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Abstract. The article presents the results of experimental research of a conical rotary loosener for deep soil tillage. 

The loosener is a screw rotary conical tool mounted on a rack, with the possibility of rotation around its own axis 

from the reaction of the soil. Experimental research to assess the traction resistance of the loosener and to determine 

the dependency of the number of its revolutions per 1 meter of the traveled distance on the design parameters and 

the speed of movement were carried out in the soil canal of the Kazan State Agrarian University in accordance 

with the developed methodology. The influence of the number of turns of the loosener n, the rear cutting angle ε, 

the speed of movement υ and the hardness of the soil H on the traction resistance and the number of revolutions 

per 1 meter of the traveled distance of the loosener were studied. The soil in the soil canal was gray forest soil with 

a medium loamy texture. The values of soil density at the level of 1500 kg·m-3 with its moisture content of 17-

18%, and the hardness varied in the range of 1.8-2.35 MPa. As a result of the calculations, regression equations 

were obtained for the traction resistance of the loosener and for the number of revolutions per meter of distance 

traveled. They were tested for adequacy according to the F-Fisher criterion. As a result of the research, the rational 

value of the number of turns n = 0.33 was established, the rear cutting angle of the loosener ε = 4-5º, the travel 

speed υ = 2.5 m·s-1.  
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Introduction 

The nature of the processes occurring in the soil under the influence of the working body depends 

on its geometric parameters, operating modes and physical and mechanical properties of the soil. The 

shape of the working body mainly determines the quality of tillage and its energy consumption [1-6]. 

Academician V.P. Goryachkin, developing the theoretical foundations of tillage machines, paid 

attention to the shape of the working body in the first place. He supposed that the screw is the working 

part of the tillage tool [6]. Since passive working bodies, soil cultivators in particular, due to the 

formation of a dragging core in front of them, have a large traction resistance and energy consumption, 

and are also less effective in comparison with rotary ones [7-12], a promising direction in the 

development of tillage machines is the development of a rotary working bodies of the screw type. You 

can get acquainted with a similar type of working bodies for soil cultivation in [13], tests carried out by 

the authors of the work, using an innovative cultivator with a spiral rotor, showed positive results. Based 

on these studies, our work also revealed its relevance. 

Materials and methods 

The team of authors of the Kazan State Agrarian University has developed a working body of the 

tillage unit, which is a cone rotary reactive ripper. To substantiate its design and setting parameters, 

laboratory studies of the interaction of the working surface with the soil were carried out, for which the 

working bodies of the screw type were made with the number of turns 0.2; 0.4; 0.6 (Fig. 1 “a” and “b”) 

and paddle type with two and three blades (Fig. 1 “c” and “d”). 

To register the traction resistance of the loosener, strain gauge equipment was used. KF5P1-15-

100-B-12 strain gauges were used as converters of mechanical values into electrical ones. They were 

glued to the working part of the strain gauge rack 1 (Fig. 2, a). The fastening of the conical rotary 

loosener on the rack (Fig. 2, b) was carried out using a special bracket with the ability to adjust the rear 

cutting angle in the range ε = 3º to 7º.  

A reed switch was installed on the same bracket, with the help of which the number of revolutions 

of the cultivator in the soil was measured in a circuit with an MES-66 electromagnetic pulse counter. 

The frequency of rotation was calculated by dividing the number of its revolutions by the time it took 

to pass the test section. The magnetic flux was directed to the reed switch from two magnets attached to 

a brass spacer mounted at the rear end of the ripper rotation axis. 
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Fig. 1. Working body of the conical rotary loosener 

a)

 

b)

 

Fig. 2. Strain gauge rack (a) with a device for measuring the number of revolutions of the 

loosener (b): 1 – strain gauges; 2 – conical rotary loosener; 3 – bracket with the ability to adjust angle 

; 4 – brass spacer with magnets; 5 – reed switch; 6 – power supply of the electromagnetic pulse 

counter; 7 – electromagnetic pulse counter MES-66 

Power supply of the strain gauge bridge (Fig. 3) and collection of information from its diagonals 

was carried out using IP-264 data collection station 4 with an MC-5 coordination module. The strain 

gauge bridges were calibrated together with the entire measuring system according to the method 

according to IP-264 operations manual. The experimental unit (Fig. 3) is designed as follows. The 

strainer 1 with a conical rotary loosener is installed on the cart 5 by means of a device for adjusting the 

depth of soil cultivation. The cart moves along the soil canal along the rails due to the drive station, 

which consists of an electric motor, gearbox, drum and a cable. The change in the speed of movement 

of the cart is made by adjusting the speed of the electric motor using a frequency converter. 

Factors selected for the active-passive experiment were. 

1. The number of turns 0.2; 0.4; 0.6 of a conical loosener (X1).  

2. Rear cutting edge angle 3º, 5º, 7º (X2).  

3. Loosener forward speed 2.0; 2.5; 3.0 m·s-1 (X3). 

4. Soil hardness (X4).  

They are all independent of each other. The first three factors are controllable and manageable. 

They characterize the design and technological parameters. The fourth is measurable, but not 

controllable. It characterizes the hardness of the soil, determined immediately before each experiment.  

Optimization criteria were selected. 
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1. Traction resistance of the looserner Fth, N. (Y1). 

2. Number of revolutions per 1 m of distance traveled (Y2). 

In connection with the above, an experiment plan (Table 1) was drawn up. The values of the factors 

were entered into the matrix in coded form. 

 

Fig. 3. Experimental unit: 1 – strain gauge rack; 2 – PC; 3 – MES-66; 

4 – data collection station IP-264 with MS-5; 5 – cart 

Table 1 

Matrix for planning the experiment in the soil canal 

Experiment 

Factors Optimization criteria 

Х1 

number 

of turns, 

n 

Х2 

rear cutting 

edge anlge of 

the working 

body, εº 

Х3 

speed  

υ, m·s-1 

Х4 

soil 

hardness, 

kPa 

Y1 

traction 

resistance, 

N 

Y2 

number of 

rotations per 

1 m of 

distance 

Lower level 

(-) 
0.2 3º 2.0 

- - - 
Main level 

(0) 
0.4 5º 2.5 

Higher level 

(+) 
0.6 7º 3.0 

1 + + 0 Х4-1 - - 

… … … … … - - 

27 0 0 0 Х4-27 - - 

These studies were carried out in accordance with the methodology developed at the Kazan State 

Agrarian University. The research results of the working bodies of tillage tools are presented in the 

works [14]. 

Results and discussion 

The data obtained as a result of the experimental studies in the soil canal on the effect of the number 

of turns of the loosener, the rear cutting edge of the angle, the speed of movement and soil hardness on 

the traction resistance and the number of revolutions per 1 meter of the cultivated path of the loosener 

were processed using Statistica 64 software.  

As a result of calculations, the following regression equations were obtained, tested for adequacy 

according to the F-Fisher criterion (probability p = 0.95): for the traction resistance of the loosener: 

2

1 1 2 3 4 1 1 2 1 3

2 2 2

1 4 2 2 3 2 4 3 3 4 4

 1764.71 1182.33 80.92 84.41 87.14 1036.32 35.87 90.34

26.25 33.66 26.89 39.88 56.25 50.28 23.64 .

Y X X X X X X X X X

X X X X X X X X X X X

= + + + + + + + −

− + + + + − −
 (1) 

For the number of revolutions per 1 meter of distance: 
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2

2 1 2 3 4 1 1 2 1 3

2 2 2

2 2 3 3 3 4 4

2.156 1,216 0.101 0.021 0.167 0.463 0.027 0.0525

0.063 0.041 0.062 0.036 0.0 .16

Y X X X X X X X X X

X X X X X X X

= + − − + + + −

− − − + +

−
 (2) 

The graphic interpretation of the model (1) is shown in Fig. 4. Analysis of the mathematical model 

(1) at fixed values of the average level of the loosener forward speed (X3) and soil hardness (X4) shows 

that with an increase in the number of the loosener’s turns (X1), the traction resistance for its movement 

increases. This is quite logical, since with an increase in the number of turns the normal component to 

the working surface of the conical rotary loosener will approach its center line, providing maximum 

resistance. 

With an increase in the rear cutting edge angle of the working body (X2), the traction resistance also 

increases, but less intensively. With the number of turns equal to 0.33 and the rear cutting edge angle of 

the working body at 5º, the traction resistance of the working body is minimal and equal to 1500 N. 

  

Fig. 4. Dependency of traction resistance of the working body Fth (Y1) on the number of turns on 

its cone n (Х1) and on the rear cutting edge angle of the working body ε (Х2) 

A graphical representation of the model (2) is shown in Fig. 5. Analysis of the mathematical model 

(2) at fixed values of the average level of the ripper movement speed (X3) and soil hardness (X4) shows 

that with an increase in the number of ripper turns (X1), the number of revolutions per 1 meter increases. 

And with an increase in the rear cutting edge angle of the loosener (X2), the number of revolutions, on 

the contrary, decreases. Moreover, the factor of the number of loosener turns (X1) influences the 

optimization criterion to a greater extent in comparison with the factor of the rear cutting edge angle 

(X2). 

 

Fig. 5. Dependence of the number of revolutions of the working body per 1 meter of the 

traveled distance (Y2) on the number of turns on its cone n (X1), rear cutting edge 

of the working body ε (X2)  

In a similar way, the influence of other factors and their combinations on the optimization criteria 

Y1 and Y2 was analyzed. 
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Conslusions  

The rational value of the traction resistance of the working body at the level of 2300N ... 2500N is 

achieved over the entire range of soil hardness (2.2 MPa ... 2.75 MPa) with the following values of the 

working body parameters: the number of turns n = 0.33, the rear cutting edge angle of the working body 

is 4º ... 5º; the forward speed 2 m·s-1 ... 2.5 m·s-1. In this case, the number of revolutions per one meter 

of the traveled distance of the working body is 2.12. 
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