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ABRASIVE WEAR OF HEAT-TREATED STEEL UNDER
SOIL CONDITIONS

ABRAZIVNI OPOTREBENI TEPELNE ZPRACOVANE OCELI
V PUDNICH PODMINKACH

J. Filipek, M. Cerny, J. Jand4k

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The problems of durability of machinery parts especially in agriculture do not always represent only damage
of the part by breaking, deformation, or corrosion. Important shortening of service life by abrasive wear appears on parts of
machines working in soil. The value of wear is in this case a function of hardness of the part surface. The toughness of the
material in the core of the part, which influences the using from the point of view of the dynamics of the process, is also
important. In this paper, a general verification of possible heat treatment of steel 14 260 has been done with view of conditions
of real abrasive wear in classical Bond testing equipment. Resulting wear is compared with abrasive wear resistance of
individual structures of steel and influences of conditions of heat treatment.

abrasion; roll and brush equipment; low alloy steel; heat treatment; soil characteristics; microhardness; structure; metalography

ABSTRAKT: Zivotnost strojnich souasti, pfedeviim v zem&dé€lstvi, neni déna vZdy jen poruSenim soudasti lomem, defor-
maci & korozi. U &asti strojii pracujicich v pidg je Zivotnost vyznamn& zkracovéna abrazivnim opotfebenim. Hodnota opo-
tiebeni je v tomto pfipadé funkci tvrdosti povrchu soudasti. DileZitd je rovnéZ houZevnatost materidlu v jadru sou&ésti, kterd
ovliviiuje pouZiti z hlediska dynamiky procesu. V pfispévku je souhrnnym zpisobem provedena verifikace moZného tepel-
ného zpracoviéni oceli 14 260 s ohledem na podminky redlného abrazivniho opotiebeni v klasickém Bondové zkuSebnim
zafizeni. Vysledné opotfebeni je porovnano s abrazivni odolnosti jednotlivych struktur oceli a s vlivy podminek tepelného
zpracovani.

abraze; bubnovy pfistroj; nizkolegovana ocel; tepelné zpracovani; piidni charakteristika; mikrotvrdost; struktura; metalografie

INTRODUCTION

Abrasive wear of machinery parts is both technical
and economic problem. If the abrasive has character of
loose material (loos soil, sand etc.) and low specific
pressure occurs on the working surface, the lower the
wear the harder the working surface (Pluhaf et al., 1989).
The wear resistance of both pure metals and steels with-
out heat treatment is in direct proportion with hardness
(Blaskovi¢ et al., 1990). The wear resistance grows in
dependency with hardness by heat-treated steels, but
the growth is not so intensive as it is by pure metals.
Mentioned experiences presume that abrasives are sub-
stantially harder than tested materials. Quenching and
tempering, thermomechanic treatment, surface quench-
ing, hardening by surfacing, flame spraying, chemical
heat treatment, chromium plating etc. are used in order
to improve the working life of steel machinery parts.
The wear resistance of surface layer doubled or trebled
by hardening of surface layer of steel 14 140 by laser
beam (Obi¢enko et al., 1982). The level of wear of
steel depends not only on its hardness but on its number,
shape, size and on spreading of structure components.
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In soil, hard particles of SiO,, particles of quartz
sand, are the main reason for abrasive wear. Hardness
of these particles (about 1000 HV) is substantially higher
than that of steels treated by flame or of pure steel. The
hardness of nitrided steels and casehardened steels is
comparable with sand; sintered carbides and ceramic
are harder.

Operating tests in field conditions confirmed that
abrasive wear resistance grows with the growth of hard-
ness (Scheffer, Allen, 1988). The possibilities of using
micro high-tensile alloy steel are being tested; these
steels are advantageous not only from the point of view
of their abrasion resistance, but also from the point of
view of costs of materials (Zdraveck4, Simon, 1997).
Using hard surfacing is a further possibility how to
increase wear resistance. Ledeburitic alloy cast iron
overlay on plough blade caused 20 times growth of
durability compared with conventional plough blades
(Tolnai, Balla, 1996). Brozek (1996) tried to find out
abrasive wear resistance on abrasive cloth in accor-
dance with standard CSN 01 5084. For example, over-
lay by electrode OK 84.84 was about 8 times harder
than etalon sample of steel 12 014.20, but specific wear



was 50 times lower. High hardness and high abrasive
wear resistance is reached by spraying of ceramic ma-
terials on working surfaces of machines for soil pro-
cessing. Working life of removing machine with ceramic
coating has grown five to eight times (Poldk, 1992).
The aim of our contribution is to show how heat
treatment (without using protective atmosphere) influ-
ences the abrasive wear resistance in soil conditions.

MATERIALS AND METHODS

The wear has been caused by loose abrasive parti-
cles in roll and brush equipment according to Bond
(Fig. 1). Heat-treated steel samples (1) fixed in rotor
(2) which rotates in speed 615 rev. min~!. The rotor is
placed in drum (3), which rotates in the same direction
in speed 70 rev.min”'. Abrasive effect is initiated by
1 000 cm? of loose soil (4). The extent of wear has
been set on the basis of loss of weight on eight tested
bodies (four sorts of heat treatment, two pieces of each)
in time intervals 15, 30, 120 and 240 minutes in twelve
different sorts of soil.

Strip steel 40x6 CSN 42 5342 — 14 260.3 in soft
annealed state has been used for the production of
tested samples. Their chemical composition can be seen
in Tab. I. 77 mm long samples were cut and than their
edges were planed by milling. Tested samples were
heat treated in electric chamber furnate without using
protective atmosphere as follows:

— normalising annealing (14 260.1) 870 = 20 °C

(40 min) air

section A - A A
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I. Chemical composition of steel 14 260

C Mn Si Cr | Nipyy | Cumax | Prmax | Smax
0.50 | 050 [ 1.30 | 0.50 | 0.50 | 0.30 | 0.035 | 0.035
0.60 | 0.80 | 1.60 | 0.70

2

— quenching and tempering (14 260.7)
quenching 850 + 20 °C (30 min) oil
tempering 500 £ 20 °C (40 min) air
— quenching and tempering + surface quenching of
edges by laser

After heat treating, the samples were reground on
surface grinding machine with minimum material re-
moval in order to get pure metal surface. Testing body
in the shape of prism has final size 76 x 40 x 6 mm,
the surface roughness is Ra = 0,4 nanom.

Twelve soil samples from various localities have
been used as an abrasive filling in Bond equipment
(Tab. II).

RESULTS

Weight losses of heat-treated steel samples in indi-
vidual soils were very low and there was considerable

. Characteristics of soil samples

1 | Jilmovi Eutric Cambisol from mica shist

2 | Nové Dvory | Eutric Cambisol from syenite

3 | Nové Mésto | Eutric Cambisol from syenite

na Moravé

4 | Javirek Eutric Cambisol from phyllite

5 | Rokytno Ferro-humic Podzol from gneiss

6 | Mrékotin Eutric Cambisol from granite

7 | Snézné Eutric Cambisol from mica shist

8 | Vatin Eutric Cambisol from gneiss

9 | Vojtéchov Eutric Cambisol from phyllite
10 | Slavétice Eutric Cambisol from amphibolite
11 | Pfibylov Eutric Cambisol from sandy marlite
12 | Kameni¢ky | Gleyic planosol from polygenetic loam

o 15 30 60 120 240
testing time (min)

2.-Course of wear of heat-treated samples of steel 14 260
— soft annealed
— normalised

- - - quenched and tempered
---- quenched and tempered, and surface quenched
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4. Structure of globular pearlite of soft annealed steel (enlarged
500x)

dispersion. Corners and edges of samples were worn
the most. The weight loss was from 13 to 83 mg (in
dependence on the way ol heat treatment and on the
sort of soil). Fig. 4 shows mean values measured in all
12 soils.

DISCUSSION

Microhardness (Fig. 3) has been measured in all sorts
of heat treatment in order to analyse results of wear
(Fig. 2). Samples were taken from tested samples and
they were treated both mechanically and electrochemi-
cally to enable analysing by light microscopy on mi-
croscope Neophot 32. Taking into account chemical
composition of steel 14 260 and heat treatment in elec-
tric furnace without protective atmosphere, the results
of the studies of morphology of individual samples
have been presented in accordance with results of
measuring of microhardness.
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5. Big ferrite grains of normalized steel (enlarged 500x)

Soft annealed samples (delivered state) show fer-
ritic-pearlitic structure with globular pearlite (Fig. 4).
The lowest hardness of the structure corresponds with
reduction of material by abrasion.

Normalized samples have, due to decarburization,
up to 0.7mm thick layer of ferrite on the surface (the
thickness grows with the temperature of heating, with
time of pause and with the content of silicon in the steel
— Fig. 5). Fast initial abrasive reduction of material is
caused by grinding of ferrite layer. After wearing of
mentioned ferrite layer and transition layer to the area
of lammelar pearlite and ferrite (Fig. 6), the curve gra-
dient of wear is comparable with curve for soft an-
nealed steel (the influence of decarburizated layer is
missing).

By quenched and tempered steel, the abrasion wear
is a function of the thickness of decarburized layer and
the transition layer. Under this zone there is a mixture
of sorbite and fine ferrite (Fig. 7), which is harder,
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6. Transfer of ferrite into the area of lamelar pearlite of normalized
steel (enlarged 500x)

7. Ferrite layer above sorbitic core of quenched and tempered steel
(enlarged 50x)

8. Structure of laser quenched sample (enlarged 50x)

more homogenous and more resistant than the structure
of globular and lamelar pearlite (Figs 4 and 6) of soft
annealed and normalised steel.

Samples surface quenched by laser after quenching
and tempering have complex structure of three layers
(Fig. 8). Upper decarburized layer transfers into the
area of plate martensite with high content of ferrite and
then to pure martensite (Fig. 9). Measured microhard-

ness (Fig. 3) confirms the fact, that the core is made of

sorbite—structure after quenching and tempering (Fig.
10). It comes out of the measurement, that the marten-
sitic structure as the hardest one — about 800 HVM (to
the depth about 1.7 mm) is the most resistant from the
point of view of abrasion (Fig. 2).

9. Martenzitic structure between ferrite and sorbite of laser quenched
sample (enlarged 500x)

CONCLUSION

The wear resistance is influenced by the quality of
heat treatment. If the heating of steel parts is done in
ordinary furnaces without protective atmosphere, iron
scale is produced and the surface is decarburized. The
surface layers will be softer due to presence of ferrite
grains. After their grinding-off, further abrasion is in-
fluenced by structure after heat treatment in the depth
more than 0.5 mm. If there is not technological equip-
ment available. which enables heat treatment of steel
without air access, it is possible to use protective paint
KALSEN (SVUM Praha).

Surface laser quenching is more and more used in
mass production. Gained martenzit structure with sor-

RE
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10. Sorbitic structure after quenching and tempering (enlarged 500x)

bitic core forms the most suitable combination of wear
resistance and steel toughness.
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ZIVOTNI JUBILEA

K Zivotnimu jubileu prof. Ing. Karla

Prof. Ing. Karel Neubauer,
(CSc. = vyznamni osobnost,
emeritni profesor ‘Technické
(dfive Mechanizacni) fakulty
Ceské zem&delské univerzity
v Praze — se 6. zifi 1999 do-
zil 75 let.

Se vznikem Mechanizac-
ni fakulty VSZ v Praze v ro-
ce 1952 se na jednotlivych
katedrich postupné profilo-
vali i vyznamni odbornici, Kieri svému oboru zasvEtili
podstatnou ast Zivota.

Jednim 7 nich je i prof. Ing. Karel Neubauer, CSc..
na ktercho si jist¢ kazdy byvaly student fakulty 7 obdo-
bi padesatych a7z devadesiatych let vzpomene. Mnozi si
pripomenou jeho osobity pfistup k prednaskam, pech-
vost a7z preciznost pii vykladu i gralické prezentaci,
snahu 1 sebeslozitej§i problém vysvetlit tak, aby studen-
twm zustalo 1o podstatng zalixoviano po Gspesné slozené
7kousdce.

Prol. Neubauer pedagogicky pasobil na Vysoké Sko-
la zemedClské v Praze od 1. ledna 1951 do 31. srpna
1990. Byl a stidle je vyznamnym odbornikem v oblasti
stroju pro sklizen picnin, obilovin a specidlnich plodin.
Uznédvand je jeho publikacni ¢innost v oblasti pedago-
gické literatury. Byl vedoucim autorského kolektivu
a spoluautorem celostini vysokoSkolske ucebnice z ro-
ku 1989 — Neubauer K. a kol.: Stroje pro rostlinnou

Neubauera, CSc.

vyrobu — a tomuto vydini piedchizejicich skript. Déle
byl vedoucim autorsk¢ho kolektivu dvou vydani celo-
stitni ucebnice pro stiedni zemédelské mechanizacni
Skoly z let 1959 a 1963, kterd vySla v ¢eStuné i ve
slovensting.

V oblasti védeckovyzkumné se prof. Neubauer vE-
noval sklizni obilovin — zjiS(oviani [yzikdlné-mecha-
nickych viastnosti zpracovivaného materidlu ovliviuji-
cich prici prihinéce, vytidsadel a cistidla sklizecich
mliticek.

Prof. Neubauer se vyrazn¢ podilel na Fizeni Skoly
i lakulty ve funkceich prorektora a prod&kana. Pracoval
Jako predseda komise pro stani zaveéredné zkousky na
vysokych Skolich v Brn¢ a v Nitie. AngaZoval se
v tvorb¢ ucebnich plina a osnov pfedméti, byl Skolite-
lem aspirantt a oponentem: kandiddatskych praci a vy-
zkumnych zpriv.

Prof. Neubauer se stile Zive zajimd o svij obor a ma
dobré neformalni kontakty se svym dlouholetym praco-
VISIEm, kam pravidelné dochazi. Prilezitostng se dcastni
price v habilitacnich komisich a komisich pro profesor-
sk jmenovaci Fizeni.

Svému panu profesorovi picje kolektiv katedry ze-
médelskych stoji T1F CZU v Praze — a s nim jisté
i dlouhd Fada absolventi fakulty — mnoho zdravi i po-
hody do dalSich let a ujistuje ho v piesvédceni, Ze vy-
konal pofidny kus dobré price. K tomuto pfini se pfi-
pojuje i redakeni rada Casopisu ZemédcElska technika.

Daoc. Ing. Adolf Ryvbka. CSc.
vedouci katedry zemédélskych strojii TF CZU v Praze
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DEMAND OF ENERGIE OF TILLAGE BY CULTIVATION
OF WINTER WHEAT ON SILT LOAMS

ENERGETICKA NAROCNOST ZPRACOVANI PUDY PRI PESTOVANI
OZIME PSENICE NA HLINITYCH PUDACH

L. Kadléek', J. Cervinka®

!Jasenovd, s.r.o., Blatnicka, Czech Republic
Mendel University of Agriculture, Brno, Czech Republic

ABSTRACT: In this contribution there is solved the energy demand for grooving winter wheat at cooperative farm OstroZsko,
a.s. In three variants (traditional tillage — var. 1, minimum tillage — var. 2, direct sowing — var. 3) there were watched complex
energy demands for these variants. Obtained data are presented in Fig. 1-5. Discussing the results, we found that the variants
are most demanding on indirect energy, which was 92-94% of whole consumption. Fuel consumption was only 2-4% of
whole energy demands.

energy demands: technology line; winter wheat; fuel consumption

ABSTRAKT: V piispévku je popsédno feSeni energetické naro¢nosti péstovani a sklizné ozimé pSenice v zemé&dé&lském podniku
OstroZsko, a.s. Ve tfech sledovanych variantdch (konvenéni zpracovéni piidy — var. 1, minimalizaéni zpracovéni pudy — var. 2 a seti
do nezpracované pudy — var. 3) byla stanovena celkova energeticka niro¢nost a ta je graficky znédzornéna na obr. 1 aZ 5. Z vysledki
sledovani vyplyvi, Ze ve sledovaném podniku jsou varianty nejnaroné&jsi na spotfebu nepfimé energie, ktera ¢ini 92 aZ 94 % celkové

energie. Spotieba energie formou nafty ¢inila u sledovanych variant 2 a% 4 % z celkové spotfebované energie.

energetickd naro¢nost; technologickd linka; ozimd pSenice; spotieba energie

INTRODUCTION

Agricultural production may be characterized as
a process of energy transformations and changes of
mass factors of production process with the aim to ob-
tain the final product. The demand of energy is one of
the major criteria, which determines suitability of
working operations, procedures and technologies in ag-
ricultural production. The importance of this criterion
increases in dependence on increasing prices of energy
inputs into production and it can be said that the de-
mand of energy shows very often a decisive effect on
economic efficiency of production. The demand of en-
ergy is expressed by specific indexes of energy con-
sumption, i.e. indexes which show consumption of en-
ergy per unit of final production (Syrovy, 1997).

In agriculture, energy consumed during the production
process may be classified as direct and indirect. Direct
energy is used directly for production. This is energy
obtained from fossil fuels (Diesel oil, natural gas, coal
etc.). Indirect energy is used for production of material
inputs (machines, chemicals, building materials etc.) com-
ing into agricultural primary production from other indu-
strial branches. Tillage represents mechanical interven-
tions into soil associated with a high energy consumption
and for that reason there are concentrated efforts to reduce

RES. AGR. ENG., 46, 2000 (1): 7-9

consumption of both crude oil and labour to reduce unit
costs of production. Under average soil conditions of
the Czech Republic, fuel consumption for post-harvest
stubble breaking and ploughing-in of organic manure
or catch crops ranges from 11 to 13 and from 19 to 21
litres of Diesel oil per hectare, respectively. As far as
deep ploughing and very deep ploughing are con-
cerned, the corresponding figures are 27 to 30 and 35
to 38 litres per hectare, resp. (Syrovy, 1997). A quali-
fied use of new, non-traditional methods of tillage can
be associated with a significant reduction in consump-
tion of Diesel oil and labour without any risk of either
decreased yields or increased production costs (e. g. for
agrochemicals). A correct aggregation of tractors with
tilling machines may significantly contribute to the re-
duction of energy consumption for tillage.

METHODS

SELECTION OF EXPERIMENTAL VARIANTS
Experiments enabling to study technologies of

growing winter wheat were established on fields of the

agricultural co-operative OstroZsko, a.s., which is situ-
ated in the foothills of the White Carpathians Moun-



tains in altitudes of 170 to 310 m. In this region, the
predominating type of soils is chernozem consisting of
50 to 60% of dust particles, 25 to 30% of clayey par-
ticles and 20 to 25% of fine sand. These soils show
a wide interval of moisture content when they can be
tilled. The following variants were selected to compare
energy consumption of tillage:

Variant 1: Traditional method of tillage

1. ploughing with the tractor ST-180 and the plough 6

PHX-35-1H;

2. soil preparation with the tractor Z 120 11 and the
combined cultivator Saturn;
3. sowing with the tractor Z 120 11 and the sowing

machine Pneusej 6 MT 48.

This method of soil preparation was characterised by
the use of a single-sided mounted plough. Ploughing
enables a good embedding of plant residues of fore
crop, plant material of catch crops, germinating seeds
of weeds and germinating seeds of fore crop.

Variant 2: Minimum tillage

1. shallow cultivation with the tractor Z 162 45 and the
disc tiller PB 4-083;
2. soil preparation with the tractor Z 162 45 and the

rotary harrow PB 2-102;

. sowing with the tractor Z 122 45 and the sowing

machine Pneusej 6 MT 48.

For the minimum tillage method it is typical that
ploughing is replaced by cultivation of soil. For sow-
ing, the soil is prepared with the rotary harrow PB
2-102 which assures a mixing of soil residues with the
upper soil layer to obtain a suitable seeding bed.

o

Variant 3: Sowing into non-tilled soil — direct sowing

1. sowing with the tractor John Deere 8200 and the
drill for direct sowing JD 750 A.
This method of sowing is characterised by an ab-
sence of ploughing and pre-sowing tillage operations.

ESTIMATION OF EXPLOITATION PARAMETERS
OF MACHINERY UNDER STUDY

In all experimental variants, exploitation indexes of
machine sets (W, Wy, Wy, Wy7) were estimated by
means of measuring of time pictures and the fuel con-
sumption was measured with the fuel meter Js 6 — Type
8500.06 (manufacturer Adast Adamov, CR) within
a followed track of 100 m.

ENERGY DEMAND FOR GROWING WINTER WHEAT

Diesel oil consumption for individual operations of
growing and harvesting of winter wheat was measured
in all experimental variants. All other operations asso-
ciated with growing and harvesting of winter wheat

(i. e. transport of seed material, harrowing, fertilizing,
transport of spraying solutions, harvest and transport of
grain) were defined in a uniform manner and they are
the same for all variants. Yields were measured in all
variants and consumption of energy per hectare and ton
of production was calculated using conversion coeffi-
cients (Preininger, 1989).

RESULTS

Calculated and measured data were analysed and are
presented in graphical form in Figs 1-4. Total energy
consumption in MJ per 1 hectare is presented in Fig. 2.
The highest energy demand showed Variant 3. This
was caused by indirect energy consumption for produc-
tion of pesticides and fertilizers. When comparing per-
centages of Diesel oil consumption in Variant 3, it was
calculated that 82% of energy consumption was asso-
ciated with herbicides and fungicides, 12% with fertil-
izers, 4% with seed material and 2% with Diesel oil
consumption (Fig. 1).

The lowest energy demand was found in Variant 2.
In this case, the demand of energy was lower by
77 MJ.ha™! than that in Variant 1, 1. e. traditional
method of soil tillage. In Variant 1, Diesel oil con-
sumption represented 4 % while that for fertilizers and
agrochemicals was as much as 90%. Remaining 6%
represent consumption of energy for seed material, ma-
chinery and labour. This difference results above all
from a change in the most important operation, i. e.
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substitution of ploughing by shallow cultivation with
a rotary harrow. Consumption of time in individual ex-
perimental variants in hours per hectare is presented in
Fig. 3. The lowest time consumption was measured in
Variant 3, viz. 2.95 hours. In this case, time consump-
tion per hectare was lower by 57.5% than in Variant |
so that the productivity of labour was doubled.
A marked difference was observed in consumption of
Diesel oil which was the lowest in Variant 3 (Fig. 4).
As compared with Variant 1, the consumption of Diesel
oil was lower by 28.8 litres. It can be concluded that

saving of ca 30 litres of Diesel oil represents cost re-
duction of 550 CZK per hectare.

When comparing energy consumption per ton of
production (Fig. 5) it was found out that the highest
and the lowest values were recorded in Variant 3 and
Variant 2, respectively. However, the difference in en-
ergy consumption per unit of production was not as
marked as in case of the total energy consumption
(compare Fig. 2 and Fig. 4).

It results from data presented above that the indirect
consumption of energy was the highest variable in all
three experimental variants of growing and harvesting
winter wheat and that the consumption of Diesel oil
represents only 2 to 4% of total energy consumption.

CONCLUSIONS

When growing cereals it is necessary to reach the
maximum effect and, thus, the most rational use of
inputs within the whole scope of growing technology.
Not only in the Czech Republic but also in whole
Europe there is a tendency to reduce inputs of energy
and materials, above all in the field of plant protection,
fertilization and tillage. An estimation of energy de-
mands for individual components of the system of
growing of cereals provides a new view of possibilities
of a further rationalisation of cereal growing technolo-
gies. An increased efficiency of these growing tech-
nologies requires the development of new methods in
the field of diagnostics, signalisation and consultancy
because this could help us to reduce costs of fertilizers,
pesticides and growth regulators. In future it will be
necessary to consider growing technologies as a com-
plex of measures optimised on a given regional and
agroecological level.

The Czech agricultural production will be forced to
change its priorities due to the opening of foodstuffs mar-
ket; not the maximum production but top quality and
efficiency of production will be required to be competi-
tive not only on European but also world markets.
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VLIV ZATIZENI HNACICH KOL NA TAHOVE
VLASTNOSTI TRAKTORU

EFFECT OF DRIVING WHEELS LOAD ON TRACTIVE PROPERTIES
OF THE TRACTOR

F. Bauer, P. Sedlak

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Correctly selected additional load on driving wheels is important for effective exploitation of tractor engines
especially in the case of higher capacity classes. This paper, resuming traction tests of a John Deere 8 200 tractor, has to
demonstrate how ballast added to rear wheels of the tractor is changing its tractive properties. The goal set was to bring test
results as close as possible to ploughing which is the most power consuming agrotechnical operation. Therefore, the meas-
urements were performed by driving the tractor with right wheels in the furrow and left ones on the unploughed soil. The
tested tractor was loaded with a ploughing set consisting of a John Deere 7 700 tractor and a 6-PHX-40-H semi-mounted one
side plough. The plough was set to a defined ploughing depth before each measurement. For a certain distance the size of
tractive force was constituted by the ploughing resistance of the plough together with the rolling resistance of the ploughing
set. Between the measured tractor and the loading ploughing set there was installed a strain gauge sensor HOTTINGER type
U2A in the height of 670 mm. The sensor signal was led to the amplifier and via A/D converter to the computer. When the
set moved through the measured distance there was measured simultanously the slippage of all tractor wheels, time of the
travel through the distance and the fuel consumption. Fuel consumption was measured by means of a Flowtronic 205 flowmeter
with a Flowjet 4703 valve installed in the fuel system of the tractor, Measurements were performed with front tyres KLEBER
super 9 L 480/70 R 30 RADIAL inflated to 170 kPa, front wheel track 1 890 mm, and with rear tyres KLEBER super 9 L
620/70 R 42 RADIAL, inflated to 140 kPa, rear wheel track 1 810 mm. Measurements were taken on a loamy soil, soil type
— brown soil. The plot had been cultivated by a disk tiller to the depth of about 5 ¢cm 14 days before the tests. The measured
John Deere 8 200 tractor was loaded by the ploughing set. Before each measurement a certain ploughing depth was set on
the plough which together with the rolling resistance of the ploughing set defined the range of the tractive force of the
measured tractor for the specific distance measured. The length of the measuring distance was marked-out as 50 m so as to
allow for sufficient settlement of measured values ahead of the measured distance. Values measured and calculated for
a tractor without ballast are presented in Tabs I and II, values for the tractor with ballast in rear wheels are presented in Tabs
IIT and IV. The measured values were statistically processed by regression analysis and the calculated regression functions
were plotted together with measured data in charts. Tractive characteristic for the 9th gear is presented in Fig 1. Figs 2 and 3 show
the curves of rear driving wheels slippage plotted against tractive force. The closedness of calculated relationships was
evaluated by means of the correlation index. Its value was in the range of /,, = 0.986-0.999, which witnessed to the very
high closedness of all relationships. The statistical evidence of the regression functions was verified by variance analysis.
Results of the F-test with regression fuctions and correlation indices are presented in Tab V. The results show that two
regression curves C and D, substituting the measured values, are evident on the significance level oo = 0.05 and the other
ones are highly evident on the significance level o = 0.01.

tractive properties; specific traction consumption; wheel slippage; adhesion load; traction efficiency

ABSTRAKT: Spravné dotiZeni hnacich kol traktoru je velmi dileZité pro zajisténi efektivniho vyuZiti vykonu motoru. To
plati pfedev§im pro traktory vysSich vykonovych tiid. Cilem piispévku je ukézat na zdklad& provedenych tahovych zkousek
traktoru John Deere 8 200 vliv pfidavnych z4téZi do zadnich kol traktoru na zménu tahovych vlastnosti. Z naméfenych hodnot,
které jsou graficky zpracovany, je vidét rozdil v dosaZeném tahovém vykonu mezi variantou s pouZitym zdvaZim v zadnich
kolech a variantou bez zavaZi. Energetickou tsporu dokazuji vypo&tené hodnoty mérné tahové spotieby nafty.

tahové vlastnosti; mérna tahové spotieba; prokluz kol; adhezni zatiZeni; tahovi Gcinnost

UVOD dulezité spravné dotiZit hnaci kola. DotiZeni hnacich
kol traktoru podstatné ovliviiuje zabérovy moment, a tim

Pro efektivni vyuZiti vykonu motoru kolovych trak-  vzristd tahova d¢innost. Tahova sila traktoru zdvisi na
tort, predevSim traktori vy38ich vykonovych tiid, je  adheznich silach pasobicich na hnaci kola a na schop-
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1. Vypo&tené hodnoty zjist&né pfi tahové zkousce traktoru JD 8 200, varianta bez pfidavného zdvaZi v zadnich kolech. Tahovi zkouska na
9. prevodovy stupeii. Misto: Trhovy Stépanov — Calculated values found at traction test of JD 8 200 tractor, variant without ballast in rear

wheels. Traction test 9th gear. Site: Trhovy Stépanov

Cislo Otécky motoru® | Tahovié sila® | Spotfeba paliva® Cas® Rychlost® Tahovy vykon’ | Méma spotfeba®
méfeni’ -"-l F, Q T v-t P, m” B
(min™") (kN) (ml) (s) (m.s™') (kW) (g.kWh™")
9 2200 36,40 228,095 21,44 2,33 84,888 372,221
10 2 200 43,90 269,990 23,10 2,16 95,022 365,317
11 2100 50,83 317,205 26,28 1,90 96,709 370,686
12 2 100 49,01 311,220 25,73 1,94 95,239 377,198
13 1 900 58,44 408,975 35,39 1,41 82,566 415,693

1

nosti pneumatik danou silu pfenést na pidu. Schopnost
pienést silu na obvodé kol na pidu zévisi na adheznim
zatiZzeni hnacich kol, které je z hlediska nezadouciho
utuZeni pudy limitovano. Uvedenou problematikou se
zabyvali mnozi autofi, napf. Semetko et al. (1986),
Gredenko (1994), Bauer, Sedlak (1998) a dalsi. UZiva-
tel v8ak pozaduje co nejvyssi tahovou ucinnost, poné-
vadZ nevyuZity vykon motoru stoji zemédélce penize
navic.

Podle naSeho nazoru dne$ni zemédélska praxe nevé-
nuje otazce vyuZiti vykonu motoru dostate¢nou pozor-
nost, coz vede ke zvy$ovéni nikladi na provoz trakto-
ri. V soucasné dobé v naSich zemédélskych podnicich
odpracuji traktory vysSich vykonovych tfid v priméru
1 500 aZ 2 000 hodin za rok, v nékterych pfipadech i
vice. Pfi primérné hodinové spotfebé paliva 35 az 45
litri pfedstavuji potom ro¢ni naklady na nakup nafty
Castku presahujici milion korun. Vezmeme-li celkové
néklady na provoz traktorti za obdobi celého roku, zjis-
time, Ze naklady na palivo jsou jedny z nejvysSich.

Chceme-li komplexnéji posoudit tahové vlastnosti
traktord, nevystacime jen s udaji o tahové sile, pracov-
ni rychlosti, prokluzu a tahovém vykonu, ale musime
poznat vzijemné vztahy téchto ukazateli. Pro praktické
vyuZiti je ucelné uvedené ukazatele vynést graficky
v zavislosti na tahové sile. Tim ziskame tahovou cha-
rakteristiku. Cilem na$i prace bylo ukazat na zakladé
tahovych zkouSek traktoru John Deere 8 200 vliv pfi-
davnych zatéZi do zadnich kol traktoru na zménu taho-
vych vlastnosti. Uvedené vysledky byly ziskany v ram-
ci feSeni etapy vyzkumného zaméru AF MZLU v Brng
s nazvem Ekonomicka a energetickd naronost zemé-
délské techniky v rostlinné produkci.

METODA

Aby se vysledky zji§téné pii tahovych zkouskach co
nejvice pfibliZily energeticky nejnaroénéjsi agrotech-
nické operaci, tj. orb&, bylo mé&feni realizovéno tak, Ze
se traktor pohyboval pravymi koly v brizdé a levymi
koly po zahoné. Za timto ucelem byl zkouseny traktor

12

. 3 . 4 . S, 6, 7 . R . .
measurement No, 2engm(: speed, “tractive force, “fuel consumption, “time, “speed, 'tractive power, “specific consumption

zatéZovan pripojenou orebni soupravou. ZatéZovaci oreb-
ni soupravu tvofil traktor John Deere 7 700 a navésny
jednostranny pluh 6-PHX-40-H. Pfed kazdym méfenim
byla na pluhu nastavena uréitd hloubka orby. Orebni
odpor pluhu spolec¢né s valivym odporem orebni sou-
pravy tvofily pro dany usek velikost tahové sily. Mezi
méfeny traktor a zatéZovaci orebni soupravu byl ve
vySce 670 mm umistén tenzometricky snimaé HOT-
TINGER, typ U2A. Signal ze snimace byl pfiveden na
zesilovac a pies A/D prevodnik do pocitace. Pfi pohybu
soupravy méficim usekem byl soucasné méfen prokluz
viech kol traktoru, ¢as na prujezd tsekem a spotieba
nafty. Spotfeba nafty byla méfena priutokomérem Flow-
tronic 205 s Flowjet ventilem 4703 namontovanym do
palivové soustavy traktoru. Pii méfeni byly na pfedni
népravé namontovany pneumatiky KLEBER super 9 L
480/70 R 30 RADIAL, husténi 170 kPa, rozchod pfedni
napravy 1 890 mm. Na zadni napravé byly pouZity
pneumatiky KLEBER super 9 L 620/70 R 42 RADIAL,
husténi 140 kPa, rozchod zadni napravy 1 810 mm.
Méieni se konalo na hlinité pidé, padni typ — hnéda
puda. Pozemek byl 14 dni pfed zkouskami oetfen dis-
kovym podmitacem do hloubky cca 5 cm.

II. Vypoctené hodnoty prokluzu kol pfi tahové zkousce traktoru
JD 8 200, varianta bez pfidavnych zdvaZi v zadnich kolech. Tahova
zkoudka na 9. pfevodovy stupeii. Misto: Trhovy Stépanov — Calcu-
lated values of wheel slippage at traction test of JD 8 200 tractor,
variant without ballast in rear wheels. Traction test 9th gear. Site:
Trhovy St¥pinov

Prokluz?

Ehslo zadni kolo® predni kolo*
méfeni' levé’ pravé® levé pravé

8,7 8pz S.p Spp

(%) (%) (%) (%)
9 11,72 10,75 13,38 10,39
10 18,81 15,53 16,53 15,35
11 25,59 19.86 21,74 20,04
12 23,02 17,71 19,00 18,89
13 40,87 26,69 34,98 32,35

¢ No, 2 lippag 3rear wheel, *front wheel, *left, 6righl
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I1I. Vypoétené hodnoty zjisténé pfi tahové zkousce traktoru JD 8 200, varianta s pfidavnym zdvaZim v zadnich kolech. Tahové zkouska na
9. pfevodovy stupefi. Misto: Trhovy St¥panov — Calculated values found at traction test of JD 8 200 tractor, variant with ballast in rear

wheels. Traction test 9th gear. Site: Trhovy Stépénov

ol Otatky motoru® | Tahova sila® [Spotieba paliva® Cas® Rychlost® | Tahovy vykon’ [M&rné spotteba®
slo
méfeni’ n F, Q T v P, My
(min!) (kN) (ml) (s) (m.s™h) (kW) (gkW L hh
45 2200 31,66 216,790 20,84 2,40 75,960 406,738
46 2 200 34,89 216,125 20,96 2,39 83,230 367,951
47 2200 49,49 286,615 23,70 2,11 104,409 344,007
48 2 100 53,36 314,545 25,54 1,96 104,464 350,149
49 2 100 51,73 25,13 1,99 102,925
50 1900 56,98 341,810 27,96 1,79 101,896 356,327
51 1 900 60,49 379,050 32,98 1,52 91,707 372,220
52 1550 62,57 415,625 39,45 127 79,303 394,568
For 1-8 see Tab. I
IV. Vypo&tené hodnoty prokluzu kol pfi tahové zkousce traktoru 120 1200
JD 8 200, varianta s pfidavnym zdvaZim v zadnich kolech. Tahova
zkoudka na 9. pfevodovy stupeii. Misto: Trhovy St€panov — Calcu- : L
lated values of wheel slippage at traction test of JD 8 200 tractor, 100 ﬁ '/' e 1000
variant with ballast in rear wheels. Traction test 9th gear. Site: Tr- ‘ 4 %
hovy § /% by
ovy Stépinov \ 4 B \
Prokluz? 80 : 800 =
3 4
Cislo zadni kolo piedni kolo i i
méfeni! levé’ pravé® levé pravé %
3 80 600
87 8pz 5p Bpp 2 g
(%) (%) (%) (%) 2
45 573 9,60 8,14 E ¢l ;
40 = 400
46 8,52 7,65 10,53 9,42 e
47 15,52 13,10 20,93 15,97 )
48 21,97 15,44 22,40 19,34 20 200
49 20,48 16,00 16,22 16,88 f
50 25,38 16,35 24,09 21,38 " W
51 30,34 19,73 30,31 26,57 0 10 20 30 40 50 60 70
52 36,14 24,28 36,62 30,98 Tahoyh stia (KN}

For 1-6 see Tab. II

Méfeni probihala na dseku o délce 50 m. Pfed mé-
ficim dsekem byla ponechéna dostatednd vzdélenost na
ustaleni méfenych hodnot. Pfi prijezdu soupravy use-
kem byly naméfené idaje prib&zné ukladany do paméti
pocitate. Celkem byly méfeny tfi rychlostni stupné —
7., 8. a9. Pro demonstraci jsou v nafem pfisp&vku uve-
deny naméfené a vypoctené hodnoty pro 9. pfevodovy
stupefi, a to s pfidavnym zévaZim v zadnich kolech
a bez ného. Méfeni se konalo za stejnych podminek,
takZe mechanicko-fyzikalni vlastnosti pudy muZeme
povaZovat za konstantni.

VYSLEDKY

Naméfené a vypoétené hodnoty pro traktor bez pfi-
davného zévaZi jsou shnruty v tab. I a II, hodnoty ty-

RES. AGR. ENG,, 46, 2000 (1): 11-15

1. Tahové charakteristika traktoru John Deere 8 200 na 9. ptevodovy
stupeii — Traction characteristics of John Deere 8 200 tractor, 9th gear

p, — tahovy vykon — tractive power

m,, — mérmna spotfeba — specific consumption
F, - tahov4 sila - tractive force

— bez zdvaZi — without ballast

—.— se zéivaZim — with ballast

kajici se traktoru vybaveného zavaZim v zadnich ko-
lech jsou uvedeny v tab. III a IV. Namé&fené hodnoty
byly statisticky zpracovdny pomoci regresni analyzy
a vypoctené regresni funkce byly spolu s naméfenymi
udaji vyneseny do grafu. Tahovéa charakteristika pro
9. pfevodovy stupeii je uvedena na obr. 1. Na obr. 2 a 3
je znazornén prubéh prokluzi zadnich hnacich kol v za-
vislosti na tahové sile. Tésnost vypoctenych zéavislosti by-
la hodnocena pomoci indexu korelace. Jeho hodnota se
u vSech funkei pohybovala v rozmezi 1, = 0,986 az 0,999,
coZ svédCi o velmi vysoké tésnosti vSech zavislosti.
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s © “ 50 % &
Tahové sila (kN)

2. Prib&h zévislosti prokluzu zadnich kol traktoru bez pfidavnych
zévaZi v kolech na tahové sile; pravéd kola traktoru se pohybuji
v brézdg, leva kola na zihonu — Relationship of rear wheels slippage
without ballast as plotted against tractive force; right wheels moving
in the furow, left wheels on unploughed soil

prokluz — slippage

tahovi sila — tractive force

brizdové kolo bez zivaZi — furrow wheel without ballast

........ zéihonové kolo bez zivaZi — wheel on unploughed soil, without
ballast
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3. Prib&h zivislosti prokluzu zadnich kol traktoru s pifidavnym
zéivaZzim v kolech na tahové sile; pravd kola traktoru se pohybuji
v brazdg, leva kola na zihonu — Relationship of rear wheels slippage
with ballast as plotted against tractive force; right wheels moving in
the furow, left wheels on unploughed soil

prokluz - slippage

tahovd sila — tractive force

——— zdhonové kolo se zévaZim — wheel on unploughed soil, with
ballast

brizdové kolo se zivaZim — furrow wheel with ballast

V. Vysledky regresni analyzy a F-testu — Results of regression analysis and F-test

: 5 F-kritérium?
(o) Vypottené Cfinkce? Index korelace
kfivky' P ° 5 F Frap Frap
) wp o= 0,05 o= 0,01
A y =-0,0017x> + 0,1251x% - 0,1693x + 7.5656 0.9984 25.45 5.19 11,39
B y = -0,0014x + 0,0911x2 + 0,7509x + 3,3981 0,9997 138,73 19,25 99,25
C y = 0,0004x* — 0,068x" + 4,476x% — 133,2x + | 881 ,4 0,9999 - 1 206,92 230,16 5 763,96
D y = 0,0002¢* - 0,0309x + 2,368x> - 86,212x + 1 572 0.9998 224430 9,01 28,24
E y = 0,0176x* - 0,355x 0,9941 56,09 19,16 99,16
E y= 0,0073x2 + 0,0226x 0,9983 200,75 19,16 99,16
G y = 0,013x% - 0,2776x 0,9892 60,82 6,59 16,69
H y = 0,0056x* — 0,0007x 0,9868 61,32 541 12,06
F\y, — vypottend hodnota F — calculated value
F,,), - kritickd hodnota Fisher-Snedocorova rozdéleni na hladin€ vyznamnosti & — critical value of Fisher-Snedecor differentiation on sig-

nificance level o

'curve, Zcalculated ion functi 3cor

Statisticka priikaznost regresnich funkci byla ovéfena
analyzou variance. Vysledky F-testu spolu s regresnimi
funkcemi a indexy korelace obsahuje tab. V. Z uvede-
nych vysledki je zfejmé, Ze dvé regresni kiivky - C a D
nahrazujici naméfené hodnoty — jsou prukazné na hla-
diné vyznamnosti o = 0,05 a ostatni jsou vysoce pri-
kazné na hladiné vyznamnosti o = 0,01.

DISKUSE A ZAVER

Z naméfenych hodnot, které jsou graficky zpracovany
na obr. 1, je vidét rozdil v dosaZeném tahovém vykonu
mezi variantou s pouZitym zavaZim v zadnich kolech

14

index, *F-criterion

a variantou bez zavaZi. Maximalni tahovy vykon trak-
toru JD 8 200 s pfidavnym zdvaZim v kolech je 105,5 kW,
zatimco u varianty bez zdvaZi byl dosaZen maximalni
tahovy vykon pouze 96,7 kW. V procentudlnim vyjad-
feni Cini narist tahového vykonu pfi dotiZeni zadni na-
pravy 9,1 %.

Bude-li traktor pracovat v oblasti maximalniho ta-
hového vykonu pii tahové sile 50 kN bez pfidavnych
zévazi, potom na zdkladé nidmi naméfenych vysledku
muZeme konstatovat, Ze pracuje s mémou tahovou spo-
tfebou 376,3 g kW L.h™!. Pidanim z4vaZi do kol se zlep-
§i tahové vlastnosti, coZ se pfirozené projevi i na mérné
tahové spotiebé, kterd pfi stejné tahové sile klesne na
344,8 gkwlnl Uspora dosaZen4 pouze pfidanim z4-
va#i do kol &ni 31,5 gkWLh~!. Vypodtem snadno
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zjistime, Ze pro dany traktor, ktery disponuje maximal-
nim tahovym vykonem 105,5 kW, je uspora paliva za
jednu hodinu provozu 3 322 g,h". Jsme si védomi toho,
Ze uvedend dvaha by platila pouze v ustileném reZimu
prace traktoru, coz se v praxi émér nevyskytuje. Je
viak tfeba uvédomit si, Ze ekonomika provozu traktoru
zavisi jednoznacné na schopnosti obsluhy. Obsluha trak-
toru ma k dispozici motor s vysokym pievySenim krou-
tictho momentu, pfevodovku fazenou pfi zatizeni s jem-
nym odstupiiovanim pifevodi v rozsahu rychlosti
pouZivanych v orbé, elektrohydraulickou regulaci tfi-
bodového zavésu, ktera umoziiuje velice rychle a snad-
no ménit jednotlivé regulani systémy. VSechny tyto
technické vymoZenosti slouzi obsluze k tomu, aby do-
kazala ve slozitych provoznich podminkach udrzet pra-
covat traktor s maximdlni tahovou ucinnosti, a tim
i ckonomicky.

Na obr. 2 a 3 je znazornén pribéh prokluzu v zavis-
losti na tahové sile. Z jednotlivych grafi je zfejmé, ze
traktor vybaveny zavazim v zadnich kolech vykazal pfi
tahové sile 50 kN 0 5,4 % a 7,6 % niZ§i prokluz. Vli-
vem vétsiho dotiZeni kola pohybujiciho se v brazdé
a lepsich zabérovych moznosti ma kolo jedouci v brazdé
niZ8i prokluz. Pfi skuteéné orb& velmi zéleZi na sefizeni
pluhu, které vyrazné ovliviiuje tahové vlastnosti trakto-
ru. Orebni télesa pluhu nejsou symetrickd vzhledem
k vertikalni podélné roviné prochézejici téZist€ém plu-
hu. Tato skutecnost zplsobuje, Ze spojita zatiZeni ze
strany pudy vykazuji tzv. rotacni efekt, tj. davaji toCivy

silovy ucinek — moment. Tocivy silovy ucinek se pri
orbé& projevi jako rozdil sil v levém a pravém zvedacim
tahle tiibodového zavésu traktoru (Bauer et al., 1990).
Tocivy moment je reakci na klopny silovy t¢inek od-
hrnovacek pluhu, ktery pfi orbé odleh&uje pravé zadni
kolo jedouci v brazdé. Proti tomuto to¢ivému momentu
pusobi slozka tihy zpusobena naklonem traktoru pohy-
bujicimu se pravymi koly v brazdé (Mi$un, Bauer, 1992).
Dobrou znalosti silovych Ginkti a spravnym sefizenim
pluht miZeme vyrazné ovlivnit tahovou ucinnost trak-
toru, a tim ekonomiku orby.
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HIGH-PRESSURE SODIUM DISCHARGE TUBES LIGHTING
SYSTEMS FOR DAIRY COWS STABLES

OSVETLOVACI SOUSTAVY S VYSOKOTLAKYMI SODIKOVYMI
VYBOJKAMI VE STAJICH PRO DOJNICE

P. Hutlal, J. Bouéek’

'Research Institute of Agricultural Engineering, Praha, Czech Republic
2Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: Artificial lighting in dairy cows stables is an important technological factor ensuring favourable conditions for
physiological behaviour of animals. For this purpose, high-pressure sodium discharge tubes represent a suitable light source
from the power point of view. But spectral composition of their light varies significantly from other light sources. That is
why there was investigated their influence upon the dairy cows milk yield as compared with the lighting system represented
by mercury discharge tubes. The dairy cow stable K 96 was divided into two parts and each was illuminated by one of the
mentioned light sources. It was found out on the measurements basis, that on the level of significance of 5% no difference
was proved in milk yield of both dairy cow groups with the equal illumination level. Thus, the high-pressure sodium discharge
tubes spectrum does not effect that milk yield parameter.

lighting; discharge tube; stable environment; dairy cow; lighting system; technological lighting

ABSTRAKT: Umélé osvétleni ve stdjich pro dojnice je vyznamnym technologickym faktorem a vytvéii pfiznivé podminky
pro fyziologickou &innost chovanych zvifat. Vhodnymi svételnymi zdroji z hlediska energetického jsou vysokotlaké sodikové
vybojky. Spektrélni sloZeni jejich svétla se vSak zna¢né odliSuje od jinych svételnych zdroji. Proto byl zjiStovan jejich vliv
na uzitkovost dojnic ve srovnani s osvétlovaci soustavou tvofenou rtufovymi vybojkami. Stdj pro dojnice K 96 byla rozdélena
na dvé& &asti, z nichZ kazda byla osvétlovana jednim typem svételnych zdroju. Na zdklad€ méfeni bylo zjidté€no, Ze na hladiné
vyznamnosti S % nebyl prokazan rozdil v dojivosti u skupin dojnic se dvéma riznymi typy vybojkového osvétleni pfi shodné

hlading osvétlenosti. Spektrum vysokotlakych sodikovych vybojek tedy nema na tento parametr uZitkovosti vliv.

osvétleni; vybojka; stdjové prostiedi; dojnice; osvétlovaci soustava; technologické osvétleni

INTRODUCTION

The light in the livestock facilities creates an impor-
tant component of stable environment. Similarly like
other parameters of indoor environment, i.e. air tem-
perature, air relative moisture and amount of harmful
substances in air, also light has a fundamental impact
onto animals, their health status and milk yield. At the
same time, the light radiation creates the labour envi-
ronment for the worker and provides suitable visual
conditions for him/her. Therefore, appropriate lighting
influences the final quality and extensiveness of agri-
cultural production in both ways — indirectly, i.e. as an
important ergonomic element, or as a direct factor in
form of technological lighting of animals.

The role of the high-quality lighting influencing the
labour environment is well known within a wide spec-
trum of human activity. Besides the ergonomic impact
the high-quality lighting has a direct effect upon the
accident rate reduction and the labour safety increasing.

RES. AGR. ENG., 46, 2000 (1): 17-23

The purpose of the agricultural lighting systems re-
search is to improve the labour environment, but its
principal task is to create a positive economical impact
onto production.

The lighting effect investigation upon the labour
productivity and production economy as a whole has
shown its positive impact on the worker particularly as
the visual ability increasing is concerned. The light also
positively influences the production effectiveness
through the psychological inter link. In the facilities
equipped by high-quality lighting the workers morbid-
ity rate, fluctuation and other factors have decreased.

Light is a direct technological factor as its effect
upon the animals concerns due to the creation of fa-
vourable photobiological conditions for their optimal
physiological activity and development. The light ra-
diation is acting onto the animals by its intensity, spec-
tral composition and periodicity of light and darkness
and affects their sexual activity, metabolism, vegetative
and reproduction processes as well as complete health
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status. By the light are conditioned directly some life’s
expressions and so the production is being increased
and improved.

The principal trend in the field of lighting within the
livestock production is a transition to the high-pressure
discharge tubes utilization. The bulbs are not suitable
from power point of view, e.g. their specific output is
too low for rational use of power energy. The fluores-
cent tubes also are not quite suitable due to their in-
creased failure rate in relative aggressive stable envi-
ronment. Due to these reasons the high-pressure
discharge tubes of lower input, particularly of sodium
and mercury type are taken into consideration.

The both mercury and high-pressure sodium dis-
charge tubes are manufactured with minimum input of
50 W. Tab. I presents parameters of these sources up
to input of 150 W, from some important manufactures
which are taken into consideration. It is evident from
Tab. 1. that specific output of the mercury discharge
tubes ranges from 36 to 50 Im/W and of sodium ones
from 64 to 113 Im/W. In contrast the specific output of
the bulbs ranges in range from 11 to 16 Im/W. From
the power point of view the use of the sodium dis-
charge tubes is much more suitable. Their disadvantage
is a worse colours rendition of the lightened facilities,
resulting from spectral composition of their light.
Fig. 1 shows the radiation spectral composition of both
mentioned types of the light sources. In the sodium
discharge tubes spectrum the radiation is emitted
mainly within the yellow-orange range, so these
sources differ from other light sources where the light
can be visually characterized by white colour.
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la. Proportional spectral composition of mercury discharge tube
RVL-X 125
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1b. High-pressure sodium discharge tube SHL 70 radiation

1. Parameters of some high-pressure discharge tubes of selected manufactures

Light source Type Manufacturer Light flow (Im) Specific output (Im/W)
High-pressure sodium SHL 50 Tesla 3200 64
discharge tube* NAV E S0/E Osram 3 500 70
=a0W SON T PLUS 50 W Philips 4600 92
SHC 70 Tesla 5 800 83
-70W - NAV T 70 SUPER Osram 6 500 93
-~SON 70 W E Philips 5 600 80
SHC 100 Tesla 9 800 98
- 100 W NAV T 100 SUPER Osram 10 000 100
SON T PLUS 100 W Philips 11 000 110
SHC 150 Tesla 14 500 97
- 150 W NAV T 150 SUPER Osram 17 000 113
SONT IS0 W Philips 14 500 97
Wiy dachibggs RVL-X 50 Tesla 1 800 36
tube HQL 50 Osram 1 800 36
=30 W HPL-N 50 W Philips 1 800 36
RVL-X 80 Tesla 3 600 45
-80W HQL 80 Osram 3 800 48
HPL-N 80 W Philips 3 700 46
RVL-X 125 Tesla 5 800 46
- 125w HQL 125 Osram 6 300 50
HPL-N 125 W Philips 6 200 50
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In the practice of industrial lighting the sodium dis-
charge tubes are being used in objects not demanding
special requirements to the colours rendition (Pro-
chazka, 1984). Similar requirements are needed by ma-
jority of agricultural facilities (Hutla, 1996). Despite
this fact it is necessary to consider, that mainly with
low lighting the spectrum of these light sources has
a negative impact on to the sight sharpness and contrast
(Vassilev et al., 1989).

The requirements on technological lighting are mostly
presented without relation to the light source type. The
dairy cows artificial light regimes influence e.g. sexual,
reproduction and correlative processes. The artificial day
extension by lighting during winter months for 14 hours
per day with illumination 80-140 Ix leads to the signifi-
cantly higher natality and other improvements. For the
milk yield stimulation the illumination higher than 80 Ix
is necessary (Mehlhorn, 1979). Nevertheless, the high-
-pressure sodium discharge tubes utilization in agricul-
tural practice brings doubts related to their possible nega-
tive impact upon the milk yield level. These doubts result
from the light visual difference of the discharge tubes in
comparison with some other used sources.

THEORY AND HYPOTHESIS

The light radiation is defined like a part of the opti-
cal radiation within interval of the wave lengths from
380 to 760 nm, which is perceived by the sight organ
of the observer according to the eye sensibility to the
radiation various wave length. The lowest sensibility is

light-technical quantities for the lighting systems char-
acteristics. The luminance conditions are characterized
by the lighting, lighting proportionality, dazzle preven-
tion rate and lightened subjects reflection rate. The en-
vironment coloration rate is given either by the illumi-
nated subjects colour, or by the spectral composition of
the light sources radiation.

The detailed analysis of the high-pressure mercury
and sodium discharge tube spectrum radiation is pre-
sented in Tab. II. The wave lengths interval of the vis-
ible radiation is there distributed into seven parts after
50 nm. Each wave length corresponds with certain col-
our tone of the spectral colour. Approximate fields of
the spectral colours wave length are presented in Tab.
III (Habel, 1995). The resulted light chromatism of cer-
tain light source is then given by distribution of the
radiation proportional performance within the visible
field of spectrum. In Tab. II is also presented the ra-
diation proportional performance within wider range
for both light sources, i.e. to 500 nm, between 500-
600 nm and above 600 nm. Both sources have a lower
value of the specific output within shorter wave
lengths, i.e. in the blue field particularly. The mercury
discharge tube (RVL-X) has this deficit of mild level
in contrast with the sodium discharge tube (SHC)
where deficit in this field is considerable. On the oppo-
site end of the spectrum in orange and red field, i.e.
from 600 nm, the radiation intensity is similar for both
sources. The outstanding surplus of proportional output
of the sodium discharge tube is in the centre of the
spectrum, mainly in interval 550-600 nm, i.e. in the
green-yellow and yellow field.

1. Analysis of radiation spectral composition of two high-pressure discharges tubes

Radiation proportional output (%)

Light source

0450 | 450-500 | 500-550 | 550-600 | 600-650 | 650-700 | over 700
nm
High-pressure mercury discharge 19.8 l 2.2 2.8 [ 36.7 227 I 6.7 ] 9.1
tube RVL-X 22.0 39.5 38.5
High-pressure sodium discharge 3.5 | 43 5.1 I 54.7 23.4 I 7.1 1 1.9
HberSHE 7.8 59.8 324

in the margins of the mentioned interval, the highest
reaches the radiation of the wave length of 555 nm. In
this case, the observer is a human and the presented
figures are valid for the so called standard photometric
observer CIE. When the observer is any other subject
than a human, e.g. cattle, the similar dependances are
not know so far. It is generally presupposed, that the
light impact upon the mammals living in the same vis-
ual environment like a human is similar.

The visual situation in given space can be precisely
characterized by the luminances and colours distribu-
tion within the observer field of view. Because this
method is unsuitable from practical point of view due
to its excessive difficultness there are being used the

RES. AGR. ENG., 46, 2000 (1): 17-23

111, Spectral colours corresponding with wave lengths range of vi-
sible radiation

Wave lengths range (nm) Colour tone of spectral colour
380-430 violet
430-465 blue - violet
465-490 blue
490-500 blue - green
500-560 green
560-575 green — yellow
575-585 yellow
585-620 orange
620-770 red
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To evaluate the subjects colours within the field of
view it is substantial to have a joint action of the emit-
ted light source radiation and spectral reflecting prop-
erties of the lighted subjects. The visual situation of the
lighting by both presented light sources can be de-
scribed by various colours, of blue subjects particu-
larly. Nevertheless, the question arises, if the colour
presentation of the lighted subjects is a significant pa-
rameter for technological lighting. Thus we presuppose
a hypothesis in this paper, that the light radiation af-
fects the domestic animals, cattle in this case, by its
intensity, i.e. in consequence by the lighted subjects
luminance. The spectral composition of the light
sources radiation, i.e. the colour presentation of the
lighted subjects has no negative impact upon the ani-
mals.

SCOPE AND METHOD

The scope of the project is to assess the influence of
significantly different light spectral composition of the
high-pressure sodium discharge tubes upon the dairy
cows milk yield. The project is methodologically based
on their comparison with mercury discharge tubes
which are intensively used for technological lighting in
the stables for dairy cows. No objectives are charged
against the mercury discharge tubes. Their spectral
composition and colour performance is close to the dis-
charge tubes light, which are generally positively ac-
cepted.

The main scope of the project is to create a lighting
system, which meets both requirements for the stable
workers needs and for cattle technological lighting. In
addition there is necessary to meet the operational re-
quirements, mainly effectiveness of the power con-
sumption. For verification there was selected the dairy
cows stable K 96, i.e. typical agricultural facility in the
Czech Republic. This is a two-row byre with stan-

chions. The feeding corridor is situated in the longitu-
dinal axis of the stable. A part of the technology is
a milking apparatus. The milking process is provided
for in the stalls.

To verify the sodium discharge tubes light effect
upon the animals there were installed in one half of the
stable sodium discharge tubes SHC 70 (Tab. I), in the
second half light-pressure mercury discharge tubes
RVL-X 125. From Tab. I is evident, that both used
types of light sources have similar values of the light
flow enabling to create equal illumination rate in both
part of the stable with the same ground plan lamps
distribution.

To determine the parameters of the lighting system
the CSN standard 36 0450 was used together with the
relevant technical recommendation (Hutla, 1996) and
with recommendation of the Ministry (Ministry of Ag-
riculture of the CR, 1996). According to the time re-
gimes description the stable is operated daily within
14 hours. It is in correspondence with the hygienic mi-
nimum requirement for lighting of 200 Ix within the
complex ground plan of the stable. The lighting cate-
gory there is C and B, the lighting in the place of
milking is required 300 Ix, the lighting equality 0.65,
dazzle factor lower than 200. It is necessary to reach
for the technological lighting the illumination rate
E,;. = 60 Ix of equality better than 1 : 5.

For installation of the lighting sources there were
used the lamps with cover IP 65 with regular curve of
lighting. These lamps also meet pretentious require-
ments for the dazzle reduction. Their angle of screening
in both longitudinal and cross axle is higher than 30°.
The lamps are distributed into three rows, proportion-
ally to the longitudinal and cross axle of stable. Both
marginal rows are created by 25 lamps, the central row
contains 17 lamps. The lamps are oriented by their
longitudinal axle perpendicularly to the row axle. The
total arrangement is shown in Fig. 2, view to the stable
interior in Fig. 3.
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2. Lighting system of the K 96 stable
[I]ID dairy cows stall . lamp with SHC 70 discharge tube

. lamp with RVL-X 125 discharge tube
Suspension height of the lamps is 3 m above the stable floor

° lamp of the technological lighting system

t

20

RES. AGR. ENG., 46, 2000 (1): 17-23



Overview of the K 96. The near part of stable is illuminated by the
high-pressure sodium discharge tubes SHL 70, the farther part is
illuminated by the RVL-X 125 discharge tubes

The presented technical solution provided two space
arrangements with two dairy cows groups varying mu-
tually by used spectrum of the artificial lighting
sources. The high-pressure sodium discharge tubes ef-
fect was compared with those of the mercury discharge
tubes. The complex lighting was designed like the
graded system. Its result parameters are presented in
Tab. IV.

RESULTS

The effect of both lighting systems upon the dairy
cows milk yield was investigated during the winter
months, since November to April, when artificial light-
ing is used very intensively. The lighting system has
operated from 5 a.m. to 7 p.m. except the sufficient
daily light period. The milk yield and fat content were
observed by regular withdrawal once per month. In
Tab. V are presented average values for both dairy
cows groups within the testing period. All values were
processed statistically and evaluated by t-test on both
average values variance importance. Further, for the
purpose of effectiveness of both light sources searching
there were recorded data about milk yield and fat con-
tent from both dairy cows groups within summer period

IV. Lighting parameters in stable K 96

(May-October), i.e. when the lighting systems were not
yet in operation.

The calculated average values together with the test-
ing parameters are presented in Tab. VI. Within the
evaluation there was found that difference in the milk
yield of both dairy cows groups is not important on the
level of significance of 20% during lighting by the
mentioned two light sources. Only in one of the six
examples the difference was important on the level of
significance of 40%, but that probability is evident for
both groups before the lighting systems are switched
on. The same result was found out during the milk fat
content difference evaluation, i.e. on the level of sig-
nificance of 20% there is no important difference for
the groups illuminated by various light sources. On the
level of significance of 40% the important difference
exists for both groups even before the lighting systems
are switched on. These very inexpressive results are
probably made by the fact, that the dairy cows groups
in stable were non-homogenous, mainly due to differ-
ent phases of the lactation period.

An important role for the trial evaluation plays the
time factor. On one hand the other lighting type effect
can be displayed immediately, presume min. within -
2 months. On the other hand there is a need to compare
the dairy cows during similar phase of the lactation
period, where the interval of two months is rather con-
sidered as maximum. That’s why the milk yield com-
parison was further evaluated in details for 13 selected
dairy cows from each group. These cows were within
the evaluating period (four months, i.e. since Septem-
ber to December) in full lactation. Both groups were
investigated two months before the lighting change and
two months after it. The evaluation involves the com-
parison of the milk yield difference importance of both
groups within individual month. The light conditions
change, i.e. the discharge tubes’ lighting systems op-
eration beginning, occurred in the middle of the trial,
i.e. between the second and third month. With respect
to the fact, that it concerns the repeated investigation
before the change (months one and two) and after
change (months three and four), these data were used
for testing of the measuring results equality within each
group of dairy cows before and after the trial.

As a statistical method the r-test was used for testing
of the average values variance importance of two se-
lective sets. Also the F-test was used for testing of the

Illumination rate (E. Ix) Lighting proportionality
Part of environment hygienic complex technological hygienic complex technological
minimum lighting lighting minimum lighting lighting
Cow stall 96 0.19
Milking space 298 0.71
Complex ground plan 196 0.73

Factor of dazzle in lengthwise direction Gy = 131
Factor of dazzle in cross direction Gy = 138
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V. Average value of milk yield and testing parameters of two groups of dairy cows with different lighting sources for technological

illumination
1 Month
ngl;p GE sty November December January February March April
d 1 d t d t d t d t d t
A (SHC) 14.47 3.871 17.05 4.353 16.61 3.854 16.55 4.284 16.18 3.884 17.32 4.016
B (RVL-X) 1524 | 4.102 16.86 | 4.557 17.62 | 3.945 17.08 | 4.450 17.66 | 4.035 1795 | 4.282
t-parameter 0.53 1.257 0.13 1.270 0.76 | 0.580 0.40 | 0976 1.23 1.037 0.46 1.246
Degree of freedom 46 46 47 47 49 49 48 48 43 43 49 49
d ... average daily milk yield (kg)
t ... average milk fat percentage (%)
VI. Average values of milk yield and testing parameters of two groups of dairy cows with equal light conditions
. Month
cGJ:/l;p o el May June July August September October
d r d t d t d t d t d t
A 17.92 4.399 17.31 3.591 17.73 3.857 16.91 4.760 17.29 4.714
B 17.78 | 4.358 | 17.71 | 3.780 | 17.77 | 4.039 T Im_— 16.23 | 4.809 | 16.25 | 4.888
t-parameter 0.10 0.028 0.03 0.150 0.03 1.238 0.58 0.288 1.23 1.152
Degree of freedom 43 43 47 47 51 51 46 46 53 53

dispersions variance importance of both selective sets
and by its results the pertinent variant of the #-test was
choosen. For testing there was selected the currently
used level of significance of 5%. Further, we present
the results of the dairy cows groups milk yield differ-
ences with indication as follows:
A, B dairy cows groups (SHC, RVL-X dicharge
tubes)
I, 2, 3,4 months of investigation (September, Octo-
ber, November, December)
daily milk yield (litre)
The zero hypothesis H,, was determined for testing:
the average values difference (dispersions respectively)
a) Differences occurring during the same variant

d

repetition

1. set Ald A3d Bld B3d
2. set A2d Add B2d B4d
F-test (dispersion) 0 0 0 0
t-test (average) 0 0 0 0

b) Differences of the both variants

1. set Ald A2d A3d Add
2. set Bid B2d B3d B4d
F-test (dispersion) 0 0 0 0
t-test (average) 0 0 0 0

of two selections equals zero.
This survey shows briefly statistical tests which have
been used. The tests symbolic results 0 and 1 signify:
0 - difference is not statistically important within the
alfa level of significance = 5%,
1 — difference is statistically important within the alfa
level of significance = 5%.

22

The results of the repeated measurements tested in
the part (a) can be considered as sufficient, because on
the choosen level of significance the test did not deny
the zero hypothesis and the differences of the selected
sets before and after the test inside the both variants are
not statistically important. The mutual comparison of
two different dairy cows groups proved similarity of
the individual month results measurements with the test
result. Within the choosen level of significance no dif-
ference was evident between group A and B before or
after the test even in any month.

DISCUSSION AND CONCLUSION

On the basis of the measurements and detailed sta-
tistical processing of the acquired results there may be
stated, that within the choosen level of significance of
5% no statistically significant difference in the milk
yield of the individual dairy cows groups of two vari-
ous types of the discharge tubes was proved on the
same illumination level.

With respect to the choosen method of testing, i.e.
its application inside the dairy cows group at first and
consequently between these groups we are rightful to
bring forward the conclusion, that difference in the
milk yield of both groups is almost equal before and
after the discharge tubes switching on as well as differ-
ence inside the dairy cows groups. All the presented
results were tested within the level of significance of
5%.

Therefore, at the equal illumination level the high-
-pressure sodium discharge tubes spectrum does not
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influence the investigated parameter — the milk yield
level — in contrast with the mercury discharge tubes
spectrum. From this point of view there are no objec-
tions against the use of this light source in practice.
The economical advantages of the high-pressure so-
dium discharge tubes within the livestock facilities
mainly consist in their low energy consumption which
is about 50% in comparison with the mercury ones and
even less than 20% compared with the bulb lighting.
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A NEW DEVICE TO SIMULATE AND MEASURE

THE FACTORS INFLUENCING THE EFFICACY

OF THE TARGET ,,CRACK AND CREVICE* PESTICIDE
TREATMENT

NOVY PRISTROJ NA SIMULACI A MERENT FAKTORU
OVLIVNUJICICH UCINNOST METODY CILENE STERBINOVE
APLIKACE PESTICIDU

V. Stejskal, R. Aulicky

Research Institute of Crop Production, Praha, Czech Republic

ABSTRACT: The pesticide target application (e.g. Crack and Crevice Treatment — CCT) become widely recognised to be
of crucial importance. Several types of CCT sprayers were developed, however, no comparative data on their efficacy and
handling-time are currently available. Field evaluation of CCT methods is difficult due to the enormous and hard-to-measure
variation of crevices which could host pests in buildings and stores. A laboratory apparatus was developed that can control-
lably simulate field pesticide-liquid treatments and also measure the factors that influence the efficacy of various CCT methods
(e.g. type of the sprayer, size and shape of the crevices, personal abilities of the particular pest control operator). The new
apparatus consists of a plastic chamber with a removable front panel in which is a defined pattern of crevices. Experimental
liquid is injected by the tested CCT sprayer through the crevices into the chamber. The consumption of the liquid is measured
by a graduated cylinder placed under the chamber and the handling time is measured by a chronometer. Three types of CCT
injectors were tested and significant differences were found in consumption of both time (human labour) and liquid: the
difference being up to 20%. The length of the injection tube was recognized to be the key factor in our experiment. Practical
implication of the results for the construction CCT sprayers are discussed.

target pest control; postharvest technology; pesticide application measuring; heterogeneity of environment simulation

ABSTRAKT: Metody cilené $térbinové aplikace pesticidi se stdle vice pouZivaji na potlafovani skladi§tnich $kidcu. V sou-
Casné dobé viak chybi komparativni data pro posuzovini jejich i¢innosti a efektivnosti. Laboratorni metodiky na testovani
zafizeni pro Stérbinovou aplikaci pesticidii neexistuji a terénni testovéni je z divodu heterogenity tGkryti $kidct v budovéch
a skladech mimofadné obtiZné. Bylo vyvinuto jednoduché laboratorni zafizeni, které umoZiiuje simulaci a testovéni jednotli-
vych faktori ovliviiujicich G¢innost metody pro §té€rbinovou aplikaci pesticidi. Zafizeni se skladd z duté plastové komory,
jejiz vyménna Celni sténa umoZiiuje testovat konfigurace otvorl simulujicich skutené tkryty $kidcti ve skladech zemé&dél-
skych produkti. Aplikovana tekutina je injektovdna do $térbin a otvorem ve dnu komory je odvadéna do odmérného vilce,
coZ umoZiiuje méfeni jeji spotfeby. Rizné vzory a velikosti $térbin v Celni desce umoZiiuji studium vlivu sloZitosti prostfedi
na aplika¢ni ¢as a spotfebu pesticidu. Pfi testovani tfi typl injektaZnich trysek jsme shledali statisticky signifikantni rozdily
v aplikaénim Casu a spotiebé pesticidu. Kli¢ovym faktorem, ktery v ndmi simulovaném prostiedi vyznamné prodluZoval
aplikacni Cas, byla délka trysky. V diskusi jsou prezentovény zavéry pro praktické vyuZiti vysledka pro konstrukci postfiko-
vatl pro 3térbinovou aplikaci pesticidu.

cilené potladovéni §kudci; skladi$tni §ktdci; aplikace pesticidi; simulace heterogenity prostfedi

INTRODUCTION in the proper doses in the most efficient and economical

way. In current pest control the application time be-

There are numerous methods and strategies of pes-
ticide application to control stored food product and
public health pests which have been reviewed by sev-
eral authors (e.g. Zhai, Robinson, 1992; Stejskal, 1998;
Snell, 1999). Pesticide application equipment should be
designed to deliver active ingredient to the proper place
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comes a serious economical issue (Hedges, 1998) as
well as the consumption of a pesticide. Additionally,
the total time available for pesticide treatment is, in
many instances, an important technological constraint
because it may be limited by a critical period of the
pest life cycle, proper part of the season (Stejskal,

25



Honék, 1999), day or simply social and technological
circumstances. Time budget becomes the key compo-
nent especially for strategies of , target pesticide appli-
cation®, which logically increase labour consumption
(Zungoli, Robinson, 1982) and complexity of the pest
control operator decision making (Mumford, Knight,
1987).

Out of all target pest control strategies the ,crack
and crevice treatment” (CCT) technology, when a pes-
ticide is directed only into places where pests hide,
have become most important in the last few decades
(Smith et al., 1998). For CCT several spraying tech-
nologies have been used. Traditionally, the special .in-
jection nozzles* are fitted on usual hand sprayers. For
these purposes two kinds of (plastic/metal) CCT injec-
tion nozzles are available: tube injection nozzles and
needle injection nozzles. More recently a new and suc-
cessful technological trend emerged attempting to de-
velop specialised CCT-equipment (e.g. ,,Pistol Pro In-
jection System* — B&G, Whitmire PT® System, C&C
— Frowein). So far, several types of CCT sprayers and
injection nozzles have been marketed, but no compara-
tive data on their efficacy and handling time are cur-
rently available. The reason probably is that the field
comparison of CCT methods is difficult due to the
enormous and hard-to-measure variation of crevices
that could host pests in buildings and stores. Thus,
there is a strong practical need to develop an apparatus
to controllably simulate field pesticide treatments ena-
bling the measurement, evaluation and explanation of
the roles of various factors (e.g. type of the sprayer,
spraying nozzles, size and shape of the crevices, per-
sonal abilities of the pest control operator) that influ-
ence efficacy of particular ,CCT technologies™.

The aim of this paper was: — to describe a new de-
vice enabling to simulate and measure various factor
contributing to economic and time budget of the par-
ticular CCT (handling time and spray consumption); —
to demonstrate the feasibility of the new device for the
above mentioned purpose, comparing the properties
and efficiency of the selected three types of CCT injec-
tor nozzles.

MATERIALS AND METHODS
DESCRIPTION OF THE NEW METHOD AND DEVICE

A new device was constructed consisting of a plastic
chamber (Fig. 1A, Fig. 2) with a removable front panel
in which artificial cracks and crevices (i.e. perfora-
tions) were made. The set of removable panels with
defined patterns of crevices (varying in No. of crevices
per m?, and/or shape), serves for the simulation and
study of the influence of various structural complexity
of environment to be treated (i.e. infested buildings and
post-harvest/food industry technologies) on the effi-
ciency of the particular CCT equipment. By means of
injection nozzles (Fig. 2E) the applied fluid (water in
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1. A new experimental device for the simulation and evaluation of
the crack and crevice pesticide treatment (CCT): A - plastic box,
B — removable front panel, C - crevices, D — graduated cylinder, E -
injection nozzle of the sprayer

A B
140 mm 390 mm
A

. £ Enred B3
. e ] v s [
"
H e e e G |
| A B bt =hEs

|

T 17T

((

]

2. Outline (B) and lateral cross section (A) of the new CCT simula-
tion and measuring device

our experiment/pesticide in another experiment) is in-
jected into crevices. Here the injected fluid is captured
by a back wall panel of the chamber and is drained by
a declined bottom and a tube into a graduated cylinder
placed under the chamber (Fig. ID). Thus the total
consumption of spraying fluid (SC)
could easily be measured, when leakage of the hand
sprayer and the fluid evaporations is negligible. Before
each test, the chamber must be pre-sprayed by water as
a ,blank® in order to saturate the inner surface of the
device. This consequently enable to measure the net
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volume of spray without the losses on the inner surfaces.
The total time needed for all activities to treat the target
object is defined as a handling time (HT).

In our experimental set (Fig. 2) we use front panel
(590 x 390 mm) with 32 uniform rectangular crevices
(10 x 50 mm). Distilled water was used as a test spray-
ing liquid. It was applied by a hand sprayer 5 1 Spray
Boss (Frowein) with a pressure valve ensuring regular
pressure (2 kPa) and supply of the fluid. We tested the
influence of the length and outer diameter of the tube
injector nozzles, while the inner diameter remained un-
changed (1 mm): (i) ,,basic* tube injectors (length = 10
mm, outer diameter = 2 mm); (ii) ,,thick® tube-injectors
(length = 10 mm, outer diameter = 4 mm); (iii) ,,long"
tube injectors (length = 20 mm, outer diameter = 2
mm). The basic (i) injectors is a regular component of
the Spray Boss spraying set, whereas injectors (ii) and
(i1i) were designed in the laboratory. All plastic tube
injectors used (inner diameter 1 mm), provided con-
stant flow (F) 2.13 ml/s at the constant pressure (2
kPa). All treatments of the chamber were made by the
same person in five replicates. The experimental data
were tested by ANOVA and separated by the multiple
Duncan’s test.

INTERPRETATION OF CCT INDICES FOR THE
EVALUATION OF A SPRAYING EQUIPMENT

The CCT efficiency decreases with decreasing pro-
portion of NMT on HT. The tool with low proportion
of NMT on HT (e.g. nozzles) is classified as time (la-
bour) consuming and therefore less properly fitted for
the CCT of the structure of particular environment to
be treated.

In our work, HT, NST, NMT ,efficacy indices*
were defined in the following way:

Handling time (HT) is time needed to treat
a whole testing chamber: that is all crevices in the front
panel (Fig. 1B,C), with no crevice treated repeatedly.
HT was measured by a stopwatch. Spray consumption
(SC) is a consumption of the fluid (ml) used for the
treatment of all crevices during HT. SC is directly
measured by a graduated cylinder (Fig. 1D)

Net spraying time (NST) is an ,effective
time*, that is a specific proportion of the handling time
when ,fluid is going out of the spraying nozzle®. NST
is determined indirectly using the following equation:

NST = HT/F (N

where: F — flow of the spraying fluid per time unit (ml/s)

Net manipulating time (NMT) is a ,wast-
ing time", that is a specific proportion of the handling
time when ,,fluid is not flowing through the nozzle" -
that is the time needed to insert and withdraw the tube
of the crevice and time needed to move tube nozzle to
the next crevice. NMT is calculated as follows:

NMT = HT - NST (2)

RESULTS AND DISCUSSION

There are numerous standard methods for testing
pesticide efficiency applied by traditional application
equipment (for an excellent review see e.g. Matthews,
1997; Rust et. al., 1995), whereas the methods for the
evaluation of the new target pest control equipment
(e.g. CCT) are scarce if any. In this paper the design of
the new device enables testing and comparing the effi-
ciency of various CCT spraying tools is described and
depicted (Fig. 1-2). To demonstrate the feasibility of
the new device for this purposes three types of CCT
tools were compared. The results (Tab. I) showed sig-
nificant differences in the consumption not only of han-
dling time (HT) but, more importantly, of the net spray-
ing time (NST) between various CCT tools, i.e. among
three various tube-injector nozzles tested. In our ex-
periment the ,long-tube injector* consumed most time
and labour and thus was the least fitted for this simu-
lated environment. NST parameter was higher in the
»thick nozzles than in ,longer* one. Nevertheless, if
the crevices were narrower the diameter of the tube
nozzle became even more important factor making
treatment more difficult than the length of the injector
(Stejskal, unpublished). The total spray consumption
(SC) also differs significantly while using different in-
jector nozzles (Tab. I). This could have serious practi-
cal consequences for dosage of a proper amount of ac-
tive ingredient per unit of treated area. The latter
serious aspect must further be evaluated in the conse-
quent experiments.

Area and band pesticide spray application are known
to be hazardous to public health (Wright et al., 1993),
whereas the CCT, due to the precise targeting of low
pesticide doses to pest shelter, minimises this risk con-

I. Parameters of the time and spray consumption budget in three injector nozzles for ,.crack and crevice* treatment (CCT) (for description

of parameters and CCT injector nozzles see Materials and methods)

Type of CCT injector Handling time (HT) Spray consumption (SC) | Net spraying time (NST) | Net manipulation time
nozzles (s) (ml) (%) (NMT) (%)
I. Basic tube-injector 72.2%£22 a 110£38 a 49.7£2.7 a 503 2.7 a
II. Thick tube-injector 81.3+£097 b 1136 £49 a 446+ 1.7 b 554+ 1.7 b
III. Long tube-injector 946% 154 ¢ 924%£19 b 31.3+£0.7 c 68.7 0.7 ¢
Different letters denote a statistically significant difference (p < 0.001)
RES. AGR. ENG., 46, 2000 (1): 25-28 27



siderably (Potter, Mesner, 1992). On the other hand,
however, CCT and other target strategies significantly
raises treatment/handling time (Zungoli, Robinson,
1982) through an increased effort to locate all pest ag-
gregations an to treat them in detail. Thus the proper
CCT tool should be designed to be easy to handle and
to minimise handling time needed for treatment. The
injector should be maximally fitted to the target struc-
ture to be treated. From the time-budget point of view,
it is apparent (Tab. I) that for the treatment of the simu-
lated environment (our experimental set chamber) the
least vital alternative was the longest tube-injection
nozzle. The problem is that under specific field condi-
tions, it is sometimes impossible to reach and treat the
remote shelter of a pest without a long tube injector.
The environment in the food industry premises and
stores is highly variable which implies that no single
spraying nozzle is satisfactory for each structure. We
think that the basic spraying set should consist of sev-
eral easily exchangeable CCT nozzles fitted for various
conditions: e.g. standard short tubes for regular spray-
ing and a set of tubes varying in length and diameter
for specific situations should be available.

CONCLUSIONS

The new device enabled to obtain comparative data
on various types of CCT under specific simulated con-
ditions, thus proving the feasibility of this design for
that purpose. It was documented for the first time that
various type of CCT-injectors (injector nozzles) can
considerably influence the economy (time and spray
consumption) of the CCT treatment, the difference be-
ing up to 20%. As a result, it is necessary to evaluate
the suitability of all CCT devices for treatments under
specific field conditions. When the structure of some
environment is unpredictably variable, a set of various
easily exchangeable injection nozzles seems to be
a good option. In the future, further experiments are
needed to optimise size and length of injectors and their
combination with respect to specific structure of the
target environment to be treated.
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MOZNOSTI POUZITIi NETRADICNICH POSTUPU SKLIZNE
PRADNEHO LNU V CESKE REPUBLICE

POSSIBILITIES OF USING A NON-TRADITIONAL PROCESS OF FLAX
HARVESTING IN CONDITIONS OF THE CZECH REPUBLIC

S. Mitas, J. Cervinka

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: For judging the of non-traditional technology we choosed a technique which did not need any additional
investment costs. This technique used machinery for harvesting stemmed materials. We compared two variants: one with
mowing and second with pulling. For deseeding we used combine harvester with picking adapter. Stems were two times
turned during retting and on the end pressed to big square bales. The gained wirr-straw was processed on the tow processing
line. Mowing offered the better variant. The retted straw yield was lower (4.11%) and the seed yield was higher (25.52%) in
compare with the variant of pulling. The harvest costs of the mowing variant are also more profitable (4 995 CZK per ha)
while the costs of the pulling method were higher (5 941 CZK per ha) and the average costs of the traditional harvest
technology were 6 809 per ha. In our opinion the non-traditional harvesting technology should be used in case of flax being
of lower quality or damaged. In these cases not even the use of the new and powerful machinery can ensure production of
first-rate flax, which attracts costumers. On the other hand a little decline of retted straw quality means huge depreciation of
the price. The saved costs in non-traditional harvesting technology can compensate lower trade price.

harvesting technology; flax; straw; retting;
trade price

mowing; pulling; treshing; turning; pressing; tow processing line; harvesting cost;

ABSTRAKT: Netradi¢ni postupy sklizné pfadného Inu jsme ovéfovali praktickym pokusem. Vybrali jsme takové postupy,
které vyuZivaji techniku pro sklizefi stébelnatych materidld, tudiZ nejsou nutné investice do ndkupu nové techniky. Byly
posuzovany dvé& varianty sklizné: varianta se sefenim a varianta s trhdnim. Ob& varianty byly také porovnény s tradi¢ni
technologii sklizng. Materiél ziskany netradi¢nimi postupy byl zpracovan na koudelové lince. Obé& varianty i tradi¢ni techno-
logie sklizné byly ekonomicky porovnany.

technologie sklizné; len; stonek; roseni; sefeni; trhdni; mldceni; obraceni; lisovani; koudelova linka; skliziiové nédklady;

realiza¢ni cena

UvVOoD

Nasim cilem bylo ovéfit moZnosti netradi¢nich po-
stupt sklizné pradného Inu a mozZnosti jeho zpracovéni.
Netradiéni technologie mohou byt alternativou pro skli-
zefi urditych ploch Inu za specifickych podminek. Do-
minantni v8ak v naSich podminkach zistane i nadile
technologie sklizné pro produkci dlouhého vldkna.
Zpracovatelé maji zdjem o kvalitni surovinu, tedy
o kvalitni roseny stonek. Rosené stonky nizsi kvality
jsou realizovany za vyrazné niZ8i ceny.

Pokud péstitel jiZz pred sklizni vi, Ze péstovany len
nemé pozadované kvalitativni parametry, popfipadé ze
je poskozeny a pfi sklizni nedosdhne vysoké jakosti,
muZe se rozhodnout pouzit netradi¢ni technologii skliz-
né. Netradi¢ni postup umoZiuje sniZit niklady na skli-
zeii, a tim zlep§it kone&ny ekonomicky vysledek pésto-
vani Inu (Sultana, 1996). U zkouSenych netradiénich
postupt sklizné jsou vyuZity stroje, kterymi jsou b&zné
vybaveny zemé&délské podniky.
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MATERIAL A METODY

Praktické méfeni mé&lo dvé varianty: A) variantu se
seCenim, B) variantu s trhanim.

Jednotlivé operace sklizné€ jsou uvedeny v tab. L.

U varianty A se pfedpokladalo, Ze vldkna v nejspod-
n&jsi Casti stonku nejsou kvalitni. Pfi seceni tedy ne-
ztracime tu Cast stonku, kde jsou vlikna kvalitni. NiZsi
naklady na seeni ve srovnani s trhAnim mohou ztraty
nejen kompenzovat, ale mohou je i pfevysit (Sultana,
1991). Varianta B byla ur¢itou kombinaci tradi¢ni sklizné
(trhéni) se sklizni netradi¢ni. Pomohla také objektivné&ji
urCit ztraty secenim.

Pokus prob&hl ve spolupraci s CML Humpolec
v podniku AGREKO Usti nad Orlici, ktery je smluv-
nim partnerem CML. Vlastni nasazeni strojii vychaze-
lo z moZnosti podniku AGREKO a CML Humpolec.
Pied vlastnim pokusem byly odebrany vzorky poros-
tu (metrovka), aby mohly byt uréeny jeho charak-
teristiky.
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I. Technologicky postup netradi¢ni sklizné — Technological process of non-traditional harvesting

Poradové &islo operace’ A) Varianta se sefenim?

B) Varianta s trhinim?

| sedeni (ZTR 165)*

lisovani (Hesston 4700)%

L e

vymlat (E 512 + sbéraci adaptér)®
obraceni (shrnova¢ Fella TS 425)

trhéni (UNION)®

obraceni (shrnova& Fella TS 425)7
vymlat (E 512 + sbéraci adaptér)

obraceni (shrnova¢ Fella TS 425)
lisovani (Hesston 4700)

'serial number of operation, Zvariant with mowing, Svariant with pulling, "mowing. Spulling, ('lhn:shing (E 512 combine + pick-up attachment),

7|urning (Fella TS 425 rake), "baling

II. Charakteristika porostu (odrida Super) — Parameter of growth
(variety Super)

Ukazatel' Stfedni hodnota?
Pocet jedincii na hektar? (mil.ha™") 19,16
Celkové délka stonku® L. (cm) 67,69
Technicka délka stonku’ Ly (cm) 59,69
Délka rozvétveni stonku® Ly (cm) 8,00
Maximalni tloustka stonku’ Rpyax  (mm) 1,555
Minimélni tloutka stonku® Rpin  (mm) 0,943
Sttedni tloustka stonku® Ry, (mm) 1,248
Podet tobolek na rostling!" n (kusy)|2 3,575
Pocet semen v tobolce'! s (kusy) 7.11

'index, 2mean value, *number of plants per hectare, “total stem

length, *technical stem length, r'lenglh of stem ramification, 'maxi-
. . q .

mal stem thickness, *minimal stem thickness, *mean stem thickness,

Ynumber of p on plant, ''number of seeds in capsule

Seceni

-~ Byly zmé&feny: délky zkuSebniho pozemku,
Cas jednotlivych jizd,
celkova Sitka zpracovaného pasu.
— Z naméfenych hodnot byla vypoctena pracovni rych-
lost a efektivni vykonnost.
— Dile byly ndhodnym odbérem odebrany vzorky po-
seCenych stonkl a vzorky pro uréeni délky strni¥tg.
— Byla porovndna technicka délka selenych stonkd
s technickou délkou stonkui pfed pokusem a u stonk
vytrhanych. Vzdjemnym porovnanim byly urCeny
ztraty délky stonkt zpusobené sedenim a statisticky
byla uréena prikaznost rozdilu stfednich technickych
délek pomoci t-testu.

Trhéni

- Byly zméfeny: délka zkuSebniho pozemku,
¢as jednotlivych jizd,
celkova Sifka zpracovaného pésu.

— Z naméfenych hodnot byla vypoétena pracovni rych-
lost a efektivni vykonnost.

— Néhodnym vyb&rem byly odebrany vzorky vytrhaného
Inu pro posouzeni délkovych ztrat pfi trhani a r-tes-
tem byla hodnocena statisticka prakaznost rozdilu
stiednich délek vytrhaného Inu vzhledem k se€ené-
mu a ke Inu z metrovky.
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Vymlat

—. ProtoZe se stonky namotivaly na hnaci mechanis-
mus sbéraciho ustroji sklizeci mlaticky, musely byt
fadky stonku ruéné shézeny tak, aby se namotavéni
zabrénilo (Cervinka. Mitas, 1998).

— Po vymlatu byly odebrény vzorky, u kterych se zjito-
valo poskozeni stonku a pfipadné zmény délky stonka.

— Byla zji§téna celkova hmotnost vymlacenych semen
z jednotlivych variant.

— Hmotnost vymlicenych semen byla prepoétena na
hektarovy vynos.

— Pomoci t-testu byla hodnocena statistickd prikaz-
nost rozdilu stiednich technickych délek stonku pred
vymlatem a po ném.

Obraceni

— Byly zméfeny Casy jednotlivych jizd.
— Z naméfenych hodnot byla vypotitina pracovni rych-
lost a efektivni vykonnost.

Lisovani

— Byly zméfeny Casy jednotlivych jizd.

— Z naméfenych hodnot byla vypotitina pracovni rych-
lost a efektivni vykonnost.

— Byly zvaZeny baliky z jednotlivych variant.

— Celkovéd hmotnost balika byla pfepocitana na hekta-
rovy vynos.

Zpracovéni stonku

- Ziskanou surovinu zpracoval podnik CML Humpo-
lec ve svych provozech. Nepocita se se zpracovanim
na turbing. Po projeti pfes kalandrovaci vélce se sto-
nek zpracuje na koudelové lince. K dispozici byly
dvé koudelové linky.

— Bylo zvdZeno mnoZstvi suroviny na vstupu kalan-
drovani a mnoZstvi na vystupu. Obdobné bylo po-
stupovano i u koudelovych linek.

- Porovnanim vstupli a vystupt byla vypocitina vy-
té€Znost.

— Pro srovnani byl zpracovan stonek sklizeny tradic-
nim zplGsobem (Mitas, 1998).
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VYSLEDKY A DISKUSE
Seceni

Exploatac¢ni parametry (tab. III)

Porost Inu byl seden rotadnim Zacim strojem ZTR 165.
Charakteristika poseCenych stonku
(tab. IV)

Byly odebrany vzorky a zméfena délka strni$té i tech-
nicka délka poseCenych stonki. Porovnanim se vzorky
metrovky a vytrhaného stonku byly vypocitany délko-
vé ztraty.

Trhéni

Exploata¢ni parametry (tab. V)

Porost Inu byl trhan dvoufadkovym trhacem Inu
UNION s konstrukénim zdbérem 2,8 m.
Charakteristika vytrhanych
(tab. VI)

Odebrali jsme vzorky a zméfili jednotlivé charak-
teristiky vytrhaného Inu. Pro srovnani uvadime i hod-
noty metrovky.

stonku

Vymlat

Exploata¢ni parametry

Operace vymlatu se ukézala z hlediska zaji$téni vhod-
né techniky jako nejnarocnéjsi. V praxi jiZ neni mnoho
sklizecich mléati¢ek se sbéracim adaptérem. Byla pouZi-
ta sklizeci mlaticka E 512 se sbéracim adaptérem o za-
béru 4,20 m. Vlastni adaptér se skldd4 ze dvou sekci
o z4béru 2 m, mezi obéma sekcemi je umistén hnaci
mechanismus.

Vymlat byl zahajen v rannich hodinach, ale pro vy-
sokou vlhkost byl nekvalitni. Navic se stonky Inu na-
motéavaly na stfedovy hnaci mechanismus adaptéru
a musely se ruéné odstranit. Proto byly fadky ru¢né
prehazeny tak, aby se stonek na hnaci mechanismus
nenamotéval.

U seceného Inu zahrnoval zéabér tfi fadky a prostied-
ni fadek byl pfitom pfehozen na jeden z krajnich. Tr-
hany len byl den pfed odsemefiovanim obracen, aby
fadky lépe proschly. U trhaného Inu byl zabér upraven
na Gtyfi fadky, takZe prvni fadek byl prehozen na druhy
a tieti fadek na &tvrty. Po piehdzeni fadki jiZz vymlat
déle probéhl bez problémi. Nepotvrdily se obavy z na-
motavani stonk na mlatici buben.

Vymlacené semeno bylo u obou variant zvdZeno
a naméfené hodnoty byly piepocteny na hektarovy vy-
nos (tab. VII) V ZZN Pelhfimov byla zméfena vlhkost
vzorkl; u obou variant byla stejnd - 11,2 %.
Charakteristika stonkd po vymlatu

Po vymlatu byly odebrény vzorky jak z Easti seCené,
tak i z Casti trhané. U vzorki byla méfena technické
délka, aby bylo moZné porovnat ji s délkou pred vy-
mlatem, a zji§tovano poskozeni a poldméni stonki, kte-
ré maZe negativné ovliviiovat rovhomérnost roseni.
Vysledné ddaje jsou uvedeny v tabulce VIIL
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I1I. Exploata¢ni parametry ZTR 165 - Exploitative parameters of
ZTR 165 mowing machine

Parametr' Vypoétend hodnota?
Pracovni rychlost®  (km.h™") 8,258
Pracovni zibér® (m) 1,25
Soucinitel pracovniho zdbéru® 0,757
Efektivni vykonnost® (ha.h™!) 1,032

'pnrameler. Zcalculated value, 3working speed, dworking width, co-
efficient of working width, feffective capacity

IV. Charakteristika pose¢enych stonkil — Parameter of mown stems

Ukazatel' Stiedni hodnota?
Vyska strnidts? (mm) 62,305
Technickd délka posecenéh stonku? (cm) 51,23
Technicka délka vytrhaného stonku® (cm) 58,29
Technicka délka stonku z metrovky® (cm) 59,69
Délkové ztrity seeny/trhany’ (%) 10,559
Délkové ztrity sedeny/metrovka® (%) 12,648

lindex, 2mean value, *stubble height, “technical length of mown
stem, “technical length of pulled stem, Stechnical length of stem
based on | sq. meter sample, 7Iength losses mown/pulled, ¥length
losses mown/1 sq. meter sample

V. Exploata¢ni parametry trhate UNION - Exploitative parameters
of UNION pulling machine

Parametr' Vypottend hodnota?
Pracovni rychlost®  (km.h™') 7,676
Pracovni zdb&r* (m) 2,5
Soutinitel pracovniho zab&ru’ 0,893
Efektivni vykonnost® (ha.h™') 1,198

'pnrumeter, %calculated value, * working speed, 4working width, Sco-
efficient of working width, “effective capacity

VI. Charakteristika vytrhanych stonkd — Parameter of pulled stems

Varianta' Trhany stonek? | Metrovka®
Celkové délka stonku®  (cm) 67,72 67,69
Technicka délka stonku® (cm) 58,29 59,69
Délka rozvétveni stonku® (cm) 9,43 8,00
Potet tobolek na rostling’? (ks) 3,77 3,75

'variant, 2pulled stem, 1 sq. meter sample, “total sample length,
Stechnical stem length, 6lz:nglh of stem ramification, 'number of
capsules on plant

VII. Vynos semene ze zkuSebnich parcel — Seed yield from testing
plots

] Vymlicené Plocha? Hektarovy
Stonek semeno? (kg) (m?) vynos* (t.ha™')
Sedeny® 110 138 x 7,5 =1 035 1,062
Trhany® 116 137 x 10 = 1 370 0,846

'stem, “threshed seed, “area, *yield per hectare, mown, ®pulled
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VIII. Charakteristika stonk po vymlatu — Parameter of stems after
treshing

Seceny | Trhany

Varianta' stonek? | stonek?
Technicka délka po vymlatu® (cm)| 40,71 |52,14
Technicka délka pred vymlatem® (cm)| 51,23 | 58,29
Technickd délka metrovka® (cm)| 59.69 | 59.69
Délkové ztrity po vymlatu/pred vymlatem’ (%)| 12,436 | 10,551
Délkové ztrity po vymlntu/metrovkn“ (%)| 24,928 | 12,648
Potet poskozeni stonku’ 0,06 | 0,71
Délka poskozeni stonku'? (cm)| 031 | 4,99
Pocet poldmani stonku'! 033 | 2,18

vannm 2mown stem, “pulled stem, tcchmcal length after thresh-
ing, techmcul length before threshing, le(.thaI length 1 sq. meter
sample, leng(h losses after/bcfore threshing, Iength losses after
threshing/1 sq. meter sample, “number of stem damages, l"Icngth of
stem damage, "number of stem breakings

IX. Exploataéni parametry shrnovace Fella TS 425 — Exploitative
parameters of Fella TS 425 rake

X. Exploata¢ni parametry lisu Hesston 4700 a vynos rosenych ston-
ku — Exploitative parameters of Hesston 4700 baler and yield of
retted stems

Vacianta! dopels | stoneid
Pofadové &islo jizdy* 1 2 1 2
Cas jizdy® (s) | 66 64 61 59
Pramérny ¢as® (s) 65 60
Pracovni rychlost v’ (km.h™") 7.64 8,21
Efektivni vykonnost WI”(h:Lh") 2.866 4,109
Podet baliki? 6 8
Celkovi hmotnost balika'®  (kg) 290 400
Sklizend plocha'! (m?) | 1035 1370
Hektarovy vynos'2 (th™) 2,802 2,920

'variant, mown stem, pulled stem, scnal number of passage pas-
sage time, average time, wurkmg sreed Seffective Lﬂfﬂclly “num-
ber of bales, '“total weight of bales, " "harvested area, “hectare yield

XI. VytéZnost vlikna zpracovivanych stonkii - Yield of stem pro-
cessing

Varianta! oo | s
Pofadové &islo jizdy* 1 2 1 2
Cas jizdy’ (s) | 53 | 50 | 55 | 52
Primé&my &as® (s) 51,5 53,5
Rychlost pracovni v’  (km.h™") 9,64 9.21
Efektivni vykonnost W *(ha.h™") 3,62 4,61

'variant, “mown stem, qulled stem, “serial number of passage, 5pns-
sage time, "average time, 7worlcing speed, Reffective capacity

Obraceni

Exploataéni parametry

Stonky se obracely dvakrat, aby se zlepsil prubéh
roseni. K obraceni jsme pouZili shrnovac Fella TS 425.
Bylo zapotiebi fddek pouze obrétit a pfitom ho zachovat
veelku. Obraceni probihalo bez sebemensich problémi.
Jednotlivé &asy obou variant jsou shrnuty v tab. IX.
Vypocty jsou shodné s vypoclty parametri u trhani
a seleni.

Lisovani

Exploatadni parametry

K lisovani neorientovaného stonku jsme pouzili lis
Hesston 4700. Obé varianty byly slisovdny bez problé-
mu (tab. X). Po slisovani byly jednotlivé baliky zvaZze-
ny a vypocitan hektarovy vynos.

Zpracovini stonku
Stonek zpracovali pracovnici CML ve svych provo-

zech. Po kalandrovéni byl stonek zpracovin na dvou
riznych koudelovych linkdch: KKS-6 a Charle. Pro po-

32

Varianta' A B [ 04
Kalandrovani® - vstup® (kg) | 94,00 | 93,00 | 73,00
— vystup* (kg) | 86,20 | 86,00 | 64,60
Vytéznost® (%) 91,70 | 92,47 | 88,49
Koudelik KKS - vstup (kg) [ 38,00 46,20 30,90
- vystup (kg) | 16,50 17,40 10,70
VytéZnost (%) | 43,42 34,78 34,62
Koudeldk Charle — vstup (kg) | 48,20 39,80 33,70
- vystup (kg) | 20,50 16,40 8,90
VytéZnost (%) | 42,53 41,20 23,37

A - stem harvested by mowing
B — stem harvested by pulling
C - stem hatvested by traditional process

'variant, 2calendcring. 3input. “output, 5processing yield

rovnani byl zpracovan i tradiéné sklizeny stonek
(tab. XI). V tabulce jsou vzorky oznaeny takto:

A) stonek sklizeny postupem se secenim,

B) stonek sklizeny postupem s trhanim,

C) stonek sklizeny tradi¢nim postupem.

Ekonomické vyhodnoceni pokusu

Pokusem byla ovéfena moZnost pouZit netradiéni
technologii sklizn& v Ceské republice bez dodateénych
investic na pofizeni nové techniky. Problematické bylo
pouZiti sbéraciho adaptéru, protoZe jich je v zemédél-
skych provozech nepatrny podet. Je také potieba dote-
§it pfitla¢eni fadku po mldceni. Ostatni operace probéh-
ly bez problémi.

* Z obou variant je vyhodnéjsi varianta se seCenim.
Vynos roseného stonku o 4,11 % niZ$i neZ u varianty
s trhanim je v naSem piipadé¢ kompenzovan vynosem
semene 0 25,52 % vy$§im neZ u varianty s trhanim.
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XII. Kalkulace nikladi na sklizefi 1 hektaru pfadného Inu (K&ha™y -
Costing harvesting expenses per | hectare of fibre flax

XIII. Kalkulace ndkladii na netradi¢ni technologii sklizné — Costing
expenses of non-traditional harvesting technology

Operase! Péass.mlelz Pécs.‘izlel Depﬁ::::fsm -
Trhénf? 790 670 1 050
Vymlat tobolek? 400 410

Suseni tobolek® 345 288
Odsemefiovani® 1 980
2x obraceni’ 1543 | 1300 1 300
Sber® 1692 | 1770 1300
Transporty” 2250 1 630 1 780
Celkové naklady na sklizeid'" | 7 020 | 5998 7410
Celkové nédklady na | ha'' 19 384 | 18 308 19 538

1 . 2 3 . 4 = 5
operation, “grower no., “pulling, “capsule threshing, “capsule dry-
ing, "deseeding, Tdouble turning, “picking-up, l)transpons, Ytotal
harvesting costs, Mtotal costs per | hectare

Varianta se sedenim' Varianta s trhdnim'®
Operace? (nl‘é:‘_d:g! ,; operace (';(A: :‘:d_){ )
Seéeni? 346 trhéni'! 1050
Vymlat’ 1551 obraceni'? 242
2x obraceni® 484 vymlat 1551
Sber’ 969 2x obrdcenf 484
Transporty® 1 645 sbér 969
transporty 1 645
Celkem” 4995 celkem 5941

!variant with mowing, 2oper;uion. Seosts, "mowing. 5(hreshing, ‘dou-

ble lurnin%‘ 7picking-up, "(ransports. “total, "variant with pulling,
; 5.0
lIpullmg. “turning

XIV. Ekonomick4 analyza péstovéini Inu — Economic analysis of flax growing

R Netradicni sklizeii?

se sefenim’ s trhanim*
Vynos rosenych stonkd® (t.ha!) 32 34 2,8 2,92
Vynos semene® (t.ha™!) 0,6 0,6 1,062 0,846
Néklady na sklizeit? (K&.ha™") 6 809 6 809 4995 5941
Celkové niklady® (K&.ha™') 19 643 19 643 17 829 18 775
Trzby za semeno? (K&) 4 680 4 680 8 283,6 6 598,8
Cena rosenych stonkt pfi nulové rentabilité'? (K&.t™") 4675 4 400 3409 4168

'traditional harvest, alternative harvest, >with mowing, 4with pulling, Syield of retted stems, “seed yield, 7hmvesting costs, Motal costs,

IJeumings for seed, l"price of retted stems at zero profitableness

Pro ekonomické srovnani obou variant pokusu a kon-
trolni varianty byly pouZity ndklady péstiteld na skli-
zefi. U tradi¢ni technologie jsme vychazeli z kalkulace
dvou péstiteli na Ceskomoravské vrchoving, ktefi hos-
podaii ve stejnych podminkich jako AGREKO Usti
nad Orlici a pouZivaji jednofazovou technologii skliz-
né. Pro uplnost uvadime i naklady na provoz skliziio-
vych stroji Depoortere (dvoufézova sklizeii) podle kal-
kulace podniku Lenas Mala Stahle (Smirous, Krmela,
1994) — (tab. XII). Néklady na netradiéni postup skliz-
né byly vypocitany pro konkrétni stroje a podminky
nasazeni (Abrham et al., 1996) — (tab. XIII) Pfi porov-
néni jednotlivych variant vychazi z hlediska niklada
vyhodnéji varianta se seCenim.

Pfi porovnani pfijmu jsme vychazeli z téchto pied-
pokladi:

— cena rosenych stonkt od 2 800 do 5 500 Keh
— primérny vynos rosenych stonki za poslednich pét
let 3,2 tha™', mirng nadprimérny vynos 3,4 tha”!

(Komberec, 1997);

— prumérny vynos semene 0,6 tha™!, cena In&ného se-

mene 7 800 K&.t™! (Staud, 1998);

— pramérné celkové naklady 19 643 Ké&ha™, z toho
na sklizeii 6 809 K&.ha™', to je 34,66 %.

Vlastni porovnani jsme provedli pro nulovou renta-
bilitu. Z celkovych nakladi jsme odecetli trzby za se-
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meno. Zbylou &astku jsme podélili vynosem rosenych
stonku, ¢imZ byla zjiSténa minimalni realiza¢ni cena za
jednu tunu roseného stonku (tab. XIV).

Vysledky v tab. XIV ukazuji, Ze pokud ma byt pés-
tovani Inu rentabilni, musi péstitel produkovat vysoce
kvalitni roseny stonek. U porosti poskozenych a méné
kvalitnich je moZné pouZit netradini technologii skliz-
né€. V naSem pokuse vychdzi jako vyhodné&;si sklizefi se
seCenim. Vysledny material neni uréen pro vyrobu dlou-
hého vldkna, ale pro produkci vldkna kratkého, napf.
pro smésné pfize, popfipadé pro papirenské vyuZziti ne-
bo pro jiné netradiéni formy pouZiti Inénych vlaken
(Schulze, 1995).

ZAVER

Pro posouzeni netradi¢ni technologie byl vybran po-
stup, ktery nepotieboval dodatené investi¢ni naklady
na stroje pro sklizefi stébelnatych materidlti. Byly po-
rovnavany dvé varianty sklizné Inu: jedna se secenim,
druhd s trhanim. K odsemenéni stonku byla pouZita skli-
zeci mlaticka se sbéracim adaptérem, stonky byly bg-
hem roseni dvakrat obréceny a slisovany do velkych
hranatych baliki. Ziskany neorientovany stonek byl zpra-
covan na koudelové lince.
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Z obou variant je lepsi varianta se seCenim. O 4,11 %
niz&§i vynos rosenych stonki je pIné kompenzovan vy-
nosem semene 0 25,52 % vy$sim vzhledem k varianté
s trhanim. Vlastnim vymlatem se technicka délka vzhle-
dem k technické délce pfed vymlatem zkratila, tento
rozdil byl statisticky vysoce pritkazny. U varianty s tr-
hanim byly stonky b&hem vymlatu vyrazné poskozenéj-
i neZ u varianty se seCenim a tento rozdil byl rovnéz
vysoce statisticky prukazny. PoSkozeni stonki miZe
negativné ovlivnit rovnomérnost roseni.

Ekonomické posouzeni nédkladii vychazi také lépe
pro variantu se sefenim. V tomto pfipad€ néklady na
sklizefi dosahly vySe 4 995 Ké&.ha™!, varianta s trhénim
méla niaklady 5 941 Keha™! a pramérné nédklady na
tradi¢ni sklizeii &inily 6 809 K&.ha™' .

Netradi¢ni technologii sklizné je moZné pouZit v pii-
padech, kdy je jiZ pfed sklizni jasné, Ze porost Inu ma
nizsi kvalitu, popfipadé je poSkozeny. V téchto piipadech
ani nasazeni nejmodernéj§i techniky nezajisti produkci
kvalitni suroviny, o kterou maji zpracovatelé zédjem.
Naopak maly pokles kvality rosenych stonkii znamena
vyrazny pokles realiza&ni ceny. Uspora ndkladi u ne-
tradi¢ni sklizn& pak miZe kompenzovat nizsi prodejni
cenu. Neorientovany stonek muZe byt pouZit pro vyro-
bu kotonizovanych pfizi.
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TECHNICKA LEGISLATIVA

STANDARDIZACE METYLESTERU MASTNYCH KYSELIN
A MOTOROVYCH PALIV NA JEJICH BAZI V CESKE
REPUBLICE A V EVROPSKE UNII

STANDARDIZATION OF FATTY ACID METHYL ESTERS
AND DERIVED POWER FUELS IN THE CZECH REPUBLIC
AND EUROPEAN UNION

Z. Pokorny

Research Institute of Agricultural Engineering, Praha, Czech Republic

ABSTRACT: Two-year work of a team of experts is summarized in this paper; it was aimed at standardization of rapeseed
oil methyl esters (amendment of CSN 65 6507 standard) and a new fuel for diesel engines containing more than 30 weight
% of these methyl esters (new standard CSN 65 6508). A high quality of mixed fuel is laid down by technical parameters of
these related standards; the technical standard of the fuel is consistent with the latest trends enforced in EU. Use of mixed
fuels with the content of rapeseed oil methyl esters higher than 30% has dynamically increased in the Czech Republic to
account for a 7% share in the total consumption of fuels for diesel engines in this country in 1997. Both quality standards
are currently applied as a criterion for the control of technical equivalence of products as established by law, they are used
by laboratories providing services to customs offices and Financial Control organs for the purposes of tax relief associated
with biofuel production and use.

fatty acid methyl esters; fuel for diesel engines containing rapeseed oil methyl esters; power fuel standardization

ABSTRAKT: V prispévku jsou shrnuty vysledky dvouleté price tymu odbornikit na standardizaci metylestert fepkového
oleje (zména CSN 65 6507) a nového paliva do vznétovych motorii obsahujiciho pres 30 % hm. t&chto metylesterti (nova
CSN 65 6508). Technické parametry téchto souvisejicich norem definuji vysokou kvalitu smésného paliva, které odpovida
svou technickou drovni soudobym nejprogresivnéj$im trendim prosazovanym v EU. Uplatnéni sm&sného paliva s vice neZ
30% obsahem metylesterl fepkového oleje se v Ceské republice dynamicky rozviji a v roce 1997 dosdhlo jiz 7 % podilu na
celkové spotfebé paliv do vznétovych motord u nds. Obé normy jakosti jsou v soucasné dobé uplatiiovany jako kritérium pro
kontroly zabezpecovini technické shody vyrobku pfedepisované zikonem a jsou vyuZiviny laboratofemi slouZicimi orgdniim
celni i finanéni spravy s ohledem na dailové tlevy spojené s vyrobou a uZitim biopaliv.

metylestery mastnych kyselin; palivo pro vznétové motory s obsahem metylester(i fepkového oleje; standardizace motorovych paliv

UvVoD Tehdejsi zkuSenosti v oblasti uziti MERO i ekono-

mické propocty vychazejici z cenové hladiny zakladni

Od roku 1990 se u nas konaly provozni zkousky
s metylestery fepkového oleje (MERO) rakouské pro-
dukce v traktorech Zetor a ZTS (pozdgji i z vlastni pro-
dukce). V roce 1991 byl koncipovan a od roku 1992
realizovan celostatni (tehdy jeSté v ramci byvalé fede-
rativni republiky) program vyuZiti fepky pro vyrobu
alternativniho paliva do vznétovych motori. Na§ pro-
gram byl tehdy inspirovéan pfedevsim rakouskymi zku-
Senostmi z vyroby a uZiti MERO. V té dobg byly fran-
couzsky a némecky program pouze ve stadiu pfipravy
vyrobni zakladny.
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suroviny — fepky (predstavuje pfes 70 % vyrobnich na-
kladi metylesterii) divaly pfedpoklad pfimého uZiti
MERO ve vznétovych motorech. Tento pfedpoklad se
dodnes napliiuje v Némecku a Rakousku diky vyznam-
nym dotacim nepotravinaiské fepky piimo u péstiteld.
Neexistence této podpory u nds ekonomicky znemoZni-
la uZiti Cistého MERO v obdobi charakterizovaném
v Ceské republice prudkym néristem cen fepky, ktery
ma trvaly a neklesajici charakter. To zpusobilo, Ze cena
MERO je u nas vyssi (i pfi nulové spotiebni dani) ne?
motorova nafta.



Pritom technicky i legislativng by v Ceské republice
(CR) teoreticky nemélo nic (kromé ceny) branit uZiti
¢istétho MERO: tsp&sné vysledky dlouhodobych pro-
voznich zkousek, které — zejména v traktorech Zetor —
probihaly nepfetrzité od roku 1990 az do roku 1996
(Ondracek, 1998), uspésna dlouhodoba zkouska
v motoru 1,9-diesel v osobnim automobilu Skoda pro-
vedend v roce 1996, platna CSN 65 6507 pro MERO,
zatazeni MERO v uvedené kvalité mezi provozni hmo-
ty podle vyhlasky Ministerstva dopravy ¢. 102/95, ho-
mologace motori na MERO, pozitivni vyjadieni hygie-
nika CR k MERO, zkousky koufivosti, emisi u motori
s MERO, velmi dobra biologicka rozloZitelnost z 98 %
za 21 den podle mezinarodniho testu apod.

Vychodiskem ze $patné cenové konkurenceschopnosti
MERO bylo zavedeni sm&sného paliva s obsahem pies
30 % hm. MERO. Toto palivo je v sou¢asné dobé je-
dinou formou uplatnéni MERO u nas. Jeho ekonomicka
zivotaschopnost souvisi s dodate¢né prijatou formou
dafiové podpory (nulova spotiebni dai se vztahuje i na
ropné produkty obsaZené ve smésném palivu).

V roce 1997 se v CR spotiebovalo 168 tisic tun to-
hoto smésného paliva, coz predstavuje 7 % celkové
spotfeby paliv do vznétovych motori (Pokorny,
Cvengros, 1998).

Formulace smésného paliva s MERO se u nés zpo-
Catku vyvijela zivelné a s tim souvisela i nevyrovnana
jakost tohoto paliva, které ma proti Eistému MERO
i nékteré provozni piednosti priblizujici jeho vlastnosti
motorovym naftim (proti MERO sniZend tendence
k fedéni motorového oleje palivem, nizsi agresivita pa-
liva vaci natéram a pryzim). Smésné palivo si pfitom
zachovavé nékteré ekologické piednosti MERO (niZsi
koufivost, snizeny obsah nékterych emisnich sloZek,
velmi dobra biologickd rozloZitelnost) vici motorové
nafté; podminkou zachovani ekologi¢nosti smésného
paliva je vSak obsah MERO pievy3ujici 30 % hm.
(Pokorny, 1998).

Proto na zakladé plinu technické normalizace pro
roky 1996 a 1997 byla mezi Ceskym normalizaénim
institutem a Vyzkumnym ustavem zemédélské techni-
ky uzaviena smlouva o piipravé podkladi pro novou
CSN na smésné palivo do vznétovych motorii. Toto
palivo ma obsahovat vice nez 30 % MERO a byt bio-
logicky rozloZitelné minimélné z 90 % za 21 dni podle
testu CEC L-33-A-93.

Nutnost komplexniho pfistupu k dané problematice
si vyZadala i kritickou analyzu platné CSN 65 6507 pro
MERO v oblasti ukazatelii jakosti a metod jejich sta-
novovani (uvedena norma byla zavedena od listopadu
1994 a byla poplatna tehdejSimu stupni poznani).

Aktualnost téchto standardizacnich aktivit byla zvy-
raznéna nafizenim vlady z 25. 6. 1997, kterym se sta-
novi vybrané vyrobky k posuzovani shody technickych
parametr (ndvaznost na zakon &. 22/1997 Sb., § 22).
Podle tohoto vladniho nafizeni byly MERO a smésné
palivo (s obsahem pies 30 % hm. MERO) zahrnuty
jmenovité do skupiny vyrobki s pfisngj§im rezimem
posuzovani shody autorizovanymi osobami.
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VYCHOZI SITUACE V EVROPSKE UNII A CESKE
REPUBLICE

ZAKLADNI TENDENCE STANDARDIZACE
V CLENSKYCH STATECH EVROPSKE UNIE

Standardizace v téch ¢lenskych statech, které aktiv-
né napliuji doporuceni EU o podpoie vyroby a uziti
biopaliv, se soustfeduje na presné definovani kvality
metylesteri mastnych kyselin vhodnych rostlinnych
oleju i tukl (prevazné fepkového, méné slunecnicové-
ho, séjového oleje, upotiebenych tukt a oleji). Cisté
metylestery se pouZivaji jako motorovéa paliva v Né&-
mecku a Rakousku. Ve Francii se preferuji metylestery
(pfedeviim MERO) jako slozky smésnych paliv s mo-
torovou naftou (Noisel, 1995). V Itilii se metyleste-
ry uplatiiuji piedevsim jako slozky topnych oleju.

Vibec prvnim standardem jakosti byl navrh rakous-
ké normy ONORM C 1190 pro MERO (price zahdjeny
na pocatku devadesatych let a jeho soucasna podoba
byla publikovdna v roce 1994). V Rakousku byla na-
sledné pfipravena i norma ONORM C 1191, kterd ma
obecnéjsi zaméfeni: tyka se metylester mastnych ky-
selin (z riznych typu oleju a tuki, véetné Zivodisnych);
kone¢né znéni této normy bylo publikovano v roce
1997 (Schindlbauer, 1995).

Ostatni staty navazovaly na rakouské prace (W or -
getter, 1996):

— francouzsky standard (z 20. 12. 1993) pro metyles-
tery rostlinnych oleju,

— italskd norma CUNA NC 635-01 z roku 1993 pro
metylestery rostlinnych oleju,

— Ceska norma (CSN 65 6507 z listopadu 1994) pro
metylestery fepkového oleje,

— §védska norma (SS 155436 z roku 1996) pro metyl-
estery rostlinnych oleja.

Velky evropsky vyznam ma némecky navrh normy
publikovany v zafi 1997 (DIN E 51 606). Na tento
dokument, ktery se vztahuje na metylestery mastnych
kyselin, se v soucasnosti odvolava velka vétSina vyrob-
cu vozidel (Volkswagen, Audi, Mercedes-Benz, Seat,
Skoda, Ford, IVECO, John Deere, Kubota, MAN, Vol-
vo a dalsi).

Pro evropskou normalizaci budou mit rozhodujici
vyznam prace CEN (Comite Europeen de Normalisati-
on), zahdjené v roce 1998 ve skupiné TC 19 na ziakladé
mandatu Evropské komise. Cilem je pfipravit evrop-
skou normu pro metylestery mastnych kyselin. Po jejim
prijeti je i CR povinna (jako ¢len CEN) prevzit tento
standard.

Standardizace smésnych paliv na bazi metylestert se
v zemich EU zatim nepfipravuje. Diivodem je prede-
v§im skute¢nost, Ze metylestery se misi pouze s klasic-
kou motorovou naftou evropské kvality (EN 590).
V téchto zemich neexistuje (na rozdil od CR) podmin-
ka zvySené hodnoty biologické rozloZitelnosti (ktera
nuti v CR vybirat ropné frakce a jiné produkty sekun-
déarniho zpracovani ropy do smési podle stupné biolo-
gické rozlozitelnosti).

RES. AGR. ENG., 46, 2000 (1): 35-40



SPECIFICKA LEGISLATIVNI A TECHNICKA
SITUACE PRI FORMULOVANI SMESNEHO PALIVA
DO VZNETOVYCH MOTORU OBSAHUJICIHO
METYLESTERY REPKOVEHO OLEJE V CESKE
REPUBLICE

V zahranic¢i (kromeé Slovenska) se pod nazvem ,Bio-
diesel* (volné preloZeno bionafta) rozumi metylestery
mastnych kyselin rostlinnych oleju, pfip. tuki (Kor-
bitz, 1997).

Ponékud odli§né je tomu v CR, kde definice bionaf-
ty prodélala jiny historicky vyvoj (zejména v daiové
legislativé i v bézném povédomi). Pfi koncipovani
programu a jeho schvalovani ve vladé CSFR (potatek
roku 1992) se pojem MERO ztotoZziioval s pojmem bio-
nafta (obdobné jako v EU a USA). Tehdy se také po-
¢italo s MERO jako s kone¢nou spotiebitelskou for-
mou paliva. S postupem poznani, Ze jedinou cenové
konkurenceschopnou formou paliva v naich podmin-
kach (neexistence dotace pro nepotravinaiskou fepku,
dafiové tlevy pfijaté u nas pro smésné palivo) je pravé
smésné palivo s obsahem MERO, doslo i k posunu ob-
sahu definice bionafty uZivané danovou legislativou.
Zikon o spotiebnich danich chape pod pojmem bionaf-
ty (§ 19, odst. 3) palivo spliujici dvé kritéria:

— obsah metylesteri mastnych kyselin obsaZenych
v rostlinnych olejich a tucich pfevySujici 30 % hm.,

— biologickou rozloZitelnost min. 90 % za 21 dni po-
dle testu CEC L-33-A-93.

Na toto palivo se u nas vztahuje zakladni danova
dleva (nulova spotfebni dar).

Smésné palivo je kone&nou formou vyuZiti MERO
napf. i ve Francii. V této zemi vSak situaci zjednodusuji
dvé skute¢nosti:

— tzv. nepotravinaiské fepka je dotovéna a piedstavuje
tudiz o 20 az 30 % levnéjsi zakladni nakladovou
poloZku pro vyrobu MERO,

— neexistuje kritérium limitujici vysoky stupeii biolo-
gické rozlozitelnosti jako podminku dafiové podpory.
Vysledkem je zjednoduSena situace: MERO se mi-

cha pouze s motorovou naftou.

Kritérium vysoké biologické rozloZitelnosti smési
(zabezpeCované vybranymi ropnymi komponentami)
neni pfitom podle poslednich vyjadieni odbornikii roz-
hodujicim a tak vyznamnym ekologickym kritériem,
jako je napf. koufivost, sloZeni emisi (Cerny, Sed-
lacek, 1998). Kontroverzni kritérium biologické roz-
loZitelnosti smésného paliva je zatim zakotveno pouze
v daiové legislativé dvou zemi svéta: Ceské republiky
a Slovenské republiky. S jistotou lze pfitom tvrdit, Ze
¢lenské zemé EU toto kritérium nehodlaji ani v bu-
doucnosti uplatiovat.

Z uvedeného vyplyva, Ze pfislusny technicky standard
pro smésné palivo bylo tfeba pfipravit nezévisle na kon-
junktufe naSich danovych zakont. Kone¢né znéni prislus-
né technické normy CSN 65 6508 proto jednotné definuje
kvalitu smésného paliva vyrabéného v soucasnosti a bude
mit i svou plnou vypovidaci hodnotu pro palivo vyrabéné
ve vzdalen&jsi budoucnosti (Pokorny, 1997).
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ZAKLADNI PRISTUPY PRI STANDARDIZACI
METYLESTERU REPKOVEHO OLEJE

A SMESNEHO PALIVA PRO VZNETOVE MOTORY
NA JEJICH BAZI V SOUCASNEM OBDOBI

NAVRH ZMENY CSN 65 6507 PRO METYLESTERY
REPKOVEHO OLEJE

Kritickd analyza této normy platné od konce roku
1994, kdy byly u nas minimalni zkuSenosti s vyrobou
MERO v §ir§im méfitku, vychdzela v letech 1996 aZ
1997:

— z SirSich vyrobnich zkuSenosti u nés, z rozsahlejsich
méfeni jakostnich ukazateld MERO vyrobeného
u nds riznymi technologiemi reesterifikace z fepko-
vého oleje ziskaného v lisovnach ruzné velikosti
i koncepce (Pokorny, 1995),

— ze zahrani¢nich tendenci standardizace MERO
(resp. metylesterii riznych oleji a tukii) souviseji-
cich s hlub8imi znalostmi interakce: vznétovy motor
— MERO v riznych podminkach provozu (Bartl,
1995).

V nasich sougasnych podminkich je MERO neza-
stupitelnou sloZkou smésného paliva (s obsahem pies
30 % hm. metylestert) a nepiedstavuje konecnou for-
mu paliva pro pfimou aplikaci.

Zména CSN 65 6507 predstavuje zdroveii priblizeni
budouci ,evropské* normé pro metylestery mastnych
kyselin (Scharmer, 1995). Nasi vyrobci a uZivatelé
budou zménénou CSN 65 6507 lépe pfipraveni na pie-
vzeti evropské normy CEN po jejim zpracovani a vy-
hledovém prevzeti Ceskou republikou.

NOVA NORMA CSN 65 6508 PRO PALIVO
DO VZNETOVYCH MOTORU OBSAHUJICI PRES
30 % METYLESTERU REPKOVEHO OLEJE

U n4s MERO vyribi 17 producentii. Smésné palivo
na jeho bazi pripravuje pres 20 koncesovanych spolecnos-
ti (z toho pét je zdroveii vyrobcem MERO). PouZiva se
jak MERO vyrobené v &eskych vyrobnich, tak MERO
dovazené (Rakousko, Némecko, Francie a Slovensko).

Motorai'ské zkousky smésného paliva prokazaly fa-
du jeho technickych prednosti jak proti MERO (niz3i
fedéni motorového oleje palivem, niZ8i agresivita vi&i
néatérim a pryZim), tak proti béZnym motorovym naf-
tdm (niZsi koufivost, lepsi biologicka rozloZitelnost,
zlepSeni sloZeni emisi).

Za obecné vychodiska pfi standardizaci tohoto pali-
va je tfeba povaZovat tato:

— maximdlni pfibliZeni parametrd jakosti Grovni CSN
EN 590 pro motorové nafty,

— mezi ukazatele jakosti zafadit ukazatel prokazujici
obsah MERO ve smésném palivu, co? je diileZité pro
kontrolu shody za G&elem omezeni dafiovych pie-
stupkd (Pokorny, 1997),

— chapat standardizaci tohoto paliva v nedilné jednoté
s usazovanim kvality MERO (zménéna CSN 65 6507),
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nezafazovat mezi ukazatele biologickou rozloZitel-
nost (ponechat jej pouze v dafiové legislativé pod-
mifujici v souCasnosti dafiové ilevy); kritérium ma
u nés piechodny charakter a po vstupu do EU bude
zryseno,

obecnou snahu o zvySeni kvality smésného paliva
podpofit zatazenim limitované hodnoty ¢isla kyse-
losti (odstranéni negativnich dopadi na konstrukcni
materidly v provozu motori a pii skladovani paliva)
progresivni hodnotou obsahu siry v palivu (sniZeni
emisi kysli¢nikd siry),

zatim nezafazovat ukazatel oxidacni stability; v sou-
casné dobé nejsou totiz dostate¢né znalosti zahranic-
ni ani doméci, zejména v metodice stanoveni
(Prankl, 1998); pritom systematicky sbirat zkuSe-
nosti pro jeho pravdépodobné zatazeni do normy
v pfistich letech formou zmény.

Pfi vSech standardizacnich aktivitich jsme tzce spo-

lupracovali s odborniky z pramyslu zpracovani ropy,
statnimi zkuSebnami a s vyznamnymi odbornymi pra-
coviSti u nas i v zahranici.

VYSLEDKY A DISKUSE

SOUBOR TECHNICKYCH UKAZATELU ZMENY CSN

65

6507 PRO METYLESTERY REPKOVEHO OLEJE

Zmény jakostnich parametri v CSN 65 6507 (jejiz

prvni znéni je platné od listopadu 1994) pro MERO
spocivaji:

v Gpravé teploty méfeni hustoty (z 20 °C na 15 °C)
a kinematické viskozity (z 20 °C na 40 °C) v soula-
du s platnymi zménami metodiky v EU,

ve zpfisnéni ukazatele maximalné pfipustného obsa-
hu vody v palivu (z 1 000 na 500 mg/kg),

v upresnéni bodu vzplanuti na minimalné 110 °C;
tim je zarovei prikazné sniZena hodnota maximal-
niho obsahu zbytkového metanolu; sledovani ukaza-
tele obsahu metanolu bylo mozné pak vypustit,

ve vypusténi méfeni bodu tuhnuti, nebot dostate¢né
a technicky vystiznéjsi je stanoveni filtrovatelnosti
paliva; maximalni hodnota filtrovatelnosti je stano-
vena pouze na -5 °C (souvisi to s tim, e MERO se

1. Porovnéni technickych parametrii CSN 65 6507 pro MERO s parametry rakouské ONORM C 1190 pro MERO a némecké DIN E 51 606
pro metylestery mastnych kyselin (MEMK) — Comparison of technical parameters of the CSN 65 6507 standard for RME with parameters
of the Austrian standard ONORM C 1190 for RME and German standard DIN E 51 606 for fatty acid methyl esters (FAME)

MERO? MEMK?

Viastnosti! j":j;’;fkyz CSN 65 6507 ONORM | = o ! 606

1994 zména* C 1190
Hustota® pii 15 °C kg/m'1 855-890 (20 °C) 870-890 870-890 875-900
Kinematicka viskozita” pri 40 °C mm?/s 6,5-9.0 (20 °C) 3,5-5,0 6,5-8.0 (20 °C) 3.5-5.0
Filtrovatelnost®, max. °C -5/-15 -5 0/-15 0/-10/-20
Bod vzplanuti (PM)?, min. °C 56 110 100 110
Sira'’, max. % hm. 0,02 0,02 0,02 0.01
Voda'!, max. mg/kg 1000 500 . 300
Conrads. karb. zbytek'? (ze vzorku), max. % hm. 0,3 (10 %) 0,05 0,05 0,05
Popel'3, max. % hm. 0,02 0,02 0.02 0.03
Cislo kyselosti'*, max. mg KOH/g 0,5 0.5 0.8 0,5
Korozivni pisobeni na Cu'® stupefi 1 1 . 1
Celkovy obsah glycerolu'®, max. % hm. 0,24 0,24 0,24 0.25
Volny glycerol'”, max. % hm. 0,02 0,02 0,02 0,02
Fosfor'®, max. mg/kg . 20 20 10
Alkalické kovy'’ K, Na max. mg/kg . 10 (inf.) . 5
Cetanovy index2’, min. 48 48 (inf.) 48 49
Oxidagni stabilita?' (induk&ni doba) IP 306 h . . . .
Metanol?2, max. % hm. 0,3 . 0,2 0,3
Monoglyceridy®* % hm. . . . 0.8
Diglyceridy> % hm. . . . 0.4
Triglyceridy®® % hm. . . . 0,4
Jodové Eislo®t, max. g 17100 g . . . 115
Bod tuhnuti?’, max. °¢ -8/-20 . . .
Cislo esterové?® mg KOH/g 185-190 (inf.) . .

I|-mrz\meters. Zunits, *RME, *modification, *FAME, fdensity at, "kinematic viscosity at, SCFPP, “flash point, Ysulfur, "'water, *Conradson
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u nas neaditivuje pro zimni uZiti, nebot je pouZivan
pouze jako sloZka pro vyrobu smésného paliva),

— ve stanoveni karboniza¢niho zbytku paliva podle
Conradsona piimo ze vzorku v souladu s poslednim
vyvojem metodiky (tim se Ciselné méni i limitni
hodnoty pro MERO),

— ve vypusténi destilaéni zkousky v souladu se zahra-
ni¢nimi zkuSenostmi, nebot jeji prabéh u jednotli-
vych vzorku paliva je zpravidla neménny,

— v pouze informativnim charakteru stanoveni cetano-
vého indexu (technologie vyroby MERO jej nemiZe
vyrazné ovlivnit),

- v zafazeni novych ukazateli, kterymi jsou maximal-
ni obsah fosforu (vysoké obsahy mohou $kodit ka-
talyzatoru motoru), informativni stanoveni obsahu
alkalickych kovu (sodiku a drasliku), které signali-
zuji nezadouci pfitomnost mydel vzniklych v proce-
su reesterifikace oleje,

— v informativnim stanoveni esterového &isla (pfed-
stavuje rozdil ¢isla zmydelnéni a &isla kyselosti),
které poméha identifikovat surovinovy pivod metyl-
esteru.

Zatim nebyl do normy zafazen ukazatel oxidaéni
stability. Ze zahrani¢nich norem pouze némecké pocita

s jeho perspektivnim uplatnénim.

Tzv. joédové &islo, vyjadfujici stupefi nenasycenosti
mastnych kyselin, jsme nezafadili; pouZivd se pouze
u obecnéji zaméfenych norem metylesteri pfipravova-
nych z ruznych oleju a tuki. Ukazatel ma vyloucit po-
uZiti nevhodnych surovin; v pfipadé MERO postrada
vyznam.

Porovnani zmény CSN 65 6507 s pivodnim znénim
této normy a s rakouskou i némeckou normou uvadi
tab. 1.

Po pfijeti evropské normy pro metylestery mastnych
kyselin, jejiZ pfiprava probiha pod gesci CEN (Comite
Europeen de Normalisation) a na zakladé mandétu Ev-
ropské komise, pfevezme i CR tento standard. Zmé&ng-
n4a CSN 65 6507 bude sice piekondna, ale jeji prechod-
nou pusobnost lze pfesto hodnotit pozitivné.
V pfechodném obdobi pfipravi nae vyrobce i uZivate-
le k b&Znému uplatiiovani vysoké kvality paliva v du-
chu pozitivnich tendenci budouci evropské normy.

NOVA CSN 65 6508 PRO SMESNE PALIVO
DO VZNETOVYCH MOTORU S OBSAHEM
METYLESTERU REPKOVEHO OLEJE PRES 30 %

Toto palivo mé fadu ekologickych prednosti pred
motorovymi naftami typu CSN EN 590. Jde pfedeviim

I1. Porovnéni technickych parametrii CSN 65 6508 pro palivo do vznétovych motori obsahujici pfes 30 % MERO s parametry CSN EN 590
pro motorové nafty — Comparison of technical parameters of CSN 65 6508 standard for diesel engine fuel with RME content over 30 %

with parameters of the CSN EN 590 for diesel oil

. Memé CSN 65 6508 GSN EN 590
Jednotky min. max. min. max.

Hustota® pfi 15 °C kg/m? 820 860 820 860
Kinematick4 viskozita® pfi 40 °C mm?/s 2,00 4,50 2,00 4,50
Cetanovy index® 46 . 46 .
Filtrovatelnost (CFPP)®

tiida B °C . 0 . 0

tiida D °C . -10 . -10

tiida F 2G . -20 . =20
Destilagni zkougka’

do 250 °C % obj. . 65 . pod 65

do 350 °C % obj. 85 . 85 .

do 370 °C % obj. 95 . 95 .
Bod vzplanuti (PM)? °c nad 55 . nad 55 .
Voda? mg/kg . 350 . 200
Karbonizaéni zbytek'? (10 % dest. zb.) % hm. . 0,30 . 0,30
Sira'! % hm. { 0,04 . 0,05
Popel'? % hm. . 0,01 . 0,01
Obsah mechanickych neistot!? mg/kg . 24 . 24
Korozivni plsobeni na Cu'* (3 /50 °C) stupeii koroze tfida | tfida 1
Cislo kyselosti'’ mg KOH/g . 0,25 . .
Oxidaéni stabilita'® (CSN EN ISO 12 205) g/m? . . . 25
Obsah metylestera'? (jako metyloleat) % hm. vice nez 30 36 . .

Ipnmmeters, zunil, Jdensity, “Kinematic viscosity, Scetane index, SCFPP (class), Tdistillation test (vol.), ¥flash point, ”wnter‘ mConmdson

carbonisation residue — CCR (mass), “sulphur (mass), !

Yoxidation stability, ”methylesler content (mass)
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o vyrazn& niZ8i koufivost, pfiznivéjsi sloZeni emisi
a lepsi biologickou rozloZitelnost.

Soubor ukazateli jakosti pfebira parametry evropské
normy pro motorové nafty (CSN EN 590). Doplnén je
predeviim o velmi duleZity a specificky ukazatel, kte-
rym je obsah metylestera: vice nez 30 % a maximalné&
36 % hmotnostnich (vyjadieny jako metyloleat). Tento
obsah se odvozuje propoétem z Cisla esterového, které
je definovano jako rozdil &isla zmydelnéni a Cisla ky-
selosti. Metoda byla z hlediska opakovatelnosti a re-
produkovatelnosti ovéfena tzv. kruhovym testem Sesti
laboratofi s velmi dobrym vysledkem. NevyZaduje na-
ro¢né pfistrojové vybaveni a je dostupna §ir§imu okru-
hu zku$ebnich laboratofi. Tento ukazatel je velmi du-
leZity nejen z technického hlediska, ale je vyznamny
zejména pro laboratofe pracujici pro celni a finan¢ni
organy (limitni obsah metylestert v palivu je smérodat-
ny pro dafiové dlevy).

Navic byl zafazen i ukazatel Cisla kyselosti, jehoZ
maximalni hodnota zamezuje negativnimu vlivu paliva
na konstruk&ni materialy motoru i skladovacich nadrzi.

U&elnost zatazeni oxida¢ni stability paliva mezi sle-
dované parametry je zatim ovéfovana mimo ramec nor-
my. Je velmi pravdépodobné, Ze v budoucnu bude do
normy zahrnuta. Zatim tomu brani nejasnosti pii vybé-
ru metody méfeni, nedostate¢né zahranicni i naSe zku-
Senosti pfi vyhodnocovini vysledki méfeni ve vazbé
na provoz paliva v motorech a skladovatelnost paliva.

Porovnani technickych parametri CSN 65 6508
s parametry CSN EN 590 pro motorové nafty ukazuje
tab. II. Existence této normy umoZiiuje zafadit smésné
palivo mezi tzv. provozni hmoty ve smyslu vyhlasky
Ministerstva dopravy ¢. 102/95.

O zavedeni smésného paliva s obsahem pies 30 %
MERO jevi zdjem i nékteré zem& EU (kromé& Francie,
ktera obdobné palivo jiZ uplatiiuje jako ekologické pie-
dev§im v autobusové méstské hromadné dopravé).

ZAVER

Byla zpracovéna a schvdlena nova norma CSN 65
6508 pro ekologické smésné palivo do vznétovych mo-
torti obsahujici pfes 30 % MERO. Zarovefi byla zmé-
néna norma CSN 65 6507 pro MERO - nezastupitelnou
slozku smésného paliva — na zakladé naSich a zejména
zahrani¢nich zkuSenosti.

Standardizace paliv na bazi MERO je zdkladni kva-
litativni podminkou pro jejich Siroké uZiti na naSem
trhu motorovych paliv.
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