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1. Introduction rations that defines the future yield of agricultural crops is

seeding. It is the quality of sowing that affects the dynamics
Crop production accounts for one of the leading places in  of shoots and, consequently, the harvest. Colters are the prin-
the overall structure of agriculture. One of the basic field ope-  cipal working bodies of seeders, thereby defining the quality



of sowing. That is why the issue on constructing colters of
different designs is given so much attention.

Ensuring the effective functioning of grain seeders ne-
cessitates the introduction of appropriate changes to the
design of colters. Created nearly a century ago, colters have
not changed significantly. There is currently no any set of
colters for specific needs in production. There are no recom-
mendations for their effective use. Given this, a task was set
to construct a family of colters with improved indicators that
would enable the qualitative planting of the entire spectrum
of cultures. It is important to devise recommendations for the
effective application of improved standard colters, as well as
experimental ones.

It is known that grain seeders are mainly equipped with
tipped (anchor and keeled) and disc colters, which have cer-
tain flaws and do not meet current agricultural requirements.
They do not form a multilevel planting soil layer; the disc col-
ters do not compact it in the zone of seed distribution; they
do not separate the surface layer of soil; they do not eliminate
the under-colter inclined surface. Colters of all types neither
form nor adequately orient a grain flow.

There is an ongoing research aimed at improving colters,
but there have been no significant changes to the design of
industrially fabricated colters that could change the techno-
logical process of a grain seeder. There is no a set of colters
that would enable the high-quality sowing in all grain-pro-
ducing areas by various techniques, with reduced energy con-
sumption, which could improve yield and resist the deflation
of soil. There are no, up to now, such working bodies that
could form a multi-level planting soil layer with appropriate
parameters. All existing designs do not separate soil to im-
prove the resistance to its deflation. Still an integral part of
the technological process is the existence of the under-colter
inclined surface, upon which seeds are placed, being planted
non-evenly for depth and area. There are no scientifically
based recommendations on the effectiveness of application
of colter types that take into consideration the soil-climatic
conditions. It is necessary to substantiate scientifically the
structural parameters for colters, which could improve the
technological process of their interaction with soil. To form
a furrow for seeds of the desired shape and size, to plant the
seeds evenly for area and depth, and to cover them with moist
soil. Based on the above, the chosen field of the current re-
search is important and relevant.

2. Literature review and problem statement

Recent decades have witnessed active research into
tipped colters aimed at improving the quality of sowing, that
is improving the seed distribution uniformity for area and
depth on order to form more favorable conditions for seed
germination.

Germany, Ukraine, and Sweden commonly use tipped
universal colters. Their versatility implies that a colter has
two tips.

The original design of an anchor colter was proposed in
Sweden [1]; it has a removable furrow-forming wheel.

A similar colter was designed in Germany [2], which also
has a tip with two caps.

Paper [3] reports results of research underlying the con-
struction of a colter with a variable curvature of the tip.

The above data show that all technical solutions were
executed without enough scientific justification.

Another direction for colters improvement is the con-
struction of such working bodies that would compact the
layer of soil in the area of seed deposition.

Thus, authors of [4, 5] constructed a colter equipped with
a paw and a compacting roller.

In Germany, seeders AT300/AT600 (Kockerling, Germa-
ny) are used for stubble sowing, equipped with paw colters,
set in two rows.

Authors of [6, 7] constructed a combined colter for plant-
ing seeds and fertilizers with a soil layer between them.

The seeders made by the firm Simulta (Finland) use, for
seeding cereal crops, a combined colter, which is a combina-
tion of a disk knife and a keeled tip.

The reported technical solutions in the form of combina-
tions of arrow paws and compaction rollers, as well as the com-
bined working bodies, have not been scientifically substantia-
ted. Left unjustified are not only the design parameters, but the
installation settings for the paw and compaction rollers as well.

According to the author of work [8], most working bodies
of tilling machinery are a development of the two-edge or
three-edge wedge. Colter also represents a two-edge wedge.

Studies into improvement of tipped colters cover many
areas. Important is to drill seeds into a moist soil, to compact
it in the area of seed deposition, to reduce the removal of
moist soil layers to the surface.

Paper [9] noted, when studying the interaction between
anchor colters and soil, that the process of discarding soil
particles depends on the design parameters of a colter and
the mode of its operation. The farther from the longitudinal
centerline of the colter movement the soil is discarded, the
thinner is the layer that covers the seeds, that is, their cover-
ing depth decreases. The authors considered the interaction
of colters with different angles of soil penetration. The paper
identified the need to construct a colter with an intermediate
angle of soil penetration — between sharp and obtuse angle.

Researchers [10, 11] reported results describing the in-
teraction between a colter and soil. The authors suggested
that improving the quality of operation of colters necessitates
undertaking a research into key design parameters for colters.
Some researchers found that the rough bottom of a furrow
prevents seeds from rolling and improves the uniformity of
their distribution [12]. The proposed colter could be used
for sowing the cultivated crops only because grain crops vary
considerably in their properties and they need different con-
ditions and different working bodies, that is, it is necessary to
conduct additional studies considering the properties of seeds
for grain crops.

Recently, many researchers have aimed to construct
colters that could make it possible to obtain crops resistant
against wind erosion. Hence the need to combine the uniform
seeds distribution and their covering with a compacted layer
of soil. This to some extent stabilizes the water-air regime
of soil, contributes to the accelerated output of plants onto
surface and their better rooting in soil, which ultimately pro-
tects the soil from erosion.

Colters of various designs were investigated in [13, 14].
These studies explored working bodies for broad sowing. The
unresolved issue in these studies is the lack of scientific basis
for the guiding elements of seeds in these colters.

Paper [15] reports results from comparative tests of an
anchor colter with the right angle of penetration, showing its
advantages and disadvantages. This paper failed to solve the
following: justification of the parameters for a frontal surface,
a tip, the side cheeks of tipped colters.



Article [16] described a comparative study of five grain
seeders made by firms Amazone (Germany), Howard (Den-
mark), Lemken (Germany), Potinger (Austria), and Sulka
(France).

The main unresolved issue in disc colters is the absence of
a device for soil compaction to optimal values in the area of seed
deposition, as well as the uneven arrangement of seeds in soil.
Existing types of colters do not fully meet modern agricultural
requirements. This is the result of the absence of sufficient
scientific substantiation of the basic parameters for colters.

Given the above, one can argue on that the colters applied
at present have a series of disadvantages, which is why it is
necessary to emphasize the complex issue related to the jus-
tification of the basic parameters for colters. By synthesizing
their best variants that depend on specific requirements, it
is advisable to construct a family of colters for grain seeders.

3. The aim and objectives of the study

The aim of this study is to construct a family of colters for
seeders in order to enhance efficiency of sowing seeds for dif-
ferent agricultural crops based on the improved parameters
for the covering working bodies.

To accomplish the aim, the following tasks have been set:

— to analyze the impact of parameters for existing types
and design of colters on the technological process;

—to substantiate theoretically the colters parameters
during their interaction with soil and seeds;

—to estimate experimentally quality indicators in the
operation of experimental colters of various purpose versus
control (standard types);

—to substantiate recommendations on application of
colters of various types.

4. Materials and methods to study the modelling
of processes of interaction between colters and soil

4. 1. Substantiating the shape and parameters for the
frontal surface of colters and their influence on the ope-
rational process

A frontal surface of the colter is characterized by the
shape and cross-sectional size. In the horizontal-transverse
cross-section, a frontal surface can take the shape of a wedge,
the arc of a circle, parabolic, wedge-round with parallel and
converging side cheeks.

The frontal surface of the colter affects its soil penetra-
tion, the way it is discarded, as well as energy indicators.

Important are its steady movement for depth, the minimum
discarding of soil and the resistance to a colter movement.

The impact of the wedge on soil particles was first
considered in [19]. Detailed studies into the regularities
of furrow-formation in the operation of colters were reported
in [20, 21].

Increased discarding of soil by a colter has a negative
impact not only on its structure, but also on the quality of
seed covering.

In the current work we consider the colters, which in
the cross-section represent different surfaces (Fig. 1-4),
a parabola, a wedge-rounded shape, which is a combination of
v-shaped and rounded surfaces. And, at the top, this surface
has the shape of a wedge whose edges smoothly pass into
a rounded surface. The third shape is wedge-round with the

cheeks’ ends bent inside the colter. The fourth shape is differ-
ent from a previous one by the vertically installed flat knife in
the beginning along the middle.

To analyze the process of discarding soil by a colter, we
consider the flight of particles. Equation of particles motion
takes the form:

x=Vcosa, (1)

ot

szOtsinoc—%, 2)

where Vj is the initial velocity of a particle movement,
o is the inclination angle of the initial velocity vector to the
horizon, ¢ is the time of a particle movement, g is the acceler-
ation of gravity.

By solving equations (1), (2), we determine the range of
a particle flight horizontally (3):

2 .
XQZZZVO s(lgn2(x.

For the colter, the speed of discarding soil particles at
a section with a two-edged flat surface is determined from
expression:

(3)

Vy=V.sin(B+o), 4

where V, is the progressive speed of a colter, B is the half of
opening angle of frontal edges, ¢ is the angle of external fric-
tion of soil against a colter.

Fig. 1. Diagram of the frontal surface of a colter
of a parabolic shape
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Fig. 2. Diagram of the frontal surface of a colter
of a wedge-round shape
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Fig. 3. Diagram of the frontal surface of a colter
of a wedge-round shape with the cheeks’ sides bent inside
the colter



m,

Fig. 4. Diagram of the frontal surface of a colter
of a wedge-round shape with the cheeks’ sides bent inside
the colter and a vertically installed knife

When modeling the process of interaction between colt-
ers and soil, one can estimate the projection of velocity vector
V with a parabolic frontal surface from expression:

V=V sin(y+9), )

where v is the angle between the tangent to the frontal sur-
face and the colter’s longitudinal axis.

For the colter (Fig. 2), the speed of discarding the soil is
determined: at a section of flat edges — from expression (4),
at the curvilinear section — from formula (5).

Substituting (4) and (5) in equation (3), we obtain a
functional dependence of the range of soil particles flight on
the structural and operational parameters for a colter.

For colters, at a section with a wedge surface:

VZsin® (B+¢)sin 20
. .

/=

(6)

For colters, at a section with a curvilinear frontal surface:

V?sin’ (y +¢)sin 20
P .

/=

(7

It can be concluded that in terms of quality and energy
assessment of colters operation the frontal surface of tipped
colters must be wedge-round.

4. 2. Substantiating the parameters for a tip and their
influence on quality indicators for performance

When a tip interacts with soil, the colter must penetrate
the soil to the depth seeds deposition, move steadily in a lon-
gitudinal-vertical plane, must not carry the moist soil layers
onto the surface. No less important is the minimum discard-
ing of soil and the resistance to colter movement.

A tip is characterized by the angle of soil penetration (the
front angle), by the shape in the cross-section and by width.

We studied the tip, which has elements of sharp and ob-
tuse angles of soil penetration (Fig. 5).

The reaction of soil to the lower part of the tip is directed
upwards, while the reaction of the upper layer of soil on the
top part of the tip with an acute angle of soil penetration
— downward. Therefore, the vertical components of these
reactions, owing to being oppositely directed, will mutually
counteract against each other. In this case, the colter will
steadily move in a longitudinal vertical plane.

This is confirmed by the equations of equilibrium of
this colter in two variants. First, when Ry and R, are equal
in signs:

Gr.lean.ln+Rslllsl (8)
and second, when these forces have different signs:
G(:.lc+Rsl'lxl =Rn.ln’ (9)

Another advantage of the combined tip is the fact that its
upper part discards away the top dry layer of soil, while the
bottom moist layer of soil is compacted by the bottom part
of the tip.

This is the fundamental difference and advantage of this
tip from existing ones.

In the process of selecting the most effective shape, we
investigated three models of colters with combined tips.

Fig. 5. Schematic of interaction between the forces
of a colter and the combined tip and soil

To describe the curvilinear surfaces of these tips by analy-
tical expressions, we considered several functions. Numerical
values for the coefficients were found using the method of
least squares. To describe the shape of a tip’s profile in the
colter of the first model, the most appropriate is a parabolic
dependence:

(10)

y=ax’+bx.

The coefficients a and b and their standard errors Aa and
Ab were determined from formulae:

a= Sxy XA -y, XX

Saf-Yal-Ya)-Tal (11)
' Z;j §ii§§i’/z§" (12)
Aa:\/nE_ljz2'2xi4.2x’?z_x;x?_2x;w (13)
Ab:\/nE—iz2'fo~fozf;xf.zxf’ (14)



where x; and y; are the coordinates of experimental points at
the profile of a colter; E; are the absolute deviations of expe-
rimental values for y; from those calculated using formula (10)
with coefficients a and b found from formulae (11), (12). Sum-
ming is based on the number 7 of experimental points.

The best values were demonstrated by the following coef-
ficients: @=(0.06+0.01) cm™!, h=(0.21+0.01) cm™ .

The profile of colter of the second model is described by
function:

o
cx+d’

Yy (15)

which was preliminary converted into a linear function:
y' =c+dx’.

(16)

In this case, the coefficients ¢ and d and their standard
errors Ac and Ad were computed from formulae:
DRV /) R ADES
n-Yx =Y xl- Yl

17)

d= n'Zx;%—in% , (18)
n-yx -y x-yx

E*.¥ x*
Ac= ! ! 1
¢ \/(n-le.’z—in’-in’)(n—Zf (19)
EXn
Ad = ! . 20
\/(n-in’z—in’.zxi’)(n—Q) 0

We obtained the following values for the coefficients:
¢=(0.201£0.05) cm~!, d=(0.110£0.03) cm~".

As regards a colter of the third model, it is impossible to
represent the equation of its profile in the form (15) or (16)
over the entire range of values for x, but this is achieved by
using function (10) at the values for coefficients a and b in
two intervals:

a=(0.0722+0.01) cm™!, 5=(0.221%0.02) cm™",
¢=(0.0264+0.01) cm™!
— upper curve,

a=(~0.0287+0.002) cm~, b=(~0.5400.05) cm 1,
¢=0.010 cm ™!

— lower curve.

In the preparation of experimental data, we chose for
each case 10...12 points. The sum of squares of deviations bet-
ween the calculated values for the respective functions and
experimental ones ranged from 0.1 to 0.3 cm?.

By substituting the values for coefficients a, b, ¢, d in for-
mulae (10) and (15), we obtained the resulting expressions
for dependences that describe the curvilinear shape of tips in
the investigated colters. Colter of the first model:

y=0.0612x%+0.213x. 21)
Colter of the second model:

x
Yy (22)

T 0201040110

Colter of the third model:
¥, =0.0722x” +0.221x +0.0264,

y,=0.0287x% +0.540x +0.010. (23)

Given the results from our research, it can be argued that
the rational tip of a colter is a combined tip, which in the
lower part has an obtuse angle of soil penetration and in the
upper part — a sharp front angle. Such a colter will steadily
move in a longitudinal-vertical plane while its upper part
discards the top dry layer of soil and the bottom moist layer
of soil is compacted by the bottom part of the tip.

4. 3. Substantiating the parameters for a colter’s cheeks

The length of a colter’s cheeks must prevent the sapping
of soil until the seeds reach a furrow’s bottom. Only after the
seeds reach the bottom of the furrow the soil must collapse
and cover them.

The main disadvantage of the conventional process of soil
shedding is the formation of a sloping surface under the col-
ter, which is why the seeds are covered at a different depth.
By studying this process, the following assumptions were
adopted. The process of shedding involves the volume of soil
that exerts a passive pressure. Soil shedding occurs as a result
of its volume slipping along the plane located at angle 8 equal
to n/4+¢’/2 (Fig. 6).

By analyzing the process of soil shedding and the forces
that accompany it, we build a soil movement differential
equation:

2
m%zmgsin?i—f’mgcos& (24)
where m is the mass of the volume of shed soil per unit time,
[is the motion path of the volume of soil at shedding, /” is the
coefficient of internal friction of soil.
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Fig. 6. Scheme for determining the parameters of soil
shedding into a furrow

By integrating equation (24) twice at initial conditions:
9,=0, [=0 and ¢=0, via transforms, we obtain:

lzgtifsin(ﬁ—(p')‘

25
2 cos@’ (2)

The shedding time of the volume of soil is determined
from the last equality:



2l cos@’
t= |————, 26
\ gsin(8-¢’) 6
where
h
[=—. 27
sind 27
Formula (18) then takes the form:
2hcos @’
t= ————. 28
gsindsin(3-9’) (28)

To improve the process of soil shedding and the uniform
covering of seeds, we investigated colters with cutouts at the
side cheeks of various shapes and parameters (Fig. 7-10).

The process of soil shedding in this colter occurs as follows.

Since the cutout line AB descends along the motion of a
colter while point B is the lowest point along this line, the soil
particles, which are at this point, will reach the bottom of the
furrow faster than the rest. When a particle moves away from
point B along line AB, the distance from it to the bottom of
the furrow increases, which means it would reach the bottom
of the furrow at a later moment. Thus, a continuous layer of
soil, which flows through line AB, will descend backwards
along the course of the colter. Such layers of soil flow through
the lower lines in cutouts AB from both sides of the colter.
And given that the tipped colters have a small transverse size
(up to 25 mm), these soil layers intersect in space between
the cheeks, thereby forming a solid layer of soil. It completely
covers the distance between the side cheeks of the colters.
The seeds that get to the bottom of the furrow, even if some of
them retain the energy for rolling across its bottom, but such
a possibility is prevented. The soil layer that comes through
the cutouts at the sides covers seeds at the bottom of the
furrow, preventing their redistribution after collision with
the soil. As a result, the distribution of seeds improves, both
in terms of area and depth.

B

Fig. 7. Diagram of the colter’s cheeks cutouts with horizontal
lines connected by arc

B

Fig. 8. Diagram of the colter’s cheeks cutouts
of angular shape

B

Fig. 9. Diagram of the colter’s cheeks cutouts
of curvilinear shape

C
B

Fig. 10. Diagram of the colter’s cheeks cutouts
with a horizontal upper line

It should be noted that cutouts in the cheeks must be per-
formed such that point C is on the surface of the field if the
planting horizon is wet enough. Cutouts are made below the
surface, at 2...3 cm, if the upper soil layer is not wet enough.

Our study has shown that among the four experimental
models the best indicators, in terms of furrow-formation
and seed covering, were demonstrated by models shown in
Fig. 8—10. The model in Fig. 10 is better than all working
bodies in preventing the dry soil shedding into a furrow
and contributes to a more uniform covering of seeds. The
result of solving differential equation (24) is the determined
motion path of the volume of soil at shedding (26) and the
time of soil shedding (28). These equations illustrate the
dependences of these parameters in the process of soil shed-
ding, which confirms the conclusion about a better variant
of the model.

5. Experimental study of colters

3. 1. Modification of the procedure for experimental
research

3. 1. 1. Procedure for laboratory study

The methods for laboratory studies into the process of
covering seeds have several advantages over field tests. They
make it possible to obtain the predefined state of a soil me-
dium (its composition, density, humidity) and to maintain it
over 10...15 days at significant changes in weather conditions
and uneven pre-sowing preparation. It is difficult under field
conditions to define the regularities in covering seeds.

A strain-gauge method with oscillographic recording
makes it possible to simultaneously measure various magni-
tudes (force, fluctuations in the depth of run, soil density)
with high accuracy (0.5...1.0 %) in places that are difficult
to access for other methods of research, while avoiding dis-
ruptions in the colter operations. Moreover, the choice of
a strain-gauge research method was based on the fact that
the absolute and relative magnitudes for the seeding process



indicators are often very low and it is difficult to measure
them with instruments built on a mechanical principle.

When studying soil shedding following a colter’s run we
used a photography method, which made it possible to cap-
ture the process at the time of movement of a working body
and to perform the necessary measurements and subsequent
analyses.

To measure the horizontal and vertical components of
a resistance force to the colters’ motion we applied a cus-
tom-made instrument. It consisted of two dynamometers,
one of which measured the horizontal component, and the
other — vertical component, of the force of resistance; two
vertical and two horizontal links. The electric circuit of this
device was composed of the oscilloscope N-115 (VISHOM,
USSR), an oscilloscope power supply of the type P-133
(VISHOM, USSR), the amplifier SANCh-7M (VISHOM,
USSR), a power supply unit for the amplifier.

To determine the uniformity of motion for depth, the
standard and experimental colters were installed using spe-
cial leashes that hosted the potentiometers. A rod of the
potentiometer, by using a lever and a connecting rod, was
connected to the upper transverse beam of the trolley. Ends
of the electric winding in the potentiometer were connected,
by flexible wires, to the connector fixed atop the trolley. The
ends of the winding were connected, by a cable, to the galva-
nometer of the oscilloscope.

The calibration of instrumentation and the colter, in-
stalled at a special leash, implied the following.

The colter was lowered to the operating position and
placed at the predefined depth. This position of the colter in
soil, corresponding to the starting line on oscillographic paper,
was accepted as the origin (a zero line). The colter was raised
up and lowered down relative to the zero line. Potentiometer
readings were recorded on the tape of the oscilloscope at
each centimeter of depth for the colter penetration. Stability
of the colters” motion was filmed to be examined. A grain
seeder hosted a screen marked up with horizontal lines per
each 10 mm. At the level of the disks’ axes and in the middle
part of the colters we attached rods that passed through the
screen guides and, by upper ends, displayed the positions of
changing elements vertically. To exclude the influence of the
inclination of the frame on a change in the position of the
screen for height, the latter was installed in the plane passing
through the axes of the seeder’s wheels.

A cameraman with a movie camera sat in a specially
mounted seat behind the seeder and filmed the movements
of rods across the screen. Depending on the motion speed of
the assembly, the filming was performed lengthwise the plot
from 30 to 50 m. The process of colters motion in soil was
filmed in parallel.

To measure the traction resistance of colters in a soil
channel, as well as for determining the efforts arising in
springs of the disc and the keeled colter, we used strain-gauge
instruments, which included strain gauges glued to the spe-
cial links, the oscilloscope N-115, a power supply unit for the
oscilloscope (type P-133), the amplifier BANCh-7M, a power
supply unit for the amplifier.

We studied furrow-formation and the uniformity of seeds
distribution in the following way. Parameters for a soil shed-
ding zone following the run of the colter were determined in
a soil channel by a photography method. This method made
it possible to capture the process at the time of movement of
a working body and to perform the necessary measurements
and subsequent analysis of the phenomena that accompany it.

When studying the colters and their elements in a soil
channel, the evaluation was based on the following indica-
tors: the depth and width of the residual groove, the height
and width of the hill along the furrow, the uniformity of
colters motion for depth, the vertical and horizontal compo-
nents of resistance against the movement of colters.

All these indicators were registered at different speeds
of colters motion. In the soil channel, we ensured the trol-
ley’s speed equal over the first interval: 1.24; 1.51; 1.7; 2.0;
2.96 m/s, and over the second interval: 2.42 m/s; 2.74 m/s;
3.2 m/s; 4.73 m/s. The seeds were sown in the field at speeds
matching the speeds of a tractor’s gearbox; 6.8; 8.0; 9.5; 11.7;
13.8 km/h. The length of control section in a soil channel
was equal to 10...12 m at channel’s length 25 m. Under field
conditions, the length of control section was equal to 50 m.

Soil’s moisture content was determined by taking a batch
at three levels: 0...50, 50...100, 100...150 mm. It was dried in
a drying cabinet.

Soil hardness was determined by the Revyakin densito-
meter (VISHOM, USSR). In the soil channel, measurements
were performed at the beginning of the experiment at three
locations along the length of the channel. In this case, the
plunger was pressed into the soil at 20..30 mm below the
depth of colters motion. Under field conditions, measure-
ment of hardness was performed along a diagonal of the plot.

5. 1. 2. Field research procedure

Field experiments were conducted at two stages.

At the first stage, we performed a qualitative assess-
ment of operation of the experimental colters compared to
standard working bodies at different speeds and at different
depth of their motion, under different soil and climatic con-
ditions, that is under actual industrial conditions at the time
of our research.

The first phase of the study was conducted at a testing
farm named after May Day at Kharkiv National Tech-
nical University of Agriculture named after P. Vasylenko
(Ukraine) at the experimental field of the Department of
Industrial Training.

The second stage of the study was conducted at a test-
ing farm named after May Day at KhNTUA named after
P. Vasylenko and at farms in Kharkiv oblast (Ukraine).

This stage of the research implied a qualitative assess-
ment of operation of the experimental colters at different
speeds, under different soil-climatic conditions.

The tasks at this stage included studying soil parameters
in the course of research; estimating the field surface relief
before and after runs of the colters; determining the opera-
bility of the new types of colters under industrial conditions;
assessing the uniformity of seed distribution in terms of area
and depth; studying the influence of colters on field germina-
tion and yield.

3. 1. 3. Procedure for processing experimental data

The specificity of agricultural indicators that are distin-
guished by wide natural variability requires the mandatory
application of statistical methods to process them.

Statitical treatment of data in determining agri-technical
indicators for seeders implies the following. By defining the
sample approximate size (the number of samples, repeatabi-
lity), we obtain preliminary source data based on which we
calculate the mean value, standard deviation, and their deriva-
tives — coefficient of variation and relative error (accuracy of
experiment). Based on these data, we establish the resulting



required sample size and, upon obtaining initial quantities, we
determine the average value and its error (for soil indicators)
or an error percentage (for the germination of seeds).

We compute a sample size based on the magnitude of
variation for an indicator depending on the required accu-
racy of determination.

We processed the oscillograms using the device POBD-12
(VISHOM, USSR). Before enabling the instrument, we
draw parallel lines in the oscillogram based on the maximum
and minimum deviation of the curve; we measured the dis-
tance from the minimal straight line to zero line /4 and from
the maximal straight line to the line of zero H.

Ordinate of the curve £, was determined from expression:

hy,=H-h, (29)
We established then the interval:
h
=2 30
; (30)

and boundaries for classes. In determining the boundaries of
classes, we took into consideration the distance from a zero
line to the minimal straight line — A;.

The average value for a class was determined from formula:

o +o
— n nn
K(:p - T’ (31)
where 7 is the number of classes; o, is the lower boundary of
classes; a,+1 is the upper boundary of classes.
The mean ordinate of the curve from a zero line was de-
rived from the following expression:

K +K,+..+K, YK

< P+P+.+P,  YP’

(32)

The data obtained in this fashion, as well as other from
other experiments, were represented in the form of statistical
series.

The number of experiments was determined, in order to
ensure a 5 % accuracy of results, from formula:

2 2
"= t"+0 , (33)

m2

where 7 is the required number of measurements; ¢ is the
criterion of reliability, which at confidence level of 0.95 was
adopted to equal two; & is the root mean square deviation;
m is the mean error of an experiment.

The film was processed by viewing the frames using the
device for reading film-based texts «Mikrofoto»-5PO-1
(Ekran, USSR), as well as when viewing the shot films using
the film projector Kashtan (KINAP, USSR).

The frequency of shooting was determined using a gene-
rally accepted procedure using the dependence:

(34)

where V,; is the velocity of an object movement (colters);
k is the coefficient of obturation, which takes into account
what part of the cycle within a frame change is the exposure;
1/m is the image scale, which characterizes the ratios of linear
dimensions of an image on the film to the directed size of the
object; 8 is the amount of offset of an object’s image over the

exposure time of a frame. This magnitude should not exceed
0.03 mm and is determined from formula:

t=Vt

1
8=V, —t=V,t, (35)

where ¢ is the frame exposure time; V,; is the speed of an
image movement. The frequency of shooting equaled 64 fps.

The depth of colters run was determined using the film
per every three frames.

5. 2. Parameters for the frontal surface of tipped colters

In order to establish the influence of parameters for the
colter’s frontal surface on agrotechnical (the width and depth
of a groove, the range of soil flight, the width and height of
the lateral soil hill) and energy indicators (resistance forces
to colter motion), the experiments were conducted.

All the specified indicators were registered at different
speeds of colters motion. In the soil channel, the trolley’s
speed was maintained that equaled in the first interval: 1.24;
1.51; 1.7; 2.0; 2.96 m/s, and in the second interval — 2.42 m/s;
2.74m/s; 3.2 m/s; 4.73 m/s. The seeds were sown in the field
at speeds matching the speeds of a tractor’s gearbox; 6.8;
8.0; 9.5; 11.7; 13.8 kmm/h. The length of control section in
a soil channel was equal to 10...12 m at channel’s length 25 m.
Under field conditions, the length of control section was
equal to 50 m.

Soil’s moisture content was determined by taking a batch
at three levels: 0...50, 50...100, 100...150 mm. It was dried in
a drying cabinet.

Soil hardness was determined by the Revyakin densi-
tometer. In the soil channel, measurements were performed
at the beginning of the experiment along the length of the
channel. In this case, the plunger was pressed into the soil
at 20...30 mm below the depth of colters motion. Under field
conditions, measurement of hardness was performed along
a diagonal of the plot.

We studied the following surfaces: parabolic, wedge-
round with parallel and converging side cheeks, and wedge-
round with converging cheeks and a knife positioned verti-
cally (Fig. 1-4).

The influence of parameters for the colter’s frontal sur-
face on the process of furrow-formation is shown graphically
in Fig. 11, a, b, Fig. 12, a, b. The reference indicators were the
width and height of a lateral soil roller, as well as the width
and depth of the residual furrow.

Diagrams of dependence of indicators for furrow-forma-
tion on the parameters and shape of the frontal surface show
that increasing the forward speed of colters from 1.24 to
2.96 m/a increases the width of a lateral soil hill (Fig. 11, a)
for all models of colters. More intensively for control mo-
dels, that is the wedge surface and in the shape of the arc of
a circle. The nature of dependence for all experimental mo-
dels is almost the same. The absolute values for the reference
indicator are the lowest for models (Fig. 3). This indicator
is 10..15 mm larger for the model in Fig. 4. For the pa-
rabolic and wedge-round — the width of a soil roller grew
from 45...50 mm to 100...105 mm, that is the best results for
this indicator are demonstrated by the wedge-round model
with parallel and converging cheeks, as well as the wedge-
round model with a knife-divider. The worst results were
demonstrated by control models. The parabolic one has
intermediate indicators among control models and the three
named the best.
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of a soil hill on speed Vand shape of the colter’s frontal surface: 1, 2 — control
models of colter; 3, 4, 5, 6 — models of colters, respectively (Fig. 1—4)

2.53 V.m/s for all models are close to linear. The largest

increase in the furrow depth is demonstra-
ted by control models (from 30...32 mm to
56..58 mm). Among experimental models,
the worst indicators were demonstrated by
the parabolic model, for which this indicator
increases from 30 to 53 mm. In other models,

B,mm H,mm / the depth of the residual furrow increases
150 ——| 59 /// with 25...28 mm to 46..51 mm.
ey . .

5 —— % / . .AnalySIS of dependence @agrams of the

140 7‘ / / i | indicators for furrow-formation for the stu-

130 1r ~ A 5 40? 4%7* died models on an increase in their move-

3r % p 3] % NS ment speed from 1.24 to 2.96 m/s allows us

120 47 Z 3014 6 to argue on that the experimental results are

110 in good agreement with theoretical research.

100 20 In addition, the results from experi-

124 167 210  2.53 V.mis 124 167 210 V.m/s ments allow us to conclude that in terms

o b of quality of furrow-formation when using

Fig. 12. Dependence of a — width Band b — height H of the residual groove
on speed Vand shape of the colter’s frontal surface: 1, 2 — control models
of colter; 3, 4, 5, 6 — models of colters, respectively (Fig. 1—4)

The height of a lateral soil roller decreases with an increase
in speed in the specified limits for all examined models in line
with dependences close to the curvilinear ones (Fig. 11, b).

This indicator decreases more intensively for control
models, which demonstrate the greatest absolute values for
this reference indicator. In all experimental models the na-
ture of dependences is almost the same.

The lowest absolute values for this indicator are demon-
strated by the parabolic model. the largest — by the wedge-
round one.

Models in Fig. 3, 4 changed the reference indicator under
these conditions from 13...16 mm to 2...3 mm.

Summarizing the dependences in this diagram we can
conclude that the more preferred positions are demonstrated
by models in Fig. 1, 3, 4. The wedge-round model occupies
an intermediate position between the two specified groups
of models.

The width and depth of the residual furrow characterize
the quality of covering the seeds for depth. The smaller these
indicators, the better the working body meets agricultural
requirements for covering the seeds for depth. Fig. 12, a, b
shows the dependences of these indicators for the studied
models on translational velocity within the limits specified.

The diagram in Fig. 12,a shows that increasing the
speed of models from 1.24 to 2.96 m/s increases the width of
a residual furrow in line with dependences close to the
curvilinear ones. The nature of dependences for all models
is almost the same. The absolute growth of this indicator for
control models ranges from 126..135 mm to 152...162 mm.

colters, it is necessary, when designing new
and improving existing working bodies,
that the frontal surface of tipped colters
should have the profile that is of a wedge-
round shape in cross-section.

5. 3. Studying the shape and parameters for a tip

A tip is one of the main structural elements of the colter,
which primarily affects indicators for the process of interac-
tion between soil and the colter.

We tested under field conditions colters with various tips.

A control colter is the standard keeled colter. The first
type of a colter is the experimental keeled colter whose sur-
face is described by equation (21).

The second type of a colter is the experimental colter
whose tip’s surface is described by equation (22).

The third type of a colter is the experimental working
body, the shape of the tip is described by equation (23).

These colters were investigated under laboratory and
field conditions. Under field conditions, the colters were
evaluated according to the uniformity of seed distribution
along a row and for depth. The research results are given in
Tables 1, 2.

Data on the uniformity of seed distribution for depth
(Table 2) may indicate that the more favorable indicators of
the experimental colters are explained primarily by the shape
and parameters for a tip.

The advantage of the combined tip is that the reaction of
soil on the lower part of the tip is directed upwards, while the
reaction of the surface layer of soil on the upper part of the
tip with an acute angle of soil penetration — downwards. In
this case, the vertical components of the reactions of soil on
the upper and lower parts of the tip are directed in opposite
directions, they would mutually counteract against each other,



which reduces their impact on the colter; ideally, these com-
ponents can be equal by modulo and their effect on the colter
could be reduced to zero. In this case, the colter moves steadily
in the longitudinal-vertical plane that promotes the uniform
distribution of seeds not only for depth, but also for area.

Table 1

Influence of parameters for tipped colters and the speed
of their movement on the distribution of seeds along a row

Indicators

Colters Speed,

m/s X, mm | o, mm V,% | mymm | P, %

0.79 11 10.01 91 0.5 4.55
Control ™= e ™6™ | 1616 | 101 | 067 | 42
colter

2.66 21 23.1 110 | 0.96 4.5

0.79 17 1564 | 92 0.78 4.6
Colter ™4 65" 1 905 | 2029 | 99 1.01 49
type I

2.66 22 2376 | 108 | 099 45

0.79 14 1218 | 87 05 3.6
Colter ™65 [ 18 | 174 | 95 | 085 | 475
type 11

266 | 205 | 2214 | 103 | 092 4.2

079 | 185 | 1628 | 88 0.81 4.4
Colter gz 21 | 1974 | 94 098 | 47
type III

266 | 235 | 2303 | 98 1.25 4.9

Table 2

Influence of parameters for tipped colters and their
movement speed on the distribution of seeds for depth

Indicators

Colters Speed,

m/s X, mm | o, mm V,% | mymm | P, %

079 | 365 | 1058 | 29 15 41
Control e ™ ™50 | 108 | 36 13 | 43
colter

2.66 23 | 1012 | 44 11 | 478

079 | 355 | 110 31 11 3.09
Colter =g 30 1.4 38 1.09 36
type I

2.66 2% | 1008 | 42 10 | 416

0.79 43 | 1118 | 26 11 255
Colter ™ es™ 139 | 1092 | 28 | 109 | 279
type II

2.66 35 | 1155 | 33 113 | 3.22

0.79 42 | 1008 | 24 10 | 238
Colter ™= e 1 40 100 | 25 10 25
type 111

2.66 37 9.9 27 099 | 267

Another advantage of the combined tip over all others is
that during operation of the colter the upper part of the tip
with an acute angle of soil penetration discards the upper
dry layer of soil, unfavorable for seed germination, while the
bottom wet layer of soil is compacted by the bottom part of
the tip with an obtuse angle of penetration, creating more
favorable conditions for the germination of seeds in terms of
soil density and its moisture content.

Data from this experiment allow us to state that in terms
of the basic quality indicators of operation the preferred ones
are the experimental colters (Fig. 2—4), and, among them,
specifically the colter in Fig. 4, which includes a guider and
a seed reflector of curvilinear shape and has the combined

tip. Owing to these parameters, these colters demonstrate
the best results.

5. 4. Studying the shape and parameters for the side
cheeks of tipped colters

To study the length of the colter’s cheeks and the shape
of their cutting, we performed experiments involving four
anchor colters with a length of cheeks from 20 to 80 mm at
an interval of 20 mm.

Our experiments have shown that for anchor colters the
recommended length of their cheeks is within 40..60 mm
(Fig. 13).
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Fig. 13. Influence of the length of cheeks a and their cut b
on reference indicators: 1, 4 — width and depth of the
groove; 2 — range of soil flight; 3, 5 — width and height
of the lateral soil hill; 6 — colter’s resistance

We studied the models of colters with a change in the
angle of cheeks’ cut from 30 to 120° at a step of 30°. Expe-
riments were conducted at a depth of the working bodies’
motion of 70 mm at a speed of 2.0 m/s. The research results
make it possible to conclude that the difference in the resis-
tance to movement of the studied models is within 1 N.

Taking into consideration the adhesion and rate of shed-
ding the wet and dry soil particles, the rational angle of the
cheeks’ cut is roughly 45...65°.

In the course of our study, a solution has been found on
aradical change in the process of soil shedding, the resulting
being the elimination of a serious drawback.



It has been proposed that one should make the cutouts in
the cheeks of colters of a certain shape, for example angular.
The cutouts are made by two lines so that they converge at
one point in the beginning and then diverge from behind. In
this case, the upper line in the motion backwards may ascend
or be horizontal, and the lower — descend.

At such a process of soil shedding all the seeds fall on the
horizontal surface of the bed for seeds.

We have constructed an experimental colter and per-
formed field tests (Table 3).

Table 3

Influence of the rear configuration of colter’s cheeks
on the uniformity of seed deposition for depth

Seeder Indicators for uniformity
Colters speed,
m/s | %mm | 6, mm V,% | mymm| P,%
0.78 62.0 3.0 4.9 0.5 0.9
Experi- 91 4gs | 39 | 80 | 06 | 13
mental
2.65 45.0 3.9 8.6 0.7 1.1
0.78 46.0 7.0 20.3 1.2 2.6
Standard 77 ™00 88 | 184 | 14 | 30
keeled
2.65 26.0 7.2 27.8 1.0 3.7
0.78 93.0 11.5 12.5 1.9 2.0
Standard 77 o 00 5 05 | 143 | 15 | 20
anchor
2.65 54.0 9.2 17.1 1.0 1.9

The lowest coefficient of variation is demonstrated by the
experimental colter.

Note that the coefficient of variation for experimental
colters is 2...3 times lower than that for the standard ones.

These technical solutions ensure the steady movement of
colters in a longitudinal-vertical plane, improve the process
of soil shedding and laying the seeds on a bed of the furrow
that ensures their uniform distribution for depth.

6. Discussion of results of constructing a family
of colters for seeders

It was established that the technological process in-
volving tipped colters is affected by such basic structural
parameters as the shape and size of the frontal surface, of the
tip, of the side cheeks.

When solving the task on the theoretical substantiation
of colters parameters during their interaction with soil and
seeds the results obtained were based on the application
of a mathematical apparatus (1) to (28) and physical mo-
delling (Fig. 1-10), as well as the described experimental
study (a soil channel, equipment for strain measurements,
photo and video recording, other means). Advantages of
the proposed solutions are explained by the following: the
procedure employed the causal links between the parameters
for colters and operations within the technological process.
We investigated the influence of basic parameters of colters
on the operations in the technological process. The result
of our study is the obtained best variants for parameters of
the frontal surface, the tip, the side cheeks in a tipped colter
(equations (1) to (28), Fig. 1-10, diagrams in Fig. 11-13,
Tables 1-3).

The scientific literature reports no such studies into the
shapes of a frontal surface (Fig. 1-4). The colter with a com-
bined tip (Fig. 5) has no analogs. The shape of side cheeks,
explored in the current work, has not been found in the
literature (Fig. 6-9). This technical solution dramatically
improves the process of soil shedding and covering the seeds
and eliminates the technological disadvantage — the inclined
under-colter soil surface.

The proposed solutions make it possible to deal with
a problematic issue in the following way:

— the frontal surface of tipped colters, in order to reduce
the range of discarding the soil, must be of a wedge-round
shape in the cross-section (Fig. 2, 3);

— the best shape of a tip is combined (Fig. 5) — the upper
part with a sharp angle and the lower part — with a blunt
angle (equation (23));

— the side cheeks of a colter must have cutouts of an-
gular shape (Fig. 10), which eliminate the inclined surface
under the colter and contribute to laying the seeds at the
predefined depth.

The current study has the following limitations:

—in the substantiation of the frontal surface, the lower
limit of width of the colter for grain crops should equal
20 mm. Reducing this size inhibits grain passage along the
channel of a colter. Increasing this size increases the resis-
tance to the movement of s colter and a groove, making it
difficult for the soil to shed and to cover the seeds at the
predefined depth;

— the surface of the combined tip in a longitudinal-verti-
cal plane must be described by equations (13) to (15).

Better results were demonstrated by the colter whose
surface is described by equation (15), (Tables 1, 2).

An increase in the curvature of surface of the upper part
of tip poses a danger of heaping the soil ahead of the colter.
An increase in the curvature of the bottom part of a tip could
result in pushing the colter upwards and its unsteady move-
ment in a longitudinal-vertical plane, that is the uneven seed
deposition for depth.

Certain disadvantages in the research, as well as diffi-
culties in their implementation, are associated with the fact
that the material base becomes obsolete while possibilities to
renew it are limited. Further research should tackle increas-
ing the operating speeds, lowering energy costs. However,
one could encounter such difficulties as: increasing operating
speeds above 12 km/h dramatically increases the discarding
range of soil and the resistance to the colters motion. It is
necessary to find ways to neutralize these phenomena or sig-
nificantly reduce them.

The results obtained within the framework of solving the
task on estimating quality indicators for the operation of ex-
perimental colters are based on the procedure for conducting
experiments, which employed the causal relations between
the parameters of colters and operations in the technological
process.

We also applied an operational method for assessing
quality of colters operation. The essence of this method
implies making it possible to evaluate each operation with-
in the process, rather than at the end of the process. This
provides an opportunity to adjust each operation, which
acts as the source parameters for a subsequent operation. As
a result, we substantiated the best variants for parameters
of the frontal surface (Fig. 11, 12), the tip (Tables 1, 2) and
the side cheeks (diagrams in Fig. 13, Table 3). It should be
noted that the scientific literature contains no studies into



such shapes of the frontal surface (Fig. 1—4). The colter with
a combined tip (Fig.5) has no analogs. The shape of side
cheeks, explored in the current work, has not been reported
in the literature (Fig. 6-9). This technical solution dramati-
cally improves the process of soil shedding and covering the
seeds and eliminates the technological disadvantage — the
inclined under-colter soil surface. The proposed solutions
make it possible to deal with a problematic issue in the fol-
lowing way: in terms of methodology, one has to apply the
causal relation between parameters for the working bodies
and operations within the technological process, as well
as the operational method for assessing each operation in
the process. This provides an opportunity to modify the
required parameter after each operation without waiting
for the end of the technological process. In particular, it is
recommended to use:

— the shapes of the frontal surface (Fig. 1-4), or close to
them, depending on the type of soil and its parameters;

— the colters should employ a combined tip (Fig. 5),
with the curvature of surfaces described by equations (13)
to (15), or close to them, taking into consideration the soil
parameters;

— the cutouts in cheeks of the tipped colters (Fig. 7-10)
with an obligatory consideration of soil parameters.

However, the current study has the following constraints:

— soil moisture content should not exceed 20 %, because
an increase in humidity could clog the colters, and the pro-
cess would be disrupted;

— under field conditions, soil should be prepared in accor-
dance with the agricultural requirements;

— existing colters are effective in the process at speeds
up to 12 km/h, while at an increase in speed the colters clog
neighboring working bodies, which changes the process of
covering the seeds for depth.

The results obtained make it possible to propose the
following recommendations for the use of standard and ex-
perimental colters.

Double-disc, single-disc, and anchor colters with an acute
angle of soil penetration should be used on dense soils with
high resistivity, (4..5N/cm?), and for seeding with deep
covering (up to 10 cm). The disc colters are less demanding
in terms of soil preparation, they satisfactorily operate on
contaminated and over-wet soils (exceeding 20 %).

The keeled colters with an obtuse angle of soil pene-
tration should be applied on well loosened soils with a low
specific resistance (2..3 N/cm?), and for the seeds covering
which according to agricultural requirements is allowed at
small depth, typically up to 5 cm.

The colters with right angle of soil penetration and with
a combined tip must be used on soils with a medium resisti-
vity (3...4 N/cm?) and for the seeds whose covering depth is
from 4 to 8 cm. These colters show the improved uniformity
of seed distribution in soil, therefore, they should be used
for sowing those crops that should meet higher agricultural
requirements.

The anchor-disc colters are more versatile, capable of
operating on any soils with a different resistivity for sow-
ing any grain crops whose seeds are more demanding in
terms of the agricultural soil parameters at seeding depth
of 4..8 cm.

On erosion-prone soils, it is recommend using the disc
and tipped colters with the soil’s upper layer compactors-
separators, with improved uniformity of seed distribution for
area and depth.

The advantages of these solutions are due to the fact that
their use could improve efficiency of colters operation, would
expand their functionality and retain or improve soil fertility.
The proposed solution could address the problematic issue
owing to these recommendations while their implementation
would enhance the effectiveness of sowing agricultural crops
and preserve soil fertility.

Certain constraints in these solutions are related to
the fact that the recommendations were made without
specifying other parameters of soil, so it is advisable to
advance the current research by considering the basic pa-
rameters for soils that significantly affect the technological
process.

7. Conclusions

1. Based on the analysis of development of the design
of colters, it was found that their main parameters have not
been theoretically and experimentally justified. This refers
to the shape and size of the frontal surface, the tip, and the
side cheeks, which significantly affect the technological
process.

2. We have theoretically substantiated the new con-
cept of the process of furrow-formation and soil shedding
by constructing the colter with a combined tip. We have
improved the shape of the colter cheeks’ cut in the form of
cutouts of angular shape. We have calculated and justified
the basic structural and kinematic parameters for tipped
colters, namely the frontal surface, the tip, and the cheeks,
which made it possible to reliably estimate the indicators of
their interaction with soil. That provided an opportunity to
qualitatively perform the process of furrow-formation, distri-
bution of seeds, as well as extend the functionality of these
working bodies.

3. The experimental results confirm theoretical findings
on that the new types of colters reduce the mean coefficient
of variation in longitudinal unevenness by 20..45 %, and
transverse — by 4...17 %. We have substantiated the rational
parameters for colters of main types, synthesizing which,
depending on requirements, has allowed the construction
of a family (about 10 varieties) of colters for grain seeders.
These colters form a multi-level planting horizon, enhance
the uniformity of seed distribution, improve the conditions
for their germination and development of cultivated plants.
The recommended types of colters are capable of row, nar-
row-row, scattered, anti-erosion planting, protecting the soil
from erosion and increasing yields.

4. Recommendations on the use of standard and experi-
mental working bodies have been proposed.

Double-disc, single-disc, and anchor colters with an acute
angle of soil penetration should be used on dense soils with
high resistivity, (4..5N/cm?), and for seeding with deep
covering (up to 10 cm). The disc colters are used on con-
taminated and over-wet soils (exceeding 20 %).

The keeled colters with an obtuse angle of soil pene-
tration should be applied on well loosened soils with a low
specific resistance, (2...3 N/cm?), and for the seeds covering
which according to agricultural requirements is allowed at
small depth, up to 5 cm.

The colters with right angle of soil penetration and with
a combined tip must be used on soils with a medium resis-
tivity, (3..4 N/cm?), and for the seeds whose covering depth
is from 4 to 8 cm.



The anchor-disc colters are more versatile, capable of On erosion-prone soils, it is recommend using the disc
operating on any soils with a different resistivity, for sowing  and tipped colters with the soil’s upper layer compactors-
any grain crops whose seeds are more demanding in terms of ~ separators, with improved uniformity of seed distribution for
the agrotechnical soil parameters at seeding depth of 4..8 cm.  area and depth.
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