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INTRODUCTION

Modern agricultural technology includes many operations involving
the process of comminution of stalk materials by shearing. In many cases
they are extremely energy consuming operations. Thus for instance the
cutting of green fodder, hay and straw for dry fodder, the bricketting,
require enormous energy inputs, the limitation of which can decisively
influence the production costs.

A similar, from the point of the mechanics of the process phenomenon
occurs at the harvesting of cereal and green plants with cutting apparati
of various constructions.

In every case it becomes extremely important for the constructor
trying to optimize the machine to determine the mean values of the
cutting forces, cutting strains, cutting energy, and the deformations
accompanying the process. We stress the necessity of paying attention
to the relationships between the strains and deformations taking place
during the process, since further technology of processing can determine
closely the state of destruction of the structure of the cut material. Thus
it also becomes important to investigate the characteristics of the material
in the sense of determining the enumerated parameters as functions of
the position of the place of cutting on the length of stalk.

It should be emphatically stressed  that because of the very high
individual variability, all the characterizations must have statistical form,
and usually it is not enough to determine the mean values and the
elementary measures of distribution, but it is necessary to characterize
in detail the parameters of the functions of distribution.

The process of stalk shearing is not sufficiently known, since we know
neither the rheological model of the material itself, nor the structure
and texture of stalk as a mechanical construction that s s\ubject to
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deformation during the process of shearing. Here we mean for instance
the crushing of the stalk pipe before the beginning of shearing, which
also can be a proces of considerable energy consumption. The introductory
destruction of stalks by crushing can be of vital significance for the
energy consumption of the whole process.

So far this situation makes it impossible to approach the process
purely physically by the determination of tke material constants necessary
for rheological description of materials which in connection with an
accurate knowledge of the construction structure of stalk would allow
for the modelling, and, what follows, the predicting of the course of the
process.

However, practical considerations, and first of all the necessity of
providing the constructors of machines with information, would suggest,
independent from looking for model solutions, the necessity of carrying
out immediate application research, assuming from the start that their
results will not have the character of generalizations, but concern only
one concrete case determined by the conditions of the experiment. Still,
we can expect that such an experiment will point to the most important
elements of the process that will require the concentration of basic
research. Because if, like in the experiments described below, it will turn
out that there exist clear extremums of the force and energy of shearing
on the length of stalk, then the subsequent looking for the explanation
of this phenomenon becomes obvious. The reasons for it can be both in
the material itself and in the spatial form of stalk, expressed only by
the diameter, thickness of walls, distribution of fibers.

The objective of the reported research was the determination of the
course of the force and energy of shearing a single cereal stalk as
a function of its length. Such results allow not only to obtain the mean
values and the distributions of the parameters determined, but also to
indicate practically for ex. the height of cutting with a cutting apparatus,
on which there will occur the minimum of the theoretical distributions
of energy. )

Such research works were fragmentarily conducted [2], and this
made the authors to choose this subject of investigations. The authors
threated the investigations as piloting ones, as their objective putting up
first of all the establishing if the problem exists at all and if so what
is its scale. This is the reason for the considerable restriction.of para-
meters included in the investigations. The authors decided to carry out
the experiment at a quasi static movement of the shearing blade.
Considering the fact that the material cut is equivalent to the rheological
model with a clear influence of the deformation speed on the strain

value, and so probably to the Maxwell St. Venant’s model and having
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no possibility of carrying out investigations of the appropriate material
constants we did not want to introduce factors unknown to us even as
to their scale.

On the other hand, considering the practical purposes, that is the
working out of new constructions of shearing equipment [4] and the
choice of the working parameters [1, 3], we applied a cutting device of
a shape characteristic of a typical shearing apparatus. Thus the only
variables in the experiment left were the cereal variety and the place
of shearing on the stalk. '

METHODOLOGY OF INVESTIGATIONS

The investigations of the resistance and energy of static shearing
os cereal stalk were carried out within the scientific cooperation of
the Institute of Agrophysics of Polish Academy of Sciences in Lu-
blin with the Institute of Agricultural Technology in Rovinka
(Czechoslovakia). The measurements were carried out on the resistance
measuring apparatus Instron type 1112, with a recording and integrating
system. The measuring system consisted of a special table with a knife
(of the shape of blade analogous to that of blades in a shearing system
of harvesters) placed vertically (with the cutting edge perpendicular to
the axis of stalk fixed to the table). The counter-cutting knife was fitted
to a tensometric head measuring loadings. The speed of static shearing
was 20 mm/min. The object of investigations were 8 varieties of winter
wheat (Aurora, Balta, Helenka, Grana, Kaukaz, Luna, Promesse, Multi-
weiss), and 3 varieties of rye (Dankowskie Zlote, Dankowskie Selekcyjne,
Pancerne). The material was harvested in the period of full maturity
from the regionizing experiments of the Experimental Station of Evalua-
tion of Varieties in Czestawice (Lublin region) in the period 1973—1974.
In every case 30 stalks were randomly chosen from each variety, cut
just at the propagation nodium. The investigations were carried out on
sections 30 cm in length, making measurements at every 2 cm (starting
from the propagation nodium). In effect 900 values of the force and
energy for the characterization of each variety.

RESULTS OF INVESTIGATIONS

The results obtained were subjected to statistical analysis, and the
concluding was done at the level of significance = 0.05.

The mean values of the cuttiﬁ'g resistance for winter wheat formed
the range from 24.43 to 54.54 N, and significant differences were found
‘in-the majority of the varieties and stalk sections compared. The
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variability of the values is characteristic for all the wvarieties. The
maximum values occur up to 8 cm from the propagation nodium, and
here there are very clear and statistically significant intervariety
differences exceeding 20 N. On the section from 10 to 16 cm there is
a rapid decrease of the force value. The Kaukaz, Luna, Multiweiss,
Promesse, Helenka and Balta varieties have their minimums here
(24—43 N), which in the case of the Grana variety move even higher
(18 cm). In all the varieties above 16—18 cm the cutting resistance values
increase considerably, reaching values of about 50 N at the height of
28 cm (Kaukaz, Aurora). Examplary courses of this variability are
presented in Fig. 1.

Mean values of the energy used during the cutting of a single stalk
form the range from 34.21 to 74.36 mJ. The character of the distribution
is similar to that of the force wvalues. The maximum occurs at the
propagation nodium up to the height of 8 cm, and the minimum within

the range 16—20 cm. Above this level the cutting energy increases again
(Fig. 2).
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Fig. 1. Distribution of the static shearing resistance on the length of stalk of winter
wheat: 1 — Kaukaz, 2 — Multiweiss, 3 — Aurora
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Fig. 2. Distribution nf the shearing energy on the length of stalk of winter wheat:
1 — Kaukaz, 2 — Multiweiss, 3 — Aurora

The cutting resistance of rye stalk varies from 44.73 to 67.20 N. So they
are on the average 11 N higher than in the case of wheat, and the
distribution of the force values is totally different. From the propagation
nodium they decrease very rapidly reaching their minimum at the height
of 30 cm. The intervariety differences are not so great as in the case of
wheat, although the Dankowskie. Zilote variety is characterized by
decidely lower values in comparison with the other varieties. Exemplary
distributions are illustrated in Fig. 3.

The values of the cutting energy are on the average about 24 mJ
higher than those of wheat, and the limit values are within the range
from 61.30 to 101.99 mJ. The minimum of energy occurs at the cutting
on the height of 28—30 cm, and the maximum at the propagation
nodium. The character of the distribution (Fig. 4) is also connected with
the decrease of the force value with the height of cutting.

13*
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Fig. 3. Distribution of the static shearing resistance on the length of stalk of rye
1 — Dankowskie Zlote, 2 — Dankowskie Selekcyjne

RECAPITULATION

The incompleteness of the results in the sense of the restriction of
variable parameters of the experiment does not allow for drawing
conclusions of practical importance for the constructor of machines. It
seems, however, that it is possible to postulate on their basis further
development of investigations and to determine their character.

1. The monotonic course of the function in the case of rye seems to
limit it as an object of further investigations, which should be concerned
first of all with wheats.

2. It is necessary to introduce at least two new factors — the speed
of cutting and the term of harvesting, and the speed of cutting should
be of the order of several m/s.

3. Investigations should be concentrated on the seeking of reasons for
the occurence of the minimums of the function in the section 15—20 cm.
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Fig. 4. Distribution of the shearing energy on the length of stalk of rye: 1 — Dan-
kowskie Zlote, 2 — Dankowskie Selekcyjne

For this purpose attention should be paid to a detailed geometrical
characterization and anatomical as well of stalk. Investigations of the
material constants of the wall of stalk should be carried out, and first
of all those of the elasticity moduluses, the functions of creep and
relaxation.

4. 1t should be investigated whether there is any corelation between
the cutting force and energy, and the orientation of stalk.

5. It should be investigated whether there is any corelation between
the cutting force and the local resistance to bending, which would allowed
to evaluate the possibilities of measurement with indirect methods.
Other investigations indicate that stalk as a whole shows particular
connections between the longitudinal elasticity modulus and the modulus
of perpendicular elasticity, which suggests the mentioned corelations.

REFERENCES

1. Baker P., Berzinec J.: Sledovanie niektorych faktorov procesu rezania stebla
obilovin. Zemédélska Technika. R. 18, ¢. 1, 1972



198 J. HAMAN ET AL.

2. Baker P., Berzinec J.: Namahanie stebla jaémena odrody sladar na strih. Polno-
hospodarstwo. R. XVIII, ¢. 1, 1972.

3. Drozdow N. I.: Optimalnyje skorosti riezuszczich apparatow kositek. Trakt,
Sielchozmasz nr 9, 1962.

4. Kanafojski C., Karwowski T.: Teoria i konstrukcja maszyn rolniczych. T. II,
PWRIL, Warszawa 1972.

5. Katalog: Wazniejsze wta$ciwosci ros$lin wigzgce sie z pracg maszyn rolniczych,
PWN, Warszawa 1975.

J. Haman, B. Szot, J. Korejtko, S. Grundas

OPORY I ENERGIA CIECIA STATYCZNEGO ZDZBLA PSZENICY I ZYTA

Streszczenie

Pomiary opor6w i energii ciecia statycznego zdzbla 8 odmian pszenicy ozime]
i 3 odmian zyta przeprowadzono na aparaturze wytrzymatoSciowej Instron. Na
30 ¢cm odcinkach zdzbla (od wezla krzewienia) dokonano po 15 pomiaréw (co 2 cm).

Otrzymane wyniki wskazuja na duze podobienstwo przebiegu zmienno$ci opo-
row ciecia u pszenicy. Maksymalne warto$ci zawarte sg miedzy 2 a 8 cm (do 55 N).
Od 8 do 16 cm nastepuje gwaltowny spadek wartosci sity, ktory tworzy zdecydo-
wane minimum (ok. 24 N). U wszystkich odmian powyzej 16 cm opor cigcia wy-
raznie ro$nie (do 51 N). )

Podobny charakter zmienno$ci wykazuje energia ciecia (72—34—65 mJ).

Zupelnie inny przebieg zmian oporéw i energii cigcia stwierdzono u badanych
odmian zyta. Wielkosci te zdecydowanie maleja od wezia krzewienia (67 N, 101 mJ)
ku gorze (45 N, 61 mJ).

Na podstawie otrzymanych wynikéw mozna przypuszczaé, ze oprocz celow
poznawczych badania tego typu moga mie¢ bardzo istotne znaczenie dla praktyki
rolniczej, a przede wszystkim dla optymalizacji procesu technologii zbioru.

g. Xaman, B. Ior, 1. Kdpeiitko, C. I'pynoac

COIIPOTUBJIEHUSA ¥ DHEPTUS CTATUYECKOM PE3KUM CTEBJA
TIIIEHUIIBI I P2KU

Pes3sowmMme

VI3MepeHusd COIMPOTMBJIEHUI M SHEPTUMM OITMHYECKON Pe3Ku crednsa 8 copToB 03U-
MOJ1 IIIIEHMIILI M 3 COPTOB PIKM TIPOBeNAM Ha ammnaparype AnA IIPOYHOCTHBIX MCCIIE-
nosaumit ,,JiHcTpon”. Ha 30-caHTMMeTpOBBIX yd4acTKax (0T y3Ja KylleHMdA) ITPOBEeJIN
o 15 n3Mepenuiz (dyepe3 KaxKjble 2 CM).

Ilony4yeHHbIe pe3yJbTaTbl yKa3bIBalOT Ha 0OJbIIOE CXOACTBO Pa3sBUTUA MIMEHHM-
BOCTM CONPOTMBJIGHMIT pe3Ke y MuueHubl. MaxcumaldbHble 3HAYEHJA PaCOIaratoTesi
Mexkay 2 m 8 cm (mo 55 H). C 8 mo 16 cMm ciaeayeT pe3Koe YMEHBIICHNE 3Ha4YeHus
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CWIbI, 00pa3ymllell peiunTeabHbl1 MuHMMYM (oK. 24 H). ¥V Bcex coproB Bbllle 16 ¢cM
COTIPOTUBJIEHUE pe3Ke oT4yeTauBo pacteT (fo 51 H).

ITogoGHbII XapaKTep M3MEHUMBOCTY ITOKa3biBaeT pe3ku (72-34-65 MIK).

CoBceM MHOE pa3BUTHE U3MEHEHUI! COIIPOTMBIIEHMI M SHEPIruM pPe3Ky KOHCTATHU-
poBaNlM y MCCIEAYEMBIX COPTOB PKM. OTU BeJMYMHbLI PELUUTEJbHO YMEHBLIIAlTCA OT
y3na Kywenua (67 H, 101 max) kBepxy (45 H, 61 mMax).

Ha ocHOBaHMM HOJNYYEHHBIX Pe3yJIbTaTOB MOIKHO IIpeAarnojaratb, 4YTo KpoMme I0-
3HaBaTEJIbLHBIX IleJiell MCCJIeQOBaHMSA 3TOT0 TUIla MOIYT MMEThb O4YeHb CyIIecTBEHHOe
3HaYeHMe IJIA CeJbCKOXO03AMCTBEHHOM IIPaKTUKM, a IIpexKJe Bcero — JJd OolITuMa-
Jan3auuy Ipoljecca TeXHOJJOruy yOOpKIA.
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