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Abstract. The characteristics of the natural-climatic zone of the Omsk 
region are given and an analysis of the physical and mechanical properties 
of soils is carried out. A technical solution for cultivating the soil using the 
working parts of vibrating cultivator has been proposed. In the process of 

this research, the dependences of the trajectory movement of the vibrating-
type lancet paw and its blades ends when interacting with the cultivated 
soil were established, and calculations of traction resistance were 
performed. The use of vibrating working body of the cultivator reduces 
traction resistance by 5%, which saves fuel, increases the degree of weed 
cutting by 10%, and decrease the degree of soil sticking by 15%. The 
effectiveness of using cultivator with vibration-action working parts helps 

to increase crop yields and reduce the cost of resulting products. 

1 Introduction 

 

 

 
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2 Materials and methods 

–

Grade of soil 

hardness 

hardness, kgs/sm2 

Plunger – cone, cross-sectional area 1 sm2 
Plunger – cylinder, cross-

sectional area 2 mm2 

According to 

Kachinsky 

According to 

Vysotsky 

According 

to Golubev 
According to Goryachkin 

Fused > 100 > 80 > 90 > 70 

Quite hard 100-50 80-40 90-45 70-35 

Hard 50-30 40-25 45-27 35-20 

Less hard 30-20 25-15 27-18 20-15 

Less loose 20-10 15-8 19-9 15-7 

Loose < 10 < 8 < 9 < 7 

Soil 

structure 

Density of 

structure, 

g/sм3 

Hardness, 

kgs/sм2 

Porosity, 

% 

Water permeability, 

mm/hour 
Field 

moisture 

capacity, 

mm 
During the 

first hour 

During the 

sixth hours 

Loose 1.07 13.8 58.4 34.0 142.0 75.5 

Compacted 1.15 15.5 55.9 38.4 146.4 77.9 

Thick 1.20 18.2 54.8 36.4 133.4 80.8 

Very thick 1.31 28.3 49.9 12.0 66.4 93.1 
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 

 
 

Rn = Rl + R2+ R3, 

= f • G, 

= k • S • n, where k is the specific resistance of the soil, S is the cross

= ε • S • n •; V , where ε is the speed 

2.1 Proposed technical solution 
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3 Results and Discussion 

According to the Newton9s Second Law interaction of the soil slice with arrow

S q k x ý 

п
α γ ·sinα· γ

Δ –
Δ –

п

max

sin sinS q
k

x

  
ü



e will obtain a value of k f 15 kN/m.

shaped foot is deflected by a certain angle of Δφ, a change in the traction 

, 020 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202453902034539
RSE-III-2024

34 

4



0x

y t

ýü
ý ýþ

oscillate relative to point O by a value of ± 3 °, 
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e of 5 ÷ 10 

angle α installation of the wedge working face. Two main effects of the wedge on the soil 

the separation of the block at oblique fracture, with the value of the soil splitting angle θ = 
40...50º.
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–
Ntg(π/2 α); F = Ntgφ.

Ntg(π/2-α)> Ntgφ  
or α<π/2 –φ – mode 1 

α>π/2 –φ – mode 2  

4 Conclusion 
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