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Introduction
Bar separating elevators are the most common ones, as they are quite efficient because of high separating and transporting capacity [1, 4, 5, 8, 10, 11, 13]. However, during separation, the mutual movement of components of the potato heap is difficult (reorientation of particles). To intensify the separation process, various devices are used to throw the entire elevator belt together with the soil, which leads to high energy consumption [3, 4, 12, 15]. In addition, the use of active intensifiers leads to an increase in damage to tubers [2, 6, 15]. Once on the elevator, the tubers often roll down it, which also increases the percentage of losses and damage. To increase the efficiency of soil separation, elevators with joint bars have been developed [7, 9].
Materials and object
The separating elevator of the potato harvester consists of flexible traction elements 1 with joint bars, which are bars 2 with cylindrical tubes 3 put on them, made of low-pressure polyethylene (Figure 1) [9]. 
[image: ]
1 - flexible traction element; 2 - bar; 3 - quick-detachable tube with a longitudinal screw section; 4 - roller; 5 - support frame; 6 - leading roller; 7, 8 - driven rollers; 9 - soil element; 10 - plant remains; 11 - potato tuber
Figure 1 – The schematic diagram of a separating elevator with joint bars of potato harvesters
The polyethylene tubes are made sectional, their number on the bar is 4. When the belt moves, cylindrical tubes 3 interact with rollers 5. Since rollers 5 are arranged alternately on the surface of the separating elevator belt, the tuberous formation moves due to the complex movement of the cylindrical tubes. The displacement of the heap causes alternating loads, which lead to the destruction and separation of the soil. The degree of impact of joint bars on tubers is determined by the number of rollers. Due to the rotation of rollers 5, tubes 3 of joint bars are rolled, as a result of which sliding friction is replaced by rolling friction.

Methods
To justify parameters of the separating elevator with joint bars, taking into account the rotation of tubes, the expressions for the velocity, acceleration and angular velocity of rotation of the tube of the joint bar are found, corresponding to the mode of operation of the elevator with a roller [2, 3, 14]. 
[bookmark: _Hlk101978937]Consider the movement of the joint bar on the roller. Taking into account that the tube of the joint bar does not move in the axial direction, the considered movement is represented in a plane coordinate system. The following assumptions are introduced:
- the elevator belt moves in a straight line;
- in the process of interaction there is a hit;
- the tube has sufficient rigidity.
The tubes of the bar of the separating elevator with mass m and radius r meet with the roller, which leads to the impact of the tube on the roller (Figure 2). Since the tube is loosely put on the bar, the impact will be inelastic. Let us assume that the tube moves along the roller and the bar without slipping. The value of angle α is determined by the geometric parameters of the tube, the bar and the roller. Let us determine the velocity of the center of tube C after the impact, taking into account the mass of the tube and the mass of the tuberous layer per tube. The initial velocity of the tube before the impact is taken equal to the velocity of the elevator belt Vc. To determine the velocity of the tube after the impact, the instantaneous center of velocities is used, which is located at the point of contact between the tube and the roller.
[image: ]
Figure 2 – The scheme for determining the parameters of interaction between the tube of the bar and the roller

Let us decompose the impact reaction that acts on the tube into directions along the tangent and normal to the surface of the tube. Similarly, momentum components  and , will be decomposed into a tangent and a normal (Figure 2). After the impact, the tube will rotate around the instantaneous center of velocities. The magnitude of the impact impulse is determined using the following expression:
 , ,                                  (1)
where m is the tube mass;
 is the tube center velocity before the impact;
uc is the tube center velocity after the impact.
The rotation of the tube is determined as follows:
 . ,                                  (2)
where  is the moment of inertia of the tube;
 is the angular velocity of the tube before the impact;
  is the angular velocity of the tube after the impact.
Angular velocities of the tube are related to linear velocities by the following expressions  , . Let us project equation (1) on axis Ax and Ay, and make a change in equation (2):
 ,                                   (3)
where α is the angle of the direction of the roller interaction with the tube ( , ).
The measure of angle α is determined by the geometric parameters of the tube of the joint bar and the roller, as well as their mutual arrangement.
   ,                                          (4)

,                                  (5)
When solving equation (3) unknown quantities ,,  are determined as dependences on initial velocity of the tube Vc, then the equations will be written in the following form:
 ,                                        (6)
Having carried out the appropriate transformation, components of the impact impulse  and  are determined:
 ,                                    (7)
Then tube center velocity after the impact uc is determined as:
 . ,                                       (8)
Let's calculate the tube center velocity after hitting the roller in Mathcad program and build a dependence graph (Figure 3).
[image: ]
Figure 3 – The dependence of the tube center velocity after hitting the roller on the initial velocity of the tube before the impact (the velocity of the elevator)

The tube center velocity of the joint bar after hitting the roller is largely determined by the initial velocity of the tube before the impact or the velocity of the elevator [7]. 
Let us determine the condition for tossing up the tuberous layer by applying the theorem on the change in kinetic energy when the tube is rotated around the roller at a certain angle. 
  ,                                                 (9)
As the disk participates in translational and rotational motion at the same time, then the total kinetic energy of the tube is:
 ,                                      (10)
where Tk forw is the kinetic energy of the forward motion of the tube; 
 ,                                           (11)
Tk rot is the kinetic energy of the rotational motion of the tube.
The kinetic energy of the rotational motion of the tube is determined by the following equation:
 ,                                                    (12)
The moment of inertia of the tube of the joint bar is represented as the moment of inertia of the hoop:
 ,                                                       (13)
The angular velocity of the tube is related to the following linear equation:
 ,                                                      (14)
Then the total kinetic energy, considering the forward and rotational components of the tube, is determined by the following equation:
   .                           (15)
Taking into account the rotation of the tube, its kinetic energy before impact is determined by the following equation:
  .                                                  (16)
The kinetic energy of the tube after the impact is determined by the following equation:
 ,                                                    (17)
The tossing job of the tube with tuberous layer components:
 ,                                                (18)
[bookmark: _Hlk101979561]where m1 is the mass of the tube, considering the mass of the tuberous layer, kg;
 is acceleration of gravity, m/s2.
Let us express the values of velocities from equation (9) by substituting the values of equations (16), (17) and (18):
  ,                                            (19)
Lifting the tube of the joint bar is possible under the following condition:
   ,                                                  (20)
Having substituted the value of velocity after the impact uc from (7), the following equation is got:
   ,                                    (21)
The magnitude of the jump of the tuberous layer is expressed in the following way:
                                          (22)

Results
The numerical modeling of the jump height of the components of the tuberous layer was done in Mathcad program, given the geometric parameters of the joint bar and the intensifier roller, as well as the velocity of the separating elevator: m = 0.05 kg, R = 0.10 m; r= 0.0127 m; d= 0.012m; e=0.002m; Vc=2.0 m/s (Figure 4).  
[image: ]
Figure 4 – The dependence of the height of the jump of the tuberous layer components on the mass of the layer on the tube of the joint bar

Analysis of the figure showed that the height of the jump is largely determined by the mass of tuberous layer m1 per tube. Varying the size of the tube, its thickness, and the radius of the intensifier roller has little effect on the jump height. With an average size of tubers, their weight is about 0.15 kg, then the height of their jump will be 0.06 m. A further increase in the mass of the tuberous layer will lead to a decrease in the jump height.
The condition for the absence of slippage of the tube when hitting the roller can be presented using Routh hypothesis for the impact:
  ,                                        (23)
where  and  are tangential and normal impact impulses; 
ƒ is the coefficient of sliding friction of the tube on the roller intensifier when the impact. 
The slip boundary condition is described by the following equation:
 ,                                        (24)
Having transformed equation (23), expressing the condition for the absence of slippage of the tube along the roller, and having substituted the values of shock impulses  and  from equation (7), one gets:
  ,                               (25)
Hence, the value of the sliding friction coefficient of the tube on the roller is determined by the following inequation:
  ,                                              (26)
Calculating the coefficient of sliding friction of the tube on the roller was done in Mathcad program and the dependency graph was plotted (Figure 5). 
[image: ]
Figure 5 – Зависимость коэффициента трения скольжения трубки о ролик от радиуса трубки комбинированного прутка

Analyzing the dependence of the coefficient of sliding friction of the tube on the roller, it can be seen that the condition for the absence of the tube slippage when the impact is fulfilled, when coefficient of sliding friction ƒ ≥ 0.08 for the tube radius r = 0.015 m. Thus, an impact without the tube slipping on the roller is possible in a wide range of conditions.

Conclusion
Thus, to improve the efficiency of soil separation in potato harvesters, elevators with joint bars have been developed. The joint bar tube hits the roller. The velocity of the tube center of the joint bar after hitting the roller is largely determined by the initial velocity of the tube before the impact or the velocity of the elevator. 
It has been established that the height of the jump is largely determined by the mass of the tuberous layer per tube. Varying the size of the tube, its thickness, the radius of the roller slightly affects the height of the jump. With an average size of tubers with the weight of about 0.15 kg, the height of the jump of the tubers will be 0.06 m. Analyzing the dependence of the coefficient of sliding friction of the tube on the roller, it can be seen that the condition of the absence of slippage of the tube when it hits the roller is possible in a wide range of conditions.

References 
1. Beznosyuk, R.V., Evtekhov, D.V., Borychev, S.N. et al. (2020).  Improving the efficiency of work for cleaning a heap in potato harvesters. Herald of Ryazan State Agrotechnological University Named after P.A. Kostychev, 4 (48): 77-82.
2. Byshov, N.V., Borychev, S.N., Rembalovich, G.K. et al. (2014). Mathematical model of the technological process of a potato harvester when working in conditions of heavy loamy soils. Herald of RSATU, 4: 59-64.
3. Byshov, N.V., Borychev, S.N., Uspenskiy, I.A. et al. (2012). Technological and theoretical substantiation of the design parameters of the secondary separation organs of potato harvesters for work in difficult conditions. Herald of RSATU, 4: 87-90.
4. Evtekhov, D.V., Kodirov, S.T., Zelenev, A.V. et al. (2020). Analysis of intensifying devices that increase the efficiency of separating working bodies of potato harvesters. Modern Challenges for the AIC and Innovative Ways to Solve Them. 71st International Scientific and Practical Conference. Ryazan, RSATU: 105-108.
5. Evtekhov, D.V., Kodirov, S.T., Byshov, N.V., et al. (2020). Analysis of machine technologies for harvesting potatoes. Scientific and Practical Aspects of Innovative Development of Transport Systems and Engineering Structures. International Student Scientific and Practical Conference. Ryazan, RSATU: 246-252.
6. Evtekhov, D.V., Beznosyuk, R.V., Kodirov, S.T. et al. (2021).  Studying the performance indicators of potato harvesters with modernized working bodies. Herald of Ryazan State Agrotechnological University Named after P.A. Kostychev, 1 (49): 112-119.
7. Zhbanov, N.S., Kodirov, S.T., Kostenko, M.Yu. et al. (2021). Studying the trajectories of the movement of potato tubers when tossed on a canvas of composite rods. Herald of Ryazan State Agrotechnological University Named after P.A. Kostychev, 13, 3: 100-105.
8. Ismaev, R.R., Beznosyuk, R.V., Rembalovich, G.K. et al. (2020). On the issue of increasing the efficiency of the external separation of potato harvesters. An integrated approach to the scientific and technical support of agriculture. International Scientific and Practical conference. Ryazan, RSATU: 233-236.
9. Kodirov, S.T., Lyashin, M.M., Beznosyuk, R.V., Kostenko, M.Yu. (2021). Improving the separating capacity of elevators by using sectional combined rods. Improving the design and operation of equipment. International Scientific and Practical Conference. Ryazan, RSATU: 13-17.
10. Nefedov, B.A., Kostenko, N.A., Byshov, N.V. et al. (2016). New technical solutions for separating organs of potato harvesters. Polythematic Network Electronic Scientific Journal of Kuban State Agrarian University, 124 (10): 346-365.
11. Rembalovich, G.K., Uspenskiy, I.A., Golikov, A.A., Beznosyuk, R.V. et al. (2013). Analysis of operational and technological requirements for potato harvesters and indicators of their work in conditions of Ryazan region. Herald of RSATU, 1 (17): 64-68.
12. Rembalovich, G.K., Byshov, N.V., Borychev, S.N. et al. (2013).  Innovative solutions for harvesting and transport technological processes and technical means in potato growing. Agricultural machines and technologies, 1: 23-25.
13. Rembalovich, G.K., Uspenskiy, I.A., Beznosyuk, R.V. et al. (2012).  Improving the reliability of the technological process and technical means of machine harvesting of potatoes in terms of product quality parameters. Machinery and equipment for the village, 3: 6-8.
14. Rembalovich, G.K., Beznosyuk, R.V. (2013). Theoretical foundations of the study of working bodies based on the simulation of the secondary separation process in potato harvesters. Polythematic Network Electronic Scientific Journal of Kuban State Agrarian University, 89: 700-720.
15. Uspenskiy, I.A., Rembalovich, G.K., Kostenko, M.Yu. et al. (2018).  Evaluation of a promising technological scheme of a potato harvester. News of the Nizhnevolzhsky Agro-University Complex: Science and Higher Professional Education, 1 (49): 262-269.
http://ej.kubagro.ru/2022/05/pdf/19.pdf 
image3.png




image4.png
04

ml

06

08





image5.png
0.25)

0.13)
f(r)

0.1

0.03)

.01 0.015 0.02 0.025
r




image1.jpeg




image2.jpeg




