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Sergii Leshchenko, Assoc. Prof., PhD tech. sci., Vasyl Salo, Prof., DSc., Dmytro Petrenko, Assoc. Prof., PhD 
tech. sci., Viktor Melnychenko, PhD student 
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine 
Analytical Substantiation of the Main Parameters of a Combined Chisel Deep Ripper 

The purpose of this work is to develop a comprehensive mathematical model of the interaction between 
the working components of a combined chisel deep ripper and the soil medium, considering the physical, 
chemical, mechanical, and rheological features of the deep ripping process. The study is aimed at the scientific 
substantiation of the structural parameters and operating modes of the tillage implement to improve the 
efficiency of processing compacted long-tilled soils while reducing energy consumption and ensuring the 
adaptation of deep rippers to the available fleet of medium-power tractors. 

A comprehensive analysis of the problem of subsoil horizon compaction at a depth of 25-45 cm was 
conducted in this work, a problem that affects over 65% of Ukraine's agro-industrial land and leads to a yield 
reduction of 20-35%. An analytical model of the deep ripping process was developed, incorporating the 
Rehbinder effect, which ensures a 25-30% reduction in soil strength at an optimal moisture content of 20-24%. 
The influence of the soil's rheological properties was mathematically substantiated using the Maxwell-Kelvin 
model, which accounts for the elastic, viscous, and plastic components of deformation. 

The research results demonstrate the feasibility of creating energy-efficient combined chisel deep 
rippers with scientifically substantiated parameters that ensure high quality soil processing with reduced energy 
intensity of the process. The developed mathematical model considers the specialization of the functions of the 
deformation elements of the chisel share and their adaptation to various soil media: the point (blade tip) operates 
in a continuous elastic-plastic medium, while the wings operate in a previously loosened, aggregated medium. 
The determined rational parameters allow for the adaptation of deep rippers to 100-150 hp tractors, which 
constitute the core of Ukraine's machine and tractor fleet. The implementation of the developed solutions will 
contribute to the restoration of the structure and density of compacted soils, increase crop yields, and reduce 
operating costs for deep tillage. 
chisel plow, chisel shanks, soil crumbling quality, draft resistance, rheological properties, structural 
parameters, process energy intensity 
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