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ABSTRACT

The design of a reaper that provides grinding of stems, which eliminates the need for mulcher
application, offers the conditions for introducing a new technology of growing No-Till crops in agrarian
enterprises. The substantiation method of the analytical model is proposed, which allows to determine the
nature of the stem movement on the side surface of the sunflower header elevator in the process of their
interaction.

PE3IOME

3arnpornoHoeaHoO KOHCMPYKUito Xamku, sika 3abesnedyye nodpibHeHHs cmebesn, wWo ycysae
HeobXxiOHicmb 3acmocyeaHHs MyJfib4Yepa, Cmeopre ymMosu Orisi  3arnpos8adXeHHs HOe8OI mexHoroail
supouwysaHHs1 cinibcbkoeocrnodapcbkux Kynbmyp No-Till e azpapHux nidnpuemcmeax. 3anpornoHoeaHO
mMemoduKy obrpyHmyeaHHs1 aHanimu4Hoi Moderii, sika 00380J15€ 8CmaHO8UMU xapakmep pyxy cmebna rno
OiyHIll nogepxHi nighmepa COHSIWHUKOBOI XamKu 8 rpoueci ixHboi 83aeMo0il.

INTRODUCTION

One of the profitable crops in the European Union countries (Martinez-Force E., 2015) is sunflower.
The trend of increasing sown areas for this culture is also observed in Ukraine, where over the past ten years
the crop area has grown by 60% (Statistical bulletin, 2018). The rapid growth of sunflower production has led
to the need to solve the following problems:

- technological: reduction of losses, which are explained by the peculiarities of the structures of the
reaper, passing through the threshing apparatus of baskets with long remains of the stems, which leads to
the clogging of the deck, reducing its passage section, and as a result, leads to seed damage (Kapustyn,
S.A., Kunakov V.P., 2004).

- ecological: loss of microbial activity of the soil, decrease of fertility and accumulation of pathogens
due to the fact that there are left rough stems remaining in the fields that do not have time to rot (Lyon D.,
1998; Pacini C., Wossink A., Giesen G., Huirne R., 2004).

- Operating: With the introduction of the new No-Till technology, which is gaining in popularity, the life
of the tires and caterpillars of agricultural machines is significantly reduced.

Considering the foregoing development of a reaper’s design for sunflower harvesting, the need for
solving the above-mentioned problems and the analytical methods of research of its individual working
bodies represent an important scientific and practical problem.

The traditional oilseed is sunflower, the cultivation of which is characterized by relatively high
profitability, export attractiveness. Sunflower plays an important role in the rotation of cereals and is one of
the most common crops in the European Union (Martinez-Force E., 2015). In Ukraine, in 2017, sunflower
crop area reached 5779 thousand hectares (Statistical bulletin, 2018).

The final harvesting process (Anwar M. T., Gupta C. P., 1990; Burianov M. A., 2011; Kapustyn, S.A.,
Kunakov V.P., 2004; Kepner R.A., 1978; Klenyn N. Y., Sakun V. A., 1980; Maksoud A., El-Sayed M.A.F.,
Shalaby G.H., 2009) has a significant impact on the actual yield of sunflower. Indicators that assess the
process of harvesting sunflower depend on the technical and constructive parameters of the machines. In
particular, the authors Kapustyn, S.A., Kunakov V.P., (2004) established a list of causes of losses during
harvesting under the influence of the working bodies of the reaper. In particular, it is established that under
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the influence of lifters of sunflower reaper there are losses of free grains, which are explained by the impact
on the sunflower stem.

It has been established that the effect of the shield causes the seed of the baskets to be pulled out.
Losses in cut-out baskets come from the action of lifters and a reel. When driving a combine, the lifters drove
the stems, which leads to the loss of uncut baskets. As field studies have shown, this type of loss is most
characteristic of sloping plants.

The research of constructions and basic parameters of sunflower header in order to reduce seed
losses is presented in some papers (Kukhmazov K.Z., Fedorov V.V., 2013; Shaforostov V.D., Makarov S.S.,
Pohorelov V.N., 2015).

One of this paper (Kukhmazov K.Z., Fedorov V.V., 2013) describes the results of laboratory-field
studies of a developed and produced pilot plant for sunflower harvesting, equipped with elastic seed traps.
The authors investigate the influence of the angle of inclination of elastic traps and their diameter on the loss
of sunflower seeds.

The rational value of the combine working speed is established, provided high productivity and
reduction of yield losses are ensured. Advice is given on the rational speed of the combine, which must be
within 2 ... 2.5 m/s. It has been established that further increase in speed leads to an increase in sunflower
seeds losses.

The results of field trials of the experimental sample of a two-row reaper to the Wintersteiger breeding
combine are presented in (Shaforostov V.D., Makarov S.S., Pohorelov V.N., 2015). The description of the
proposed construction with the description of the basic parameters is given. This design is recommended for
use in multi-leaf forms of plants.

A number of valid studies are devoted to the improvement of structures and the establishment of
patterns of interaction between a reaper and sunflower harvesters (Popov M., 2013; Startsev A. S., 2017).

Popov M. (2013) proposed a design-technological scheme of a screw-shaft, which contains a tubular
shaft with two-sided winding. Theoretical studies allowed the author to obtain analytical expressions
describing the technological process of interaction of sunflower stems and sunflower baskets with a winding
and cutter screw-rotor. The influence of constructive and regime parameters on crop losses is established.
On the basis of experimental data, the author obtained regression models that reveal the dependence of
seed losses on the winding width, the cutter length provided different angles of inclination of the cutter
working part to its base.

Experimental dependence of sunflower seeds losses on the acceleration of the sunflower baskets
movement was determined by Startsev A.S. (2017), provided that they hit the tube shaft of the rotor. The
author obtained equations that reveal the dependence of seed loss on the acceleration of the baskets due to
interaction with the reel without winding and with waving. It has been established that the presence of screw-
on screw can reduce the speed of the baskets movement, mitigate the impact and reduce losses.

Makarov S.S. (2007) developed a method for determining the optimal parameters for the process of
harvesting sunflower with a combine harvester with screw feed. The basis of the methodology is based on
the calculation models of the theory of oscillations. In this work, an estimation of the effect of the screw
speed and the size of its step on the intensity of the forced oscillations of sunflower during its interaction with
the screw is given.

In order to solve the second and third problems outlined in the introduction, the authors Dalmist I.S.
and others (2013) investigated the possibility of installing additional cutting devices in sunflower harvesters.

These authors (Dalmist I.S., Kayisoglu B., Bayhan Y., Ulger P., Toruk F. and Durgut F., 2013), in
order to solve the problem of improving the physico-microbiological structure of the soil, proposed to grind
the remains of sunflower plants, remaining in the field, and then to mix them with the soil. In this study, a
shredding device that is placed under a combine has been developed. The developed crushing device was
tested using three different grinding methods, provided that the speed of the knives was 2443 min-. The
author evaluated the fuel consumption of the machine with different types of chopper. According to the
results of experimental researches, recommendations were given regarding the design of the crushing
device.

The performed analysis of current research has shown that the development of working bodies of
reapers for sunflower harvesting, which ensure the reduction of seed loss and the reduction of the height of
the longitudinal stem in the field that remains after the harvesting, is an actual task that has an important
scientific and applied value.
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The purpose of the work is to establish an analytical link between the parameters of the lifters of the
proposed reaper for harvesting sunflower and the nature of the stalk movement.
To achieve the goal, you need to solve the following tasks:
e to carry out an analytical substantiation of the stem movement under the influence of the lateral surface
of the header lift;
e to substantiate the mathematical model, which reveals the relationship between the parameters of the
elevator and the location of the stem in the field.

MATERIALS AND METHODS
Theoretical studies that reveal the influence of the lateral surface of the lifters of the sunflower

harvesters, which are authored and subject to research (Nalobina O.0., 2017, 2018) (Fig. 1), on the stems,
are based on the theory of agricultural machines, developed by academician M.N. Letoshnev (Letoshnev M.
N., 1934) and the theoretical foundations of analytic geometry (Efymov N.V., 1975).

Analytical studies were carried out on the assumption that the sunflower stems are located on an
equal surface and not bent, that is, they have a vertical initial position.

Fig. 1 - Scheme of a reaper
1- frame, 2 — belt conveyors, 3 — lifters, 4 — pass with captures, 5 — knives, 6 —rotating knives, 7 — rotor

The process of harvesting sunflower begins with the effect on the stems of the lateral surface of the
reaper lifters. Consider how the interaction of the stems with the elevator is taking place. The regularities of
the flow of this process need to be known in order to justify the parameters of the next technological
operation - the transfer of stems with passes with grips 4 (Fig.1) in the pylons formed by rotors 7. Consider
the moment of contact of the stem with the elevator.

Assume that the stem contact occurs from the side (ab) of the elevator side surface (Fig. 2). The
contact point of the stem with the lifter is denoted — C,.. The elevator moves at the speed of a combine with a
combine harvester V, and presses on the stem O,C, (Fig. 2). with a lateral surface. The stem, however,
deviates in the vertical plane O,Cn1Sh the plane bends and slides along it.

The absolute velocity of the point of contact C, is denoted Vs, the vector of which has a line of action
perpendicular to the stem and lies in the plane of the stem bias OoC1Chyp; V: - vector of the relative speed of
the point.

The position of the lateral face of the lifter, which affects the stalk, will be determined by the following
parameters: h height of the nose, above the ground plane; y — the angle between its projection onto the
plane xoO0Yo and the axis Ox; a — half of an angle exacerbation of the lifter nose.

Friction force Fn between the stem and the side surface of the elevator has an action line that
coincides with the action line of the vector of relative velocity V; and is directed opposite. Action of vector line
of common pressure N of the lateral surface of the lifter on the stem is directed perpendicular to the plane
Onab. Friction F between stem and lateral side of lifter has an action line which coincides with vector of
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action line of relative velocity Vr and directed opposite. The action line of this force is deviated from the

normal to the angle ¢ in the direction of the slope of the stem with the side surface of the elevator.

Under the influence of force F, the resultant of the forces Fn and N, the stem will move. In order to
determine the position of the stem, it was necessary to establish the angle dependence 6. (Fig.3) on the
elevator parameters.

Consider the scheme given in Fig. 3. For further analysis, we introduce the initial coordinate system
XoOoYo0zo. AXis Ogzo passes through the elevator's spout (point a).

The needle moves in such a way that the nose does not touch, in most cases, the stems. This is due
to the fact that the stems are located at a distance from the axis xoOq. For example, a stem situated at the
distance yc, from the point O, (Fig.3). This stem, when moving the lifter slides on it. Slide plane marked
a10nb:. Axis x; is directed parallel to xo. Axis y1 coincides with the axis yo.

Coordinates of any point of the elevator face (aibi) or stems (xi1yi1z1) in the system of coordinates
(x10ny1z1) are connected with coordinates (XoYyozo) in the system of coordinates (xoOoYozo).

This connection can be represented by the following equations:

X =X,
Yi=Xg =Y p- (1)
Z, =1,

Z7

SN

\\VZ\H

AN
h

N

Fig. 2 - Scheme for analysing the interaction of sunflower stem with an lifter

RESULTS

It should be noted that the stem with the base at the point O, will not interact with the entire lateral
surface of the lifter, but only with that part which is located to the left of the point Cy (the starting point of the
stem and lifter contact).

In the scheme given in Figure 3, it is seen that distance aCno determine:

aCno = L 2

SIna

Thus, the stems whose roots are located with the displacement along the y axis does not affect the
entire side of the lifter, but only that part that directly brings the stems to the next working body. Sliding plane
equation ai1Onb1 will be written:
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A11<X1 + Bl](yl +C1KZl =0

where Ak, Bik, Cik — coefficients of the equation.
]

Yo /}/7/

Fig. 3 - A diagram for the analysis of the stem movement

The determination of the coefficient data was carried out considering that:
- for a point Cno:

X = Xo»

¥, =0,
z, =Y, -Siny-ctga +h,

- for a point b:

X, =1 —(blbl')'cos;wctga,
Vi = (blb:ll.)_ Yo
z,=h +(b1b1' — yc)-sin 7 -ctga,

where | - move point Co in the system of coordinates x10ny1z.
Then the coefficients of equation (3) will look like:

A =Y, -Siny-ctga +h,

b')—2y : .
B,, = I(b“. € .sin h-cosy |-ct -sin ¥ -cos ¥ - ctg’cx,
K1 {W y+ 7} ga+y, Ve y-Clg o
Cy,=-1
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The displacement | depends on the displacement of the spout — L (fig. 4). Consider the scheme given
in Fig.4, where we see two positions of the side surface of the elevator: ab and aib; — starting, which
corresponds to the point of contact Cyo of stems and the following position which is characterized by the
displacement of the elevator by the value of | and the displacement of the point Cno in position Cni.

!
i ,
\“‘ l
X] /\ “a\
[ 1, \ ~
/ = ’ \ \
[ 1Y o
G/ ‘
[/7/ / b =
6|/ A\
‘T Oy X\ Yolvi/
/4
17/l % 3
Fig. 4 - Top view of the lifter
In the scheme we see:
aa, = Cnocno =1, )
L=1+y, ctge,,,
where an,— projection angle a on the surface xoOoyo.
Based on the above we have:
I=L-y,-cosy-ctge,, (8)

As noted earlier, the stem slides along the side of the elevator and bends in the vertical plane. This
plane passes for a stem with a root located in point Oy, through the axis Onz; and point of C, drop. This
surface C,OnCno deflected from the plane y:0nz1 at some angle, which we will denote 6; (fig. 3).

Flat equation plane:

AgX + By, =0. (9)
Points coordinate Cni(X1; y1):
x,=1-(C,,,C,,,)-cosy-cosa,
Y,=(C11Cpn)-sin .

Ye

Distance Cno Cr1 will be defined: C,,C,, = (a,C,,)——2°— .
SIN @

H K
Substituting these coordinates and solving the equation of type TX+Ty+Z =0 (Efymov N.V.,

1975) will define coordinates:
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Ay =(aC,,) sina-y,, } . (10)

B, =(aC,,)-cosy-sina -y, -cosy-ctga —(L -y, -cosy - ctger)

Let's record the equation of the slip plane and the plane of the bend in the general case for the k-th
stem. To do this, we will introduce the notation: y« — distance from the point O to the basis k stems along
the axis yx;

- li—way of moving the nose of the elevator in the i-th coordinate system

- X~ distance from the point O to the basis k stems along the axis xk (for example, point O fig.3).
In view of the above, we obtain the equation of the sliding and bending planes for the k-th stem.
Sliding plane equation;

A X +B.,y,+C.z =0, (11)
where the coefficients are determined by dependencies:
A.=h+y, -siny-ctge,
B, = —[%(h +t)-(I, =n-cosy -ctga)—I, (h+m +t)}, 12)
Cu = _(L — Yo 1 COSy - Clgar — Xy )
where N = (blbl')— Yor M= (blbl')-sin y-Ctga, t =Yy, -sin y-ctge.

Trace Ik we deduct from the moment of touch of the stem with the lateral face of the elevator.
The flatness plane of the bend in the general form will be written down as:

AeX +Bg =0, (13)
where coefficients are defined:
As =(aCHk)'Sina_yck’ (14)
B =(aC,, )-cosy-cosa -y, -cosy-ctga —|,,

where |, =L -y, -COSy-Ctgcr .

In order to obtain a mathematical model that reveals the legality of the movement of the k-th stem by
lifter aC=f(lj) we deduce the equation of the force line Fr and N and their resulting point F.

For this purpose:

Based on the laws of analytic geometry (Efymov N.V., 1975) simultaneously considering equations (3)
and (9), expressions have been obtained to determine the guiding parameters k1, Mk1, Nk (Efymov N.V.,
1975);

Substituting the received expressions into the equations of the canonical form of the intersection of the
slip and bending planes, we obtain the equations of the line of their intersection. It should be noted that this
equation can be taken from the equation of the stem on which at the moment the lateral side of the elevator
acts.

The resulting equation of the intersection of the sliding and bending planes in the general form (for kth
stem) has the form:

Xy Y Zy

= (15)
_Ckk ) BkB Ckk ’ AkB - AkK ’ BkB - BkK ’ AkB

Similarly, determining the directional parameters of the action lines of the vectors of the absolute and
relative velocities of the point Cnx we got the equation of their action lines. As indicated above, the equation
of the action line of the relative velocity will be described as well as the action line of the frictional force Fr
and they will look like:
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X —Xe,, _ Y« = Ye, _ L, —Zc, (16)
|y, Mye Mg,

where |kFT » Mg N, —guiding parameters of the action line of the friction force.

The equation in the canonical form and the action line of the force of normal pressure, N, which is
perpendicular to the sliding plane, passes through the point Cn. Similarly, it was obtained using the
coordinates of the vectors (a detailed description is not provided in the article):

X — Xcm Y — Yan Z, — Zcﬂk

= = 17)
IkN mkN r]kN
where lkn, M, Nkv — guiding parameters of the action line of the force of pressure.
The angle between the planes in which the force acts Fr and N equals angle v friction between the

stem and the surface of the lifter. According to the formula known from Efymov N.V. (1975), we obtain:
IkN 'IkFT + My 'mkFT + Ny 'nkFT

2 2 2 2 2 2\’
\/(IkN + My + Ny )'(IkFT +mkFT +nkFT )

Ccos 9=

(18)

The mathematical model (18) reveals the relationship between the parameters:

lifter: vy, a, (b1b1');
its installation: a, h;
parameters of the position of the stems yck, Xck, 6k, dChk.

After the stem is removed from the lifter, it falls under the influence of the following working bodies
(Fig. 1).

The distance between the adjacent surfaces of the rotors must be set in such a way as to prevent
clogging. For that, stem should not be strongly deflected by the lateral faces on which they slip. This makes it
impossible to cross them. The number of stems coming from the lifter will depend on the density of sunflower
stems on the field, that is, the parameters y. and X which are included in the above-mentioned
dependencies.

In order to determine the influence of the angle of inclination of the elevator lateral side, the angle of
exacerbation of the elevator and the height of the installation of its nose over the surface of the soil on the
magnitude of the angle between the lines of force Fr and N, depend on the conditions is constructed: a=5 -
25° and h1=600 mm i h,=800 mm.

. 50

4

£ 45

=

3 40

£ 4535

£7 30

g 25

g 20

2 0 5 10 15 20

Angle ofinclination ofthe side elevation ofthe elevator to the surface of the soil, deg

5(hl) e===10 (hl) 15 (h1) 20 (h1)
25 (h]) ====5 (h2) —-- 10 (h2) — —15 (h2)

Fig. 5 - Dependence of the angle between the lines of force Fr and N and
the angle of inclination of lateral side of the lifter
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The performed analytical analysis gives grounds to assert that the process of interaction of the stems

with the lateral side of the lifter depends on its constructive parameters, namely, the angle & and the
lengths of the ab side and the technological parameters: the height of the installation and the angle of
inclination to the surface of the field.

The analysis methodology of the analytical model, which allowed to determine the nature of the stem
movement along the lateral sides of the sunflower header lifter in the process of their interaction, was
obtained. This technique was used in the process of designing and further manufacturing a reaper for
sunflower harvesting (fig. 1, 6). The lifters of the header have been adjusted in relation to the basic design
and can be used to justify the parameters of lifters, in particular for the design of the header.

The resulting equality, considering the previous formulas, establishes the relationship between the

parameters h, s;, a, Bo, €, , €, b, ¢, y, AM..

Having solved this equation, one can determine the pattern of movement of the stem along the bar,
namely, the function AM;=f(s;) for other known parameters.

X ?

CONCLUSIONS
1. The method of substantiation of the analytical model is proposed, which allows to determine the

nature of the stem movement on the lateral surface of the sunflower header elevator in the process of their
interaction.

2. It is established that the angle between the planes in which the force acts Fr and N, which equals
angle v friction between the stalk and the surface of the lifter decreases with a decrease in the angle a
aggravation of its faces, increasing angle y the slope of the lateral face of the lifter to the ground and the
elevation of the elevator lifting height h.

3. It is recommended to take the angle of the elevator 40° (half of the angle a<20").
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