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One of the promising methods for 
improving the uniformity of seed distribu­
tion in the soil is the control of the grain 
flow by guiding elements in the openers. 
This creates favorable conditions for the 
flight of seeds in the openers and when 
leaving them backwards, which equali­
zes the speed, in modulus, of seeds and 
the unit, improves the uniformity of their 
distribution in the soil.

The presence and parameters of the 
guiding elements of the openers was 
theoretically substantiated, which gave 
the development of the process of con­
trolling the grain flow in the openers and 
at the exit from them by using the guid­
ing elements.

Analytical expressions have been ob- 
tained to determine the characteristics of 
the movement of particles on various sur­
faces, which are recommended to be used 
for guides in the openers.

Experimental studies have shown 
that openers with guides reduce the coef­
ficient of variation along the row by 
20…45 % and have it 88…98 %, and in 
depth – 24…27 %.

On the basis of experiments, it is 
recommended that 3…4 guides are recom­
mended for front openers (arithmetic mean 
interval along the row 18.5…23.5 mm, 
coefficient of variation 88…98 %).

The advantage of the experimental  
opener in the distribution of seeds by 
depth is due to the use of guide elements in 
combination with an improved soil shed­
ding process. This eliminated the tech­
nological drawback – the formation of  
a sub-opener inclined surface (arithme­
tic mean interval 42…37 mm, coefficient 
of variation 24…27 %).

For a double disc opener, an improved 
guide is recommended, the bottom edge of 
which protrudes 2 cm in front of the ver­
tical diameter of the discs and is loca­
ted at a distance of 9 cm from the refer­
ence plane. The arithmetic mean spacing 
along the row of this opener is 15 mm, the 
coefficient of variation is 106 %
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1. Introduction

The openers are the main working elements of the seeders, 
which determine the quality of the sowing. Therefore, the 

problem of creating openers capable of high-quality sowing 
in various ways of seeds of different crops is important. It is 
known that grain seeders are equipped mainly with front and 
disc openers, which have known drawbacks and do not fully  



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 4/1 ( 112 ) 2021

62

meet modern agricultural requirements. They do not eliminate 
the sloping sub-opener surface, due to which the seeds are 
sown unevenly. Openers of all types do not form, nor do they 
orient the grain flow, which reduces the quality of sowing.

The sowing quality is assessed by the uniformity of the 
distribution of seeds in the soil in accordance with the require-
ments and depends on the orderliness of the grain flow, which 
is formed by the sowing device and enters the openers through 
the seed pipes. According to [1], the bulk of the seeds (from 
2/3 to 4/5) while moving in the seed tube is practically in free 
fall conditions.

Improving the uniformity of seed distribution in the soil is 
implemented by various methods. One relatively new and pro
mising method is grain flow control with seed guides in openers.

Therefore, studies aimed at identifying the regularities of 
the characteristics of the movement of particles on various 
surfaces should be recognized as relevant. This will improve 
the control of the grain flow in and out of the openers to im-
prove the uniformity of seed distribution in the soil.

2. Literature review and problem statement

The authors of [1] noted that the study of the techno-
logical process of the formation of the grain flow is relevant 
from the appearance of the first seeder to the present day. It is 
fairly noted that this is due to changes in climatic conditions, 
sowing technologies, agronomic requirements and design 
parameters of seeders. Further, it is noted that not enough 
attention is paid to the process of forming and moving grain 
from the sowing device to the furrow. This emphasizes the 
relevance of the chosen topic. But it should be noted that the 
article presents the material in the staging plan.

To improve the uniformity of the distribution of seeds 
in the soil with anchor openers, it is proposed to use the 
inner surface of the opener as a guiding element [2]. At the 
same time, the theoretical substantiation of the shape of the 
frontal surface of the opener interacting with the soil and the 
inner surface interacting with the seeds is interrelated and 
complicated. Therefore, the article does not contain specific 
recommendations for the shape parameters of these elements.

The work [3] presents an opener in the form of a cultiva-
tor paw with a two-plane seed spreader. The working body 
is of practical interest. The theoretical substantiation of the 
parameters of the working elements is not provided.

The work [4] provides an analysis of the openers of see
ders of resource-saving technologies for sowing grain crops. 
It is noted that most of the energy during sowing is spent on 
the interaction of the seeding working bodies with the soil. 
But the article does not provide data on improving the pa-
rameters of working bodies that reduce energy performance. 
Emphasis is placed on performance and the organization of 
the sowing campaign.

The work [5] shows the design of a combined opener for 
sowing small-seeded oilseeds. Here the design of the opener 
is described in detail, details are given, their meaning and the 
quality of their operations. The information is of practical im-
portance. For the described opener, it is advisable to improve 
the process of interaction of the opener with soil and seeds.  
However, there is no substantiation of the parameters inter-
acting with soil and seeds.

The author of work [6] simulates the process of soil move-
ment on the surface of the working bodies of tillage machines.  
Methods and mathematical apparatus are used that are 

of interest to science and can be useful for researchers to 
substantiate the parameters of the working bodies of tillage 
machines. But theoretical studies on the substantiation of 
the parameters of the working bodies interacting with the 
soil are not given.

In [7], an analysis of the functioning of openers for direct 
sowing of grain crops is made. The characteristic of the de-
sign and operating parameters of the working bodies is absent 
in this work. Therefore, it is difficult to imagine the validity 
of the technological process of the openers in question. Poor 
quality work of the opener openers is noted. This is due to 
insufficient consideration of real conditions in the theoretical 
substantiation of the shape and parameters of the surfaces of 
the working bodies that interact with the soil and seeds.

The authors of [8] created an opener equipped with  
a share and a compacting roller. The rationale for the parame-
ters of the openers interacting with the seeds is not presented 
here. Therefore, the published information is of practical 
importance only.

In [9], the authors presented solutions for a combined 
opener for applying seeds and fertilizers with a soil layer 
between them. The technical solution is of interest and has 
only practical value.

In [10], a diagram of the interaction of the opener with 
the soil is presented. The need for a reasonable choice of the 
parameters of the openers interacting with the soil is noted, 
however, no specific recommendations have been made re-
garding such a choice.

The article [11] shows the theoretical substantiation of 
the parameters of the sowing section of a vegetable seeder. Re
commendations are given for the movement of seeds and their 
orientation when flying out of the opener into the furrow, but 
no justification for the parameters of the guide is given.

In [12], the process of seed movement in a tubular guide 
is considered. Theoretical substantiations of the characteris-
tics of the movement of seeds along the guide are given. But 
the seed guide is presented in the abstract without belonging 
to any opener.

The authors of the article [13] consider the problem of 
improving the quality of planting seeds on an unprepared 
agro background for sowing. In this work, a disc was intro-
duced into the design, the task of which is to shift the crop 
residues to the sides, to cut the soil to a given sowing depth. 
A opener is installed after the disc, which introduces seeds 
into the soil. The article gives the percentage of improvement 
in the quality of seed placement, which is doubtful. Since the 
soil environment with crop residues is a multiphase environ-
ment and it is impossible to take into account not only tenths 
of a percent, but also the absolute value in percent. In this 
work, the guiding elements for seeds were not considered and 
is not of interest for our considered problem.

In the materials of the article [14], studies of soil condi-
tions and traction forces are presented as dynamic factors 
affecting the technological process. Also shown are the studies  
of the opener with wings with parameters α and β. In the 
course of research, the angles α and β were changed. In the 
conclusions, the author concludes that the angle β signifi-
cantly affects the technological process and the angle α has  
a negligible effect. In their conclusions, the authors give re
commendations for the optimal values of the angles α and β.  
As it is possible to see in the article, the interaction of the 
working bodies with the soil was considered and did not affect 
the interaction with the seeds. In general, the article is of sci-
entific interest, but not for our problem under consideration.
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The article [15] presents studies of three working bodies 
in a three-component soil (sand, silt and clay) at a depth of 
25 and 50 mm. With a density of 1184 kg/m3 and moisture 
content of 25.8 %. In the conclusions, the authors assess the 
quality of the work of the openers in terms of their interac-
tion with the soil. The article is of scientific interest from the 
point of view of the interaction of the openers with the soil. 
The interaction of the openers with the seeds was not consid-
ered and is not of interest for our work.

The article [16] presents the materials of the study of 
the combined opener, which has sharp and obtuse angles of 
entry into the soil. The characteristics and parameters of the 
interaction of this opener with the soil are described. The 
information provided does not include the interaction of the 
opener with the seed. The article is of scientific interest, but 
the authors do not refer to [17].

In the presented material [18], curved openers with front 
angles from 45 to 90 degrees were studied. The purpose of the 
research is to determine the quality of the interaction of working 
bodies with the soil. The best indicators of interaction with the 
soil were shown by the opener with a front angle of 90 degrees. 
Experimental studies were carried out at the modern level with 
the manufacture and study of physical models of openers. The 
article is of practical and scientific interest but to the problem –  
the interaction of the opener with the seeds is irrelevant.

Based on the analysis of the sources [1–18], it can be con-
cluded that there are unresolved issues related to improving 
the uniformity of seed distribution by guiding elements in 
the openers.

3. The aim and objectives of research

The aim of research is to improve the efficiency of the sow-
ing technological process by improving the openers of seeders. 
This will improve the uniformity of seed distribution in the soil.

To achieve this aim, it is necessary to solve the following 
objectives:

– theoretically determine the parameters of the move-
ment of particles along guiding surfaces of various shapes 
and conditions in order to match the movement of particles 
with the characteristics of the movement of the sowing unit 
to improve the quality of sowing (distribution of seeds in the 
soil, which will improve gatherings, plant growth and yield);

– to make physical models of the guide, install them on 
experimental openers and conduct experiments to determine 
the quality of sowing.

4. Materials and methods of research

The experimental research program consisted of a series 
of laboratory and field studies of grain seeders with experi-
mental openers.

4. 1. Laboratory research
Laboratory experiments investigated the influence of the 

presence of guide seeds, their quantity and parameters on the 
uniformity of seed distribution.

In laboratory studies, the uniformity of the stroke in depth 
was determined, serial and experimental openers were in-
stalled on special leashes (Fig. 1), on which the RV16LN (PH) 
potentiometers were fixed according to the scheme (Fig. 2).  
The potentiometer rod through a lever and a rod was con-

nected to the upper transverse bar of the trolley. The ends  
of the electric winding of the potentiometer were connected 
with flexible wires to the socket, which was fixed on the trolley.  
The ends of the winding were connected with a cable to the 
galvanometer of the N-115 oscilloscope (the time stamp er-
ror was ±1.5 %, the limitation of the oscillogram length was  
from 0.2 m to 4 m).

Oscillograms were processed with a POBD-12 device 
manufactured at VISKHOM. This device has been discon-
tinued and at present the oscillograms are processed on 
modern computers using the FastView 4.0 software product.

 
Fig. 1. Opener driver with potentiometer

 
Fig. 2. Electrical diagram of the leash device with 	

a potentiometer: 1 – potentiometer; 2 – power supply; 	
3 – measuring device (oscilloscope)

When carrying out experiments in laboratory conditions, 
they were sown on adhesive tape and the intervals between 
adjacent grains along the row were measured.

Statistical data processing in determining the agrotechnical 
performance of the seeder is as follows. The main indicators of 
processing statistical series are as follows: x  – arithmetic mean 
interval between seeds in the soil along the row or in depth, 
σ – standard deviation, V – coefficient of variation, m – mean 
error of the arithmetic mean, and P – experimental accuracy 
in percent. Comparing these indicators, let’s draw conclusions 
about the quality of sowing by the working bodies. Statistical 
processing was carried out according to the sources [19–22].

4. 2. Field research
Field research involved testing theoretical assessments 

and confirming the results obtained in laboratory experiments.
The field research program was supposed to test the 

performance of experimental openers in real field conditions.
When choosing a research methodology, the main re-

quirement was to ensure that reliable results are obtained.
The methods of differential and integral calculus of the 

set tasks were used.
Theoretical problems of particle motion along an inclined 

plane with and without the resistance of the medium; movement 
of a particle along an arc of a circle and a cycloid were solved.

In addition to the listed methods, the research was gui
ded by the requirements of GOST (DSTU ISO 7256-1:2005 
Sowing equipment. Test methods).

Methods were used: computational and constructive, 
experimental, physical modeling, operational to assess the 
quality of machines.

Field experiments were carried out in two stages.
At the first stage, a qualitative assessment of the work of 

the experimental openers was carried out in comparison with 
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serial working bodies in real production conditions, which 
took place at the time of the research. The permeability of 
seeds in the channels of the openers was investigated. The 
sowing quality criteria were the uniformity of seed distribu-
tion in the soil along the line and along the depth, depending 
on the speed of the seeder.

The studies of the second stage were carried out in such 
farms of the Kharkiv region: «May 1» KNTUA; fattening 
farm (Pechenihy) of Chuhuiv district; KSP «Borivske» of 
the Shevchenko district. Experimental conditions: soil – 
washed away podzolic chernozems. The soil after autumn 
plowing in spring was cultivated to a depth of 10–12 cm with 
simultaneous harrowing with tooth harrows. Soil density – 
1000 kg/m3 ± 5 %. Soil moisture in the range of 16–20 %.

The study of this stage provided for a qualitative assessment 
of the work of the experimental openers at different speeds, 
within 11–12 km/h, in various soil and climatic conditions.

When carrying out the experiment in the field, after the 
emergence of seedlings, the distances along the line between 
neighboring plants were measured. The depth of seed placement 
was measured according to the etiolated part of the plants.

The obtained statistical series were processed by the 
methods of variation statistics and the parameters were 
obtained: the arithmetic mean interval, standard deviation, 
coefficient of variation, mean error of the arithmetic mean  
interval, the accuracy of the experiment and entered them 
into tables. Compared the absolute values of these parame-
ters and made conclusions. Based on these data, let’s estab-
lish the final required sample size and, having received the ini-
tial values, let’s determine the average value and its error (for 
soil indicators) or the fraction error (for seed germination).

Sample size was calculated by the value of the indicator 
variation depending on the required determination accuracy.

This device was used to assess the quality of the experi-
mental openers in laboratory and field conditions at different 
speeds in comparison with serial working bodies.

5. Research results of openers and their elements

5. 1. Theoretical determination of the parameters of 
particle motion along guiding surfaces

For the technical solution of this problem, guide elements 
for seeds are introduced into the design of the opener (Fig. 3).

For this, the motion of a spherical particle along an 
inclined plane was considered. This assumption is made to 
simplify the solution of the problem.

 

Fig. 3. General view of the experimental opener 	
with a right angle of entry into the soil with 	

a guide and a seed reflector

Let a spherical particle of radius a move along an inclined 
plane without friction and sliding. The angle between the 
horizon and the inclined plane will be denoted by α. In Fig. 4 
shows a section of a given inclined plane by a vertical plane 
XOY (further, the problem was solved in a rectangular coor-
dinate system on a plane), passing through the line of contact 
of the particle with the plane in question. Equation of this 
line in the selected coordinate system:

y = kx,	 (6)

where k = tgα – slope coefficient.

 
Fig. 4. Scheme of particle motion along an inclined plane

Let’s write down the expression for the total mechanical 
energy of the particle at the moment when it comes into con-
tact with the inclined plane at the point P(x, y).

Particle kinetic energy:

W
m J

n = +
υ ω2 2

2 2
, 	 (7)

where m – mass of the particle (kg), υ – its linear speed (m/s),  
i. e., the speed of the center of the ball C; ω – angular speed of 
a particle (rad/s); J – moment of inertia of the particle about 
the axis passing through point C.

Taking into account that ω = υ/α, J = mρ2, where ρ – ra
dius of gyration of the particle (m), obtained:

W
m a

an =
+





υ ρ2 2 2

22
. 	 (8)

Because:

υ υ υ2 2 2
2 2

2 2= + = 





+ 





≡ +x y

dx
dt

dy
dt

x y  ,

then for this case the square of the linear speed is determined 
through its horizontal component and the slope:

υ2 2 21= +( )x k . 	 (9)

Substituting (9) into (8), let’s obtain:

W
a k

a
mxn =

+( ) +( )ρ2 2 2

2
2

1

2
 .	 (10)
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The potential energy of a particle is determined by the 
expression:

W mgy Cn c= − + 1, 	 (11)

where yc – coordinate of the center of the particle (m);  
g – acceleration of gravity (m/s2); С1 – constant depending 
on the choice of the initial configuration of the «particle- 
plane» system.

An initial configuration was chosen such that yc = 0, 
Wn = 0. In this case, С1 = 0 and, taking into account that 
y y x ac = ( ) − cos ,α  the expression for the potential energy 
takes the form:

W mg y x an = − ( ) −( )cos .α 	 (12)

Since cos ,α = +( ) −1 1 22k  the expression for the poten-
tial energy can be written in the form:

W mgkx
mga

k
n = − +

+1 2
. 	 (13)

Let’s note that for the selected initial configuration of the 
«particle-plane» system, the potential energy of a particle 
with coordinates х = 0, у = 0, as seen from (13), is nonzero.

Taking into account formulas (10) and (13), the follow-
ing expression was obtained for the total mechanical energy 
of a particle:

W
a k

a
mx mgkx

mga

k
=

+( ) +( )
− +

+

ρ2 2 2

2
2

2

1

2 1
 . 	 (14)

Since the system under consideration is conservative 
under the indicated conditions, its total mechanical energy 
is conserved,

ρ2 2 2 2

2 2

1

2 1

+( ) +( )
− +

+
=

a k mx

a
mgkx

mga

k



const. 	 (15)

Based on condition (15), the particle motion equation is 
obtained. For this, it is differentiated (15) by time:

ρ2 2 2

2

1
0

+( ) +( )
− =

a k m

a
xx mgkx  ,

mx
a k

a
x gk 

ρ2 2 2

2

1
0

+( ) +( )
−













= .

From this, the following equation of motion of a particle 
in differential form was obtained:

ρ2 2 2

2

1
0

+( ) +( )
− =

a k

a
x gk .	 (16)

x = 0  corresponds to the trivial case.
Therefore, the horizontal component of the particle ac-

celeration Wx:

W x
a gk

a k
x ≡ =

+( ) +( )

2

2 2 21ρ
. 	 (17)

By integrating (16), the horizontal component of the 
particle speed is determined:

x
a gk

a k
t C=

+( ) +( ) +
2

2 2 2 21ρ
. 	 (18)

The constant С2 is determined from the initial conditions: 
at t = 0, x C0 2= ,  i. e., С2 is equal to the horizontal component 
of the initial speed Vox; therefore, the horizontal component 
of the particle speed:

V x t
a gkt

a k
Vx ox= ( ) =

+( ) +( ) +

2

2 2 21ρ
, 	 (19)

similarly,

V y t
a gk t

a k
Vy oy= ( ) =

+( ) +( ) +

2 2

2 2 21ρ
, 	 (20)

where Voy – vertical component of the initial speed. By inte-
grating (19), (20), the equations of motion are found:

x t
a gkt

a k
V t Cox( ) =

+( ) +( ) + +
2 2

2 2 2 32 1ρ
, 	 (21)

y t
a gk t

a k
V t Coy( ) =

+( ) +( ) +
2 2 2

2 2 2 42 1ρ
. 	 (22)

From the condition x = y = 0 at t = 0 it follows that the con-
stants С3 = С4 = 0, and the equations of motion take the form:

x t
a gkt

a k
V tox( ) =

+( ) +( ) +
2 2

2 2 22 1ρ
, 	 (23)

y t
a gk t

a k
V toy( ) =

+( ) +( ) +
2 2 2

2 2 22 1ρ
. 	 (24)

The last expressions make it possible to choose the value of 
the parameter k depending on the required final required va
lues of the speed components and the given initial conditions.  
Equations (23), (24) make it possible to determine the co-
ordinates of the point at which the particle has these speeds.

With a uniform density in a spherical particle, its radius 
of gyration ρ = 2 5/ ,a  therefore ρ2 2 2 7 5+( ) =a a/ / ,  from 
which it follows that in this case x(t) and y(t) do not depend 
on the radius of the particle:

x t
gkt

k
V tox( ) =

+( ) +
5

14 1

2

2
, 	 (25)

y t
gk t

k
V toy( ) =

+( ) +
5

14 1

2 2

2
. 	 (26)

Consequently, the expressions for the horizontal Vx and 
vertical Vy components of the speed take the form:

x t
gkt

k
Vox( ) =

+( ) +
5

7 1 2
, 	 (27)

y t
gk t

k
Voy( ) =

+( ) +
5

7 1

2

2
. 	 (28)

If the «particle-plane» system moves in the direction of 
negative values of x at a known speed Vx, equations (27), (28) 
make it possible to determine the conditions under which this 
speed will be equal to zero relative to the stationary system.

This problem can be solved as a special case of the prob-
lem of the motion of a ball along an arbitrary curve, [23].

The found equation of motion of the ball in quadrature 
form has the form:
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at

a

y x
ay x

y x
W
m

gy x
ag

y x

o
2 2

2
2

2 1 2

1
1

2
2

2

1
+

=
+ ¢ ( ) +

¢¢( )
+ ¢ ( )

+ ( ) −
+ ¢ ( )

ρ
/

ddx
o

x

∫ , 	 (29)

here ¢ ( ) =y x dy dx ;  ¢¢ ( ) =y x d y dt2 2 .
For the case y(x) = kx there is ¢ ( ) =y x k;  ¢¢ ( ) =y x 0 and 

after substituting these values into (29), let’s obtain:

at

a

k x

W
m

gkx
ag

k

gk
W
m

ag

k
gkx

oo

x

o x

ρ2 2

2

2

2 0

1

2
2

2

1

1 2 2

1
2

+
=

+

+ −
+

=

= −
+

+

∫
d

==

= −
+

+ − −
+













1 2 2

1
2

2 2

12 2gk
W
m

ag

k
gkx

W
m

ag

k
o o . 	 (30)

Solving equation (30) for x, found:
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Comparing (31) and (23), let’s note that the coefficients 
at t2, which have the meaning of the horizontal component 
of acceleration, coincide, and the coefficient at t in (31) 
equal to the horizontal component of the initial speed Vox is 
taken to be zero. Indeed, as follows from [23], for x y= = 0, 
W mga ko = +1 2 .

2 2
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1

2

1
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2 2 2
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ag
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o −

+
=

+
−

+
= ,

hence Vox = 0.
The problem is considered under the initial conditions, 

when the particle arrives at the point (0, 0) with arbitrary 
but adjustable values of the speed components Vox and Voy.

As a result of solving this problem, equations are obtained 
that allow one to determine such characteristics of the parti-
cle’s motion as its coordinates and speed components. These 
equations can be used to determine the parameters of the 
guiding elements of the openers for various seeds, differing in 
density, sown at different operating modes of the seeding units. 
In the course of experimental studies, the speed of the seeding 
units varied depending on the real conditions (11–12 km/h).

5. 1. 2. Movement of a particle along an arc of a circle
The rolling of a ball of radius a along an arc of a circle 

of radius R under the action of gravity without friction and 
sliding is considered (Fig. 5).

The center of the circle is point C′, the center of the ball 
is point C. At the initial moment, the ball is in contact with 
point O ′ with the arc of the circle at point O, which is chosen 
as the origin. The y-axis coincides with the direction of gra
vity, the x-axis is perpendicular to this direction.

j – angle between the x-axis and the normal to the circu-
lar arc РС ′ = R at the point P of contact of the ball at a certain 
moment of time t.

 
Fig. 5. Scheme of motion of a particle along an arc of a circle

The length of the arc S = OP = Rj = θa, where θ – angle 
between the radii of the ball СО′ and СР, drawn to the points 
of contact O and P at the initial and considered moment of 
time, respectively.

The equation of a circle centered at point C′ in paramet-
ric form has the form:

x R= −( )1 cos ,j 	 (32)

y R= sin .j 	 (33)

Movement along a quarter of a circular arc was consid-
ered, so 0 £ j £ π/2.

Angle of rotation Ψ of the rolling ball radius relative to  
its initial direction C ′O:

Ψ = − = −θ j j
s
a

. 	 (34)

Circular arc element:

ds Rd= j. 	 (35)

Angular speed of a rolling ball:

ω
j

j= =
−

⋅ =
−d

dt
R a

a
d
dt

R a
a

Ψ
 . 	 (36)

Linear speed of the center of the ball:

υc
c cdx

dt
dy
dt

= 





+ 





2 2

, 	 (37)

where хс and ус – coordinates of the center of the ball:

x x ac = + cos ,j 	 (38)

y y ac = − sin .j 	 (39)

Taking into account (32) and (33):

x R R ac = − −( )cos ,j 	 (40)

y R ac = −( )sin .j 	 (41)

Differentiating (40) and (41) with respect to time, the 
horizontal and vertical components of the speed of the center 
of the ball were found:
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υ j jx c cx R a= = −( ) ⋅ sin ,	 (42)

υ j jyc cy R a= = −( ) ⋅ cos .	 (43)

Substitution of (42) and (43) in (37), let’s obtain:

υ jn R a= −( )  . 	 (44)

Kinetic energy of a rolling ball:

W
m I

n
c= +

υ ω2 2

2 2
, 	 (45)

where, m – mass of the ball, I – moment of inertia of the ball 
relative to the axis passing through its center,

I m= ρ2,  

where ρ – radius of gyration of the ball.
From expressions (36), (44), (45) it is found:

W
m

R a
a

an = −( ) +
2

2
2 2

2
2ρ

j , 	 (46)

The potential energy of the sphere relative to the hori-
zontal axis ОХ, taking into account (41),

W mgy mg R an c= − = − −( )sin .j 	 (47)

By adding (46) and (47), the total mechanical energy of 
the ball is obtained:

W
m R a a

a
mg R a=

−( ) +( )
− −( )

2 2 2

2
2

2

ρ
j j sin , 	 (48)

where it is defined:

j
ρ

j=
−( ) +

+ −( )a

R a a

W
m

g R a
2

2 2
sin . 	 (49)

By integrating the differential equation (49), it is found:

a t

R a a W
m

g R ao

2
2 2−( ) +

=
+ −( )

∫ρ
j

j

j
d

sin

.	 (50)

According to the law of conservation of energy, W is a con-
stant value independent of j.

The right-hand side in (50) is represented in terms of 
an elliptic integral of the first kind, but is not expressed in 
elementary functions.

Numerical integration can be applied to determine the 
dependence j(t).

However, formulas (42), (43), (49) make it possible to 
find the speed of the center of the ball and its components 
for any value j, i. e., at any point of the trajectory of motion:

υ
ρ

j jxc

a

a

W
m

g R a=
+

+ −( )2
2 2

sin sin , 	 (51)

υ
ρ

j jyc

a

a

W
m

g R a=
+

+ −( )2
2 2

cos sin , 	 (52)

υ
ρ

jc

a

a

W
m

g R a=
+

+ −( )2
2 2

sin .	 (53)

If the density distribution of matter in the ball is con-
stant, then mρ2 = 2/5ma2 and the numerical coefficient in 
formulas (51)–(53) is equal 10 7.

If the total energy of the ball is zero, then the speed for-
mulas for a homogeneous ball take the form:

υ jxc R a g= −( ) ⋅
10
7

3sin , 	 (54)

υ φ jyc R a g= −( ) ⋅
10
7

2sin cos , 	 (55)

υ jc g R a= −( )10
7

sin .	 (56)

At the end point of the quarter circle, for j = p/2:

υ υxc c R a g= = −( )10
7

, 	 (57)

υyc = 0. 	 (58)

Under the condition R>a:

υ υc xc Rg= =
10
7

.	 (59)

By appropriately choosing the R value, the required 
speed υхс can be obtained, which can be used to calculate the 
parameters of the guide elements for the seeds in the openers.

In Fig. 6, 7, graphs are plotted according to equations (54)  
and (55), which show the dependences of the speed compo-
nents of the particle on the radius of curvature of the guiding 
curve and the size of the particle.

   
                                       a                                                                     b                                                                   c

Fig. 6. The surface of the response Vxc from the radius of the circle, the diameter of the particles and the angle between 	
the radius of the circle and the horizontal: a – j = 45°; b – j = 60°; c – j = 75°
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Analysis of the graphs (Fig. 6, 7) shows that the particle 
speed is most significantly affected by the radius of the guid-
ing curve and the particle size. This allows to state that the 
surface in the form of an arc of a circle can be used as a guide 
for most cereal seeds (wheat variety Myronivska 808). For 
other seeds, modes of robots of sowing units and their func-
tioning, it is necessary to search, investigate and substantiate 
the parameters that affect the quality of sowing and yield.

5. 1. 3. Movement of a particle along the arc of a cycloid
A spherical particle of radius a, mass m moves along the 

arc of a cycloid without friction and sliding. Let’s choose  
a coordinate system in such a way that the x-axis lies in the 
horizontal plane, and the y-axis lies in the vertical plane.

Cycloid equation:

x R= −( )j jsin , 	 (60)

y R= −( )1 cos ,j 	 (61)

where, R – radius of the circle, the point of which describes 
the cycloid when the circle rolls along the straight line OX (in  
Fig. 8 – from below), О – origin of coordinates, j – angle 
of rotation of the radius of the circle. At the moment t = 0, 
the particle touches the cycloid at the origin of coordi-
nates (х0 = у0), the trajectory of motion is limited by half of 
the cycloid arc corresponding to the range of variation of the 
parameter j from 0 to p.

 
Fig. 8. Scheme of movement of a particle along 	

the arc of a cycloid

In the general case, the equation of motion of a ball along 
an arbitrary curve in quadrature form has the form (29):
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where, у¢ = dy/dx, y¢¢ = d2y/dx2; Wo – total energy of the ball; 
ρ – radius of gyration of the ball; g – acceleration of gravity.

The above result was used to solve this problem. To do 
this, it is necessary to find y¢(х), у¢¢(х) and perform the in-
tegration.

Based on equations (60), (61), let’s find:

dy
d

R
j

j= sin ;  
dx
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R
j

j= −( )1 cos ,
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ctg tg
j

α
2

, 	 (63)

where α – angle between the tangent to the cycloid and the 
x-axis:
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The following expressions are defined:

1 1
2

1

2

2 2

2
+ ¢ ( ) = + =y x ctg

j
j

sin
, 	 (65)
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y R= 2
2

2sin ,
j

	 (68)

dx R d= 2
2

2sin .
j

j 	 (69)

Substituting (66)–(69) into the integrand of formu-
la (62), let’s found:

                                       a                                                                     b                                                                   c
   

Fig. 7. The surface of the response Vyc from the radius of the circle, the diameter of the particles and the angle between 	
the radius of the circle and the horizontal: a – j = 45°; b – j = 60°; c – j = 75°
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The lower limit of integration in (70) is determined from 
equality (60).

Replacing sinj 2 4− =a R z  the integral in (70) is re-
duced to the integral:
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Let’s suppose that the radius of the ball is much less than 
the radius of the circle, a < R, and put W0 = 0, i. e., in the initial 
position, at x = 0 and y = 0, the particle is at rest. Under these 
conditions, from (70) let’s easily find:
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With a uniform distribution of mass in the ball:
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In this case, it is obvious:
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t.	 (73)

Substituting (73) into (60), (61), let’s obtain the equation 
of motion of a spherical particle along the arc of a cycloid:
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Let’s determine the horizontal and vertical components 
of the speed:
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Full speed:

υ = + = x y gR
g
R

t2 2 2
5
7

5
28

sin .	 (78)

Acceleration components:
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Full acceleration:
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. 	 (81)

The dependence of the speed components on the angle j 
can be determined without resorting to the assumptions a < R  
and W0 = 0. According to expressions (76) and (77), graphs 
were built (Fig. 9, 10), which allow to select the required 
component of the particle speed, taking into account the pa-
rameters of the opener and the operating mode of the seeder.

For this, the derivative was determined using equation (70):
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where it came from:
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Fig. 9. The surface of the response Vx from the radius 	

of the curve and the time of movement

 
Fig. 10. The surface of the response Vy from the radius 	

of the curve and the time of movement
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The speed components were found by differentiating ex-
pressions (60) and (61) with respect to time:

υ
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substituting (82), (85) and (86) in (83) and (84), let’s obtain:
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From the last equations (87), (88) it can be seen that the 
components of the speed of the ball, which is at point P, are 
expressed through sin .j 2  From relations (63) implies that 
j π α2 2= − , that is j 2 – is the angle between the y-axis 
and the tangent to the cycloid (right angle of inclination 
normal РK to the x axis). Since 0 £ j £ p, then 0 2 2≤ ≤j π  
and sin :j 2 0≥
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As a result of solving this problem, the coordinates of the 
particle, its absolute speed and its components were found, 
which can be used to substantiate the parameters of the guide 
elements for seeds in the openers.

5. 2. Experimental comparative studies of openers
In order to verify the results of theoretical studies, ex-

periments were carried out on the influence of the openers 
on the agrotechnical indicators of their work. The results are 
shown in Tables 1, 2.

Data in Tables 1, 2 allow to state that the experimental 
opener with a guide and a reflector reduces the coefficient 
of variation by 20…45 %. Serial openers: the anchor opener 

increases this figure by 38 %, and the keeled opener reduces 
the coefficient of variation by 12.2 %.

Table 1

The influence of the openers on the longitudinal 	
uniformity of sowing wheat seeds

Working bodies
Speed 
(m/s)

Longitudinal uniformity

x, mm σ, mm V, % m, mm P, %

Seeder+seed 
tube

0.78 18 24.4 135.4 3.38 18.76

1.9 30 31.5 105 5.48 18.3

2.65 34 46.1 135.6 8.86 26.08

Seeder+seed 
tube (1)+test 

opener

0.78 15 17.3 115.3 2.27 4.06

1.9 18 21.78 121 3.19 16.76

2.65 20 18 90 2.65 13.25

Seeder+seed 
tube (2)

0.78 20 16.89 84.45 2.52 12.5

1.9 26 23 88.4 3.73 14.34

2.65 34 27.16 80 5.04 14.85

Seeder +seed 
tube (2)+stan-

dard opener 
with sharp angle

0.78 14 17.3 123.6 2.14 3.35

1.9 23 28.72 125 4.38 19.0

2.65 17 14.48 85 1.97 11.6

Seeder+seed 
tube (3)

0.78 18 23.87 133 3.42 19

1.9 27 26.5 98.2 4.42 16.35

2.65 26 31.27 120 5.28 23

Seeder+seed 
tube (3)+stan-

dard opener with 
obtuse angle

0.78 12 15.95 133 1.95 16.27

1.9 19 16.27 86 2.33 12.26

2.65 18 19.6 109 2.67 14.8

Table 2

Influence of openers of various designs 	
and their speed of movement on the lateral uniformity 	

of sowing wheat seeds

Working bodies
Speed 
(m/s)

Longitudinal uniformity

x, mm σ, mm V, % m, mm P, %

Seeder+seed 
tube

0.78 39 21.02 54 2.95 7.55

1.9 38 17.54 46.5 3.03 7.96

2.65 36 20.1 56.7 3.86 10.7

Seeder+seed 
tube (1)+test 

opener

0.78 19 7.04 37 0.94 1.68

1.9 22 9.08 41.3 1.11 5.05

2.65 29 15.33 52.8 2.25 7.78

Seeder+seed 
tube (2)

0.78 46 19.63 42.85 3.03 6.6

1.9 66 19.75 30 3.2 4.86

2.65 44 20.7 47 3.12 7.08

Seeder+seed 
tube (2)+stan-

dard opener 
with sharp angle

0.78 48 14.69 34 2.03 6.62

2.65 72 21.9 29.4 3.0 7.13

1.9 75 27.34 36.5 2.98 7.84

Seeder+seed 
tube (3)

0.78 35 16.4 47 2.32 6.62

1.9 38 18.38 48.4 2.98 7.84

2.65 42 16.69 39.7 3.0 7.13

Seeder+seed 
tube (3)+stan-

dard opener with 
obtuse angle

0.78 64 27.1 42.3 3.73 5.7

1.9 73 30.8 41.2 4.24 5.8

2.65 89 26.82 30.2 3.3 3.71
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The presence of a seed guide and reflector in the opener 
affected the improvement of the seeding uniformity.

Keel-shaped openers were investigated in the field.
Number 1 is the control serial keeled opener.
Opener No. 2 is an experimental keeled opener with  

a curved seed guide.
Opener No. 3 is an experimental opener equipped with  

a straight-line seed guide.
Opener No. 4 is an experimental working body equipped 

with a curvilinear guide and a seed reflector.
In the field, the openers were assessed by the uniformity 

of seed distribution along the row and in depth. The research 
results are presented in Tables 3, 4.

Data in Tables 3, 4 showed the best results in the experi-
mental opener with a guide and a reflector (No. 4).

With an arithmetic mean interval along the row of 
18.5…23.5 mm and a coefficient of variation of 88…98 %.

The worst results along the row were shown by the 
control opener (No. 1) with the result x = 11 21... mm and 
V = 91…110 %.

The second and third openers had results between the 
first and fourth.

In terms of the distribution of seeds by depth, the best 
results were shown by opener No. 4, which more deeply and 
evenly placed seeds x = 42 37... mm  and V = 24…27 %.

Table 3

Influence of the parameters of the front openers 	
and the speed of their movement on the distribution 	

of seeds along the row

Openers
Speed 
m/s

Indicators

x, mm σ, mm V, % m, mm P, %

No. 1

0.79 11 10.01 91 0.5 4.55

1.85 16 16.16 101 0.67 4.2

2.66 21 23.1 110 0.96 4.5

No. 2

0.79 17 15.64 92 0.78 4.6

1.85 20.5 20.29 99 1.01 4.9

2.66 22 23.76 108 0.99 4.5

No. 3

0.79 14 12.18 87 0.5 3.6

1.85 18 17.1 95 0.85 4.75

2.66 21.5 22.14 103 0.92 4.2

No. 4

0.79 18.5 16.28 88 0.81 4.4

1.85 21 19.74 94 0.98 4.7

2.66 23.5 23.03 98 1.25 4.9

Table 4

Influence of the parameters of the front openers 	
and the speed of their movement on the distribution 	

of seeds along the depth

Openers
Speed 
m/s

Indicators

x, mm σ, mm V, % m, mm P, %

No. 1

0.79 36.5 10.58 29 1.5 4.1

1.85 30 10.8 36 1.3 4.3

2.66 23 10.12 44 1.1 4.78

No. 2

0.79 35.5 11.0 31 1.1 3.09

1.85 30 11.4 38 1.09 3.6

2.66 24 10.08 42 1.0 4.16

No. 3

0.79 43 11.18 26 1.1 2.55

1.85 39 10.92 28 1.09 2.79

2.66 35 11.55 33 1.13 3.22

No. 4

0.79 42 10.08 24 1.0 2.38

1.85 40 10.0 25 1.0 2.5

2.66 37 9.9 27 0.99 2.67

The results clearly show that the experimental opener 
No. 4 and opener No. 3 place seeds in depth in a one-cen-
timeter layer, which corresponds to modern agricultural 
requirements.

This is due to the presence of guides with reasonable pa-
rameters in the openers.

In order to substantiate the presence and quantity of 
guiding elements for seeds in the opener in laboratory condi-
tions, such openers were investigated (Tables 5, 6).

Experimental front openers with four guides, three, two and 
control serial double-disc, keeled and opener according to [22].

Data in Tables 5, 6 showed the best results on models 
with four and three guide elements in the front openers.

It is recommended to install an improved seed guide in 
the double disc opener.

For this purpose, laboratory studies of models of working 
organs with such guides were carried out.

Under No. 1, a serial double-disc opener was used (control).
Under No. 2, an experimental double-disc opener with an 

improved curvilinear guide was used.
In experimental double-disc openers No. 3 and No. 4, 

curvilinear guides were used in each subsequent guide 2 cm 
longer than in the previous one.

The seeding results are presented in Table 7.

Table 5
Uniform distribution of seeds along the row in laboratory conditions

Openers

Opener speed, m/s

1.0 1.3 2.1 2.5

x,  mm σ, mm V, % x,  mm σ, mm V, % x,  mm σ, mm V, % x,  mm σ, mm V, %

With 4 guides 15.8 17.0 107.6 17.2 17.0 98.0 20.0 20.6 104.0 24.6 25.0 101.0

With 3 guides 11.0 13.6 123.0 16.01 17.0 106.0 29.5 29.0 98.2 24.0 27.9 116.0

With 4 guides 10.0 12.9 129.0 17.0 17.6 97.8 18.0 22.2 127.0 26.0 35.5 128.0

Experimental [22] 18.7 20.7 111.0 14.0 16.4 115.0 24.0 30.8 127.0 39.0 34.2 87.5

Double-disc 26.4 28.6 108.0 16.0 23.4 146.0 26.0 35.4 136.0 26.0 32.5 125.0

Keeled 17.5 18.0 102.0 21.4 23.97 112.0 47.0 35.0 123.0 21.0 23.5 112.0
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Table 7

Uniform distribution of seeds along the row

Working bodies
Indicators

x,  mm σ, mm θ, % m, mm P, %

No. 1 17 18.57 109.0 0.74 4.3

No. 2 16 17.13 107.0 0.68 4.25

No. 3 15 16.01 106.7 0.64 4.26

No. 4 15 16.00 106.0 0.67 4.46

Data in Table 7 show that the arithmetic mean interval 
between seeds for all openers is approximately the same 
15…17 mm, and the coefficient of variation is in the range 
from 106 to 109 %.

Based on these studies, a curved, improved guide can be 
recommended for the double disc opener. The bottom edge 
of the guide should protrude 2 cm in front of the vertical di-
ameter of the discs and are located at a distance of 9 cm from 
the reference plane.

Model No. 4 of the table corresponds to such setting 
parameters of the seed guide. 7 in which the arithmetic mean 
spacing along the row is 15 mm and the coefficient of varia-
tion is 106 %, the smallest of the studied models.

The results of studies to substantiate the presence, quan-
tity and parameters of the seed guide elements make it possi-
ble to recommend the use of seed guides in the openers. This 
improves the uniformity of seed distribution over the area.

The number of guides in the openers must be at least  
3…4, and the lower one must ensure the movement of the 
seeds backward along the movement of the seeder to equalize 
their speeds.

It is recommended to install one curvilinear guide in  
a double-disc opener so that its lower edge is 2 cm in front 
of the vertical diameter of the discs and is 9 cm from the 
reference plane.

Investigations of experimental and serial openers were 
carried out in the field (Tables 8, 9).

The experiment involved an experimental hand opener with 
a seed guide and reflector, serial keeled and anchor openers.

The results of the experiment allow to state that the serial 
openers showed worse uniformity in comparison with the 
experimental working body. This is due to the fact that in the 
serial anchor opener the shape, design and setting parameters 
of the reflective plate are not chosen rational, since there is 
no scientific justification for them, and in the keeled opener 
there is no guide element for seeds.

Table 8
Influence of the design features of the openers 	

on the uniformity of seed distribution along the row

Openers
Seeder 
speed, 
m/s

Uniformity indicators

x, mm σ, mm V, % m, mm P, %

Experimental 
with guide and 
reflector seed 

reflector

0.78 26 22.4 86.2 3.6 13.9

1.9 23 21.6 93.8 3.2 14.4

2.65 24 24.1 100 3.6 14.7

Serial keeled

0.78 24 22.7 94.5 5.9 24.4

1.9 25 24.6 95.0 4.7 18.2

2.65 24 25.6 106.5 4.0 16.8

Serial anchor

0.78 22 19.4 88.5 3.0 13.4

1.9 26 29.7 108.0 5.6 20.6

2.65 31 48 155 9.4 33.0

Table 9
The influence of the design features of the openers on the 

uniformity of the distribution of seeds along the depth

Openers
Seeder 
speed, 
m/s

Uniformity indicators

x, mm σ, mm V, % m, mm P, %

Experimental 
with guide and 
reflector seed 

reflector

0.78 62.0 3.0 4.9 0.5 0.9

1.9 48.4 3.9 8.0 0.6 1.3

2.65 45 3.9 8.6 0.7 1.1

Serial keeled

0.78 46.0 7.0 20.3 1.2 2.6

1.9 48.0 8.8 18.4 1.4 3.0

2.65 26 7.2 27.8 1.0 3.7

Serial anchor

0.78 93.0 11.5 12.5 1.09 2.0

1.9 73.5 10.5 14.3 1.5 2.0

2.65 54 9.2 17.1 1.0 1.9

This assessment is confirmed by the data in Table 8. The 
arithmetic mean interval and the coefficient of variation for 
the experimental opener are 26…24 mm and 86.2…100 %, re-
spectively; for the serial keeled 24…25 mm and 94.5…106.5 %; 
for the serial anchor opener 22…31 mm and 88.5…155.0 %.

The arithmetic mean interval and the coefficient of vari-
ation in depth, respectively (Table 9): for the experimental 
opener 62.0…45.0 mm and 4.9…8.6 %; in the serial keeled –  
46.0…26.0 m and 20.3…27.8 %; for the serial anchor – 
93.0…54.0 mm and 12.5…17.1 %.

Table 6
Uniform distribution of seeds across the row in laboratory condition

Openers

Opener speed, m/s

1.0 1.3 2.1 2.5

x,  mm σ, mm V, % x,  mm σ, m V, % x,  mm σ, mm V, % x,  mm σ, mm V, %

With 4 guides 47.2 38.0 48.6 74.0 24.8 35.5 54.0 29.3 54.4 45.0 29.2 56.50

With 3 guides 44.0 18.9 43.0 40.0 15.4 39.0 38.2 20.0 52.4 48.0 16.7 34.8

With 4 guides 39.0 14.6 37.4 42.0 14.5 34.6 70.0 28.6 41.0 82.5 51.5 58.0

Experimental [22] 18.7 58.0 61.0 47.0 18.7 39.8 57.0 31.5 55.4 65.0 30.8 47.5

Double-disc 47.0 28.8 61.5 74.0 28.7 36.3 95.0 35.2 35.0 65.0 45.0 70.5

Keeled 64.0 31.5 49.3 41.0 22.8 55.5 39.0 23.0 58.3 47.0 25.5 58.6
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The conclusion suggests itself that it is necessary to in-
stall seed guides justified in all parameters in serial openers, 
which improve the uniformity of seed distribution.

The presented materials confirm the correctness of the 
direction of research and their prospects.

6. Discussion of theoretical and experimental studies  
for increasing sowing efficiency

Based on the analysis of the functioning of the openers 
and the development of their research, it was established that 
the movement of seeds in the openers is not regulated or con-
trolled. And as a consequence, the quality of sowing and the 
yield of agricultural crops are reduced. It was also found that 
the improvement of the uniformity of seed distribution [3–6] 
in the soil is realized by various methods. One of the relative-
ly new and promising ones is the grain flow control by the 
seed guides in the openers. This creates favorable conditions 
for the flight of seeds in the opener and when leaving it back, 
which equalizes, in modulus, the speed of the seeds and the 
unit. A number of problems have been solved to substantiate 
the parameters of the movement of seeds on various surfaces.

The presence and parameters of the guiding elements 
of their interaction with the seeds were theoretically sub-
stantiated, which gave the development of the process of 
controlling the grain flow in the openers and at the exit from 
them. This allows to purposefully form the grain flow, direct it 
in the right direction at a certain speed to equalize, in modu-
lus, the speeds of seeds and aggregate, improve the uniformity 
of seed distribution in the soil, which increases the yield.

In this case, the coefficient of variation of the longitudi-
nal uniformity of seed distribution in the row decreases by 
20…45 %, and the transverse one – by 4…17 %.

The experiment to determine the number of guides in the 
sub-openers showed (Table 5) that the experienced openers 
have the best results. The best among them was the opener with 
four guides, which had a coefficient of variation of 107.6…98 %.

In serial openers, this indicator was: for a two-disc opener 
146…108 %, and for a keeled opener 123…102 %.

An experiment was carried out to substantiate the guide 
in a two-disc opener (Table 7).

Based on these studies, a curvilinear improved guide can be 
recommended for the double disc opener. The bottom edge of 
the guide protrudes 2 cm in front of the vertical diameter of the 
discs and lags behind the reference plane at a distance of 9 cm.

The experimental results confirm theoretical studies that 
the presence of a seed guide and reflector with scientifically 
grounded parameters reduce the average coefficient of vari-
ation of longitudinal uniformity by 20…45 %, and transverse 
uniformity by 4…17 %.

It has been established that two ways can be used: the for-
mation of the grain flow and its control in the openers, as well 
as the elimination of the soil sloping soil surface, on which the 
seeds are unevenly distributed in depth.

The advantages of the proposed solutions are explained by 
the following: the method uses a causal relationship between 
the parameters of the openers and the operations of the tech-
nological process and the operational method for assessing 
the quality of individual operations. These techniques make it 
possible to evaluate each operation without waiting for the end 
of the technological process. Thus, the corrected (improved) 
operation is the starting material for subsequent operations, the 
technological process is improved and its efficiency is increased.

Guides with certain characteristics can be used for sow-
ing seeds with appropriate physical and mechanical proper-
ties to obtain high-quality sowing with a subsequent increase 
in yield.

The proposed solutions make it possible to close the prob-
lematic part in this way: the characteristics of the movement 
of seeds on such surfaces are determined: an inclined plane, 
an arc of a circle, an arc of a cycloid.

The results obtained can be used in seed guides with ap-
propriate physical and mechanical properties to improve the 
sowing quality and increase the yield.

The following limitations are inherent: when justifying the 
number of guides (Table 5), the model with four guides has the 
best results. But with an increase in their number, the permea-
bility of the seeds will be difficult and the opener will be clogged. 
Therefore, let’s limit ourselves to four guiding elements.

Also, a new and promising method of formation and mana
gement of seeds in openers and when leaving them was applied.

The combination of seed flight control and a new meth-
od of soil shedding [12] eliminates the sloped sub-opener 
surface, which significantly improves the uniformity of seed  
distribution in the soil (Tables 1, 2). An experimental opener  
with a guide and a reflector reduces the coefficient of vari-
ation of the longitudinal uniformity by 20…45 %. Serial 
openers: keeled openers reduce this figure by 0…12.2 %, and 
anchor openers increase this factor by 38 %.

An experiment to justify the guides in the openers (Table 5)  
revealed the best indicators of the uniformity of seed distri-
bution along the row for models with four guiding elements: =  
= 15.8…24.6 mm and the coefficient of variation – 107.6…98 %.

An experiment to substantiate the parameters of the 
guide in a two-disc opener (Table 7) allows to conclude 
that the best opener was No. 4 with indicators along the 
row = 15 mm and a coefficient of variation of 106 %.

Comparative studies of the openers in terms of the uni-
formity of seed distribution along the row and in depth also 
showed the advantages of experimental openers with guides 
and a reflector (Tables 8, 9).

The arithmetic mean interval and the coefficient of 
variation along the row were recorded: for the experi-
mental head x = 20 24... mm  and V = 86.2…100 %; for serial 
ones: keeled x = 24 25... mm  and V = 94.5…106.5 %; for anchor 
x = 21 31... mm and V = 88.5…155.0 %.

Uniformity in depth: for the experimental one –   
x = 62 45... mm,  V = 4.9…8.6 %; for serial ones: keeled  
x = 46 26... mm, V = 20.3…27.8 %; for anchor x = 93 0 54 0. ... . mm, 
V = 12.5…17.1 %.

Field experiments (Tables 3, 4) showed that the experi-
enced openers have the best indicators of seed distribution 
along the row and in depth.

Opener No. 4 along the row showed: the arithmetic mean 
interval 18.5…23.5 mm and V = 88…98 %, and the control 
keeled, respectively = 36.5…23 mm and V = 29…44 %.

The following were shown in depth: for an experienced 
opener with a guide and a reflector x = 42 47... mm, – 
V = 24…27 %; at the control opener x = 36 5 23 0. ... . mm, and 
V = 29…44 %.

It is easy to see that experimental opener No. 4 with  
a guide and a reflector places the seeds at a depth in 
a one-centimeter layer, which corresponds to agricultural 
requirements. And this is due to the presence of a seed guide 
and reflector and the elimination of the sloped surface.

The number of guides in the central sub-openers should 
be at least 3–4, and the lower one should ensure the move-
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ment of the seeds backward along the movement of the see
der to equalize their speeds.

The advantages of the proposed solutions are explained 
by the use of a new and promising method of forming the 
grain flow and controlling it in the openers in the desired 
direction. This is achieved:

– the use of guiding elements with certain characteristics 
for seeds with appropriate physical and mechanical proper-
ties with varying modes of operation of seeders;

– the elimination of the sib-opener inclined surface by 
the interaction of seed guides and a new process of soil shat-
tering during the movement of the opener [12].

The research used a promising method of causal relation-
ship between the parameters of the openers with the opera-
tions of the technological process and a certain method for 
assessing the quality of individual operations.

The following limitations are inherent.
Disc and anchor openers with an acute angle of entry into 

the soil are dangerous on well-cut or light soils, since they 
provide such a deep embedding of seeds that partial death of 
seedlings is possible.

7. Conclusions

1. Analytical expressions are obtained to determine the 
various characteristics of the motion of particles on diffe

rent surfaces. When modeling the process of particle motion 
along an inclined plane without friction and sliding, the 
following are determined: particle acceleration, coordinates, 
speed components. When moving along an arc of a circle, the 
following are determined: the coordinates of the particle, the 
speed of the particle and its components. When moving along 
an arc, the cycloid is determined: coordinates, speed and its 
components, acceleration and its components.

2. Studies of the effect of openers on the longitudinal uni-
formity of sowing wheat seeds showed the following results. 
An experienced opener reduces the coefficient of variation by 
20…45 %, serial: the keeled opener reduces this indicator by 
0…12.2 %, the anchor opener increases this coefficient by 38 %.  
Field studies of the distribution of seeds along the row 
showed that the coefficient of variation has the following 
values: experimental opener 86.2…100 %, serial: keeled – 
94.5…106.5 %, anchor – 88.5…155 %…The depth indicators 
were as follows: the arithmetic mean interval and the coeffi-
cient of variation, respectively: for the experimental opener –  
62…45 mm, and 4.9…8.6 %; in serial: keeled – 46…26 mm and 
20.3…27.8 %, anchor – 93…54 mm and 12.5…17.1 %. The 
experimental opener places the seeds more evenly in depth 
and showed the best coefficient of variation. This is due to 
the presence and parameters of the seed guiding elements, 
which not only regulates the flow of seeds, but also eliminates 
the inclined sub-opener soil surface together with improved 
furrow formation.
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