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Mezindrodni védecka konference

TECHNIKA PRO KONKURENCESCHOPNE ZEMEDELSTVI

A POTRAVINARSTV

jako soucast oslav
80. vyroci zalozeni Mendelovy zemédélské a lesnické univerzity
v Brné

Mendelova zemédélski a lesnicka univerzita v Brné
je nejstarsim vysokym a lesnickym ucenim v Ceskych
zemich. Byla zfizena v roce 1919 jako Vysoka 3kola
zemédélskd a pod timto ndzvem existovala az do roku
1994, Jejim vznikem bylo dovrieno dlouhodobé asili
o ziizeni vysokého zemédélského uceni na Moravé, kterd
patii odedivna k zemim s nejvyspélejSim zemédélstvim
ve stiedni Evrope. Za dobu svého trvini prosla fadou
organizacnich i obsahovych zmén a ptipravila pro uplat-
néni v raznych stérich narodniho hospodarstvi a oblas-
tech hospodiiské praxe téméi dvacet tisic zemédélskych
inZenyri. vice nez Sest a pul tisice lesnickych inzenyri
a temer pét a pal tisice inZenyrd ekonomi.

Mendelovu zemédélskou a lesnickou univerzitu v Br-
né (ve zkratce MZLU v Brné) tvori ¢tyfi fakulty. Agro-
nomicka fakulta, Lesnickd a dievarskd lakulta a Pro-
vozné ckonomickd fakulta sidli v Brné. Zahradnicka
fakulta je umisténa v Lednici. PoCet zaméstnancu uni-
verzity, kterd ma pies pét tisic studujicich, se pohybuje
kolem 840, z toho je 360 ucitelu.

Pii vzniku této vysoké skoly vychizel jeji vzdélivaci
program z jejich pavodnich dvou obort, tj. hospodif-
ského a lesnického. a v jisté casové posloupnosti doznal
vyrazného rozsifeni. Postupné byl dopliovin o dalsi
studijni programy a jejich obmény tak, aby byly vhod-
néji naplioviny potieby ziskavani vysokoskolské kva-
lifikace prislusného odborn¢ho zaméreni. V soucasné
dob¢ nabizi univerzita 55 studijnich programui, z toho
13 pro tfileté bakalarské studium, 18 pro pétilet¢ magis-
terské (inZenyrské) studium, 24 pro tiileté doktorské
studium a umoZziuje absolvovat kurzy celoZivotniho
vzdélavani. V ramei studijnich programu se mohou stu-
denti individudlné odborné profilovat, a to prostrednic-
tvim studijniho oboru Evropska studia v podnikini
a ckonomice, zabyvajiciho se komercni. politickou
a spolecenskou tématikou Evropské unie a vztahu Ev-
ropy a Cesk¢ republiky. Studium se uskuteciiuje pre-
zenéni nebo distanéni formou vyuky.

Reseni védeckovyzkumnych dkolt vychizi z dlou-
hodob¢ prognozy a védecke orientace univerzity a fa-
kult a zahrnuje oblast zemédélskyceh. lesnickych., biolo-
gickych, ckonomickych a technickych véd. Jedna se
o otevieny okruh vyzkumnych aktivit, uplathovany v in-
stituciondlnim vyzkumu. ve vybérovych fizenich gran-

tovych agentur a mezindarodnich védeckovyzkumnych
programech. V oblasti zahrani¢nich styki realizuji za-
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méstnanci i posluchadi studijni pobyty, stize a konzul-
tace na vysokych Skoldch ve Francii, Polsku, Rakous-
ku., Némecku, USA a Velké Britanii a v dalSich ze-
mich. Sirsi moZnosti studentské zahraniéni spoluprice
nabizi zapojeni studentit MZLU v Brné zejména do prog-
ramu TEMPUS a do dalSich mezindrodnich projekta.

Potieham praktické vyuky studentd, k feSeni vyzkum-
nych tdkolt a ovéfovani védeckych poznatkl v praxi
slouzi dva zem@délské Skolni podniky a jeden lesni Skolni
podnik. Pro vyukove acely je také vyuzivana Botanicka
zahrada a arboretum. K dispozici je rozsahla knihovna,
Citdrna Casopist a moderni informacni a pocitacové cen-
trum jako soudisti Ustavu védecko-pedagogickych in-
formaci a sluzeb. Ustav vypocetni techniky zajistuje
provozovani automatizovanych systému fizeni a oddeé-
lenf automatizace informadcni soustavy zpracovivi infor-
macni agendu, ¢imz prispivaji k pInéni programi elektro-
nizace a kompulerizace vyuky. védeckovyzkumné price
a slouzi provoznim ucelim univerzity. Audiovizualni
centrum zhotovuje videoziznamy pro potiebu vyuky
a vyzkumu a spravuje celouniverziti filmotéku. K za-
chovini a zpfistupnéni archivniho bohatstvi univerzity
dalS$im generacim je zaméfena Cinnost Univerzitniho
archivu.

Pro MZLU v Brné je také vyznamné 35. vyrodi zfi-
zeni oboru mechanizace zemédé@lstvi. S touto uddlosti
je spojeno zalozeni i kateder, a to katedry mechanizace
rosthinné vyroby. katedry zikladi mechanizace a kated-
ry vaitropodnikové mechanizace a elektrizace. Zikladem
techto kateder byla diivejsi jedina katedra mechanizace
a clekirifikace zemédélstvi na Provozné ckonomické fa-
kult¢ Vysoké Skoly zemédélské v Brné. Vzrustajici vy-
nam oboru vyvolany procesy mechanizace a automati-
zace zemédelské vyroby a strukturou fizeni tehdejsich
zemédélskych podnika i potfeba vy§Siho poctu jeho ab-
solventd byly podnétem Kk naslednému zrizeni dalSich
kateder. V roce 1976 1o byla katedra opravirenstvi a ze-
médelskych staveb. Pozdgji byla z Katedry fyziky roz-
Sifenim o dalsi technické védni discipliny ziizena a do
organizacni struktury mechanizac¢niho oboru zaclenéna
Katedra teoretickych zakladu techniky. Z katedry opra-
varenstvi a zemédélskych staveb vznikly jejim rozdéle-
nim dvé Kkaterdy, a to katedra provozni spolehlivosti
strojit a zemédélskych staveb a katedra energetiky.
Posledni strukturdlni zménou bylo vyclenéni katedry
clektrotechniky a automatizace z Katedry vnitropodni-
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kové mechanizace a elektrizace. V (éto podobé katedry
existovaly s drobnymi zménami aZ do roku 1993, kdy
byla provedena obsahovi transformace ucebnich plani
oboru mechanizace zemédélstvi, jejimz dusledkem byl
i jeho zanik a vznik nového oboru — provoz techniky.
Studijni plin tohoto oboru Iépe odpovida potiebam od-
borného profilu absolventa v transtormovanych podmin-
kich ndrodniho hospodérstvi a jeho agrarné potravindi-
ského sektoru. Jeho absolventi jsou v3ak pfipraveni
k uplatnéni i v oblasti obchodu, technickych ¢&i komu-
nalnich sluZeb, statni spravy a Skolstvi. MoZnost rozsi-
feni a prohloubeni potiebnych znalosti z oblasti mana-
gementu, marketingu, finan¢ich a dcetnich operaci
nabidla studentiim oboru zfizend specializace komer¢ni
sluzby. Témto zménam byla prizpusobena i organizaéni
struktura pracovist. Z kateder dfivéjsiho mechanizaéni-
ho oboru vznikly tii dstavy: Ustav zemédélské techni-
ky, Ustav techniky zpracovani zemédélskych produkti
a Ustav teoretickych zikladi techniky a opravarenstvi.
V roce 1995 byly tyto dstavy prevedeny z provozné
ekonomické fakulty na fakultu agronomickou. V této
podobé existuji dosud. Studijni obor provoz techniky
byl obsahové rozsifen o problematiku dopravy a manipu-
lace s materidly a jeho ndzev upraven na provoz tech-
niky — automobilova doprava.

122

K ucténi vyro¢i zaloZeni univerzity a oboru uspora-
dali vedouci pracovnici univerzitnich dstavi tvoficich
pedagogicky a védeckovyzkumny zaklad studijniho obo-
ru provoz techniky — automobilova doprava konferenci
vénovanou problematice uplatnéni techniky v progre-
sivnich technologiich zemédélské a potravindiské pro-
dukee a zkoumdni, modelovini a fizeni biotechnickych
procest v téchto technologiich. Poznini a exaktni defi-
novdani biotechnickych vazeb a dé&ji piina$i nové moz-
nosti jak dosahnout vysoké technologické i hygienické
kvality zemédélskych surovin i naslednych findlnich vy-
robku, coz je jednim z vyznamnych faktori zvySovani
rentability podnikini v tomto sektoru nirodniho hospo-
darstvi. S vyznamnymi odbornymi piispévky pfednese-
nymi zahrani¢nimi i ¢eskymi autory na této konferenci
mi SirSi odbornd a védeckd vefejnost moznost sezndamit
se v tomto a dalSich &islech Casopisu Zemédélska techni-
ka. Je tak napliiovana kontinuita dlouhodobé a bohaté
spoluprice kolegi oboru dfive mechanizace zemédél-
stvi, nyni provoz techniky — automobilova doprava br-
nénské univerzity s timto vyznamnym védeckym Caso-
pisem, Sifenym po celém sveéte,

S podékovanim vydavateli i redak¢ni radé za dcin-
nou spoluprdci piejeme mnoho tspéchi v budovini vy-
soké védecké drovné Casopisu.

PhDr. Kristina Maresovd,

doc. Ing. Jan Marecek, CSe.

Mendelova zemédélska a lesnickd univerzita, Brno
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BIONIC ANALYSIS OF A SMALL PASTEURIZER

BIONICKA ANALYZA MALEHO PASTERACNIHO ZARIZEN]

J. Musil', J. Lobotka®, P. Hajek’, B. Groda®, J. Maretek®

. lHig/wr School of National Economy, Boskovicé, Czech Republic

Slovak University of Agriculture, Nitra, Slovak Republic
SMendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The paper analyses the pasteurization of milk in a small pasteurizer MP-1000 that is used in primary milk
production. It is a bionic analysis. The paper uses the same methodology of measurement and evaluation that was used for
a similar analysis of a pasteurizer CHX 2010 that is in operation in dairies in the Czech and Slovak Republics. The results
of the evaluation of the pasteurizer CHX have been published before. This paper evaluates thermic and bionic conditions of
pasteurization in a pasteurizer MP-1000. It is compared here where the conclusions from evaluations of both the pasteurizers
differ and where they are more or less identical. It is concluded that changes in microbiological contamination of uncooked
milk cannnot be handled by a change in the pasteurization regime but that it is necessary to adjust the pasteurizer so that
Pasteur criterion may achieve adequate values that lead to minimalization of the decrease in quality of nutritional value of
finalized milk. The paper also illustrates significantly lower energy demands of the process of pasteurization in a small
pasteurizer and also the fact that when determining the critical points ot pasteurization pursuant to a decree of the Ministry
ol Agriculture No. 147/98 (HACCP), it is not sufficient to know the temperature of the pasteurization regime as it is common
in dairies. :

milk pasteurization; bionic analysis; Pasteur criterion: small pasteurizer; regime of pasteurization

ABSTRAKT: Prispévek bionicky analyzuje pasteraci mléka malym pasteraénim zafizenim MP-1000 v podniku zemédélské
prvovyroby. PouZivii shodné metodiky méfeni a vyhodnoceni, kterd byla pouZita pro obdobnou analyzu pasteraniho zafizeni
CHX 2010, pouzivaného v mlékdrndch v CR a SR. Vysledky hodnoceni pasteradniho zafizeni CHX byly publikovany jiz
diive. V tomto piispévku jsou vyhodnoceny termické, tepelné a bionické podminky pasterace v pasteraénim zafizeni MP-1000
a posouzeny shody a rozdilnosti adekvatnich zavéri obou pasteracnich zafizeni. Kromé jiného jsme dospéli k tomu, Ze zmény
mikrobiologické kontaminace syrového mléka nelze felit jen zménou pasteratniho reZimu, ale Ze je nutné upravit i sestaveni
pasteracniho zafizeni tak, aby Pasteurovo Kritérium dosahovalo vhodnych —. priméfenych hodnot vedoucich k minimalizaci
degradace nutri¢ni hodnoty finalizovaného miéka. Je také doloZena vyrazn& niZdi energetickd ndroCnost procesu pasterace
v malém pasteraénim zafizeni i to, Ze pii stanovovini kritickych bodt procesu pasterace podle vyhlisky MZe ¢. 147/98(HACCP)
nestaci jen teplota pasteratniho reZzimu, jak se v mlékarndch zpravidla déje.

pasterace mléka; bionickd analyza; Pasteurovo kritérium; malé pasteralni za¢izeni; pasteralni reZim

INTRODUCTION

In the countries of European Union, milk pasteuriza-
tion has been carried out both in industrial dairy com-
panies and directly by primary milk producers on their
farms. Atter restructuring the agriculture and food pro-
duction in the Czech and Slovak Republics in 1990,
milk pasteurization was started in the facilities of agri-
cultural primary production. There are about thirty com-
panies in the Czech Republic at the present, engaged in
milk pasteurization and there is a number of reasons
leading to milk finalization in the primary agricultural
production. Main of them include the production of
regional dairy products without costs of milk transport
into dairy plants in which the finalization of small milk
amounts from the particular region is difficult both in
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terms of technology and organization. Another impor-
tant reason is the Tevel of farmers’ final receipts for raw
milk and finalized consumer milk. The difference of
financial yields is different in the different EU coun-
tries and ranges from about 50% in Germany, to 100%
in Denmark up to 150% in Ireland. In the Czech and
Slovak Republics, there are other specific factors of the
transformation period that must be taken into account
such as secondary insolvency or unwillingness of indu-
strial dairy companies to readily pay the agricultural
primary producers for the supplied raw milk.

MATERIAL AND METHODS

The pasteurization plants for milk finalization on
farms of primary milk producers are available at a great
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choice in the EU countries and today also in the Czech
and Slovak Republics. The paper deals with bionic,
thermic and power consumption analyses of milk pas-

teurization in a small pasteurizer MP-1000 (Fig. 1) of

Czech provenance whose price is very favourable in the
comparison with foreign brands.

Repeated measurements were made for the bionic
analysis of milk pasteurization on the MP-1000 pas-
teurizer in a normally operated milk plant. The pasteur-
izer diagramme and measuring points are illustrated in
Fig. 2. Temperature was measured with calibrated
Pt100 probes with records being continually plotted by
an MT-32 digital indicator. Details on the instrumenta-
tion used and those on the experimental workplace are
filed at the authors’ workplaces.

RESULTS

Results from measuring the MP-1000 pasteurizer
marked C (May 2. 1998). D (May 15, 1998) and E
(May 30, 1998) were evaluated. Results from the meas-
urements made in the CHX 2010 dairy pasteurizer were
published by Musil et al. (1998). Symbols tfor marking
the measuring points and quantities are identical in the
WO cases.

The MP-1000 measurements were statistically proc-
essed as follows:

Dependences of milk temperature on the inlet into
the pasteurizer, i.c. into the regeneration section #; = flt)
in the course of pasteurization temperature (T) are ex-
pressed by the following equations:

li.

Wi

1. MP-1000 Pasteurizer

I = pasteurized milk, 2 = water, 3 — milk from
the centrifuge (above). 4 — milk into the cen-
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trifuge (below)
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4| Pasteur,

Regen.
sacton e

Cooling
secbonl.

5
R
P

——

Hot watar |
Raw mik il
C:y=35.133 + 0.1288.v - 0.0076.2° ()
D: y=36.333 - 0.4091.x + 0.0303.47 2)
E:v=35200-0.1152.x+0.0152.3° 3)

Dependence of milk temperature on the inlet into the
pasteurization section t3 = t, = f(7) is determined by the
following equations:

C: vy =60.875 + 0.2413.x - 0.0208.¢° )
D: y = 62333 - 0.4091.x + 0.0303.17 (5)
E:v=061.200-0.1152.0 +0.0152.x° (6)

Dependence of milk temperature on the outlet from
the pasteurization section 14 = f(1) is given by the fol-
lowing equations:

C:y=87.275-0.1072.x + 0.0095.4° (7)
D: vy =86.683 + 0.0659.x - 0.0038.4 (8)
E: y=86.125 - 0.0716.x +0.0057.4° )

Dependence of milk temperature on the outlet from
the cooling section 14 = f(1) is determined by the fol-
lowing equations:

C:v=8.1500 - 1.6402.x + 0.1629.%° (10)
D: v =5.5900 - 0.1523.x + 0.01 14.4> ()
E: y=5.7917 + 0.1314.x - 0.0095.4° (12)

Dependence of water temperature on the inlet into
the pasteurization section rg = f(1) is determined by the
following equations:

C:y=89.458 -0.1140.x + 0.051 142 (13)
D: y = 88.092 + 0.1860.x + 0.0360.4° (14)
E: v =88.092 - 0.2989.x + 0.0663 .+ (15)

Dependence of water temperature on the outlet from
the pasteurization section ty = f(1) is given by the fol-
lowing equations:

C: v=185.642-0.1102.x + 0.0549.4° (16)
D: y = 84.625 + 0.1087.x + 0.0436.4% (17)
E: vy =84.300 + 0.0970.x + ()A()303..\'2 (18)
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ascbon m

2. Diagramme of temperature measuring points

1 — raw milk temperature, 2 — milk temperature
before the centrifuge (after regeneration 1), 3 -
milk temperature before the pasteurization unit
(after regencration 11), 4 — milk temperature in the
reservoir (after pasteurization), 5 ~ milk tempera-
ture between the regeneration sections | and 11),
6 — milk temperature after regeration I, 7 - milk
temperature at the output from the cooling see-
tion, 8 — milk temperature before the pasteuriza-
tion unit, Y — milk temperature behind the pas-
teurization unit. 10 = temperature of cooling (icy)
water before the cooling section. 11 = tempera-
ture of cooling water behind the cooling section

Cod (icy)
watar

Dependence of temperature difference Atyy = f(1) is
given by the following equations:

C:y=26.400 - 0.3485.x + 0.0303 1% (19)
D: y = 24350 + 0.4750.x - 0.0341.4 (20)
E: v=24.925 + 0.0436.4 - 0.0095.4° @n

Dependence of temperature difterence Aryg = f(1) is
given by the following equations:

(%]

C:y=52725+ 1.8814.x - 0.1837.x (22)
D: y = 56.383 = 0.2568.x + 0.0189.x° (23)
E: v = 55408 - 0.2457.v + 0.0246.2% (24)

Dependence of cooling section cooling performance
P, = fl1) is defined by the following equations:
ch ]

C:y=46.874 +2.7687.x - 0.2971 .4 (25)
D: v=50.513 - 0.1700.x - 0.0143.4> (26)
E:y=47.892 - 2.1556.x + 0.1652.¢ (27)

Dependence of pasteurization section heat perform-
ance Py = f(1) is defined by the following equations:
Ty = 23.448 + 0.2094.x + 0.0364.4° (28)
D: v =21.822 + 0.4460.x + 0.0444.5° (29)
E:y=21.582-0.8695.x + 0.0601 3% (30)

The final dependence of milk throughflow Q,,, = fit)
is determined by the following equations:
%y =0.8116+0.0185.x - 0.0023.4° (31)
D: v =0.8195 + 0.0009.x - 0.0005. (32)
E:y=0.7915 - 0.0329.x + 0.0025.x (33)

RESULTS AND DISCUSSION

The reason for differences in the measured and con-
sequently also calculated values are the differences in
milk temperature (1)) on the inlet into the CHX pasteur-
izer (f; = 6 °C and +; = 12 °C), and particularly so in
the MP pasteurizer (1) = 35 °C).
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I. Evaluation of heat flows at milk pasteurization in MP-1000 pasteurizer, May 2. 1998
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Raw milk temperature (f) on the inlet into the CHX
pasteurizer considerably depends on the outside tem-
perature as an affecting factor particularly during the
milk collection in metal, non-insulated tanks.

Dependence of milk temperature ¢ = f (1) for the
small MP-1000 pasteurizer is parabolic in all three evalu-
ated cases. A considerable difference in the comparison
with the CHX 2100 pasteurizer consists in the numeri-
cal value of the first parameter, independent of pas-
teurization time (1). The value of the parameter in the
small pasteurizer is by one order higher, which is given
by the fact that milk was delivered into the MP-1000
after milking with no previous cooling at the experi-
mental measurements. This high value of parameter («)
for parabolic courses predetermines low values of Py
thermal performance of the pasteurization section, and
specific heat consumption g in this section (Tab. I)
Their courses are parabolic, too. The parabolic courses
of dependence £ = f (1) are very flat in all three cases
(C, D, E), which is given by the values of parameter «,
(linear dependence on time T, and parameter a, (quad-
ratic dependence on time T) — see equations | to 3. The
situation resulls from the fact that the function of storage
milk reservoir before the pasteurizer was performed by
the PACKO cooling tank during the measurements,
which — however — was not operated as a cooling tank
but as a storage insulated tank. The course of this de-
pendence is concave on May 2, 1998 (C). and convex
on May 15, 1998 (D) and May 30, 1998 (E). This
course of dependence ¢ = f(1) also predetermines the
course of dependences 13 = 1, = 1,'f(T) as in equations
4 to 6 for the course of which identical conclusions
apply incl. the concave and convex characters. The nu-
merical value of ay whose order does not differ in the
comparison with the value found in the large CHX
pasteurizer is no less important: it is lower by the value
of approx. 15-16, i.e. it reaches the values ranging be-
tween 60.87-62.33 which are threshold values for the
beginning of inactivating pasteurization effect. It follows
that the size of heat-exchange area of the regeneration
section in the small MP-1000 pasteurizer was adjusted
(designed) correctly. Under these conditions the partial
pasteurization effect in the regeneration section at milk
delivery into the pasteurizer does not occur as we could
see in the CHX large pasteurizer and the same regime
of pasteurization (7, = 85 °C). What happened in the
large pasteurizer was a considerable "milk over-pas-
teurization” (PA > 4 000). It follows that it is not ad-
visable to just modily the regime ol pasteurization in
the same pasteurizer but what must be modified at the
same time is the size of heat-exchange area of the re-
generation section and thus prevent high over-pasteuri-
zation. The bionic assessment of the MP-1000 pasteur-
izer (Tab. II) brings evidence to this fact by Pasteur
criterion values ranging between PA = 6.65-7.67 which
fully comply in the order of units with Pasteur criterion
values (PA) for the pasteurizer without control systems.

A similar compliance with the course of £; = f(7) in
terms of convex and concave characters cannot be

ZEMEDELSKA TECHNIKA, 43, 1999 (4): 123-128



11. Evaluation of biotechnical inactivation effect of milk pasteurization in MP-1000 pasteurizer

Determination of partial pasteurization effects
Set (measured) values = : e >
Regeneration seetion-Cooling Pasteurization section
May 2, 1998
H=355°C V= 0.0008 m* v, = 0.0008 m*
L=61°C 0,=0.15s ©,=008s
1,=87°C 0,=0345 0,=0345s
0, = 0.00023 mis™!
1, =60"C PA =231 PA, =434
EPA, PAy + PA, = 6.65
May 13, 1998
2 1=35°C V. = 0.0008 m* v, = 0.0008 m*
& 6198 0,=015s 0, =008 s
H ,=87"C ©,=0337s @, =0357s
E O = 0.000224 s
3 1,= 60 °C PAy =238 PA, =446
£ TPA, PA,y + PA, = 6.84
May 2. 1998
ty=3549C Y,y = 00008 m? v, = 0.0008 m*
1,=61"C Q,=015s 0,=008s
1,=87°C 0,=04s 0,=04s
Oy = 0.000196 m's~!
i, =60°C PAy = 2.61 PA, =5.00
XPA, PA, + PA, =7.67

claimed for the dependence of final temperature of pas-
teurization (pasteurization regime). Reasons for the dif-
ference consist in the dependence of the heating me-
dium (hot water) flow through the pasteurization
section and the way of its electric heating, or — more
precisely said — the two-state method of heat control of
this water. The numerical values of parameter g in
cquations 7 1o 9 indicate that the required regime of
pasteurization (r; = 85 °C) is slightly exceeded. A com-
parison of a; in equations 4 to 6 and 7 to 9 shows that
the whole heat-exchange area in the pasteurization sec-
tion has the inactivation effect, i.e. that the area size
was correctly designed with regard to the throughflow
of the heating medium (Q,,,) and its temperature and
has a suitable share in the resulting value of the Pasteur
criterion (Tab. IT).It is the whole heat-exchange surface
of the regeneration section on the outlet side from the
pasteurization section that takes part in the pasteuriza-
tion effect because knowing the course of the tempera-
ture digramme ol this counter-flow heat-exchanger in
which the heating and heated medium is identical milk
of identical throuflow (Q,,,,). the temperature at the end
of the regeneration section heat-exchange surface can
be deduced (determined) about which a general state-
ment uselul for our purposes can be made that 1 15 14
acquire the numerical values of about 60 °C.

It was said above about the pasteurization effect (PA)
and the mentioned condition that they fully comply
with the given control of the small pasteurizer. If the
values of g in the corresponding equations (Groda ct
al., 1998) for the CHX pasteurizer are compared with
the values of 1, 60 °C of MP pasteurizer. it is clear that
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more than a 5-fold heat amount must be removed from
I kg of milk in the MP pasteurizer cooling section
because parameters «, in the appurtenant equations of
CHX pasteurizer and equations No. 10 to 12 of MP
pasteurizer do not essentially differ. If the milk is
cooled in the cooling section by icy water from the icy
water freezer in an enclosed cycle, the temperatures of
this circulating water acquire values of low-potential
level of heat energy that can usually not be further
technologically utilized. Under these conditions, the ef-
ficiency of heat recuperation in the small pasteurizer
gets significantly lower (51%) as compared with the
large pasteurizer.

Here a possibility is at hand to re-design the system
of cooling pasteurized milk from the enclosed circuit
into an opened system in which milk would be cooled
by water from the regular water supply system, which
could be heated from 1015 °C up to the temperature
of service water (above 50 °C). Milk would then be
additionally cooled in order to reach the final tempera-
ture of about 5 °C - for example in an additional
PACKO cooling tank. This possibility was tested at
measuring the MP-1000 pasteurizer.

For tg = f (1) and ty = f (1), 1.e. equations No. 13 to
15 (MP-1000 pasteurizer) a statement can be made that
the courses are identical with those in the large pasteur-
izer CHX 2010, i.e. that they are parabolically growing.
This means that it is also the small MP-1000 pasteur-
izer where the conditions of heat-sharing by the heat-
exchange surface in the pasteurization section are im-
paired. It is also here where the heat-exchange surface
is "choked” by the adhesive deposit from the heating
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medium (hot water) and by the so called "burning-in"
of heat-sensitive substances from milk on the other side
of the heat-exchange surface — although the values are

lower in the small pasteurizer. The lower burning-in of

heat-sensitive substances in the small pasteurizer is given
by the shorter heat-exposition time which follows out
from the lower values of Pasteur criterion in the large
and small pasteurizers (Tab. II) at the comparable re-
gime of pasteurization. Therefore, a pasteurization time
of up to 5 hours can be recommended even for a small
pasteurizer with the pasteurization regime of 85 °C pro-
vided that the deposits on the heat-exchange surface are
regularly removed.

The parabolic dependence of Aryy = f (1) tempera-
ture difference as in equations 19 10 21 along with the
parabolic courses of Q,,, = f(t) dependence as in equa-

tions 31 to 33 determine the course of the function of

heat performance Py = f (1) in the pasteurization sec-
tion, which is expressed by equations 28 to 30. There
is a pronounced difference namely in the a parameter
of these equations, which is by one order different than
that in the adequate equations of the CHX large pas-
teurizer. It follows that the demand for energy is low
in the small pasteurizer which can be usually connected
directly to the existing electrical network in milk houses
situated in cowsheds of primary agricultural produc-
tion. Specific heat consumption values (g7) in the MP-
1000 paslcunmlmn section are also very Iuw - some
100 kJ/m* milk. or approximately 100 J/dm?.

Similarly as in CHX, the course of A 157.A 157 = [ (1)
MP dependence (see equations 22 to 24) is parabolic;
however, its parameter ag has the five-fold difference
as mentioned above. This values, together with the course
of dependence Q,,, = f (1) (see equations 31 to 33),
define the course of function of cooling section cooling
performance P, = f (1) as in equations 25 to 27. 1f the
MP values of ag parameter in the equations are com-
pared with the CHX «j, values, it is clear that they differ
by one order again. This means that neither the cooling
circuit of the icy water freezer demands too much power
and can therefore be connected to the existing current
power supply network in the milk house. Huwcvcr,
specific heat consumption for cooling (g.,) milk i
MP-1000 pasteurizer m.quncx values of about 200 kJ/m
of cooled milk, or 200 J/dm® of cooled milk. The total
specitic heat consumption (g,.) ofMP—l()()() small pdsluu—
izer acquires the values of about 300 kI/m? or 300 J/dm?
of pasteurized milk, which are very favourable values
in terms of a minimum burden imposed on the economy
of milk finalization by pasteurization.

The evaluation of bionic effect in the MP-1000 small
pasteurizer is summarized in Tab. II. As mentioned
above, the Pasteur criterion values amount to 6.65-7.67.

The share of the regeneration section (PA,y;) pasteuri-
zation effect participates in these values by less than
a half (2.31 = 2.67) only on the end of milk outlet from
the pasteurization section. Over a half of the pasteuri-
zation effect ranging between 4.34 + 5.0 occurs in the
pasteurization section itself (PA,) with the whole heat-
exchange surface in the pasteurization section being the
surface of inactivation effects. It was mentioned above
that the Pasteur criterion values (PA) in the order of
units (6.65 + 7.67) can be considered acceptable and
suitable for the small pasteurizers which are not
equipped with a higher system of automated control.

In the comparison with the results obtained from the
CHX pasteurizer the evaluation brings an evidence of
the fact that with the changed pasteurization require-
ments, i.c. at the changed microbiological quality of
initial raw cow milk the problem solution does not
consist in a mere change such as the increased regime
of pasteurization, i.e. final temperature pasteurization
without resolving the bionic context. The results from
the small pasteurizer bionic evaluation confirm that the
bionic requirements can be observed even with the higher
pasteurization regime (85 °C). However, the pasteur-
izer must be re-arranged in terms of finding the correct
size of heat-exchange surfaces in its individual sec-
tions. The "tuning” of heat-exchange surface size can
certainly reduce the existing values of Pasteur criterion
in the case that the pasteurizer is equipped with a mi-
croprocessor to control the process of pasteurization
where it would be possible and desirable to converge
the Pasteur criterion towards PA— 1.

In this context it is worthwhile to mention the issue
of the so called critical points in food technological
processes (HACCP-Hazard Analysis Critical Control
Points) as in Decree No. 147 of June 18, 1998 on methods
of determining critical points in the manufacturing tech-
nology.

At pasteurization the dairies very often or usually
consider the "final milk temperature” for a convincing
and sufficient critical point. As a usual rule, the tem-
perature is recorded and stored. The bionic evaluation
indicates unambiguously that this concept of the criti-
cal point at pasteurization is entirely insufficient.

This stude was supported by the Rescarch purpose
from the Ministry of Education, Youth and Pt. NO
JO8/98: 432100001.
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DRYING PROCESS WITH OPTIMAL ENERGY
CONSUMPTION

PROCES SUSENIA S OPTIMALNOU SPOTREBOU ENERGIE
I. Vitazek, J. Havelka, I. Petransky
Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: Authors analyse conditions for optimal energy consumption in the process of sced and hay drying. A new
drying process with optimal energy consumption, at which the drying medium is heated to desired constant temperature
difference At is compared with a contemporary standard drying process. at which the drying medium was heated to desired
constant temperature f,. This new system is the result of practical experiences and theoretical research. It enables to save
about 30% of energy in seeds and hay drying.

drying seeds: optimal energy consumption; i-x-w diagram of humid air and humid seeds

ABSTRAKT: Autori analyzuju podmienky pre optimdlnu spotrebu energie v procese suSenia osiv a sena. Novy proces
sufenia s optimdlnou spotrebou energie, pri ktorom susiace prostredie je ohrievané na pozadovany konstantny rozdiel tepldt
At, je porovnivany so sicasnym Standardnym procesom sudenia, pri ktorom susiace prostredie bolo ohrievané na pozadovani
kondtantni teplotu 1. Tento novy systém je vysledkom praktickych skdsenosti a teoretického vyskumu. UmoZiiuje az 30%

usporu energie pri sudeni osiv a sena.

sudenie osiv; optimdlna spotreba energie: i-x-w diagram vlhkého vzduchu a vlhkého osiva kukurice

INTRODUCTION

Drying is a process in which moisture from dried
material is removed by heat flow. The heat flow for
humidity evaporation is brought in with a heated me-
dium. Evaporated moisture vapor is taken away in the
outlet drying medium stream.

Moisture evaporation in the dried material depends
on the qualities of dried material, especially on its dimen-
sions, and on moisture diffusion inside the material.

Efficiency ol the dryer depends on qualities of the
material, on the choosen drying method. on the drying
medium states, on the harvest organization and on the
organization of wet material delivery to the dryer.

Choosen drying variables are decisive for the quality
of the product and also for making the processes eco-
nomical, that means efficiency of the dryer and energy
consumption.

The authors performed a deep analysis of the drying
process, by using the i-x-w diagram of wer air and wet
maize seeds, in which they deduct also competent equi-
librium moisture contents for given wet material, so
that there were able to appoint dynamics of the drying
process.

METHODS

When preparing the drying process attention is to be
attracted to:

ZEMEDELSKA TECHNIKA. 45, 1999 (4): 129-131

1. The highest initial temperature of the drying me-
dium is 40 °C to prevent deterioration of germination
the dried seeds.

2. Tt is necessary that the drying medium relative
humidity was lower than the equilibrium relative hu-
midity for the dry material, which is near to 0.6. The
authors recommend the value of 0.3. Extreme low rela-
tive humidity of the drying medium, under 0.2, is with-
out technological advantages and causes increased
energy consumption (Vitazek, 1995).

3. Drying medium relative humidity in the output of
the dryer should have the value of 0.7 to prevent new
moistening of the dried material. At the beginning of
the drying process this value can be higher, but not
more than 0.9 (Vitazek, 1995).

In this paper the authors applicated their new
theoretic knowledge from their previous works.

4. The authors approached the given problem with
help of an i-x diagram for hunid air in which they
introduced curves of constant equilibrium humidites of
maize seeds. This curves are drafted in coordinates: air
temperature t, relative air humidity ¢. The authors ob-
tained basic values of equilibrium humidites for maize
seeds from tables (Nikitina, 1963). They introduced
them in an /-x diagram of humid air by help of the
Henderson equation for equilibrium moisture (Pabis,
1965; Havelka, 1973).

5. Enlarged i-x-w diagram for humid air and wet maize
seeds inspired authors to introduce a new characteristic
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index — drying potential — which enables to determine
the dynamics of drying in every moment of examined
drying process (Vitazek, 1996; Vitdzek, Havelka, 1998).

RESULTS
CURRENT STANDARD DRYING METHOD

We use currently a drying method with drying me-
dium warming to a constant initial temperature ; with-
out regard to the atmospheric air temperature f,. If atmo-
spheric air temperature becomes lower, also the relative
humidity of the heated drying medium ¢; becomes lower
and heat consumption becomes higher.

Theoretically the efficiency of this dryer is higher,
because of the difference Ax between humidity in inlet
and outlet drying medium, and the difference Aw be-
tween humidity of inlet material and his equilibrium
humidity due to the contemporary drying medium state
are higher. But the humidity diffusion changes this dryied
material are only unconsiderable.

Unnecessary heat consumption and heat losses
through the walls of the dryer in the environs are the
succeed.

Drying of sced materials with extra low relative hu-
midity of the drying medium, under 0.2, causes damage
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on the surface of the dryied material and in this way
seriously deteriorates his germination ability.

On the Fig. | authors present an analytical model of
a drying process with constant initial drying medium
temperature 1 = 40 °C, represented in the i-x-w dia-
gram of humid air and wet maize seed grains, for at-
mospheric air states: 1, = 0: 10 and 20 °C. ¢, = 0.7,
0.8 and 0.9.

NEW DRYING PROCESS WITH OPTIMAL ENERGY

Basing on mentioned analysis of standard drying
method defects, the authors proposed a new method of
drying, where these technological defects do not exist.

In this new drying process it works with a constant
drying potential. The drying medium is heated to a con-
stant difference between initial drying medium tem-
perature 7y and atmospheric air temperature f:

At =1t; -ty =consl.

In this way the relative humidity of heated drying
medium @, remains approximately at the same value.
With a drop of the air temperature t, the value of ¢,
decreases only slightly and it is the same for Aw.

Therefore the drying rate does not change through
the whole drying process. It is also heat consumption

Temperature, °C

N

-w DIA(:RAM OF WET AIR AND WET MAIZE GRAINS

\LT{T NN

)
|p20,0981 MPa

7

!

|

|

|

|

| S

0 15 20

Specific moisture, g kg

2. Drying with constant initial temperature difference Ar = const. =
20 °C

0-1 warming of drying medium
1-2 drying medium state changes during the drying process
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for drying medium heated that does not change and
remains also at the same value. The value of Ax de-
creases with a drop of air temperature 1, but this de-
crease is nearly compensated with increase of air den-
sity py. Therefore the efficiency of the dryer does not
practically change. The value of temperature difference
At is constant. Therefore heat loses through the walls
of the dryer in the environs with changes of air tem-
perature fy remain constant.

In the Fig. 2 the authors present an analytical model
of a drying process with constant temperature difference
At =20 °C, represented in the i-x-w diagram for humid
air and humid maize seed grains, for atmospheric air
states: 1 = 0, 10 and 20 °C, @, = 0.7, 0.8 and 0.9.

This system of drying medium heating up to a con-
stant temperature difference At approaches to a system
of drying medium heating to a constant initial relative
humidity ¢;. but it does not need a sensitive and very
expensive electric humidity sensor, and in addition is
also very simple.

DISCUSSION AND CONCLUSION

Presention of the new system of drying medium heat-
ing is a result of practical experiences in drying, of
theoretical analysis by the help of humid air mechanics
and heat transport mechanics.

It was verified in practice by the help of the manual
control.

With his introduction in practice a saving of energy
up to 30%, compared with contemporary methods, was
obtained.

Therefore the authors recommend to introduce this
new drying system for drying of sceds and hay in prac-
tice.
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se, pocinaje 3. ro¢nikem, pro specializaci:
- mechanizace zemédélstvi,
— komeréni sluzby v technice,
- automobilovi doprava.
Na teoreticky zdklad technickych véd navazuji odborné discipliny. Spolecné profilujici odborné predméty
poskytuji dobry prehled v zikladech provozu techniky ve vSech oblastech.
Specializované znalosti ziskaji studenti v dalSich povinnych pfedmétech, které jsou specifické pro jednotlivé
specializace.
Své znalosti mohou posluchaci rozsifit ¢i prohloubit kombinaci volitelnych predméta podle vlastniho vybéru.
Absolventi tohoto oboru naleznou své uplatnéni v resortu zemédélstvi, potravinarstvi i v dalSich resortech
v pramyslovych a komundlnich provozech, v oblasti statni spravy, Skolstvi, vyzkumu a vyvoje i v oblasti komer¢ni.

Doc. Ing. Jan Marecek, CSc.
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MERENI ENERGETICKE NAROCNOSTI ROTACNIHO
ZACIHO STROJE S KONDICIONEREM

MEASUREMENTS OF POWER REQUIREMENTS OF A ROTARY
MOWER WITH CONDITIONER

P. Sedlak, F. Bauer
Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Results of measurements of power requirements of rotary mowers ZTR 285D and ZTR 286D (with conditioner)
mounted on the three-point linkage of the tractor. The equipment was tested at the harvest of clover (Trifolium pratense). At
test there were measured working width, ground speed of the set, weight of the windrow, fuel consumption and torque required
for driving the machine. On the basis of the values measured there were calculated the throughput of harvested material per
time unit, output per area. hour and hectare related tuel consumption and power demand of the machine. Measured values
were statistically processed and results plotted in charts. Evaluations (Fig. 1) show that the power demands of ZTR 285D
and ZTR 286D mowers do not differ at throughputs up to 5 ke.s ' At higher working speeds there occurs a higher increase
of power demands for the mower with conditioner. At the throughput of 14 kg.s" there was measured a difference of 7.1 kW
between the power demands of both types of mowers. The effective output of the set including the ZTR 285D mower changed
from W, = 0.839 hah™ 10 3.296 hah™ at working speeds from 0.84 m.s”! 10 3.48 ms™'. The fuel per hectare consumption
was found to be Oy, = 4.04 Lha™! 0 17.2 Lha™". With the harvesting set equipped with the ZTR 286D mower there was
achieved the output W, = 0.836 ha.h™! 10 2.398 hah ' working speeds trom 0.83 m.s™' 102,61 ms™'. The harvesting set
worked with fuel consumption Q,, = 5.79 Lha™ 10 15.6 Lha™. The statistical evaluation of the dependance of the power
demand to the throughput (Fig. 1) and fuel consumption to working speed (Fig. 2) proves that in all cases there is a very
close relationship which is documented by high values of the correlation indices (Tab. II). The conclusive evidence was
verified by means of the F-test.

mower; conditioner; power demand; throughput; fuel consumption

ABSTRAKT: V piispévku jsou uvedeny vysledky méfeni energetické nirocnosti zacich stroji ZTR 285D a ZTR 286D
(s kondicionerem). Z vyhodnocenych méfeni (obr. 1) je patrné, Ze pti prachodnostech do 5 kg.s" se prikon Zacich stroji ZTR
285D a ZTR 286D nelisi. Pri vysSich rychlostech je ndrast piikonu vétsi u stroje s kondicionerem. Pii prichodnosti 14 kg,s”l
byl naméfen rozdil v prikonech obou Zacich strojii 7,1 kW. Efektivni vykonnost soupravy s Zacim strojem ZTR 285D se pri
pracovni rychlosti 0.84 m.s Vaz 348 ms™! pohybovala od W, = 0.839 ha.h™" do 3.296 hah™". Hektarovi spoticba paliva

byla pii uvedenych vykonnostech @, = 4.04 Lha " az 17.2 Lha™". U soupravy s Zacim strojem ZTR 286D bylo pfi pracovni
1

rychlosti 0.83 m.s™ az 2,61 m.s™ dosaZeno vykonnosti Wy = 0,836 hah™ a7 2,398 hah . Souprava pracovala se spotfebou
O = 5.79 Lha ' az 15,6 Lha ",

zaci stroj: kondicioner; prikon: prachodnost; spotfeba paliva

UvoD upravy pokosu na rychlost vysychani se zabyvali rizni

autofi (Cervinka, 1993). Uprava pokosu soucasné se

Aby se zajistila rychla sklizei picnin se zvySenym
podilem susiny a aby ztraty zivin byly minimalni, je
vhodné soucasné se secenim upravit pokos. Posefené
rostliny se totiz po odfezani stonkd brani proti rychlé-
mu odpafovini vody tim, Ze uzaviou pory a vytvoii
kalus na fezné ploSe. To zpomaluje vysychéni pokosu,
zvySuje ztrity zivin jejich prodychanim a ziroven se
zvySuje riziko vzniku ztrat vlivem desté. Porusi-li se
kutikula sklizenych rostlin, ochromi se jejich obranny
mechanismus. coz vede k rychlému odparu vody, ke
snizeni ztrdt a k urychleni sklizné. Problematikou vlivu

ZEMEDELSKA TECHNIKA, 45. 1999 (4): 133-137

se¢enim byva nejcastéji realizovina dvojici mackacich
viled nebo rotorem s prsty (kondicionerem). Oba zpu-
soby naruSoviani pice vykazuji rozdily v rozsahu poru-
Seni stonkd, coz se projevi v rychlosti vysychani (Sed-
lik, Cervinka, 1997; Cervinka, Sedlik, 1997). Aplikace
upravovaciho ustroji u Zaciho stroje zvySuje jeho prikon.
V piispévku uvadime vysledky méfeni narustu energe-
tické narocnosti rotatniho Zaciho stroje s kondicione-
rem pii sklizni jetele lucniho.

Uvedend méfeni byla realizovana v rdmcei etapy vy-
zkumncho zaméru AF MZLU v Brn¢ s nazvem Ekono-
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mickd a energetickd ndro¢nost zemédélské techniky
a manipulace v rostlinné produkei.

MATERIAL A METODY

M¢éfeni souprav traktoru s Zacimi stroji se uskutec-
nilo na rovném pozemku se stejnomérnym porostem
a byly pii ném zjistoviny tyto ddaje:

Charakteristika pozemKku

Pozemek byl charakterizovin plochou, tvarem, Cle-
nitosti. sklonem svahu vybrané ¢asti, orientaci méficich
useku.

Charakteristika porostu

Pro urCeni charakteristiky porostu byly z vybrané
&asti pozemku odebrany tfi metrovky. Z jejich pramérné
hmotnosti byl vypocten biologicky vynos zelené hmoty
na hektar. U 100 odebranych stonki byla zméfena je-
jich délka a vypoctena pramérnd délka sklizeného po-
rostu. Podle fenologického snimku bylo urceno zastou-
peni pleveld. Z kazdé metrovky byl odebran vzorek a po
vysudeni byla vypoctena suSina sklizené picniny.

Pied zacatkem méfeni byly na vybrané Casti pozem-
ku se stejnomérnym porostem na roviné vytyceny tfi
méfici drihy o délce 30 m. Pred kazdou méfici drahou
byl ponechédn dostatecné dlouhy tsek pro ustileni cho-
du soupravy. U kazdé soupravy se méfeni konala v co
nej$irSim rozsahu rychlosti od minimalni po maximalni
dosazitelnou pracovni rychlost v danych podminkdch.
Pii prajezdu soupravy méficim dsekem byly zjistovany
nasledujici hodnoty.

— Prichodnost

Pro uréeni hmotnostniho toku picniny strojem byla
zjiStovina hmotnost porostu poseceného na tseku fad-
ku o délce 5 m. Z pramérné hmotnosti byla vypoctena
pruchodnost ze vztahu:

g

4=35.7 (kg.s")

kde: ¢ — pramérna hmotnost 5 m Fidku (kg)
v, — primémd pracovni rychlost (m.s™)

— Pramérny pracovni zdbér Zaciho stroje:

> B~ B;)

i=1
BI' e (m)
kde: Bi = vzddlenost vytyeky od stény porostu v i-tém misté pfed
zkouskou (m)
B;. - vzdilenost vytycky od stény porostu v i-tém misté¢ po
zkousce (m)
n = pocel méfeni (=)

- Spotieba paliva na hektar

Pri zkouSce byl méfen objem paliva spotiebovany na
prijezd soupravy méficim tsckem. Ke zjisténi spotieby
byl pouzit pratokomér FLOWTRONIC 205, ktery byl
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namontovin do nizkotlaké vétve palivové soustavy pied
dopravni cerpadlo méfeného traktoru. Pfepadové potru-
bi ze vstiikovacich jednotek bylo pfipojeno mezi pru-
tokomér a dopravni Cerpadlo.

Hektarova spoticba se vypocte ze vztahu:

10. 0 1
Q,m = I}_E (Lha™)
»
kde: Ony = hektarovi spotieba efektivai (1 ha™')
@ - spotieba paliva na prajezd méficim usekem (ml)
L - délka méficiho Gseku (m)

Hodinovi spotfeba efektivni se vypocte ze vztahu:
36.0
Q="

kde: T - ¢as prijezdu soupravy méficim usekem (s)

()

Efektivni vykonnost dosahovana pii zkouskach byla
vypoctena pomoci vztahu:

W,=036.8,. (ha.h™")

\',)
Energetickd ndro¢nost zkousenych rotaénich Zacich
stroji byla zjiStovana méfenim krouticiho momentu na
hnacim hrideli. K méfeni byl pouzit tenzometricky sni-
maé krouticiho momentu s bezkontaktnim pienosem
signdlu, namontovany do kloubového hiidele umisténé-
ho mezi vyvodovou hfideli traktoru a zacim strojem.
Soucasné byly snimany oti¢ky motoru. Udaje ze snimadi
byly vedeny do tenzometrického zesilovale umisténé-
ho v méficim voze. Po zesileni a dpravé byly naméiené
hodnoty ukliadiny do paméti pocitacCe.
Pouzité méfici pristroje:
— mefici zesilovat HOTTINGER MD-3555 s tenzo-
metrickym snimac¢em krouticiho momentu,
— A/D pievodnik DAS-8
— méfici pocita¢ CARRY.

U obou Zacich stroju byl kromé krouticiho momentu
pii seCeni zméfen také kroutici moment pii chodu na-
prazdno. Z naméfenych udaji byly vypocteny primérné,
minimalni a maximalni hodnoty krouticiho momentu.

Pramérny kroutici moment byl vypoéten ze vztahu:

n
SMy;

(Nm)

kde: My — i-ta nam&fend hodnota krouticiho momentu, (Nm)
i — frekvence méfeni (Hz)
1 —cas prijezdu meficim usekem (s)

Z pramérnych hodnot krouticiho momentu a otacek
vyvodové hiidele byl vypocten piikon stroje podle
vztahu:

P=My.0=2.n.M.n (W)

kde: @ - ihlova rychlost vyvodové hiidele traktoru (s™)
n — otacky vyvodové hfidele (s")

Charakteristika stroji

Zaci stroj ZTR-285D je rota¢ni, neseny na zad-
nim tiibodovém zavésu. Vyrobee Agrostroj Pelhiimov,

ZEMEDELSKA TECHNIKA, 45, 1999 (4): 133-137



a.s. Konstrukéni zabér stroje By = 2,85 m. Zaci stroj je
opatfen diskovym zacim ustrojim tvofenym sedmi oval-
nymi disky vzajemné pootocenymi o 90°. Na kazdém
disku jsou namontoviny dva noZe. Prvni dva vnitfni
disky a posledni vn&jsi disk jsou opatfeny nizkymi bub-
ny. Prvni dva vnitini disky se otaceji ve stejném sméru,
ostatni se otddeji proti sob&. Zaci stroj je pohdnén od
zadniho vyvodového hfidele (n = 540 min~") pres fe-
menovy pievod a kuzelové pievody umisténé v dutém
nosniku pod Zacimi disky. Zaci Gstroji je pfi praci nad-
leh¢ovano pruzinou umisténou na zavésu stroje. Pro
transport se zaci ustroji prestavuje pomoci jednocinného
piimocarého hydromotoru zvednutim do svislé polohy.

Zaci stroj ZTR-286D je rotacni diskovy Zaci
stroj s kondicionerem, neseny na zadnim tfibodovém
zdvésu. Zaci dstroji ma stejnou konstrukei, jakd je u Za-
ciho stroje ZTR-285D. Navic je stroj vybaven kondicio-
nerem na tGpravu pokosu pro rychlejsi vysychdni posece-
né pice. Za zacim ustrojim je umistén rotor kondicioneru,
ktery je opatfen prsty ve tvaru pismene V vyrobenymi
z tvrzené pryze. Tloustka prsta obdélnikového prafezu
je 7 mm. Z horni strany je rotor zakryt krytem z ocelové-
ho plechu, ktery je v piedni Casti opatfen piestavitelnou
deskou. Zménou vzdilenosti desky od prsti rotoru se
nastavuje intenzita poru$eni stonku pfi pruchodu kon-
dicionerem. V nejnizsi poloze je hrana prestavitelné des-
ky ve vzdalenosti 30 mm od konce prsti rotoru. Siika

fadku pokosené pice se nastavuje pomoci piestavitel-
nych shrnovacich plecha. Pohon kondicioneru je odvo-
zen od vyvodového hfidele traktoru (n = 540 min')
pres kuzelovou prevodovku a kloubovy hfidel na hridel
prstového bubnu. Do transportni polohy se stroj piesta-
vuje stejnym zpisobem jako Zaci stroj ZTR-285D.

Charakteristika sklizeného porostu

Zkousky souprav traktoru s rota¢nimi Zacimi stroji
se uskutecnily pri sklizni jetele lucniho (Trifolium pra-
tense). Sklizeny porost byl vyrovnany ve fenofizi po-
catek kveteni, spodni ¢ast lodyh byla polehld. Pro zjis-
t&ni charakteristiky porostu byly na vybrané casti
pozemku odebrany z porostu tii metrovky. Pramérny
vynos jetele vypocteny z metrovek byl 30,7 tha™! pii
obsahu susiny 20.87 %. Porost byl zaplevelen pyrem
plazivym, smetankou I¢kafskou a kostfavou luéni.

VYSLEDKY

Prikon Zacich stroji byl méfen pouze u stroju nese-
nych na zadnim (fibodovém zavésu. SoucCasné s méfe-
nim krouticiho momentu byly zjistovany také vsechny
hodnoty potfebné pro stanoveni efektivni vykonnosti

I Vysledky méfeni prikonu zacich stroji — Results of measurements of mower power demands

Cislo Ziber' |Rychlost? V)"kunnusl‘ Spotieba® Kroutici moment” | Piikon®
| Zaci stroj? B, v W, M, P Poznamka
méfeni I Py ha ll | 0y Oy N W
(m) (ms') (hah™) hh (Lha Y (Nm, ( )
7 ZTR 285 D 188 129 béh naprizdno”
8 2,78 0,84 0.839 144 17.2 336 229
9 2.78 0.96 0.965 15.0 15.5 356 24.2
10 2,08 1.16 1119 143 12.8 308 21.0
1 2.04 237 2254 15,1 6,71 358 24.2
12 2,57 2.65 2,446 8.4 7.51 367 247
13 2,63 327 3,100 367 24,7 spoticha neméfena!”
14 2.67 3.37 3.232 18.5 574 437 29.0
15 2,49 3.08 2,757 14.5 5.20 404 21,5
16 2.63 3.48 3.296 13.3 4.04 415 20.8
17 ZTR 286 D 2,65 1,96 1.873 169 9.02 412 27.6
18 2.68 2,10 2.030 18.3 9.02 446 289
19 2,72 232 2.270 16.3 717 464 27:1
20 163 10,9 béh naprizdno
21 2N 2,61 670 333 ucpany kondicioner!!
22 2.76 1.56 1.554 17.7 1.4 M, neméien'?
23 2.84 .46 1.498 15.1 10,1 366 249
24 281 0,83 0,836 13.0 15.6 274 18.8
25 2.80 215 2,168 14.6 6.74 482 25.6
26 2,64 2,52 2398 13.9 5.79 497 24.8

1 2 3 . 4 5 [{ . 7 X 9. . .
measurement number, “mower, “working width, “speed, “output, “conumption. ‘torque. "power demand. “idle running, l“(:onsump(mn not
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measured. “cloggcd conditioner. "“torque not measured
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1. Vypoétené regresni funkce, indexy korelace a vysledky analyzy variance - Calculated regression functions. correlation indices and results

of variance analysis

Krivka' Regresni funkce? L Ey Prikaznost® |
A P=13684 g+ 119 0.9795 45.2313 vysoce prikazné?
B P =-0,0396 ¢* + 14153 ¢ + 11,9 08373 586273 prikazné®
c Q = 0.7829 v? - 8,0849 v + 21,493 0,9666 35,6023 vysoce prikazné
D Q= 13691 v? - 10,46 v + 24,643 0.9907 105.276 vysoce prikazné

2 % . " B . 5 "
'curve, regression function, “evidence, “highly conclusive, “conclusive

w
"3

w
=3
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N
>
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b 8
\
\

Pruchodnost (kals)

1. Zavislost pfikonu Zacich stroju na prichodnosti -~ Dependance of
the mower power demand on the throughput

piikon — power demand
prichodnost ~ throughput
—-— ZTR 285D

— ZTR 286D

zo1- ——TT

R R (| T [,

12 &
~N
W C N

Spotfeba (Vha)
®
4

7/

x

0.0 05 L0 L5 20 25 30 35 40
Rychlost (m/s)

2. Zavislost hektarové spotieby pohonnych hmot na pracovni ry-
chlosti -~ Dependance of the fuel per hectare consumption on the
working speed

spotfeba — consumption

rychlost — speed

a spotieby paliva. Naméfené a vypoctené hodnoty jsou
uvedeny v tab. I. Vypoctené hodnoty hektarové spotie-
by a pfikonu Zacich stroju byly statisticky zpracoviny
pomoci polynomické regrese a vyneseny do grafi. Vy-
poctené rovnice spolu s indexy korelace jsou uvedeny
v tab. II. Statisticka prakaznost vypocétenych regresnich
funkci byla ovéfovana pomoci F-testu.
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Naméfené hodnoty pfikonu v zavislosti na prachod-
nosti pice secené strojem byly vyneseny do grafu na
obr. I a prolozeny regresnimi funkcemi. U obou uvede-
nych stroji jsou vypoctené zavislosti polynomy. Hodnoty
indexii korelace /,, = 0,8373 a 0.9795 svédci o vysoké
tésnosti vypoctenych zavislosti. Vysledky F-testu (tab. IT)
prokdzaly, Ze regresni funkce A (ZTR 286D) je statis-
ticky vysoce prikaznd na hladiné vyznamnosti oo = 0,01
a funkce B (ZTR 285D) je prikazni na hlading vy-
znamnosti ¢ = 0,05.

Piikon Zaciho stroje ZTR 285D sc pii méfeni pohy-
boval od P = 12,9 kW pii béhu naprazdno do P =29 kW.
U Zaciho stroje s kondicionerem, ZTR 286D, byl na-
méfen prikon pii chodu napriazdno P = 10,9 kW a pii
maximalnim zatizeni P = 33,3 kW. Z grafu na obr. |
je patrné, ze u obou stroji naristal piikon se zvySujici
se pracovni rychlosti. U Zaciho stroje ZTR 285D je
mozné pozorovat ponékud vEtsi rozptyl naméfenych pii-
konu pii vyS$Sich priachodnostech. To se projevilo v nizsi
hodnoté indexu korelace. Pfi porovnani zacich stroju
ZTR 285D a ZTR 286D muzeme konstatovat, ze do
prachodnosti 5 kg.s" jsou prikony obou stroji téméf
shodné. Pii vy$Sich pruchodnostech narustd piikon stroje
s kondicionerem mnohem prudceji nez u klasického Za-
ciho stroje.

Naméiené hodnoty efektivni hektarové spotieby po-
honnych hmot v zdvislosti na pracovni rychlosti jsou
uvedeny na obr. 2. Hodnoty vynesené do grafu byly
prolozeny parabolou. Vysoké hodnoty indext korelace
1., = 09666 a 0,9907 dokazuji, Ze se u obou vypocte-
nych zéivislosti jedna o vysokou tésnost. Také analyzou
variance (tab. II) bylo prokazano, Ze ob¢ regresni funk-
ce jsou statisticky vysoce prikazné na hladiné vyznam-
nosti o = 0,01.

U soupravy s Zacim strojem ZTR 285D se pfi pra-
covni rychlosti 0,84 m.s 273,48 ms~! efektivni spot-
feba pohonnych hmot na hektar posecené plochy pohy-
bovala v rozmezi Q),, = 4,04 Lha™! az 17,2 Lha™'.
Efektivni vykonnost soupravy byla W, = 0,839 hah™ az
3,296 hah™'. Jak je zfejmé z grafu na obr. 2, dochazi
s narastem rychlosti k poklesu hektarové spotieby. Vy-
sokd hodnota vypoéteného indexu korelace svédci o vel-
mi tésné zavislosti. U soupravy s zacim strojem ZTR
286D byla naméfena spotieba v rozmezi Qp, = 5,79
Lha™! a7 15,6 Lha™" pii pracovni rychlosti 0.83 a7 2,61
m.s”!. Efektivni vykonnost se pohybovala v rozmezi W, =
0.836 a7 2,398 hah™'. Vzhledem k tomu, 7e 7aci stroj
ZTR 286D je vybaven kondicionerem, bylo dosazeno
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niz8i maximalni rychlosti, coZ se projevilo v niZsi efek-
tivni vykonnosti. Pfi vy&Sich pracovnich rychlostech se
jiz kondicioner ucpaval. Z grafu na obr. 2 je patrné. Ze
vy$3i spotieba pohonnych hmot byla namérena v celém
rozsahu porovnivanych pracovnich rychlosti u soupra-
vy s zacim strojem ZTR 285D. Souprava s Zacim stro-
jem ZTR 286D vykazovala niZsi spotiebu i pfi vySsim
naméfeném piikonu (tab. I). Rozdil je zpisoben tim, Ze
motor traktoru pii méfeni Zaciho stroje bez kondicione-
ru nebyl pIné vytizen a pracoval v oblasti reguldtorové
vétve otaCkové charakteristiky. Pfi zarazeni stejného
rychlostniho stupné u soupravy s kondicionerem doslo
v disledku vySSiho prikonu stroje (obr. 1) k poklesu
ota¢ek motoru. To znamend, Ze motor pracoval v ob-
lasti zatéZzovaci vétve charakteristiky s niz8§i mérnou
spotiebou. Veskera méfeni byla provadéna pfi nastave-
né maximalni dodavee paliva. Naméfeny rozdil je tedy
zplsoben tim, Ze pfi zkouskdch Zaciho stroje ZTR
286D s kondicionerem pracoval motor traktoru v piiz-
nivéjsi oblasti zatiZeni s niz8i mérnou spotiebou.

ZAVER

7. vysledki méfeni piikonu zkouSenych rotacnich 7za-
cich stroju vyplyvaji tyto skute¢nosti:

Pri méfeni energetické narocnosti byl zjistén nejvys-
Si piikon P = 33,3 kW u zaciho s(m{'c ZTR 286D s kon-
dicionerem pfi rychlosti 2,6 m.s™. Z grafického vy-
hodnoceni (obr. 1) je patrné, Zze pri nizSich
prichodnostech do 5 kg.s D se prikon Zzacich strojit ZTR
285D a ZTR 286D piili§ nelisi. Pi vyssich rychlostech
je narust prikonu vEtsi u stroje s kondicionerem. Pro-
toze u obou stroji je pouZito stejné Zaci ustroji, je moz-
no konstatovat, Ze rozdil v piikonech je zplisoben pre-

devsim kondicionerem. Pii prachodnosti 14 kg.s’I ¢ini
rozdil v piikonech obou Zzacich stroji 7.1 kW. Mérny
prikon vztazeny na tunu posecené pice za hodinu se pfi
pracovni rychlosti 0.8 ms™ az2.5 ms™ u stroje ZTR 285
D pohyboval v rozmezi 0,45 az 1,1 kW/(l.h"), U zaci-
ho stroje s kondicionerem se mérny piikon pfi stejnych
pracovnich rychlostech pohyboval od 0.6 kW/(th™") do
1.1 kW/(th™). Nami zjisténé hodnoty jsou ponékud
vySSi nez zjistil Metzner (1995). Pro seceni luénich
porostil rotaénim Zacim strojem pii pracovni rychlosti
do 4 m.s™' uvadi mérny piikon do 0,65 kW/(Lh™).

U 7aciho stroje ZTR 285D byla ve srovnani s ZTR 286D
naméfena v celém rozsahu rychlosti 0,84 az 2,67 m.s™'
0 6,1 % vyssi efektivni hektarova spotiecba. Mensi spo-
ticba pii préci stroje s vy$$im pfikonem je zplsobena
tim, Ze motor traktoru pracoval v pfiznivejsi oblasti
zatizeni s niz§i mérnou spotiebou.
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Prehled vyzkumnych projekta Fesenych
na oboru Provoz techniky
Mendelovy zemédélské a lesnické univerzity v Brné

Grantovd agentura CR-FeSitelé

Ndzev: Dynamické mechanické vlastnosti dieva
Odpovédny resitel: prof. Ing. Jaroslav Buchar, DrSc.
Reseni projektu: 1999-2001

Abstrakt: ReSeni problematiky vztahu vychozi struktury
diev a jejich mechanickych vlastnosti pii dynamickém
zatdZovani (ndraz téles, detonace vybusniny). Jsou sle-
dovany lomové plochy a studovany mechanismy posko-
zeni. Cilem je nidvrh modelu chovéni dfeva a jeho im-
plementace do vypocetnich programi, napf. ANSYS
a LS DYNA.

Grantovd agentura CR-Fesitelé

Ndzev: Modelovéani mechanického chovéni oceli pii
redlnych podminkach tvireni

Odpovédny Fesitel: prof. Ing. Jaroslav Buchar, DrSc.
ReSeni projektu: 1999-2001

Nositel: Fakulta stavebni VUT Brno, prof. Ing. Milan
Forejt, CSc.

Abstrakt: Projekt feSi urCovani konstitutivni rovnice vy-
branych materidlt pfi rychlostech deformace odpovida-
jicich redlnym podminkam tvafeni. Vyvoj experimentalni
metody, navrhy mikrofyzikdalnich modelu plastické de-
formace. Implementace ziskanych modeld do nu-
merickych programi s cilem simulace tvéafecich
procesu.

Ndrodni agentura pro zemédélsky vyzkum-refitelé
Ndzev: Podklady pro ON Dosouseni pice a skladovéni
sena, sorpcni a energetické vlastnosti stébelnin
Odpovédny Fesitel: doc. Ing. Jifi Stencl, CSc.

Reseni projektu: 1997-1999

Abstrakt: Projekt fe§i problematiku rovnovéZnych
vlhkosti a dosouseni pice, skladovini sena a vyuZziviani
energetickych stébelnin, Sorpéni izotermy vihkosti jsou
vytvifeny na zdkladé méfenf na pIn& komputerizovaném
zafizen{ pfi pfesné nastavenych a monitorovanych hod-
notdch teploty, relativni vlhkosti prostfedi a rychlosti
proudéni. Laboratorné zji§téné hodnoty jsou verifikoviny
praktickymi méfenimi v sekci senfku, jeZ je opatiena
tenzometrickou vihou,

Ndrodnl agentura pro zemédélsky vyzkum-resitelé
Ndzev: Vyzkum a hodnoceni kvality potraviniiskych
obilovin

Odpovédny Fefitel: doc. Ing. Jan Marecek, CSc.
Reseni projektu: 1996-2000

Nositel: ZVU Kroméfiz, RNDr. Kvétoslav Hubik
Abstrakt: Projekt se komplexné zabyva feSenim vyzkumu
technologické jakosti potravindfského obili zejména
v oblasti novych metod hodnoceni parametru jakosti,
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které budou odpovidat svétové uznivanym postupiim,
coz jsou standardni metodiky ICC, AACC a EBC. Cilem
fedeni projektu je zajistit potravindiské obili o vysoké
jakosti, a tim zvysit konkurenceschopnost zpracujiciho
pramyslu CR (mlyny, pekarny, sladovny), zejména ve
spojeni sc vstupem do EU. Za timto Gcelem bude na
zaklade vysledkt ziskanych z feSeni projektu vypra-
covian komplexni systém hodnoceni a fizeni jakosti
produkce potravindfského obili v Ceské republice.

Ndzev: Vyroba a vyuZziti ethanolu ze zemédélskych
plodin — vybér vhodnych genotypu obilovin, jejich
péstebni technologie a prefinalizacni procesy
Qdpovédny Fefitel: doc. Ing. Jan Mareéek, CSc.
Reseni projektu: 1996-1999

Nositel: ZVU Kromé&fiz, RNDr. Kvétoslav Hubik
Abstrakt: Cilem projektu je umoznit maximalni kon-
verzi vypéstovanych obilovin v marginalnich oblastech
na vyrobu ethanolu a kvalitniho krmiva z destilaénich
vypalki. Pro tento ucel bude nutné zabezpecit: vybér
vhodného druhu obiloviny a néasledné odridové skladby;
rajonizaci vytypovanych druht a odrad obilovin pro
margindlni oblasti Ceské republiky; agroekologickd opa-
tfeni péstovani vybranych druht a odrtd obilovin (zpra-
covini odradové péstebni technologie) v marginalnich
oblastech; studium poskliziiovych technologii a procest
obilovin urcenych k vyrobé ethanolu,

Ndrodni agentura pro zemédeélsky vyzkum-resitelé
Ndzev: Vliv biondplni traktorovych souprav na je-
jich technicko-ekonomické parametry

Odpovédny Fesitel: doc. Ing. Jaroslav Ondréicek, CSc.
ReSeni projektu: 1996-1998

Abstrakt: Projekt se zabyva problematikou pouZivini
biopaliva a biooleji u zemédé&lskych traktorti. V ramci
tkolu jsou feSeny jak laboratorni zkouSky téchiy
biondplni, tak i dlouhodobé zkousky v provozu a je
vyhodnocovin vliv na technicko-ckonomické para-
metry traktorovych souprav a vliv biondplni na Zivot-
nost jednotlivych uzli.

Ndzev: Vyuiiti kejdy k biologické degradaci ropnych
produkti v pidé

Odpovédny Fesitel: doc. Ing. FrantiSek Bauer, CSc.
Resent projektu: 1995-1997

Abstrakt: 'V ramci feSeného projektu byla hodnocena
biologicka aktivita pudy, biodegradace ropnych pro-
dukt v pudé a produkce sklizené biomasy pokusnych
plodin a byl potvrzen pozitivni u¢inek kejdy prasat na
zvySeni biologické aktivity pidy kontaminované ole-
jem a naftou.

Doc. Ing. Jan Marecek, CSe.
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UPRAVY DAVKOVACE GRANULOVANYCH PESTICIDU
A VYSLEDKY ZKOUSEK STALOSTI A ROVNOMERNOSTI
DAVKOVANI

ADJUSTMENTS OF A METERING DEVICE OF GRANULAR
PESTICIDES AND RESULTS OF METERING STABILITY
AND UNIFORMITY TESTS

K. Trunecka
Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The application of granular pesticides for plant protection requires an equipment that has to comply with
a number of technical and technological demands. Within the frame of development of applicators there was approached one
step consisting in designing and producing a rotary feed with a profile that would be simple to manufacture and would comply
with the properties of granules listed in the list of registered plant protection agents. Tests of a metering device equipped
with ftluted feed were done with Furadan 10 G including field testing of stability and uniformity of application. The metering
devices were installed on seeding machines and they had the form of cylinders with diameters of 50 and 49 mm, overall
length 62 mm and flute length 46 mm. Two modifications were tested: a) cylinder with six flutes. b) cylinder with five flutes.
Tests were evaluated with focus on following features: the granulometric analysis of granules after passing through the
metering device, the impact of depth and compaction of material in the hoppers on the metering uniformity and precision (on
the throughput), the impact of variation of revolutions of the metering cylinder on the metering precision, the range of the
per minute metering in g.min-1 at various revolutions of the metering cylinder at the left and right outlets, the effect of the
changement of the per minute rate on the precision of the application, the conversion to a per hectare application rate at the
interrow distance 0.45 m and ground speed 6 km.h™'. The regression function of the impact of changement of the metering
cylinder revolutions on the per minute metering was expressed and the impact of changement of the metering cylinder
revolutions on the per hectare rate at the interrow distance .45 m and ground speed 6 km.h™' was evaluated. The measured
values are presented in seven tables and on six charts.

metering device: flute cylinder; granule: applicator; metering; pesticides: testing: agrotechnical requirements

ABSTRAKT: Aplikace pesticidnich granuli v ochrané rostlin vyZaduje techniku. kterd spliiuje mnoho technickych i techno-
logickych pozadavkd. V rdmci rozvoje aplika¢nich technologii je i etapa, kterd zasahuje do vyvoje a uZiti novych prostiedki.
Jednim jejim cilem je navrhnout a vytvofit vyrobné jednoduchy profil rotoru divkovace, ktery by vyhovoval vlastnostem
granuldtd uvadénych v seznamu registrovanych prostiedkd na ochranu rostlin. Zkousky davkovce se zlibkovymi davkovacimi
vileCky probihaly s pripravkem Furadan 10 G, v&etné provozniho ovéreni stalosti a rovnomérnosti aplikace na secich strojich.
Potvrdily se vyhovujici parametry pétizlibkového pryzového vilecku zjisténé v laboratornich podminkdch.

divkovac; zlibkovy viletek: granuldt; aplikacni jednotka; ddvkovini: pesticidy: testovini; agrotechnické pozadavky

UvoD xu rozvoje aplika¢nich technologii je i etapa, ktera za-

sahuje do vyvoje a uZiti novych prostiedki. Jejim jed-

V soucasnosti zdaraznované zdokonalovani metod
ochrany rostlin a hledani ekonomicky i ekologicky vy-
hodnych postupi je podminéno mnoha piistupy. Slu¢o-
vani pracovnich operaci a Gpravy potfebnych stroji
a zafizeni, napi. pro seti a ochranu rostlin, je tieba pod-
porovat. Jednou cestou je piebirdni vymoZenosti tech-
nického pokroku na bazi elektroniky. formulace a fizeni
davek osiv, Zivin i pesticidi. Aplikace pesticidnich gra-
nuli vyzaduje vybaveni zafizenim, které spliiuje mnoho
technickych i technologickych pozadavka. V komple-
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nim cilem je navrhnout a vytvofit vyrobné jednoduchy
profil rotoru davkovace, ktery by vyhovoval vlastnos-
tem granuldtd uvadénych v seznamu registrovanych
prostfedkd na ochranu rostlin.

MATERAL A METODY
Ve svéte pouzivané aplikatory granulovanych pesti-

cidl jsou zafizeni, kterd pracuji na riznych principech.
Vlasnosti pesticidu normalizované registraénim proce-
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sem se viak podstatné lisi od jinych materidla v zemé-
délstvi aplikovanych. Tato skuteCnost se zpétné promitd
do konstrukce dilezitych prvki stroji. Soucasné 1 budou-
ci vyrobni technologie a materidly ddvaji velky prostor
pro nova feleni nahrad korodujicich nebo obtizné stro-
jirensky vyrobitelnych dila. Sladit pozadavky vyrobni
s uzivatelskymi je vzdy kompromisem (Trunecka, Bu-
ryS§kové, 1983) Tak je tomu i u davkovéa aplikétora
pesticidnich granuli. V pfispévku uvadéné vysledky se
tykaji dvou provedeni valecki, které byly v ramci fe-
Seni vyvojového tkolu pfipravovany a chranény jako
VZOr.

Davkovac fadkovych aplikatora granuli je feSen alter-
nativné s pohonem rotoru elektromotorem nebo prevo-
dem od dstroji seciho, popfipadé sazeciho stroje. Obje-
mové davkoviani granuldtu je mj. zavislé na provedeni
rotoru, Soupitek, frekvenci otifeni a mnoha provoz-
nich vlivech.

Neobjemové davkovini vyuZzivajici systému doprav-
nikd, vyhrnovéni, tiecich a odstiedivych sil. neni pro
pesticidni granulaty typické.

V granulované podobé se pouZivaji hlavné pesticidy
se systémovym dcinkem. Velikost granuliti urcenych
piedeviim pro aplikaci do pidy se pohybuje mezi 0.3
az 2.5 mm. ZnaCny vyznam pro piesnou aplikaci ma
také tvar granuli, objem, hustota a dalSi fyzikdlné me-
chanické vlastnosti. V ramci feSeni tkolu se vzorem
staly pripravky Temik, Thimet, Dacamox, Basamid. Ba-
sudin, Gasoron, Dursban a hlavné Furadan S G a 10 G
(Kolektiv, 1999). Z pozadavka na aplikdory granulova-
nych pesticidi Ize pro stru¢nost uvést potiebny rozsah
plynule nastavitelného davkovani 5 az 50 kg.ha‘l s tole-
ranci nepfesnosti davkovani + 5 %. Protoze granule pfi-
pravku nesmi byt drceny ani jinak po§kozovany, vyZaduje
se minimdlni tfeni v uloZeni a pohonu rotacnich ¢asti
davkovace 1 mezi ¢asticemi, dale odolnost proti abrazi,
korozi, u¢innym ldtkdam, vlhkosti, t€snost a bezpecné za-
Jisténi proti vypadavani granuli mimo pracovni fazi.

ZkuSebni aplikacni jednotka se zdsobnikem o obje-
mu 22 |, tvarové provedenym tak, aby nebyla ovliviio-
vana tekutost granulatu pii zméné sklonu terénu je bez
Cechrace a ma ve dné davkovac s valecky a Soupatkem
se dvéma vypadavacimi otvory (oSetfované fadky). Pro
laboratorni méieni byla jednotka umisténa na stojanu a
pohdanéna 12V elektromotorem. Gravitacni pInéni i vy-
prazinovani granulatu z kazdého Zlabkového valeCku
probihd pii nastavené frekvenci ota¢eni rotoru. Pro prak-
tické uplatnéni lze pohon alternativng fesit také mecha-
nickym pievodem od piedlohy zakladniho stroje.

Provedeni ddvkovacich vilecki o praméru 50 a 49 mm,
celkové délce 62 mm a délce Zlabka 46 mm bylo dvoji:
a) valecek se Sesti zlabky, b) valecek s peéti zlabky.
Oticejici se valeCky a jejich zldbky zajistuji nabirani,
naplnéni Zldbku, unafeni obsahu a davkovéni vypréizd-
nénim prostoru tvoreného Soupatkovym dnem a profilem
zlabku. Kontinualni davkovani je procesem zavislym
na rovnomérném otaceni vile¢ku. synchronizovaném po-
piipadé s pojezdovou rychlosti, a na dostate¢né naplné-
nosti zasobniku pfipravkem.
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V piiéném fezu valecka je patrny rozdil profili. Sif-
ka zlibku na obvodu vile¢ku a na dné Zlibku je roz-
mérem, ktery spolu s hloubkou urcuje plochu prifezu
zlabku valecku.

a) Sestizlibkovy kovovy vilecek mi celkovou plo-
chu prifezu geometricky rozdélitelnou na tii slozky — na
obvodé a ve dné zlabka jsou ur¢ené radiusy a Sitkou
a ve stiedni Esti profilu plochou lichob&Znika. Uhel
odlehlosti os Zldbka ¢ini 60°. Tento profil je podobny
vileCkiim vysevnich astroji na osivo (Friedman, 1973).

b) U pétizlabkového valecku je profil hvézdicovy
s plochym dnem a prifez Zlibku tvofi ode dna licho-
béznik a na obvodu kruhova use¢ dana $ifkou zlabku
a radiusem na obvodé viletku. Uhel odlehlosti os Zldb-
ku je 72°. Na kovovém nebo pryZovém vileCku tohoto
provedeni lze vytvorit jednodussi rozevienéjsi zlabky.

DalSimi podminkami zadani zkousené varianty jsou
shodné funkce diavkovace v obou smyslech otaceni ro-
toru, konstantni svétlost a umisténi vypadavacich otvo-
ri v Soupdtku s polohami otevieno a zavieno. Ke
zkouskam, véetné provozniho ovéfeni stalosti a rovno-
mérnosti aplikace na secich strojich, byl pouzit pripra-
vek Furadan 10 G.

VYSLEDKY

1. ROZBOR VELIKOSTI GRANUL[ PO PRUCHODU
DAVKOVACEM

Vychozi hmotnostni podil prasnych ¢astic v granu-
latu Cinil 0,12 % (CSN 1SO 2395, ON 655713). Po
prichodu jednotkou pfi rozsahu otacek 5 az 80 min~!
se podil poskozenych granuli nejvice zvysil u vilecka
kovovych Sestizlabkovych i pétizlibkovych s pramé-
rem S0 mm. Zmen$eni valecka na pramér 49 mm. tzn.
zvétSeni vile mezi rotorem a Soupiatkovym dnem, se
projevilo pozitivng, ale ne dostate¢né u kovového Ses-
tizlibkového provedeni, u kterého podil prasnych Cas-
tic z poskozenych granuli piedstavoval 4,1 %. V pfipa-
dé petizlabkového pryzového provedeni Cinil prachovy
podil 0,22 az 1,04 %. Obecné povoleny podil prachu
v granulovanych pesticidech je 2 %.

Ze zjisténych vysledka granulometrickych rozbori
vyplyva zredukoviani poctu variant zkousek. V dal§im
textu se pojednavd o sestavé pétizlabkovych vilecka
a o vybranych parametrech jejich funkce. Vlhkost
vzorki granuldtu v rozsahu 0,1 az 0,46 % neni zdvaz-
nym faktorem pusobicim zmény v davkovani (obr. I).

2. ZKOUSKA VLIVU NAPLNENOSTI ZASOBNIKU
NA ROVNOMERNOST A PRESNOST DAVKOVANI
(NA HMOTNOSTNI TOK)

ZkouSku jsme uskutecnili pfi nastaveni otacek
20.min~! a postupném dopliovani po | kg pfipravku
do zasobniku. Opakovali jsme ji tfikrdt s presnosti vi-
Zeni £0.5 g (obr. 2, tab. I).
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1. Rez divkovacim dstrojim aplika&ni jednotky granulovanych pes-
ticidd = Section of the metering device of the applicator of granular

davkovaci vilecek - metering cylinder
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2. Vliv naplnéni zasobniku pfipravkem na piesnost davkovini - Im-
pact of the hopper filling on the precision of the application rate

1. Vliv naplnéni zisobniku piipravkem na piesnost davKkovéni — Im-
pact of the hopper filling on the precision of the application rate

Divka? (g.min'[)
Hmotnost' e 3 -
(kg) Cislo méfeni prum_érnﬂ‘
| 2 3 X
0.5 61.0 61,5 61,0 61,17
1 62,0 62,0 62.5 62,17
2 63,0 64,0 63,0 63,33
3 63.5 64.0 64.0 63,80
4 65.0 04.5 64,0 64,50
5 65.0 65.0 065.0 65,00
6 65.0 65.5 65,0 65,17
7 65.0 65,0 05,0 65,00
8 05,0 65.0 65.0 65.00
9 65.0 65.0 65.0 65,00
10 65.0 65,0 65.0 65,00
1 65.0 65.0 65.0 05,00
12 65.5 65,0 65,0 65,17
13 65.0 65,0 65,0 65,00
14 65.0 65.0 65.0 65.00
15 65.0 65.0 65.0 65.00
16 65.0 65.0 65,0 65.00
17 65.0 65.0 65,0 65,00
18 65.0 65,0 65,0 65.00
19 65,0 04,4 65.0 04,83
20 65.0 65,0 65.0 65.00
21 65.0 65.0 65,5 65,17
22 65.0 065.0 05,0 65,00
23 65,0 65,0 65.0 65,00
24 65,0 65.0 65.0 65,00
25 05.0 65.0 65.0 65,00

Fie 2 3 Qo
weight, “rate, “measurement No.. “diameter

Il Rozsah davkovani piipravku za minutu pfi raznych otackach davkovaciho valecku - Range of the per minute metering of the material at
various revolutions of the metering cylinder

Divka® (g.min"")
Orticky! SR FIEIT "
(min1y levy vyvod- pravy vyvod pru[nérs
I 2 3 i 1 2 3 X Ac

5 3315 3315 340 33,67 34,0 338 335 33,67 33,67

10 345 34.0 345 3433 34.0 34.0 345 34.17 34,25

15 36.0 36.0 36.0 36,00 36,0 36,0 36,0 36,00 36,00

20 38.0 38.0 38.0 38.00 38,0 38.0 38.0 38,00 38.00
25 40,0 40.5 40.0 40,17 41,0 40.5 41,0 40.67 40,42

30 41.5 415 42,0 41,67 43.0 42,5 43,0 42.83 42,25
35 44,0 445 44,5 44,33 47.0 46.5 47.0 46.83 45.58
40 46.0 46.0 46.5 46,17 48.0 48.0 48,0 48.00 47.09
45 47.0 47,0 47,0 47,00 50,0 49.5 50.0 49.83 48,42
50 49.0 49.5 49.5 49.33 52.0 512 52,0 51.83 50.58

55 51.0 515 515 51.33 53.5 53.0 53.0 53.17 52.25
60 53.0 535 535 55.0 545 55.0 54.83 54,08
65 54.5 55,0 55.0 57.5 57.0 57.0 57.17 56,00
70 56.0 56.5 56,0 61.0 60.5 60.5 60.67 58,42
75 57.0 57.0 575 61.0 61.5 61.5 61.33 59.25
80 63.0 63.5 63,5 64,5 64,0 64,0 64,17 63,75

'rotations, “dose. Yleft outlet, "righl outlet, S:nvcrugc
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11. Zména davky pripravku za minutu pfi rozdilnych otackach davkovaciho valecku a piepocet na hektar pii rozteci Fadka 0,45 m a pojezdové
rychlosti 6 km.h™' - The material rate per minute at various revolutions of the metering cylinder and the conversion to hectare rate at interrow

distance 0.45 m and ground speed 6 kmh'

Divka
Oticky e — —
(min-f) levy vyvod pravy vyvod celd jednotka
A (gminh) 0, (kgha™") Xp (g.min') Qp (kgha!) ¥ (gmin) Q. (kgha™!)
5 33.67 7,48 33.67 7.48 33.67 7.48
10 34.33 7.63 34,17 159 34.25 7.61
15 36.00 8,00 36,00 8.00 36.00 8.00
20 38,00 8.44 38,00 8.44 38,00 8.44
25 40.17 8.93 40,67 9.04 40.42 8.98
30 41,67 9.26 42.83 9.52 42,25 9,39
35 4433 9.85 46.83 10.41 45.58 10.13
40 46,17 10,26 48,00 10.67 47,09 10,46
45 47.00 10.44 49.83 11,07 4842 10.76
50 49,33 10,96 51.83 11,52 50.58 11,24
55 51,33 11,41 53.17 11,82 52,25 11,61
60 53.33 11,85 54.83 12.18 54,08 12,02
65 54.83 12,18 57.17 12,70 56.00 12,44
70 56,17 12,48 60,67 13,48 58,42 12,98
75 57.17 12,70 61.33 13.63 59.25 13.17
80 63,33 14,07 04,17 14.26 63,75 14.17

3. VLIV ZMENY POCTU OTACEK DAVKOVACIHO
VALECKU NA PRESNOST DAVKOVANI

Pri zjiStovani vlivu poctu otia¢ek diavkovaciho vilec-
ku na presnost davkovini jsme pouzili rozsah oticek 5 az
80.min~", piestavovini po paté minuté. Vypocitali jsme
odchylky v divkovani a regresni funkce linedrni
(tab. II-1V, obr, 3-6).

x; — nezdvisle proménnd — ota¢ky (l.min™")

y; — zdvisle proménnd — minutova davka (g‘min")

y; — teoretické (vypoctené) hodnoty zdvisle proménné
(g.min")

Vysledky vyhodnoceni zmény minutové davky v za-
vislosti na otackach (obr. 4):

y;, =30.78 + 0,37x ry=0995

yp=30.55 + 0.42x rp=0997

¥ = 30,67 +0.40x re=0998

4, ROZSAH HEKTAROVYCH DAVEK

Hektarové davky pripravku pfi rozteci fadka 0,45 m,
ménici se pracovni rychlosti a raznych otdc¢kdch dav-
kovaciho valeCku jsou shrnuty v tab. V.

5. PRESNOST DAVKOVANI{ PRIPRAVKU
APLIKACNIMI JEDNOTKAMI NA SECIM STROJI
Méfeni se uskute¢nila pii vysevu cukrovky za téchto

podminek: pocet oSetfovanych fadka 12, rozte¢ fadka
0.45 m, hektarovd davka Furadanu 10 G 10 kg.ha™".
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Vysledky provozniho ovéfovini piesnosti davkovi-
ni aplika¢nimi jednotkami pii pohonu hfidele valecka
12V elektromotorem jsou shrnuty v tab. VI a pfi poho-
nu hiidele vile¢ki od pojezdovych kol seciho stroje
v tab. VIL

DISKUSE

Rozsihlost problematiky je dokumentovina na ¢asti
procesu zdokonalovini aplika¢ni techniky v ochrané rost-
lin.

V této oblasti, souvisejici mj. s kvalitou Zivotniho
prostiedi, produktd i s ekonomickymi vazbami, je tfeba
mit k dispozici prostiedky, které minimalizuji rizika
chemizace zemédélstvi. Prispévkem ke zkvalitnéni
davkovani granulovanych pesticidi jsou i na§e méfeni.

Sestavy davkovacu, které zpusobovaly nepfipustné
poskozovini findlné pripravenych granuli pesticidu, byly
na zdkladé piekroceni podilu prachovych &astic v gra-
nuldtu po prachodu davkova¢em vylou¢eny. Valecky,
resp. cely ddavkovac¢, nesmi mechanicky poskozovat ak-
tivni ani pasivni ¢dsti davkovace, zplUsobovat narist
pfikonu a nepfesné sefizovani. Z naméfenych hodnot
ddavkovani za minutu vyplyva, ze zavislost hmotnostni-
ho toku granulatu u vileckového davkovace se proje-
vuje jen v oblasti naplni zdsobniku do 3 kg. Nad tuto
naplii je prabéh zapliiovani Zlabku se sniZenou udin-
nosti t€méf vyloucen.

Zména frekvence otaceni hiidele s vileCky vykazuje
linearni zavislost ve vztahu k davkovini za minutu.
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IV. Odehylky od pramémé davky pripravku pii zméné otacek dav-
kovaciho vialecku = Deviation from the average material rate at the
changement ot the revolutions of the metering cylinder

Oricky Maximilni odehylky od priméru' (%)
P |
(min"7) levy vyvod pravy vyvod | celi jednotka
5 -0.50 -0,50 -0.50
' +0.98 +0.98 +0.98
10 -0.96 -0.50 -0.73
+0.50 +0.97 +0.73
15 -0.00 -0,00 -0.00
E +0.00 +0.00 +0.00
20 +0,00 +0.,00 +0,00
- ~0.00 0,00 -0.00
2 -0,42 -0.42 -0.42
- +0.82 +0.81 +1.43
30 -0.41 -0.77 -1.78
g +0.79 +0.40 +1.78
35 ~-0.74 -0.70 -3.47
o +0.38 +0.36 +3.12
40 -0,37 (.00 =231
+0.71 +0.00 +1.93
45 -0.00 -0.66 =293
) +0.00 +0.34 +3.26
50 -0.67 -0.64 =312
: +0.34 +0,33 +2,81
ss -0.64 -0.32 -2.39
o +0.33 +0.62 +2.39
60 -0,62 -0,60 -2.00
+0.32 +0.31 +1.70
65 =0.60 -0.30 -2.68
+0.31 +0.58 +2.68
70 =030 -0.28 -4.14
+0,59 +0,54 +4,42
75 -0.30 -0,54 -3.80
K +0,58 +0.28 +3.80
80 -0.52 -0.26 ~-1.18
+0,27 +0.51 +1,18

odehylky u levého vyvodu vzhledem k ¥, - deviations at the left
outlet with respect to X,

odchylky u pravého vyvodu vzhledem k X - deviations at the right
outlet with respect to X,

odehylky u celé jednotky vzhledem k Y- = deviations at the entire
unit with respeet to X

"maximum deviations from the average

Rozdily v davkovini vélecku levého proti pravému se
projevuji pfi otickich nad 25.min"". Z w@ehto zdvislosti
Ize stanovit oblast otdc¢ek vile¢ki, pokud moZno niz-
kych. pro praktické pouZiti. Jedna se o rozsah otacek 5
az 25.min "',

Agrotechnicky pozadavek na piesnost nastaveni
a dodrzoviani divky je £5 %. Hodnoty zji§téné pfi ruz-
nych otickich davkovaciho vile¢kd vyhovuji, nebot
odchylky od priméru se pohybuji do 1 % v celém
rozsahu otdcek.

Pii provoznich zkouskach presnosti davkovani a do-
drzovini nastavené hektarové davky se na Sesti aplikac-
nich jednotkdich potvrzovaly vysledky laboratorniho
méfeni. Ani nevylouCitelné rozdily v sestaveni jednot-
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3. Vliv zmény poctu otdek divkovaciho vélecku na velikost divky
za minutu - Impact of variation of revolutions of the metering cyl-
inder on the per minute rate

- == levy vyvod - left outlet

- - = pravy vyvod - right outlet
celd jednotka - entire unit

- DAVKA lg-min}
W W o~ & &~ ~ w v w -
»> 888 eSS S528 888 a8

w
w
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4. Regresni funkce vliva zmény poctu otdcek ddvkovaciho vile¢ku na
velikost ddvky za minutu - Regression function of the impact of the
variation of revolutions of the metering cylinder on the rate per minute

livych jednotek nezplisobily piekroceni tolerance £5 %.
PFi méFeni pracovni rychlosti primérny Cas na ujeti 100 m
byl 56 s, coz odpovida pracovni rychlosti 6,43 km.h~!
a hektarové davee 10,31 kg.ha". DodrZeni davky, tj.
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i pracovni rychlosti u pohonu dévkovaci elektromoto-
rem, je naro¢néjSim postupem piesné aplikace. Jde
o vnéjsi regulaci davkovani.

Pfi kontrolnich zkou$kach aplikacnich jednotek s po-
honem od pojezdovych kol seciho stroje byla pfesnost

=

@

DAVKA kg-ha']

N

S 10 20 30 40 50 60. 70 480
OTACKY [min")

5. Vliv zmény poctu otacek divkovaciho vilecku na divku pfipravku
na hektar pii rozteci fadka 0,45 m a pojezdové rychlosti 6 km.h ke
Impact of the variation of revolutions of the metering cylinder on
the application rate per hectare at the interrow distance 0.45 m and
ground speed 6 km.h™!

davkovani mezi jednotkami, resp. Zldbkovymi vilecky
v rozmezi daném agrotechnickymi pozadavky, tj. do
+5 %. Pramérnd dévka vSak cinila 49,17 g na 100 m,
coz odpovida hektarové davee 10,93 kg.hzl" a odchyl-

-.—: /
<20 ,//
o -

5 -

=19 "
< -

B 4.7
2ol LkmeH }

P ,/
16 -7 s
// - =
15 ya -

S 10 20 30 40 S0 60 . 70 80
OTACKY (min!]

6. Vliv zmény poctu oticek divkovaciho vilecku na divku piipravku
na hektar pri raznych pojezdovych rychlostech a rozteci fidka 0,45
m — Impact of the variation of revolutions of the metering cylinder
on the application rate per hectare at various ground speeds and at
the interrow distance 0.45 m

V. Divky pripravku na hektar pii rozteci fadka 0,45 m. ménici sc¢ pojezdové rychlosti a raznych otickich davkovaciho valecku — Material
rates per hectare at the interrow distance 0.45 m, at changing ground speed and at various revolutions of the metering cylinder

) Davka (kg.ha ')
((I)‘:?Sk% pojezdovi rychlost! (km.h™!)
4,0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0

5 11,22 9.58 8.98 8.16 7.48 6.91 6.41 5.99 5.61
10 11.41 10,15 9,13 8.30 7.61 7.03 6,52 6,09 5.71
15 12.00 10.67 9.60 8.73 8,00 7.38 6.86 6.40 6,00
20 12,67 11,26 10.13 9.21 8.44 7.79 723 6,76 6.33
25 13.47 11.98 10,78 9.80 8,90 829 7.70 7.19 6.74
30 14,00 12,52 11.27 10.24 9.39 8.66 8,05 751 7.04
35 15,19 13.51 12,15 11,05 10.13 9.35 8.68 8.10 7.60
40 15,70 13,55 12,56 13,42 10,46 9,66 8.37 8,37 7.85
45 16,14 14,35 1291 11,74 10,76 9,93 9,22 8.61 8.07
50 16,86 14.99 13,49 12,26 11,24 10,38 9.63 8,99 8,43
55 17,42 15.48 13.93 12.67 11,61 10,72 9,95 9,29 8.71
60 18.03 16.02 14,42 13,11 12,02 11,09 10,30 9.61 9.01
65 18,67 16,59 14.93 13.58 12,44 11,49 10,67 9,95 9,33
70 19.47 17.31 15.58 14,16 12,98 11.98 113 10.39 9,74
75 19,75 17.56 15.80 14.36 13,17 12,15 11,29 10.53 9.88
80 21.25 18.89 17.00 15.45 14,17 13.08 12.14 11.33 10,63

‘gmund speed
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VI Vysledky provozniho ovéieni piesnosti davkovani piipravku aplikaénimi jednotkami pfi pohonu hfidele vilecki elektromotorem — Results
of hield testing of the precision of material metering by applicators when the cylinder shaft is driven by the electric motor

Oznaceni davkovaci jednotky?

Ukazatel! ! < 3 4 5 5
vyvod?
levy® | pravy® | levy pravy levy pravy levy pravy levy pravy levy pravy
Maximdlni odchylky® | =147 | 000 | =147 | ~147 | ~147 | =046 | 000 | 000 | =147 [ 000 | =247 | -2.47
od I( (%) 0.00 +1.55 0,00 0,00 0,00 0,00 +4.57 +3.56 0.00 | +1.55 0,00 0,00

2 3 & 4 s T -
"index, marking the metering unit. “outlet, “left, “right, "maximum deviations

VIL Vysledky provozniho ovéieni piesnosti divkovani piipravku aplikacnimi jednotkami pii pohonu hiidele valecka od kol seciho stroje -
Results of field testing of the precision of material metering by applicators when the cylinder shaft is driven from the sceding machine

wheels
Oznaceni davkovaci jednotky?
2 3 ) [
Ukazatel! L = = & -
vyvod?
levy* | pravy® | levy pravy levy pravy levy pravy levy pravy levy pravy

Maximalni odchylky 0.00 [ 000 | 000 | -034 | 237 [ -441 | <034 | 034 | <034 | -034 | 237 | 441

e (R) +3.73 | +1.69 | 4373 | +1.69 | 000 | 000 | +1.69 | +1.69 | +1.69 | +1.69 | 000 | 000
ce piekrocen¢ 0 +9.3 %. Protoze u tohoto zplsobu pre-  LITERATURA

nosu krouticiho momentu od kol stroje k davkovacim
vialeckum je zajiSténa synchronizace otacek kol s hfi-
deli davkovacu, lze pozadovanych 10 I\',g.h:fl dosih-
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koviani. Toto feSeni a zkoumani vazeb funkce Zlibkovych
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jiného ¢lanku,

Resend problematika je v ramei vyzkumnych zimé-
i MZLU v Brné soucasti vyzkumu ¢. 1035/9ZA01 -
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méd. nakl. 367 s.
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Datum
obhdjeni

Nizev disertacni doktorské prace

Abstrakt

Ing. Renata Otrhalikova
41-159

22, 06. 1994

Vliv technologie na dynamiku
strojniho dojeni

Vyzkum vliva zmén technickych parametra dojiciho
zafizeni na prabéh dojeni a navrh

a sestava optimalni varianty technickych parametrii
dojici soupravy

Ing. Petr Marada 02.09. 1996 | Zavadéni systému enviromentilniho | Navrh optimalniho zpusobu feseni problémi
41-15-9 fizeni a CisSi produkee v podnicich | odpadového hospodirstvi v zemédélstvi zavedenim
agrarné potravindiského komplexu | ekologicky orientovaného fizeni a Cist3i produkce
Ing. Helena Kolomaznikova | 15. 09. 1996 | Energetické vyuZiti biomasy Komplexni posouzeni extrahovanych fepkovych Srota
41-15-9 Jjako paliva, tzn. zjisténi palinifskych charakteristik,
méfeni zneCistujicich litek pii spalovéni
Ing. Lubos Sychra 15.09. 1996 | SuSeni brambor pro potravinirské Analyza souc¢asn¢ho stavu v sueni brambor
41-15-9 ucely s ohledem na mozZnosti vybaveni zpracoven
zem&delskych produkti a vyrobed potravin
a analyza procesu suieni z pohledu zmény
vlastnosti finalizovan¢ho produktu (vitaminy.
bilkoviny, sacharidy, vliknina...)
Ing. Svatopluk Vivra 18. 05. 1998 | Moznosti vyuziti informacniho Analyza vyuziti informa¢niho méficiho systému
41-15-9 méficiho systému v zemédélstvi druhé generace IMS-2 K aplikaci v zem&delstvi
Ing. Radovan Kukla 18. 05. 1998 | Procesni fizeni zpracovani Detailni rozbor technologii slouzici k navrhu
41-15-9 zemédelskych produkri aviani a predavani informace, k poznani
h vztaht v dané technologii a navrh algo-
ritmu fizeni a realizace systému procesniho fizeni
pro véSinu vybranych technologii
Ing. Dalibor Fiala 29. 09. 1998 | Trvanlivost povrchovych ochran Hodnoceni trvanlivosti vybranych zdravotné
41-15-9 ndtérovymi hmotami se snizenou nezdavadnych ndtérovych hmot. nékterych novych
ckologickou zitézi v zemédélskych | a vyvojovych typa nitérovych hmot. porovnini
provozech vysledki dlouhodobych a zrychlenych zkousek pro
tyto natéry a doporuéeni vhodnych natérovych
systémi pro vytypovand prostiedi zemédélské
produkce
Ing. Stanislay Mitas 05. 11. 1998 | Mechanizaéni prostiedky pro Praktickda méfeni kvantitativnich a kvalitativnich
41-15-9 péstovani a sklizei Inu parametrii nové dovazenych stroji pro dvoufizovou
sklizen a prakticke ovéfeni netradi¢ni technologie
sklizné Inu navazujici na zpracovini a finalizaci
vysledn¢ho produktu
Ing. Jaromir Musil 02. 06. 1999 | Analyza finalizace mléka Analyza zikladni finalizace mléka, vyhodnoceni
41-15-9 v zemédélskych podniku procesu pasterace v obvyklych pasterech a navrh
raciondlni varanty strojné-technologického
vybaveni linck malych mlékiren
RNDr. Jana Kotovicovi 28. 06. 1999 | Studice predchizeni vzniku odpadu | Uceleny pohled na enviromentilni piinosy
41-12-9 a zneCisténi prostiedi regiondlnich projekti Cistsi produkee a souhrn
vyuziti metodiky ¢istsi produkce
Ing. Lud¢k Zouhar 28 09. 1999 | Néhrada odmastovacich pripravku Zhodnoceni odmastovaci déinnosti vybranych

41-15-9
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na bazi chlorovanych uhlovodiku
v technologiich odmastovini
strojnich soucasti

odmasfovacich pfipravki se snizenou ekologickou
zatézi. navrh a ovéieni metodiky hodnoceni
zivotnosti odmastovacich lazni a moZnosti aplikace
odmastovacich pripravka pro razné technologie
odmasfovani strojnich soucasti

Doc. Ing. Jan Marecek, CSe.
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MERACI SYSTEM DYNAMOMETRICKEHO VOZIDLA

MEASURING SYSTEM OF DYNAMOMETRIC VEHICLE

J. Semetko', 1. Janosko', L. Barda’, V. Hanzlik’, P. Pernis’

'Stovak University of Agriculture, Nitra, Slovak Republic
2 e 3 2 e ~ . -
“State Testing Station of Farm, Forestry and Food Machinery, Praha, Czech Republic

ABSTRACT: There exist a number of common criteria for selection of sensors and measuring chains used by official testing
stations and in experimental centers. They were also respected when selecting sensor and measuring chains for dynamometric
tractor tests at the State Testing Station of Farm, Forestry and Food Machinery Prague. The selection was focused, above all,
on requirements of current standards and regulations for traction tests of agricultural tractors and was based not only on
required test protocols and on the precision of measuring chains but also on the possible rationalization of traction tests proper
- aiming at their acceleration in the framework of the current standards. An analysis allowed to define the proportionality of
programmed continuous increasing of the loading (tractive) force of the tested tractor in order to eliminate the inertial effects
of its unsteady motion. This proved to be one of the basic issues at the selection of the programmed loading system of the
dynamometric vehicle. The only limiting parameter in this respect is the tractive force. It was confirmed that measuring chains
of all measured quantities have to allow for measuring instantaneous values with adequate requirements on the quantity of
their sampling. Following devices answered to the selection criteria of the measuring system of the dynamometric vehicle for
traction tests of tractors: HBM strain gauge of force, measuring amplifier and time basis, Correvit optoelectronic track and
speed sensor, Corsys incremental sensor of angular velocity, AVL piezoelectric tachometer, differential flowmeter Pierburg,
bimetallic thermometers Ganz. The entire measuring system has been developed as an open system with continuous innovation
of measuring chains and with a programme of calibration performed by the user as well as by the standardization institute.

tractor: sensor test: dynamometric vehicle

ABSTRAKT: Existuje vela spolo¢nych znakov vyberu snimacov a ich meracich retazcov v tradnych skisobniach a v experimen-
talnych pracoviskdach. Pri vybere snimacov a meracich retazcov pre tahové skisky traktorov s dynamometrickym vozidlom
pre SSPPLS Praha boli uvedené znaky zohladnené. Tento vyber sa sdstredil predovietkym na poZziadavky platnych noriem
a predpisov pre fahové skiasky polnohospodirskych traktorov. Vychddzali sme pri tom nielen z pozadovanych protokolov
1wch a presnosti meracich refazcov jednotlivych veli¢in, ale aj z moZnosti racionalizacie tahovych skidok samych —
ich urychlenia v ramei platnych noriem. Analyzou sme urcili proporcionalitu programovaného plynulého zvySovania zalaZu-

o skugk

Jjueej (tahovej) sily skasancho traktora pre elimindciu zotrvacnych u¢inkov jeho nerovnomernym pohybom. Ukizalo sa to ako
jedna zo zdkladnych otdzok pri volbe programovaného zataZovacicho systému dynamometrického vozidla. Limitujicim
parametrom je z tohto hladiska len tahova sila. Potvrdilo sa, Ze meracie refazce vietkych meranych veli¢in musia umoziiovat
meranie okamZzitych hodndt s primeranymi poziadavkami na pocetnost ich vzorkovania. Kritériim vyberu meracieho systému
dynamometrického vozidla pre tahové skisky traktora vyhoveli: tenzometricky snimac sily. meraci zosiliova¢ a Casova
zikladiia fy HBM, optoelektronicky snima¢ drihy a rychlosti ty Correvit, inkrementilny snima¢ uhlovej rychlosti fy Corsys,
piezoelektricky otd¢komer fy AVL. diferenény prictokomer fy Pierburg, bimetalové teplomery fy Ganz. Cely meraci systém
je ricSeny ako otvoreny, s nepretrZitou inoviciou meracich retazcov a s programom kalibricie uZivatefom i normalizaénym tstavom.

traktor; skusanie snimace; dynamometrické vozidlo

UvoD

Uzitkové vlastnosti tahacov a traktorov definuju ich
tahové ukazovatele. Ucelom zistenia tahovych ukazo-
vatelov je namerat veli¢iny, ktoré po spracovani po-
skytni objektivny obraz o tahovych vlastnostiach trak-
tora. Metodiku zistovania tahovych ukazovatelov
urCuji normy a predpisy pre skuSanie traktorov (OECD
kod I/3, 11/3 a V, 1SO 789-9, CSN 30 0415, STN-ISO
789-9 atd.).
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V tychto normich ide predovSetkym o uréenie zdvis-
losti tahového vykonu, rychlosti pohybu, preklzu, hodi-
novej a mernej spotreby paliva na tahovej sile (rovnobeZnej
s povrchom drdhy) pri rozli¢nych prevodovych stupiioch.
Tieto zavislosti sa zistuji pri réznom tahovom zatazeni,
ktoré uvedené normy a predpisy vymedzuji, Standardne
na rovnej beténovej drihe.

Meranim okamzitych hodndt menovanych velicin sa
vytvorili predpoklady racionalizacie merani (Greenko,
1978, 1980) a vypoctové technika umoznila rychle spra-
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covanie vysledkov merani pri zachovani poZiadavick, ktoré
vymedzuja normy (Semetko, 1985; Semetko, Janosko,
1993).

TEORETICKY ROZBOR

Na postdenie tahovych vlastnosti traktora treba poznat
vztahy medzi jeho hlavnymi ukazovateImi. To zname-
nd, ze potrebujeme zistit zavislost (ahového vykonu P,,
pracovnej rychlosti v, preklzu jeho hnacich kolies 8,
hodinovej spotreby paliva M, a mernej tahovej spotre-
by paliva m,, v zavislosti od tahovej sily F; pri taho-
vych skaskach traktora.

Tahové skasky sa daji urychlit (pri zachovani za-
kladnych poZiadaviek) zvySovanim tahovej sily F, ktorou
zatazujeme skaSany traktor. NajefektivnejSie su urychle-
né fahové skusky traktora pri jeho rovnomerne spomale-
nom pohybe. Pre spomalujici sa traktor (obr. 1) mdZzeme
napisal (pri urcitych predpokladoch a zjednoduSeniach)
pohybovi rovnicu v tvare:

FI:_F\'_FIU"'F(:"'FII+Fxlll'=0 ()

a

Zotrvacny ucinok posuvnej hmoty traktora v jeho
ltazisku mozeme vyjadrit v pohybovej rovnici sa¢inom
hmotnosti traktora m a jeho spomalenia a:

F,=ma 2

Zotrvacny a¢inok rotatnych hmot prednych kolies
traktora 4k2 mozeme vyjadrit momentom zotrvacnosti
tychto kolies 7}, polomerom tychto kolies r; a spoma-
lenim a:

(3)

Zotrva¢ny icinok rota¢nych hmét spojenych so zad-
nymi kolesami traktora moZeme vyjadrit momentom
zotrvacnosti tychto hmat redukovanych do osi zadnych
kolies /,,. polomerom tychto kolies r5 a spomalenim a:

ly,.a

Fgs s 4)

Iy

Preklz hnacich kolies traktora & ovplyviiuje ich uh-
lovi rychlost w,. ako aj doty¢nicové zrychlenie na ob-
vode tychto kolies a:

i
e 5
0, PETEE (5)

a

1-8

Ay =€y. 1= (6)
Tahov sila pri spomalovani traktora £, je v dosledku
zvySovania jeho zatazenia vii¢sia vplyvom zotrvacénych
ucinkov AF,, ako fahova sila F, namerana pri jeho rov-
nomernom pohybe a preto ju treba o tento cinok kori-
govat:
Fi=Fy=0F,=Fy—F = Fy-Fup,=
1 15,
b z.l)
1t (1-8)

ar

= F,“ —a(m+ 7

Zmena uhlovej rychlost hnacich kolies @, nerovno-
merne sa pohybujiceho skadSaného traktora pri jeho ply-
nulom zatazovani nemusi vyvolal aj zmenu jazdnej rych-
losti dv, nickedy mbZe vyvolat len zmenu preklzu jeho
hnacich kolies d6,, alebo naopak. NajcastejSie viak vy-
vold sicasne zmenu obidvoch veli¢in. Deriviciou vzta-
hu (5) dostaneme:

dw, Jior il dv v ds,
dt ~ 27, 1_51'I+(| 5y i

(W)

Zmeny preklzu d a posuvného pohybu dv skaSané-
ho traktora naopak umoziuja, Ze jeho hnacie ustrojen-
stvo sa mdZe otdcal i rovnomerne (€, = 0) aj pri nerov-
nomernom posuvnom pohybe. Grec¢enko (1980) uviedol,
7e zotrvacnd sila hnacieho ustrojenstva redukovana do
osi hnacich kolies F 5, ovplyviuje preklz kolies rovna-
kym sposobom ako hnacia sila F;, (napr. pri spomale-
nom pohybe ide o pripad analogicky rovnomernému
pohybu so zvySenym hnacim momentom). V tomto pri-
pade staci uvazovat so zotrvaénymi u¢inkami posuv-
nych hmot i prednych kolies a autor povazuje korekciu
zotrvacnych acinkov hnacej sustavy za zbytoénd.

Takyto predpoklad vyhovuje zistovaniu zavislosti pre-
klzu na fahovej sile d = f(F,). DalSie ddaje do protoko-

1. Silova a rozmerova schéma zataZovaného
traktora — Acting forces of loaded tractor
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lov o skuskach traktorov, zdvislosti v = f(F)) a P, = f(F)).
st viak ovplyviované aj uc¢inkom rotujicich hmét re-
dukovanych do osi hnacich kolies, ¢o treba zohladnit
pri korigovani nameranej tahovej sily, pripadne volit
spomalenie @ len v takom rozsahu, v ktorom zotrvacné
ucinky AF,, nepresiahnu spolu s nepresnostou meracicho
retazca dynamometra p,; (%) normou dovolent neistotu
merania p, (%). Pripustny rozdiel tahovych sil AF,,
ur¢ime pomocou meracieho rozsahu dynamometra £,
a zo statickej nepresnosti jeho meracicho retazea py (%):

. _Pi-Fimax Pa-Fy
=50 " 100 @

Z uvedeného rozboru je zrejmé, Ze pouzitim meracej
aparatdry s vicSou presnostou moZze byt vplyv zotrvac-
nych sil vicsi, lahové skasky pri zachovani poZiadavky
normy na ich presnost mézeme viac urychlit.

MATERIAL A METODA

Vhodny meraci systém je zdkladnym predpokladom
splnenia komplexu ndro¢nych poZiadavick na zataZzova-

nie, meraniec a spracovanie vysledkov Specidlnou mo-
bilnou brzdou — dynamometrickym vozidlom a vhodne
volenymi a rozmiestnenymi snima¢mi na ski$anom trak-
tore (obr. 2).

Snimace parametrov skisaného traktora a palubné
meracie zariadenie so systémom spracovania idajov maji
za tlohu priebezne meral predvolené parametre v nie-
kolkych zataZovacich reZimoch brzdy riadenej pocita-
com (Semetko et al., 1996). Pre vozidlo v ramci vybe-
rového konania boli vybrané dalej uvedené snimace:

Na meranic tahovej sily boli zvolené tri tenzomet-
rické snimace sily U2A [irmy Hottinger Baldwin Mes-
stechnik v rozsahoch (do 20 kN. 100 kN a 200 kN) pre
rozne silné traktory s meracim zosiliovacom MGC-30
HBM s autokalibriciou a programovatelnym filtrom.
Snimace U2A su zvolené s pretaZitelnostou 150 %, trie-
dy presnosti 0,1 a st v tlakotesnom prevedeni aj do
explozivneho prostredia. Snimace sily s pevne prichy-
tené na konci taznej tyce (F,) pred dynamometrickym
vozidlom (obr. 2). Meraci zosiliiova¢ MGC-30 s blo-
kovou schémou (obr. 3) sa zvolil v Sestkandlovom pre-
vedeni s citlivostou pod 0,2 % (pri autokalibricii pod

2. Schéma rozmiestnenia snimacov a ovlidania — Location of sensors and control unit

Wp = snimac uhlovej rychlosti predného pravého kolesa -
angular speed

T, ~ snima¢ teploty prevodového ole

V), - prictokomer - flowmeter

gear oil temperature

®;;  — snima¢ uhlovej rychlosti predného lavého kolesa — v = snimac jazdnej rychlosti - ground speed
angular speed | - monitor
W, — snima¢ uhlovej rychlosti zadného pravého kolesa — 2 - klavesnica - keyboard
angular speed 3 - zosilovace. prevodniky a PC - shelf with electronical devices
,, = snima¢ uhlovej rychlosti zadného Tavého kolesa and personal computer
angular speed 4 = hydrogeneritory — hydrogenerators
T, = snima¢ teploty paliva - fuel temperature 5 = hydromotory — hydromotors
A snimac teploty chladiacej kvapaliny — cooling water temperature 6 — chladi€ — water jacket
T,, = snimac teploty motorového oleja — motor oil temperature F, — snimac tahove) sily — sensor of loading force
1 - 2 3
3. Schéma zapojenia meracicho zosiliovaca MGC-30 —
Set-up of amplifier and signal converter MGC-30
-—
| - snimaé fahovej — sensor of loading force
- 2 = prepina¢ (Mess-meranie, Null-nulovanie. Cal-kali-
bricia) - switch code (M-measurement, N-reset. C-
calibration)
=1 3 - tprava signilov - signal adjusting
4 — kontrolné signdly - control signals
- 5 - sériovy port — serial port
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6 — analégove vystupy — analog input
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4. Schéma snimaca jazdnej rychlosti - Velocity sensor of motion

I - fototranzistory — electrooptical transistors
2 — optickd mriczka = optical grating

3 - teleso snimaca — basic block of sensor

4 ~ retlektor - reflector

5 - ziarovka - lamp

6 - clachovac
7.3

8 - zrkadlo — mirror

is — calibration band

Sovka - lens

0.005 %), s linearitou pod 0,01 % a s analégovym vy-
stupom s citlivostou pod 0.04 %. Spracovanie digitil-
ncho signalu priamo pocitacom umoziuje sériovy port
(6) zosiliovaca. Zosiliova¢ poskytuje aj Casovi zi-
kladnu s presnostou 0,167 %.

Na meranic prejdencej drihy, jazdnej rychlosti sa
zvolil bezdotykovy Correvit senzor firmy Corsys (obr.
4). Je to kompaktny snima¢ so zabudovanou optikou
a elektronikou pre bezdotykové a bezpreklzové mera-
nie drahy a rychlosti pracujici na principe Dopplerov-
ho efektu. Snima¢ L-CE ma frekvencny vystup kalib-
rovatelny od 350 pulzov na meter aZ po 35 pulzov na
kilometer. Hornd hranica frekvencie vystupného signa-
lu je 50 kHz. Analégovy vystup snimaca je prepinatel-
ny v rozsahoch 12,5: 25; 50 a 100 mV na km.h ! a nic
je zavisly od digitilneho vystupu. Linecarita snimaca
v celej oblasti meranej rychlosti je do 0,1 % a presnost
do 0.2 %. Na kalibriciu doddva vyrobca ciachovaci pis
(6).

Uhlovi rychlost kolies traktora snimaji inkremen-
talne snimace firmy Corsys. Uchytenie telesa snimaca
(3) pomocou univerzilneho upinaca snimaca (2) na ko-
leso je zrejmé z obr. 5a. Stator snimaca je fixovany
tycou (1) pomocou drziaka s prisavkami. Princip in-
nosti inkrementilneho snimaca je zrejmy z obr. Sh,
podla ktorého na fototranzistory (5) striedavo dopadaju
lice svetelného zdroja (9) usmernené optikou snimaca
a preruSované systémom rotorovych (7) a statorovych
(6) clon. Bol zvoleny snima¢ s 1000 impulzami na
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5. Inkrementilny snimac uhlovej rychlosti kolesa — Incremental sen-
sor of angular speed

a — upevneny snimac na kolese — mouted sensor on the wheel
I = stabilizacnd ty¢ - bar stabilizer

2 — univerzilny upina¢ snimaca — universal fixture of sensor
3 = teleso snimaca - basic block of sensor

b — schéma inkrementilneho snimaca - incremental sensor
4 = nosi¢ snimaca - sensor holder

5 — fototranzistor — electrooptical transistor,

6 = Strbiny statorovej clony — stator diaphragm slots

7 - disk s rastrami - disk with basic grid

rabolicky reflektor = spotlight

ziarovka - lamp

otacku. Maximilne otacky snimaca sa 12 000 min~!a
presnost 0.5 %.

Otacky motora traktora snima piczoelektricky sni-
mac a ¢itac otdcok Diesel tachometer firmy AVL s roz-
IigiteInosiou +1 min ™. Signdl z piezoelektrického sni-
maca rizu umiestneného na vysokotlakovom potrubi
vstrekovacicho Cerpadla (7) z prvého valca motora
(obr. 6) je upraveny, nacitany a zobrazeny na viacfunk-
¢nom displeji 1. Analogovy vystup Citaca oticok je |
V/1000 min~!, meraci rozsah 120 az 6000 min™" a pres-
nost merania 0,3 %.

Na meranie spotreby paliva bol zvoleny prietokomer
PLU — 116 firmy Pierburg, ktory umoZiiuje merat oka-
mziti spotrebu paliva. Princip ¢innosti prictokomera je
zrejmy z obr. 7: objemovy Cita¢ (2) neodobera energiu
meranému médiu, ale td je pre jeho ¢innost priviadzana
2 vonku cez regulovatelny jednosmerny elektromotor
(6). Regulicia otacok jednosmerného elektromotora (6)
sa uskutociiuje tak, aby tlakovi diferencia nad objemo-
vym ¢&itacom (2) bola rovna nule. Mensie tlakové dife-
rencie sa zachytavaju prostrednictvom Specidlne kon-
Struovaného dutého plavajiceho piesta (4) a optickym
snimanim sa premienaji na elektricky signal. PI regu-
litor (5) porovndva signdl analégového tachodynama
(7) s tlakovym diferenénym signdlom optosnimaca (3)
meracieho piesta (4). Ak sa zmeni signal optického sni-
maca (3) od tlakovej diferencie zapricinenej pohybom
piesta (4), meni PI regulitor (5) ota¢ky jednosmerného
elektromotora (6) dovtedy, aZ si obe porovnivané ve-
liciny zhodné. Tim sa dosiahne. Ze je tlakova diferencia
rovnd nule. Ak sa udrzia v objemovom ¢itaci tlakové
diferencie A, na nule (zamedzenie vnatornych stréit
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priesakom), s otacky ¢itaCa priamo proporciondlne
prietoku. Signdl impulzného vysiclaca prietokomera
(8) postupuje cez nasobic¢ kmitoctu (9) a optoviizobny
Clen (10) na digitalny vystup (11), kde je moznost pri-
pojenia vyhodnocovacich a zobrazovacich jednotick.
Na analégovom vystupe (13) je k dispozicii analégovy
signal od tachodynama (7) privedeny cez deliaci zosil-
fova¢ (12). Systém je nulovo stabilny. Meraci piest
integruje regula¢nid odchylku. ¢im sa vyrovnaji neline-
arity a odchylky. V rozsahu 2 az 24 dm®h! je presnost
prictokomera do 0,5 % a nelinearita do 0.4 %.

Pre meranie teplot pracovnych médii (paliva, chla-
diacej kvapaliny, motorového oleja a prevodového ole-
ja) boli zvolené bimetalové snimace TEN 331, TEN
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6. Schéma snimaca ota¢ok motora — Engine speed sensor

| — displej = display
2 -1 venie na¢
stavovy prepinad
4 - signalizicia zastavenia — stop signalling
5 — analégovy vystup - analog ouput

ni¢ otickomera - power suply

ania - stop of counting circuit
switch code

7 - snima¢ pulzov paliva - sensor of pulses

7. Schéma prietokomera — Operation principle of flowmeter

| = nasivanic - suction

2 - objemovy — volume counter

3 - optické snimanie - optical sensor

4 — meraci piest - measuring piston

5 — Pl reguldtor - PI controller

6 — jednosmerny elektromotor — one-way electromotor
7 — analogové tachodynamo — analog tachodynamo

8 — impulzny vysiclad prictokomera = impulse transmitter of
flowmeter

9 - nisobi¢ kmitoctu ~ frequency multiplier

10 = optoviizobny ¢len — opto-coupling member

11— digitalny vystup — digital output

12 — dehaci zosilnovacé - dividing amplifier

13 - analégo stup — analog output

14 = prepustaci kandl = by-pass channel

15 ~ vytlak ~ displacement

431 s vnitornou kompenzaciou. K dispozicii su tiez
snimace na biaze Pt-100. Presnost snimacov podla dda-
jov vyrobcov bola v rozmedzi + 0.5 %.

Atmosferické podmienky skiSok sa merali v stano-
venych vySkach a vzdialenostiach kalibrovanym labo-
ratornym teplomerom, vlhkomerom a tlakomerom.

VYSLEDKY

Vybrané snimace na zistovanie tahovych ukazovatelov
traktorov dynamometrickym vozidlom, v zmysle predpi-
sov OECD a noriem ISO, CSN i STN, musia umoZiio-

vat meral s celym prisluSnym meracim retazcom para-
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metre traktorov s urCitou presnostou. Aké vysledky sa
dosiahli vyberovym konanim pri volbe snimacov a ich
meracich retazcov prehladne vidief z tab. I. Medzi jed-
notlivymi normami su rozdiely v poZadovanych pres-
nostiach merania parametrov pri skiSani traktorov ma-
1é. Vychéddzaju predovsetkym z redlnych predpokladov
ich technického zabezpecenia. Z tab. T je zrejmé, 7e
vybrané snimace a ich meracie retazce pre dynamomet-
rické vozidlo LIAZ SSPPLS Praha s rezervou spliaji
poziadavky na presnost merania parametrov traktorov.
Pravidelné kalibricie tychto snimacov uZivatelom ako
aj Statnym dstavom normalizicie potvrdzuji stabilizo-
vani presnost uvedenych meracich refazcov i objek-
tivitu nimi nameranych parametrov.

Riadiaci pocita¢ so svojim kalibratnym programom
umoziuje pouzival aj dalSie snimace s inymi charak-
teristikami. Cely meraci systém dynamometrického vo-
zidla je otvoreny a umoziuje systematicku inovaciu sni-
macov i pristrojov na dpravu signilov, tzn. dalSie
zvySovanie presnosti merania. Technickd a programo-
va vybavenost vozidla podporuje zvoleny systém pra-
videlnej kalibricie snimafov a meracich refazcov ako
uzivatelom, tak aj ustavom normalizacie,

Okrem overovania presnosti snimaov a ich meracich
retazcov sa pravidelne overuje aj zalazovaci a vyhod-
nocovaci systém porovnavajicimi Standardnymi tahovy-
mi skiskami. Vysledky skaSok preukdzali ovplyviiova-
nie meranych udajov v podstate len pouZitymi snimacmi.
Kvalitné A/D a D/A karty presne konvertovali merané
signdly.

Na zéklade ivodom uvedeného teoretického rozboru
zo vztahov (6) a (8) pre zname hodnoty presnosti me-
rania tahovej sily p, = 0, 4 % a meracicho rozsahu
dynamometra F,, ako aj normou pozadovanej presnosti
merania p, = | % pre obvykli hodnotu z maximailnej

tahovej sily £, rovnej asi 60 % z hmotnosti traktora
m, mozeme urcit pripustni velkost vplyvu zotrvaénych
uc¢inkov nerovnomerného pohybu skuasaného traktora i

spomalenie a:
1 I,

1 %
am+—F+——"")=
nt (-9
o o L.06.m.g 04.F, )
=8FST0 " 100 ©)

Experimentalne vysledky viacerych autorov potvrd-
zuju zdvislosti medzi momentom zotrvacnosti reduko-
vanych hmét na os hnacich kolies /5, a hmotnostou
vozidla m, resp. medzi hmotnostou vozidla a G¢inkami
jeho nerovnomerného pohybu. Moment zotrvacnosti ma-
lych prednych kolies traktorov 4k2 pre jazdné rychlosti
a spomalenie pri tahovych skiaskach moZeme zanedbat.
Pre jazdné rychlosti traktorov v oblasti maximalneho
tahového vykonu s mechanickou prevodovkou odpori-
¢a literatira vziat do dvahy redukovany moment zotr-
vacnosti do osi hnacich kolies /,, odpovedajici trojna-
sobku hmotnosti traktora (3 m). Pri priamom zibere
prevodovky — pri najvysiej dopravnej rychlosti traktora —
sa odporacaji hodnoty (1,5-1,2) m. Ak uvazujeme pri
zatazovani skuSaného traktora (napr. Zetor 9520 s hmot-
nostou m = 4 990 kg) preklz do 15 % na beténe, mu-
sime pouzit snimac sily do F, = 100 kN. qPripusmé
spomalenie uréime hodnotou ¢ £0.0112 m.s™, v zmys-
le uz uvedenych predpokladov a dpravou vztahu (9):

3 ARy, Fy
a(l +0+———)=—=<0,01.0,6.¢g-0.004—= (10)
1-0,15 m ¥ m

Z pripustného spomalenia si mdZeme wrcit dizku dra-
hy, resp. ¢as plynulého programovaného zatazovania
skasaného traktora z maximalnej rychlosti na danom
prevodovom stupni az po jeho tplné zastavenie. Je to

1. Presnosti meranych veli¢in poZadované normami a zabezpeCené volbou snimacov — Precision of the measured quantities as required by

current standards and as ensured by the selection of sensors

Merani velicina! Kod OECD
Tahovi sila’ +1,0 %
Jazdna rychlosi* +0.5 %
Driha® *0.5 %
Cas” *0.5 %
Hmotnost” +0.5 %
Oticky® 0.5 %
Spotreba paliva’ +1,0 %
Teplota - paliva $£2:°C
- oleja #2°C
- chladiacej kvapaliny 2:90C
- vzduchu'? °C
Tlak - atmosfericky 0,2 kPa
— v hydraulickom zariadeni 2.0 %
- v pneumatikich'! +5.0 %

ISO 789-9 CSN 30 0415 Pouzity retazec®
+1.0 % *1.0 % +0.4 %
+1.0 % 0,5 % +0.2 %
*0.5 % 0,5 % 0.2 %
0.5 % +0,5 % 0.2 %
0.5 % +0.5 % 0.4 %
+0.5 % +0.5 % +0.3 %
+2.0 % +2,0 % +0.5 %
12 °C +2 °C 0.5 %
£2°C £22C +0,5 %
+2°C *2°€ 0.5 %
+0.5 % +0.5 % +0.5 %
0,133 kPa +0.2 kPa +0.1 kPa
2.0 % +2.0 % +2,0 %
- +5.0 % 2.5 %

| ) . . 3 . s . . Y . .
measured quantity, “measuring chain used, “tractive force, *ground speed. “track, “time, “weight, “revolutions, “fuel consumption, “tem-

perature — fuel, oil. cooling fluid, air,
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Ipressurc - atmospheric, hydraulic, in tyres
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mala hodnota dovoleného spomalenia «. Napriek vyso-
kej presnosti pouzitého meracieho retazca tahovej sily
viak bez pocitacom riadené¢ho zataZovania jeho dodr-
zanie nie je redlne. Urychlenie tahovych skasok bez
programovaného zataZovania alebo pri jeho poruche si
vyzaduje korigoval namerani (ahova silu v zmysle vzta-
hu (6) pri samotnom vyhodnocovani ziznamov merania
pocitacom. Je ucelné, aby tato korekcia bola priamo
sucastou programu a zo zaznamu okamzitych rychlosti
bolo mozné definovat vplyv zotrvaénych hmét pomo-
cou vypocitaného zrychlenia.

Meraci systém uvadzany v tejto prici umoZiuje
urychlenie tahovych skasok aj bez programovancho za-
taZzovacicho systému dynamometrického vozidla a bez
korekcie zotrva¢nych acinkov, ak im metodicky zabra-
nime. O nieco mensie urychlenie tahovych skusok sa
da dosiahnut v uvedenych pripadoch postupnym stup-
fiovitym zatazovanim. Skimané veli¢iny meriame a7
po ustdleni danej hladiny zatazenia skuSancho traktora
a po ich odmerani zataZenie zvySime. Po ustileni meria-
me postupne rezim vy$Sicho a vysSicho stupia zalaZe-
nia prakticky pri rovhomernom pohybe a nie je potreb-
na korekceia na zotrvaéné ucinky skafancého traktora.

Osobitni pozornost si vyZiadalo zapojenie prietoko-
mera do palivového systému traktora (obr. 8) bez naru-
Senia jeho povodnych funkcii, najmi viak preto, aby
kondicionovanie paliva vzhladom na teplotu, tlak a vol-
nost plynovych bublin zodpovedalo povodnym jazd-
nym podmienkam. Odber paliva z nddrze waktora je
cez predCerpadlo (2) a takovy regulator (3) k dopravné-
mu &erpadlu traktora (7), ktoré dodiva palivo do vstre-
kovacicho Cerpadla (8). Spiitny tok je privedeny opal
do systému cez vymennik tepla ochladzovanym pali-
vom z nadrze. Tlakovy regulator (3) ma dve [unkcie:
zabezpecuje tlakovy spad k dopravnému cerpadlu trak-
tora (aby spitny tok bol privedeny do systému) a za-
bezpecuje aj wrcité chladiace mnozstvo paliva pre vy-

8. Schéma zapojenia prictokomera - Circuit diagram
of flowmeter

I - palivova nadrz - fuel tank

2 - nizkotlakov¢ Cerpadlo — low pressure pump

3 - tlakovy regulitor — pressure governor

4 — predcisti¢ - prefilter

5 = odplynovaci pripoj — degasification conection
6 — priectokomer s odlu¢ovatom plynov - flowmeter
7 = dopravné Cerpadlo — carnage pump

8 — vstrekovacie ¢erpadlo — fuel injection pump

9 - priezor spiatného toku = reverse flow

10 = optoviizobny ¢len - heat exchanger

mennik tepla. Tymto sa dosiahli povodné pracovné pod-
mienky bez spitnej vizby.

Snimace a meracie retazce ostatnych parametrov sku-
Saného traktora umoziujice meranie okamzitych hodnot
prislusnych veli¢in s presnostou vymedzenou normou
nedeterminuju inym sposobom metodiku samotnych skii-
Sok. Technicka troven meracich retazcov vietkych ve-
li¢in (meranych pri tahovych skuskach) ako aj program
riadiaceho poditaca viak vyznamne ovplyviiuje nielen
technicku pripravenost, ale aj celkovi produktivitu ski-
Sok, pocnic Kalibraciou az po spracovanie meracich
protokolov.
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PRACTICAL EXPERIENCE IN USING BIODEGRADABLE
FILLINGS IN ZETOR TRACTORS

PRAKTICKE ZKUSENOSTI S BIOLOGICKY ODBOURATELNYMI
NAPLNEMI NA TRAKTORECH ZETOR

M. Fajman, J. Ondracek

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: This contribution summarizes more than three years of operational monitoring of tractor Z 105 40 with
biodegradable operational fillings. MERO and mixed biofuel were tested as a fuel. oils from the firm FUCHS OIL CZ were
used as lubricants and fillings of the hydraulic system of tractor. After more than 4000 Mh of operation like a biotractor no
significant failure with relationship to these fillings was noticed. Having measured the main dimensions in individual assem-
blies, we found the wearing was normal. Knowing these experience we can say that results are positive. Discussion about
economic evaluation is added.

tractor; operational testing: biodegradable filling; biofuel; biooil

ABSTRAKT: V tomto prispévku shrnujeme vysledky vice nez tiiletych zkusenosti s provozem traktoru Zetor UR 111 Z 105 40
s biologicky odbouratelnymi provoznimi hmotami. Traktor odpracoval jako "biotraktor” vice nez 4000 Mh. Jako palivo bylo
pouZzivino MERO a smésna bionafta MYRA-DIESEL. P¥i konirolnich méfenich jsme dosihli niriistu spotfeby paliva u MERO
o vice nez 12 %. zatimco u bionafty MYRA-DIESEL to bylo pouze 0 5 % a navic je tento nartist kompenzovan nizsi cenou.
V souvislosti s palivem je na zdkladé nadeho sledovini doporu¢eno pouze zaménit standardni tésnéni v palivovém systému,

zejména v palivovém Cerpadle, za vyrobcem doporucené nihrady odolivajici biopalivu. Dalsi zisahy do palivového systému
nejsou nutné. Sledované oleje firmy FUCHS OIL CZ, motorovy PLANTOMOT SW-40 i pievodovy PLANTO HYTRAC
SAE 80W, pIn¢ vyhoveély viem pozadavkim na stabilitu a podle vysledkt kontrolnich méfeni sledovanych rozmérl spliuji
i pozadované vlastnosti tribotechnické. Prevodovy olej spolehlive pracoval i jako hydraulické medium. Ekonomické hodno-
ceni je vzhledem k variabilit¢ cen vyjadieno pouze relativné.

traktor: provozni hodnoceni; biologicky odbouratelné niplné; biopalivo; bioolej

INTRODUCTION using of alternative fuels, biodegradable engine and
gear oils in the Z 10540 tractor.

The testing was enabled with contribution of the
NAZV agency and the tractor for testing was lent by

Zetor as. factory.

Water and soil contamination by crude oil products
is one of serious contemporary ecological problems.
Operation of tractors in agriculture contributes to these
ones. Therefore the test had to verify, under which con-
ditions fillings in tractors (fuels, motor, gearbox and
hydraulic oils, lubrication means and cooling fluids)
can be replaced with such alternatives, which limit the
risks of crude oil derivates for the environment. Alter-

MATERIAL AND METHODS

native fillings should be better degradable than crude
oil products, because possible leakage of operational
fillings of mobile means in agriculture (and generally)
cannot be prevented.

A different origin of these substitutes gives them
different characteristics, which successively influence
operational conditions. E.g. the influence on the power
or on the fuel consumption when using biofuels instead
of diesel in short testing time are well known. The main
interest of the testing was a monitoring of long term
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After the successtul biodegradable oil laboratory
testing the tractor Z 10540 Nr. 65 was utilized in the
agricultural company Statek BreZany s.r.o. This tractor
type was chosen, because it is equipped with a turbo
charged engine with intercooler, what represents severe
conditions for the engine oil. I a biodegradable oil can
stand these conditions this will recommend this kind of
oil also to other engines in this range.

Following kinds of fillings were used during the
more than three years lasting testing period:



1. Fuel
a) rape-sced oil methylesther (MERO) from MILO

Olomouc
b) MYRA-DIESEL from EKORONA Chrudim — so-cal-

led biofuel of "second generation".

This is a mixture of MERO. diesel, casy degradable
hydrocarbons and additives, which fully meets the re-
quirements of the Law 587/1992 Sbh. and successive
rules. It has a status of biofuel. because it can biologi-
cally degrade at least by 90% in 21 days (Kolektiv, 1998).
2. Engine oil = PLANTOMOT 5W-40
3. Gear box and hydraulic oil — PLANTO HYTRAC

SAE 80W
4. Oil for servosteering — PLANTOHYD 40A
5. Plastic grease - PLANTOGEL 01208

All oil fillings and greases are from the firm FUCHS
OIL CZ.

6. Cooling fluid - Fridex EKO

The methodology of this monitoring was developed
commonly by VVZ/VVZT Zetor and UZT MZLU Brno
(Ondracek, 1996). It prescribes the interval of testing
has to be longer then 3000 Mh (operational hours) in
three years, intervals of taking away samples of fillings
for further analyses and intervals of the engine power
control testing for finding developing changes due to
using biofuel and alternative oils as well. The method-
ology supposes that the tractor is equipped with an
operational clock. The staff has to write down the time
of operation, the used implement, the amount of added
fillings, any maintenance intervention and the failure
or needed mending if occurs.

This methodology is archived in UZT MZLU Brno
and in VVZ/VVZT Zetor a.s. Brno.

Until the end of this project (November 1998) the
tractor worked for 4968 Mh. The testing started in Oc-
tober 1995, till its 600 Mh there were used “classical”
fillings (diesel. mineral oils) for running-in the tractor.
After 600 operating hours the oil fillings were replaced
by biodegradable oils. which successfully passed labo-
ratory testing. After 800 Mh MERO was utilized as
a fuel. At this time the tractor could operate as a "biotrac-
tor". This fuel was in use for more than one year and
the tractor passed through 1898 Mh with this fuel. Then
MYRA-DIESEL was used as a fuel till the end of the
testing (Fajman, Ondracek, 1998).

It has to be admitted that the structure of this
"biotractor" utilization (Fig. 1) is not typical for an
agricultural tractor, because the amount of transporta-
tion work is relatively high, but as explained in the next
chapter, it constitutes convenient conditions for this
kind of testing.

RESULTS
At first differences in the power and the fuel con-

sumption when using different fuels instead of diesel
were found. We have achieved the power decrcase by
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Structure of tractor utilization

Year of operation
1 QPlowing
W Sowing
2 m Tillage
5 ® Transportation
3.
Summary

0% 20% 40% 60% 80% 100%
Proportion in utilization

1. Structure of the tractor utilization within the three years testing
and in a summary

Viscosity
(mm?s™)

—=— New ---®--Diluted by 20% of fuel

Oil temperature
(€

2. Comparison of viscosity to the temperature dependencies of new
and diluted oil

about 7% when using MERO and by about 2% with
MYRA-DIESEL. The more marked difference was
found in the fuel consumption. It was increased more
then by 12% for MERO but only by 5% for MYRA-
DIESEL. These facts mean increasing of operational
costs, which should be compensated by the price of
such alternative fuel.

Another parameter, which can strongly influence op-
crational costs, is a dilution of the engine oil. When
using MERO especially in cold conditions, under low
load like the transportation work. the dilution of engine
oil several times achieved limit of 20%. [t meant to cut
the oil changing interval. This property of MERO is
known, but often is not calculated in budgets. In case
of MYRA-DIESEL utilization there was no problem
during all the period (including two winters, when the
tractor worked mostly on the road). Testing of dilution
samples in a laboratory even meant improving of vis-
cosity properties in cold conditions of the engine oil
work (starting the engine in winter) while SAE speci-
fication 40 is not influenced so much (Fig. 2). The
characteristic line is less steep than that of the new oil.
This improves the viscosity index of engine oil.

As for oil fillings during the testing only laboratory
analyses of oil samples were used to find the actual
condition of individual assemblies. This testing aimed
in finding the changes of the oil itself and the element
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analysis could explain the situation of assemblies. Sev-
eral times important parts were taken apart 1o measure
function dimensions for wear control: the engine at the
end of testing, gearbox two times after 2750 Mh and
than after 4400 Mh of operation. The wear was corre-
sponding to normal conditions when using standard lu-
bricants.

During the whole time of testing there was no failure
with relationship to using biofuels or biodegradable oils.

Only the oil PLANTOHYD 40A was replaced with
PLANTO HYTRAC SAE 80W because of the low sta-
bility of its parameters. PLANTO HYTRAC SAE S80W
is the fully synthetic biologically degradable oil for
transmission systems and hydraulic circuits, whereas
the PLANTOHYD base is natural. This change contrib-
uted to simplicity of the maintenance of the tractor
without any influence to operational parameters.

DISCUSSION

The obtained results and more than three years ex-
perience justifies the opinion that there are not severe
technical problems. which could prevent common utili-
zation of such kind of alternative fillings in Zetor trac-
tors when necded. No severe failure was noticed which
could be iniluenced by alternative fillings. On the other
hand there can be higher demands on the maintenance,
especially when using biofucls with higher amount of
MERO. This aggressive substance can accelerate the
deterioration of packing and rubber hoses in the fucl
system. Thus the producer recommends and oflers to
use a special packing. When using original packing fre-
quent controls are needed to prevent leakage. In this
case the regime of the engine is also important due to
the dilution of the engine oil, but our results prove, that
the proportion of about 30% of MERO in a mixed fuel
presented no problems.

Futher results were obtained when discussing the
economic evaluation of the operation with alternative
fillings. In the case of MERO the increasing of fuel
costs was not compensated by the price of this fuel
(higher consumption makes the price even higher; so
totally costs are increased more than by 25%). Further
the disadvantage more frequent engine oil changing has
to be considered and conseqently increasing opera-
tonal costs. That's why this biofuel was replaced with
"biofuel of sccond generation” not only in the testing,
but also in the general offer. In this balance considering
the MYRA-DIESEL modest operational costs can be
acceplable due to the price of this fuel for common use.
Morcover additional costs reed not be considered be-
cause of the dilution of the engine oil.

As for lubricants, it can be stated that tested oils
fully met the requirements. The recommendation is to
conserve original intervals of oil changing. On the
other hand when comparing the price of biodegradable
oils to “"classical" oils, the price merease is more than
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by 200%. Because of that there should be some refund,
when the owner of mobile mean utilizes this kind of
lubricants or fuels (Ondracek, 1999).

We don’t publish strict prices data and the number
200% has only an orientation value, because there are
big differences in prices around our country. The price
has changed quickly during the time. and more the
price heavily depends on amount of one delivery dose.

CONCLUSION

The final recommendations resulting from this test-
ing for the producer Zetor a.s. and for the owners of
Zetor tractors respect all findings described above. For
using alternative fuels that have to correspond to the
CSN 65 6508 standard it is recommended to replace
standard packing in the fuel system and especially in
the injection pump with the fuel proof ones. No addi-
tional adjustments of engine are needed. After the first
25 10 50 Mh of the alternative fuel operation a control
of the fuel filters 1s required. Replacement of standard
diescl is however allowed after running in (the interval
has to be checked in the owner’s manual).

As for oil fillings both oils that were used at the end
of testing PLANTOMOT 5W-40 (the engine oil) and
PLANTO HYTRAC SAE S80W (the oil for gear box,
the hydraulic system and servosteering) are recom-
mended as acceptable substitutes of the crude oil deri-
vates. When changing original oil fillings it is neces-
sary to control oil filters after the first 20 Mh of an
substitute operation.

Using of biodegradable {luids like operational fill-
ings in transportation means, especially in agricultural
tractors is still an unsolved problem in our country as
well as in the whole Europe. Results of our testing
proved that there are no significant technical barriers
for a wide application of such kind of fluids. The prob-
lems are not on the technical side. The economic, le-
gislative, monetary and ccologic policy should be the
prime solver of these problems. We are witnesses of
different solutions of finding the right proportion be-
tween using crude oil derivates, farming policy and
policy of transformation and exploitation of agricul-
tural products and their back usage in agricultural like
energy sources. It wasn’t the sense of this thinking over
to show the only way. but it contributes to the opinions
of the moderate using of alternative fillings in areas,
where it seems profitable.
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