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Abstract: In this scientific article it is described that, the case where the base plate on which 

the flat material is suspended exits the coverage area of the shaft pairs covered with the first working 

elastic material and the shaft pairs covered with the second working elastic material hit the coverage 

area, when the forces acting on the shafts are under potential forces.  For a mechanical system under 

potential forces, Lagrange's second-order motion equations are formulated. Solutions of the 

formulated equations were obtained and theoretically studied.  
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Introduction. Today, the main thing in improving the machining processes in shaft machines 

processing flat materials (including many semi-finished products) is to study and solve the problem 

of mutual coverage between shaft [1].  

Contact zone has a major effect on machine stiffness. For an accurate calculation, the contact 

stiffness should be known. This paper presents the approach to determine the elastic characteristic of 

the contact layer formed by two rough surfaces [2]. Proposes to use a plastic and composite material 

of a flexible element, which acts as sliding support instead of a detailed rolling bearing, which 

provides a smooth rotational movement of the guide roller mechanism, which performs the rotational 

movement of the conveyer belt [3].  

New analytical dynamic models have been developed for roller machines used in industry [4], [5]. 

The presents the results of experimental studies obtained by determining the influence of 

multilayer wet leather semi-finished products with monsoons under squeezing on the amount of the 

moisture extracted. Mathematical dependences of the amount of the moisture extracted, for each layer 

of a five-layer wet leather semi-finished product on the feed rate between the squeeze rollers and the 

roller pressure were obtained. Experimental research is of scientific and practical importance for the 

development of a technological process for extracting moisture from wet leather semi-finished 

products used in the tannery, since the quality of the extraction affects the quality of subsequent 

technological operations, such as leather shaping and splitting [6]. The results of experimental studies 

are presented in the paper by determining the effect of the amount of water extracted from the leather 

semi-finished products under their simultaneous squeezing between rotating working rollers. A 

mathematical dependence of the amount of squeezed out water from wet leather semi-finished 

products under various pressures of the working rollers and the feed rate on the number of layers of 

leather semi-finished product with monsoons was obtained [7]. Papers are devoted to solutions of 

contact interaction in two-roll modules. They obtained mathematical models of roll contact curves, 
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friction stresses and contact stress distribution patterns. Examines the movement of a mechanical 

machining machine on a flat material between a pair of shafts with an elastic coating and a base plate. 

Using Lagrange's 2-Round motion equations, the motion differential equations of a pair of shafts with 

an elastic coating are structured. Graphs were built and analyzed on the basis of solutions of the 

differential equations of motion. 

For non-nogolonomic systems of mechanical systems, the equations of motion are derived and 

analyzed. In this work the problem of selecting the orientation surface appearance when smooth 

material is uniformly transferred to the machining zone of the flat material, i.e. between the working 

shafts, has been considered and studied. The movement of the flat material in the processing zone 

through the conveyor is studied. The laws of dynamics and numerical methods were used to determine 

the appearance of the transferring surface. 

 

Materials and methods. We have developed a line for the transportation and machining of flat 

material, ie leather semi-finished products. This technological line has three main working zones, 

where various technological processes are carried out using pairs of working shafts and base plates. 

In the case under consideration, in order for the vertical shaft machine that mechanically processes 

the flat material to operate at the required level, we need to ensure that the flat material hanging base 

plate moves at a constant speed. Consider the following issue. 

 

To do this, follow this process below; the base plate 

on which the flat material is hung comes out of the 

coverage area of the shaft pairs covered with the first 

working elastic material, a pair of shafts covered with 

a second working elastic material hit the coverage 

area (figure 1), state, how fast the base plate moves 

when the forces acting on the shafts are under the 

influence of potential forces are considered. To do 

this, using Lagrange’s type 2 equations, we formulate 

the equations with respect to the quantities we need. 

First, we determine the degree of freedom of the 

system under consideration (according to Figure 1). 

In this case, the degree of freedom is three because 

the pairs of shafts covered with an elastic material 

move in a straight parallel at the exit of the base plate 

from the coverage area. Since the base plate is in 

forward motion along the chain, the degree of 

freedom in this case is equal to 2. When the base plate 

hits a pair of shafts lined with a highly working 

elastic material, the shafts are in rotational motion 

and in this case the degree of freedom is equal to one. 

This means that the degree of freedom of the system 

we are looking at is equal to 6. In that case the 

generalized coordinates will also be 6. These are: 

652,4232111 ,,,, qqyqxqqyqx  
. 

Figure 1. Scheme of the base plate leaving 

the coverage area of the first working 

elastic shaft pairs and hitting the coverage 

area of the second working elastic shaft 

pairs 

We formulate the equations of motion for the case where the base plate on which the flat 

material is suspended exits the coverage area of the shaft pairs covered with the first working elastic 
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material and the second working shaft pair hits the coverage area. To do this, we first calculate the 

kinetic energy of the base plate and the elastically coated shafts. In this case, the base plate on which 

the flat material is suspended moves forward throughout the system, and its kinetic energy is 

expressed as follows. 

 ,
2

1

2

1

2

2
2

2
11

2
1

2

1 yymym
M

T c  


     (1) 

In this 1T   kinetic energy of the base plate,  

1m  chain, mass of base plate and flat material.  

Given the bottom shaft pair moves in a straight parallel at the exit from the coverage area of the 

base plate on which the flat material is hung (1-figure) and their kinetic energy is written as follows. 

22
12

22

32
2

1

2

1

22



CzCz

c JxmI
M

TT  
,    (2) 

In this 32 ,TT  kinetic energy of lower shafts. 

 32 mm mass of bottom shafts, CzJ  the moment of inertia about the axis passing through the center 

of mass of the shaft perpendicular to the plane of motion,  angle speed. In the case, the moment of 

inertia of the shaft is equal 2

2
2Rm

JCz 
, where R the radius of shafts.  

When the base plate, on which the flat material is hung, hits the coverage area of the shafts 

above the second working elastic, the shafts move in a slow rotational motion. In this case, the kinetic 

energy of the above shafts is expressed as follows: 

2

2

54


zITT 

      (3) 

In this 54 ,TT  kinetic energy of upper shafts.  54 mm   mass of upper shafts. 

zJ  moment of inertia about the axis of rotation of the shaft,  angle speed. In the case, the moment 

of inertia of the shaft relative to the axis of rotation according to the Huygens-Steiner theorem is equal 

to 2

3 2
4Rm

J z 
. In this R radius of shafts.  

Now and connect the coordinates x  and 
y

with the coverage angle   for the lower shafts, in 

which case we have the following expression. 

 
  ,sin

,cos

01

01





hrRy

hrRx





     (4) 

In this R radius of shafts, r  the radius of the "nose" of the base plate, 
0h

monson 

thickness of shafts. If we derive the expression from (4), it is equal to the following.  

 
  .cos

,sin

01

01









hrRy

hrRx





      (5) 

Now and for the upper shaft pairs, we connect the coordinates x  and 
y

 with the coverage 

angle  , in which case we have the following expression.  

 
  ,sin

,cos

002

002





thrRy

thrRx





     (6) 
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In this R the radius of shafts, r  the radius of the "nose" of the base plate, 
0h

 monsoon 

thickness of shafts, 0t  the initial thickness of the flat material. If we derive the expression from (6), 

it is equal to the following.  

 
  .cos

,sin

002

002









thrRy

thrRx





     (7) 

The base plate on which the flat material is suspended moves vertically and its potential energy 

is as follows.  

       sinsin 0001211 thrRhrRgmyygmП    (8) 

To formulate the differential equation of motion of a pair of elastically coated shafts, we 

consider that the process under consideration is under the influence of potential forces, and we use 

Lagrange's second-order equation of motion defined for a mechanical system under potential forces:  
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That is, we have the following six equations. 
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In this ПTL   given. L function of Lagrange, T total kinetic energy, П potential energy. 

Now we calculate the total kinetic energy. To do this, we can write the total kinetic energy in 

the following form, taking into account the sum of expressions (1) and (2) and expression (4):  
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(16) 

Determine Lagranges’ function. 
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 (17) 

We now calculate the complete and specific derivatives of the Lagrange’s function. 
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By substituting the complete and specific derivatives of the calculated Lagrangian function (18) 

- (23) into equations (10) - (15), we obtain the differential equations of motion of the working elastic 

shaft pairs. 
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   (28) 

In the research process, we need to ensure that the base plate moves at a constant speed, for 

which we obtain an integrated solution of the differential equations (24) - (25).  

,1 constx 
       

 

,1 consty 
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

      (29) 

Given that the base plate moves at a constant speed, then the angular velocity of the shafts are 

equal to const 
 and const  

 and angular acceleration is equal to 0 . In this case, the 

equations of motion (27) - (28) look like this: 

  ,0cos01  hrRgm      (30) 
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We determine the coverage angle from equations (30) and (31). 
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Conclusion. Based on the above results, our research work includes: if we conclude that the 

base plate on which the flat material is laid leaves the coverage area of the shaft pairs covered with 

the first working elastic material and the shaft pairs covered with the second working elastic material 

hit the coverage area, from the solutions of the differential equations given in this case, it can be seen 
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that the base plate moves along the chain at a constant speed. Also, based on equations (32) and (33) 

solved with respect to the coverage angle, we can say that the coverage angle must be less than 
90  

for the problem we are considering. If the coverage angle accepts values greater than 
90 , we cannot 

achieve the expected result. Thus, even when the system we are looking at is under potential forces, 

the base plate is moving at a constant speed. 
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Annotation. In this scientific article it is described that the substantiation the need for additional 

when growing potatoes in the Moscow region to obtain sustainable yields, indicates the unevenness 

of precipitation in the spring - summer period. The advantages of drip irrigation in comparison with 

other types of irrigation are given. One of the limiting factors for the widespread use of drip irrigation 

is the low degree of mechanization during the installation of drip tape. It has been proven that the 

combination of agro-technical operations will reduce energy consumption and increase work 

productivity. The water consumption of potatoes in different phases of plant life has been analyzed. 

The conditions for creating optimal water - air balance of the soil are considered. It is proved that in 

the initial period of plant development, the need for water is minimal, and the soil during this period, 

as a rule, is saturated with moisture formed during the process of snow melting. Therefore, it is 

rational to combine the installation of the drip tape with the operation to form ridges. The design of 

special equipment for laying the drip tape into the soil has been developed and the technical 

characteristics of the developed machine are given, the operating speeds and productivity of the 

machine is determined. The numerical values of the resistance of the drip tape laying have been 

determined and it has been proved that the installation of the working equipment on the ridge former 

will not lead to a noticeable increase in the traction resistance. It is recommended a drip tape settings 

for potato comb. The design of a drip irrigation system for growing potatoes is proposed, a list of the 

necessary working equipment is given. The water regime of the plant was determined at different 

stages of development and the irrigation rate and the time intervals between irrigations were 

corrected. 

 

Key words: root zone, water consumption, irrigation rate, drip tape, drip flow rate, pulling 

resistance. 

 

Introduction. The climate of the Moscow region is characterized by uneven precipitation. 

High-water years can be alternated with low-water years. Precipitation in summer is often stormy in 

nature, when a significant part of the moisture does not have time to be absorbed into the soil, but 

forms a surface runoff and goes into the water intake. Therefore, to obtain a sustainable harvest when 

growing potatoes, additional watering is required. [1, 2, 3]. The advantages of drip irrigation are the 

delivery of irrigation water directly to the root layer, which leads to significant savings in irrigation 

water and electricity and slows down the growth of weeds in the aisles, since they are much less 

moistened. Currently, the area of land using drip irrigation does not exceed 40 thousand hectares, 

which is less than 10 % of the total area of irrigated land in the Russian Federation. [4, 5]. This figure 

is significantly lower than in the USA, Israel and a number of European countries. The rate of 

introduction of drip irrigation into domestic agricultural machinery is significantly behind the 

indicators of the countries of Southeast Asia [6, 7]. One of the limiting factors for the introduction of 

drip irrigation into the agriculture of the Russian Federation is the low degree of mechanization when 

laying drip tape. In the United States, a number of companies produce specialized machines for 

placing drip tape to a depth of 45 cm, for example Andros, Rain Flo, Kenco Manufacturing, but there 
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are no machines for placing drip tape in a potato comb in the line of these manufacturers. [8, 9, 10]. 

Since the potato ridge has a small width at the top of 14 - 16 cm and a height of 25 - 30 cm, for better 

fixation, the drip tape should be placed in the upper soil layer. The creation of a specialized machine 

for placing a drip tape in a potato ridge will increase the degree of mechanization when growing 

potatoes using drip irrigation, reduce labor costs and increase work productivity. 

 

Materials and methods. While growing season, the need for water in potatoes changes. In the 

initial phase, the plant has sufficient reserves of moisture and nutrients from the mother tuber. During 

this period, the soil is saturated with moisture absorbed in the process of snow melting, so there is no 

need for additional irrigation. In the future, the need for water increases, reaching maximum values 

during the flowering period and the end of the growth of the tops. It is during this period that there 

may be a deficit of precipitation, or their uneven fallout. For normal plant development, the pore 

volume must be 65 – 80 % filled with water, a decrease in these indicators will lead to a slowdown 

in photosynthesis, and, consequently, to a decrease in yield. During this period, it is necessary to carry 

out additional watering. In the future, the water consumption of potatoes decreases slightly, but the 

need for additional irrigation remains until the period of wilting of the tops. It is rational to combine 

the process of laying the drip tape with the operation to form ridges, which is carried out 10-14 days 

after planting. For this, the working equipment for laying the drip tape should be placed on the comb 

former. In the process of research, it is necessary to determine additional traction resistance from 

laying a drip tape in the soil.  

The resistance force of laying the drip tape consists of the resistance force of pulling the tape, 

which, in turn, consists of the friction of the tape in the stacker, overcoming the imbalance of the coil 

and its friction against the axis, as well as the resistance of the soil to the development: 

𝐹𝑝𝑜 = 𝑅𝑛𝑔 + 𝐹𝑙𝑣 = 𝑅𝑛𝑔 + 𝐹𝑙𝑣𝑟 + 𝐹𝑙𝑑𝑟 + 𝐹𝑙𝑡𝑟 = 

= 𝜇 ∙ 𝐺𝑝 + 𝑘𝑝 ∙ ℎ ∙ 𝑏 + 𝜀 ∙ ℎ ∙ 𝑏 ∙ 𝑣2 + 

+(𝑓𝑜 ∙ 𝐺𝑙 ∙ 𝑑𝑜 ∙ 𝑑𝑝
−1 + 2 ∙ 𝐺𝑙 ∙ 𝑙𝑒 ∙ 𝑑𝑝

−1) ∙ (1 + е𝑓𝑜∙𝛽),               (1)  
where Flv is the resistance of pulling the tape, kN; Flvr - friction resistance of the tape in the 

stacker, kN; Fldr - effort to overcome the coil imbalance, kN; Fltr - resistance to friction of the coil on 

the axis, kN; Rng - soil resistance to development, kN; fo - coefficient of friction of the axle in the 

supports; Gl - weight of the tape coil, kN; dо - axis diameter, m; dр is the diameter of the coil, m; le - 

displacement of the center of gravity of the bay from the axis of rotation, m; β - tape wrap angle; µ - 

coefficient of friction of the working body on the ground; Gp - stacker weight, kN; kp — resistivity to 

cutting, kN/m2; ε - coefficient taking into account the effect of cutting speed on the resistance to 

digging; h - development depth, m; b - development width, m. The drip tape stacker consists of a 

spool and a guide tube mounted on a special frame. The guide tube, with the help of which the drip 

tape is placed in the soil, is bent downwards, and the opener is welded to it in front, to reduce the 

development resistance when forming a gap in the soil for laying the drip tape. The tape reel is 

mounted on a horizontal axis rotating on a support in the bearing assembly. The position of the spool 

is fixed by the pressure discs. There is a braking device on the vertical frame of the frame, the tension 

roller of which stops the unwinding of the tape when the machine stops moving. When the machine 

is moving, the drip tape is unwound from the spool and is placed along the guide pipe into the upper 

soil layer to a depth of 2 - 4 cm. 
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Figure 1. Construction of drip tape stacker: 

1 - guide tube, 2 - opener, 3 - drip tape, 4- shaft, 5 - coil of drip tape, 6 - protective disc with 

latch, 7 - vertical support post, 8 - braking device, 9 - tensioning roller. 

 

Based on the research results, an experimental model of the working equipment for laying drip 

tape into a potato comb was created. The model was tested in a dirt channel. During the tests, traction 

forces were measured (Figure 2). 

 
 

Figure 2. Testing the drip tape stacker model in the soil channel. 

The test results confirmed the data of theoretical studies, the resistance of the drip tape laying 

does not exceed 6 - 8% of the traction resistances arising during the formation of potato ridges. 

Therefore, it is possible to install additional working equipment on the ridge former for laying the 

drip tape into the potato ridge (Figure 3). 
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Figure 3. Drip Tape Laying Resistance Values. 

 

Results and discussion. Based on the research results, the working equipment for laying the 

drip tape into the potato comb was manufactured and mounted on the Grimme GF-75/4 ridge former 

(Figure 4). The machine was tested at the Field Experimental Station of the K.A. Timiryazeva. In the 

process of testing, technological operations for laying a drip tape were worked out. 

 
 

Figure 4. Laying drip tape while forming potato ridges. 

 

Based on the potato planting scheme, for uniform moistening, a drip tape with a diameter of 16 

mm was chosen with a flow rate of 1.6 l / h per drip chamber, with a distance of 30 cm between the 

emitters (Figure 5). 

 
Figure 5. Formation of the humidification contour during the operation of the dropper. 

 

During the tests, the working speeds were measured, the depth of the drip tape was monitored. 

The main parameters of the developed machine are presented in the table 1.  
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Table 1. Technical characteristics of the developed machine. 
Working body weight 2150 kg 

Working body width 3,0 m 

Working speed 0,9 – 1,4 m/sec 

Performance 0,51 – 0,97 ha/h 

Drip tape diameter 16 mm 

Dripper water consumption 1,6 L/h 

Dripper spacing 300 mm 

 

At the end of the installation of the drip tape, the drip irrigation system was installed (Figure 

6). 

 

 

 
Figure 6. Drip irrigation system: 

1 - tap; 2 - water pressure gauge; 3 - water meter; 4 - filter; 5 - dispenser; 6 - pressure regulator. 

 

In the course of further research, the irrigation rate was adjusted for different phases of potato 

development. Watering was carried out before the wilting of the tops. Different areas were moistened 

alternately, watering was carried out at regular intervals (Figure 7). 

 
Figure 7. Water consumption of potatoes at different stages of development. 
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Findings. The climatic feature of the Moscow region is uneven precipitation in the spring and 

summer, therefore, to ensure a stable harvest, additional irrigation is necessary. The advantage of drip 

irrigation is the delivery of water directly to the root zone, which makes it possible to economically 

use irrigation water and inhibits the growth of weeds in the aisles. It is rational to lay the drip tape 

together with the operation to form potato ridges. Placing the equipment for laying the drip tape on 

the Grimme GF-75/4 ridge former did not lead to a noticeable increase in traction resistance. The use 

of a drip irrigation system made it possible to create an optimal water - air regime during the growing 

season of potatoes. 
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Abstract. In this scientific article it is observed that the development and creation of energy-

saving machines and technologies for high-quality basic processing is one of main tasks today. The 

existing step plows for smooth, row less plowing have a number of disadvantages. With these plows, 

the technology of smooth plowing is carried out in conditions of a closed furrow, as a result, they do 

not ensure the turnover of layers the required degree and the sealing of plant residues, and also have 

a high energy intensity. The purpose study is to substantiate the parameters the disk angle stepped 

plow. Theoretical studies were carried out using the methods of classical mechanics. Analytical 

expressions have been obtained to determine the permissible distance of transverse discarding of soil 

particles by a disk angle and the range of flight of soil particles under the action disk, depending on 

its parameters. Theoretical studies have established that the permissible distance of transverse 

discarding of soil particles by a disk angle should be no more than 29 cm. The analysis of the 

expressions obtained showed that with an increase in the diameter disk angle-lift, its angle of 

installation to the pressure of movement, the angle of inclination to the vertical of depth of processing 

the angle-lift, the range of transverse rejection of soil particles increases. To ensure the established 

distance of soil discarding, the diameter of the disk angle-lift should be no more than 480 mm, its 

installation angle to the direction the hole should not exceed 35°, the installation angle to the vertical 

should not exceed 10º and the processing depth should not exceed 11 cm. 

          Key words: stepped plow, spherical disc, body liner, disk diameter, angle installation 

 

Introduction. The development and creation of energy-saving machines and technologies for 

high-quality basic processing is one the main tasks today. An integral requirement of a high culture 

of agriculture is the fundamental improvement technology of basic tillage through the development 

of new generation plows. Research on the development and application of non-egalitarian flat plow 

plows, on the justification of parameters their working parts Z. Uzakov [1], B. Tulaganov [2], F. 

Маiviatov [3-6], D. Irgashev [4], Yu. Syromyatnikov [7-9], A. Normirzaev [10], I. Ergashev [11], O. 

Sizov [12]  and others. Three-body linear plug with a disc-shaped bevel is made and researched by F. 

Mamatov [1, 2] (Figure 1). In this plug, the disc-shaped burners the working surface upside down on 

the working surface the corals, which only sufficiently overturned the chambers chymed fields. In the 

research carried out, it was observed that in the process of working a linear plug, its working organs 

are clogged with soil and plug has been proposed by the O. Sizov consisting of bodies that are located 

upright in the direction of movement and the disc-shaped working organs that are installed in front 
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of them. In the process of operation plug, the disc-shaped working organs in front bodies cut the 

corner plasts from the side furrow into the processing depth and throw it to the right over the plast 

and form an furrow in the form of a triangle close to its shape. The reliability workflow of the plug is 

extremely low and others proposed a plug to increase the reliability of turning the sledgehammers. A 

support is installed on the front edge of this plug, and in front housings, spherical disks are installed 

that cut the edge blade and turn it opposite to the tipping of blades, i.e. to the left. The literature does 

not provide information on tests of proposed plug A. Normirzayev [10] proposed to install a spherical 

disc in front rotary plow to ensure that it is not clogged with soil and plant residues and weeds are 

completely buried in the soil. F. Mamatov [1, 2]  and I. Ergashev [11] proposed to install spherical 

disk-shaped reducers on the axis of symmetry opposing bodies, which are closed to the frame the 

frontal plug. However, in the mentioned studies, the issues mutual arrangement the working bodies 

and justification parameters spherical disk-shaped plow with an angle cutter, which implements flat 

plowing without an edge, have not been sufficiently studied. 

The purpose study is to substantiate the parameters of disc angle of a stepped plow. 

 

Materials and methods. According to the results research work carried out, it has been 

established that step plows for smooth, rowless plowing have a number of disadvantages. Due to the 

fact that these plows smooth plowing technology is carried out in conditions of a closed furrow, they 

do not provide the required degree of turnover of layers and the sealing of plant residues, and also 

have a high energy intensity. As a result, step plows do not carry out high-quality processing of fields, 

and their productivity is low. The analysis of research has shown that in order to ensure the required 

turnover of layers and the sealing of plant residues, as well as to reduce fuel consumption, labor and 

other costs during smooth, no-frills plowing, it can be achieved by using a step plow with disk angle-

shifters.  

 
Fig. 1. Scheme of interposition of the sprocket plug disc shape angle controller  

and housing 

 

During the operation disc-shaped angle cutter, the pieces of soil turned over by it should be 

located on the side plate. Otherwise, the soil particles blade rolled with the disk angle cutter will 

prevent the blade rolled with the front body from turning over at the edge of its edge, and the 

technological process may be disrupted. When the soil particles are thrown beyond the specified 

distance, they hit the front casing and fall to the bottom plow. The following condition must be met 
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so that the soil particles overturned by the disc-shaped angle cutter do not touch the front body 

elements and the overturning plow and do not fall to the bottom plow.  

.dpt bbL                                                        (1) 

We determine the width bd plate to be cut with a disc-shaped angle cutter according to the 

following expression 

                 .cossin)2(2 ddd aRab                          (2) 

We put the value bd in expression (1) according to expression (2) 

.cossin)2(2 dddt baRaL                          (3) 

(3) calculations based on the expression bp=52.5 cm, admax=11 cm, R=24 cm, α=35º and g=10º. 

showed that it should not be larger than cm. 

 
Fig.2. Schematic basis throw distance of overturned soil particles with a disk angle cutter 

 

In order to determine the width soil turned over with a disc protractor, we will consider the 

process of turning over a log cut with it. In the process work, an angle cutter in the form of a spherical 

disc cuts and throws the earthen slab with an elliptical cross section to the side (Figure 2). In this case, 

we assume that the surface cross-section sawdust cut and turned over to the field surface is equal to 

each other, i.e.  

,
21

SFF                                                (4) 

Based on Figure 3 

;
2
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1
tctgh

F


     ;
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

                                (5)

 
where φt – is the natural slope angle, degrees; φk – soil collapse angle, grad. 

We put the values F1 and F2 according to (5) to (4) 

.
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From expression (6) 

.21 kt tgltgl                                               (7) 

We determine the values l1 and l2 from the above expressions  
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In that case  

.21u llL                                           (10)

 We put the values l1 and l2 in (10) 
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Fig.3. The scheme for determining the distance transverse throwing soil pieces with  

a disc-shaped protractor 

  

Considering that φ1=φ2= φk 
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M.Ergashev shows the face cross-section blade that can be cut with a disc-shaped angle cutter 

(11) can be determined by the following expression proposed by 
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in this 
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 – the vertical distance from the bottom to the centers projections the disks 

lowered into the transverse-vertical plane, m; 
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In this case, α is the depth of sinking the disk-shaped angle cutter into the soil. 

We put the value of S in (12) according to (13). 
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Results and discussion. According to the expression (14), taking φt=40°, we determine the 

distance Lu cross throw a piece of soil with a spherical disc. The distance transverse throw lump of 

soil Lu is the depth of immersion angle cutter in the form of a spherical disc into the soil (ad), the 

diameter spherical disc (D), the angle of its installation relative to the direction movement (α) and 

vertical (γ) graphs changes depending on are presented in Figure 4. 

 
Fig.4. The distance transverse throw soil lump (Lu) depends on the diameter spherical disk 

(D) and its direction movement (a) and the angle installation relative to the vertical (b), the depth  

processing angle cutter (ad) graphs of liq 

 

As can be seen from the graphs presented in Figure 4, the distance crosswise throwing soil 

pieces increased with the increase disc angle cutter processing depth ad, the direction of movement 

and the installation angles a and b relative to the vertical, as well as the diameter spherical disc D. 

(14) calculations according to the expression and based on Figure 4, the diameter disc angle 

cutter is greater than 480 mm, its installation angle relative to the direction of movement is greater 

than 35°, the installation angle relative to the vertical is greater than 10º, and the processing depth is 

greater than 11 cm should not be. 

 

Conclusions. Analytical expressions are obtained to determine the permissible distance of 

transverse ejection of soil particles by a disk angle and the flight range of soil particles under the 

influence disk depending on its parameters. Theoretical studies have established that the permissible 

distance for the transverse throwing of soil particles by a disk angle should be no more than 29 cm.  

According to the results of theoretical studies, for cutting the slats to a specified distance with 

a spherical disk angle cutter, its diameter is 480 mm, the installation angle relative to the direction of 
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movement is 35°, the installation angle relative to the vertical is 10º, and the depth of processing is it 

should not be more than 11 cm.    
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Аbstract. In this article, results of the theoretical and practical are described. The 

comprehensively analyzes the scientific research on the transfer of cotton to an air-assisted carrier. 

Based on the results of theory and practical work, the theoretical basis of the process of transferring 

cotton to an air-assisted carrier device was created. When transmitting raw materials to the starting 

part of the pipe of the carrier device using air at different starting speeds, the movement trajectories 

of cotton in the distance to the pipe and inside the pipe were determined. In this case, it is theoretically 

proven that cotton moves in the initial part of the pipe and gradually moves into the rectilinear 

movement. 

 

Key words: cotton, transfer, pipe, air, device, machine, horizontal tape, shaft, screw breaker   

 

Introduction. Currently, at the beginning of the technological process of cotton ginning 

enterprises, the mechanized transmission of cotton by air to the pipe of the carrier device system is 

carried out using the RBX brand screw breaker machine. The work of RBX garam breaker machine 

was studied at Namangan cotton ginning plant. With the help of the RBX pile milling cutter, it breaks 

the pile and gives the cotton to a horizontal tape device. It in turn transmits air to the carrier device 

pipe. There are options for moving up and down the stream with a pile milling machine installed and 

sliding next to it. Such an opportunity will increase the efficiency of its demolition of cotton from 

garam. The process of transferring cotton from the garam breaker machine garam is carried out in 

two stages in the specified scheme. In the first, a screw breaker machine is able to move along the 

length of the shaft, distorting the part of it around 6 meters. In it, the distance between the horizontal 

tape device and the stair is 5 meters.[1, 5] 

In the second stage, the boiler Breaker will be able to transmit the remaining 8 meters of the 

width of the cotton boiler. In this case, a horizontal tape device is installed on the cotton collection 

pad. 

 

Methods and materials. Having studied the condition of the cotton being transferred with the 

heap eliminator, we came to the fo llowing conclusion. The milling machine with its pegs breaks the 

cotton from the pile and transmits it to the tape in the ball position, and the cotton is distributed 

unevenly over the tape. As a result, an uneven transfer of cotton to the pipe of the carrier device with 

the help of air occurs. In order to study this in detail, the experimental device scheme was developed 

and prepared at the Namangan cotton ginning enterprise No. 3 (Figure 1). This air-assisted carrier 
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consists of a screw breaker with a curved tape device (1) and a horizontal tape device (2) and an air-

assisted carrier (3). A horizontal tape device is mounted along the screw breaker positioning line [6]. 

 
1 –bias tape devise ; 2-horizontal tape devise;  3-a tube which carries  the cotton 

Figure 1. Scheme of an experimental device prepared for the study of unevenness in the 

transmission of cotton 

 

The method of conducting the study is as follows: the equipment prepared for the study was 

conditionally divided into 10 equal sections of the length of the horizontal transporter, which is 

installed parallel to the fault-breaking alignment line. The linear speed of movement, the width and 

length of the tape, the dimensions of the plots were determined, scales were prepared for pulling 

cotton [7]. 

Research results. The output side of the transporter is designed to transmit material directly to 

the pipe. The air-assisted carrier device separator and fan, horizontal transporter and throttle Breaker 

was  installed according to the current operating rules. During the study, the operation of the screed 

breaker and separator is regularly monitored, special attention is paid to the process of transferring 

cotton. After 60 Minutes, the screw breaker and horizontal tape device was  stopped at the same time. 

In this, a spread of cotton is  formed on the surface along the length of the tape. It characterizes the 

state in which the material from which the spread is transmitted is transmitted. 

On the surface of the resulting spread horizontal tape cut into pieces according to the specified 

plots. 

Each piece weighed and the weight of the Cotton was determined for each piece separately and 

without generalization. 

Experiment is repeated 3 times. 

The unevenness indicator was developed according to a special methodology: 

1

)(
1









n

kk

S

n

l

cpi

                (1) 

Here: S- dispersion of material specific density along the surface of the tape; 
лF

m
k  - criterion 

characterizing the magnitude of the weight of the material corresponding to the belonging area; m- 

the weight of cotton on the given plot of the tape;  Fл - area of the tape plot being seen; n-number of 

plot (n=10).  

The transmission productivity of the device is found by the following formula, depending on 

the mass of cotton on the tape: 
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ст
L

Vm
П л /6,3


           (2) 

Here: m- the mass of cotton on the tape,kg; V tape speed, м/с; L –tape length m. 

 

1-Table. Results of research on the unevenness of the transmission of cotton by air to the 

carrier device 

Demonstrators 

Cotton sort 

and variety 

Hum

idity% 

Bulk 

density 

kg/m3 

Productiv

ity t/hour 

Comparati

ve density 

dispersion kg/m2 

Breakd

owns over 1 

hour 

С6524 

II type  

hand 

picking 

9,5 66,6 9,7 1,61 1г 

9,5 75,6 9,5 2,33 1г 

9,5 83,4 9,97 2,74 2г, 1с 

С6524 

II type 

car picking 

11,2 69,2 9,2 2,11 2г 

11,2 74,4 9,1 2,62 1г 

11,2 89,7 9,8 3,06 4г, 2с 

 

As can be seen from Table 1, when transferring cotton, its unevenness will be high. This 

indicator increases depending on the increase in the volumetric density of the cotton and the high 

humidity. This situation occurs as a result of excessive compaction of cotton from garam. The screw 

breaker machine cannot vibrate the Cotton at the required level. Observations have shown that in high 

unevenness, cotton settles on the surface of the tape as pistols, with a large density and weight, and 

hides a certain cross-section of the input when entering the pipe. If, in this way, the pieces enter the 

pipe, a large aerodynamic shadow will be characteristic behind it during the transportation process. 

In this zone, the air pressure is significantly lower, after which the piece falling into the pipe falls to 

the bottom of the pipe, not getting the necessary aerodynamic force. Here, the line of aerodynamic 

forces is also joined by the resistance force generated by the penetration of cotton into the inner 

surface of the pipe, and the pipe Inlet is clamped. 

During the study, the clogging of cotton in the pipe at low humidity and not too large volumetric 

density for an hour was observed 2 times at the entrance, once in the separator chamber. And in the 

case of large humidity and volumetric density, 4 times there was a blockage at the entrance to the 

pipe, 2 times in the separator chamber. 

The negative effect of blockages in the Separator chamber will be especially great. To eliminate 

blockages in the separator, an average of 25 minutes of production time is spent, depending on its 

severe-lightness level. A break in the separator cider vinegar can also occur in this, and it will take 

extra time to replace it. In addition, when the separator's chamber is clogged with Cotton, Cotton will 

overflow into the working Chamber of the stoneware. This is overlooked during production. As a 

result of this, only part of the cotton is absorbed by the air. The rest of the way ends up in the rock-

collecting bunker of the quarry.  

From the above, it can be concluded that it is necessary to reduce the unevenness in the 

transmission of cotton. This provides an opportunity to increase the performance of all elements of 

the air-assisted carrier and the equipment that forms the technological chain of cotton processing. 

It is necessary to develop a theoretical framework for conducting research on an air-assisted 

carrier device. Through this, it is required to carry out a more accurate study, which fully reveals the 
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process of collision of cotton with all working organs of the carrier device using air. And on the basis 

of this, it is possible to improve the structures of the device elements. 

Theoretical verification of the process of transferring cotton to the pipe. The air-assisted 

transport process represents the flow of air particles moving inside the pipe using the air pressure 

generated by the fan inside the device, and of solid bodies and particles moving by means of 

aerodynamic resistance to them and frictional forces. When transporting cotton by air, the 

concentration of air and cotton mixture has a significant effect on the nature of Transportation. 

Resistance forces with inertial forces practically do not change in size at the time when the 

Material moves in a straight line pipe using air. In this case, the transmission of cotton along the axis 

of the pipeline of the carrier device using air creates favorable conditions for the transportation 

process.  

 The absence of theoretical developments in the selection of favorable conditions when 

transferring cotton to the pipe puts the issue of studying from the theoretical side the process of 

transferring cotton to the pipe of the carrier device using air. The solution of this issue ensures the 

moderate course of the air-assisted transportation process.      

Transfer cotton to the pipe and study its movement inside. Let the tape device be used when 

transferring cotton to the pipe of the carrier device using air figure 2. 

   
 

Figure 2.  Transmission of cotton to the pipe of the carrier device using air using a tape 

device. 1-horizontal tape device; 2-piece of cotton; 3-pipe 

 

Let's look at the movement of a piece of cotton on the HOU plane. First, we put the coordinate 

at the point where the contact of the tape with a cotton swab is interrupted. 

The slice cut from the tape is affected by aerodynamic and weight forces. The equation of 

motion will look like this: 



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                                 (3) 

Here: m mass of piece, kg; Ux,Uy- the velocity of the slice on the coordinate axes is.          

Fx=kпUx;  Fy=kпUy ,                              (4) 
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In this: Fx, Fy - aerodynamic forces against the movement of the particle on coordinate axes;  

mgРм   - weight force; g - free fall acceleration; kп - aerodynamic resistance coefficient of a piece 

of cotton. 

Putting the equation of the acting forces and developing the system, we get: 

 













п

y
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x
пx

k

mg
U

m

k

dt

dU

U
m

k

dt

dU

              (5) 

(2.5) solutions to the equation yx,  - gives the velocities of a piece of cotton on coordinate axes. 

By integrating the solutions once in time, one obtains )(ty  and )(tx  - time from solutions subtracting 

the results of t  )(xyy   - we take the law of change of the movement of a piece of cotton:  
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y                                     (6)  

By this law, we separate the cotton from the surface of the tape and build a graph of the 

trajectory of movement up to the pipe (Figure 3). 

 

 
Figure 3. The trajectory of movement of cotton to the pipe. 

 

Figure 3 depicts the trajectory of the movement of a piece of cotton prior to its arrival in the 

pipe of the carrier device using air.As can be seen from the graph, the piece moves along the ascending 

trajectory after separating from the surface of the tape, in which, at a small initial speed, the piece 

comes to the pipe with a small speed, at a large speed –on the contrary. 

At the time of studying the movement of cotton in the pipe absorber, so that it is convenient, 

we first put the coordinate at the beginning of the pipe. Let's assume that the particle is moving 

between two infinite walls:           

                                              у=0    and    у=d. 

Let's assume that a piece of cotton during a meeting with an air flow has an absolute speed, 

moving it at a certain angle relative to the pipe axis. Then the equation of motion becomes: 

1-Ux0=3 м/с 
2-Ux0=6 м/с 
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Figure 4. Movement of cotton in the pipe 

dt

dx
U x   and considering the 

dt

dy
U y  , (7) we integral the system under condition t = 0. The 

solution would be: 
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This system of equations determines the trajectory of the cotton to settle in the Hou plane. 

At a certain distance (X), the piece collides with the inner wall of the pipe and is fired upwards 

under the influence of shock force. 

From the scheme in Figure 4 we find the following equality: 

22
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tg 2
                          (9) 

here: n  - recovery coefficient. 

Based on analytical calculations, the expression of the velocity of the post-impact cotton swab 

and the coordinate axes ),( yx  let's determine the location on: 
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(10) and (11) the equations determine the position of the splitter at the first stroke on the pipe 

wall. In this, the slice reaches the critical point and goes down. If the vertical coordinate magnitude 

of the critical point is greater than the diameter of the pipe, then the piece will hit the upper wall. Its 

subsequent state can be determined with sufficient accuracy by equations of the Form (10) and (11). 

Only, modifications are made taking into account the direction of the initial speed after the stroke 

[16].  

(11) time from expression  subtracting the results of t    

)(tyy   - the law of change of the trajectory of a piece of cotton on the diameter and length of 

the pipe is graphically illustrated. 

  
Figure 5. The trajectory of movement of a piece in a pipe. 

 

An interesting case can be observed from the results, that is, during the movement of a piece of 

cotton in a pipe, a collision of a piece with a blow to the wall of the pipe occurs, even without taking 

into account the turbulence of the flow, longitudinal, rotating and other forces. The larger the 

velocities in this, the faster and more intense the shock.  

 

Conclusions. Based on the results of theoretical and practical work with a comprehensive 

analysis of scientific research on the transmission of cotton to an air-assisted carrier, we draw the 

following conclusions: 

The theoretical basis of the process of transferring cotton to an air-borne device was created. 

When transmitting raw materials to the starting part of the carrier device pipe using air at 

different starting speeds, the movement trajectories of cotton in the distance to the pipe and inside the 

pipe were determined. In this, it was proved in a theoretical way that Cotton moves with jumps at the 

beginning of the pipe and gradually moves into a straight-line movement. 

Based on the theory of movement of cotton at the beginning of the pipe, an equation was found 

for the effect of the speed of transmission of cotton on the pressure of the air consumed to accelerate 

it. The higher the initial speed it was found that the less energy consumption it would take to 

accelerate cotton.  
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Abstract. In this scientific article, it is described that, currently, in world practice, feed 

spreaders are designed for large livestock farms, so they do not work well when used in family farms 

with 5-10 head of cattle or 50-60 head of sheep. The purpose of the study is to substantiate the 

parameters of the unloading window of a feed dispenser for family farms. A small device for 

distributing coarse feed has been developed for family farms. It consists of a hopper, a rotor, walking 

wheels, an electric motor, a worm gear, a belt drive and a discharge chute. Crushed straw, corn and 

alfalfa stalks were selected as roughages in the experiments. To determine the height and width of 

the spill window, one-factor experiments were conducted using the existing regulations on the 

developed device. According to the results of the conducted experiments, in order to ensure the 

quality of distribution of coarse feed at the level of the specified requirements, the width of the 

discharge window of the distribution device should be 40 cm. In this case, the amount of feed spillage 

is 4.71 kg/m in corn, 4.27 kg/m in alfalfa and 3.43 kg/m in straw and satisfies the initial requirements. 

The height of the pouring window should be 30 cm to ensure the required quality of pouring ground 

corn, alfalfa and straw. The amount of distributed mass is 3 kg to 5 kg per daily ration, 4.35 kg/m in 

corn, 4.05 kg/m in alfalfa, and 3.55 kg/m in straw, which is at the level of the specified requirements. 

According to the results of the experiment, the height of the discharge window of the developed 

distributor device was assumed to be 30 cm and the width was 40 cm. 

 

Key words: feed dispenser, corn, chopper, substantiation, device, coarse, daily ration 

 
Introduction. Currently, there are feed preparation and distribution devices designed for large 

livestock farms, while feed shredders have been developed for use on small livestock farms and 

private family farms. However, due to the lack of feed distribution equipment for small farms, this 

work is done by hand. This leads to low work quality and high labor costs [1-3]. 

The preparation of fodder for feeding livestock necessarily includes their grinding, mixing and 

distribution. These operations are mainly used to determine feed efficiency and animal productivity. 

Combining two or more operations in one technical tool is the most reasonable from an economic 

point of view, because it reduces the energy and metal consumption of the process of preparing 
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complete feed mixtures, as well as the number of loading, unloading and transportation operations 

[4]. 

Livestock industry is one of the important sectors of agriculture of our country. Nowadays, 

there are many small farms specializing in livestock. Increasing productivity in livestock farming 

depends on good feeding of livestock with different types of fodder. The method of grazing livestock 

in the summer pastures of the desert or foothills leads to a significant reduction of the flora, as well 

as severe land degradation [5-7]. 

Today, several types of machinery and grinders are developed and used for the cultivation and 

harvesting of wheat, barley, soy, alfalfa, corn and fodder crops, as well as grinding of coarse and 

concentrated feed for these farms. 

But for these small farms, this work is done by hand due to the lack of a spreader that mixes 

coarse and concentrated feed together. This causes increased labor costs, poor mixing of nutrients 

and uneven distribution [8-11]. 

In agricultural production, various structural and technological schemes are used for the 

preparation and distribution of feed in livestock farms. The most common technology for feeding 

young cattle on farms is the distribution of feed by mobile spreaders. The specificity of feed 

preparation and distribution processes for small cattle farms shows the need to develop specific 

solutions for the mechanization of feed distribution in these farms. 

For this reason, it is urgent to develop a device that distributes crushed coarse fodder for 

livestock in small family livestock farms according to the daily ration in the same qualitative manner. 

Considering the above, a small-sized, low-metal, low-energy, resource-saving feed dispenser 

for family livestock farms was developed, and the theoretical and experimental dimensions of the 

height and width of the discharge window were determined. 

 

Materials and methods. GOST 34748-2021 "Agricultural machinery. Feed distributors. Test 

methods", GOST 20915-75 "Agricultural machinery. Methods for determining test conditions" "Feed 

mixtures". The methods given in the standard method manual "Technical conditions" were used [6-

9]. 

Based on the above, a small device for distributing coarse feed was developed for family farms. 

The device consists of a hopper, a rotor with a shovel that pours feed, walking wheels, an electric 

motor, a worm gear, a belt drive and a pouring chute (Fig. 1). 

 
 

1-wheels; 2-switch; 3- handle; 4- bunker; 5- pouring window; 6-rotating shovels; 7- drain;  

8-drain window door; 9-electric motor; 10- reducer; 11- belt drive 

 Figure 1. Of the coarse feed distribution device trial copy 
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Chopped straw, corn and alfalfa stalks were selected as roughages, and the quality of their 

distribution largely depends on the height and width of the discharge window. Taking this into 

account, the dimensions of the height and width of the pouring window, which ensure the distribution 

of the amount of feed specified in the initial requirements and specifications of the device, were 

experimentally researched [9]. 

The experiments were carried out in a one-factor model, where the number of blades in the 

rotor is 2 pieces, and the number of rotations of the blade rotor is 50 r/min. First, in order to study the 

width of the pouring window in this part, experiments were conducted by changing the width of the 

pouring window from 30 cm to 45 cm with an interval of 5 cm. 

The feed and distribution distance was determined to be 10 meters, and from this, the mass of 

the feed in the middle part of 5 meters was taken and it was found to be uniform in quantity. 

 

Results and discussion. The results of experiments to determine the width of the initial 

discharge window in the feed dispenser are presented in Figure 2. In this case, the amount of feed 

spilled per meter was measured when conducting experiments on the distribution of crushed corn by 

increasing the discharge window from 30 cm to 45 cm. Accordingly, when the width of the pouring 

window is 30 cm, the amount of corn on average is 3.18 kg/m, when it is 35 cm, the amount of feed 

is on average 3.64 kg/m, when it is 40 cm, the amount of feed is on average 4.71 kg/m, and when it 

is 45 cm, the amount of feed is it was found to increase to 6.26 kg/m on average (Fig. 2). 

 
 

1) corn                          2) alfalfa                         3) straw 

 

Figure 2. Coarse feeds depending on the width of the discharge window 

change in the amount of distribution 

  

When the distribution of chopped alfalfa was studied in the same way, when the width of the 

pouring window was 30 cm, the amount of feed was on average 2.58 kg/m, when it was 35 cm, the 

amount of feed was on average 3.04 kg/m, when it was 40 cm, the amount of feed was on average 

4.27 kg/m, 45 cm, it was found that the amount of feed increases to 5.86 kg/m on average (Fig. 2). 

When studying the level of distribution of chopped straw as above, when the width of the 

pouring window is 30 cm, the amount of feed is on average 1.78 kg/m, when it is 35 cm, the amount 

of feed is on average 2.24 kg/m, when it is 40 cm, the amount of feed is on average 3.43 kg/m, 45 

cm, it was found that the amount of feed increases to 5.16 kg/m on average (Fig. 2). 
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Based on the research, it was determined from the above experiment that the number of blades 

in the rotor is 2 pieces, the number of revolutions of the blade rotor is 50 r/min, and the height of the 

pouring window is changed from 20 cm to 35 cm when the width of the pouring window is 40 cm. 

When the height of the discharge window is changed from 20 cm to 35 cm with 5 cm intervals, 

when the height of the discharge window is changed in the device, the average discharge mass of the 

ground corn when the height of the discharge window is 20 cm is 3.28 kg/m, and it is 3.39 kg on 

average when the height of the discharge window is 20 cm. /m was found to increase to an average 

of 4.35 kg/m at 30 cm and 5.49 kg/m at 35 cm (Fig. 3). 

 

 
1) corn                          2) alfalfa                         3) straw 

 

Figure 3. Coarse feeds depending on the height of the discharge window 

change in the amount of distribution 

 

When analyzed in the same way, the mass of the crushed alfalfa was 2.88 kg/m on average, 25 

cm on average 2.99 kg/m, 30 cm on average 4.05 kg/m, 35 cm on average 5.19 kg/m it was found to 

increase (Fig. 3). 

Analyzes of chopped straw showed that the shed mass averaged 2.48 kg/m, 2.59 kg/m at 25 cm, 

3.55 kg/m at 30 cm, and 4.69 kg/m at 35 cm. was determined (Fig. 3). 

 

Conclusions. According to the results of the conducted experiments, in order to ensure the 

quality of distribution of coarse feed at the level of the specified requirements, the width of the 

discharge window of the distribution device should be 40 cm. In this case, the amount of feed spillage 

is 4.71 kg/m in corn, 4.27 kg/m in alfalfa and 3.43 kg/m in straw, which satisfies the initial 

requirements. The height of the pouring window should be 30 cm to ensure the required quality of 

pouring ground corn, alfalfa and straw. The amount of distributed mass is 3 kg to 5 kg per daily ration, 

4.35 kg/m in corn, 4.05 kg/m in alfalfa, and 3.55 kg/m in straw, which is at the level of the specified 

requirements. According to the results of the experiment, the height of the discharge window of the 

developed distributor device was assumed to be 30 cm and the width was 40 cm.     
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Abstract. In this scientific article, it is presented thet the general structure and operation process 

of the vibro-hydromachine, which is agrotechnically and ecologically convenient for the agro-

industrial complex, does not cause chemical damage to other types of crops in the environment, and 

ensures that the spraying unit is energy-efficient. The theoretical aspects of determining the main 

parameters and operating modes of the vibrohydroelectric machine are given (velocity pressure of a 

hydraulic or pneumatic mixer and the potential energy of settling particles (or kinetic energy at the 

moment of settling), to ensure the circulation of mixing flows, the required flow rate of jets from the 

hydraulic mixer nozzles is, fluid pressure force at point A, pressure at point 2 at depth h, measured 

from the level of point 1, absolute pressure (Pa) at an arbitrary point in the liquid, excessive pressure 

Pi, flow of working fluid through the sawing device of the unit, insignificance he). Also, field 

experiments have shown the performance of the modernized proposed working bodies.  

 

Key words: drops, working fluid, energy-saving, hydro-mixer, spraying, chemical damage  

 

Introduction. The agricultural sector uses agrotechnical, mechanical, biological, chemical and 

physical methods of plant protection [1,2,3,4,5]. According to many scientists and specialists 

[6,7,8,9], the chemical method of plant protection in the near future still remains one of the main 

methods of protecting plants from various pests and diseases. 

At the same time, the transition to a low-volume or ultra-low-volume spraying method is both 

economically and environmentally beneficial. Therefore, improving the design of modern spraying 

equipment is of great interest. Existing technical means have a high energy intensity of the spraying 

technological process and low technical efficiency of the working fluid used [10,11,12]. A large 

volume of supplied working fluid requires significant kinetic energy to crush it and transport the 

formed droplets to the surface of the object being processed.  

 

Materials and methods. Hence the need arose to increase the technical efficiency of the 

formed droplets and reduce the energy intensity of the dispersion process by expanding the 

technological capabilities of the spraying unit. 

To achieve this task, the authors have developed a new multifunctional spraying unit containing 

a vibro-hydro or pneumatic mixer 4, a rotary-roller dispenser 19, a reservoir 2, a control unit 16 with 

a distributor 14 and hydraulic communications 7 and 21 (Fig.1) [12].  
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Fig.1. Scheme of the technological process of operation of the proposed vibrating hydraulic mixer: 

1- fairings; 2-reservoir; 3 currents of working fluid; 4-vibrohydro-or pneumatic mixer; 5- neck;                 

6- spring-vibrator; 7,17,21,22,23,13- tubes; 8-valve; 9-bypass valve; 10-stop valve; 11-handle;                   

12-return spring; 14-distributor; 15-working cavity; 16- block regulator; 18-main filter; 19- rotary 

roller pump; 20-way valve; 24-hinge; 25-adapter; 26-foot; 27-spray; 28-perforated bracket; H, Hl, d, 

e, L, B, c, α, β - the main parameters of a vibrohydro or pneumatic mixer; Va – unit speed. 

 

The tank is equipped with a float dispenser. The dispenser is made in the form of two float 

elements 2, placed inside the tank with the possibility of free movement up or down along the rod 9 

vertically lowered into the tank through its lid (Fig.2). 

Unlike the well-known one, the proposed vibrohydro or pneumatic mixer consists of two 

folding parts. The hinged mount 24 greatly facilitates service work to eliminate sudden failures in a 

vibrohydro or pneumatic mixer. If necessary, the outlet pipe 21 can be directly connected to the aero-

vortex caviator of the spraying unit. The hydraulic mixer can also operate in pneumatic mode. 

Due to the constant circulation of the working fluid around the vibrating hydraulic mixer, 

conditions are created to ensure a constant concentration of the sprayed working fluid. 

 

Results and Discussion. In the proposed vibro-hydro or pneumatic mixer, settling particles of 

the drug can be lifted upward under conditions if:  

                                             ,PЕ                                                                              (1) 

where E, P – are the velocity pressure of the hydraulic or pneumatic mixer and the potential 

energy of the settling particles (or kinetic energy at the moment of settling), kgm2/sec2. 

To ensure the circulation of mixing flows, the required flow rate of jets from the nozzles of the 

hydraulic mixer is equal to:  

                                               ,
2

n

С
nd

М
К cj                                                                    (2) 

where Kc – circulation coefficient, Kc=4.5; M – is the mass of the filling dose of the drug, kg; 

n – is the number of hydraulic mixer attachments; dn – diameter of the nozzle hole, m; C – value is 

assumed to be constant for the operating conditions of the hydraulic mixer, m6/kgsec4 .    



 
 

AGRICULTURAL ENGINEERING  SOLUTIONS                                                           34 of 51 

      

Agricultural engineering solutions 2023, 3(3).                                                          agrieng.com.uz 
 

Springs - vibrator 6 imparting oscillatory movement on the body of the mixer 4 creates 

conditions for increasing the intensity of mixing the liquid in the tank. 

The reservoir of the unit is equipped with a float dispenser 2 (Fig.2), which ensures the supply 

of a small portion of the working fluid by the air-vortex caviator. 

So, for example, in a tank, on the surfaces of the float elements 2 there is a compression stress 

equal to:             

                                                 ,
lim

S

P

AP
S








                                                                      (3) 

where PA – is the fluid pressure force at point A; ΔS – is the value of the elementary area 

containing point A; ΔР – compressive force acting on the area ΔS.  

The pressure of the working fluid increases with depth h according to the law: 

                                                      ,12 hPP                                                                        (4) 

where P1 – is the pressure at an arbitrary point 1 of the liquid in the tank; P2 – is the pressure at 

point 2 at depth h, measured from the level of point 1; γ – specific gravity of liquid (γ=1000 kg/m3). 

 
Fig.2. Scheme for calculating a float dispenser: 1- bracket; 2 - floats; 3-adjusting element;  

4- bushing; 5- siphon; 6- tube; 7- valve; 8—fluid pressure diagram; 9- rod, b- coordinate axes of 

point A. 

 

The absolute pressure (Pa) at an arbitrary point in the liquid is equal to:  

                                          ,HRP ata                                                                    (5) 

where H – is the depth of the point above the free surface; Rat – atmospheric pressure. 

 

The excess pressure created in this case only by the volumetric weight of the liquid is equal to:  

                                                           НPe  .                                                                        (6)   

As can be seen, by maintaining a constant depth h of sinking siphon 5 into the working fluid. 

Applying the theorem of momentum on the jet axis, we find the flow rate of the working fluid through 

the sawing device of the unit:   
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                                           ;22

g
fqFH jc


                                                     (7) 

                        ,2 ecc gРfq                                                                     (8) 

where fj – jet cross section (
4

2

c
j

d
f


 ); eР – excessive pressure in the central tube at the level 

of the capillary channel of the caviator, (


аtаe РРP
H


 ); υ- the speed of the supplied jet, м/с;                  

2

cd – diameter of the capillary channel; μ – capillary channel flow coefficient, (μ≈1,0); dc – diameter 

of the capillary channel.  

When using a pneumatic mixer, the tank of the apparatus transforms into a closed vessel with 

some excess pressure on the free surface (Ро>Раt) and the piezometric plane can be located above the 

free surface of the working fluid by the following amount: 

                                    


eato
e

PPP
h 


 .                                                                (9) 

where  Рe – excessive pressure on the free surface of the liquid.  

 

However, due to the insignificance of hon compared to h, it can be neglected in calculations.  

The coaxially streamlined air flow created by the OVX-600M fan of the unit transports highly 

dispersed droplets formed by the sprayer to the object being processed. 

Conducted field experiments showed the performance of the modernized proposed working 

bodies. The average median diameter of droplets formed is 99.79...104.05 microns at a working fluid 

flow rate of up to 75 l/ha (200 l/ha with the existing one), and the average level of leaf fall during 

cotton defoliation was 97.5% (80-90% with existing spraying method), which indicates the high 

efficiency of the modernized spraying unit. 

 

Conclusion. Traditional spraying methods do not provide a low-volume supply of working 

fluid to the sawing tips. 

The use of a vibrating hydraulic mixer ensures the stability of the concentration of the working 

fluid in the tank. 

Equipping the unit with a vibrating hydraulic mixer and a float dispenser increases the technical 

efficiency of the sprayed liquid and makes the unit multifunctional. 

The average median diameter of the formed drops was 99.79...104.05 microns at a working 

fluid flow rate of up to 75 l/ha (200 l/ha with the existing one), and the average level of leaf fall during 

the defoliation of cotton was 97.5% (80-90% with the known spraying method).  

References. 

1. Matchanov R, Rizayev A, Astanakulov K, Tolibaev A,  Karimov N 2021 IOP Conf. Series: 

Earth and Environmental Science 677 1 – 6 

2. F A Alimova et al 2022 IOP Conf. Ser.: Earth Environ. Sci. 1112 012021 

3. Shaymardanov B, Borotov A and Jumatov Y 2020 IOP Conference Series: Materials Science 

and Engineering 883 (1)  012111 

4. Abdulkhaev Kh G and Barlibaev Sh N 2023 IOP Conf. Ser.: Earth Environ. Sci. 1154 012058 

5. Kh D Irisov et al 2022 IOP Conf. Ser.: Earth Environ. Sci. 1076 012011 

6. MireiaAltimira, Alejandro Rivas, Gorka S. Larraona, Raul Anton, Juan Carlos Ramos 2009 



 
 

AGRICULTURAL ENGINEERING  SOLUTIONS                                                           36 of 51 

      

Agricultural engineering solutions 2023, 3(3).                                                          agrieng.com.uz 
 

International Journal of Heat and Fluid Flow  30(2) 339–355 

7. Gary J.Dorr, Andrew J.Hewitt, SteveW.Adkins, Jim Hanan, Huichun Zhang, Barry Noller 2013 

CropProtection 53 109–117 

8. Khmelev V N, Shalunov A V, Shalunova A V 2010 Alt. state tech. un-t, BTI  Biysk 22 – 23 

9. Borotov A, Choriev R, Boykulov U and Khatamov A 2023 E3S Web of Conferences 390 04038 

10. Podgornyj Yu I et al 2021 J. Phys.: Conf. Ser. 2061 012039 

11. Marko Petković et al 2021 E3S Web of Conferences 273 07028 

12. Irisov  Kh and Xamidov G  2023 E3S Web of Conferences 386, art. no. 03003. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

AGRICULTURAL ENGINEERING  SOLUTIONS                                                           37 of 51 

      

Agricultural engineering solutions 2023, 3(3).                                                          agrieng.com.uz 
 

 

 

 

RESERACHING THE CONTOUR AND DIMENSIONS OF THE GUIDING CHANNEL OF 

AN ELLIPTICAL DRUM ACCORDING TO THE OPERATION CONDITIONS AND 

KINEMATIC REGIMES 

 

Sh. Ravutov1*, G. Ibragimov2, S. Shokirov1, Sh. Komilov1 

 

1Tashkent State Technical University, University Street-2, Tashkent, 700034, Uzbekistan. 
2Department of Dynamical Systems and Their Applications V.I.Romanovskiy Institute of 

Mathematics Academy of Sciences of Uzbekistan 100174, Tashkent, Uzbekistan. 

 

 

Abstract: In this article, it is described that the synthesis of the mechanism of an elliptical drum 

of a vertically spindle drum, which increases the completeness of the collection and the quality of the 

harvested raw cotton. In particular, it developed a methodology for substantiating the profile and 

dimensions of the guide track, which ensures the movement of the spindles along an elliptical 

trajectory. At the same time, the profile and dimensions of the guide track are considered as a function 

of the trajectory and kinematic modes of the spindle. It is shown that the trajectory of movement and 

kinematic modes of the center of the guide roller can be the basis for choosing the profile and basic 

geometric dimensions of the guide track. The trajectory of the center of the guide roller at its different 

positions relative to the center of the spindle, moving along an elliptical trajectory, is determined 

using the Geo Gebra program, which is popular in the mathematical modeling environment, and its 

kinematic parameters are determined by constructing hodographs of the speed of the center of the 

guide roller. 
 

Key words: elliptical drum, vertical spindle, cotton harvester, kinematic regime, rotation 
   

Introduction. One of the deficiencies of vertical spindle cotton harvesters (VS CH) used in 

Uzbekistan is low cotton harvesting completeness indicators at high yields (over 35-40 c/ha). 

According to many studies, the main reasons for this deficiency are the small number of spindles 

simultaneously participating in harvesting in the working zone and their low orientation to the cotton 

bolls [1, 2, 3]. 

Scientific research and experimental design work conducted since the creation of VS CH show 

that the complete elimination of this deficiency within the framework of a serial cotton harvesting 

apparatus is virtually impossible [4,5,6]. This is explained by the impossibility of directing the 

spindles along a given trajectory and controlling their kinematic regimes in a serial drum. 

By structural design, a vertical-spindle drum is a planetary mechanism with reversible rotation 

of the satellites. And in terms of its construction, it consists of an upper and lower discs fixed to a 

shaft and equipped with vertical spindles mounted on the discs. During operation of the cotton 

harvesting apparatus, the shaft rotates along with the discs, and the spindles rotate around their own 

axes. The rotation of the spindles around their own axes in the harvesting zone is carried out by means 

of an immobilized friction belt installed externally, and in the cotton removal zone from the spindles 

by means of a reversing clutch immobilized internally inside the drum, which determines the 

reversible rotation of the latter. (Figure 1). 

During machine operation, the spindles interact with the cotton bushes from the side and upon 

encountering cotton bolls, capture cotton locks, wind them around themselves and by rotating 

together with the drum and around their own axes, transfer the cotton windings to the cotton removal 

zone, where as a result of reversing the rotation direction, the main part of cotton self-falls off and is 

partially removed with the help of a brush picking head. 
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Figure 1. Scheme of a serial vertical-spindle drum: 1-drum; 2-spindle; 3,4-friction drives of 

the spindles; 5,6-springs 

 

The effectiveness of spindle contact with bolls, encountering cotton, its capture and winding 

depends on the number of simultaneously operating spindles, their trajectory and kinematic regimes. 

At the same time, the process of interaction between spindles and cotton bushes has a probabilistic 

character: increasing the contact zone with cotton bushes and the number of simultaneously operating 

spindles, achieving optimal kinematic regimes of spindles should increase the efficiency of vertical-

spindle drums [3]. 

Taking into account the impossibility of controlling the trajectory and kinematic regimes of 

spindles in a serial drum, the idea was put forward to control the trajectory and kinematic regimes of 

spindles through the structural development of the vertical-spindle drum mechanism [3]. According 

to this idea, each spindle on the drum must be installed on a separate cassette and must move in 

relative motion, forming a larger arc. Thereby, the contact zone of spindles with bushes increases and 

the number of simultaneously operating spindles in the working zone, and the kinematic regimes of 

the latter provide reliable wrapping and winding of cotton locks on the spindles. Drums created on 

this principle can be called non-circular, and the trajectories of relative spindle motion can be an 

ellipse or elongated oval, with the major axes coinciding with the direction of machine movement 

[3]. Issues of structural analysis of the mechanism of a non-circular drum, selection of basic kinematic 

regimes of mechanism links applicable to a cotton harvesting apparatus drum are considered in work 

[8]. The geometric and speed parameters of a non-circular (elliptical) drum, based on the working 

conditions of the cotton harvesting apparatus, are substantiated in work [3]. 

 
 

Figure 2. Diagram of the structurally developed (elliptical) drum: 1-shaft; 2-spindle cassette; 

3;4-friction drives of the spindles; 5;6- springs; 7-guiding channel; 8-guiding roller. 
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Materials and methods 

The theoretically substantiated geometric dimensions of the elliptical drum [3]: the major semi-

axis b = 175 mm; the minor semi-axis a = 146 mm (equal to the radius of the serial drum); the length 

of the crank and the connecting rod are respectively equal to r = 105 mm and l = 100 mm; overall 

dimensions of the guiding channel are chosen constructively to provide easy installation of the 

reversing clutch on the drum. The determining factor in selecting the dimensions and shape of the 

guiding channel is the distance from the central line of the connecting rod to the center of the guiding 

roller. In work, [3,5,6] this distance is selected based on design considerations, determined as a 

perpendicular drawn from the center of the connecting rod and is m = 35 mm. 

     This work examines the change in shape and dimensions of the guiding channel depending on the 

change in the distance between the center of the connecting rod and the center of the guiding channel 

and studies their influence on the kinematic motion modes of the guiding roller. Recommendations 

are given for selecting the dimensions and shape of the guiding channel for designing an experimental 

elliptical drum. 

To study the dimensions and shape of the guiding channel, we will use the “GeoGebra” 

program, which has now gained wide distribution in the field of mathematical modeling and is 

successfully applied to study technical systems and mechanisms [8]. The program allows accelerating 

the modeling of technical systems, visually observing the final result by varying the geometric 

dimensions of the system elements. For this, it is enough to enter two or several important points of 

the main link of the mechanism into the program editor. In our case, the important link of the 

mechanism is the connecting rod (section AC), one point of which (point A) is hinged to the crank 

(section AO) and describes a circle, and the other point (point C) a freely rotating spindle is installed, 

the center of which describes an ellipse. By connecting any point of the link to these points, it is 

possible to obtain the virtual trajectory of this point, while the motion of the important points can be 

animated (Figure 3). 

 

 
 

Figure  3. Formation of trajectories of main points of the mechanism of an elliptical drum 

using the  

“GeoGebra” program: the blue line is the trajectory of the spindle center; the green (light 

blue) line is the trajectory of the guiding roller. 

 

Results and discussion. Fig.3 shows that during the elliptical movement of spindle center C, 

the movement of guiding roller center F occurs along a line different from an ellipse (quasi-ellipse). 

The shape of this line depends on the location of point F relative to points A and C. Point F can be 

located on line AС or outside it (Fig. 4). In the first case, as point F approaches point A, the trajectory 

shape also approaches a circle, and when approaching point C, naturally, an ellipse. In the case when 

point F is outside the line AС at a distance m, the trajectory of point F acquires the shape of a distorted 
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circle (Fig. 4, t = 0) when approaching point A, and a distorted ellipse (quasi-ellipse) (Fig. 4, t = 50) 

when approaching point C. The second case for the mechanism of an elliptical drum is accepted for 

constructive reasons to provide sufficient space for installing and servicing the reversing clutch in the 

cotton removal zone from the spindles. In the adopted design of the cotton harvesting apparatus with 

elliptical drums, the reversing clutch of the spindles, as in the serial drum, is installed in the internal 

contour of the drum. Therefore, point F is located in the inner part of the drum contour, forming an 

arm of length m. From constructive considerations, the maximum offset of the arm m from point A 

is accepted as the middle of line AС (t = 50 mm), since further approximation of the arm to point C 

leads to a reduction in space for installing the reversing clutch. 

 Obtaining the trajectory of motion for point F by animating the mechanism in GeoGebra 

program allowed visually observing the change in shape of the guiding roller center trajectory 

depending on the location of arm m relative to points A and C. The observation was carried out by 

varying the distance t in 10 mm intervals with a constant arm length of m = 35 mm. Fig. 4 shows 

some contour views of point F's trajectory. Thus, at t = 0 the contour of point F's trajectory is close 

to a circle, with small changes in curvature radius in some areas. But with increasing t, the intensity 

of changes in curvature radius increases (t = 20 mm), at t = 30 mm, areas close to a straight line 

appear, and further increasing the distance t is accompanied by the formation of a trajectory close in 

shape of an ellipse. 

 

                                                                                                                     

        
t=0                                                                      t=20    мм 

     
t=30    mm                                                   t=50  mm 

Figure 4. Change in the trajectory of the guiding roller center F depending on its location 

relative to link AС. 

 

 The influence of changing the length of the arm m on the dimensions and shape of the guiding 

channel was also studied. The results show that increasing the length of the arm m leads to a decrease 

in the dimensions of the guiding channel, but at the same time there is an increase in the difference 

of curvature radius in its individual sections. 
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For an objective assessment of the influence of the shape and dimensions of the guiding channel 

on the operation of the guiding roller in an elliptical drum, it is necessary to study the kinematics of 

the important points of this mechanism, including the guiding roller (point F). 

   

 
а) 

 
б) 

Figure 5. a - the mechanism of the elliptical drum; b - the speed plan of the mechanism. 

 

For studying the kinematics of point F, it is convenient to apply the method of constructing 

speed plans of the mechanism [6] (Figure 5). The convenience of this method is due to the speed and 

visibility of solving applied design problems. In addition, graphical methods are distinguished by the 

convenience of controlling the obtained results.  

To assess the laws of variation in magnitude and direction of velocities of mechanism links' 

points, vector hodographs of their velocities are often used. They stand out for their high visual clarity 

of results and are usually more convenient than plotting graphs [6]. This approach, besides its visual 

appeal, allows for easy determination of the direction of the acceleration vector of a point in a given 

position. Considering these advantages of the method for assessing the intensity of velocity variations 

in the center of the guide roller, we will make use of the hodograph of velocities. 

The calculations were performed at different values of m and t. Table-1 presents the results of 

calculation-graphical work for constructing hodographs of the velocity of point F at m values of 30, 

40, and 50 mm, as well as at t values of 0 and 50 mm. The first row of the table illustrates the fixation 

of the arm m at point A. As can be seen from the diagrams, as the length of the arm changes from 0 

to 50 mm, the intensity of the velocity variation of point F increases. For example, at t = 0 and m = 

40-50 mm, a loop is formed on the hodograph of velocities, which is undesirable from the standpoint 

of the dynamics of the mechanism's operation. Moving the arm away from point A towards point C 

leads to a decrease in the intensity of the velocity variation. Particularly, at m = 30 and t = 50 mm, a 

smoother change in the velocity of point F is observed (Table 2). 

Table 2. Hodographs of the velocity vectors of point F. 

 m=30 m=40 m=50 

t=
0
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t=
5
0
 

 

 

 

 

Conclusions. An effective methodology for studying the changes in shape and size of the guide 

track of an elliptical drum mechanism, depending on the position of the center of the guide roller, has 

been developed using the "GeoGebra" software. Additionally, a methodology for studying the 

kinematics of the guide roller of the elliptical drum has been developed. The obtained results allow 

for the selection of rational dimensions for the guide track of the elliptical drum in the initial stage of 

its design. These results also indicate the need for further research in studying the dynamics of the 

elliptical drum mechanism.  
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Abstract. In this article it is presented that the results of the reserach on the formation and 

justification of the parameters of a comb for laying a drip irrigation hose and sowing seeds. The 

features of the agrometeorological conditions of Uzbekistan during spring sowing are studied. Based 

on the variability of weather - precipitation, atmospheric air temperature and soil, the parameters of 

the ridge size are justified. The design of the machine for pre-sowing strip milling of the soil, the 

formation of the ridge, the laying of the drip irrigation hose, soil compaction, providing physical and 

mechanical soil of the ridge and the possibility of sowing seeds, is proposed. The design of a milling 

machine for strip processing with the formation of a ridge of a given shape, composition and 

parameters, a ridge sealer according to the required soil density has been developed.  The main 

parameters of the comb shaper are substantiated. 

 

Key words: drip irrigation hose, comb, pre-sowing, rain stream, deterioration, soil crust  

 

Introduction. Features of agrometeorological conditions of Uzbekistan during spring sowing. 

For this purpose, materials of the Uzhydrometeorological Center were collected from March 25 to 

April 25 in recent years on air temperature, soil and precipitation in the Tashkent and Andijan regions.  

A very important factor here is the amount of precipitation and their intensity during the sowing 

period, since the appearance of a soil crust over the seedbed, the source of re-sowing, depends on it.  

1), the greatest amount of precipitation from 91.1 to 153.7 mm and its intensity from 13 to 21 

days occurred in the period 2010-2012. It is known that as a result of high intensity and a large amount 

of precipitation, the seedbed is flooded by rain streams, which contributes to the formation of a soil 

crust and, accordingly, the deterioration of the development of seedlings. The results of this analysis 

are shown in Fig.1. 

From Fig. 2 it can be seen that due to the formation of a soil crust 4 on the field 2 above the 

seedbed 3, after precipitation, the seeds die. 

In recent years, the Republic has started using crops on ridges cut in autumn to protect crops 

from rain flows, exclude replanting, and, accordingly, increase crop yields. However, in order to carry 

out sowing using this technology, it is necessary to cut the ridges in the fall on the field, and before 

sowing, prepare the top of the ridge for this operation, which requires at least two separate units, 

which increases operational and labor costs by 3-3.5 times. In addition, during this period of time 

there were years with a small amount of precipitation (2000, 2001, 2004, 2008) (from 17.2 to 37.4 
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mm) and their intensity (from 4 to 8 days). This amount of precipitation is insufficient for the normal 

development of seedlings. To eliminate this phenomenon, it is necessary to carry out feeding 

irrigation with a small amount using drip irrigation [1-7]. 

It follows from this that in order to eliminate excess moisture or its insufficiency, it is best 

to sow cotton on ridges formed simultaneously by laying a drip irrigation hose, which will allow 

for less cost and in a short time to eliminate the effects of precipitation on seedlings and protect 

them from rain flows and, if necessary, carry out feeding irrigation. 

 

Over Tashkent region 

Years with the most 

precipitation Years with 

moderate 

Years with the most 

precipitation Years with 

moderate 

Years with the most 

precipitation Years with 

moderate 

 

Over Andijan Region 

 
 

Fig.1. Precipitation and its intensity during the cotton sowing period for 10 years (from 

March 25 to April 25) according to the data of Uzhydromet 

 

 
Fig.2. Sowing on a smooth floor (traditional method of sowing) 
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Fig.3. Scheme of formation of soil crust on the sides of the ridges when sowing cotton on 

the removed ridges 

 

The second important factor for the emergence of seedlings is the temperature of the soil 

and air. So at a soil temperature of 10-120C, the awakening of the vital activity of cotton seeds 

begins, at 13-140C the embryo begins to grow, at 14-160C seed germination begins, and at 17-

180C the emergence of seedlings on the soil surface is ensured. At the same time, the difference 

between daytime and nighttime temperatures ranges from 9 to 160C, at night the temperature 

difference between adjacent calendar days is only 2-40C. While in the daytime it ranges from 3 

to 60C. 

According to the data, it can be seen that at night in a favorable for cotton growing in 2005, 

the minimum air temperature at night was from 7 to 140C, and in the same period in an 

unfavorable 2003 it ranged from 1 to 90C, that is, below 2005 by 5-60C, and during daytime in 

2005 it fluctuated from 15 to 190C, that is, above the temperature of 2003 by 3-60C, (Fig.4). 

 

  
Fig.4. Average daily air temperature (tв) and soil surface (tп) from March 15 to April 25 

(DM) for the last 10 years 

It follows from this that an increase in air temperature and, accordingly, soil temperature 

allows sowing at an early date, which contributes to the production of healthy plant seedlings. 

The results of experimental studies show that with comb sowing on the soil layers of the root 

system of plants, the temperature increases. This is explained by the difference in the heat 

capacity of different bodies, for example, the heat capacity of air is 1.0, and for water it is 4.19. 

Hence, if we take into account that the driving force is considered to be the heat of the body, 

determined by the formula 

𝑄 = 𝑀𝑐𝑡,   𝑘𝐽 , 

where 𝑄– the amount of heat to the root system, KJ ; с – body heat capacity,  kJ/kg gr; for air 

сv =1 kJ/kg *gr;  for water сv = 4,19 kJ/kg gr; 𝑡 – soil temperature, 0С.  
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To eliminate the harmful effects of risky weather conditions on cotton crops, first  of all, it 

is necessary to eliminate the ingress of rain flow into the seedbed. With this technology, cotton 

seeds will be embedded in a wetter and warmed soil than when sown on a leveled surface.  This 

makes it possible to improve the quality of seedlings and plant development and thereby increase 

the total crop yield and shift the sowing time by 3-4 days. 

 

Materials and methods. Problem statement - development of a milling machine for strip 

processing with the formation of a ridge of a given shape, soil composition and parameters, a 

ridge sealer for a given soil density. 

A combined machine has been developed for pre-sowing strip milling of the soil with 

simultaneous laying of drip irrigation hoses and the possibility of sowing seeds (Fig.5).  The machine 

consists of two parts: a comb cutter and a seeder. 

 
Figure 5. Combined machine for pre-sowing strip milling with simultaneous laying of drip 

irrigation hoses and the possibility of sowing: 1- milling cutter frame; 2-babina for drip irrigation 

hoses; 3-milling cutter drive gear shaft; 4-cutter knife drum; 5-knife drum bracket; 6-comb-forming 

apron; 7-comb bracket-a sealing roller; 8-a comb-sealing roller; 9-a turnbuckle for adjusting the 

sealing roller; 10-a mounted device for a seeder; 11-a hydraulic cylinder of a mounted device for a 

seeder; 12-a seeder. 

The machine works as follows. In the period of preparation for sowing seeds, instead of 

harrowing and milling, the soil is milled with the simultaneous formation of a ridge of a given shape 

and the laying of drip irrigation hoses. Then the soil is compacted to the required density.  

When milling, the crusts of the soil are deformed and its wet and dry components are mixed, 

thereby ensuring the uniformity of the mechanical composition and humidity. In years of insufficient 

moisture in the soil, immediately after sowing, absorbent irrigation is carried out using drip irrigation. 

Results and discussion. Justification of the shape of the profile and the parameters of the 

ridge. In many regions of the Republic, one of the main requirements for the parameters of the ridge 

is the ability to protect the seedbed from flooding by rain flows and, consequently, to protect it from 

crust formation.  During the operation of the cutter, ridges are formed, the walls of which crumble at 

an angle of natural slope. At the same time, the angle of natural slope of gray-earth soils prepared for 



 
 

AGRICULTURAL ENGINEERING  SOLUTIONS                                                           47 of 51 

      

Agricultural engineering solutions 2023, 3(3).                                                          agrieng.com.uz 
 

sowing when it is filled with an increase in soil moisture from 7 to 18% increases from 32 to 410. 

Consequently, when the soil is poured into the field, ridges are formed in the form of an isosceles 

triangle.  However, for the working bodies of seeders to work on top of such a ridge, it is necessary 

to have a platform with a width of 160-170 mm.  To do this, the top of the ridge is sealed with a 

trapezoid shape seal along the longitudinal section, therefore, after that, such a ridge turns into an 

isosceles trapezoid before sowing (Fig.6). This form, which we take as the basis for subsequent 

calculations.  

To determine the minimum permissible parameters of the ridge formed during sowing, we 

proceed from the fact that they are not flooded by rain streams. Such ridge parameters will be 

acceptable for gray-earth soils in the old irrigation zone of our republic, where the fields have a 

sufficient slope and a fertile soil layer.  

The main parameters of the ridge include the width of the lower base bg, the width of the vertex 

bg, the angle of inclination of its wall to the horizon and the height of the ridge H. From Fig.2.3 it 

can be seen that to ensure the protection of the seedbed, the cross-sectional area of the row spacing 

groove SSDKM should be greater than the cross-sectional area of precipitation in the row spacing per 

day (QsVm). According to the data of the Uzbek Hydrometeorological Center for the last ten years 

in April, up to 34 mm of precipitation fell in the Tashkent region as much as possible per day. 

 
Fig.6. Scheme for determining the parameters of the ridge 

To determine the parameters of the ridge, we assume that the precipitation should be placed in 

the groove of the row spacing, i.e. in the space between adjacent ridges. From here 

.СДКМсм SQB                        (1) 

From Fig.6 we have 

 ,'''' MKKKDKDCDDCDКМ SSSS                     (2) 

где SСDD’,SD’K’KD и SK’MK– accordingly , the area of the triangles CDD′, K′MK and a rectangle 

D′K′KD. 

From Fig.2.3 we have  

,
22

1
2

1
1'' ctg

H
dНSS

MKKCDD
                (3) 

,1'' aHS
КDКD

       (4) 

where H1 is the minimum allowable height of the ridge; β is the angle of the natural slope of 

the soil; 

a is the width of the bottom of the groove. 

The width of the bottom of the groove a is equal to 

,2 1 ctgHbBa гM       (5) 
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where bg is the width of the crest vertex.  

Substituting the value of a in (4) we have 

11 )2('' HctgНbBS гMКDКD
          (6) 

 

Substituting the values (3) and (6) first into (2), and then the resulting result into formula (1) 

we will have .)(
2

11 ctgНbBHQB гMсM      (7) 

Having made the transformation of this formula, we obtain the following equation 

.0)( 1

2   tgQBtgHbBH
сMгM       (8) 

Having solved equation (8), we obtain the following dependence for determining the 

minimum allowable height of the ridge  

   4])[()(5,0 2

1  tgBQtgbBtgbBH MOгMгM               (9) 

When cutting the ridge, its side walls crumble at the angle of the natural slope β. At the same 

time, the soil moisture prepared for cutting the ridge usually ranges from 12 to 14%, and depending 

on this, the angle of the natural slope β varies from 32 to 41 °. Based on this, the minimum calculated 

height of the ridge H, as can be seen from the formula (9), practically very little depends on the 

magnitude of the angle of the natural slope β, as well as on the size of the top of the ridge bg and is 

mainly determined by the amount of precipitation that fell during the day Qc. 

Taking Qc = 34 mm, bg = 160 mm, h = 36 mm and β = 36 ° and using formulas (9) we get that 

at Vm = 900 mm the height of the ridge H1 = 45.1 mm, and at Vm = 600 mm the height of the ridge 

H1 = 56.2 mm.        

As is known, under the influence of precipitation, the ridge settles. At the same time, as studies 

have shown, the coefficient that takes into account the shrinkage of the soil, depending on the height 

of the ridge, is Cu = 0.85-0.90. The actual minimum allowable height of the ridge also depends on 

the height of the irregularities of the surface of the field h, which is on average 30-40 mm. With this 

in mind, the actual minimum height of the ridge H1 in order to protect its top from the rain flow 

should be equal to: 

htgBQtgbBtgbB
К

H McMгM

у

 ]4])[()[(
2

1 2

г1  ,            (10) 

Taking into account this formula and the above data, 

by Вм=900 mm ;mm1,8636
9,0

1,45
1 H     при Вм=600 mm .mm6,9836

9,0

3,56
1 H  

From these data it follows that rainwater does not flood the top of the ridge, its height should 

be practically at least 100 mm. In this case , the width of the lower base of the ridge will be

.2 1 гог bctgHb                                  (11) 

The cross-sectional area of such a groove 

.)(
2

11 ctgHHbВS огмг                             (12) 

Substitute the above values into these expressions and the values H1, β, bg, Vm are obtained, 

we get bог= 435,28 mm и Sг=306 sm2 при Вм=900 mm и 204 sm2 при Вм=600 mm.    

Thus, the calculations show that in order to eliminate the ingress of rain flow into the seedbed, 

it is necessary: the minimum allowable height of the ridge H1 should be at least 100 mm; minimum 

allowable width of the crest vertex bг from the point of view of stable operation of seeding devices 

should be at least 160 mm; permissible width of the lower base of the ridge bог must be at least 435 
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mm; дpermissible cross-sectional area of the groove Sг must be at least 306 sm2 by Вm=900 mm  and 

204 sm2 by Вm=600 mm.  

Justification of the main parameters of the comb shaper. The main parameters of the shaper 

are the width of the input and output edges of the shaper's slide, the angle of installation of the side 

dumps to the direction of movement α and to the horizontal plane βу,  length of the slide L, side blade 

length Lбо. 

During operation, the side dumps of the mold impact on the soil produce soil deformation (Fig. 

6). At the same time, soil particles move laterally upwards. 

 

 
Fig.6. Scheme for determining the angle of installation of side dumps to the direction of 

movement 

 

 

 
Fig.7. Scheme for determining the length of the shaper (L) 

 

Angle of inclination of the side face of the ridge (  у) (fig.8) depends on its compaction. If the 

angle of the natural slope of the soil on the side face , depending on humidity , varies from 320 to 410, 

and with its sealing , the angle  у can be increased to 420-450 . 

Substituting in (13) a known value =300, we get α ≤ 300. Based on research on the choice of 

seal parameters, we accept α=14-160. By α=14-160 the soil slides along the side blade of the shaper 

and compacts the soil sufficiently to form a stable ridge. 

From Fig. 7 we have 
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ctgbBL огр )(
2

1
                                      (14) 

and 

.2 гbLtgB                             (15) 

Substituting in (14) and (15) the values Bр, bог and  we get, that the length of the shaper should 

be within L = 183–238,9 mm, and the width of the shaper's entrance apron B=292-334 mm. 

As a result of studying the method of forming a platform for the work of the working bodies of 

sowing machines, it was revealed that it was necessary to seal the side face of the ridge in order to 

eliminate its shedding. To do this, it was necessary to fulfill the following condition, so that the angle 

of the slope 
у  to the plane of the field was no more than 

 у ,                                    (16) 

where – the angle of internal friction of the soil;  – angle of natural slope of the soil. 

 
Fig.8. Scheme to substantiate the angle of installation of side dumps to the horizon 

 

Based on this, in order to eliminate the shedding of the side faces of the ridge, it is necessary to 

place the side dumps of the shaper at an angle 
04542 у  to the horizontal plane of the field. 

When working, the visor of the shaper's apron affects the soil and causes soil deformation. 

Installation angle α1 the apron visor will be determined from the condition of ensuring the sliding of 

the soil on it, i.e.. 

24
1


  ,                 (17) 

Substituting a known value into this expression  = 25-300 we get α1 = 30-340. 

The height of the blade h is assumed to be equal to the minimum allowable height of the ridge 

Н1, т.е. h =100 mm. 

With these parameters of the shaper's side dumps, a ridge with a height of at least 100 mm and 

a density of is formed on the field 1,0-1,2 г/sm3.   

Location of the irrigation hose on the ridge. The irrigation hose is laid on the ridge by water 

outlets above the soil surface and covered with a layer of soil, the angle of deviation from the axis of 

the water outlet to the soil surface should not exceed 150. The location of the irrigation hose is shown 

in Figure 9, where the cross section of the bed 1, irrigation hose 2, water outlet 3, trace 5 from the 

sealing roller of the seeder, soil layer 6 to cover the hose from solar radiation, contour 7 of the 

humidification zone, root system 8 of the plant, angle α of the deviation of the axis of the water outlet 

to the soil surface is schematically presented. 

The irrigation hose is laid out in the field along the rows of plants on the ridge along the trail of 

the sealing pipe installed behind the comb shaper. 
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Figure 9. The scheme of laying the irrigation hose on the ridge. 

 

Conclusions.  1) Based on the analysis of the weather conditions during the preparation and 

sowing of seeds, it was established that the minimum allowable height of the ridge H1 must be at least 

100 mm; minimum allowable width of the crest vertex bг from the point of view of stable operation 

of seeding devices should be at least 160 mm; permissible width of the lower base of the ridge bог 

must be at least 435 mm. 2) Based on the analytical analysis, the parameters of the shaper are 

determined: the length of the shaper should be within L = 183–238,9 mm, and the width of the shaper's 

entrance apron B=292-334 mm, angle of installation of side dumps 
04542 у , height of the blade 

h  equal to the minimum allowable height of the ridge Н1, i.e.  h =100 mm.  The density of the soil in 

the ridge is 1,0-1,2 g/sm3. 3) With this method of drip irrigation, the heat content of the soil in the 

root system zone will be almost constant during the time of the day.  
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