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Abstract. Harvesting of root crops is one of the most important technological processes, which accounts for more 

than 30% of total costs in the performance of all technological operations. The most difficult technological process 

during the potato harvesting is the process of soil separation, which consists in the destruction of soil clods, and 

further their separation on the web elevators. It was established that the ability of soil to separate is determined by 

its state. These factors affect the ability to use potato harvesters and determine their efficiency. On loamy and 

clayey soils, the separation efficiency is reduced. The separation of the soil becomes much more difficult with 

increased its moisture. In order to intensify the process of destruction of the soil layer it is proposed to form in it 

destructive stresses along the entire path of movement along the working surface of the share. This can be achieved 

by creating a share with a curved working surface. The design of share working surface is based on the Coulomb-

Mohr strength theory, according to which material failure occurs at various combinations of the main normal 

compression stresses and tension. At the same time, it is taken into account that the compressive strength of the 

soil is 3-7, and with a shear of 2.4-4.3 and more times, exceeds the tensile strength. Therefore, it is advisable to 

induce tensile stresses in the soil layer. Field trials have shown that replacing a flat share on a potato harvester 

with a new share with a curved working surface increases the efficiency of its technological process by intensifying 

the process of destruction of the soil layer.  
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Introduction 

Increasing the efficiency of a potato harvester is largely determined by the ability of its working 

elements to destroy and separate the tuberous layer [1]. The ability of the soil to separate is determined 

by its moisture content, depending on the parameters of which they distinguish between solid, plastic 

and fluid states [2]. Separation of the soil during potato harvesting becomes much more complicated 

with its high humidity, which is typical for the conditions of the functioning of harvesting machines in 

the North-West of the European continent. In the designs of potato harvesters for the destruction and 

separation of soil, flat digging shares and belted web chain are now predominantly used [3, 4]. To 

increase the efficiency of the technological processes of the operation of potato harvesters the machines 

designers are improving the working elements that provide the intensification of the mechanical effect 

on the tuberous soil layer [5]. However, this leads to a significant complication in the design of 

harvesting machines and an increase in their cost. The goal of this work is to improve the quality of 

separation of the heap of a potato harvester by development the shape of the working surface of the 

digging share, which allows for an intensive process of soil destruction, facilitating the operation of 

separation systems. The results of the studies carried out in the SPbGAU showed that the installation of 

the proposed design of digging share on the DR 1500 potato harvester made it possible to significantly 

improve the quality of separation of the heap and fully ensure compliance with the requirements of the 

technological regulations.  

Materials and methods 

A model of the technological process of functioning of a potato harvester as an object of soil 

destruction and separation control in the form of a scheme is shown in Fig. 1. The conditions of 

functioning that affect the course of the technological process of the object are random in the 

probabilistic and statistical sense of the process of unevenness of the soil surface Zп(t) and soil cone 

index R(t), as well as its moisture W(t). These parameters of the soil state affect the first element of the 

model – the digging share 1, which cuts the tuberous layer, partially destroys it and feeds the heap in the 

form of a random process K1(t) to the belted wad chain 2. The belted web chain 2 splits the heap into 

tuber flow as a random process K2(t) and impurities flow E(t). Tuber flow K2(t) enters the inspection 

table 3, where impurities are released E2(t) and further potatoes flow as a random process KY(t) delivered 

in the bunker of a potato harvester.  
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The depth of work of the digging shares is taken as the tuning parameters of the model hн, as well 

as the harvester speed Vн.  

The efficiency of the separation system of potato harvesters was assessed by the relative content of 

soil impurities in the potato heap Kу(t) in the bunker. According to the requirements of the technological 

regulations for the operation of potato harvesters, the purity of tubers collected in the bunker must be at 

least 80%. 

 

Fig. 1. Scheme of a model controlling soil destruction and  

separation by a potato harvester 

Experimental studies carried out in the farm with a potato harvester DR 1500 equipped with a serial 

digging flat share have shown that on heavy loamy soils the requirements of the regulations are not 

fulfilled. So, on the digging depth of 20 cm and the working speed of 5 and 7 km·h-1 the average values 

of the potato purity indicator in the combine bunker were 71% and 66%, respectively. 

Analyzing the process of the separating system of the harvester, it is clear that the most intensive 

destruction of the soil is carried out on the bars of the belted web chain immediately after digging up by 

the share. Most of the working surface of this share performs a transport function and does not create 

conditions for its crumbling. To improve the efficiency of the separation system of the potato harvester, 

it is necessary to improve the form of the share. The purpose of this change is to ensure intensive 

destruction of the soil layer during its movement on the surface of the share. For this goal we will use 

the rheological model of the soil presented in the form of a continuous deformable medium, which has 

a certain structure and internal connections between the elements [6; 7].  

When digging shares of a potato harvester interact with the soil, the mutual arrangement of soil 

elements changes, which leads to the appearance of volumetric deformations inside the soil, as well as 

shear deformation, which results in a change in the structure of this layer and the underlying horizon 

[8; 9]. Let us single out in a deformable medium an elementary parallelepiped, on the faces of which 

under the action of external disturbances normal 1, 2, 3 and tangential τij stresses arise (Fig.2). The 

greatest tangential stress τmax leading to the destruction of the soil element is formed in a plane that has 

an equal slope to the direction of normal stresses having the highest absolute values [10]. The stress 

state arising in an elementary volume under an external action can be represented as a stress tensor TS, 

which is described by the expression (1) 

 𝑇𝑆 =  {

𝜎1 𝜏1,2 𝜏1,3
𝜏2,1 𝜎2 𝜏2,3
𝜏3,1 𝜏3,2 𝜎3

.   (1) 

 

Fig. 2. Scheme of stresses acting on an elementary soil sample 
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The general rheological model of the soil state consists of a model of volumetric deformations and 

a model of deformation of shape change [11], which can be represented as (2) 

 

{
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 ,  (2) 

where  ij – shear deformation;  

 А(p) – empirical coefficient for determining creep;  

 G – instantaneous shear modulus;  

 η – shear viscosity coefficient;  

 μ – coefficient of viscosity at volumetric deformation; 

 𝜎𝑝 =  
𝜎1 + 𝜎2 + 𝜎3

3
 – average normal stress;  

 E(p) – modulus of elasticity during volumetric deformation;  

 ε – angular deformations. 

The analysis of the presented rheological model of the soil state showed that the results of the action 

of the tillage tools on the soil depend on the distribution of stress fields in it that arise in the treated 

layer. With the destruction of the soil layer during the harvesting of potatoes, we use the regularities 

established by the Coulomb-Mohr theory of strength, according to which the shear stresses at the shear 

site in the state of ultimate equilibrium of the soil element are proportional to the normal stresses acting 

on the elementary volume. Fig. 3 shows a graphical interpretation of this regularity, taking into account 

such parameters of the soil state as the angle of internal friction φ and the coefficient of adhesion C 

corresponding to the strength of the soil at the shear site at zero normal stress [12]. 

 

Fig. 3. Graphic interpretation of the action of the law of strength in the soil  

According to the Coulomb - Mohr theory, the destruction of the soil sample occurs when the shear 

stresses τij exceed the limiting value τmax [13]. Analysis of Fig. 3 showed that the occurrence of limiting 

shear stresses τmax occurs under the influence of positive σi and negative σ’i values of normal stresses 

acting on the edge of the elementary soil particle. Let us conditionally divide the area of influence of 

normal stresses acting on the edge of the elementary soil particle into two zones. In zone I, the 

destruction of the sample occurs under the action of normal stresses, which have positive values, and in 

zone II – negative ones. Thus, the destruction of the material in zone I occurs due to the compression of 

the soil element and in zone II when it is stretched. It should be noted that the limiting values of the 

shear stresses in zone I significantly exceed the shear stresses at which the destruction of the soil sample 

occurs in zone II. This means that, when a stressed state is created inside the soil in which negative 

values of normal stresses appear on the edges of the elementary volumes, the external forces necessary 

for crumbling the soil layer are significantly reduced.  

On the basis of the theoretical studies of the regularity of the destruction of cohesive soils shown in 

Fig. 3 the improvement of the digging working body of the potato harvester was carried out by changing 

the shape of its working surface. This ensured the formation of a state with a predominance of negative 

values of normal stresses within the soil layer.  

The longitudinal profile of the experimental share is a curved surface, the first part of which is 

concave and the second convex (Fig. 4). The soil layer moving along the concave surface experiences 
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bilateral compression under the action of the friction force of the layer against the plow surface, as well 

as pressure from the previous massif, which leads to a reduction in the size of the soil element “abcd” 

in the longitudinal and vertical directions by Δt and Δr, respectively [14]. Normal stresses σ1 and σ3 act 

on the edges of the soil element, which lead to a certain increase in density inside it due to a reduction 

in pore sizes, and then to its destruction when the shear stresses τij reach the limiting value τmax. On the 

concave section of the digging share positive values of the normal stress prevail, corresponding to zone 

I in the diagram shown in Fig. 3. With the transition of the soil layer to the convex surface the dimensions 

of the soil element begin to increase by the values of Δt and Δr due to stretching under the action of 

adhesion forces and the friction force of the layer on the shares surface. Normal stresses with negative 

values appear on the edges of this element, corresponding to zone II (Fig. 3), under the action of which 

a more intense destruction of the soil layer occurs due to the fact that the tangential stress in this section 

τ’max is much less than during its movement along the concave part of the digging share.  

 

Fig. 4. Diagram of the stress state of the soil layer on the improved  

share in the longitudinal plane 

In the transverse plane, the working surface of the share forms an arc (Fig. 5). During the movement 

of the soil layer along the experimental share in the transverse plane the distance between the soil 

elements increases, because the length of the arc is greater than the width of the share in the front side. 

Under the action of the forces of adhesion and the force of friction of the soil against steel the soil massif 

begins to stretch and the dimensions of the elementary soil particle increase by the values of ΔS and Δr. 

Normal stresses σ2 and σ3, which have negative values, act on the edges of the soil element. The stresses 

arising in the soil layer in the transverse plane correspond to zone II, which provides conditions for 

effective soil crumbling with minimal energy consumption.  

 

Fig. 5. Scheme of the stress state of the soil layer on the improved  

share in the transverse plane 
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When the soil layer moves along the working surface of the experimental share, an alternating load 

acts on it, which at the initial stage leads to partial destruction of the soil massif under the action of 

compressive forces and at the second stage its three-sided stretching occurs, which provides 

intensification of the soil crumbling process on the digging share. It should be noted that on a serial 

share the destruction of the soil layer is provided only due to the action of compression forces with the 

undercut massif transitions to the inclined surface of the share. This effect leads to additional soil 

compaction, which further complicates the separation of the heap on the potato harvester [15]. 

To assess the intensity of soil destruction under the influence of the share shape the statistical 

characteristics of the potato heap KY(t) entering the combine bunker obtained during experimental 

studies in production conditions were used. For this purpose, the estimates of the mathematical 

expectation mk, the standard deviation σk and the coefficient of variation Vk of the random process KY(t) 

were calculated. In this case, the control interval Lk was 300 m, the control step for sampling was 

Δl = 10 m, the number of samples was 30. Sampling was carried out by taking samples of a heap of 

potatoes at the exit of the inspection table. Then was done weighing of the total volume of the sample 

and the extracted soil elements.  

Results and discussion 

On the basis of the results of the theoretical studies carried out the improvement of the serial digging 

share of the potato harvester performed by forming its three-dimensional working surface. For this 

purpose, a special shaped pad is installed on the serial digging share consisting of plates with an 

individual longitudinal profile (Fig. 6). The combination of these plates forms a three-dimensional 

working surface, the longitudinal and transverse profile of which changes along the length of the share, 

providing as the layer moves along the digging working body a three-sided alternating action on the soil.  

 

Fig. 6. Scheme of the experimental share of a potato harvester  

The trial of the experimental share was carried out in the farm during the harvesting of potatoes on 

heavy loamy soils. The potato yield was 32.4 t·h-1a. The studies of the functioning process of the serial 

and experimental plowshares were carried out when the combine was adjusted to the same digging depth 

hH = 24 cm. The setting values of the VH potato harvester speed were 5 km·h-1 and 7 km·h-1. Soil 

moisture at the time of harvest was 26%. The results of the research of the digging shares are given in 

the table ,which presents the estimates of the statistical characteristics of the process of the quality of 

the potato heap KY(t) under various operating modes of the potato harvester. 

Table 1 

Estimates of the statistical characteristics of the quality  

of the potato heap entering the bunker of the potato harvester  

Estimates of the 

statistical 

characteristics of the 

process KY(t) 

VH = 5 km·h-1 VH = 7 km·h-1 

Serial share 
Experimental 

share 
Serial share 

Experimental 

share 

m, % 71.2 84.2 66.3 90.4 

σ, % 11.2 3.9 11.1 13.9 

V, % 15.7 4.6 16.7 15.4 
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The analysis of the data presented in the table showed that, when a potato harvester equipped with 

serial digging shares is operating in conditions of increased soil moisture, the quality of the harvested 

heap does not meet the requirements of the technological regulations at the established speed modes of 

the combine. So, at a speed of 5 km·h-1 the estimate of the mathematical expectation of the process KY(t) 

is 71.2% and at a working speed of 7 km·h-1 – 66.3%. These values of the quality indicator do not reach 

the permissible values established by the technological regulations, which is 80%. Equipping a potato 

harvester with an experimental share provides a higher quality of separation of the heap due to more 

intensive destruction of the soil layer. At a working speed of 5 km·h-1 the estimate of the mathematical 

expectation of the potato heap quality process KY(t) is 84.2% and at a speed of 7 km·h-1 – 90.4%. 

Conclusions 

1. The proposed shape of the working surface of the digging shares, which has a three-dimensional 

working surface, made it possible to ensure intensive destruction of the soil layer during its 

movement to the belted web chain due to the formation of alternating loads.  

2. The experimental studies have shown that the use of the proposed digging share made it possible to 

increase the working speed of the potato harvester from 5 to 7 km·h-1, while meeting the 

requirements of the technological regulations for the indicator of the purity of the potato heap. So, 

at a speed of 5 km·h-1, estimates of the mathematical expectation of the process of purity of 

separation of a potato heap are 84.2%, and at a speed of 7 km·h-1 - 90.4%. 

3. The carried out improvement of the experimental digging share makes it possible to provide the 

required quality of harvesting in conditions of high soil moisture. 
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