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Abstract. The theory of the force action of the working body of the slitter 
on the ground is considered. It is proposed to divide this force into four 
components: the force of cutting the material, the force of overcoming the 
friction forces acting on the ground, the force of cracking the material and 
the force of resistance of the ground environment. Theoretical dependences 
for determining the components of the tool's traction resistance when using 
vibration are proposed. As a result of theoretical and experimental studies, 
it was found that due to the vibration effect of the working body of the slot 
rod, the traction resistance is reduced by 13.8%. The decrease is due to 
changes in the physical and mechanical properties of the soil under the 
influence of directional vibrations. 

1 Intduction 
Since the invention of the plow, the problem of determining the force required for its 
traction has arisen. Based on large experimental data, V. P. Goryachkin derived a rational 
formula for soil treatment with a reservoir turnover [1] 

2R f G k a b a b Vξ= ⋅ + ⋅ ⋅ + ⋅ ⋅ ⋅ ,                                     (1) 

where R is the traction resistance of the plough, N; 
f – coefficient of resistance to movement of the plow; 
G – the weight of the plow, H; 
K - coefficient of soil resistivity, N / m2; 
a – depth of ploughing, m; 
b – width of the plough, m; 
ε-coefficient depending on the properties of the soil and the size of the soil layer,  
Н·с2/м4;  
V – operating speed of the unit, m/s. 

Tillage machines were improved, new technologies and methods were offered, and the 
range of working bodies for basic tillage was expanded. Therefore, formula (1) can not 
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always be used. In addition, the coefficients in a rational formula can only be determined 
experimentally. 

Many scientists for each method of basic soil cultivation offer their own theories, 
hypotheses and calculation methods for determining the traction resistance of the tool. But 
the end result should be the convergence of theoretical results with practical values, which 
is not always the case. The reason for this is a lot of assumptions, incorrect accounting of 
the physical and mechanical properties of the soil, and other factors that affect the traction 
resistance. 

In his theory of force action of the working body in the form of delegates on the ground, 
we propose a force be divided into four stages: stress in shear of the material, the force to 
overcome the frictional forces working on the ground, the force on the destruction of the 
material, the resistance force of the soil environment. 

2 Methodology 

The processed soil material can be represented as a cut-out element in the form of a 
parallelepiped (Fig. 1 a, b). Then the selected element will be deformed, for which we can 
apply the generalized Hooke's law [2]. Let's select any geometric XYZ axes. 

                                                  a)                                                           b) 
Fig. 1. Diagram of the impact of the working body on the soil: a) the force acting on the soil 
layer from the working body, b) stresses arising in the cut soil element 
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where εx, εy, εz – is the total relative deformation in the direction of the   x, y, and z 
axes, respectively; 

σx, σy, σz – normal stresses acting in the direction of the axes XYZ, respectively, Pa; 
µ-Poisson's ratio; 
E-modulus  of  longitudinal  elasticity, Pa. 
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Due  to  the action of the force FX in its direction, a voltage σx occurs. The appearance 
of lateral stress σz is explained by the fact that under the action of stress σx, perpendicular 
to the pressure pad, the material of the cut element tends to spread out to the sides. 
Respectively σx = - σx, σy = 0, σz = - σz. Then 
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We Express the normal stresses σx and σz in terms of dynamic stresses [2]. The strength 
condition will look like this 

дин дин ст bkσ σ σ= ⋅ ≤  ,                                                 (4) 

where σdin-dynamic stresses, Pa; 
kdin – dynamic coefficient of; 
σst  - stresses that occur in the material under static loading, Pa; 
σal  - allowable stress to soil compression, Pa. 
When a sudden load is applied, the dynamic stresses are twice as large as the static load 

action, i.e. kdin = 2 [2]. Accordingly, given the direction of stress action in the cut element, 
we can present equation (4) in this form 
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Having solved each equation of the system (3), we determine the relative 
deformation of the cut element in the direction of the XYZ axes. 
However, in sections within the body close to the surface where the forces are applied, 

the stresses are distributed over it not according to the Saint-Venant principle (evenly), but 
in the form of a parabola. And in the middle of the section, they are equal to twice the 
value. The stress equalization along the entire cross section will occur at a distance from the 
body surface equal to the cross-section width [3]. 

Thus, the stresses that occur in the cut element of the soil can be represented as 
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 where  Fx  is the force acting on the soil element from the working body in the direction 
of its movement, N; 

Fz-   force acting in the transverse direction from the soil mass on the selected element, 
N; 

Ax – the cross-sectional area of the front part of the cut element, m2; 
AZ – the cross-sectional area of the side of the cut element, m2. 
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The effort spent on the destruction of soil material in the form of a cut element is 
determined using the first and third equations of the system (3), taking into account the 
dependencies (6) and (7) 
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We Express the forces Fx and Fz from the equation of the system (8) 
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When moving the soil along the working body relative to each other , a friction force 
will occur (Fig. 2). 

The friction force of the soil on the front of the working body is determined by the 
formula 

                                        1тр c xF f F= ⋅  ,                                                   (10) 

where  fс    is the coefficient of friction of the soil on steel. 

Fig. 2. Diagram of the power effect of soil on the working body. 

The friction force of the working body on the bottom of the resulting gap is found 

                                         2тр c рF f G= ⋅
 
,                                                      (11) 

where GP    is the weight acting on the working body, N. 
The friction force of the soil against the side wall of the working body due to the effect 

of "jamming" from the force Fz can be determined by the formula 

                                       3тр ст c zF n f F= ⋅ ⋅ ,                                                     (12) 
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where   nST     is the number of sides affected by the force Fz. 
The force resistance of the movement of the working body of the slitter in the medium 

is determined by 

       
2

. 2
А

C С c п
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= ⋅ ⋅  ,                                             (13) 

where   kc    is the coefficient of resistance, depends on the shape of the working body; 
Ап -   the area of the projection of the working body in the plane of its movement in the 

soil,  m2; 
ρ   is the soil density, kg/m3; 

2
АV – the speed of movement of the working body, m/s. 

In addition, the soil element must be broken up before it is separated from the General 
array   .     In this case, efforts should also be taken into account  

cross-section of the working body of the soil (Fig. 2) [2]. 

                                            1 1 [ ]ср ср срF n A τ= ⋅ ⋅ ,                                                 (14) 

where   nср  is the number of slice surfaces; 
Fср1 - the force of cutting the soil by the sides of the working body, N; 
A1-         the cut-off area, m2; 
[τср] -   permissible tangent stresses on the cut, Pa. 

                                 2 2 [ ]ср срF A τ= ⋅ ,                                                   (15) 

where    Fср2   -the force of the soil cutting by the working body along the bottom of the 
gap, N; 

3 Results and discussion 
Finally we can get the equation of the traction resistance of the working body of the slotted 
tool 

                        1 2 3 1 2 .x тр тр тр ср ср с сR F F F F F F F= + + + + + + ,                   (16) 

The results of theoretical calculations of the traction resistance of the working body of 
the slitter are shown on the graph (Fig. 3). 

 
Fig. 3. Dependence of the traction resistance of the working body from the speed of its 
movement: 1-active working body; 2-passive working body 

5

E3S Web of Conferences 193, 01003 (2020)
ICMTMTE 2020

https://doi.org/10.1051/e3sconf/202019301003



4 Conclusions 
The results of theoretical and experimental studies show that due to the vibration effect of 
the working body of the slitter, the traction resistance is reduced by 13.8%. The decrease is 
due to changes in the physical and mechanical properties of the soil during the influence of 
directional vibrations. 
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