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Abstract 
The main parameters of the plough body that determine the ploughing efficiency are the 

initial and the final soil strip lifting angles on the share-mouldboard surface, the angles of its 
horizontal generatrix, the radius of this surface and the working width of the body. By using 
analytical correlations derived as a result of theoretical research, a computer algorithm has been 
worked out for simulating the functions of the plough body and the forces exerted by soil upon 
the operating parts, as well as its draft resistance depending on the share inclination angle, 
determining the initial lifting angle. By increasing it the draft resistance increases. For 
economical ploughing its optimum varies between 28°…32°.  

 
Key words: plough body parameters, forces acting on the plough body, draft resistance, 

analytic correlations, optimisation of parameters, share inclination angle.  

Introduction 
Ploughing is one of the most power-consuming and expensive processes in 

agricultural production. It is known from our previous investigation /Vilde, 1999, 2004; 
Rucins, Vilde, 2005/ that the draft resistance of ploughs and energy requirement for 
ploughing depend on the plough body parameters and on such soil properties as its 
hardness, density, friction and adhesion. However, there were no sufficient analytical 
correlations that would enable to determine the impact of the share inclination angle on 
the draft resistance of the share-mouldboard surface and the plough body, as a whole, as 
well as on the ploughing quality and expenses depending on the body parameters.  

The purpose of the investigations is to study the factors that determine the 
quality and energy requirement of ploughing, the impact of body parameters on it and to 
find technical solutions for its improvement.  

Materials and Methods 
The objects of the research are the forces acting on the plough body and its draft 

resistance depending on the body design parameters, as well as the physical and 
mechanical properties of soil and the mode of operation. On the basis of the previous 
investigations /Vilde, 1999/ a computer algorithm has been worked out /Rucins, Vilde, 
2005/ for the simulation of the forces exerted by soil upon the operating (lifting and 
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supporting) surfaces of the plough body, and the draft resistance caused by these forces 
(Fig. 1). 

 

 

Figure 1. Scheme of the plough body, its parameters and acting forces. 
 

Results and Discussion 
Mathematical methods and computer algorithms worked out for the simulation 

of soil tillage processes allow calculating the forces acting upon the machine operating 
parts and their optimal design (including the plough body) for qualitative soil tillage with 
minimum energy consumption /Vilde, 1999, 2004; Rucins, Vilde, 2004, 2005/. According 
to this investigation the draft resistance Rx of the plough body is determined by the share 
cutting resistance RPx ,the resistance caused by weight RGx of the strip lifted, by the 
inertia forces RJx , by soil adhesion RAx and by weight RQx of the plough body itself 
(including a part of the weight of the plough). However, the latter is not dependent on 
the plough parameters. 

 

 QxAxJxGxPxixx RRRRRRR ++++=∑=
   

     (1) 
The vertical reaction Rz and the lateral reaction Ry of the operating part are 

defined by the sum of corresponding partial reactions: 
 

∑= izz RR                ∑= iyy RR
 (2; 3) 
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The total draft resistance Rx of the operating part is composed of the resistance of the 
working surface R/

x and the resistance of the supporting (lower and lateral) surfaces R//
x  : 

 

),(   xzAxzxyAxyixxxx SpSpRRfRRRR
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++∑∑∑ +′=′′+′= +0  

     (4) 
where f0 is the coefficient of soil friction along the working and supporting surfaces of the 
operating part; pAxy and pAxz – specific adhesion force, respectively, to the lower and the lateral 
supporting surfaces of the operating part; Sxy and Sxz – the surface area of the lower and the lateral 
supporting surfaces of the operating part. 

Cutting resistance R/
Px is proportional to soil hardness ρ0 and the share edge 

surface area ω: 
 

ibkR pPx 0
/ ρ=        

   (5) 
where kp is the coefficient involving the impact of the shape of the frontal surface of the 
ploughshare edge; i and b – the thickness and width of the edge. 

It is evident from formula (5) that the friction of soil along the edge does not 
influence the cutting resistance of the edge.  

At a sharp ploughshare (the rear bevel is absent): 
 

0=PzR         
  (6) 

At a blunt (threadbare) ploughshare having rear bevel the vertical reaction RPz 
on the hard soils can reach the summary value of vertical reactions, this summary value 
arising from other forces acting on the share-mouldboard surface (soil gravity and 
inertia) and the weight of the body Q .   

At an inclined ploughshare a lateral reaction RPy arises, its value being affected 
by the friction reaction. 

 

( )000 ϕγρ += ibctgkR pPy       
   (7) 
where γ0  is the inclination angle of the edge towards the direction of movement (the 
wall of the furrow);  φ0  - the angle of friction. 

Friction of soil along the ploughshare edge reduces the lateral pressure of the 
ploughshare (the pressure of the plough body against the wall of the furrow). 

 
The resistance of the supporting surface  
 

 ( )
PxPx

FctgibfkR p
//

0000
// =+= ϕγρ      

    (8) 
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The total cutting resistance  
 

( )[ ]0000 1 ϕγρ ++= ctgfibkR pPx
 

     (9) 
The lateral cutting resistance of the knife is determined by formulae, similar to 

those for the cutting resistance from below. Consequently, similar to the above formulae 
will also be the formulae defining the impact of friction on the total resistance of the 
knife. 

Forces caused by the weight of the lifting soil strip: 
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Forces caused by the soil inertia: 

 

      (14) 
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Forces caused by soil adhesion:  
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0=AzR         
  (19) 

0≈AyR    
     (20) 
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   (21) 
where: q – the cross section area of the strip to be lifted; δ – the density of soil; kу – the 
soil compaction coefficient in front of the operating part; ƒ0 – the soil friction coefficient 
against the surface of the operating element; v – the speed of the movement of the 
plough body; pА – te specific force of soil adhesion to the operating surface; b – the 
surface width of the soil strip; ε1 and ε2 are correspondingly the initial and the final 
angles of the lifting (share-mouldboard) surface; γ – the inclination angle of the 
horizontal generatrix towards the direction of movement (the wall of the furrow); g – 
acceleration caused by gravity (g = 9.81). 

The soil friction coefficient and the specific force of soil adhesion are not 
constant values. Their values decrease with the increase in speed /Vilde et al., 2004/. 
This is considered in calculations. 

The obtained correlations (10) – (18) show how the initial lifting angle ε1 of the 
soil strip (the inclination angle of the share) impacts the draft resistance of the share-
mouldboard surface, the resistance of the supporting surfaces and of the plough body in 
totality. The following graphs (Fig. 2-13) show those changes of the draft resistances 
depending on the initial lifting angle ε1 at the angle between the horizontal generatrix of 
the operating surface and the vertical longitudinal plane γ = 40º and at the different 
speed v. 

From the graphs above follows that increasing of the share inclination angle ε1 
leads to increasing of partial resistances caused by soil strip gravity, inertia forces and 
adhesion and, as a result – increasing the draft resistance R 

/
x of the share mouldboard 

surface (lifting surface) of the plough body by 6 % to 13 % (Fig. 2 - 5). The increase of 
the resistance is more marked at high speeds.  

The resistance of the supporting surfaces of the plough body depends on the 
values of the reacting forces. Yet their value is dependent, in many respects, on the 
manner of unification and perfection of the hydraulically mounted implements of the 
tractor. The vertical reaction of the plough with modern tractors having power regulation 
is transferred to the body of the tractor, and it affects the plough resistance to a 
considerably lesser degree /Vilde et al., 2004/. 

Increasing of the share inclination angle leads to decreasing of the vertical 
reaction (reaction of the lower supporting surface) caused by soil strip gravity RGx, 
exerts less influence on it of the forces caused by inertia and adhesion (Fig. 6 - 8) and 
leads to increasing of the lateral reactions caused by all of these forces (Fig. 9 - 11). In 
connection with that the change of the share inclination angle exerts insignificant 
influence on the draft resistance R 

//
x  of the supporting surfaces (Fig. 12).  
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Changes of the total draft resistance of the plough body depend on the working 
regime. If the plough is working in a floating regime, than increasing of the share 
inclination angle increases the draft resistance Rx of the plough bodies by 2 % to 10 % 
(Fig. 13), but if the plough is working with power regulation means, the changes of the 
total draft resistance may follow the draft resistance changes of the share-mouldboard 
surface.  

The materials of the calculations carried out using the correlations indicated 
above present the values and regularity of the changes in the forces acting on the share-
mouldboard and the supporting surfaces, the draft resistance of the share-mouldboard 
and the supporting surfaces, as well as the total resistance of the plough body and its 
components under working conditions depending on the body parameters and the 
working speed. Possibilities to reduce the tillage energy requirement have been clarified. 

The obtained materials show that by increasing the initial lifting angle ε1 
(inclination angle of share toward furrow bottom) the draft resistance increases. For 
economical ploughing the initial lifting angle of the soil strip (the angle between share 
and furrow bottom) must have a minimal value - 24°…30°. The smallest inclination 
angle is not desirable because by wear out of the share there is a possibility at the blunt 
(threadbare) ploughshare to obtain a rear bevel which can hinder the plough body from 
going into soil. This phenomenon is observed with the Kverneland plough bodies No.8 
having a 20° inclination angle of their outer part. For more safety working in the hard 
loamy soils its optimal value may be approximately 30° (28°…32°). 

In the period of the last ten years only few institutions and scientists, such as the 
National Soil Resources Institute of the Cranfield University at Silso, England, with 
Professor R. J. Godwin as the head, and the Department of the VIM (All-Russian 
Institute for the Mechanization of Agriculture) with Doctor of Sciences P. N. Burchenko 
as the head, have taken part in applied investigations on the impact of the plough body 
design and the working mode upon its draft resistance /Burchenko, 2001; Godwin et al., 
2005/. However, these investigations do not deal with the impact of the share inclination 
angle on the plough body draft resistance.  

In the earlier literature there are some data concerning this issue. Thus, in the 
studies by Soehne the minimum draft resistance is obtained at the cutting angle 
12°…14° (calculated) and ~ 18°…22° (measured) /Gill, Wanden Berg, 1967/. In the 
investigations by Kawamura the minimum draft resistance is obtained at the cutting 
angle ~ 17° /Gill, Wanden Berg, 1967/. The graphs show that the draft resistance 
increases when the share inclination (cutting) angle increases. 

Similar results are obtained by Russian researchers A. N. Zelenin and G. N. 
Sineokow. In the studies with cutting perimeters, carried out by Zelenin, the minimum 
draft resistance, depending on the working depth, is found to be at the inclination angle 
of the share 16°…30° /Zelenin, 1968/. When the working depth increases, the optimum 
value of the share inclination angle increases.  

In the studies carried out by A. I. Surguchew the increase in the cutting angle 
and velocity causes increased draft resistance. The impact of the working velocity on the 
draft resistance is more considerable at greater values of the share inclination angle 
/Zelenin, 1968/. 
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In the studies carried out by M. E. Macepuro and I. V. Manjuta with a two-sided 
wedge on peat soils it was found out that the minimum draft resistance, depending on the 
working depth, appears at the inclination angles from 20° (the working depth 32 cm) to 
25° (the working depth 51 cm) /Sineokov, Panov, 1977/.  

The data provided by the above-mentioned researchers agree with the results 
obtained in our investigations and confirm our conclusions. 

In such a way, the deduced analytical correlations and the developed computer 
algorithm enable simulation of the soil coercion forces upon the share-mouldboard 
surface of the plough body, taking into consideration its draft resistance, as well as 
determination of the optimum parameters at minimum resistance. 

The use of bodies having optimal parameters (inclination angle of the share, 
inclination angles of the horizontal generatrix, increased bodies working width) allows 
obtaining good ploughing quality. It also reduces draft resistance by 12…20%, raises 
correspondingly the efficiency, and saves fuel and financial resources for ploughing 
/Vilde et al., 2004; Rucins, Vilde, 2004/. 
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Conclusions 
1. The deduced analytical correlations and the developed computer algorithm 

enable simulation of the soil coercion forces upon the operating surfaces of the plough 
body, determination of its specific draft resistance depending on the body design, the 
working parameters and soil properties and motivation of the optimal values of 
parameters. 

2. Presentation of the draft resistance of the plough body as the sum of its 
components – the cutting resistance of the strip, the resistance caused by its weight, the 
soil inertia forces and adhesion - allows analysis of the forces acting upon the share-
mouldboard surface, finding out the character of their changes depending on speed and 
the parameters of the surface, and assessment of their ratio in the total resistance. 

3. The main parameters affecting the ploughing efficiency are: the initial and the 
final angles of the lifting (share-mouldboard) surface; the inclination angle of the 
horizontal generatrix towards the direction of the movement and the regularity of its 
variation; the thickness of the share edge; the radius of the lifting surface and the area of 
the lifting and supporting surfaces. 

4. By increasing the initial lifting angle (inclination angle of share toward furrow 
bottom) the draft resistance increases by 2…10%. For more safety working in the hard 
loamy soils its optimal value may be approximately 30° (28°…32°). 

5. The use of bodies having optimal parameters allows obtaining a good 
ploughing quality, reduction of the draft resistance by 12…20% and a corresponding rise 
in the efficiency, saving fuel and financial resources for ploughing. 
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