
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chaos pouzit pre navrh zlepSenych bielych a farebnych Sumo-
vych generatorov.

Kltcové slova: Chuaov obvod, MATLAB, Sifrovanie, determi-
nisticky chaos

Podakovanie
Tento prispevok bol vypracovany v ramci rieSenia grantového
projektu VEGA ¢&. 1/0784/10.

Literatiira

GUZAN, M. 2009. Morfolégia hrani¢nej plochy Chuaovho obvodu
pri zmenach R In: SEKEL 2009: mezinarodni konference ucitelt
elektrotechniky : 15.—17. zafi 2009, Brno-Lednice, Brno : VUT,
2009, s. 83-90. ISBN 978-80-214-3934-4.

GUZAN, M. —-SOBOTA, B. 2009. Visualization of chaos, In: Journal
of Electrical and Electronics Engineering, vol. 2, 2009, no. 1,
p. 48-51. ISSN 1844-6035

ITOH, M. — MURAKAMI, H. — CHUA, L. O. 1994. Communication
Systems via Chaotic Modulations. In: IEICE Trans. Fundamenta-
lals; vol. E77-A, 1994, no. 6 June.

MATSUMOTO, T. — CHUA, L. O. — KUMORO, M. 1985. The
Double Scroll. In IEEE Transaction on Circuits and Systems; vol.
32, 1985, no. 8, p. 798-818.

SOBOTA, B. — GUZAN, M. 2010. Macro and micro view on steady
states in state space, In: Acta Univ. Sapientiae, Informatica, vol. 2,
2010, no. 1, p. 90-98. ISSN 1844-6086. http://www.acta.sapien-
tia.ro/acta-info/C2-1/info21-7.pdf

Kontaktn4 adresa:

Ing. Martin Olejar, PhD., Katedra elektrotechniky, automatiza-
cie a informatiky, Technicka fakulta SPU v Nitre, Tr. Andreja
Hlinku 2, 949 76 Nitra, SR, & +421-37-641 47 63, e-mail: Mar-
tin.Olejar@uniag.sk; Ing. Miroslav Pap, PhD., Katedra elektro-
techniky, automatizacie a informatiky, Technicka fakulta SPU
v Nitre, Tr. Andreja Hlinku 2, 949 76 Nitra, SR, & +421-37-641
57 81, e-mail: Miroslav.Pap@uniag.sk; Ing. Vladimir Cviklo-
vi€¢, Katedra elektrotechniky, automatizacie a informatiky,
Technicka fakulta SPU v Nitre, Tr. Andreja Hlinku 2, 949 76
Nitra, SR, @ +421-37-641 57 83, e-mail: vladimir.cviklo-
vic@gmail.com; doc. Ing. Zuzana Palkova, PhD., Katedra
elektrotechniky, automatizacie a informatiky, Technicka fa-
kulta SPU v Nitre, Tr. Andreja Hlinku 2, 949 76 Nitra, SR, &
+421-37-641 47 65, e-mail: Zuzana.Palkova@uniag.sk



Acta technologica agriculturae 1/2011 Pavol FINDURA a kolektiv

Acta technologica agriculturae 1
Nitra, Slovaca Universitas Agriculturae Nitriae, 2011, s. 5-7

HODNOTENIE VPLYVOV PROCESU SUSENIA NA POSKODENIE ZRNA POTRAVINARSKEJ KUKURICE
IMPACT'S EVALUATION IN DRYING PROCESS DAMAGES OF FOOD MAIZE GRAIN

Pavol FINDURA," Jan TURAN,? Marek ANGELOVIC,' Pavel ZEMANEK,® Miroslav PRISTAVKA," Ondrej KURUC'

Slovenskd polnohospodarska univerzita v Nitre, Slovenskd republika’
Univerzita v Noyom Sade, Srbsko?
MZLU Brno, Ceska republika®

Postharvest grain processing has a special importance for production and long — term grain quality. Drying is one of the most widespread
conservation methods for grain and other agricultural products. Technological process of postharvest processing of the maize grain can
significantly effects both the external and internal qualities of the grains. The aim of that paper is to evaluate the effect of drying temperature

on the internal quality of maize grains.

Key words: postharvest grain processing, grain microdamage, HACCP, food maize

Po vstupe Slovenska do Eurépskej unie vznikaju nové pozia-
davky na pofnohospodarske komodity, preto aj na Slovensku
prebieha diskusia o trendoch v pozberovej Uprave zrnin. Uve-
dené trendy nas motivovali k vyskumu zameranému na zisfo-
vanie a hladanie problematickych (kritickych) bodov v pozberovej
Uprave zrnin — predov3etkym v procese su$enia.

Leford (1985) uvadza, Ze najvhodnejSou technoldgiou z po-
hladu minimalneho po8kodzovania pri suSeni zrnin vratane ku-
kurice je suSenie aktivnym prevetravanim v nepohyblivej vrstve
atmosférickym vzduchom. Autor uvadza, Ze rezim su$enia sa
nema radikalne liSit od prirodzeného su$enia, ¢o vzhladom na
dobu suSenia tymto spdsobom nie je mozné z vykonnostného
hladiska. Preto pri suSeni treba davat pozor na tieto vplyvy
a skutoCnosti. Na uvedené skutoCnosti maju vplyv aj
fyzikalno-mechanické vlastnosti jednotlivych plodin (Bozikova
a Hlavac, 2010).

Vyskumom v oblasti poSkodzovania zrnin pri jej pozbero-
vej Uprave sa zaoberali aj Angelovié a Zidek (2005); Donnely
(1997); Zitiak (2000); Dowell (2006); Pearson (2006); Pecen
(2006); Zidek (2006, 2007), ktorf navrhli rézne metodiky ich
hodnotenia.

Manazment pozberovej Upravy zrnin je pomerne zloZity
proces. Na zaklade spoznania kvalitativnych ukazovatelov
z celkového hodnotenia vyuZzitim HACCP a na zéklade doteraj-
Sich poznatkov sme sa rozhodli zhodnotit v tomto prispevku sa-
motny vplyv su$enia na kvalitativne ukazovatele sledovaného
materidlu a na jeho mikropoSkodenie.

Material a metddy

Biologicky material bol pouZzity z podniku Agrodivizia Selice

s.r.o., pricom metodiku prace sme rozdelili do niekolkych etap:

1. ru€né vydrvenie zfn kukurice (aby neboli poSkodené pracov-
nou operaciou — vymlatom),

2. navlhCovanie zfn kukurice v exikatore,

3. su8enie v laboratérnej suSiarni a analyza vysuSenych vzo-
riek,

4. meranie mikropo$kodenia zifn pomocou CCD kamery.

Analyzy z rozboru vnutornych parametrov kli¢enie a obsah
Skrobu v zrnach sme dali preskimat v certifikovanom laboraté-
riu firmy BelarGroup a.s.

Su8enie sme vykonali na zaklade schémy na obrazku 1 pre
kazdu novu sadu vzoriek pri teplotach susiaceho média: 120 °C,
90 °C, 70 °C, 50 °C.

Na meranie teploty zrnin po€as suSenia v laboratornej su-
Sicke sme zostavili zariadenie (obr. 2) na kontinualne meranie
teploty (tepelny snima¢ Pt 1000). Vyuzili sme zariadenie ktoré
umoZzfiuje menit analégovy signal na digitalny. Ide o A/ D pre-
vodnik od nemeckej firmy BMC Messsysteme MA-UNI. Dal$ou
Castou je zariadenie na meranie Gdajov a ich zdznam. Toto za-
riadenie je oznaCované ako pamatova karta iM1610.

Pristroj nami zhotoveny na sledovanie mikropoSkodenia
zfn pozostava z dvoch zakladnych &asti. Prvou je zariadenie na
zachytavanie videa v naSom pripade sme pouzili TV — kartu Li-
feview — Fly DVB — T Card Bus DUO (DVB — T Duo je produkt

Laboratérna susiare (3) Vzorky 3x
/Y po 500 zfn (1)

1 2 3 Vlhkost zrna (2)
35 %

4 5 6
30 %

7 8 9
25 %

0] [11] [42]

20 %

Obrazok 1  Schéma umiestnenia zén pri roznych vlhkostiach v laboratér-
nej suSiarni
Figure 1 Diagram of grain arrangement at various moistures in

a laboratory drying chamber
(1) grain samples (3 x 500 grains), (2) grain moisture content,
(3) laboratory dryer
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Obrazok 2 A/ detail suSiarne zo zhotovenyml kosml na zrnovy materidl
a teplotnymi snimacmi Pt 1000; B/ detail zhotoveného drote-
ného koSa a meracieho snimaca; C/ detail datalogeru a A/D
prevodnikov

Figure 2 A/ detail of a drying chamber equipped with wire baskets for

grain material and with platinum thermal resistors Pt 1000;
B/ Detail of a wire basket and a measuring probe; C/ Detail of
a datalogger and A/D converters

Obrazok 3  Mikroskopickd kamera po nami vykonanej tprave

Figure 3 The modified microscopic camera

umoznujuci formou PCMCIA karty zobrazit digitalny, aj anal6-
govy TV signdl) a mikroskopickd kameru ktori sme upravili.
Analégovéa kamera ma 100-nasobné zvacsenie (obr. 3). M6-
zeme ju pripojit k televizoru, ale aj pomocou TV karty alebo
grabbera priamo k poé&itadu. Vstavana LED sa postara o vzdy
optimalne osvetlenie objektov skiimania.

Vysledky a diskusia

Vzhladom na skuto€nost zistenia, Ze najkritickejSim €lankom
pozberovej Upravy na modelovej linke je proces susenia roz-
hodli sme sa vykonat merania, pomocou ktorych by sme izolo-
vali samotny proces su$enia z technologického a technického
hladiska. Snahou bolo eliminovat vplyv dopravnych zariadeni
na sledované parametre. Preto sme uskuto&nili merania v labo-
ratérnych podmienkach.

Pri analyzovani zavislosti kli€ivosti zfn potravinarskej kuku-
rice a teploty suSenia sme dospeli k zaveru, Ze zo vzrastajucou
hodnotou teploty suSenia klesa kli¢ivost zfn kukurice. Na obr. 5
je vidiet, Ze neodporucame susit potravinarsku kukuricu vaésou
teplotou ako 80 °C. Do grafu sme naznadili aj poZiadavku vyjad-
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Obrazok 4  Ukdzka meracieho programu od firmy BMC, ktorym sme sle-
dovali a zaznamendvali teploty zfn
Figure 4 Example of BMC measuring programme used for monitoring
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Obrazok 6

Figure 6

Vplyv teploty sudenia a jednotlivych vihkosti analyzovanych
zfn potravinarskej kukurice na obsah Skrobu v zrne
Dependence of grain starch content on drying temperature
and various moistures of edible corn grains analyzed

(1) grain moisture content, (2) standard, (3) starch in 100 % dry
matter, (4) air temperature in °C
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renu v prislu$nej norme na potravinarsku kukuricu. Susit zrno
z vy88ou vihkostou ako je 30 % taktiez neodpori¢ame, vzhla-
dom na nesplnenie pozZiadavky normy, aby zrna kukurice dosa-
hovali aspont 50 % Kkli¢ivost. Tato skuto€nost kladie nové
poziadavky na manazment zberu. Zber zin s vihkostou vacsou
ako je 30 % neodporu¢ame vzhladom na skuto€nost, Ze by ne-
boli zabezpeené poziadavky vyjadrené v normach.

Po analyze dalSieho parametra — obsah Skrobu (obr. 6)
mozno skonstatovat, Ze pri vihkosti 20-30 % nie je preukaza-
telny vplyv teploty su8enia na zniZzenie hodnoty tohto para-
metra. Pri vlhkostiach nad 30 % mozno pozorovat zniZzenie
obsahu 8krobu v zrnach so stupajucou teplotou suSenia. Treba
ale podotknut, Ze aj napriek tejto skuto¢nosti poziadavka normy
na tento parameter je spinena.

Zaver

Vzrastajluca teplota suSenia zapri€ifiuje zniZzenie kliCivosti zfn

potravinarskej kukurice. Zrna z vy$Sou vihkosfou ako 30 % ne-

odporuc¢ame susit, vzhladom na skuto¢nost nesplnenia pozia-
davky normy na kli€ivost potravinarskej kukurice.

Vplyv teploty su8enia v nami sledovanom rozsahu
(50—-120 °C) na obsah 8krobu v zrnach sa nepreukazal, teda
mozno konstatovat, Ze proces suSenia nema vplyv na tento pa-
rameter.

Tieto vyznamné skuto¢nosti by sa mali zohladfiovat v ma-
nazmente pozberovej Gpravy. MéZeme teda laboratérne mera-
nie zhodnotit nasledovne:

e susit zrna potravinarskej kukurice teplotou vy$Sou ako je
teplota 80 °C neodportié¢ame vzhladom na skutoénost nepl-
nenia kvalitativnej poZiadavky normy STN 46 1100-8 na pa-
rameter kli¢enia,

e zberat a mlatit potravinarsku kukuricu s vihkostou vy$Sou
ako 30 % neodporu&ame, vzhladom na narastajlucu expozi-
ciu pocas suSenia a nedosiahnutie poZzadovanej kli¢ivosti
zfn aj pri pouZiti nizkych tepl6t susenia.

Sithrn

Pozberové Uprava zrnin ma osobitny vyznam vo vyrobe a dlho-
dobom zachovani kvality. SuSenie je jednou z najrozsirenejsich
metdd konzervovania zrnin a ostatnych polnohospodarskych
produktov. Technologicky postup pri pozberovej Uprave osiva
moZe vyraznym spdsobom ovplyvnit nielen jeho vonkajsiu, ale
aj vnutornu kvalitu osiva. Cielom prispevku je poukazat na
vplyv susiacej teploty na vnutornu kvalitu osiva.

Klucové slova: pozberova uprava zrnin, mikropoSkodenie,
HACCP, potravinarska kukurica
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GRAVIMETRIC ANALYSIS OF MOISTURE AND COMBUSTIBLE AND ASH CONTENTS IN SELECTED BIOFUELS
GRAVIMETRICKE URCENIE VLHKOSTI, HORLAVINY A POPOLA VO VYBRANYCH BIOPALIVACH

Viera KAZIMIROVA," Rudolf OPATH,' Tomas BRESTOVIC,? Peter HORBAJ?

Slovenskd polnohospodarska univerzita v Nitre, Slovenskd republika’
Technickd univerzita v Kosiciach, Slovenskd republika?

This article deals with quantification of combustible matter and ash in selected types of biomass used for heat production by direct
combustion. Combustible and ash content were determined by gravimetric analysis. Methodical part contains description of this method.
Average ash content in dry mass of grain of examined cereals was 2.07 % and combustible content was 97.88 %. We determined that ash
content in dry mass of straw of examined cereals was 6.14 % and combustible content was 94.92 %, in wheat bran was 6.82 % of ash and
93.18 % of combustible. Pigs excrements constitution was 11.16 % of ash and 88.84 % of combustible.

Key words: biofuel, total solids (dry mass), combustible matter, ash

The goal of this article is to determine the portions of
combustible matter and ash in dry mass of several chosen
types of biofuel acquired by direct combustion.

Dry mass of solid fuels consists of ash and combustible.
Energy content of a fuel is not characterized by content of
combustible in that fuel because each fuel has different
combustion heat depending on its chemical composition.
Therefore, with knowledge of ash and combustible content in
the dry mass we can not determine its energy value, only the
amount of ash that is created during the combustion of fuel.

This issue was dealt with Maga et al. (2008), who states
that energetically useful materials contain following weight
percentages of ash: cole seed 3.1 %, cole straw 6.9 %, wheat
grain 1.6 %, wheat straw 5.7 %, barley straw 5.7 % and
topinambur (Helianthus tuberosus) 11.4 %.

According to Pepich (2009) barley straw contains 7.5% of ash,
wheat straw 5.2 %, cole straw 7.2 %, Japanese knotweed 4.1 %,
cole seed 3.1 % and wheat grain 1.6 % of ash. Hutla and
Mazancova (2009) say that pellets made of cereal straw contain
6.33% of ash and pellets made of cole straw 5.64 % of ash.

Material and methods

Gravimetric furnace Nabetherm L9/11/SW with power of
heating device of 3.0 kW was used of measurements. This
Gravimetric furnace is equipped with Controller P 320 and
digital scales Kern EW 420 — 3NM with accuracy of +0.001 g.
Furnace enables heating of analyzed samples up to 1 100 °C
while recording the mass of the sample. This kind of
construction of the furnace makes possible the measuring of
moisture, percentage of combustible and ash of solid fuel.

Moisture is determined according to STN 44 1377 Tuhé
paliva. Stanovenie obsahu vody. Sample is heated to the
temperature 105 °C to 110 °C and is dried until the difference of
subsequently measured mass (measurements are made in 30
min intervals) is less than 0.1 % of the mass of sample
determined in previous measurement.

Ash content is determined according to STN ISO 1171
Tuhé paliva. Stanovenie popola. The sample was incinerated
at the temperature of 815 °C.

Combustible content can be established from the
gravimetric analysis or calculated using known values of
moisture and ash content.

The sample of analyzed fuel kept in ceramic bowl was
placed in the gravimetric furnace. Temperatures and time of
their application (as shown in table 1) was set on the controller.

Table 1 Temperatures used in gravimetric measurements

Period (1) Time of application of set Temperature in °C (3)

temperature in min (2)

1 60 20-107

2 120 107

3 60 107-500

4 60 500

5 60 500-815

6 60 815
Tabulka 1  Teploty pouZité pri gravimetrickych meraniach

(1) Gasovy Usek, (2) ¢as pdsobenia nastavenej teploty, (3) teplota

Moisture and content of ash and combustible in original
samples of studied fuels was determined according to following
formulae:

* moisture:
wromomo (1)
m,
e ash content:
A= @
m,
e combustible content:
H = m,—m _ (3)
m,
or
H=1-(A"+W"), - (4)
where:



Acta technologica agriculturae 1/2011

m - original mass of sample, g
ms - dry mass, g
m3 - mass of ash, g

Ash and combustible contents in dry mass of individual
fuels were calculated using gathered results for better
comparability of those fuels:

e ash content in dry mass:

Viera KAZIMIROVA a kolektiv

Results and discussion

Mass of studied fuel samples determined by gravimetric
analysis is listed in tables 2 and 3.

Processed results of gravimetric analysis of grain and cole
seed are listed in table 4. It can be concluded that dry mass of
grain of studied cereals contains on average 2.07 % of ash

_.m (5) and 97.88 % of combustible. Sum of ash and combustible
Pps ”E’ contents is not 100 %, which is caused by rounding of results of
partial calculations. In the dry mass of cole seed (Catania
¢ combustible content in dry mass: variety), higher ash content (4.73 %) was measured than in
m, 6) grain. Its determined combustible content was 95.27 %.
Prs = E - Results gathered from processing of studied straw samples
are listed in table 5. It was determined that average ash content
where: in the dry mass of straw of studied cereals was 6.14 % and
my - mass of combustible, g average combustible content was 94.92 %. In the dry mass of
and Catania cole straw, higher amount of ash (9.20 %) was
determined than in straws of cereals. Its combustible content
m, =m—m, —g ) was 90.80 %.
Table 2 Mass of observed samples determined by gravimetric analysis
Parameter (1) Fuel (2)
straw of Balada wheat (3) | straw of Kalas wheat (4) | straw of MAL2 barley (5) | straw of Catania cole (6) | straw of Luran barley (7)
Mass of original
sample my in g (8) 26.1765 27.6316 28.7500 28.2353 28.1944
Mass of dry mass
mying (9) 24.1176 25.2632 26.4063 25.5882 26.1111
Mass of ash 13
ing (10) 1.1765 1.5789 1.7188 2.3529 1.8055

Tabulka 2  Gravimetricky namerané hmotnosti skiimanych vzoriek slamy
(1) parameter, (2) palivo, (3) slama pSenice Balada, (4) slama pSenice Kalas, (5) slama jamefia MAL 2, (6) slama repky olejnej Catania, (7) slama jamefia Luran,
(8) pévodna hmotnost vzorky, (9) hmotnost susiny, (10) hmotnost popola

Table 3 Mass of other observed samples

Parameter (1) Fuel (2)

beech chip (3) japanese topinambur (5) | wheat bran (6) wheat corn silage (8) excrement

knotweed (4) screenings (7) of pigs (9)

Mass of original sample 16.0000 6.0526 8.9629 31.6129 25.4444 10.7272 17.7777
mying (10)
Dry mass myin g (11) 14.5333 5.5263 8.0741 28.3871 23.1111 9.9090 159.259
Mass of ash ms in g (12) 0.6666 0.1842 0.1852 1.9355 1.3333 0.45451 1.7777

Tabulka 3

Namerané hmotnosti dalSich skimanych vzoriek

(1) parameter, (2) palivo, (3) bukové Stiepky, (4) kridlatka, (5) topinambur, (6) pSeni¢né otruby, (7) odpad z Eistenia pSenice, (8) kukuricna sildZ, (9) vykaly osipa-
nych, (10) pévodnd hmotnost vzorky, (11) hmotnost susiny, (12) hmotnost popola

Table 4 Results of gravimetric analysis of observed wheat grain and cole seed samples
Parameter (1) Fuel (2)
balada wheat grain (3) kalas wheat grain (4) MAL 2 barley grain (5) catania cole seed (6)

Moisture of original sample W', - (7) 0.0435 0.0437 0.0743 0.0559
Ash content A", - (8) 0.0214 0.0205 0.0169 0.0447
Combustible content i, — (9) 0.9350 0.9357 0.9088 0.8994
Mass of combustible m, in g (10) 26.2000 37.9167 23.1897 29.8148
Ash content in dry mass pps, — (11) 0.0224 0.0215 0.0182 0.0473
Combustible content in dry mass pss, — (12) 0.9761 0.9785 0.9818 0.9527

Tabulka 4  Vysledky gravimetrickej analyzy skimanych vzoriek obilného zrna a semena repky olejnej
(1) parameter, (2) palivo, (3) zrno pSenice Balada, (4) zrno pSenice Kalas, (5) zrno jaémeria MAL 2, (6) zrno repky olejnej Catania, (7) vihkost pdvodnej vzorky,
(8) podiel popola, (9) podiel horfaviny, (10) hmotnost horfaviny, (11) podiel popola v suSine, (12) podiel horlaviny v susine
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Table 5 Results of gravimetric analysis of observed straw samples
Parameter (1) Fuel (2)
straw of Balada wheat (3) | straw of Kalas wheat (4) | straw of MAL2 barley (5) | straw of Luran barley (6) | straw of Catania cole (7)

'\V’I',?‘i“(’; ratio in original sample 0.0787 0.0857 0.0815 0.0739 0.0038
Ash content A', - (9) 0.0449 0.0571 0.0598 0.0640 0.0833
Combustible content i, — (10) 0.8764 0.8571 0.8587 0.8621 0.8229
Mass of combustible myin g (11) 22.9411 23.6843 24.6842 24.3056 23.2353
Ash content in dry mass pys, — (12) 0.0488 0.0625 0.0651 0.0691 0.0920
g;’sm_t"(fg)b'e content in dry mass 09512 09375 09771 09309 0.9080

Tabulka 5 Vysledky gravimetrickej analyzy skiimanych vzoriek slamy

(1) parameter, (2) palivo, (3) slama pSenice Balada, (4) slama pSenice Kalas, (5) slama jacmeria MAL 2, (6), slama jameria Luran, (7) slama repky olejnej Catania,
(8) vihkost povodnej vzorky, (9) podiel popola, (10) podiel horfaviny, (11) hmotnost horfaviny, (12) hmotnostny zlomok popola v suSine, (13) hmotnostny zlomok

horlaviny v susine

Table 6 Results of gravimetric analysis of other observed biofuel samples
Parameter (1) Fuel (2)
. japanese topinambour wheat . pigs
beech chips (3) knotweed (4) (5) wheat bran (6) screenings (7) corn silage (8) excrements (9)
Moisture of original
G0 0.0917 0.0869 0.0991 0.1020 0.0917 0.0763 0.1042
Ash content A", — (11) 0.0417 0.0304 0.0207 0.0612 0.0524 0.0424 0.1000
29“_’?;’;;ib'e content 0.8667 0.8826 0.8802 0.8367 0.8559 0.8814 0.7958
Mass of combustible 13.8667 5.3421 7.8889 26.4516 21.7778 9.4545 14.1482
mying (13)
Ash content in dry 0.0459 0.0333 0.0229 0.0682 0.0577 0.0459 01116
mass pps, — (14) ) ) ) ) ) ) )
Gombustible content in 0.9541 0.9641 0.9771 0.9318 0.9423 0.9541 0.8884
dry mass pps, — (15) : : ) ’ : ’ ’

Tabulka 6 Vysledky gravimetrickej analyzy dalSich skiimanych vzoriek biopaliv
(1) parameter, (2) palivo, (3) bukové Stiepky, (4) kridlatka, (5) topinambur, (6) pSeni¢né otruby, (7) odpad z Cistenia pSenice, (8) kukuriénd siléZ, (9) vykaly oSipa-
nych, (10) vihkost pdvodnej vzorky, (11) podiel popola, (12) podiel horfaviny, (13) hmotnost horfaviny, (14) podiel popola v susine, (15) podiel horfaviny v suSine

Results gathered from processing of samples of other
materials are listed in table 6. Among those materials, sample
of pigs excrements held the least combustible, with
combustible content of 88.84%. Combustible content of other
materials was as follows: beech chip 95.41 %, Japanese
knotweed 96.41 %, topinambur 97.71 %, wheat bran 93.18 %,
wheat screenings 94.23 % and corn silage 95.41 %.

In comparison with beech chip, with its combustible content
of 95.41%, higher combustible content in the dry mass was
determined in grain, Japanese knotweed and topinambur.

Approximately the same combustible content as in dry
mass of wood chip was determined in cole seed, cereal straw,
wheat screenings and corn silage.

Smaller combustible content than in wood chip was
determined in dry mass of wheat bran, cole straw and
excrement of pigs which were fed by dry grain feed.

Differences in presented results and results stated by other
authors that are presented in the introduction of this thesis can
reasoned by the difference in used plant varieties, agrotechnics
and macroclimatic conditions in which the studied plants were
cultivated.

Sithrn

Cielom prace bolo zistit obsah horlaviny a popola vo vybranych
druhoch biomasy vyuZitelnej na vyrobu tepla jej priamym spa-
[ovanim. Obsah horlaviny a popola sme zistovali pomocou gra-
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vimetrickej pece. Priemerny obsah popola v suSine zrna sku-
manych obilnin bol 2,07 % a obsah horlaviny 97,88 %. V suSine
slamy skimanych obilnin sme zistili 6,14 % popola a 94,92 %
horfaviny. V p8eni€nych otrubach sme zistili 6,82 % popola
a 93,18 % horlaviny. V suSine exkrementov vykrmovych oSipa-
nych sme zistili 11,16 % popola a 88,84 % horlaviny.

Klacéové slova: biopalivo, susina, horlavina, popol
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ELECTRICAL PROPERTIES OF COLZA SEEDS
ELEKTRICKE VLASTNOSTI SEMIEN REPKY OLEJNEJ

Jan NOVAK
Slovak agricultural university in Nitra, Slovakia

The work deals with electrical properties of colza seeds set. An interest in electrical properties of biological materials resulted for
engineering research in this field. Results of measurements are used for determining the moisture content, the surface level of liquid and
grainy materials, for controlling the presence of pests in grain storage, for the quantitative determination of mechanical damage, by
application of dielectric heating, and in many other cases. Electrical measurements on these materials are of fundamental importance as
related to the analysis of quantity of absorbed water and dielectric heating characteristics. It is well-known fact that the electrical properties
of the materials, namely, dielectric constant and conductivity, are affected by moisture content of the material. This fact is basic to the design
of many commercial moisture-testing instruments for agricultural products. Knowledge of the dielectric properties of materials is necessary
for the application of dielectric heating. The aim of this work was realize measurements of conductivity, dielectric constant and loss tangent
on samples of colza seeds set, which electrical properties had not been sufficiently measured. The measurements were realized by variable
moisture content and frequency of electrical field in the range 1 MHz to 16 MHz, using Q meter with coaxial probe. It was concluded that
conductivity, dielectric constant and loss tangent increased with the moisture content and dielectric constant and loss factor decreased with

frequency of electrical field.

Key words: electrical properties, biological material, seeds, dielectric constant, conductivity, colza seeds

Knowledge of the physical properties of agricultural products is
useful, if not essential, in the design of any agricultural
machine. The investigation and determination of the physical
properties of agricultural materials has also resulted in the
development of many instruments. The physical properties can
be split up to mechanical, thermal and electrical properties.
Study of electrical properties is important for predicting the
behaviour of material in an electrical field or for knowing how
the presence of material may influence the field or an
associated electrical circuit. An interest in electrical properties
of biological materials resulted for engineering research in field
of agriculture in last years. Electrical measurements on these
materials are of fundamental importance as related to the
analysis of quantity of absorbed water and dielectric heating
characteristics. Dielectric properties of materials represent
important part of electrical properties. Dielectric properties of
food materials are of interest for at least three reasons. First,
the dielectric properties determine to a large extent the
behaviour of the material when are subjected to high-frequency
or microwave fields in dielectric heating processes or cooking.
Second, the dielectric properties, when are correlated with
such other characteristics of the materials as moisture content
or density, can be utilized for electrical measurement of these
characteristics. Third, knowledge of the dielectric properties of
the materials to be processed or measured is important in the
design of the equipment to be used for those purposes.
Research of electrical properties is finding utilization in a lot of
technical applications. Results of measurements are used for
determining the moisture content, the surface level of liquid and
grainy materials, for controlling the presence of pests in grain
storage, for the quantitative determination of mechanical
damage and in many other cases (Hlavacova, 1999). Electrical
properties of many biological materials have already been
investigated. It was discovered that electrical properties of

these materials are very affected by moisture content of the
material. Small quantities of adsorbed water may cause large
changes in the electrical properties of hygroscopic materials.
An extensive review of the literature on dielectric properties of
agricultural materials was published (Nelson, 2007) that
includes a number of potential applications in which the
dielectric properties of such products are of interest. Dielectric
properties of grain and seed have been explored in certain
frequency ranges where these properties were important for
dielectric heating applications or of interest for moisture
measurement or detection for process control (You, Nelson,
1988). Dielectric properties of most biological materials vary
with frequency and temperature. They are also highly
dependent upon moisture content in hygroscopic materials.
Some aspects of the nature of frequency dependence of
dielectric properties have been included in the published review
(Nelson at al., 2007). A study of the frequency dependence of
the dielectric properties of insects and grain has also been
reported for the range from 250 Hz to 12 GHz (Nelson at al.,
2007). In that study, the 10 MHz to 100 MHz range was
identified as the most promising frequency range for selectively
heating rice weevils in wheat through differential energy
absorption from alternating electrical field. For more complete
picture, however, similar data are needed for the temperature
dependence of the dielectric properties. With recent advances
in the practical application of microwave heating, there has
developed a need for information on the dielectric properties of
materials to which such energy is applied. While some
information is available on the dielectric properties of grain and
seed at lower frequencies (Nelson at al., 2007; You, Nelson,
1988; Lawrence at al., 1990), there is lack of information of
these properties at microwave frequencies. Therefore, the
dielectric properties of several kinds of grain and seed have
been measured at a few different microwave frequencies, and
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the dependence on the moisture content has been considered.
Nelson (1991) gave a comprehensive summary of dielectric
methods for measuring moisture present in materials. Nelson
(1999) discussed some methods of measuring the moisture
content of soil. One of these methods is dielectric method.
Resultant accuracy and temperature effects were also noted by
Nelson (1999). Interest in the dielectric behaviour of biological
materials had increased with the advent of radio-frequency
heating techniques. Lawrence at al. (1992) discussed in detail
the application of radio-frequency heating to good electrical
conductors as well as poor electrical conductors. You and
Nelson (1988) conducted a study of the dielectric constant of
rice grains. They measured the dielectric constant and loss
factor at frequencies of 435 Hz to 1 740 Hz. They found that the
dielectric constant of rice grains depended on density, moisture
content, temperature and frequency.

Material and methods

Every material influence the electrical field to which is
subjected. The relation between parameters  of
electromagnetic field and properties of material medium is
described with permittivity e and permeability m of this medium.
So both parameters describe electromagnetic properties of
mass. Permittivity is complex quantity:

£ = ™)

Real part of complex permittivity e+ is permittivity of
dielectric e. Coefficient of imaginary part e’ characterizes losses
in dielectric. Dielectric properties of materials are in generally
formulated by relative complex permittivity:

e == =g - jey = 51— 1g?) @
€& g €

where:

tgazﬂ:g_ o (3)

e & of

is loss tangent of loss angle §, it is angle completing to % phase

difference within voltage and current overflowing to the
dielectric. €, is vacuum permittivity (8.854 x 102 F.m™). For
measurement of dielectric properties of samples of seeds we
have used resonant methods. This method for measurement of
dielectric properties of seeds and liquids in frequency range
from 100 kHz to 300 kHz was developed by Nelson at al.
(2007). For measuring of capacitance of testing capacitor was
employed with Q-meter TESLA MB 560. By measuring of
permittivity ¢’ and loss tangent tg & of testing capacitor, can be
real capacitor considered as lossless capacitor connected with
active resistance in parallel or serial configuration. Main of
measurement is magnitude determination of capacitance and
resistance of elements of parallels or serial configuration of
dielectric by specific frequency. The Q-meter was connected
with testing coaxial capacitor, which was used as sample
holder. The measurements was realized in frequency range
from 1 MHz to 16 MHz. Dielectric constant €, was computed
according following relations:

e -G 4)
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Cc=C,-C, (5)

where:

(o - capacitance of testing capacitor with sample, F

Co - capacitance of empty testing capacitor free of inter-
connector capacitance, F

Cy — capacitance of interconnector, F

Cy — capacitance of tuning capacitor by resonance and by
non-connection of testing capacitor, F

C - capacitance of tuning capacitor by resonance and by

connection of testing capacitor, F

Resistance R of testing capacitor was measured using
multimeter. Sample conductivity ¢ was computed according
following relation:

.
c=—2
2rnlR
where:
r — radius of outer electrode, m
rn — radius of inner electrode, m
1 - length of capacitor, m

Loss tangent tg & can be computed using relations:

®RC ¢
o = 2xnf (8)
where:
f - frequency of electrical field, Hz
€ — sample permittivity, F.m™

Dependences of dielectric constant and loss factor on
moisture content and frequency of electrical field. The
dependence of conductivity on moisture content was also
investigated in this work. Moisture content of samples was
adjusted by adding distilled water or by drying.

Results and discussion

The values of conductivity o, dielectric constant €, and loss
tangent tg 8 measured by varied frequency fof electrical field for
samples of colza seeds set are presented in tables 1 and 2. The
samples have different moisture content ® and bulk density p.
The dependencies of conductivity, dielectric constant and loss
factor on the moisture content and dielectric constant and loss
factor on frequency of electrical field are shown in figures 1 to 5.
The measurements was realized by air temperature 20 °C and
atmospheric moisture 60 %. The results of realized
measurements are dependencies of electrical characteristics
of colza seeds on moisture content and frequency of electrical
field. These specified factors also have the majority effect on
these dependences. From measurements result that seeds set
must be included to the most of composited objects. They are
organic heterogeneous many-component dielectrics. It was
determined that dielectric constant of mustard seeds
decreases with frequency of electrical field. Decreasing
tendency is most sharp by lower frequencies. Minimal
decrease is by higher frequencies. This dependence is caused
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Table 1 Values of conductivity o, dielectric constant , and loss tangent ~ Table 2 Values of conductivity o, dielectric constant €, and loss tangent
tg & for colza seeds tg & for colza seeds
®=6.0% 0 =107% 0=172% ®=242%
c=1.38-10°S.m" 6=1.98-10°Sm" 6=294-10°Sm" c=3.49-10°S.m"
p=681kg.m*® p =664 kg.m*® p=651kg.m?® p=629 kg.m*®
fin MHz € tgd € tgd fin MHz g tgd € tgd
1 3.12 0.060 5.76 0.064 1 7.78 0.072 10.5 0.080
2 3.29 0.034 5.49 0.032 2 7.43 0.036 9.35 0.038
3 3.12 0.024 5.28 0.022 3 6.75 0.026 8.70 0.027
4 3.12 0.019 4.70 0.019 4 6.50 0.020 8.29 0.020
5 2.80 0.016 4.81 0.015 5 6.22 0.017 7.88 0.018
6 2.97 0.013 452 0.013 6 5.89 0.015 7.80 0.014
7 2.69 0.012 4.33 0.012 7 5.81 0.013 7.47 0.013
8 2.80 0.010 4.41 0.010 8 5.72 0.012 7.55 0.011
9 2.83 0.010 4.25 0.009 9 5.74 0.010 7.06 0.010
10 2.71 0.009 411 0.009 10 5.51 0.010 7.30 0.009
11 2.55 0.008 4.23 0.008 11 5.48 0.009 7.14 0.009
12 2.63 0.008 412 0.007 12 5.60 0.008 6.81 0.008
13 2.52 0.007 3.97 0.007 13 5.37 0.008 6.92 0.008
14 2.54 0.007 4.03 0.006 14 5.29 0.007 6.85 0.007
15 2.63 0.006 3.79 0.006 15 5.42 0.007 6.48 0.006
16 2.51 0.006 3.9 0.006 16 5.29 0.006 6.57 0.006
Tabulka 1 Hodnoty konduktivity o, relativnej permitivity €, a stratového Tabulka2 Hodnoty konduktivity o, relativnej permitivity €, a stratového
Cinitela tg § pre semena repky Cinitela tg & pre semena repky
5E-05 9E-02
< 8E-02 { ©
= 4E-05 4 ~
& bt ;E:g; ] ©6,00%
:; 3E-05 - “g” .02 | 010,70%
£ 2E-05 - 3 8 4E-02 4 A17,20%
3 @ SE-027 024,20%
£ 1E-05 o S 2E-02
© 1E-02 -
0E+00 T T T T T 0E+00 , , ;
0 5 10 15 20 25 30 0 5 10 15 20
Moisture content in % (2) Frequency in MHz (2)
Figure 1 Dependence of conductivity on moisture content for colza Figure 3 Dependence of loss tangent on frequency for colza seeds
seeds Obrazok 3  Zdvislost stratového €initela od frekvencie pre semend repky
Obrazok 1  Zavislost konduktivity od relativnej vihkosti pre semend repky (1) stratovy Cinitel, (2) frekvencia
(1) konduktivita, (2) relativna vihkost
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1
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. ) . Figure 4 Dependence of dielectric constant on moisture content for
Figure 2 Dependence of dielectric constant on frequency for colza colza seeds
seeds Obrazok 4  Zavislost relativnej permitivity od relativnej vihkosti pre se-

Obrazok 2  Zavislost relativnej permitivity od frekvencie pre semena repky

(1) relativna permitivita, (2) frekvencia

mena repky
(1) relativna permitivita, (2) relativna vihkost
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Figure 5 Dependence of loss tangent on moisture content for colza
seeds
Obrazok 5  Zdvislost stratového ¢initela od relativnej vihkosti pre semena
repky

(1) stratovy Cinitel, (2) relativna vihkost

with dipole moment of water molecules. In this case an
orientation polarization occurs in electrical field. This type of
polarization is highly depending on frequency. Dipole
molecules are not able to follow changes of polarity of electrical
field. Values of dielectric constant increase with moisture
content of samples. This effect is consequence of very high
magnitude of dielectric constant of water by comparison with
other components of seeds. Dependencies of loss tangent on
frequency of electrical field and from moisture content of
samples have similar course as dependencies of dielectric
constant from these parameters. Values of conductivity
increase with moisture content of samples. This effect is
caused with improvement of conditions for electrolytic transport
of charges by dissociated ions in damp medium. It is known fact
that electrical properties are also related with bulk density of
material. Therefore, to ensure definiteness of results, we have
stated also values of bulk density of samples.

Conclusion

We can conclude that conductivity, dielectric constant and loss
tangent of colza seeds set increase with moisture content of
samples and dielectric constant and loss tangent decrease with
frequency of electrical field. A similar result for other biological
materials was presented by other authors (Nelson at al., 2007;
You and Nelson, 1988; Lawrence at al., 1990). The
dependence of dielectric constant of colza seeds samples
determination gives base for design of many commercial
moisture-testing instruments. In future an accomplishment of
more measurement on wider frequency range would be
desirable.

Siihrn

Praca sa zaobera skimanim elektrickych vlastnosti vzoriek su-
boru semien repky olejnej v zavislosti od vihkosti vzoriek a od
frekvencie elektrického pola. Vyskum elektrickych viastnosti
biologickych materialov nachadza v praxi mnoho technickych
aplikécii. Ziskané vysledky su vyuZitelné na rychle meranie vih-
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kosti, zrelosti plodov, pri zistovani obsahu cukru v ovocnych
plodoch, pri uréovani mechanického poskodenia, pri vysoko-
frekvenénom a mikrovinnom ohreve v susi¢kach a sterilizato-
roch, na detekciu a ni¢enie hmyzu, alebo v inych technickych
aplikaciach (Hlavacova, 1999). V nasich meraniach sme pouzili
rezonan¢nu metddu, ktord na meranie dielektrickych vlastnosti
zfn a kvapalin vyvinul Nelson (1999). Ako meraci pristroj sme
pouzivali Q-meter TESLA MB 560. Na Q-meter bol pripojeny
merny koaxialny kondenzator, ktorého dielektrikum bolo tvore-
né skiumanym materidlom. V tabulkach 1 a 2 su uvedené na-
merané hodnoty konduktivity o, relativnej permitivity ¢,
a stratového Cinitela tg & pri réznych hodnotéch frekvencie fpo-
uzitého elektrického pola pre vzorky stiboru semien repky olej-
nej. Vzorky maju réznu relativnu vihkost o a réznu objemovu
hmotnost p. Grafické zavislosti vodivosti, relativnej permitivity
a stratového Cinitela od relativnej vihkosti vzoriek a zavislosti
relativnej permitivity a stratového Einitela od frekvencie elektric-
kého pola su zobrazené na obrazkoch 1 az 5. Z nameranych
hodnét vyplyva, Ze vodivost, relativna permitivita a stratovy &i-
nitel vzoriek suboru semien repky olejnej narastaju s relativnou
vlhkostou vzoriek a relativna permitivita a stratovy Cinitel klesa-
ju s narastom frekvencie elektrického porla.

Klacové slova: elektrické vlastnosti, biologicky material, se-
mena, relativna permitivita, vodivost, repka
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STORAGE CAPACITY OF EDIBLE VARIETIES OF POTATO SETS
SKLADOVACIA KAPACITA POTRAVINARSKYCH ODROD SADIVOVYCH ZEMIAKOV

Barbara KRZYSZTOFIK
Institute of Farm Machinery Management, Ergonomics and Production Processes, Agriculture University, Krakow

Storage capacity was analysed of potato sets of 10 potato varieties designed for food processing (three varieties of German origin, four of
Dutch origin, and three of Polish origin). The varieties were differentiated in the aspect of earliness (3 varieties were very early, 6 mid-early
and 1 mid-late). Potato sets were stored in two storage facilities of various storage volume and differing structure and furnishing. After the
period of 7 months we should observe, natural defects and losses caused by diseases and sprouting. Moreover, the number of eyes on the

tubers and the degree of their sprouting.

Key words: potato sets, number of eyes, sprouts, storage

It is assumed that about 90 % of total weight of potatoes
manufactured per year is directed for storage. The length of
storage period depends on the planned use (Fran€ak and
Korenko, 2007). Potato tubers designed for planting in the
Polish climatic conditions are stored for approximately
7 months. During long term storage up to 9 months (e.g. edible
potatoes), potato tubers undergo processes leading to
qualitative and quantitative changes (decrease in tuber weight,
increased thickness — change in dry mass content) (Sobol and
Baran, 2007; Sobol, 2005; Sowa, Niedziatkowska and
Gruczek, 2002; Fran¢adk and Korenko, 2010; Zgoérska,
Frydecka and Mazurczyk, 1997).

The conditions in which potatoes are stored should
guarantee that their biological value will be maintained, namely
appropriate healthiness and physiological condition which
guarantees correct sprouting, growth and development of
plants (Sowa and Niedziatkowska, 2000; Korenko and
Frangak, 2009). Storage durability, assessed by quantitative
losses, is a property dependent on the variety. During the
storage, the volume of losses is most impacted on by the
storage time and conditions, where the most important role is
played by temperature and relative humidity of ambient air.
Losses as a result of sprouting depend on the variety and
storage temperature. Low level of sprouting can be achieved by
storing edible potatoes at the temperature of 4-5 °C. Storage of
potato sets at the temperature of 3 °C generally eliminates
losses due to sprouting, yet a month before planting, the tubers
require germination in light at the temperature of approx. 15 °C
(Czerko, 2008; Fran¢ak and Korenko, 2006; Zgdrska, 2007).

The storage industry praises most the varieties which by
genetic conditioning are characterised with the possibly long
period of tuber dormancy and not intensive growth of sprouts.
Tubers that are dormant are characterised with low intensity of
physiological transformations (low level of natural defects),
high nutritional value and culinary quality (Rykaczewska, 2002;
Fran¢ak and Korenko, 2008). The purpose of the study was to
assess the intensity of potato sets sprouting and the size of
weight loss after the period of storage in three different storage
variants. The study involved 10 varieties of potato, namely:
Agnes, Arielle, Asterix, Denar, Fresco, Jelly, Marlen, Monsun,
Satina and Tajfun. Storage conditions differed with

temperature, humidity and the preparation of potatoes for
planting.

Material and methods

The study material comprised potato tubers of 10 varieties
designed for food processing (three varieties of German origin,
four of Dutch origin, and three of Polish origin). The varieties
were differentiated in the aspect of earliness (3 varieties were
very early, 6 mid-early and mid-late). Potato sets of the 30-55
mm fraction were stored in two storage facilities of various
storage volume, namely storage facility owned by KTRS of the
Agricultural University in Krakow, with the capacity of 30 m®,
labelled as Variant | of storage. The other storage facility, with
capacity of 1 200 m?, was owned by potato manufacturer. It
featured mechanical ventilation and regulated temperature.
Potato sets stored in the second facility were stored in two
variants, namely Variant I, where three weeks before planting,

tubers had sprouts grazed and were subjected to
re-germination in germination plant with appropriate
temperature and light intensity, and Variant Ill — tubers were

stored throughout the period until their planting, without any
damage to their sprouts. After the period of 7 months, natural
defects and losses caused by diseases and sprouting were
measured for Variants | and Ill. In turn, for Variant Il, this
assessment was made for the entire storage period, and
separately for the germination period. All the tests were made
with three repetitions.

Results and discussion

The analysis of the harvest of potato sets indicates high
differentiation of varieties. For five varieties studied, it was
possible to adopt a greater range of set calibre (30—55 mm)
without a negative impact of set size onto plantation quality,
which significantly improved their share in total harvest (Tab.
1). For four varieties, sets were of smaller size from the rather
narrow range of 35—45 mm, which was allowed by the structure
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Table 1 Share of potato sets in total harvest in tha™, %

Variety (1) Earliness (2) Storage durability (3) Total harvest Set fraction Harvest of setsin | Share of potato sets in

intha' (4) in mm (5) t-ha” (6) main harvest in % (7)

Agnes mid-early (9) 8 40.5 30-55 10.5 26.3

Arielle very early (8) - 38.7 30-55 91 23.9

Asterix mid-early (9) 8 442 35-45 4.5 10.2

Denar very early (8) 7 31.0 35-45 4.5 15.0

Fresco very early (8) - 35.0 30-55 9.2 26.3

Jelly mid-late (10) 3 42.3 30-55 9.4 22.4

Marlen mid-early (9) 1 29.0 35-45 4.1 14.1

Monsun mid-early (9) 4 28.6 35-45 4.2 15.0

Satina mid-early (9) 8 39.0 35-50 45 11.5

Tajfun mid-early (9) 8 375 30-55 9.0 24.3
Tabulka 1  VytaZnost sadiva z celkovej irody v t-ha™, %

(1) odrody zemiakov, (2) skorost, (3) skladovacia trvanlivost, (4) celkova troda, (5) velkostna frakcia zemiakov, (6) vytaZnost sadiva, (7) vytaZnost sadiva z celkovej

trody, (8) velmi skord, (9) stredne skord, (10) stredne neskora

of the harvest. In the case of Satina variety, sets belonged to
the size fraction of 35-55 mm. The maximum share of sets
amounted to 26.3 % for Agnes and Fresco varieties, which
featured sets from the greatest size range. The least sets were
obtained in the large — tuber Asterix variety (10.2 %), where it
was only possible to select sets from the 35-45 mm fraction.
Such a high differentiation in the quantity of sets obtained also
points to the importance of the problem of appropriate
approach to their storage.

The analysis of average values of natural defects (Fig. 1)
indicates that in Variant Il of storage, most defects were
observed for Monsun variety (1.8 %). The results obtained
for this variety were characterised with the highest variability. In
the case of this variant, the lowest losses during storage were
recorded for Marlen (0.4 %) and Denar (0.5 %) varieties.

The largest summary losses were also recorded for
Monsun variety, which amounted to 12.4 % of total sample
weight, and for Fresco variety (11.5 %), which is a very early
variety. The lowest total natural losses were observed in Marlen
variety (3.5 %), which is, as indicated in the variety

:_- natural losses for varietes — variant Il in % (1)
¥ total losses in % (2)
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variations (4)
Figure 1 Weight loss in tubers as a result for long-term storage, for

particular varieties

Ubytok hmotnosti v hfuzach v dosledku dihodobého sklado-
vania, pri konkrétnych odrodach

(1) prirodzené straty pre odrody — variant 2, (2) celkové straty v %,
(3) hodnota v %, (4) varidcie

Obréazok 1
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characteristics  (http://www.ihar.edu.pl/img/1916b13f.pdf),
a variety of the worst storage capacity. It is a variety for which
preliminary assessment of storage capacity was performed,
and is still studied in this respect. Among the very early
varieties, Denar variety was stored best (total weight losses
amounted to 5.5 %). It is a variety developed by HZ Zamarte
and is characterised with high storage capacity. Varieties with
the greatest storage capacity (lowest natural losses) include
Agnes variety (4.5 %), developed by Europlant Germany.
German varieties, Agnes, Satina and Jelly, featured similar
level of natural losses. Among the varieties of Dutch company
Agrico, the lowest natural losses were observed for Marlen
variety, while the highest losses for Fresco (3.5 % and 5.5 %,
respectively).

Similarly as in Variant I, also in Variant Ill, the highest
variability factors for results related to total natural losses were
recorded in Monsun variety sets. In the case of Arielle, Fresco,
Denar, Jelly, and Satina varieties, the results were
characterised with a similar range of variability factor. The
lowest variability of results was recorded for Marlen variety.

2 natural losses for varietes — variant I in % (1)
10 M total losses in % (2)

value in % (3)
!

T 24
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KTRS (I) gemination plant (I) (4) storage (lll) (5)

storage variante (6)

Figure 2 Weight loss in tubers as a result for long-term storage, for
storage variants
Obrazok 2  Ubytok hmotnosti v hluzéch v dosledku dihodobého sklado-

vania, pre skladované varianty

(1) prirodzené straty pre odrody — variant 2, (2) celkové straty v %,
(3) hodnota v %, (4) vyklicené hluzy (I}, (5) sklad (lI1), (6) skladovacia
veligina
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variations (4)
Figure 3 Losses to tubers caused by sprouting, according to

varieties

Straty spésobené klicenim hitiz, podla odrody

(1) straty sposobené klicenim pre jednotlivé varianty I, (2) celkové
straty sposobené klicenim in %, (3) hodnota v %, (4) varidcie

Obrazok 3

The analysis of average values of natural losses depending
on the storage site (Fig. 2) indicated that average natural
losses, until the handover of tubers for germination, amounted
to 2.4 %. The highest end losses at the level of 8.7 % were
recorded at the KTRS storage facility, while the lowest — at the
own storage facility of the farm (5 %). Greater variability factor
was recorded for results referring to natural losses at the
germination plant (Variant 1), while lower — for the storage
facility.

The analysis of results regarding losses caused by
sprouting indicates that the potato set sprouting pace
depended on the variety (Fig. 3). The highest value of losses
was recorded for the very early Fresco variety, 0.14 % for
Variant Il and 7.7 % of total losses, respectively. For the
remaining two very early varieties (Ariele and Denar), total
losses due to sprouting were higher than for the remaining
varieties, and amounted to 4.0 % and 2.1 %, respectively. The
lowest values of losses caused by sprouting occurred in Tajfun
(mid-early) and Jelly (mid-late) varieties. Total losses
amounted to 0.2 % and 0.4 %, respectively, while for Variant ||
of storage — 0.0 % and 0.1 %, respectively.

The site of storage had an important impact on the degree
of tuber sprouting. Average losses for Variant Il amounted to
0.1 %. In turn, total losses caused by sprouting of tubers stored
at the KTRS facility amounted to 3.2 %, and were characterised
with high (50 %) variability. The lowest values of losses (1.3 %)
were recorded for sets stored at the own storage facility of the
farm for Variant lll. Total losses caused by sprouting for Variant

Barbara KRZYSZTOFIK

D losses caused by sprouting for variants Il in % (1)
# total losses caused by sprouting in % (2)
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Figure 4 Losses to tubers caused by sprouting, according to storage
variant
Obrazok 4  Straty sposobené klicenim hitiz, podia varianty skladovania

(1) prirodzené straty pre odrody — variant 2, (2) celkové straty v %,
(3) hodnota v %, (4) vyklicené hluzy (I}, (5) sklad (lI1), (6) skladovacia
veli€ina

Il (sprouting plant) were higher than in Variant Ill (own storage
facility), and were characterised with the lowest deviation from
the average result.

Tables 2—7 present the results of the variance analysis in
double classification, regarding the impact of the variety and
storage site on weight losses caused by breathing and
evaporation, as well as losses caused by sprouting.
Furthermore, Duncan tests were calculated to show between
which factor components significant differences occur.

Statistical analysis revealed that the storage site and
variety had a significant impact on the size of losses in the
storage period.

Tuber weight loss during storage did not statistically differ
exclusively between Denar variety and Jelly, Satina and Tajfun
varieties; Jelly and Satina and Tajfun varieties; and between
Satina and Tajfun varieties (Tab. 3). The remaining varieties
showed significant differences between one another as regards
weight loss due to storage.

Losses caused by sprouting also significantly depended
on the variety and storage variant (Tab. 4). Duncan test,
performed to determine between which varieties significant
differences occurred as regards losses caused by sprouting,
revealed the lack of such differences between Agnes variety
on the one hand and Marlen and Satina on the other; between
Denar variety and Asterix variety, between Jelly variety and
Monsun and Tajfun on the other; as well as between Monsun
variety on the one hand and Marlen and Tajfun on the other

Table 2 Results of variance analysis in double classification. Impact of potato variety and storage site on tuber weight loss (own study)
Variability source (1) Square total (2) Degrees of freedom (3) Mean square (4) F Test Fo.05
Y-intercept (5) 4437.416 1 4437.416 6 003.150 0.000
Variety (6) 676.856 9 75.206 101.743 0.000
Storage site (7) 214.773 2 107.386 145.278 0.000
Variety * storage site (8) 61.084 18 3.394 4.591 0.000
Error (9) 44351 60 0.739 - -

significant dependencies at the level of o. < 0.05
Tahulka 2

vyznamné zdvislosti na trovni o < 0,05

Vlysledky analyzy rozptylu v dvojitej klasifikécii. Vplyv odrody zemiakov a skladovacieho priestoru na abytok hmotnosti hfuzy (vlastné vysledky)

(1) zdroj variability, (2) sucet Stvorcov odchylok, (3) stuperi volnosti, (4) priemer $tvorcov odchylok, (5) absoldtny €len, (6) odrody, (7) skladovaci priestor, (8) od-

rody * skladovacf priestor, (9) chyba
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Table 3 Results of Duncan test. Significant dependencies between varieties for weight loss (own study)
Varietes (1) (1 () 3) (4) (5) (6) (7) (8) (9)
Agnes
Ariele 0.000
Asterix 0.000 0.027
Denar 0.029 0.000 0.000
Fresco 0.000 0.000 0.000 0.000
Jelly 0.000 0.029 0.000 0.102 0.000
Marlen 0.009 0.000 0.000 0.000 0.000 0.000
Monsun 0.000 0.000 0.000 0.000 0.046 0.000 0.000
Satina 0.012 0.001 0.000 0.656 0.000 0.203 0.000 0.000
Tajfun 0.002 0.008 0.000 0.269 0.000 0.534 0.000 0.000 0.462

significant dependencies at the level of o < 0.05 vyznamné zavislosti na drovni o < 0,05
Tabulka 3  Vysledky testu Duncan. Vyznamné rozdiely medzi odrodami pri strdcani hmotnosti (vlastné vysledky)

(1) odrody
Table 4 Results of variance analysis in double classification. Impact of potato variety and storage site on losses caused by sprouting (own study)

Variability source (1) Square total (2) Degrees of freedom (3) Mean square (4) F Test Fo.0s
Y-intercept (5) 374.898 1 374.898 1522137 0.000
Variety (6) 428.229 9 47.581 193.186 0.000
Storage site (7) 60.108 2 30.054 122.025 0.000
Variety * storage site (8) 62.726 18 3.484 14.149 0.000
Error (9) 14.777 60 0.246 - -

significant dependencies at the level of o < 0.05 vyznamné zavislosti na trovni o < 0,05

Tabulka 4  Vysledky analyzy rozptylu v dvojitej klasifikdcii. Vplyv odrody zemiakov a tloZiska na straty spdsobené klicenim (vlastné vysledky)
(1) zdroj variability, (2) stcet Stvorcov odchylok, (3) stuperi volnosti, (4) priemer Stvorcov odchylok, (5) absolutny €len, (6) odrody, (7) skladovaci priestor, (8) od-
rody * skladovaci priestor, (9) chyba

Table 5 Results of Duncan test. Significant dependencies for losses caused by sprouting between potato variety (own study)
Varietes (1) (1) @) (©) (4) () (6) (7) (8) (9)
Agnes
Ariele 0.000
Asterix 0.000 0.000
Denar 0.000 0.000 0.918
Fresco 0.000 0.000 0.000
Jelly 0.008 0.000 0.000 0.000 0.000
Marlen 0.491 0.000 0.000 0.000 0.000 0.038
Monsun 0.042 0.000 0.000 0.000 0.000 0.467 0.141
Satina (9) 0.055 0.000 0.019 0.020 0.000 0.000 0.014 0.000
Tajfun (10) 0.000 0.000 0.000 0.000 0.000 0.361 0.005 0.124 0.000

significant dependencies at the level of o. < 0.05 vyznamné zdvislosti na trovni o < 0,05
Tabulka 5 Vysledky testu Duncan. Vyznamné zdvislosti za straty spdsobené klicenim medzi odrodami zemiakov (vlastné Stiidie)
(1) odrody

(Tab. 5). The remaining differences between varieties as
regards losses caused by sprouting were statistically

varieties), while the minimum share was obtained for large —
tuber Asterix variety (10.2 %).

significant. 2. Significant impact was observed of potato variety and
All storage variants significantly impacted on the size of storage site on weight loss and losses caused by sprouting
weight loss during the storage. of sets.

3. The largest summary losses were recorded for Monsun
variety, which amounted to 12.4 %, and for Fresco variety
(11.5 %). The lowest total natural losses were observed for

Conclusions
1. There is a high differentiation among varieties as regards

the share of potato sets in total harvest. Maximum share of
potato sets amounted to 26.3 % (for Agnes and Fresco
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Marlen variety (3.5 %). The highest value of losses caused
by sprouting was recorded for the very early Fresco variety
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(7.7 %). The lowest values of losses caused by sprouting
occurred in Tajfun (mid-early) and Jelly (mid-late) varieties.
Total losses amounted to 0.2 % and 0.4 %, respectively.

4. Storage site and its variants had significant impact on tuber
weight loss and losses caused by sprouting. Potato sets
stored at KTRS storage facility lost most tuber weight
(8.7 %), while the sets stored at own storage facility in
Variant Il lost up to 5,0 % of weight. Also, tuber losses
caused by sprouting were lower for Variant Ill (1.3 %) as
compared to Variant | (KTRS storage facility), which
amounted to as much as 3.2 %.

Sihrn

Skladovacia kapacita bola analyzovana pri 10 odrodach sadi-
vovych zemiakov uréenych na spracovanie potravin (tri odrody
nemeckého pdvodu, Styri holandského pévodu, a tri polského
pbvodu). Odrody boli diferencované v aspekte skorost (tri odro-
dy boli velmi skoré, Sest odrod stredne skorych a jedna odroda
stredne neskord). Zemiakové sadivo bolo uloZzené v dvoch
skladovacich zariadeniach, réznych skladovacich objemoch
a rdznych konstrukcii a vybaveni. Po dobu 7 mesiacov, sa sle-
dovalo mechanické poSkodenie a rovnako straty spésobené
chorobami a kli€enim. Okrem toho, aj po€et ociek na hluzach
a stupen ich napucania.

Klacové slova: zemiakové sadivo, pocet ociek, klicky, sklado-
vanie
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ZVYSOVANIE OTERUVZDORNOSTI PODUSPRACUJUCICH NASTROJOV POUZITiM TVRDONAVARU

IMPROVEMENT OF WEAR RESISTANCE OF SOIL PROCESSING TOOLS BY USING
THE HARD WELD DEPOSIT

Martin KOTUS, Peter CICO, Marek DANKO, Zuzana ANDRASSYOVA, Michaela VYSOCANSKA

Slovenska polnohospodarska univerzita v Nitre

Contribution deals with examination of suitability of filler material within surfacing by welding on machine parts, which are exposed to
abrasive wear in operational conditions. Material of weld deposit Fluxofilcord 58 is examined according to tests in laboratory and
operational conditions. Weight and linear losses as well as mechanical features of material (hardness) are studied within assessment of
wear amount. Relative abrasive wear resistance of materials is determined as a criterion of abrasion resistance. Results suggest that usage
of filler material Fluxofilcord 58 in order to wear amount decrement is very reasonable. Therefore the lifetime of soil processing tool — share

of plough is prolonged.

Key words: material of weld deposit, abrasion wear, relative resistance, hardness

Pracovné podmienky polnohospodarskych strojov nepriaznivo
ovplyviuju ich Zivotnost a spdsobuju nevyrovnanost v zivot-
nosti uzlov a funk&nych Gasti strojov. Uvedené problémy sp6-
sobuju  zvySovanie prestojov, potrebu opravarenskych
zasahov, pripadne kupu alebo vymenu poSkodenej suciastky
za nahradné Casti.

Opotrebenie pddospracujucich nastrojov najviac znizuje
zivotnost strojov a podiela sa na znizovani prevadzkyschop-
nosti, funkénej spolahlivosti a kvality vykonavanej €innosti.
Pod abrazivnym opotrebenim rozumieme opotrebenie strojo-
vych suciastok alebo funkénych €asti strojov spdsobované tvr-
dymi nekovovymi, najéastejSie mineralnymi &asticami, ktoré
vykonévaju relativny pohyb vzhladom na opotrebovany po-
vrch. Abrazivny opotrebovavaci proces mézeme v prevadzko-
vych podmienkach evidovat v troch formach, a to nizkotlakova
abrazia, vysokotlakova abrazia, alebo abrazia s pésobenim
razov.

Navaranie sa da charakterizovat ako raciondlny proces
tvorby vrstiev na funkénom povrchu suéiastok so zamerom ob-
novif, alebo prediZit ich funkénost v danych prevadzkovych
podmienkach. Klu¢ovou otdzkou pre rieSenie problému je vy-
ber ndvarového materialu. Vyber optimalneho navarového ma-
teriélu je mozny len pri zohladneni vzajomnych materialovych
a tribologickych vazieb (Tolnai a Balla, 2009).

V podmienkach klasického abrazivneho opotrebenia s pre-
vladajucimi mechanickymi u¢inkami €astic prostredia na opotre-
bovavany povrch povazujeme tvrdost materialu za dominantné
kritérium oteruvzdornosti. Obsah legujicich prvkov vyrazne
ovplyviuje Strukturalnu skladbu navarov a vlastnosti Struktur,
pripadne faz. Konkrétne podmienky opotrebenia vyzaduju dife-
rencovany pristup k vyberu oteruvzdornych materialov, z kto-
rych najvhodnejsi mozno vybrat len na zaklade tribologickych
skugok (Tolnai a Cio, 2001).

Cielom prispevku je analyzovat vplyv pridavného materialu
na zakladny material za u¢elom posudenia vhodnosti navaro-
vého materialu k vytvoreniu oteruvzdornych vrstiev. Z&merom
vykonanych experimentov je stanovenie pomernej odolnosti
proti abrazivnemu opotrebeniu v laboratérnych a prevadzko-
vych podmienkach.

20

Material a metddy

Odolnost materidlov proti abrazivnemu opotrebeniu méZzeme
hodnotif v technickej praxi meranim rozmerovych zmien
a hmotnostnych ubytkov opotrebenych €asti alebo ju posudzu-
jeme vo vztahu k mechanickym vlastnostiam (napr. tvrdost),
drsnosti povrchu opotrebenych stciastok a podobne (Kotus
a Gyurica, 2010).

Za zakladny material sme zvolili ocel triedy 12 050, defino-
vanu normou STN 41 2050. Ocel triedy 12 050 patri medzi
uslachtilé uhlikové konstrukéné ocele. Ma lepSie a rovnomer-
nejSie vlastnosti, vy3Siu Cistotu a zaru€ené chemické zloZenie
a nizky obsah nedistét P, S. Tato uhlikova ocel sa pouZziva pri
vyrobe viacerych nastrojov pddospracujucich strojov. Ma Struk-
taru perliticko-feritick s tvrdostou 230 az 250 HV.

Pridavny drét Fluxofilcord 58 je bazicky rarkovy drét pre na-
varanie huZevnatych a oteruvzdornych vrstiev na €asti strojov.
Navarovy kov vykazuje velku hizevnatost a odolnost voci na-
razom. Pouziva sa na €asti nastrojov vystavené silnému abra-
zivnemu opotrebeniu, ako su &asti bagrov, rypadla, drapéky,
dopravniky, kladivé, drviace Celuste.

Fluxofilcord 58 pozostava z kovového plasta, v ktorom vy-
pln tvori zmes z viacerych zloziek (uhliCitany, fluorid vapenaty)
podporujucich stabilizaciu zvarového oblika pre dosiahnutie
vysokej stability samotného procesu navarania. Obsiahnuté le-
gujuce prisadové prvky pouzivané v metalurgii zlepSuju mecha-
nické hodnoty akosti ndvarového kovu.

V laboratérnych podmienkach sme vykonali skiSku defino-
vanu normou STN 01 5084: Stanovenie odolnosti kovovych
materialov proti abrazivnemu opotrebeniu na brusnom platne.
V danej norme su uvedené parametre skusobnych vzoriek, ako
aj postupy a podmienky, ktoré je potrebné pri skiske dodrzat,
aby boli vysledky reprodukovatelné a porovnatelné. Ugelom
skusky je stanovenie pomernej odolnosti materialov. Normou
definovany etalén je material 12 014 s tvrdostou 95+105 HV.

Pri vyhodnocovani merani tvrdosti prechodom zo z&klad-
ného materidlu cez tepelne ovplyvnenu oblast do navarového
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Tabulka 1 Smerné chemické zloZenie pridavného a zékladného materidlu
Materidl (1) Obsah prvkov v % (2)
C Mn Si Cr Mo Ni Cu
Fluxofilcord 58 0,5 15 - 55 0,6 - -
Ocel (3) 12 050 0,42-0,5 0,5-0,8 0,17-0,37 <0,25 - <0,3 <0,3
Ocel (3) 12 014 max. 0,06 max. 0,45 max. 0,15 - - - -
Table 1 Initial chemical composition of aluminium alloy
(1) material, (2) content of elements, (3) steel
kovu sme pouzili metédu podla Vickersa. Skuska tvrdosti podia 700 —
Vickersa je dand normou STN ISO 6507, pricom pouZijeme za- e % _ _._/’_ |
taZenie 98 N, tzn. oznagenie HV10. s * h -
.. . . . . A | = 500 f 1
Pracovny nastroj na premiestnenie alebo spracovanie pédy o / ‘-\ —
v procese vyuZitia podlieha dynamickému zataZeniu, abraziv- % 0y 7 %
nemu opotrebeniu a chemickému pésobeniu okolitého prostre- 2 300 -4 \"'-m
dia. Pri vybere pddospracujuceho nastroja sme zohladnili tvar g 200 | o—+—4 ooy
ostria reznej hrany a moznosti navarania pre vytvorenie odol- G
nejSej, oteruvzdornejSej vrstvy. Typickym prikladom pédospra- | . o
cujiceho nastroja, na ktorom je proces zaoblenia reznej hrany | I PV [ S ‘ ° ‘ w |£_ P I [ [ olzlale [<]
vyrazny je lemes pluhu. ' -
Pomerna odolnost proti abrazivnemu opotrebeniu je za- | = hbies i i =
kladnym kritériom pri hodnoteni materialov a definovali sme ju Obrazok 2  Namerand tvrdost HV10 vo vodorovnej rovine
vztahom: ZM - zakladny materidl, TOO — tepelne ovplyvnend oblast, NK — ndva-
rovy kov
W, (1)  Figure2  Measured hardness HV10 in horizontal plane
Wapr, = W ZM - basic material, TOO — heat affected zone, NK — weld deposit's metal
h (1) hardness
kde:
Whe - priemerny hmotnostny Ubytok etalénovych skusob-
nych telies, g 800 T
W, — priemerny hmotnostny Ubytok sku$obnych telies zo

skuSaného materialu, g
Vysledky a diskusia

Vysledky nameranych hodnét z laboratérnych merani odolnosti
pridavného materiélu proti opotrebeniu a tvrdosti materialov su
zobrazené na obrazkoch 1 az 3.

Zistené hmotnostné a linearne Ubytky, ako aj pomerna
odolnost z merani pri prevadzkovych skuskach je zobrazena na
obrazkoch 4 az 7.

Pri merani hmotnosti vzoriek v laboratérnych podmienkach
sme zaznamenali dvojndasobné zvySenie ubytku hmotnosti pri
etaléne (definovany normou) ako pri navare. Pomerna odolnost
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Obrazok1  Ubytok hmotnosti a pomernd odolnost proti opotrebeniu
(STN 01 5084)
Figure 1 Weight losses and relative wear resistance (STN 01 5084)
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Obrazok 3 Namerand tvrdost HV10 v zvislej rovine

ZM - zékladny materidl, TOO - tepelne ovplyvnend oblast, NK — ndva-
rovy kov

Measured hardness HV10 in vertical plane

ZM —basic material, TOO — heat affected zone, NK — weld deposit's metal
(1) hardness

Figure 3

navarového materialu Fluxofilcord 58 predstavovala hodnotu
\Uabr. = 2’1 "

Pri hodnoteni tvrdosti konStatujeme najvacésiu tvrdost 691
HV10, ktord sme zaznamenali v ploche &istého navaru (naj-
vrchnej8ia €ast) pri merani tvrdosti vo zvislej rovine. S postup-
nym meranim tvrdosti smerom do TOO tvrdost navaru klesala
az na hodnotu 604 HV10. Pri merani vo vodorovnej rovine sme
zaznamenali tvrdost navaru v rozsahu 546—-603 HV10. Pri me-
rani tvrdosti tepelne ovplyvnenej oblasti v zvislej rovine mera-
nia sa tvrdost znizila na hodnoty 268-340 HV10. Hodnoty
tvrdosti v TOO vo vodorovnej rovine sme dosiahli vyrovnané,
pricom uz hned za navarovym kovom to bolo v rozsahu
351-304 HV10 a smerom blizSie k zakladnému materidlu
272-294 HV10. Zakladny material dosiahol tvrdosti v rozsahu
197-219 HV10.
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Obrazok 4  Ubytok hmotnosti v prevadzkovych podmienkach

Figure 4 Weight losses in operational conditions
(1) weight loss, (2) cultivate arable land
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Obrazok5 Pomernd odolnost proti opotrebeniu v prevadzkovych
podmienkach

Figure 5 Relative wear resistances in operational conditions

(1) relative resistance, (2) cultivate arable land

Pri hodnoteni velkosti opotrebenia v prevadzkovych pod-
mienkach (pbéda) sme zaznamenavali Ubytky hmotnosti a line-
arnych rozmerov pri obrobeni 30, 60, 90 a 120 ha ornej pody.
Ako etalon pri vypo&te pomernej odolnosti zo zistenych ubytkov
hmotnosti sme pouZzili nenavareny lemes pluhu.

Pri spracovani 30 ha ornej pédy sme dosiahli niZziu po-
mernu odolnost (v, = 0,95), t. j. vyS8ie Ubytky hmotnosti, ako
pri nenavarenom lemesi pluhu (etalén). Méze to byt spdso-
bené umiestnenim navaru na ostrie hrany lemes$a pluhu. Na-
var nebol umiestneny na hranu leme8a kvoli moznosti prepa-
lenia zakladného materidlu a deformovanie tvaru leme8a. Av-
Sak vnesenim tepla pri navarani do blizkosti ostria hrany
mohlo ddjst k zmene Struktldry materidlu, o spbsobilo jeho
zniZzenie odolnosti vo€i opotrebeniu. Pri dalSom spracovani
ornej pédy (60 ha) sme uz podla predpokladov dosiahli zvy-
Senu pomernu odolnost na hodnotu v, = 1,06 pri navarenom
lemesi. Pri obrobeni va¢Sej plochy ornej pody sa zacal preja-
vovat pozitivny vplyv pridavného materialu na odolnost proti
opotrebeniu zvySovanim oteruvzdornosti navaru. Z narastom
obrobenia pddy stupala hodnota rozdielu pomernej odolnosti
medzi etalénom a Fluxofilcordom 58. Pri obrobeni 120 ha ornej
pddy sme dosiahli pri Fluxofilcorde pomerni odolnost proti
opotrebeniu vy, =1,12.

V procese spracovania pody dochadza k postupnému opot-
rebeniu pracovnych nastrojov. Z hladiska spravnej funkénej
¢innosti lemeSa je rozhodujuci tvar ostria, pretoze opotrebenie
bezprostredne ovplyviiuje kvalitu prace i energetickd naroénost
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Figure 6 Linear losses in operational conditions
(1) linear loss, (2) measuring plane, (3) cultivate arable land
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Figure 7 Linear losses in operational conditions

(1) linear loss, (2) measuring plane, (3) cultivate arable land

na jej vykonanie. Ubytky linearych rozmerov pri réznych obro-
benych plochach ornej pddy koreSpondovali z dosiahnutymi
hmotnostnymi Ubytkami. NajvacsSie linearne ubytky sme zazna-
menali pri merani rozmerov lemesa na hrote (Celo) a pate le-
meSa (roviny a, b, c). Pri tychto rovinach merania sme
zaznamenali vy$Sie hodnoty Ubytkov pri nenavarenom lemesi.
Hodnotenim rovin kolmych na ostrie hrany lemes8a (roviny d, e,
f) sme dosiahli vacsie linearne Ubytky pri pouziti navaru a spra-
covani 30 ha ornej p6dy. Dané rozdiely boli spdsobené opotre-
benim najprv zéakladného materialu. Pri spracovani vacsej
plochy ornej p6dy sme dosiahli uz vac¢sie ubytky pri nenavare-
nom lemesi.

NajdélezitejSim prvkom, ktory dava materidlu tvrdost je uh-
lik, avSak dava oceli aj krehkost. So stupajucim obsahom uhlika
sa taktieZ zvySuju aj hodnoty tvrdosti martenzitu, ktory vznika
navaranim pri velkych rychlostiach ochladzovania. Su¢asne sa
znizZuju kritické rychlosti ochladzovania pre vznik martenzitickej
Struktdry.

Z hladiska zékladného vplyvu na mikroStruktiru a viast-
nosti maju efektivny vklad prvky, ktoré su rozpustené v zaklad-
nych fazach zliatin Zelezo — uhlik, t. j. vo ferite a austenite, alebo
vytvaraju cementit a Specialne karbidy. Prvky, ktoré vytvaraju
so Zelezom substituéné tuhé roztoky (Mn, Cr, Mo) méZu reago-
vat s uhlikom za vzniku Specialnych karbidov. Chemické prvky
Ni, Si vytvoria so Zelezom len tuhé roztoky. Pritomnost leguju-
cich prvkov v mriezke Fe ma vplyv na kritické teploty premien
na vznikajucu Struktdru.
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Material Fluxofilcord 58 oproti oceli 12 050 ma zvySeny ob-
sah prvkov podporujucich vznik martenzitickej Struktary, ktora
zvySuje odolnost proti opotrebeniu. Mangan v mnoZstvach
0,1-0,8 % je v materidli pritomny ako zakladna dezoxidaéna
prisada spolu s prisadou kremika. ZvySeny obsah manganu
spOsobi znizenie prekrystalizaénej teploty a spomalenie pre-
krystalizacie. V dosledku toho sa uz pri pomalom ochladzovani
material zakali — dostava martenzitickd Strukturu. Chrom patri
do skupiny feritotvornych prvkov, tvori karbidy, ktoré zvy3Suju
odolnost proti opotrebeniu. Pri obsahu chromu 4-8 % je mate-
rial dobre prekalitelny a vznikaju Struktury martenzitické.

Martenzitické Struktury vytvorené vhodnym spdsobom na-
varania a spravne zvolenym pridavnym materidlom obsahuju-
cim chemické prvky na podporu tvorby vzniku martenzitu st na
zaklade dosiahnutych vysledkov vhodné do podmienok prevla-
dajuceho abrazivneho opotrebenia. Tvrdost navaru (604-691
HV10) sme dosiahli porovnatelnt ako udava vyrobca (620—-670
HV10), €o je prvotné kritérium na zvySenie oteruvzdornosti ma-
teriélu.

Zaver

Postupné zmeny rozmerov €asti strojov na trecom povrchu pri
abrazivnom opotrebeni prebiehaju ako vysledok rezacieho
ucinku, alebo ryhovacieho pdsobenia tvrdych Castic, ktoré sa
dostavaju do styku s tymto povrchom. Vlastné abrazivne opot-
rebenie je niekedy sprevadzané doplnkovymi vplyvmi, ktoré do
ur€itej miery menia charakter procesu opotrebenia.

Vzhladom na réznorodost vplyvov na abrazivne prostredie,
ktoré svojimi mechanickymi a chemickymi U€inkami urcuje de-
gradacny proces pri opotrebeni kovovych materidlov su pre vy-
ber oteruvzdornych materidlov dblezité nielen mechanické
vlastnosti pridavnych materialov, ale hlavne ich Strukturalna
skladba.

Na zaklade dosiahnutych vysledkov laboratornej a pre-
vadzkovej skusky konstatujeme zniZenie velkosti opotrebenia
pri pouZiti navarového materialu Fluxofilcord 58. Vy3SSi obsah
legujucich prvkov v pridavnom materiali spésobil zvySenie tvr-
dosti navarového kovu, €o je sprevadzané vznikom martenzi-
tickej Struktury.

Sihrn

Prispevok sa zaobera postdenim vhodnosti pridavného mate-
ridlu pri navarani na €asti strojov, ktoré su v prevadzkovych
podmienkach vystavené abrazivnemu opotrebeniu. Navarovy
material Fluxofilcord 58 sme posudzovali na zéklade skuSok

Martin KOTUS a kolektiv

v laboratérnych a prevadzkovych podmienkach. Pri hodnoteni
velkosti opotrebenia sme sledovali hmotnostné a linearne
ubytky, ako aj mechanicku vlastnost materialu — tvrdost. Ako
kritérium oteruvzdornosti sme stanovili pomernu odolnost ma-
teriadlov proti abrazivnemu opotrebeniu. Z dosiahnutych vy-
sledkov vyplyva opodstatnenost pouzitia pridavného materialu
Fluxofilcord 58 za u¢elom zniZenia velkosti opotrebenia a tym
prediZenia Zivotnosti pddospracujiiceho nastroja — lemesa
pluhu.

Klacové slova: navarovy material, abrazivne opotrebenie, po-
merna odolnost, tvrdost.

Prispevok bol vypracovany v ramci rieSenia grantového projektu
VEGA 1/0576/09 (2009—-2011): ,ZvySovanie kvality polnohospo-
darskych strojov a vyrobnych zariadeni®
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VPLYV SATELITNEJ NAVIGACIE NA PLOSNU VYKONNOST A BEZPECNOST
STROJOVEJ SUPRAVY

INFLUENCE OF SATELLITE NAVIGATION ON MACHINE LINE FIELD CAPACITY
AND SAFETY OF OPERATION

Miroslav ZITNAK, Radovan SVARDA

Slovenskd polnohospodarska univerzita v Nitre, Slovenskd republika

Implementation of navigation systems in agriculture practice is one of the work efficiency and safety of operation increase tool. Accurately
usage of satellite navigation as a tool of unit costs decreasing and safety operation increasing can significantly influence the company
economy. Aim of this paper was evaluation of satellite navigation system AutoTrack accuracy that operates with correcting signal type SF2.
Provider of correcting signal type SF2 presents the accuracy + 5 cm. There were compared measurements of machine line work accuracy

with and without satellite navigation, too.

Key words: navigation system, satellite navigation, accuracy

Pri si¢asnom trende racionalizacie prace a zvySovania rentabi-
lity vyrobného procesu nachadzaju ¢oraz CastejSie uplatnenie
informaéné technolé6gie a operacie vykonavané na ich zaklade.
Efektivne vyuzivanie pracovného zaberu strojov na principe sa-
telitnej navigacie je jednym zo stu€asnych polnohospodarskych
trendov, ktory umoZiiuje zvySovanie efektivnosti prace. Macak
a Nozdrovicky (2009) uvadzaju, ze spravnym vyuZzitim satelit-
nych navigacnych systémov s automatickym riadenim docha-
dza k zniZzovaniu prekrytia a eliminacii vynechavok &i uz pri
aplikacii priemyselnych hnojiv, chemickych prostriedkov, osiva
resp. pri spracovani pody, ale aj k uspore pohonnych hmot
a pracovného €asu. RieSenim su technologie, ktoré spresfiuju
a bliz8ie urCuju pohyb strojovych suprav po pozemku s moz-
nosfou ich navigacie resp. ich automatického riadenia (autopi-
lot). Av8ak zavadzanie systémov navadzania strojovych
suUprav s podporou satelitnej navigacie na baze GPS je spreva-
dzané mnohymi technickymi problémami, ktorych podstata je
predmetom rozsiahleho vyskumu.

Wenzel (2006) opisuje vyuZzivanie satelitnej navigacie a po-
uzitie RTK korekcii pri hlbokom podryvani pddy. Uvadza, Ze vy-
uzivanie takychto operacii v ramci snahy o zachovanie
konkurencieschopnosti na trhu sa javi u€innejSie ako politika
nakupu vacsich strojov a nadobudania vacsej vymery polno-
hospodarskej pddy. McMahon (2003) popisuje Struktiru a vy-
hody systému asistovaného riadenia. Specilne sa zmiefiuje
0 moznosti bezdrétového prenosu aplikatnych map a zazna-
menanych udajov priamo z pozemku do centralneho pocitaca.
Ehsami, Sullivan, Walker a Zimmerman (2002) vyuzivali pri ur-
Covani presnosti satelitnej navigacie strojovych suprav prie-
mernd chybu a smerodajnu odchylku chyby trajektérie drahy
pohybu stroja, ktora bola vypocitana z rozdielov medzi skuto¢-
nou polohou stroja na poli a vypoéitanou (teoretickou) polohou.
Porovnanie vykonnosti 6 naviga¢nych systémov so systémom
RTK GPS ako teoreticky najpresnejsim systémom povaZzovali
za najvierohodnejsi systém urovania presnosti naviga¢nych
systémov. Aj Ehrl, Stempfhuber, Demmel, Kainz a Auernham-
mer (2004) hodnotili presnost autondbmneho navadzacieho
systému AutoTrac AGRONAV®, GEO TEC, ktory bol imple-

24

mentovany na traktore MF 4255 s podporou geodetického
navigacného systému RTK DGPS.

Cielom nasho merania bolo posudenie presnosti prace sa-
telitného navigaéného systému AutoTrack, ktory navigoval
strojovu supravu — traktor John Deere 7820 a tanierovy pod-
mieta¢ Kuhn Discovery XM 40.

Material a metddy

Uvedeny experiment sa uskuto€nil na pozemku, ktory patri PD
Rastislavice. Na uvedenom pozemku sa uskuto€nil zber repy
cukrovej s naslednym podryvanim pddy po ktorom nasledovalo
kyprenie pddy tanierovym podmietaom. V ramci pozemku
bola vybrana experimentalna €ast s rozlohou 9,51 ha na ktorej
bolo zvolenych 213 monitorovacich bodov. RozlozZenie tychto
bodov bolo volené vzhladom na pohyb stpravy po uhlopriec¢ke
experimentalnej Casti pozemku (obrazok 1).

Al B/

Obrazok 1 A/ Experimentélna ¢ast pozemku a monitorovacie body
B/ Ortofotomapa pozemku
Figure 1 A/ Experimental part of the field and monitoring points

B/ Orthophoto map of the field
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Tabulka 1 Zékladné technické parametre
Podmieta¢ DISCOVER (1) XM 40 Traktor JOHN DEERE 7820
Pracovny zdber vm (2) 4,75 Menovity vykon motora (ECE) v kW/k (10) 136/185
Max. hibka spracovania v mm (3) 220 Maximédlny vykon motora (ECE) v kW/k (11) 145197
Pocet diskov (4) 40 Transport Boost (ECE) v kW/k 157/214
Priemer diskov v mm (5) 660 Potet valcov / objem v cm® (12) 6T1/6800
Pracovna rychlost v km.h™ () 8-12 Pruznost krutiaceho momentu v % (13) 45
Hmotnost stroja v kg (7) 4290 Max. pojazdova rychlost v km.h™" (14) 40,0/50,0
Prepravnd Sirka stroja v m (8) 2,45 Vyvodovy hriadel v min™ (15) 540/540E/1000
PoZadovany vykon traktora v kW/k (9) 132/180 Max. zdvihovd sila hydrauliky v kN (16) 90,0

Zdroj: www.agroservis.sk

Table 1 Basic technical parameters

(1) type of disc tiller, (2) working width, (3) maximal working depth, (4) number of discs, (5) disc diameter, (6) working speed, (7) weight of machine, (8) transport
width of machine, (9) required tractor power, (10) motor output rating, (11) maximum engine output, (12) number of cylinder / volume, (13) flexible of torsion
moment, (14) maximal speed, (15) power take-off, (16) maximal piston force of hydraulic system

Obrazok 2 Strojové stprava — traktor John Deere 7820 a diskovy
podmieta¢ Kuhn Discovery XM 40
Machine line — tractor type John Deere 7820 and tandem
disks type Kuhn Discovery XM 40

Figure 2

Na pozemku bolo vykonavané obrébanie pddy prostrednic-
tvom supravy pozostavajlcej z traktora John Deere 7820 a ta-
nierového podmietata Kuhn Discovery XM 40 (obrazok 2).
Uvedena suprava vykonavala plytké spracovanie poddy po
predchadzajucom podryvani a zbere repy cukrovej. Zakladné
technické parametre traktora a podmietaca si uvedené v ta-
bulke 1.

Systém AutoTrack vyuziva navadzanie s podporou satelit-
nej navigacie GPS (Global positioning system) a je sucastou
vy$Sieho riadiaceho systému AMS (Agriculture Management
Solution), vyuZivaného pre manazment polnohospodarskej
strojovej techniky. Systém pozostava z nasledovnych kompo-
nentov:

Obrazok3 Komponenty systému AutoTrack
A/ monitor, B/ prijima¢ satelitného signdlu StarFire iTC
Figure 3 Components of AutoTrack system

A/ monitor, B/ satellite receiver type StarFire iTC

- prijimag satelitného signalu StarFire (obrazok 3),

- GreenStar displej pre zobrazenie informacii (obrazok 3),
« mobilny procesor,

- riadiaca jednotka SSU.

Systém AutoTrack vyuziva prijima¢ satelithého signalu
StarFire a dudlnu frekvenciu s diferencovanou korekciou na
presné navadzanie stroja po pozemku. Pouzity typ signalu SF 2
pracuje s presnostou +5 cm, ktorého prijem v slovenskych pod-
mienkach predstavuje sumu 1 000 € za rok. Cena systému
AutoTrack v zakladnej verzii je 19 000 €.

Systém riadenia jazdy je ovladany jednotkou systému ria-
denia SSU (Steering System Unit). Do tejto riadiacej jednotky
vstupuju informécie z jednotlivych komponentov systému a vy-

Obrazok 4  SpoAsob merania skutoéného pracovného zéberu a zapisovanie
geografickych stradnic monitorovacich bodov
Method of real working width measuring and recording
geographical co-ordinates of monitored points

Figure 4
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Celkovy zaber : 1. jazdy, (5)

— - — - Celkovy zaber : 2. jazdy, (6)

..... Celkovy zaber : 3. jazdy. (7)

Obrazok 5
Figure 5

Schéma prejazdov stipravy pri navigdcii na 4,8 m

Scheme of machine line trajectories by navigation on 4.8 m
(1) axis of machine, (2) measuring distance, (3) “a —working width of
first disc section”, (4) “b —working width of second disc section (total
working width of machine)”, (5) total working width of machine : first
tramline, (6) total working width of machine : second tramline, (7) total
working width of machine : third tramline.

stupuju signaly do elektrohydraulického ventilu zabezpeguju-
ceho riadenie pohybu traktora (nataanie riadiacich kolies).
Samotna podstata riadenia spociva v tom, Ze ovladaci ventil
elektrohydraulického riadenia davkuje olej k dvojé¢innym hydra-
ulickym valcom riadenia tak, aby sa udrzoval pozadovany smer
pohybu.

Po prejazde supravy boli znackovacimi kolikmi vyznagené
pociato€né monitorovacie body, od ktorych bol pasmom me-

os supravy os supravy os stipravy
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Obrazok 6 Schéma efektivneho zdberu stpravy s hodnotou navigdcie
515m

Scheme of effective machine line width with navigation on
515m

(1) axis of machine: first second and third tramline, (2) total working
width of machine for first second and third tramline

Figure 6

26

Acta technologica agriculturae 1/2011

rany skuto€ny pracovny zaber stroja a sturadnice kazdého mo-
nitorovacieho bodu boli uloZzené do GPS naviga¢ného pristroja
Leica GS 20 (obrazok 4).

Nepresnosti navigacie boli zaznamenavané meranim Sirky
zaberu spracovanej Casti pody po troch prejazdoch supravy,
¢im sa ziskali prekrytia a vynechavky predstavujlice nepres-
nosti spdsobené dvojnasobnou navigaciou pracovnej stpravy.
Pri tomto spbésobe boli potom pri vyhodnoteni odratané prekry-
tia a dvojnasobok hodnoty pracovného zaberu, ktora bola na-
stavena pre navigaciu — 4,8 m a 5,2 m (obrazok 5). TaktieZ sa
uskutonili merania presnosti bez satelitnej navigacie stpravy.
Pri tomto spdsobe bola suprava navigovana na zéklade skuse-
nosti a zruénosti obsluhy stpravy. Postup merania pri tomto
sposobe bol zhodny s predchadzajicim. Vzhladom na pouzitd
metodiku merania prezentované zaporné C&iselné hodnoty
predstavujuce vynechavky su v skutonosti prekrytia (kladné
hodnoty).

Ziskané udaje boli spracované prostrednictvom programu
Statistica a vyhodnotené pomocou geografického informac-
ného systému ArcView.

Vysledky a diskusia

Diskovy podmieta& Kuhn Discovery XM 40 sa sklada z dvoch
sekcii diskov. Zadna sekcia diskov je SirSia oproti prednej
0 0,35 m na kazdej strane. Pri nastavenej hodnote pre naviga-
ciu 4,8 mbolo v niektorych €astiach pozemku dosiahnuté viac-
nasobné spracovanie pddy. Z obrazku 5 vyplyva, zZe
navigovana suprava spracovavala zakoétované Sirky pravych
a lavych okrajov tri krat (t. j. plocha bola spracovavana pri
dvoch prejazdoch prednou sekciou raz a zadnou sekciou dva
krat) priGom vzniklo prekrytie 0,7 m. Pre dany stroj pri tejto
pracovnej operacii predstavuje hodnota 5,15 m (obrazok 6)
idealnu hodnotu pre satelitni navigaciu. Nedochadza tu
k viacnasobnym prekrytiam a je zabezpecena idealna plosna
vykonnost stroja. Pre optimalne spracovanie pody s vacsim
mnozstvom rastlinnych zvyskov (strnisko a pod.) by bolo pot-
rebné nastavit hodnotu satelitnej navigacie na 5,0-5,10 m.

Na obrazku 7 je znazorneny krabicovy graf zobrazujuci
hodnoty vynechavok a prekryti pri troch prejazdoch supravy so
satelitnou navigaciou (obrazok 5). Tento graf udava zapornu
hodnotu medianu rovnu €islu -0,06 m ¢o predstavuje strednu
hodnotu nameranych tdajov. Dalej z grafu vyplyvaji hodnoty
horného a dolného kvartilu, ktorého interval vynechavok sa
nachadza v rozsahu -0,01/-0,11 m. Pri praci stpravy bez sa-
telitnej navigacie bola polovica hodnét vynechavok v rozsahu
-0,75/-0,93 m (obrazok 8).

Obrazok 9 vyjadruje mapu priestorovej premenlivosti pre-
kryti a odchylok od nastavenej hodnoty pre satelitni navigaciu.
Oblast I. prezentuje odchylky vzniknuté pocas prace strojovej
sUpravy so satelitnou navigaciou od nastavenej hodnoty navi-
gacie 4,8 m. V oblasti Il. pracovala strojova suprava bez satelit-
nej navigacie a tomu zodpovedaju i dosiahnuté hodnoty
odchylok. Oblast Ill. prezentuje odchylky dosiahnuté opat pri
praci so satelitnou navigaciou avSak nastavena hodnota navi-
gacie v tomto pripade bola 5,2 m.

Farebné triedy (odtiene Sedej) zobrazené na mape priesto-
rovej premenlivosti prekryti a vynechavok vyhovuju odchylkam,
ktoré uvadza ich poskytovatel (SF2 +5 cm). AvSak z hladiska
agronomickej praxe by sa dalo povedat, Ze vyhovujlce su aj
dalSie triedy zahrfiujuce rozsah £10 cm, ktoré su zobrazené
Ciernou farbou.
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Obrazok 7  Graf odchylok a prekryti pri pouZiti navigatného systému
AutoTrack

Figure 7 Graph of skips and overlaps by using of AutoTrack Guidance
navigation system
(1) median, (2) non-outliers, (3) outliers, (4) extremes
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Obrazok 8 Graf odchylok a prekryti bez pouZitia navigacného systému
AutoTrack

Graph of skips and overlaps without using of AutoTrack
Guidance navigation system

(1) median, (2) non-outliers, (3) outliers, (4) extremes

Figure 8

Treba poznamenat, Ze vzhladom na pouzity spdsob mera-
nia prezentované vysledky so zapornou ¢iselnou hodnotou
v skuto€nosti predstavuju hodnotu kladnu, teda prekrytie.

Zaver

Na zaver je mozné konstatovat, Ze pouzita satelitna navigacia
AutoTrack s danym korek&énym signdlom SF2 je pre vykona-
vanu pracovnu operaciu postadujuca z hladiska agronomic-
kych poziadaviek na spracovanie pddy. Zbyto€ne velké
prekrytie vzniklo v désledku nastavenia nespravnej hodnoty
pracovného zaberu pre satelitny navigacny systém.
Vysledkom funkcie celého systému je presnejSie a pohodl-
nejSie ovladanie smeru jazdy, €o smeruje k zniZzeniu zataZenia,
Unavy a stresu obsluhy z ¢oho vyplyva zvySenie bezpec€nosti
prace so strojovou supravou, toto bolo potvrdené aj obsluhou
meranej stpravy. Dalimi vyhodami satelitnych navigaénych
systémov s autopilotom je moZnost pracovného nasadenia
v noci, v hmle a v praSnych podmienkach a to pri dodrziavani
pozadovanych rozstupov pracovnych jazd, zvySeni kvality

Hranice tried vynechavok a prekryti vm (1)

Odchylky a prekrytia vm (2)

Prediction Map 238703

Pi¥arcview] [ODCHYLKA] a.311.028 5,081 0,04

Filled Contours i | -

Obréazok 9
Figure 9

Mapa priestorovej premenlivosti prekryti a odchylok

Site variable field map of working width of overlaps and skips
(1) statistical groups of skips and overlaps in m, (2) skips and
overlaps, (3) boundaries of experimental area

prace (prekrytie, vynechavky, Gvrate a pod.) a obmedzeni zata-
Zenia zivotného prostredia.

Sithrn

Jednym zo spbsobov zvySovanie efektivnosti a bezpecnosti
prace je zavadzanie naviga¢nych systémov v polnohospodar-
skej praxi. Satelitna navigacia ako prostriedok znizovania jed-
notkovych néakladov a zvySovania bezpe€nosti mbze pri
spravnom vyuZivani vyrazne ovplyvnit ekonomiku podniku.
Cielom merania bolo postdenie presnosti prace satelitného
navigaéného systému AutoTrack, ktory pracoval s korekénym
signalom SF2. Pri tomto type signalu uvadza jeho poskytova-
tel presnost +5 cm. TaktieZ bolo uskuto€nené porovnanie
presnosti prace strojovej supravy so satelitnou navigaciou
a bez nej.

Klacové slova: navigaCny systém, satelitna navigécia, pres-
nost
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