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Abstract

The subject of the study is the process of operation of a combined machine for soil preparation and sowing of sunflower
and corn seeds. The technological process of the machine operation with passive rotating flat disks with flanges
installed (which properly ensure the movement of soil along the share to the ripping and separating device), a sowing
machine, a seed tube, a furrow former, a rotor, a separating grate, a parallelogram mechanism, a spring, a share is
described. The dynamic prerequisites for increasing the uniformity of the depth of furrow formation and seed
placement in depth in the soil are considered. The values of the length of the links of the parallelogram mechanism,
the initial angle of their installation and the stiffhess of the spring, the deviations of the section of the combined machine
from the specified depth of the plowshare are determined. It is proved that with an increase in the length of the levers
of the parallelogram mechanism, the maximum deviations of the section increase. An increase in the initial tilt angle
of the levers of the parallelogram mechanism causes an increase in the maximum deviations. As the spring stiffness
increases, the maximum deflections decrease. The relevance of the study lies in ensuring the stability of copying the
soil surface by the working bodies of the combined machine with the depth of seed placement unchanged along the
entire length of the movement, which will make it possible to increase the speed of movement and the width of the
unit. The target group of consumers of information in the article are designers, specialists involved in the development
of tillage machines.
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Introduction combining mechanical operations in one unit — processing,
sowing (Rahmati et. al 2020; Great Plains / Product
The development of sowing equipment has long catalog. 1994; Lopez et. al 2019).

been aimed primarily at increasing productivity, that is, Therefore, such combined machines, which in one
at increasing working speeds, working widths, and pass provide the preparation of the seed bed and sowing,
tractor power, and in this regard, significant progress has  are usually called direct sowing seeders (Syromyatnikov
been made. 2021; Pisarev O. et al. 2019).

There are three types of direct drills:

- strip loosening of the soil with a wavy disk;

Formulation of problem - undercutting type with seed distribution under the
lancet share;
The technology based on the use of combined - combined, combining working bodies of the
machines has a positive effect on reducing energy costs  undercutting type and coulter systems.
by reducing the number and depth of processing, The evaluation criterion in this case is the indicator of
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uniform distribution of seeds in depth (Nanka et al. 2019;
Gao et al. 2020).

They are used for sowing grain crops on cultivated
and uncultivated soils with preserved stubble.

Direct sowing seeders with undercutting paws, or
seeders with paw coulters are used for sowing seeds of
grain crops on stubble or on insufficiently cultivated soil
(Syromyatnikov et al. 2021; Rogovskii et al. 2021). Such
a coulter performs several operations simultaneously -
loosening the soil, removing weeds, sowing seeds.

The advantages of direct sowing drills are that they
loosen the soil only in the seed placement zone and create
the necessary seed-to-soil contact. Direct sowing seeders
in Western Europe, which has light soils, provide soil
preparation according to "zero" technology. In the
conditions of the USA, Canada and the Forest-Steppe of
Ukraine on soils of medium and heavy mechanical
composition, as practice has shown, the "zero"
technology does not provide the necessary contact
between seeds and the solid phase of the soil (Or D. et.
al 2021; Bartley 2019; Feurdean et. al 2021). Therefore,
in our conditions, direct sowing seeders, which provide
tillage in the seed bed, have a perspective.

Direct sowing seeders with flat-cutting shares
provide the most promising way of sowing - broadcast.
At the same time, weeds are removed across the entire
width of the seeder, and the presence of seed bins in them
helps to increase their productivity (Bogus et. al 2019;
Jiang et. al 2021).

The disadvantages of such machines include the fact
that they can provide the required agricultural
technology for the cultivation of grain crops and the
uniformity of seed placement in depth only on leveled
fields, where plowing is not used in the main sowing
treatment system. In addition, they cannot work in the
presence of a large amount of crop residues and weeds
(Pastukhov et. al 2020; Radnaev et. al 2022).

With the increase in the level of intensification of
production and the development of a biotechnological
approach to the cultivation of grain crops, the issues of
technical support for high-quality sowing came to the
fore in sowing technology: optimal placement of seeds
in area and depth, creation of a dense seed bed. To
achieve such conditions for sowing, and most
importantly, to create favorable conditions for the
growth and further development of plants is possible
only with high-quality pre-sowing tillage and sowing
with combined aggregates.

Known developed by V. F. Pashchenko combined
machine for soil preparation and sowing of sunflower
and corn seeds.

The general view of the combined machine for pre-
sowing soil preparation and sowing by fractional
redistribution of soil over the seeds previously laid in the
furrow is shown in Fig. 1.

The machine consists of a frame, six working
sections, an ejector device, support wheels and markers.
The working section includes a frame, a parallelogram
mechanism, a plowshare with a furrow former, guide
discs, a separating grid, a rotor, a sowing unit of the
SUPN-8 seeder, a box for seeds and a seed duct.

The working process of the machine proceeds as

follows (Pashchenko et. al 2017; Pashchenko et. al 2019).
The soil, trimmed with a plowshare, is fed to the ripping
and separating device with the help of guide discs. At the
same time, the seeds from the sowing unit are fed through
the seed pipeline into the wedge-shaped soil furrow
formed by the furrower. The rotor pinches soil clods
between the knives and the separating grate, crushes and
transports them (Pashchenko et. al 2018; Pashchenko et.
al 2019).

Figure 1. Combined seedbed ad seedbed machine.

Small soil particles pass through the gaps of the
separating grid and cover the seeds laid in the furrow.
When tedding the soil along the separating grid, large
particles are pushed to the surface, while small ones fall
down (Pashchenko et. al 2019).

An important factor providing an increase in the yield
of agricultural crops is the uniform distribution of seeds
over the depth in the soil (Kalabushev et. al 2019; Nielsen
et. al 2018).

Therefore, along with other technical and
technological requirements for tillage and sowing
machines, the requirement regarding the uniformity of the
depth of tillage and seed placement is important.

In this case, such requirements relate to the depth of
the formation of the groove in which the seeds of the plants
must be placed.

Modern science increasingly recommends the use of
a soil-protective tillage system for production by reducing
the depth of cultivation, the number of mechanical
treatments, or by combining a number of technological
operations. This technology achieves the preservation of
the soil structure, eliminates excessive soil compaction,
and increases its resistance to erosion processes.

There are many scientific justifications about the
possibility of completely abandoning a large number of
mechanical tillage.

The ideas of reducing the number of operations
performed in agriculture have long been put forward by
scientists. More D.l. Mendeleev wrote that "... regarding
the quality of plowing, many are mistaken, thinking that
the more times to plow, the better."

The priority direction is increasingly gaining the use
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of combined tillage machines and aggregates
(Syromyatnikov  2021). The latter have high
productivity, are cheap to use, do not violate agri-
technical requirements and help to reduce the time of
technological operations.

The use of these machines in production makes it
possible to combine from two to six operations and
reduce fuel consumption for seedbed preparation by 20—
40% (Syromyatnikov et. al 2021).

Aggregates based on a combination of single-
operation tools, although they have some advantages, do
not justify themselves because of their bulkiness,
instability of movement in a straight direction and
inconsistency in their working width. Sowing combines,
with the working bodies of the seeder and tillage
implements installed on the same frame, made in the
form of paws or discs, are less bulky.

Reducing the metal and energy consumption of
combined machines with active working bodies can be
obtained by strip tillage. Such machines are created on
the basis of row cutters and seeders.

Less energy-intensive and more reliable in operation
are combined tillage machines with active-passive
working bodies. These include the Dokuchaev PRSM-5
soil-cultivating ripping-separating machine (stratifier)
(Syromyatnikov et. al 2022).

Production tests of the proposed types of combined
machines show that the best performance in work is
given by the type of combined machines equipped with
special working bodies and a coulter system for
consistent implementation of the technological process

-

of soil preparation and sowing (Syromyatnikov et. al
2021).

It was found that the uniformity of the coulter stroke
is determined by their ability to copy the soil relief
(Syromyatnikov et. al 2021; Matin et. al 2021). This is the
main agri-technical requirement for a sowing machine -
ensuring the stability of copying the soil surface with a
constant seeding depth along the entire length of the
movement (Starovoytov et. al 201; Parkhomenko et. al
2021).

Purpose of research

The purpose of the study is to increasing the
uniformity of the depth of groove formation and seed
placement by the working bodies of the combined
machine.

Research results and discussion

To solve this problem, it is necessary to have the
equations of motion of the combined machine as a whole.
Since it is almost impossible to compose such equations
taking into account the exact dimensions of structural
elements and their location, it is advisable to confine
ourselves to considering the equations of motion of its
equivalent circuit (Fig. 2), i.e. build a calculation model of
the functioning of the considered machine.

3
dy

L

]

L)

/

Figure 2. The scheme of sections of the combined machine is equivalent to the constructive.

The section of the combined machine can be
considered as a system consisting of the following links:

a) section frame 1, on which guide disks 2, a
plowshare 3, a separating grid 4, a rotor 5 and a support-
press wheel 6 are installed.

b) spring 7, which ensures the mobility of the section
frame with the working bodies attached to it, allows the

support-packing wheel to copy the field relief and
contributes to the stable movement of the working bodies
in the soil at a given depth;

c) a four-link parallelogram mechanism 8 provides
plane-parallel movement of the section frame with
working bodies;

d) machine frame 9 with gauge wheels 10, the axles
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of the wheels are rigidly connected to the frame.

Such a structural combination of working bodies
with frames of the section and the machine was carried
out in order to ensure both the fractional separation of the
soil and the uniform distribution of seeds in depth. In this
case, the task becomes to ensure the minimum possible
deviation of the position of the seeds relative to the track
of the support-packing wheel.

The solution of the problem is carried out by
selecting the stiffness of the spring 7, the dimensions of
the links of the parallelogram mechanism 8 and the initial
angle of their inclination to the horizontal plane ¢, .

We refer the system under consideration to the fixed
Cartesian coordinates x and z. The direction of rotation
of the links of the parallelogram mechanism clockwise is
assumed to be positive.

To solve the problem in the first approximation, it
can be assumed that with the floating position of the
spool of the distributor of the tractor hydraulic system in
the steady-state operation mode (V,, =const), the

frame of the combined machine, copying the sinusoidal
surface of the field, moves according to the law

Xp =V, t,

Z,=u-SINA-X; — @, 1)
where X, Z, are the coordinates of the center of mass
of the machine frame and its supporting wheels, m; t —
time, s; 4, A are constant coefficients depending on the
field topography; a — distance from the axle X to the

center of mass of the machine frame and its support
wheels, m.

The soil will be considered as an elastic medium, and
the rim of the support-packing wheel 6 will be
considered non-deformable.

We will also assume that the forces applied to the
disks, the plowshare and the rotor are reduced to some
resultant forces that have a constant value, as for the
reactions applied to the support-press wheel 6, then, based
on the available data, we can take:

RKX =f 'CH'AH'
Rez =Cp- Ay,
where R, , Ry, are the vertical and horizontal
components of the forces applied to the wheel, N; C,, —

soil stiffness, N/m; f — rolling coefficient; A, —

magnitude of soil deformation, m.

Let us determine the magnitude of soil deformation
through the angle of rotation of the links of the
parallelogram mechanism. Then we get

Ap+2.-2, =1[sin(p,+¢)-sing, |+a,,
where Z is the coordinate of the center of mass of the
section, m; | - the length of the lever AB, m.

Zo = p-sin A(Vyt=Vy,t,),
_ lcos(p, +¢)+a;
= v, ,

where &, is the distance from the O axis of the wheel 6 to

the hinge B of the link of the parallelogram mechanism in
the horizontal plane, m.
Then

ze = p-sin A(Vyt—lcos(g, +9)—a,).
After substituting the values Z. and Z, into equation
(2), we obtain:

A, =1[sin(g, +@)—sing, |+ u-sinA-V,, -t—pu-sin A (V,t—Icos(g, +p)—a;). ®)
Considering that soil deformation occurs only when the section is displaced in the positive z direction, we obtain:
I[sin (g, +@)—sing, |+ -sin AV, -t—u-sin A(V,, t =l cos(g, +p)—a,)
= +

Vi
2
I[sin(g, +@)-sing, |+ u-sin -V, -t—y-sini(VMt—Icos(go0+(p)—a6)|
; \
Then
I[sin (¢, +@)—sing, |+ u-sin AV, -t—pu-sin AV, t—I cos(¢, + 9)-a,)
+
2
Roc=T-Cy ||:Sin((po+¢)—Sin¢0]+y-sin/1.VM .t—ﬂ-sin/l(VMt—Icos((p0+(p)—a6)| @
+
2 |
I[sin(g,+@)—sing, |+ u-sin AV, -t—u-sin 1(Vyt—1cos(g, +p)—a,)
+
2
R, =Cy 5)

. [ sin(@, +)-sing, |+ u-sin -V, -t—y-sin/i(VMt—Icos((po+(p)—a6)§ '

2
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As an independent (generalized) coordinate of the
system under consideration, it is convenient to take the
angle of rotation of the link of the four-link
parallelogram mechanism AB relative to the hinge A.

motion are constant, then there is no need to formulate the
equations of motion of the latter.

With this in mind, the expression for the kinetic
energy of the system can be written as

Then the differential equation of motion of the section
will be written as
doT oT

————=Q,, 6
dtop O¢ Q ©

where T is the kinetic energy of the system, Nm; QW -

T:%Mc(xéné), )

where M., is the mass of the section, kg; , X, Z. are
the coordinates of the center of mass of the section, m.

Expressing X. and Z. from the geometric
generalized force, Nm.

Before writing the expression for the kinetic energy
of the system, we note that in the problem being solved,
if the rotation of disks 2, rotor 5, wheel 6 is assumed to
be uniform and the forces of resistance to their rotational

conditions in terms of the values X, and Z,,

differentiating them with respect to time and substituting
into equation (7), we obtain:

. Vi + 2V, lgsin (g, + @) +1%¢° sin? (g, + @)+
T :EMC +1° AN, €08” AV t+ 2V, cos AV, lgcos(g, +¢)+ |. ®)

+1?9? cos® (@, + )

Because
? = McI[V,, sin(g, + @)+l + uAV,, cos AV, tcos(g, +¢)],
2
% =Ml [V cos (@, + @)+ 16— A, sin AV, tcos (¢, + @) — 1AV, p cos AV, tsin (¢, + ) |
Z—T =M.l [VMgbcos((po +¢)— uAV,, 9 cos AV, tsin (g, +(p)],
»
we get
doT oT . .
m—%:MCI[I(p—yﬁVj Sin AV, tcos(g, +9) |. )

To determine the generalized forces, we use the principle of possible displacements.
Then, if we bring all the reactive forces to the hinge B of the link of the parallelogram mechanism 8, using the
theorem on the parallel transfer of forces, we obtain

RelIsin(@, +¢)+R,1cos(g, +¢)+C, (h—2z.) cos(p, + ) -
—Ri15in(@, +¢)— Ry, 1 cos(g, + )

where R, , R, are the horizontal and vertical components of the resultant forces applied to the disks, the rotor, the

oA, =

4

do,

plowshare, the separating grate and the weight of the section, N; C,,, — spring stiffness, N/m; h — spring
pretension, m;
Ry =Rex —Rox —Rix =Rk
R, =M —R; =Ry, —Rs;
where Ry, Rpx . Ry s Rz, Rp; . Rp; arethe horizontal and vertical components of the resultant reactive forces

applied to the share, disks and rotor; R, is the force of resistance to friction of the soil against the separating grid,

N.
Because

2o =[sin(g, +p)-sing, |
then, taking into account equations (4), (5) and (9), we obtain
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Q, =Ryl sin(@, + @)+ R, 1 cos(@, +¢)+C,,l cos(g, +¢)x

><{h—|[sin(go0 +¢)—sin %]}—Cnl [ cos(g, + )+ fsin(g, +9) |x (10)
I[sin(g, +@)—sing, |+ u-sin1-V, -t—y-sini(VMt—lcos(gpo+¢>)—a6)+
2
* I[sin((po+gp)—sin¢O]+y-sin/1-VM~t—y~sin/1(VMt—Icos((po+go)—a6)|
2 |

Substituting expressions (8) and (10) into equation (6), we obtain a calculation model for the functioning of the
section of the combined machine for planting seeds and the fractional distribution of soil over the depth of the sowing
layer

$=Mcl[Rylsin(p, +9)+R, COS(¢O+¢)]+%$WX
C
. . C,| fsin(g,+¢)+cos(p, +¢
x{h—1[sin (g, +¢)-sing, |} - n[ f5in (2, M)I (95 )]x
C
I[sin(g, +@)—sing, |+ u-sin AV, -t—u-sin 1 (V,t-Icos(g, +¢)-a;) (11)
+
2
) |I[sin((p0+(p)—sin(p0]+y-sinﬂ-VM-t—y~sin/1(VMt—Icos(go0+¢)—a6)| "
+
| 2 |
s pAN,; sin AV, tcos (@, + @)
I
The differential equation is solved by Runge-Kutt The values of the length of the links of the

method. Then the obtained value of the angle was parallelogram mechanism, the initial angle ¢, of their
substituted into equation (3) and the values of the

deviation of the combined machine section from the installation and the stiffness of the spring C,, were
specified depth of tillage and seeding were found. changed and various deviations of the combined machine

For calculation it was accepted: R, =—700 N, section from the given depth of the plowshare were
determined. The character of section vibrations is shown

R, =40 N, h=0,08 m, M =88 kg, in Fig. 3. The dependences of the numerical values of the
C,, =80000 N/m, f =0,02, £=0,04, 1=0,5 maximum deviations of the combined machine section are

shown in Fig. 4.
,Vy =2,2 mis.

A-10°, m

l —+

-A-10°, M

Figure 3. The nature of the deviation of the combined machine section from the specified depth of tillage.
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Figure 4. Dependence of the maximum deviation
processing depth.

The data of the graph (Fig. 4) indicate that with an
increase in the length of the levers of the parallelogram
mechanism from 0.2 to 0.4 m, the maximum deviations
of the section increase by 3 times; with an increase in
length from 0.2 to 0.6 m — five times. An increase in the
initial tilt angle of the levers of the parallelogram
mechanism from 0 to 100 causes an increase in
maximum deviations by 28.5%, and from 0 to 200 - by
185%. By increasing the spring rate from 1000 to 3000
N/m, the maximum deflections are reduced by 50%, and
from 1000 to 8000 N/m by 100%.

Conclusions

To increase the stability of the movement of the
combined machine section, the length of the links of the
parallelogram mechanism and the angle of their
inclination to the horizontal plane must be chosen as
small as possible, and the spring stiffness should be close
to 8000 N/m.
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