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Soil Science

The effect of some features of the operation of the bridging aggregate’s rotary
plow on the pre-sowing treatment of soil

rani.chabukiani@atsu.edu.ge

Temur Leshkasheli

temur.Leshkasheli@atsu.edu.ge

Lukhum Tchelidze
lukhum.tchelidze@atsu.edu.ge
Akaki Tsereteli state university
Kutaisi, Georgia

The article presents the results test of the bridging aggregate’s rotary plow and a
critical assessment of some of the results available in literary sources on soil treatment.
The definition of soil characteristics, their physical content and dynamics, which in some
cases do not coincide with the traditional scientific view of them, are provided. The
article also discusses the importance of arable land for humans, which had been decreased
by 20 mIn.km? by the 1980s, which is 1.5 times more than the 14.34 mIn km? area). The
physico-mechanical properties of soils in comparison with soil treatment with rotary

plow and the analysis of the results of experimental studies are also discussed.

Keywords: bridging aggregate (BA); physico-mechanical properties; power and
energy costs; dynamic module; soil density; humidity; specific weight; frictional

properties; stickiness; rooting; galloping oscillation; damping oscillation.

It is well known that vegetable crops tending and growing operations are
very complex, and except for some operations, they are not easily amenable to
use of mechanization, due to which pretty heavy manual labor is predominant.

With a view to increasing the intensification of the production of these crops,
in modern farming conditions, we have considered it useful to use the so-called
bridge assembly (BA) as an energy source of mechanical means, which will serve
the tending and growing operations of vegetables and other low-stem crops on
the medium and small-contoured closed or open ground (frequent tillage over
the season, watering, fertilization, etc.). It will significantly reduce agrotechnical
terms required for operations, which is necessary to ensure a few harvests per
season under conditions of abrupt climate change in Georgia.

In the conditions of bridging energy supply, the specific operating conditions
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(suspended state) are ensured for the tillage machines, in contrast to tractor units.
Therefore, it is necessary to provide scientific study and analysis of this process.

As shown by experimental studies, 60-70% of power and energy costs of the
bridging aggregate’s (BA) rotary plow depend on the type of soil, the processing
of which is carried out from the dynamic module. Soil is the upper fertile surface
of earth, which consists of dense mineral parts of different sizes, which are the
organic formations (humus) in nature. At the same time, soil is considered not
only the place of germination of plants, but also the place of their placement.
In the case of BA, these soils are freed from the harmful effects of the tires of
the tractor unit and maintain normal physical and mechanical properties, which
positively affects the growth and development of the plant. However, the variety
of soils and various factors have a negative effect on the quality of its processing,
complicating and worsening both its agrophysical and mechanical characteristics
and structure. The latter is a type of soil lumps whose dimensions are up to 10-22
mm and smaller. The soil structure depends on the number of organic particles,
plant residues, the number of living organisms, climate, etc.). The structure of the
soil is affected by its granular composition, that is, the percentage ratio between
mineral and clay masses.

One of the most important components of soil is its density (the mass per unit
volume, (g/cm?®) and its increase in the recent period, especially in the 1990s, led
to a significant reduction in grain yield by almost 20% worldwide. (The main
reason for this factor was the compaction of soil by tractors due to frequent
contact of the running gear).

The high density of soil has a negative effect on the development of the
plant’s root system, which varies in a wide range of 0.9-1.6 g/cm?, for some soils
it varies between 16 and 18 g/cm?®.

An important property of soil is the strength, which describes the ability to
withstand mechanical loads in cutting, which is the main indicator of density.
Density is related to its resistance to compression, which, according to numerous
experiments, is an upward curve.

T =c+ pigu (1)
where ¢ - soil particles;
T - soil particles resistance, kPa;
P - normal pressure, kPa;
p — angle of internal friction of soil.

Moisture is an important parameter of soil, which is determined by the
amount of water present in per unit volume of soil. Moisture in mineral soils is
4-20% and depends on the climate; in addition, regular irrigation enriches the
soil structure.
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The mechanical properties of soil vary widely depending on its condition. In
order to obtain the mechanical strength expression, it is necessary to divide the
formula (1) by the load P, then the coefficient of traction

T C
@) =—+—+igu @)
PP

During soil cultivation, the so-called fossilization, which can be of four types
0.5%; 0.5-5%; at 5-10% and >10%;

Soils can be a “physical loam” (particle size < 10 micron) and a “physical sand”
(particles < 10 micron). Soils with a composition of such kind of fractions are
divided into 4 groups: clay, loam, sand, sandy light soil.

In order to reduce the energy and costs of soil treatment when using the BA,
it is necessary to know the strength limits of soil in the case of different loads; it
should be noted that the destructive resistance of the soil structure during various
deformations has not been fully studied. However, for some soils (for example,
loams), the strength limit for tensile deformation is 5-6 kPa; for shear deformation
- 10-12 kPa, and for compression deformation - 65-68 kPa. This shows that we
have the minimum expenditure of energy during tensile deformation.

The frictional properties of the soil are of high importance, that is, the
resistance to sliding, in other words, the force of friction; the maximum force
spent on the latter is calculated by the Amonton’s (1699) formula.

F_ =fN=Nfigp (3)
where N - normal pressure, N; f@ - respectively, friction factor and friction
angle; after approximate calculations, we obtained f =0.5 ; ¢ =5 '8 °, the
energy costs for the frictional properties during mechanical tillage vary from 30
to 50%..

The stickiness of soil is the ability to adhere to the machine parts and hinder
the technological process. The sliding resistance during the sticking is determined
by the equation
T =P,S+PNS 4)

P, - coefficient of tangentive traction effort (specific resistance), Pa.
P- the magnitude of specific stickness at normal pressure, 1/m?;

S- contact area, m?;

N- normal pressure force, N.

If we compare the last two expressions, we can conclude that adhesion and
friction differ one from the other in the contact area, and stickiness depends on
the dispersion (mechanical composition) of soil and moisture. With the increase
in dispersion, the stickiness of soil to the surface of the working tool material also
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increases. In soils with absolute humidity, the danger of soil sticking to the tool
(soils) occurs when the combined force of friction and adhesion P exceeds the
limit. The curves shown in Figure correspond to tools made of steel (1), caprone
(2) and fluoroplast (3).

At first glance, soil does not provide us with information, but as we have
been convinced, it is of the most complex composition; this is what the additional
features such as plasticity, ductility, viscosity and brittleness suggest.

It is known that machine wear caused by rooted soils in the process of
plowing is 2.....30 g per 1 ha for different soils, in some cases it is up to 100-400
g. As studies have shown, such soils are rich in physical dust, quartz, the hardest
mineral compounds, etc.
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