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Abstract

The maximum yield of grain crops with good technological qualities of grain at minimum costs is directly related to the
traction resistance of the unit and the exact distribution of seeds in depth and sowing area. The use of cultivator-
cultivators for subsoil-spread sowing is more effective than conventional seeders, as it allows evenly distributing seeds
over the sowing area, eliminating gaps between individual technological operations, shortens sowing times, better use
of the first spring maximum of soil moisture, and compaction of loose soil with wheels of tractors and machines. The
working bodies of serially produced seed drills for subsoil-spread stubble sowing do not fully meet the agrotechnical
requirements, since their use in production revealed a number of disadvantages that seriously worsen the quality of
work, especially with high soil moisture (more than 18%), due to soil sticking to working bodies and its mixing, which
leads to roll formation and removal of wet layers to the surface of the field. In this regard, increasing the yield of grain
crops and improving the quality indicators of sowing by using a coulter for subsoil-spread sowing is an urgent
scientific and technical problem. Based on the research materials, prototypes of seeders with experimental stubble
coulters were developed and manufactured. Studies of the developed seeding machines have shown stable performance
in sowing grain crops.
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INTRODUCTION quantitative indicators of their work allows us

to assert that a wide variety of their designs is
The development of designs for grain seeders, not an indicator of perfection, but, on the con-
seeding units and complexes is in the direction  trary, the result of insufficient completeness of
of creating units for subsoil-spread sowing, their study. From the foregoing it follows that
since it allows you to optimally use the area of  the work carried out in the direction of impro-
plant nutrition, improve their growing condi-  ving the quality indicators of sowing remains

tions, reduce sowing time and reduce labor and relevant (Shumaev, 2020; Kuhmazov, 2020).
energy costs. The effectiveness of the use of  To reduce the traction resistance of the seeder-
opener designs for subsoil-spread sowing of  cultivator and increase the uniformity of the
agricultural seeds is largely determined by a  distribution of seeds, we propose the design of
decrease in the traction resistance of the  the combined opener of the seeder-cultivator
working bodies to the soil with a simultaneous  (Figure 1).
increase in the quality of sowing (Kalabusheyv,

2018; Kalabushev, 2019). The existing designs

of furrow formers do not fully ensure the

quality of the seeders, often have an increased

traction resistance, which significantly increases

the cost of production and reduces the yield.

MATERIALS AND METHODS

In order to reduce the traction resistance of the
units and obtain more uniform crops, domestic
and foreign scientists have created a large :

R 1 - loosening tooth; 2 - bracket; 3 - rack; 4 - seed tube;
number of op ene_rs of cultivator .see'ders. In 5 - seed distributor; 6 - sole; 7 - fastening screw;
turn, the analysis of the qualitative and 8 - lancet paw
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Figure 1. Combined opener of the seed drill-cultivator:



The combined opener of the seeder-cultivator
contains a stand 3 with a loosening tooth 1, a
seed pipe 4 and a lancet paw 8. The loosening
tooth 1 is fixed in front of the toe of the lancet
paw 8 of the opener by means of a bracket 2
mounted on a stand 3, while the cutting plane
of the loosening tooth 1 and a lancet paw 8 are
the same. The arrow-shaped paw 8 of the
opener is attached to the base of the pillar 3 of
the opener by means of the fastening screw 7
and the sole 6, in the rear of which the seed
distributor 5 is fixed, two side and one rear
surfaces of the distributor 5 are made in the
form of a fifth degree polynomial. The rib
formed by the side surfaces of the seed
distributor is made with a rounding radius to
reduce the injury of seeds.

The technological process of the combined
opener of the seeder-cultivator is as follows.
When the combined coulter moves, loosening
tooth 1 enters the stubble layer of the soil, cuts
it, forming a gap and loosens the soil. During
the movement, the process of constant
formation of the soil compaction core on the
toe of the loosening tooth 1 takes place, but the
soil compaction core on the toe of the lancet
paw 8 of the combined coulter does not receive
its development and is constantly destroyed,
which creates the best conditions for the
stability of the movement of the combined
coulter in depth, so how the formation of a soil
compaction core on the toe of the lancet paw is
excluded 8. The soil and plant residues passing
along the front working face of the loosening
tooth 1 rise and, continuing to slide along the
surface of the loosening tooth 1, fall onto the
field surface. Pointed share 8 cuts plant roots,
loosening the soil and killing weeds, and the
sole 6 levels the bottom of the furrow, forming
an even, compacted seedbed. At the same time,
the seeds from the seed distributor through the
seed pipe 4 enter the lateral and rear surfaces of
the seed distributor 5 and are laid at the bottom
of the furrow, while the seeds that fall on the
lateral surfaces of the seed distributor 5 are
evenly distributed along the bottom of the
furrow to the right and left of the longitudinal-
vertical the planes of symmetry of the
combined coulter over the entire working width
of the lancet paw 8, and the seeds that fall on
the rear surface of the seed distributor 5 are
distributed in the rear part of the sub-plow
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space and partially on the sides, which ensures
the best uniformity of seed distribution over the
sowing area using the maximum capture width
of the lancet paw 8 and the creation of better
conditions for seed germination and plant
development, which leads to an increase in
crop yields. A layer of soil coming off the
lancet paw covers the sown seeds.

Since the combined opener of a seeder-
cultivator of this design was used for the first
time during sowing, the task of theoretical
research was to study the interaction of its
design parameters and the soil.

RESULTS AND DISCUSSIONS

With the theoretical substantiation of the design
parameters of the combined opener of the
seeder-cultivator, let us consider its traction
resistance, the thickness of the loosening tooth
(Figure 2), the deformation zone of the
loosening tooth and the distance from the nose
of the loosening tooth to the toe of the lancet
paw in the combined opener.

When cutting bonded and plastic soils, a
compacted core of the material being processed
is formed in front of the cutting profile, and
further cutting is carried out not with a blade,
but with this core.
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Figure 2. Elements of a loosening tooth: 1 - blade;
2 - chamfer; 3 - skeleton

The required blade width is determined by the
chord dc = 6 (Figure 2), which is equal to

o=2rsing (1)

where: r is the radius of curvature of the

loosening tooth blade, m; ¢ - angle of friction
of the soil against steel, deg.



Considering Figure 2, it can be argued that the
width of the loosening tooth will be
b=2(r-sme+I[,smny,)

, 2
where 2v1 is the opening angle of the loosening
tooth, deg.

When the loosening tooth moves at a certain
depth, the soil chipping would occur in the
direction of the action of the resultant force RI,
located at an angle (§1+‘/’), that is, in the
direction nm (Figure 3) of the deformation

zone.
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Figure 3. Scheme for determining the soil deformation
zone with a loosening tooth: (1 - the angle of entry of the
paw into the soil; £2 - the angle of entry of the paw into
the soil; ¢2 - angle of friction of the soil along the blade
of the paw; a - tillage depth; N - normal lancet paw
response; Rl - resultant force; ® - angle of soil
deformation by a loosening tooth, degrees

Dependence of the size of the deformation
propagation zone on the size of the soil
compaction core on the loosening tooth:
2a -tge

+2r-sin @+ 2/, sin y,

(3
where: ® - angle of soil deformation by a
loosening tooth, degrees; a - tillage depth, m;
€1 - angle of entry of the paw into the soil,
degrees; 11 - blade length, m
In the process of operation of the combined
opener of the seeder-cultivator, its paw quickly
becomes dull, while the toe of the paw is closed
with the width bn. When the paw moves at a
depth a, the soil chipping will occur in the
direction of action of the resultant paw, Rl
which is located at an angle ({2 + ¢2) (Figure
4), where (2 - the angle of entry of the paw into
the soil, @2 is the angle of friction of the soil
along the edge of the paw. A loosening tooth is
installed in front of the paw, therefore, in order
to exclude the influence of soil deformation
from the paw on the loosening tooth, the

bu.u,

" cos(g +9)
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horizontal distance between them should
correspond to the segment mp. Therefore, the
horizontal distance 1g between the toe of the
paw and the loosening tooth must satisfy the

condition
I <Ib + mp, 4)

where 1b is the overhang of the toe of the
loosening tooth, m.

Ib
R, ’\Nﬁxj
M 2 2
) RN

Figure 4. Scheme for determining the distance from the
toe of the loosening tooth to the toe of the lancet paw:
1 - the angle of entry of the paw into the soil; £2 - the

angle of entry of the paw into the soil; ¢2 - angle of
friction of the soil along the blade of the paw; 1g -
horizontal distance between the toe of the lancet paw and
the loosening tooth; a - tillage depth; Rl - resultant force

The maximum horizontal distance between the
toes of the lancet paw and the loosening tooth
is determined from the expression:

I<a - [ctgll + tan ({2 + ¢2)] )
To determine the traction resistance of the
combined opener of a seeder-cultivator, let us
consider its operation, provided that the com-
bined opener moves uniformly, at a constant
depth and in a homogeneous environment, and
the air resistance is neglected due to its small
value.
The total value of the traction resistance of the
combined opener of the seeder-cultivator can
be represented as the sum of the traction
resistance of the loosening tooth and the lancet,
that is:

RXc = RX3 + RXuc, (6)

where RX3, RXuic - traction resistance of the
ripper tooth and lancet paw, N.

In this expression, the second component RHIs
is:

RKhis = RKhi—k RKhI = RKhI (1-k), (7)

where RXI —traction resistance of the lancet
share, N; k— coefficient depending on the size
of the deformed soil by the loosening tooth.

The coefficient k depends on the area of the
soil deformation zone in the transverse-vertical



plane with a loosening tooth and a lancet paw,
which is determined by the expression:

i _ (bu.n. +b)-a _ bu.u. +b
S 2-b,-a 2-b,

J

®)
where: Sz, Sl - area of the deformation zone of
the loosening tooth and paw in the transverse-
vertical plane, m?; bl - capture width of the
lancet paw, m.

Our task is to determine the traction resistance
of the loosening tooth and lancet paw when
interacting with the soil. It should be noted that
each working surface of the loosening tooth
and lancet paw is a triangular wedge with
angles characterizing the installation of the

El

working surface of the loosening tooth %i>1>71

and lancet paws@2>52:72 ... Therefore, in what
follows we would carry out theoretical
calculations, which are based on the theory of
the trihedral wedge of V.P. Goryachkin and his
followers.

The traction resistance RKhz of the loosening
tooth of the combined opener of the seeder-
cultivator would consist of the following
components:

RX3 = 2 : (RX3G + RX3F + RX3Z[ + RX3C 4 (9)

where: Ry, Ry, Rxs ARX3C - traction resistance
of the loosening tooth, depending on the weight
of the seam, the dynamic pressure of the seam,
the resistance of the soil to compression by the
nape of a blunt blade, the resistance of the soil
to deformation, N.

For analogy with expression (9), the traction
resistance of the lancet paw would be equal
to Ry,:

RX,1 =2- (RXHG + RXnF + RXJ][[ + RXJ'lc)) (10)

where: Ry Rxnp Rycny Ry - traction resistance

of the duckfoot, depending on the weight of the
soil layer, the dynamic pressure of the layer,
the resistance of the soil to compression by the
back of the head of a blunt blade, the resistance
of the soil to deformation, N.

Consider the forces acting on the loosening tooth
when the soil layer is located on the surface of the
loosening tooth. As already noted, the working
surface of the loosening tooth is a triangular
wedge. Forces would act on the right working
surface of the loosening tooth (Figure 5): Nz is
the normal reaction to the loosening tooth from
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the soil, Fz is the friction force of the soil against
the working surface of the loosening tooth.

Let us determine the projections of the forces
Nz and Fz on the coordinate axes Ox, Oy, Oz.
Then the projection of the force Nc on the axis
would be:

- on the Ox axis:

N, =N, -cos(90—¢,)-siny, =N, -sin¢, -siny,, (11)
- on the Oy axis:
N, =N, cos(90-¢))-cosy, :’ (12)
=N, -sin ¢, -cosy,
- on the Oz axis:
N,=N,-sn(90-¢)=N,-cosg, (13)

Z

Figure 5. Scheme for the analysis of the work of a
trihedral wedge

Since the working surface of the wedge OAB
(Figure 6) penetrates into the soil, and the soil
particle along this surface moves in the
direction OA, it is difficult to determine the
projection Fz, then to solve this problem we
will decompose the force Fz into two
components: Fzl - parallel to the knife blade
AB of the loosening tooth; Fz2 - along the
directional perpendicular blade of the knife AB
of the loosening tooth.



Figure 6. Determination of projections on the coordinate

axis of the friction force /' .

The resulting force on the x-axis would be:

F =F,  +F, . =
TPX TP1X TP2X ) (14)
=F, -cosy, +F, -cosg -siny,

In determining £, ~and F, it should be

borne in mind that when the loosening tooth
rises to the working surface, the base of the
seam, initially occupying the AOC position,
goes into AO'S. Therefore, the segment CO is
equal to the segment CO ', and the angle OAC

= O'AC =y,, hence the angle between the
vectors F, and F, in the ABD plane will

3

also be equal to 7, ...
Then, respectively, the forces of friction against
the tooth £, and F, ~would be equal:

=F, -cosy, (15)

31p1 31

F, =F, -siny, (16)

3

Substituting formulas (15) and (16) into
expression (14), we obtain:
2 .2
. =F37P -C0S” 7, +ETP OS¢, -sin” y,
or
2 2
Y (cos” y, +cos¢, -sin” y,)

Oyaxis: F, ~=F

3rp1

-sin 7,
3rP2y = F;r['z " C0s 4/1 " C0s 7/1

Resultant strength F, . per axis Oy will be:

F, =F, -F, =

37py 3rPiy 3rP2y
i 17

=F, ~-siny, —F, -cos¢, -cosy,
And taking into account equations (3.27) and
(3.28) will take the form:
=F,, -cosy, sin 7, -

P i Or
—F,  -cos¢, -cosy, -siny,

=F, -cosy, -siny (1-cosg)) (18)

3rpy 37

37py

OZ aXiS: F;ﬂ’lz = 0 F;”"Z; = _F;”"Z ) S].n gl
Resultant strength £, per axis Oz will be:
F;m = F;lPlv - EIPZ' = _F;vm ’ Sin é/l (19)

Taking into account formula (15), the equation
will take the form:

E :_F;Pz'smgl'sm71 (20)

After the projections of the forces N3 and an, ,

we determine the force of static pressure on the
surface of the loosening tooth N3G, which is
due to the weight of the layer located on the
surface of the loosening tooth. In a state of
equilibrium, the following forces act on the soil
layer: the weight of the soil layer G3 on the
loosening tooth; normal reaction of the working
surface N3; friction force an, soil on the
working surface; backing force Q3G from the
front of the wedge of untreated soil. The Q3G

force will be located in a horizontal plane
parallel to the xOy plane (Figure 7).

Figure 7. Scheme for determining force N 3

Let's project the forces acting on the soil layer
onto the Oz axis:

ZFSZ =0 -G;+N,.—-F, =0 (2D

3

Substituting formulas 3.23 and 3.33 into the
resulting expression, we get:



-G,+N, -cos¢, — 22)
- -sin &, -sin y, =0

3rp2

Then, the weight of the soil layer on the
loosening tooth will be determined as: G5

Gy=N;-cos¢, —F, -sing -siny,  (23)
Considering that F, =N - f we get:
G,=N,-cos¢,—N,-f-sing, -siny, = 24

=N, (cos¢, — f-sin g, -sin y,)
Where does the normal reaction come from?
Ny:
G,
cos¢, — f-sind, -sin y,

Then the friction force of the soil on the working
surface of the loosening tooth F%J defined by the

N3G -

(25)

expression:
f-G
F, = = 5 (26)
" cos¢,— f-sing, -siny,
Respectively:
G -sing, -siny
3Gx . 1 @7

cosg, — f-sin g, -siny,

_ f-G-(cos’ y, +cos¢, -sin’ 7,) (28)
cosg, — f-sing, -siny,

Formation weight G is defined as:

G=Vy,, (29)

where V - the volume of the cut soil layer, m?;

3/}’(»

7, - volumetric weight of soil, N/m’.
The volume of the soil layer V is found from its
geometric parameters:

b-a:
V= 713

> 30
2-siny, G0

where: b is the width of the loosening tooth, m;
a - depth of tillage, m; l. is the length of the
blade of the working body at a given depth, m.

Then the weight of the bed G will be equal to:
b-al -
G= 713 Yoo | 31
2-siny,
The value of the component of the traction
resistance of the loosening tooth, depending on

the weight of the formation:
Rygxy =b-a-lyVos-
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siné&;+f -sin )/y(ctg2 Y1+coséy)
2-cos§1(1-ftg &y sinyy)

(32

where is the length of the blade of the working

body at a given depth, m; yobl,—volumetric

weight of soil, N/m?; f is the coefficient of

friction of the soil against steel.

The traction resistance of the loosening tooth,

depending on the dynamic pressure, will be

2 Yos
2.9

sin&;+f -siny;-(ctg? y;+cosé;)

ctgéy—f-siny;

R3Fx=b'a‘17

sin?y; - , (33)
where: v - speed of movement of the combined
opener of the seeder-cultivator, m/s; b - bed
width, m; g - free fall acceleration, m/s?.

To determine the resistance of the soil to
deformation R3D by a loosening tooth, let us
assume that this force is proportional to the
cross-sectional area of the formation:

Rang= ki-a - (r-sing +1,siny;),(13)

where k —coefficient taking into account the
properties of the soil and the geometric shape
of the loosening tooth; a— bed height, m; ¢—
angle of friction of the soil on the loosening
tooth, deg.

Resistance of a loosening tooth, depending on
the resistance of the soil to compression by the
back of the head of a blunt blade

Rgae= A1 Gy -
sin uz+f-siny;-(ctg? y; +cos uz) (34)
cos uz—f-siny;-sin uz ?

siny; -

where: A, - coefficient taking into account the
pressure of the seeder-cultivator on the
loosening tooth; u5 - occipital angle, deg.
Thus, the traction resistance of the loosening
tooth of the combined opener of the seeder-
cultivator can be represented as:
RX3=2'(b'a'la'YO6'
sinéi+f 'siny1~(ctg2 y1+coséy)
2:cos§1(1—f-tg &1-sinyy)
sin&y+f »smyl-(ctglz y1+coséy) tk-h-
ctgéi—f siny,
(sing,r+ 1, siny,) +

+b-a-v? X8y
2.9

x sin?y; -
+2;

. sin us+f-siny;-(ctg? y1+cos pz)
Gy Xsinyq - 35
M £} cos pz—f-sinyy-sin us \ )
Making  similar  calculations  with  the

parameters of the lancet paw, taking into
account that the angle of friction of the soil
along the loosening tooth ¢ is equal to the
angle of friction of the soil along the lancet paw



and their occipital angles are equal, it is
possible to obtain a dependence that allows us
to estimate the traction resistance of the lancet
paw, which looks like: p5:

Ry, =by-a- lZaz' Yoo *
siné+f -siny,-(ct, +cos
§2tf ]/z(gl’z. fz)_l__l_bz_a_
2-05 &5 (1—f-tg £5-5in 72)
i siné&y+f -siny,-(ctg? y,+cosé,)
ZM-smzyz- Satf sinyy( 97 $2
! ctgéy—f siny,

v +

b
ky a2+
2
sin pz+f-siny,-(ctg? yo+cos pz)

+A, - Gy Xsiny, -
(36)

where: b, - bed width, m; [,, - length of the
blade of the working body at a given depth, m;
- angle of crumbling of the lancet paw,
degrees; &,y, - wing opening angle of the
lancet paw, degrees; k, - coefficient taking into
account the properties of the soil and the
geometric shape of the duckfoot; A4,
coefficient taking into account the pressure of
the seeder-cultivator on the duckfoot share; u; -
occipital angle, deg.

cos pz—f-siny,-sin p3 ’

CONCLUSIONS

Calculations have established that the use of a
combined opener with a loosening tooth 0.02 m
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wide, installed at a distance from the toe of the
lancet paw to the toe of the loosening tooth
0.07 m and a working depth of 0.06 m, will
reduce the traction resistance of the opener
from 1.18 to 1, 13 kN.
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