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AbStract 

This article focuses on research aimed at reducing energy consumption during the deep softening of the 

earth’s ploughing layer. The study primarily emphasizes improvements to the technological process, driven 

by theoretical research findings. The goal is to enhance the efficiency of energy use while maintaining or 

improving the effectiveness of the soil softening process, which is crucial in agriculture for facilitating easier 

tilling and better soil conditions. By refining the process based on theoretical analysis, the research seeks to 

develop strategies that not only optimize energy consumption but also contribute to more sustainable agri- 

cultural practices. 
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IntrodUction 

 
In the world, energy and resource efficiency is the 

most important issue in creating new agricultural 

techniques and technologies and improving existing 

machines. “More than 1,8 billion hectares of land 

are cultivated annually for the cultivation of various 

agricultural crops worldwide” [1] considering, 

one of the important tasks is the development 

of machines and devices for soil cultivation with 

high work quality and productivity, as well as 

energy and resource efficiency. In this regard, 

great attention is being paid to the development of 

plows that soften the subsoil at the same time as 

plowing. Some progress has been made in developed 

foreign countries in this direction, including the 

USA, Germany, the Netherlands, England, Italy, 

the Russian Federation, Belarus, Ukraine and other 

countries. [2]. 

In the world, scientific and research work is 

being carried out aimed at developing new scientific 

and technical bases of plows that soften the subsoil 

at the same time as plowing the fields where 

agricultural crops are grown. In this direction, 

among other things, the development of deep 
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softening plows, which softens the subsoil at 

the same time as plowing the land freed from 

agricultural crops, has high work quality and 

productivity, is energy-resource efficient, and 

has an improved technological process, is gaining 

importance. 

At present, in order to soften the layers under 

the drive, which contain gypsum, gravel and sand, 

hand-made deep softeners of various constructions 

are used. This leads to increased consumption of 

labor, fuel and other operational costs and excessive 

soil compaction. Also, when processing through the 

existing working bodies with a deep softener, a 

secondary dense heel layer is formed in the soil. 

This, in turn, has a negative effect on the deep 

development of plant roots and high yield. The 

analysis of the conducted literature and research 

results show that the main soil treatment, i.e. 

plowing, along with the softening of the subsoil in 

one pass of the aggregate, has been showing its 

effectiveness in the world experience. 

But two-level PD-3-35 plugs equipped with deep 

softeners in the form of an arc claw, designed for this 

high-energy consumption technological process, 

have a number of technical and technological 

shortcomings and are not suitable for use in the 

field due to their high energy consumption. Also, 

our scientists have proven that a secondary dense 

heel layer is formed in the subsoil layer when treated 

with arc-shaped plow softeners. 

Currently, subsoil softening is carried out 

either before plowing, or after plowing with soil 

softeners and two-tier plows equipped with soil 

softeners. Based on the above, reducing the energy 

consumption of this process by improving the 

technological process of deepening the soil along 

with plowing is one of the urgent problems in the 

agricultural sector. [5]. 

 
MaterialS and MethodS 

In order to study this problem and solve the problem, 

a laboratory-field device was developed. The device 

was made in suspension version for assembly with 

3-4 class tractors (MX-135, MXM-140, MXM-240, 

New Holland T7060). Figure 1 shows the structural 

scheme of the laboratory-field device. 

Experimental plough with pit softener (Fig. 1) 

consists of a frame 1, hanger device 2, body 3, 

deep softener 4, chisel-softener 5, support wheel 6, 

 

 
 

 
longitudinal section 7 and bracket 8. 

It is possible to change the longitudinal distance 

between the plug body and the furrow softener 

installed behind it, the distance between the furrow 

softener installed behind the tractor wheel and the 

first body of the plug, and the depth of cultivation of 

the furrow softener (Fig. 2). 

 

 
 

 
ReSUltS and DiScUSSion 

Based on previous studies, we determine the 

resistance of the chisel-shaped deep softener 

according to the following expression [? ]: 

 

 

 
where: 

 
• R – drag resistance of the chisel-shaped deep 

softener, N; 

• T – hardness of the soil layer being processed by 

the chisel-shaped deep softener, Pa; 
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• b – thickness of the chisel-shaped deep softener 

blade, m; 

• γu – angle of installation of the chisel blade 

relative to the edge wall, ; 

• εu – angle of deviation of the resultant soil 

resistance forces acting on the chisel-shaped tool 

relative to the horizon, ; 

 
 

 

 
 
 

 
• ρ – density of the soil layer processed by the 

chisel-shaped deep softener, kg/m3; 

• W – soil moisture, %. 

 
Expression (3.25) proposed by A.T. Imondosov [? 

] differs in that it takes into account the influence of 

the installation angle of the working surface relative 

to the transverse-vertical plane on the traction 

resistance. 

When γu ̸= 0, the soil is subjected to two types of 

deformation: compression and bending. 

 
In conclUSion, aSSUming: 

b = 0.057 m,  T = 5 ×106 Pa,  t = 0.001 m,  Kc = 

3 × 104 Pa, 

αu = 30◦,  φ1 = 30◦,  φ2 = 40◦, 

ρ = 1400 kg/m3, g = 9.81 m/s2, W = 14%, 

according to calculations using equation (1), it 

was determined that the traction resistance of the 

chisel-shaped deep softener is 0.63–1.17 kN at a 

working depth of 10–15 cm. 
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