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Abstract. The article presents the results of theoretical research on the parameters of 

the loosener blade and the wing angles of the chisel-shaped blade of a universal tillage device. 

It was determined that the width of the loosener (spike-type) blade ensures complete loosening 

of the treated soil layer without forming compacted walls at its bottom. The curvature radius of 

the loosener blade and the opening angle of the chisel-shaped blade wings prevent soil adhesion 

to the working surfaces and reduce the formation of soil heaps in front of the blade. The working 

width of the chisel-shaped blade was substantiated based on the condition that the soil, under 

the influence of its wings, is directed toward the side-loosened zones formed by the loosener 

wings and fragmented along horizontal planes with minimal energy consumption. 
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Introduction. In recent years, significant attention has been paid worldwide to the 

development of energy- and resource-efficient technologies in agriculture. In leading and 

technologically advanced countries, extensive scientific research is being carried out to create 

modern agricultural machines and implements that ensure efficient soil cultivation while 

reducing energy consumption and preserving soil fertility. One of the important directions in 

this field is the improvement of technologies and technical means used for inter-row cultivation 

in orchards. The development of universal agricultural implements capable of performing 

several technological operations simultaneously is considered a promising approach to 

increasing the efficiency of soil cultivation processes. 
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Inter-row tillage in orchards plays a crucial role in maintaining favorable soil conditions 

for plant growth, improving soil aeration, controlling weeds, and ensuring effective moisture 

retention. However, in traditional tillage systems, soil cultivation is usually performed through 

a sequence of separate agrotechnical operations. Typically, fields are ploughed during the 

autumn period, and before sowing, additional operations such as crushing soil clods, leveling 

the soil surface, harrowing, and ridge formation are carried out when necessary. Each of these 

operations requires the use of separate agricultural machines and implements. 

The use of multiple machines for performing individual agrotechnical operations leads 

to an increase in the number of passes of tractors and implements across the field. As a result, 

fuel consumption, labor costs, and overall energy expenditures increase significantly. In 

addition, repeated mechanical impacts on the soil negatively affect its physical and mechanical 

properties. Excessive soil disturbance may cause the destruction of soil aggregates, 

deterioration of soil structure, compaction of the lower soil layers, and disruption of the soil 

water-air regime. These factors ultimately lead to a decrease in soil fertility and negatively 

affect crop productivity 

Furthermore, the necessity of using separate machinery for each agrotechnical operation 

increases operational costs for farmers. The purchase, maintenance, and operation of multiple 

agricultural machines require additional financial resources, which significantly raises the 

overall cost of agricultural production. Therefore, reducing the number of technological 

operations and minimizing the mechanical impact on soil have become important objectives in 

modern agricultural engineering. 

One of the most effective ways to address these challenges is the development of 

combined or universal soil-tillage implements capable of performing several operations in a 

single pass. The use of such implements makes it possible to reduce fuel consumption, decrease 

labor requirements, lower operating costs, and improve the overall efficiency of soil cultivation 

processes. At the same time, minimizing the number of machine passes across the field helps 

preserve soil structure and maintain its favorable physical properties. 

In this regard, the development of a universal implement for inter-row tillage in 

orchards, as well as the theoretical substantiation of its technological process and the optimal 

parameters of its working bodies, is an important scientific and practical task. The creation of 

such an implement will make it possible to ensure high-quality soil loosening, improve the 

efficiency of soil cultivation, reduce energy consumption, and enhance the overall productivity 
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of orchard management systems. To overcome these problems, in the conditions of our republic, 

no sufficient scientific research has been carried out to develop universal implements for inter-

row tillage in orchards, substantiate their parameters and operating regimes. Therefore, the 

development of a technology that ensures high-quality inter-row tillage, reduces mechanical 

impacts on the soil during sowing to preserve its structure, and saves additional costs, as well 

as the creation of an energy- and resource-saving implement and the theoretical substantiation 

of its parameters, is an important task [1–3]. 

Discussion. The crumbling angles of the ripper share and the wings of the chisel-type 

blade of the implement are determined based on the condition of effective soil crumbling with 

minimal energy consumption [4; pp. 78–79]: 
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where , 1
 , 2

  – are the internal and external friction angles of the soil, respectively

. 

According to the data given in the literature, 1
  = 25°–30° and   

2
  = 40°–45° re accepted [5; p. 16; 6; pp. 14–18], and based on expression (1), it is determined 

that the crumbling angles of the ripper share and the wings of the chisel-type blade should be 

in the range of 15.9°–25.3°. The width of the ripper (tine) share of the implement is determined 

using the following expression, based on the condition that the soil layer being tilled is 

completely loosened, i.e., no compacted layer forms at its bottom [7; p. 50]: 
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or considering ψ = 90° – (αyu + φ1) [8; p. 62]: 
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where: m, k – dimensionless coefficients depending on the physical-mechanical 

properties of the soil;   

h – penetration depth of the ripper share into the soil, m; 

Te – specific resistance of soil compaction (in horizontal direction), Pa; 

Kc – specific resistance of soil shear, Pa. 

Taking  m = 4.2, k = 2.5, Te = 1.4∙106 Pa, Kc = 2∙10^4 Pa [9; p. 28], and h = 0.15 m, and 

substituting the above-mentioned values of αyu and φ1 into expression (3), it is determined that 

the width of the ripper share must be at least 4.6 cm. 

The curvature radius of the ripper (tine) share is determined using the scheme shown in 

Figure 1. Accordingly: 
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where αb, α0 – initial and final soil entry angles of the ripper share, respectively, °. 

Taking αb = αyu = 30° and α0 = 90° [9; p. 140] and substituting the above value of h, it 

is determined that the curvature radius of the ripper share should be 17.3 cm. 

The opening angle of the wings of the chisel-type blade of the implement is determined 

from the condition that soil should not stick to its working surfaces and should not accumulate 

excessively in front of it [10; p. 79]: 

‘ 1
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o
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Substituting the values of φ1 mentioned above into this expression, it is determined that 

the opening angle of the wings of the chisel-type blade should be in the range of  60°–65°. 
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Figure 1. Scheme for determining the curvature radius of the ripper (tine) share 

of the implement. 

The working width of the chisel-type blade of the implement is determined based on the 

condition of soil fragmentation along horizontal planes directed to the lateral loosened zones 

formed by the ripper wings [7; p. 71]:  
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Substituting the values of h, γoʻ, αoʻ and φ1 obtained above into this expression, it is 

determined that the maximum working width of the chisel-type blade should be 27 cm. 

Conclusion. The theoretical research presented in this study has allowed the 

substantiation of the key parameters of a universal implement designed for inter-row tillage in 

orchards. The analysis showed that the crumbling angles of the loosener (ripper) share should 

be within the range of 15.9°–25.3° to ensure effective soil fragmentation while minimizing 

energy consumption. The width of the loosener share must be at least 4.6 cm to guarantee 

complete soil loosening without forming compacted layers at the bottom. Additionally, the 

curvature radius of the loosener blade should be 17.3 cm, which optimizes soil penetration and 

prevents excessive soil adhesion. 

The opening angle of the wings of the chisel-shaped blade should range from 60° to 65°, 

and the working width should not exceed 27 cm. The spatial arrangement of the implements—

transverse distance up to 25.6 cm and longitudinal distance at least 52 cm—ensures uniform 
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soil processing and high-quality inter-row cultivation. Equipping the implement with 11 

working tools provides reliable execution of the technological process while maintaining 

energy efficiency and preserving soil structure. 
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