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Abstract: Technology incompatibility in the sugar beet harvesting process is established. Beet tops removing by follower cutoff with the 
subsequent root crop heads cleaning is possible at speed no more than 1.5 m·s-1 whereas beet pullers operate at speeds of 1.2... 1.5 times are 
higher. At a cutting without copier of sugar beet tops a working speed makes more than 1.5 m·s-1, however losses of sugar-bearing plant 
material exceed agrotechnical requirements twice because of unreasonable height of a cut relative to soil surface. The differential equation 
of bow-shaped copier movement on a root crop head of sugar beet which is the main equation of functioning root crops heads cleaner is 
worked out. Components of the differential equation are defined and dependence of normal reaction on design parameters of root crop head 
cleaner is received. Conditions not of knocking-out of root crops are received and rational values of design parameters and operating modes 
of root crop head cleaner are proved. 
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1. Introduction 
There is an incompatibility between the operations of 

harvesting beet tops and digging sugar beet root crops at working 
speeds, while observing the requirements of the standard for the 
quality of raw materials (waste of sugar-bearing mass at cut - no 
more than 2%, and the tops remains on root crops - no more than 
1.5%): beet tops separation by sensing cut with subsequent post-
cleaning of the residues is possible at a speed of no more than 
1.5 m·s-1, whereas the root-harvesting machines operate at speeds of 
1.2...1.5 times higher. However, in the increased operating 
conditions of the cleaner, dynamic forces arise, causing damage and 
knocking out the heads of root crops. [1, 3, 4]. 

Overcoming these contradictions by scientifically justifying 
the process of non-sensing cutting of beet tops with minimal losses 
of sugar-bearing content and developing new technical solutions 
that will improve separation quality of tops residues at speeds close 
to the working speeds of root harvesting nachines is urgent 
scientific and production task. 

The process of interaction of the working element with the 
heads of root crops is cyclic and therefore the value of the normal 
reaction in contact point with the root crop head is variable and has 
a pulsating character. It is necessary to investigate its change and to 
estimate the peak loads on the root crop in order to prevent the 
limiting values of heads damage and knocking out of root crops..  

2. Preconditions and means for resolving the 
problem 

2.1. Analysis of recent research and publications  

Known method of separating beet tops at operating speeds of 
about 2 m·s-1 using non-sensing cut the bulk of foliage and 
subsequent passive topping root crops heads with the remains of 
leaves, but the losses of sugar-bearing plant materials exceeds the 
standard requirements and can reach 8%. 

Currently working bodies which designed for  non-sensing 
separation of the bulk of foliage, which can operate at speeds higher 
than speed of root crops digging, but there is no justification for the 
height of non-sensing cut and designs of working bodies for 
separation beet tops residues on operating speeds over 1.5 m·s-1 [1, 
3, 4, 13, 14]. 

2.2. Purpose of the study  

Determination of dependence of normal reaction on root crop 
from constructive and technological parameters. 

2.3 Materials and Methods  

The object of this research is the process of separating beet 
tops from sugar beet root crops head by cleaner. 

The main provisions of theoretical mechanics and material 
resistance, as well as previous studies of the physico-mechanical 
properties of sugar beet roots, were used to conduct research. 

A necessary condition for the functioning of the working 
element and, accordingly, the stability of the process is 
characterized by the continuity of the cleaning element from the 
sensor and the sensor from the root crop. Let's compose the 
calculation scheme fig. 1 and consider the equation of dynamic 
equilibrium of copier, which will be equation for functioning of this 
mechanism [2, 5-8, 11, 12]: 
 k k G LJ M M Mϕ⋅ = − + + , (1) 
where Jk – inertia moment of copier relative to the suspension point; 
Mk – force moment of action root crop head on a sensor; 
MG – moment of gravity; ML – force moment of a blade pressure on 
sensor. 

 
Fig. 1. The equivalent scheme of interaction cleaner with  

root crops head 
 
Value of equality components have been identified (1) with the 

following form [5-8, 11, 12]: 
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where J, Jk – inertia moments of sensor relative to the 
suspension points; R1 – distance from the center of sensor to 
suspension poin; c, a, b and d1, p1 – accordingly shoulders of forces 
G, Nk , Fk and NL , FL – with respect to copier suspension axis; d, e – 
shoulders of forces of normal reaction and friction of sensor on 
cleaning element with respect to suspension axis of cleaning 
element. 

Substituting value of resulting constituent expressions in 
equation (1), we determine the normal reaction force which acting 
in contact between root crop and sensor: 
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3. Results and discussion  
When the copier moves on the root crop head, it is possible 

knock out from soil and damage the root crop. The condition of not 
knocking out the root crops is: 
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where [PG] – limiting horizontal component of root crop 
stability in soil; α1 – angle between the axis Оy and the force Nk, we 
assume for calculations α1 = 38˚, which corresponds to the 
beginning of the contact between sensor and root crop height 
h = 80 mm. At [PG] = 200 N allowable value of the normal reaction 
[Nk] = 172 N [9, 10]. 

The minimum value of the force at which the head of root 
crops destructed – [Pk] = 200 N [9, 10]. 

For the dependencies obtained, calculation programs for PC 
are compiled and results of calculations are shown in fig. 1-7. 

 

 
 

Fig. 2. The deflection angle α cleaning element of the radial 
position: 1 – ω  = 60 deg; 2 – ω  = 80 deg; 3 – ω  = 100 deg;  

4 – ω  = 120 deg; 5 – ω  = 140 deg; 6 – ω  = 160 deg 

 
 

Fig. 3. The pressure force NL cleaning member for copier: 
1 – ω  = 60 deg; 2 – ω  = 80 deg; 3 – ω  = 100 deg;  

4 – ω  = 120 deg; 5 – ω  = 140 deg; 6 – ω  = 160 deg 

 
 

Fig. 4. The angular acceleration of the cleaning member: 
1 – ω  = 60 deg; 2 – ω  = 80 deg; 3 – ω  = 100 deg;  

4 – ω  = 120 deg; 5 – ω  = 140 deg; 6 – ω  = 160 deg 
 

 
 

Fig. 5. The pressure force N copier cleaner on a root vegetable at 
different angular velocities: 1 – ω  = 60 deg; 2 – ω  = 80 deg;  

3 – ω  = 100 deg; 4 – ω  = 120 deg; 5 – ω  = 140 deg; 
6 – ω  = 160 deg 
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Fig. 6. The pressure force on the copier cleaner Nkp root vegetable 

with angular velocity ω = 100 s-1 and different translational 
velocities: 1 – pV = 0.5 m·s-1; 2 – pV = 1.0 m·s-1;  

3 – pV = 1.5 m·s-1; 4 – pV = 2.0 m·s-1; 5 – pV = 2.5 m·s-1;  

6 – pV = 3.0 m·s-1 

 
Fig. 7. The pressure force copier cleaner on a root vegetable with 
angular velocity ω = 60 s-1 and different translational velocities:  

1 – pV = 0.5 m·s-1; 2 – pV = 1.0 m·s-1; 3 – pV = 1.5 m·s-1;  

4 – pV = 2.0 m·s-1; 5 – pV = 2.5 m·s-1; 6 – pV = 3.0 m·s-1 

 

 
Fig. 8. Dependence of cleaner element rotation angle and normal 
reaction at machine translational speed Vp = 2 m·s-1 and the rotor 

angular velocity ω = 100 s-1. 
 

4. Conclusions 
With translational speed Vp = 1…3 m s-1, rotor angular velocity 

ω = 90…105 s-1, number of cleaning elements z = 4…6 and 
diameter of cleaning rotor D = 0,55…0,65 m the rational normal 
reaction force in the contact point of sensor-root crops is ensured at 
level – Nk = 60…100 N. 
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