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Abstract. In order to increase the productivity of cotton, it is necessary to treat the soil
between cotton rows with good quality. In recent years, a new technology has entered the tillage
technology, that is, deep softening between cotton rows. The deep softener unit resulted in
increased time and fuel consumption as the cotton was separated between the rows. To reduce
costs, the inter-row cotton cultivator has been improved, and a cotton inter-row and deep-tilling
cultivator has been created at the same time. This scientific article deals with the issue of
justifying the parameters of the working bodies of the deep softener.

Keywords. Resource efficient, advanced technology, improved cultivator-deep softener,
aggregate, rounded construction, working depth, cotton row spacing, deep-softener, protection
width,

Tillage is important in increasing crop productivity. Therefore, in recent years, much
importance has been attached to high-quality soil treatment, application of advanced technologies,
special attention to resource saving during treatment. The importance of the above activities is
based on the production of high-performance combined agricultural machines, and this issue has
become one of the urgent issues of the present time. Therefore, in order to increase the yield of
cotton, in order to increase the productivity of cotton, instead of performing the deep loosening
process with a separate aggregate, in order to save resources, install a deep loosening work body
on the currently working cultivator, and use the cultivator as a deep softener. improvement and
production of the option of installing it on the suspension mechanism of the tractor, increasing the
yield of cotton and ensuring energy saving was taken as an important goal.

Cultivators working between the rows, the operation of their working bodies and the
justification of their parameters, the determination of the quality of soil cultivation and traction
resistance based on theoretical studies have been studied by scientists of foreign countries and our
Republic. The theoretical expressions and recommendations obtained by them are still being
used.
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However, until now, work has not been carried out on the integrated construction of the
cultivator, which should be installed on the tractor chain with the help of a suspension
mechanism.

Based on the purpose of the research, an improved design of the cultivator working between
the rows of cotton was developed, that is, a rounded design attached to the tractor in a suspended
form. The improved design not only works between the cotton rows, but also performs the deep-
softening process, which works according to the deep-softening technology between the rows that
has come into practice, so it is called the construction of the cultivator-deep softener. [1]

In order for the quality of the works performed by the newly developed cultivator-deep
softener to meet the agrotechnical requirements, the parameters of the working bodies should be
selected correctly. The cultivator-deep softener's softening, irrigation ditch receiving, fertilizing
work bodies have been sufficiently studied by researchers. The operation of the deep softener
installed in their row between the cotton rows has not been studied to date. In order for the deep
softener to work effectively, its parameters must be determined taking into account the working
conditions between the rows of cotton.

The parameters of the deep softener are as follows:

- the angle of installation of the working body relative to the surface of the softened bottom
of the soil - a

- the width of the working body — b;

- the length of the working body —I;

- in addition to these, processing depth - h;

During the movement of the deep softener, the soil is deformed. It has been determined on
the basis of research that it depends on the shape and parameters of the working body, the depth
of processing and the physical and mechanical properties of the soil. Deformation occurs when
the soil shifts or crumbles. We present the general scheme, which is the basis for determining the
parameters of the deep softener, Picture. 1.
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Figure 1. Deformation of the soil under the influence of the working
body of the deep softener.
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When the working body moves from state | to state 11 to a distance S, the soil is deformed
and the resulting stress reaches the limit value, and the soil breaks or breaks at an angle y in the
direction of movement. The refraction angle of the soil has the following form in terms of
displacement [2,3].

_r—(a+p+9,)

2 ’ 1.
oy, ¢, - angle of external and internal friction of the soil, degrees.
@, —30°, ¢, —40° accepted.
a- angle of penetration of the working body of the deep softener into the soil, degrees.
When soil is disintegrated by landslides S,

1
r, - (b+ h+tgw)-hc052(¢1 +,—a)
SC == 1 ’
2.
9, -b cos (a + @, + @, |cos(a + ¢, )+ cosp, |

In this:

z,,, - limit value of the test voltage, 210 Pa;

0o — coefficient of volume compression of the soil, 10" N/m?;

Expression h=0,5 m, b=0,1 m, y=30° a=10°, 15°, 20°, 25°, 30°, 35° Ba 40° putting the
accepted values and solving the expression (2) graphically with respect to a, we will be able to
choose the value of the installation angle o of the working body of the deep softener, Picture. 2.
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1- by displacement; 2- on interruption.
Picture 2. The change of the displacement distance of the working body by the angle a.
It was found that the displacement distance when the working body is pushed to break the
soil is relatively small. The shortness of the displacement distance corresponds to the value of the
installation angle of the working body equal to «=30° in both cases. For the following
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calculations, we assume that a=30°.

Determination of the length of the working body of the deep softener. We determine the
length of the working body using Picture 1. One side of the triangle AOD, that is, side AD, is the
length of the working body I. The condition is that | > AD AD so that the thrust of the soil layer
is not disturbed. [9] Since £O=y, LA=a and £D=[180-(a+y)] of the triangle AOD, we
determine the length | using the theorem of sines, i.e.

I S S

C

sing sin[180-(a +y )|’ 3
After some modifications we have the following.
1

S, -Cosz(a+¢)1+g02) 4.

| >

1
cos - (g + )]
If we put the value of
Ss given in Figure 2 and the values accepted above into the obtained expression when a=30°, we
determine that it is equal to |1 > 0.123 m. So the length of the working body should not be less
than 0.123 m.

The specified parameters o and | are determined using the methods used above, regardless
of whether the deep softener works on a flat field or between rows of cotton.

Determination of the width b of the working body of the deep softener and the depth of
softening. Deep loosening between cotton rows, under cotton growing conditions, differs in many
respects from loosening in bare areas. [10] The width of the working body of the deep softener
and the processing depth are determined by taking into account the width of the rows of cotton,
the location of the cotton roots and the protective widths marked on them, Picture. 3.

In recent years, cotton is based on the technology of deepening the rows between the rows,
when the rows are 0.90 m, the limit depth is in the range of h=35...40 cm, when the rows are
0.76...0.80 m, h=0.30...0.35 m, the row spacing was set at 0.60 m to h=0.30 m and this is used in
practice. The boundary depth is determined relative to the surface of the cotton planted area. [11]
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B-width between rows of cotton; Bi-width to be softened; l:-protection width; b-the width of
the working body; S-the angle of refraction of the transverse boundary of softened soil, degrees.
Picture 3. The form of deep softening between rows of cotton and its dimensions.

According to the above scheme, the upper width B1, which can be softened between cotton
rows, is equal to the following;

B=B-2, 5

Taking into account the parameters of the deep softener b and the processing depth h, the
softening width B is determined as follows.

— 6.
The distance at which the angle of refraction of softened soil corresponds to fc |2 is as
follows;
7.
I2 =h 'tgﬁc’
Or

Most of the time f.=6 — Mor angle is also called [4]. In that case
T
B, = sz—% =30° willbeequalto ¢=30°.

The width that can be softened, taking into account the working width and the working
depth, is as follows;

B,=b+2-h-tgg,, ®)
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According to the processing width, the processing depth h=0.15 m, 0.20 m, 0.25 m, 0.30
m, 0.35 m, 0.40 m and the width of the working body b=0.04 m, 0,06 m, 0.08 m, 0.10 m, 0.12 m,
were solved graphically by putting the values in expression (8), Picture. 4. This figure shows the
case with cotton row spacing of 0.9 m. [12]
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1. h=0,15 m; 2. h=0,20 m; 3. h=0,25 m; 4. h=0,30 m; 5. h=0,35 m, 6. h=0,40 m
Picture 4. Select the width of the working body and the depth of processing according to the
width of the processing between the rows.

As can be seen from the graphs, it was found that the deep tillage between the rows of
cotton is fundamentally different compared to the flat fields or the width of the working bodies
and the depth of tillage in loosening the bottom of the plow. It was found that the value of the
softening depth between cotton rows should be less than h=0.35...0.40 m when the row spacing is
0.90 m, and the width of the working body should be in the range of b=0.04...0.06 m. [13]

Exceeding the value of this distance will have a negative effect on the roots of the cotton
bushes located in the rows, causing a decrease in the cotton yield.

Summary.
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