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Abstract. The purpose of study: determine the rational parameters of an
innovative working body that carries out a high-quality technological process of shallow soil cultivation. An innovative working body for shallow
soil cultivation was developed on the basis of nature-like technologies that
are currently relevant in scientific research. The ratio when using the golden ratio arises when comparing curvilinear and rectilinear, i.e. natural and
artificial forms. The development of a new working body design is based
on the physics of the interaction process with the processed environment,
using analogies of shape and optimal proportions existing in nature. The
working body design for shallow tillage with curved surfaces of increased
streamlining using the configuration of natural sliding lines of the treated
medium layer during cultivation has been developed. Depending on the required processing depth (6-16 cm), the innovative working body efficiently
performs the cutting process with sliding, and also performs flat-cut loosening. Rational parameters and functioning modes of an innovative working body for shallow tillage have been obtained: length – 305 mm; working
width – 450 mm; angle of crumbling, sharpening, posterior occipital cutting, mortar, rise – 15, 12, 10, 75-110, 10 degrees respectively; speed – 912 km/h.

1 Introduction
Tillage is a very important technological process of agricultural production, aimed at
obtaining crop products [1]. Soil loss in the erosion-prone regions of the European Union is
2.46 t/ha per year, resulting in a total volume of up to 970 million tons per year [2]. At the
European level, many efforts have been made to promote more sustainable soil cultivation
[3]. Methods for soil conservation in regions prone to erosion are being developed [4, 5].
The priority area of research is the development of designs for innovative soil protection
working bodies.
The purpose of study: to determine the rational parameters of an innovative working
body, carrying out a qualitative technological process of shallow tillage.
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2 Materials and methods
On the basis of theoretical and experimental studies, the working body design for shallow
soil cultivation (Figure 1) with curved surfaces of increased streamlining using the configuration of natural sliding lines (least resistance) of the layer of the treated medium during
cultivation has been developed.

Fig. 1. General view of the innovative working body

An innovative working body for shallow soil cultivation was developed based on nature-like technologies that are currently relevant in scientific research. The methodology of
nature-like technologies is based on approaching nature-like attractors based on a cenological approach, similar to biocenoses in nature. The manifestation of structural harmony and
order in nature is the so-called golden ratio, the use of the principle of which in a broad
sense will allow for nature-like control in the technosphere.
The ratio when using the golden ratio arises when comparing curvilinear and rectilinear, i.e.
natural and artificial forms.
The development of the innovative working body design is based on the physics of the
interaction process with the processed environment, using the analogies of form and optimal proportions that exist in nature [6].
When substantiating the parameters of the working body, the angle of natural displacement of the soil layer was taken into account, and the shape was chosen based on the configuration of the natural sliding lines of the soil and the trajectories of its least resistance to
deformation and crumbling [7-11].

3 Research results
When the working body of the cultivator (Figure 2) interacts with the treated environment,
the soil and weeds are affected, which can be characterized by the total concentrated load
N  , directed by normal to the cutting edge. Under the action of friction of the working
body and the processed medium, a force arises F  N   tg , which is the total

concentrated load N  , applied not to the normal relative to the cutting edge of the working

body, but by the angle of friction  . Total concentrated load N  can be represented by
two projections: in the direction of the speed of the working body translational movement
P , deviated from the normal taking into account the opening angle 2   by 90   , and
tangent along the cutting edge T . It was found that under the condition     follows
2

,
in
this
case,
the
tangential
component
of
the
total
concentrated
load
F  N   tg

2

exceeds the friction force with the medium being processed T F , weeds and lumps of
soil make a relative movement, moving along the cutting edge, which contributes to an
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increase in the quality of work, since crumbling of the layer is observed when interacting
with the curved surface of the working body and pruning of weeds in the process of sliding
cutting. In these conditions, the processed environment is influenced by the forces P and
T  F , resulting total  of which is directed at an angle of friction  to the normal
relative to the surface of the working body.

Fig. 2. Force interaction of the working body with the processed medium

With the translational movement of the working body, the layer of the treated medium
moves in the direction of the resulting total force action  , moving directly along its
surface, thus, the cutting process is accompanied by sliding. The slip coefficient increases
with an increase in the fraction of the trajectory of the relative movement of the medium
being treated along the working body in comparison with the absolute movement and tends
to the highest in the case of a curvilinear surface. In addition to the shape, the sliding
coefficient of weeds on the surface is affected by the opening angle of the working body
2   . Thus, to ensure sliding cutting when the working body interacts with the medium
being processed, it is necessary to choose the opening angle of the working body
guided by addiction:

 


2

2 


(1)

To ensure a high degree of cutting of weeds and high-quality of soil crumbling, the
cutting angle   , formed by the top chamfer of the cutting edge and the horizontal plane
(Figure 3) should have the smallest value.
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Fig. 3. Cutting and crumbling angles

However, its smallest value is limited by the taper angle  , the minimum of which is
selected from the strength condition of the material used for the manufacture of the working
body. In this case, the working body, like a cutter, has a gap between the horizontal and its
lower surface, characterized by the posterior occipital cutting angle  , the smallest value
of which is also limited. Based on these restrictions, the crumbling angle is set  , which is
the deviation of the upper plane of the working body from the bottom of the furrow:

   

(2)

With the lower sharpening of the working body, the cutting and crumbling angles are
equal     . In cases of using upper and a combination of upper and lower sharpening,
the cutting angle



exceeds the crumbling angle



by the minimum value taking into

account the sharpening angle  , i.e.   >  .
The role of the cultivator's working body is to ensure that the cracks formed in the soil
do not comb out the root system of weeds, but cut it. For this purpose, the angle of cutting
(crumbling) is performed as small as possible even for loosening working bodies. As long
as the weeds are supported by the soil, they are easy to cut. If the weed plant is pulled out
of the soil, then it is much more difficult to cut it. For this reason, the weed must slide along
the cutting edge. When cutting with simultaneous slip along the cutting edge, the value of
the cutting force will decrease with increasing trajectory of the longitudinal relative
movement. This is due to the fact that when the treated medium slides along the cutting
edge, tensile and shear stresses arise inside the formation, which, as you know, are
characterized by lower resistance than shear deformation. The unevenness of the cutting
edge captures the particles of the processed medium and displaces them. This is also due to
the fact that the working body has the shape of a wedge with an angle at the top 2   , in
this case, the length of the cutting edge (especially curved) is always greater than the width
of the strip processed by it. Therefore, other things being equal, the load per unit length of
the cutting edge, i.e. specific cutting work will be less.
Thus, the angle of crumbling of the working body  represents the minimum cutting
angle



and is determined by the expression:

   

(3)

With the forceful interaction of the layer and the working body from the soil, there acts
the reaction Q of undeformed layer of the treated medium (Figure 4).

4
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Fig. 4. Scheme of deformation of the treated medium by the working body

Q from the side of the soil, the gravity of the layer acts on the
working body G ; the resulting  the elementary normal forces of soil resistance and
Besides the reaction

friction on the surface deviating from the normal by the angle of external friction  ; the
force I , due to the inertia of the soil layer, directed opposite to the absolute speed of
movement, taking into account the shaer (cleavage)



and forming an angle



2

with the axis OZ. To prevent unloading of the soil in front of the working body, the backing
of the layer must be sufficient:

Qmax    S .

(4)

 – resistance of the treated medium to compression, Pa;
S – cross-sectional area of the reservoir, m2.
Solving this equation for  , we get an expression that determines the condition under

where

which there is no unloading of the soil in front of the working body:

 

Q
.
S

(5)

Define Q – reaction of undeformed soil (Figure 4).
The projections of the acting forces on the axis are in the sum equal to zero:


     sin      0.
2

(6)


   G    cos     0.
2

(7)

 Q  sin      I  sin
 Q  cos     I 
From equation (6) find

:
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Q  sin      I  cos
.
sin    

(8)

Substituting the obtained expression (8) into equation (7) and performing some
transformations, we obtain Q :

Q

I  sin   cos  ctg      G
.
cos     sin      ctg    

(9)

To determine the inertia force of the formation I (dynamic soil pressure on the
working body) use the theorem of changing the momentum:

I  dt  dm  V  V0 .

(10)

Insofar as V0  0 , then

I  dt  dm  V ,

I
where

(11)

dm
V  cos ,
dt

dm
– mass of soil per working body per unit of time, kg.
dt

Let us express the mass of the reservoir through its volume, then

(12)

V  сonst :

dm
   S V ,
dt

(13)

where  – volume weight (soil density), kg/m3.
Then the inertial force of the formation is determined by the formula:

I    S  V 2  cos .

(14)

Express the gravity of the reservoir through the volume:

G  m  g  S  l   g ,

(15)

where l – working body length (strut outreach), m.
When substituting the obtained expressions (15) and (9) into the formula (5), the crosssectional area S shrinks, that is, the process of unloading the soil does not depend on the
width of the working body. After performing some transformations, we get:



V 2    cos  sin   cos  ctg      l  g  
cos     sin      ctg    

. (16)

Inequality (16) determines the condition under which there is no soil unloading in front
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of the working body. In the resulting expression (16)
determined by the formula:




2





   
2

.

– shear angle (cleavage) is

(17)

This equation was derived based on Mohr's theory of strength, according to which the
fracture of the formation occurs in the plane, where the action of the normal and tangent
creates a stress equal to the net shear, i.e. each time the shear angle is set such that the shear
(cleavage) force is minimal, the value of which depends on soil moisture [12-15].
From the analysis of expression (16) it follows that the unloading of the soil in front of
the working body occurs with an increase in the length of the working body, soil density,
speed of the unit. Physical and mechanical properties of soil and crumbling angle affect this
process, while dimensions of the cross section of seam, on contrary, do not. Thus, the
improvement of the working body in terms of transformation into a curvilinear shape,
which increases the perimeter of its geometric surfaces, does not violate the required
parameters of the technological process with the optimally selected parameters. Using the
resulting expression (16) l is selected so that there is no unloading of the soil in front of
the working body, i.e. the resistance to compression of the treated medium was overcome
and the formation moved in the process of movement.
Working body width b set for the required width of the cultivator B , which is selected
according to the nominal tractive effort of the applied power unit.
For various layouts, the working body width b (Figure 5) can be determined taking
into account the overlap  , guided by the ratio:

B  b  n    n  1,

(18)

where n – number of working bodies.

Fig. 5. Working body width

Strut height also matters for cultivators: the higher the strut, the higher the clearance,
determined by the distance between the frame and the soil surface, the less likely it is that
there will be clogging of crop residues. Strut height H determined (Figure 6) depending
on the depth of soil cultivation a and the height of the working body profile projection h
by ratio:

H  2a  h

7
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Fig. 6. Working body profile projection

Height of the working body profile projection

h associated with the elevation angle

tg  tg  sin 

:

(20)

Based on the obtained dependencies, parameters and modes of functioning of the working body of the cultivator, presented in Table 1, were determined.
Table 1. Parameters and modes of functioning of an innovative working body
Indicator name
Tillage depth
Unit speed

Designation, dimension
a [cm]

V [km/h]
 [degrees]
 [degrees]
2   [degrees]
 [degrees]
l [mm]
b [mm]
h [mm]

Crumbling angle
Sharpening angle
Opening angle
Posterior occipital cutting angle
Working body length
Working body width
Profile projection height
Elevation angle

[degrees]

Indicator value
6-16
9-12
15
12
75-110 (variable)
10
305
450
60
10

It should be noted that the opening angle of the working body is variable due to the
curved shape of the cutting edge. Thus, the working body, depending on the processing
depth, can qualitatively perform the cutting process with sliding, as well as carry out flatcut loosening. Flat-cut soil cultivation is carried out to a depth (up to 16 cm) exceeding the
depth of the occurrence of root systems’ bulk of weeds. The crumbling of the layer of the
treated medium by the working body occurs along the path of least resistance of the soil
along the sliding lines, which have a curved shape.[16-19]

4 Conclusion
Research has been carried out, as a result of which the design of an innovative working
body has been developed, depending on the required processing depth (6-16 cm), which
qualitatively performs the cutting process with sliding, as well as performs flat-cutting
loosening.
Rational parameters and modes of functioning of an innovative working body for shallow tillage have been obtained: length - 305 mm; capture width - 450 mm; the angle of
crumbling, sharpening, posterior occipital cutting, mortar, lifting - 15, 12, 10, 75-110, 10
degrees respectively; speed - 9-12 km/h.
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