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Abstract. Developed by eccentric tillage rink, which ensures the desired
quality of the soil and increase the yield of crops. As a result of theoretical
studies, an expression for determining the dynamic force that increases the
intensity of crumbling soil lumps, depending on the regime parameters of
the rink. In addition, the relationship between the power required when
driving the rink, its parameters. The factors influencing the process of till-
age by the developed roller are determined. As a criterion of optimization,
the adopted coefficient of compliance with for the density soil of bench-
mark , which characterizes the quality of soil rolling from the position of
compliance of soil density with agrotechnical requirements. As a result of
experimental studies, the parameters and operating modes of the roller are
optimized, at which the required quality of soil treatment is achieved.

Compaction of the soil is a necessary agricultural operation, have a positive impact on the
yield of agricultural crops [1]. It is used in almost all soil and climatic zones to provide the
required structure of the seedbed and improve seed contact with the soil, which is necessary
to accelerate the flow of moisture to the seeds and emergence. Tillage rollers used in
agricultural production, similar in nature to the impact on the soil, but different in design
and functionality. Currently, the basis for improving the design of tillage rollers laid
expansion of functionality through the introduction of the principles of impact on solid soil
lumps stretching-compression of the soil and the imposition of vibration [2]. This allows
for minimum operating costs to ensure the required quality of tillage and increase resistance
to soil erosion, ensuring the principles of ecological farming. Reduction of operational and
labor costs per unit of finished products can be provided by the use of tillage rollers in the
combined units [3, 4]. Therefore, it is important to improve the design of tools, taking into
account the conditions of their operation and the requirements for the cultivation of various
crops, as well as the rationale for the design parameters and modes of operation of the
developed tools.

The purpose of the study is to improve the quality of surface tillage during sowing of
grain crops and, as a result, increase their the yield.

The task of the study is to develop a tillage roller for tillage when sowing grain crops,
which will provide the required quality of soil rolling.

Based on the analysis of the tillage rollers [2], in order to improve the crushing of soil
lumps and the uniformity of the density of the field, we have created an innovative
eccentric roller [5 - 8], which combines the advantages of different effects of its working
bodies on the same areas of the soil surface. Roller (fig. 1) containing frame 1, mounted on
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it one after another hollow cylinders 2 and 3 of equal diameter. Cylinders 2 and 3 mounted
on frame 1 on axes 4. On the axis 4 of cylinder 2 and 3 on the one hand mounted sprockets
5 are of equal diameter, connected by a chain 6, the tension of which is regulated by the
sprocket 7. The axes 4 of cylinders 2 and 3 are eccentrically installed and displaced from
the horizontal axes of the symmetry of the cylinders by the same distance, while the axis of
the cylinder 2 is shifted from its horizontal axis of symmetry to the side opposite to the
direction of displacement of the axis of the cylinder 3. The frame 1 of the tillage roller is
equipped with a trailed device 8.

1 — frame; 2, 3 — hollow cylinders; 4 — axis of hollow cylinders; 5 — sprocket; 6 — roller chain; 7 — a
tension sprocket; 8 — hitch; 9 — hinge

Fig. 1. Eccentric tillage roller.

Eccentric tillage roller works as follows. Pre-set hollow cylinders 2 and 3 so that the ax-
is of the cylinder 2 was shifted from its horizontal axis of symmetry in the direction oppo-
site to the direction of displacement of the axis of the cylinder 3 and in this position connect
the sprockets 5 6 chain. When moving the tillage roller, hollow cylinders 2 and 3 begin to
rotate, rolling the top soil layer. In this case, the eccentrically mounted part of the cylinder 2
with a large mass relative to the axis 4 is rolled over one section of the field surface, and the
part of the cylinder 2 having a smaller mass is rolled over the next section of the field sur-
face. Then, eccentrically installed relative to the axis 4 of the cylinder 3, having a smaller
mass, is rolled along the surface area of the field, which was previously treated by the part
of the cylinder 2 having a large mass. Conversely, the mounted eccentrically relative to the
axis 4 part of theof the cylinder 3, rolls over the area of the field surface, which was com-
pacted by the part of the cylinder 2 having a smaller mass. At the same time, cylinders 2
and 3 eccentrically installed relative to their horizontal axes of symmetry provide more
intensive crumbling of soil lumps. The displacement of the axis 4 of the cylinder 2 from its
horizontal axis of symmetry in a direction opposite to the offset direction of the axis 4 of
the cylinder 3 from its horizontal axis of symmetry allows to keep constant the density of
the soil after the passage of the hollow cylinders 2 and 3 of the rink and to provide high
quality compacting soil. At the same time, the intensity of crumbling of soil lumps with
their increased hardness can be further increased by increasing the speed of the unit and the
value of eccentricity.

The main advantage of the eccentric roller is that during its rolling on the soil surface,
an additional dynamic force is created, which increases the degree of soil compaction and
the intensity of destruction of soil lumps at the same weight of the roller.

In the course of the analytical study of the work eccentric rink was revealed the depend-
ence of the dynamic forces of the mass of the roller, the eccentricity and the angular accel-
eration of hollow cylinder:
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den = mfe¢7”/6o (1)

where my — the mass of the roller frame with ballast, kg; e - the eccentricity of the axis of

the hollow cylinder, m; @” — the instantancous angular acceleration of the roller cylinder,
2

sec™.

The instantaneous angular acceleration of the roller cylinder
¢”= (FsrR + Sye-cosa — Syesing) /mp?, )

where Fj. — the friction force of the hollow cylinder on the soil, H; R — the radius of the
hollow cylinder, m; Sy u S, — horizontal and vertical reactions of the hollow cylinder from
the impact of the frame, respectively, H; ¢ — the angle of rotation of the eccentrically
mounted axis of the hollow cylinder of the roller relative to the vertical axis y, deg.; p —
radius of inertia of the hollow cylinder of the roller, m; m — the mass of a hollow cylinder
roller, kg.

Taking into account expressions (2) and that Fj = fN = fg(m + 0,5my); Sx =T = Fj5 =
fe(m + 0,5my); Sy = 0,5mg (where T — thrust force, H; f— coefficient of friction; g — accel-
eration of free fall, m/sec?), equation (1) takes the form:

Fayn = mfeg{[f(m + O,Smf)(R + e - cos ) — 0,5mge - sin q)]/6mp2}. 3)

In assessing the operational parameters of the unit is an important indicator of the power
P, spent on rolling the tillage roller on the field. This criterion determines the fuel consump-
tion, which, as a result, affects the economic efficiency of tillage.

Power consumed for rolling the roller, W:

P =dA/dt, “4)

where A — the work of the forces to move the tillage roller, J; # — time, sec.
To determine the work done by the forces, we use the theorem on the change of kinetic
energy in the differential form:

dE, = Ty dAG + 3y dAL, 5)

where dE — kinetic energy of the system, J; Y, dAS, ¥, dA}, — the sum of elementary
works of external and internal forces of the system, J.

In steady-state operation, the speed of the tillage roller v = const, hence the kinetic ener-
gy dEx = 0. Hence, the sum of elementary works of internal forces Y, dAy =0, a
Y dAy, # 0, therefore, the equation of the sum of elementary works of external forces
write in the following form:

Z dAS = dAg, + dAg + dAy; + dAy, +
k
2d A + 2dAsy, + 2dAy; + 2dAy,, ©6)

where dAg — elementary work of gravity, J; d4o — elementary work of forces of aerody-
namic resistance, J; dAni, dAn> — the elementary work of forces of normal reactions of the
soil on the hollow cylinder , J; d4s1, dAso — the elementary work of the friction forces of
the sliding hollow cylinder , J; dAan, dAa» — the elementary work of the forces of rolling
friction , J.

Since hollow cylinders are rolled on a horizontal surface, the vertical movement of the
center of mass of the roller, to which the gravity of the roller is applied, is zero, so dAg = 0.
In the rolling hollow cylinder without slipping their instant centers of velocity Pj is applied
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at the points of tangency. The friction forces of the slide and normal reactions are applied at
the same points, therefore dAs1 = 0, dA 42 =0, as well as dAy1 =0, dAn> = 0.

Since the dimensions of the hollow cylinders of the roller are the same and the coeffi-
cients of friction of the rolling of the hollow cylinders on the soil are equal, the elementary
work of the moments of friction of the rolling forces is determined for one cylinder, taking
the normal reaction from the impact of the roller N= N, + N> = mg, where Ni, N, — the
normal reaction of the soil against the impact of hollow cylinders

dAys + dAy, = —fNide — fN,dp = —fdp(N, + N,) = —fmgde. @)

The normal reaction forces work negatively, since the direction of the rolling friction
torque is opposite to the direction of rotation of the hollow cylinders.
Elementary work of the drag force, J:

dA, = —Qds = —0,5upv*Sds = —pupv*Rhdl, (8)

where O — aerodynamic drag force of the roller , H; d/ — the movement of the roller, m; u —
aerodynamic coefficient depending on the shape of the roller; p — air density, kg/m?; v —
speed of the roller relative to the air, m/s; S — cross-sectional area of hollow cylinder, m?;
— the width of the hollow cylinder, m.

Taking into account formulas (5), (6), (7) and (8) the expression (4) takes the form:

P = (upv?Rhdl/dt) + (fmgde/dt) = upv*Rh + fmgv/R. )

Expression (9) establishes the relationship of power P, required for rolling the roller,
with its design parameters.

The process of soil treatment with an eccentric roller is influenced by many different
factors, of which the following independent factors were chosen: v — speed of the tillage
roller, km/h; m; — ballast weight of roller, kg; e — eccentricity of the axis of the cylinders,
mm. As a criterion of optimization adopted coefficient of compliance with for the density
soil of benchmark k,, which characterizes the quality of tillage in terms of compliance with
the density of the soil agrotechnical requirements [9]:

kp = 0’01[1 - (lpopt - pm|/popt)]: (10)

where p,, — optimal soil density at the depth of seed placement, established in accordance
with agricultural requirements, kg/m?; p,, — measured soil density after the experiment [10],
kg/m?.

In full compliance with the density of the sowing layer of soil agrotechnical require-
ments k, = 1. After processing the results of the experiments, adequate mathematical mod-
els of the process of soil rolling by the tillage roller were obtained. The regression equation
in the natural values of the factors characterizing the influence of m; and eccentricity e on
the coefficient k,:

k, = 0,8545 — 0,000006¢* — 0,000002/m, > +
+0,0009¢ + 0,0006m, — 0,0000012em,, 11

A graphical representation of the response surface and its two-dimensional cross-section
is shown in figure 2. The regression and response surface equations from the interaction of
other factors were obtained in a similar way.

After processing the results of experimental studies, it was found that after the passage
of the proposed eccentric roller, the coefficient k, = 0.99 (this corresponds to p = 1211
kg/m?®), which fully satisfies the agrotechnically specified limit k, = 0.98...1, in which the
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density of the soil at the depth of seeding p = 1180...1220 kg/m3. This k, value is achieved
at the speed v = 11.7 km/h, ballast weight m; = 126 kg and eccentricity e = 61 mm.
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Fig. 2. The response surface (a) and its two-dimensional cross-section () from the interaction of the
mass of the ballast m» and the eccentricity e and their joint effect on the coefficient &,

As a result of theoretical studies of the eccentric roller operation process, it was re-
vealed that during its movement there is a dynamic force that increases the intensity of
crumbling of soil lumps, provides the required compaction of the seed layer of the soil.
Experimental studies of the eccentric roller allowed to determine its optimal parameters, in
which the coefficient of compliance with the standard k, = 0.99, which is better than the
ring-spur roller by 24 % (k, = 0.75).
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