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Abstract. Farmers engaged in farming on arable lands are interested in growing safflower, which is harvested with grain 

combines in Uzbekistan. However, farmers face difficulties as they do not have a suitable machine to use when cleaning seeds. 

For this reason, a small-sized machine was created for farmers based on the amount of safflower they could grow. Number of 

rotations of the machine to transfer the sucking tube and the oscillating machine during operation is studied, according to 

theoretical calculations, it was found that the number of rotations of the supplying roller for the transfer of seed mixture 

corresponding to the working output of the machine 620 kg/h should be in the range of 140-230 rpm, while in experiments it 

was found that the number of rotations of the supplying roller should be equal to 210 rpm. If the end of the suction pipe is set 

at distances у = 0,06
 
m and х = 0,07m 

 
relative to the beginning of the coordinates, the mixture coming out of the supply pipe 

will completely fall into the pipe. 

INTRODUCTION 

Safflower is one of the valuable oilseed crops grown on arable land, from which oil is extracted, and stalks and 

seeds of processed oil are important nutrient for livestock. Safflower is more resistant, and if the seeds germinate 3-4 

times in the spring after germination, then it is possible to harvest it 1.0-1.2 t/ha [1,2]. 

Safflower is harvested with grain combines, such as Keys-2366, Dominator-130, New Holland TS-5060, Vector-

410 are used in Uzbekistan. Because, safflower is grown on arable lands, there are a lot of weeds (alhagi graecorum, 

atriplex pratovii sukhor, ferula, carduus coloratus, carthamus dianius, etc.) among crops. As a result, the content of 

foreign as mixtures in the seeds harvested in the combine reaches 8-13 per cent [3-6]. 

This indicates that the harvested seeds must be cleaned. According to the basic standards of storage or processing 

seed, the moisture content of the seed should not exceed 13 per cent, the amount offoreign admixtures should not 

exceed 2 percent. 

If the seeds are stored without cleaning, the admixtures in the seeds occupy a large portion of the useful volume 

of the warehouses, which makes the storage of the seeds more expensive. Due to mineral admixtures, fungal and mold 

microorganisms spread in the seeds, which heat up on their own. When uncleaned seeds are transferred to oil extraction 

devices during processing, a lot of dust is released and working conditions deteriorate. When seeds are heated before 

oil is extracted, foreign admixtures (weeds, leaves, etc.) can burn and cause a fire. When the seeds contain foreign 

admixtures, the quality of the oil obtained from them deteriorates the taste of the oil is spoiled. As a result of the 

absorption of some of the oil extracted from the seeds by foreign admixtures, the amount of oil obtained reduces. 

Mineral admixtures accelerate the digestion of oil extraction equipment; reduce the amount of protein in a proportion 

of the hull remains [10-48]. 

Therefore, one of the main tasks after harvesting safflower seeds is to clean it from other admixtures. Grain 

combines are used for harvesting in Uzbekistan, but due to the lack of graincleaning machines suitable for farmers to 

clean their seeds and this work is carried out by hand in the natural wind. This leads to the increase in heavy labor 

costs. Taking into considerations, research has been conducted to develop a machine that can be used to clean 

safflower seeds for farmers. 
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Initially, the available grain cleaning methods and machines were analyzed to create the most optimal design of 

the machine. The analysis of data on available grain cleaning methods has shown that grains can be cleaned in air 

streams, sieves, water, electric field, color, and other methods [7,8]. 

Air flow, sieve, air-sieve, electric drum and optical type grain cleaning machines used in the implementation of 

these grain cleaning methods have been developed and their construction has been studied. It was found out that the 

machines of grain cleaning machines are divided into flat-surface and cylindrical machines [9-15]. 

From these grain cleaning machines, it was found that air-pulverized grain leaning machines are the most optimal 

design in terms of universality and high productivity. With the above in mind, an airblown machine was developed 

for farmers to use in cleaning the safflower seeds. 

EXPERIMENTAL RESEARCH 

Design of the safflower seed cleaning machine and selection of the types of working parts were based on the 

analysis of design and technological work process of existing grain cleaning machines. Size and capacity of the 

machine were determined based on the amount of safflower to be cleaned on the farms (5-20 t). 

Number of rotations of the machine supplying roller has been theoretically and empirically studied in relation to 

the work efficiency. Higher mathematical rules, mathematical analysis methods, and substitution methods were use 

in theoretical research. Experiments to study the performance of the supplying roller were carried out on Milyutin-

114 one of the sorts of safflower. 

Standards were used in the experiments such as GoST 33735-2016 “Agricultural machinery. Grain cleaning 

machines. Test Methods” and State standard of Uzbekistan 880: 2004. “Wheat. Preparation and delivery 

requirements”. Before the experiments, moisture and size-mass classifications of other admixtures in the seed mixture 

were determined based on GoST 20915-2011 “Agricultural machinery. On basis of 

Methods of determination of conditional testing. Given that amount of safflower of the farmers to be cleaned was 

not very large, around 5-20 tons, its working capacity was set at 600 kg/h, and the machine was designed to be small 

in size. 

 

FIGURE 1. Technological scheme of safflower seed cleaning machine. 1–bunker; 2–supply roller; 3– suction 

pipe; 4–fan; 5–dust sinking device; 6–upper sieve;7–lower sieve; 8–container with foreign admixtures; 9–clean 

seed container; 10–electric motor; 11–a connecting rod that moves the sieve; 12–oscillating device; 13–machine 

framework. 

The working process of the seed cleaning machine is as follows (figure 1). The cleaned seed mixture is passed 

through the bunker 1, and it is supplied by measuring through the supplying roller 2 to suction pipe 3 of the air 

aspiration part. Using the air stream generated by the fan 4 in the sucking tube, light admixtures (dust, leaves, sawdust, 

etc.) contained in the seed mixture are separated and transferred to the dust sinking device 5. Extinguished light 

admixtures fall into a bag mounted on the bottom of the extinguisher. This avoids from the dust smokes around when 

machine is being operated. Large and small heavy admixtures move along the sloping bottom of the sucking tube and 

fall to the upper sieve 6. Large admixtures in the seed mixture are retained in this sieve. The seeds pass through the 
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holes of the sieve and fall into the lower sieve 7, where the foreign mixtures is separated, while the cleaned seeds 

move along the surface of the sieve 7 and fall into clean seed container 9. The foreign admixtures separated by the 

upper and lower sieves fall into a separate container 8. The moving parts of the machine are driven by belt drives 

using an electric motor 10. The rollers are actuated by means of an oscillating device 12 and its connecting rod that 

moves the sieve 11. It can be seen from the technological process of the machine that the foreign admixtures in the 

mass are separated in a combined way, i.e. first light mixtures in the air stream, then large and small admixtures in the 

sieves. 

RESEARCH RESULTS 

In order to study the process of separation of light impurities in the seed in this machine with the help of air flow, we 

study their movement in the zone 3 of the suction pipe. 

In the process of technological work, the seed mixture moves freely after leaving the feeder and falls into the mouth of 

the suction pipe. Therefore, the mouth of the pipe should be placed in relation to the feeder in such a way that the upper edge 

of the mouth ensures that the seeds falling from the feeder do not remain outside without falling into the suction pipe, and 

the lower part ensures that the seeds are thrown into the head of the hopper. The action process of the seed mixture takes 

place in two stages. In the first stage, the seed mixture leaves the feeder with a linear speed vo and moves freely to the mouth 

of the suction pipe (to the zone of influence of the air flow). In the second stage, the mixture enters the zone affected by the 

suction air flow and moves under the influence of the air flow. Let's consider the behavior of the seed mixture in both stages 

(figure 2). 

 
FIGURE 2. Working process of seed cleaning machine. 1–bunker; 2–supply roller; 3– suction pipe; 4–upper sieve. 

 

Stage 1. From the hole of the supplier vo A mixture of mass m ejected with a velocity m is acted upon by the force 

of gravity mg and 𝑣̄0 
the force of air resistance in the direction opposite to the vector 𝑅̄1. This is the modulus of the 

force 𝑅1 = 𝑚𝐾𝑤𝑣0
2 ( Kw - coefficient of windage of the mixture, 1/m ) of the forces acting on the mixture on the x and 

y axes: 

𝑚𝑥̈ = −𝑅1𝑥 = −𝑚𝐾𝑤𝑥̇
2, 

𝑚𝑦̈ = 𝑚𝑔 − 𝑅1𝑦 = 𝑚𝑔 −𝑚𝐾𝑤𝑦̇
2 

the differential equation of the motion of the mixture relative to the coordinate system x: 

𝑥̈ = −𝐾𝑛𝑥̇
2, 

𝑦̈ = 𝑔 − 𝐾𝑛𝑦̇
2,         (1) 

where 𝑥̇ = 𝑣𝑥 , 𝑦̇ = 𝑣𝑦- projections of mixture speed on x and y axes, m/s; the angle between the 𝛼 − 𝑣̄0vector and the 

x -axis , degrees ; g - acceleration of free fall , m/s2; 

(1) 𝑧 = 𝑥̇entering the first equation of the system, 𝑧̇ = −𝐾𝑤𝑧
2 we arrive at the equation. 𝑧(0) = 𝑥̇(0) = 𝑣0 ⋅ 𝑐𝑜𝑠 𝛼 

taking into account the initial condition, its solution is as follows: 

Auto-generated PDF by ReView V International Scientific and Technical Conference Actual Issues of Power Supply Systems

595KarimovICAIPSS2025.docxMainDocument AIPP Review Copy Only 4



                   𝑥̇ = 𝑧 =
1

𝐾𝑤𝑡+
1

𝑣0 𝑐𝑜𝑠𝛼

.                                  (2) 

 equation (2) 𝑥(𝑜) = 𝑜
 
with initial condition [17]: 

𝑥 =
1

𝐾𝑤
𝑙𝑛(𝐾𝑤𝑣0𝑡 𝑐𝑜𝑠 𝛼 + 1).     (3) 

by entering the designation into the 𝑧 = у̇second equation of the system,  𝑧̇ = 𝑔 − 𝐾𝑤𝑧
2we look for the solution of the 

equation. 

Since gravity is greater than air resistance, the 
𝑔

𝐾𝑤
> 𝑧̇2inequality holds. The general solution of the equation [17]: 
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     (4) 

𝑧(𝑜) = 𝑦̇(𝑜) = 𝑣0𝑦 = 𝑣0 𝑠𝑖𝑛 𝛼in the initial condition, C  is equal to: 

С = 𝑙𝑛
√
𝑔
𝐾𝑤

+ 𝑣0 𝑠𝑖𝑛 𝛼

√
𝑔
𝐾𝑤

− 𝑣0 𝑠𝑖𝑛 𝛼

. 

we put this expression of C into equation (4) and solve it with respect to z, 

𝑦̇ = 𝑧 = √
𝑔

𝐾𝑤
⋅
𝐵𝑒2√𝑔𝐾𝑤𝑡−1

𝐵𝑒2√𝑔𝐾𝑤𝑡+1
,     (5) 

in this В = (√
𝑔

𝐾𝑤
+ 𝑣0 𝑠𝑖𝑛 𝛼) : (√

𝑔

𝐾𝑤
− 𝑣0 𝑠𝑖𝑛 𝛼). 

 Integrating the expression (5) and solving for the 𝑦(𝑜) = 𝑜
 
initial condition, we get the following final result: 

907352508 у =
1

𝐾𝑤
𝑙𝑛

𝐵𝑒2√𝑔𝐾𝑤𝑡+1

𝐵+1
− √

𝑔

𝐾𝑤
𝑡.     (6) 

 (3) and (6) are the equations of motion of the seed mixture between the nozzle and the suction pipe. 

 the equation (6) , it is possible to determine the time spent by the seed mixtures to pass through the gap between 

the supply pipe and the suction pipe. 𝑡thb 
to do this, we write (6) as follows: 

1

𝐾𝑤
𝑙𝑛

𝐵𝑒2√𝑔𝐾𝑤𝑡𝑡ℎ𝑏+1

𝐵+1
− √

𝑔

𝐾𝑤
⋅ 𝑡thb = ℎ𝑡ℎ𝑠,     (7) 

where ℎ𝑡ℎ𝑠is the vertical distance from the supply pipe to the suction pipe. 

Equation (7) is solved using numerical methods with respect to time tthb . 

2nd stage . At the end of the first stage, i.e. 𝑡 = 𝑡thbfrom the time, the light impurities in the seeds are moved by the air 

flow in the suction pipe and go out, and the seeds fall into the hopper. 

Equations of motion of the particle along the x and u axes: 

𝑚𝑥̈ = 𝑚𝐾𝑤(𝑥̇ − 𝑣𝑡ℎ𝑠 𝑐𝑜𝑠 𝛽)
2, 𝑚𝑦̈ = 𝑚𝑔 −𝑚𝐾𝑤(𝑦̇ + 𝑣𝑡ℎ𝑠 𝑠𝑖𝑛 𝛽)

2 

or 

{
𝑥̈ = 𝐾𝑤(𝑥̇ − 𝑣ths 𝑐𝑜𝑠 𝛽)

2

𝑦̈ = −𝐾𝑤(𝑦̇ + 𝑣thssin𝛽)
2 + 𝑔

    ( 8) 

where 𝑣𝑡ℎ𝑠- speed of air in the suction pipe, m/s; 

 𝛽– the angle of installation of the suction pipe relative to the horizon, degrees. 

(8) to the first equation of the system𝑧 = 𝑥̇ − 𝑣𝑡ℎ𝑠 𝑐𝑜𝑠 𝛽 𝑧̇ = 𝑥̈ if we introduce the notations, 𝑧̇ = 𝐾𝑤𝑧
2the solution is 

[16]: 

𝑧 =
1

С−𝐾𝑤𝑡
.      (9) 

C , the last condition of step 1 (2) is the initial condition of step 2, i.e. t=tthb (time from mixing time to seed release time) 

at 

𝑧(𝑡thb) = 𝑥̇(𝑡thb) − 𝑣𝑐 𝑐𝑜𝑠 𝛽 =
1

𝐾𝑤𝑡thb+
1

𝑣0 𝑐𝑜𝑠𝛼

+ 𝑣𝑐 𝑐𝑜𝑠 𝛽

 

putting this condition in (9), we determine the integral 

constant C: 

С =
𝐾𝑤𝑡thb𝑣0 𝑐𝑜𝑠 𝛼+1

𝑣0 𝑐𝑜𝑠 𝛼−(𝐾𝑤𝑡thb𝑣0 𝑐𝑜𝑠 𝛼+1)𝑣𝑡ℎ𝑠 𝑐𝑜𝑠 𝛽
+ 𝐾𝑤𝑡thb.  (10) 
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𝑥̇ = 𝑧 + 𝑣𝑡ℎ𝑠 𝑐𝑜𝑠 𝛽Since (9) is taken into account, 

𝑥̇ =
1

С-𝐾𝑤𝑡
− 𝑣𝑡ℎ𝑠 𝑐𝑜𝑠 𝛽     (11) 

The solution of this equation [16] : 

𝑥 = −
1

𝐾𝑤
𝑙𝑛|С-𝐾𝑤𝑡| + 𝑣𝑡ℎ𝑠 𝑐𝑜𝑠 𝛽 ⋅ 𝑡 + 𝐶1.   (12) 

 

 

From (12): 

𝐶1 = 𝑥 +
1

𝐾𝑤
𝑙𝑛|𝐶 − 𝐾𝑤𝑡| + 𝑣𝑡ℎ𝑠 𝑐𝑜𝑠 𝛽 ⋅ 𝑡. 𝑥 = 𝑥(𝑡thb) 

at 

С1 = 𝑥(𝑡thb) +
1

𝐾𝑤
𝑙𝑛|𝐶 − 𝐾𝑤𝑡thb| + 𝑣𝑡ℎ𝑠 𝑐𝑜𝑠 𝛽 ⋅ 𝑡thb.    (13) 

according to (3) 𝑥(𝑡thb) =
1

𝐾𝑤
𝑙𝑛(𝐾𝑤𝑣0𝑡thb 𝑐𝑜𝑠 𝛼 + 1), we get after certain operations: 

С1 =
1

𝐾𝑤
𝑙𝑛

(𝐾𝑤𝑡thb𝑣0 𝑐𝑜𝑠 𝛼+1)
2

|𝑣0 𝑐𝑜𝑠 𝛼−(𝐾𝑤𝑡thb𝑣0 𝑐𝑜𝑠 𝛼+1)𝑣𝑡ℎ𝑠 𝑐𝑜𝑠 𝛽|
− 𝑣𝑡ℎ𝑠𝑡thb 𝑐𝑜𝑠 𝛽  (14) 

C and C1 according to (10) and (12), the equation of motion of the particle of the mixture along the x axis is derived: 

𝑥 =
1

𝐾𝑤
𝑙𝑛

(𝐾𝑤𝑡thb𝑣0 𝑐𝑜𝑠 𝛼 + 1)2

|(𝐾𝑤𝑡thb𝑣0 𝑐𝑜𝑠 𝛼 + 1) − 𝐾𝑤(𝑡 − 𝑡thb)[𝑣0 𝑐𝑜𝑠 𝛼 − (𝐾𝑤𝑡thb𝑣0 𝑐𝑜𝑠 𝛼 + 1)𝑣𝑐 𝑐𝑜𝑠 𝛽]|
+ 

+𝑣𝑡ℎ𝑠(𝑡 − 𝑡thb) 𝑐𝑜𝑠 𝛽. (15) 

(8) we enter the designation in the second equation of the system 𝑧 = 𝑦̇ + 𝑣𝑐 𝑠𝑖𝑛 𝛽. In this 𝑧̇ = 𝑦̈. So, 𝑧̇ = 𝑔 − 𝐾𝑤𝑧
2. 

the general solution of this equation is [16]: 

𝑙𝑛
√

𝑔

𝐾𝑤
+𝑧

√
𝑔

𝐾𝑤
−𝑧

= 2𝑡√𝑔𝐾𝑤 + 𝐶.     

𝑧(𝑡thb) = 𝑦̇(𝑡thb) + 𝑣𝑡ℎ𝑠 𝑠𝑖𝑛 𝛽we find the integral constant C using the initial condition: 

С = 𝑙𝑛
√

𝑔

𝐾𝑤
+𝑧(𝑡thb)

√
𝑔

𝐾𝑤
−𝑧(𝑡thb)

− 2𝑡𝑡ℎ𝑏√𝑔𝐾𝑤 .    (16) 

𝑧(𝑡thb) = 𝑦̇(𝑡thb) + 𝑣𝑐 𝑠𝑖𝑛 𝛽we put the expression according to (5) into the equation:𝑦̇(𝑡ч) 

 𝑧(𝑡thb) = √
𝑔

𝐾𝑤
⋅
𝐵𝑒2𝑡thb√𝑔𝐾𝑤−1

𝐵𝑒2𝑡thb√𝑔𝐾𝑤+1
+ 𝑣𝑡ℎ𝑠 𝑠𝑖𝑛 𝛽.   (17) 

𝑧(𝑡thb)putting this expression of in (16) we write: 

С = 𝑙𝑛

(2√
𝑔
𝐾𝑤

𝐵𝑒2𝑡thb√𝑔𝐾𝑤) : (𝐵𝑒2𝑡thb√𝑔𝐾𝑤 + 1) + 𝑣𝑡ℎ𝑠 𝑠𝑖𝑛 𝛽

2√
𝑔
𝐾𝑤

: (𝐵𝑒2𝑡thb√𝑔𝐾𝑤 + 1) − 𝑣𝑡ℎ𝑠 𝑠𝑖𝑛 𝛽

− 2𝑡thb√𝑔𝐾𝑤 . 

( ) ( )  sin
1

1
sin

thb

thb

2

2

thbthb thstgK

tgK

w

ths v
Be

Be

K

g
vtytz

w

w

+
+

−
=+=  given the expression 

𝑦̇ =
√

𝑔

𝐾𝑤
(𝑒2√𝑔𝐾𝑤𝑡+𝐶−1)

𝑒2√𝑔𝐾𝑤𝑡+𝐶+1
− 𝑣𝑡ℎ𝑠 𝑠𝑖𝑛 𝛽.     (18) 

𝑦(𝑡thb) =
1

𝐾𝑤
𝑙𝑛

𝐵𝑒2√𝑔𝐾𝑤𝑡thb+1

𝐵+1
− 𝑡thb√

𝑔

𝐾𝑤
taking into account the initial condition, the solution of the equation (18) or 

the equation of the movement of the particle along the y axis is in the following form [16]: 
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𝑦 =
1

𝐾𝑤
𝑙𝑛 (𝑒2√𝑔𝐾𝑤𝑡+𝐶 + 1) − 𝑡√

𝑔

𝐾𝑤
− 𝑣𝑡ℎ𝑠𝑡 𝑠𝑖𝑛 𝛽 − 𝐶1.   (19) 

in thisС1 =
1

𝐾𝑤
𝑙𝑛

(𝑒2√𝑔𝐾𝑤𝑡thb+𝐶+1)(𝐵+1)

𝐵𝑒2√𝑔𝐾𝑤𝑡thb+1
− 𝑣𝑡ℎ𝑠𝑡thb 𝑠𝑖𝑛 𝛽.   

the coefficients of parousness Kp , v0 , vths  setting the values of velocities and angles α, β until reaching the suction zone of 

the mixture and trajectories of movement in the suction zone were constructed (figure 3). Here, the symbol is the 

border point corresponding to the end of the 1st stage and the beginning of the 2nd stage. 

 

FIGURE 3. Movement trajectories of the seed and its impurities from the feeder until it reaches the absorption area and in 

the absorption area. 1 – seed; 2 – stem piece; 3 – seed basket; 4 – white seed;5 – light mixtures. 

CONCLUSIONS 

Based on the theoretical studies of the investigated type of working element of temporary irrigation dam 

compactors, the following main conclusions can be drawn: 

With a soil loosening coefficient equal to one during the cutting of temporary irrigation channels, analytical 

relationships have been derived between the volume of soil removed by the trenching machine and the volume of soil 

placed in the dam ridge. 

Dependencies have been obtained whereby, given the soil cutting depth by the trenching machine, knowing the 

soil’s natural slope angle and the soil loosening coefficient, it is possible to calculate the main dimensions of the 

temporary irrigation dam, and from them-the overall dimensions of the dam compactor being developed. 

The conditions for compaction have been defined-compaction without sloughing is achieved when the angle 

formed between the velocity vector of the compacting surface movement and the vector of normal pressure is less 

than the soil’s external friction angle, which completely eliminates bulging. This condition is met when using a rolling 

working element. 
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