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ABSTRACT  

The article presents the results of an experimental study of a combined machine softener. Experimental studies have studied the 

impact of softener blades on the grinding angle, opening angle, coverage width, mounting height relative to the horizontal plane, 

and aggregate movement speed to soil tillage depth and softener resistance to gravity. According to the results of experimental 

studies, the grinding angle of the softener blades should be 25-30 degrees (βп=25-30), opening angle 30-35 degrees (γп=30-35), 

coverage width 20 cm (bп=20 cm) and installation height 15 cm (hп=15 cm) relative to the horizontal plane to ensure quality 

tillage at the level of soil requirements with low energy consumption. 
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Introduction 

In order to reduce energy and labor costs in 

agricultural production, the use of advanced 

technologies in the cultivation of agricultural 

crops in order to save resources, the development 

of high-efficiency agricultural machinery is being 

carried out in the country [1-4].  

In particular, research work is being 

carried out to develop new scientific and technical 

bases of resource-saving technologies of basic 

tillage protection from wind and water erosion and 

the technical means of their implementation [5,8-

10].  

The analysis shows the need to develop 

technology and special weapons for tillage in the 

conditions of Uzbekistan [11-13]. However, the 

development of technology and technical means 

of minimal tillage, which can be carried out 

simultaneously with anti-erosion tillage on dry 

sloping lands, has not been sufficiently studied. 

Therefore, it is important to conduct experimental 

studies to substantiate the design parameters of 

softeners that can be used without tilting the soil 

against erosion on sloping soils. 

 

Problem statement and research method 

The object of the study was the softeners 

of the combined machine for overturning. The 

study of technological working processes of 

combined machine softeners was carried out on 

the basis of the literature and the results of field 

tests [14-15]. 
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According to the results of theoretical 

research [6,7], in order to study the effect of 

combined machine softeners on the tillage 

process, special left and right blades and softeners 

with different grinding angles, opening angles and 

coverage widths were developed. The main 

parameters of the softener made for the studies are 

given in Table 1.  

Experimental research was conducted in 

the fields of Meylisay lalmi farm of Kashkadarya 

region and the Scientific Research Institute of 

Agricultural Mechanization of Yangiyul district of 

Tashkent region. In experimental studies, the 

impact of the softening blades on the grinding 

angle, opening angle, coverage width, mounting 

height relative to the horizontal plane and 

aggregate movement speed on the tillage depth of 

the soil and the gravitational resistance of the 

softener were studied. 

Soil compaction quality and tillage depth 

defined through  TSt 63.04:2001 “Agricultural 

machinery tests. Machines and implements for 

surface tillage. Test program and methods” [8]. In 

this case, the depth of processing was determined 

by immersing a line with a cross-sectional area of 

1 cm2 to the bottom of the treated layer. 

Measurements were made to an accuracy of 0.1 

cm. At both speeds, 50 measurements were made 

in four repetitions. 

 

Table 1 Basic parameters of softeners made for research 

Т/р Parameters Working bodies 

1 Height of the softener, cm 63 

2 Crushing angle of the softener shaft, degrees 28 

3 The width of the softener shaft, cm 5 

4 Length of softener shaft, cm 12 

3 Crushing angle of softener blades, degrees 28 

4 Opening angle of softener blades, degrees 35 

5 Coverage width of softener blades, cm 20 

6 Installation height of softener blades relative to the 

horizontal plane, cm 

 

15 

 

Gravity resistance of working bodies using 

“Г”-shaped strain gauge TSt 63.03.2001 

“Agricultural machinery tests. Machine Energy 

Evaluation Methods ”[9]. 

Research results and their discussion. 

Slopes with combined machine softeners are 

affected by the turning angle, opening angle, 

coverage width and installation height relative to 

the horizontal plane of the softener blades. 

In determining the effect of the grinding 

angle of the softener blades on its performance, its 

coverage width was set at 20 cm, installation 

height relative to the horizontal plane was 15 cm, 

opening angle was set at 35 degrees and unit 

speed was 7 and 9 kmph. The grinding angle of 

the softener blades was changed from 20 degrees 

to 35 degrees in the range of 5 degrees. 

 

Table 2 The results of experiments to study the effect of the grinding angle of the softener blades on its 

performance 

Name of indicators 
Speed, 

kmph 

Crushing angle of softener blades, degrees 

20 25 30 35 

Processing depth, cm Мav 7 24,1 23,9 24,2 23,5 
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 9 23,6 23,6 23,8 23,3 

± 

7 0,6 0,8 0,9 0,7 

9 0,7 0,6 0,7 0,6 

Gravity resistance, kN 

7 1,8 1,4 1,2 2,3 

9 2,2 1,75 1,45 2,6 

 

According to the data, the softening 

gravitational resistance of the blades decreased 

with increasing grinding angle from 20 degrees to 

33 degrees, and increased with increasing from 33 

degrees to 35 degrees. 

 

 
 

1, 2 - the aggregate speed was 7 and 9 kmph, respectively 

Figure 1. The resistance of the softener to gravity varies depending on the grinding angle of the blades 

The change in the grinding angle of the 

softener blades in the range of 20-30 degrees did 

not significantly affect the machining depth. 

However, an increase in the angle from 30 degrees 

to 35 degrees resulted in a decrease in machining 

depth. 

In determining the effect of the opening 

angle of the softener blades on its performance, its 

coverage width was set at 20 cm, the grinding 

angle at 28 degrees, the installation height relative 

to the horizontal plane at 15 cm and the unit speed 

at 7 and 9 kmph. The opening angle of the 

softener blades was changed from 25 degrees to 

45 degrees in the range of 5 degrees. 

 

Table 3 The results of experiments to study the effect of the opening angle of the softener blades on its 

performance 

Name of indicators 
Speed, 

kmph 

Opening angle of softener blades, degrees 

25 30 35 40 45 

Processing depth, cm 

Мav 

 

7 23,5 23,8 24,1 23,1 23,2 

9 23,3 23,5 23,9 22,9 23,0 

± 

7 0,7 0,6 0,5 1,1 0,8 

9 0,9 0,8 0,6 0,8 1,0 

Gravity resistance, кN 

7 1,55 1,51 1,45 1,54 1,66 

9 1,78 1,71 1,67 1,78 1,92 
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An increase in the opening angle of the softener 

blades from 25 degrees to 35 degrees resulted in 

an increase in machining depth, while an increase 

from 35 degrees to 45 degrees resulted in a 

decrease. 

 

 
1, 2 - the aggregate speed was 7 and 9 kmph, respectively 

Figure 2. The resistance of the softener to gravity varies depending on the opening angle of the blades 

 

It can be seen from the data that the 

gravitational resistance of the softener changed in 

the form of a sunken parabola depending on the 

opening angle of the blades, i.e. it decreased in the 

25-35 degree angle range and increased in the 35-

45 degree angle range. 

In experimental studies to study the effect 

of softener blade coverage on its performance, the 

coverage width of softener blades varied from 10 

cm to 25 cm at 5 cm intervals. At the same time, 

the speed of the unit was set at 7 and 9 kmph, and 

the opening angle of the softener blades was taken 

as 35 degrees, the angle of grinding was 28 

degrees, and the installation height relative to the 

horizontal plane was 15 cm. 

 

Table 4 Results of experiments to determine the 

coverage width of softener blades 

The coverage of the 

softener blades is 

wide, cm 

Aggregate speed, 

kmph 

Processing depth, cm 
Gravity 

resistance, кN Мav 

 
± 

10 
7 24,6 0,5 1,2 

9 24,4 0,6 1,27 

15 
7 24,2 0,7 1,29 

9 23,8 0,9 1,36 

20 
7 23,6 0,8 1,35 

9 23,2 0,9 1,47 

25 
7 22,9 0,6 1,74 

9 22,4 0,7 1,83 
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According to Table 4, an increase in the coverage width of the blades by 10–15 cm did not 

significantly affect the processing depth. As the coverage width of the blades increased from 15 cm to 25 

cm, the machining depth decreased. 

 

 
1, 2 - the aggregate speed was 7 and 9 kmph, respectively 

Figure 3. The resistance of the softener to gravity varies depending on the coverage width of the 

blades 

As shown in Fig. 3, the tensile resistance 

of the softener also increases as the coverage 

width of the blades increases by 10–25 cm. 

However, an increase in speed from 7 kmph to 9 

kmph also led to an increase in the gravity 

resistance of the softener. The main reason for this 

is that as the speed increases, the impact of the 

softener on the ground and the inertial forces 

acting on the softener by the soil increase. 

In experimental studies to study the effect 

of softening blades on the performance of the 

installation height relative to the horizontal plane, 

the installation height of the blades relative to the 

horizontal plane varied from 9 cm to 18 cm in the 

range of 3 cm. In this case, its crushing angle, 

opening angle and coverage width were 

unchanged and were 28 degrees, 35 degrees and 

20 cm, respectively. The speed of the unit was set 

at 7 and 9 kmph. 

The results of the experiments are 

presented in Table 5 and Figure 4. 

 

Table 5 The results of experiments to determine the mounting height of the softener blades 

relative to the horizontal plane 

Installation height of softener 

blades relative to the 

horizontal plane, cm 

Aggregate 

speed, kmph 

Processing depth, cm 
Gravity resistance, 

кN Мav 

 
± 

9 
7 22,2 0,9 1,36 

9 22,0 1,1 1,48 

12 
7 23,3 0,7 1,31 

9 23,1 0,5 1,44 

15 
7 24,2 0,8 1,20 

9 23,9 0,6 1,28 

18 7 24,4 0,9 1,12 
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9 24,1 0,7 1,22 

According to Table 5, an increase in the 

installation height of the blades relative to the 

horizontal plane in the range of 9–18 cm had a 

significant effect on the machining depth, i.e. a 

decrease in the installation height of the blades 

relative to the horizontal plane resulted in a 

decrease in machining depth. 

 
1, 2 - the aggregate speed was 7 and 9 kmph, respectively 

Figure 4. Variation of the softening gravity resistance depending on the mounting height of the blades 

relative to the horizontal plane 

The results of the experiments show that 

the increase in the mounting height of the softener 

blades relative to the horizontal plane from 9 cm 

to 18 cm led to a decrease in the tensile strength of 

the softener. This is due to the increase in soil 

volume that affects it as the installation height of 

the softener blades relative to the horizontal plane 

decreases. An increase in speed from 7 km / h to 9 

km / h resulted in an increase in the traction 

resistance of the softener. 

 

Conclusion 

The laws of variation of the gravitational 

resistance of the softener depending on the design 

parameters of the blades, operating conditions and 

soil properties were studied. It is advisable to have 

a grinding angle of 25-30 degrees, an opening 

angle of 30-35 degrees, a coverage width of 20 cm 

and an installation height of 15 cm relative to the 

horizontal plane to ensure quality tillage at the 

level of soil requirements with low energy 

consumption. 
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