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Abstract: This article is devoted to the methodology for determining the energy efficiency of a cotton linter machine 

based on frequency-controlled electric drives. On the basis of scientific research conducted at cotton linter 

machines, the technological and operational factors affecting the cotton linter machines process are analyzed. 

Also, this process is fully explained on the basis of the modular schemes of the cotton linter machine and 

feeder. Moreover, based on the definition of control methods for frequency-controlled electric drives, a 

methodology has been developed for determining the energy efficiency of a cotton linter machine. Based on 

the methodology for determining the energy efficiency of frequency-controlled electric drives of cotton linter 

machine and with the help of Origin lab software, various graphs were built and the corresponding conclusions 

were drawn regarding the ongoing scientific research. 

1 INTRODUCTION 

Currently, the textile and light industry is one of the 

main areas of financially stable development of 

countries (Pirmatov and Akhmatov, 2003, Pirmatov 

and Bekishev, 2020). Investment funds spent on 

production processes are determined on the basis of 

global experience to cover them in a short time 

(Pirmatov, Bekishev, and Kurbanov, 2018). Also, due 

to the high demand for natural cotton fibers in the 

world, special attention is paid to the production of 

high-quality natural cotton fibers grown in our 

country and meeting global requirements, as well as 

the modernization of cotton linter machines 

(Pirmatov, Toirov. Bekishev and Urakov, 2019, 

Bekishev and Taniev, 2022, Bekishev and Urakov 

2019). 
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Based on large-scale reforms and practical results 

carried out by our government, cotton cleanning 

enterprises are being modernized and modern energy-

efficient linting cotton linter machines and devices of 

the 5LP type are being imported into our country at 

high prices [Aljwary and Yusupov, 2021, Pirmatov 

and Toirov. 2023, Khujaev, Toirov, Jumayev and 

Hamdamov, 2023, (Allaev, Toshov and Toirov, 

2023). However, 5LP type cotton linter machines 

imported from abroad do not fully take into account 

the various operating modes, technological and 

operational factors affecting the cotton cleaning 

process, therefore these machines cannot achieve 

high efficiency (Bekishev, Urakov and Mirkhonov, 

2020, Pirmatov, Bekishev and Egamov, 2023, 

Litvinenko and all, 2021). 

In addition, during the cotton cleaning process, 

the electrical circuits of the machine are subject to 



additional loads due to the fact that the cotton raw 

material exceeds the specified amount and is wound 

on the rollers of the cotton linter machine (Toirov and 

all, 2023, Erejepov and all, 2021, Toirov and all, 

2023). This, in turn, leads to a sharp increase in the 

electromechanical load of the cotton linter machine, a 

decrease in voltage, heating of electrical circuits, and 

rapid failure of the working mechanisms and 

electrical circuits of the cotton linter machine 

[Toirov, Khalikova, Jumaeva and Kakharov, 2023, 

Toirov and Khalikov, 2023). 

During the cleaning process of cotton, the quality 

of the resulting cotton fiber deteriorates due to the 

deformation of cotton raw materials and crushing of 

cotton seeds (Alimkhodjaev, Toirov, Taniev and 

Alimkhodjaev, 2020, Toirov and Khalikov, 2023, 

Toirov and all, 2022). Due to the factors influencing 

this technological process, it leads to an increase in 

the energy costs of cotton linter machines and a sharp 

decrease in production productivity [Toirov and all, 

2020, Jumaeva, Akhmedov and Eshmetov, 2021, 

Afrisal and Setiyadi, 2022). 

It is known that one of the quickly failing 

mechanisms of the 5LP cotton linter machine is the 

sawing cylinders (Toirov and Khalikov, 2023, Pavlov 

and all, 2021). Since, due to an excess of cotton raw 

materials and the presence of various types of waste 

in the manufactured products, comb saws located in 

the working chamber of a cotton linter machine type 

5LP are subject to corrosion and quickly fail (Toirov 

and all, 2022, Hoshimov and all, 2021, Hoshimov and 

all, 2021). 

Since these technological processes are controlled 

only by the cotton cleaning process, the main goal of 

our current research is to develop a methodology for 

determining the energy efficiency of cotton gins 

based on the modernization of cotton cleaning 

process and the modern type of frequency. - 

controlled electric drives (Hoshimov and all, 2023, 

Muratov and all, 2023]. 

2 EXPERIMENTAL RESEARCH 

It is known that the process of increasing the energy 

efficiency of cotton linter machines based on variable 

frequency electric drives begins with a method for 

determining the energy efficiency of a given cotton 

linter machines. 

Currently, the modernization of cotton cleaning 

enterprises and the effective use of energy-saving 

technologies in enterprises, increasing the energy 

efficiency of their cotton linter machine is of great 

importance. However, due to the fact that scientific 

research and practical work carried out in this 

direction have not been sufficiently studied, as well 

as methods for determining the energy efficiency of 

the cotton cleaning process and the high demand for 

control algorithms, these studies could not achieve 

complete practical results. 

Based on our proposed methodology for 

determining the energy efficiency of cotton linter 

machines, taking into account the various operating 

modes of the feeder of a 5LP type cotton linter 

machine and the sawing process, control laws for 

frequency-controlled electrical processes have been 

selected. and, depending on the quantity of cotton 

produced, the rate of these electrical processes is 

calculated. The main electromechanical and 

efficiency factors of a cotton linter machine based on 

variable-frequency electric drives are also 

considered. 

The rotation speed of the sawing mechanism of a 

cotton linter machine is determined by the following 

formula 
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where Vr is the permissible sawing speed of the cotton 

linter machine, m/min; p - constant quantity, 3,14 

rad/s; D - diameter of the sawing mechanism, mm. 

In order to develop a methodology for 

determining the energy efficiency of a cotton linter 

machine based on variable-frequency electric drives 

and a sufficient analysis of the technological 

processes of a linting cotton linter machine, let us 

consider the modular diagram of the main working 

mechanisms of this machine in fig.1 below. 

 

 

Figure 1: Modular diagram of the main working 

mechanisms of a cotton linting machine. 



Figure 1 shows a modular diagram of the main 

working mechanisms of cotton linters, where A) 

working chamber of a cotton linter machine: 

1) apron for receiving raw cotton; 

2) combs for sawing raw cotton; 

3) a mesh for separating cotton raw materials from 

seeds and various wastes; 

4) machine guide brush; 

5) mixing mechanism of the machine, 2.9 - 3.4 

m/s; 

6) product compression valve (check valve); 

B) saw cylinder of the cotton linter machine, 

11.86-12.2 m/s: 

7) saw cylinder; 

8) gasket between the saws of the machine; 

9) air release device; 

The linear speed of the saw cylinder of a cotton 

linter machine is expressed by the following formula 

using the statistics presented below. 
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The speed of the saw cylinder of a cotton linter 

machine has a significant impact on the production 

process. However, due to the continuous operation of 

saw cylinders of linting and cotton linter machines for 

48 hours and saw cylinders of technological processes 

for cleaning cotton raw materials for 72 hours, the 

diameters of the saw mechanisms of cotton linter 

machines range from 330 mm to 290 mm. The 

diameters of the sawing mechanisms of linters and 

cotton cleans range from 330 mm to 260 mm. Rapid 

attenuation up to 30 mm is observed. Also, due to the 

constant sawing speed of 750 rpm established in this 

technological process, this leads to a sharp increase in 

the technological and operating costs of the cotton 

linter machise. 

The sawing power of a cotton linter machine is 

determined by the following formula 
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where Ca is cotton cleaning mass; t - time spent on the 

sawing process, min; S - product surface, mm2; Ka is 

the sawing coefficient, depending on the type of 

cotton raw material, it is selected up to Ka = 0,86 - 1. 

The mechanical power used in the sawing process 

of a cotton linter machine is expressed by the 

following formula 
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The torque of the saw cylinder on the shaft is 

determined by the following formula 
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where p is the number of pole pairs. 

Regardless of the loads on the axis of the saw 

cylinder of a cotton linter machine, the location of 

external forces acting on the mechanism is assumed 

to be vertical. Also, since the saw cylinder of a cotton 

linter machine is equipped with a special type of drive 

(belt, gear), the theoretical calculations do not take 

into account the angles of deflection of mechanical 

loads on the shaft. However, as a result of changing 

the cutting speed of the machine to 750 rpm, the 

torque and angular speed of the sawing mechanism 

will change proportionally and the actual active 

power of the electric drive in this technological 

process will be determined. 

The active power of the sawing process is 

determined by the following formula 
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where fy - drive frequency changes to fy = 30 - 50 Hz. 

Time spent on sawing process of cotton linter 

machine 
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where L is the length of the product cut, m. 

We express the electricity consumption of a 

cotton linter machine using the following formula 
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The production efficiency of a cotton linter 

machine is determined by the following formula 
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Comparative standard of cotton linting process 
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3 RESEARCH RESULTS 

The only device that feeds raw cotton into the lint at 

a cotton linting plant is the plate (disc) feeder(s). With 

the help of this feeding device, the cotton raw 

material located in the hopper is fed in the same 

volume to the cotton linter machine. Similarly, in 

order to develop a method for determining the energy 

efficiency of a cotton linter machine, we will analyze 

the design of the plate (disk) feeding device of a 

cotton linter machine in fig. 2 below. 
 

Figure 2: Block diagram of a disk power supply device. 

In fig. 2 shows a block diagram of a plate (disk-

shaped) feeder and this technological process 

works as follows. Cotton raw material comes from 

a special hopper 1 of the plate feeder, then the 

cotton raw material enters the glass-cylinder 3 of 

the device through the fixing nozzle 2. Also, the 

cotton raw material falling from the glass is placed 

on the plate (disc-shaped) 5 using the cutting 

blades 4 of this device. Then the cotton raw 

material, located in the plate, is fed into the cotton 

linter machine through the fixing nozzle 6 of the 

feeding device. In this case, the electric machine 9 

of the device, the gearbox 8, through the locking 

clutch and the electric drive shaft 7, rotate the plate 

of the device. 

The active power of the power supply device of a 

cotton linter machine (feeder) is determined by the 

following expression 
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where At is the force of gravity required for one 

revolution of the feeder (feeder) disk, J; kr - power 

supply reduction factor, kr = 1,62 - 1,96; ηt - useful 

operating factor of the power supply device, ηt = 0,7 

– 0,82. 

Let us express the power consumption of the 

power supply using the following formula 
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where Tt is the operating time of the power supply 

device, hour. 

The production efficiency of the feeding device is 

expressed based on the following formula 
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where ht is the height of the fighter, m; R - outer 

diameter of the fighting ring, m; r - internal diameter 

of the fighting ring, m; ka - separation coefficient, ka 

= 0,7 - 0,9; r - product density, t/m3; 

Comparative norm of the feeding device (Feeder) 
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The total time spent on the linting process is given 

by the following expression 
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where Ta is the time of the sawing operation, h; Tt - 

operating time of the power supply device, h; Th - 

operating time of the air release device, h; Tar - time 

of sawing operation, h. 

The total electrical energy of the weaving process 

is calculated using the following formula 

 

),()()()( hhararttaaL TPTPTPTPW   

kVt·h 
(16) 

 

where Pa - active sawing power, kVt; Pt - active 

power of the power supply device, kVt; Ph - active 

power of the air exhaust device, kVt; Par - active 

power of the sawing process, kVt. 

The ability to perform the linting process is 

determined by the following formula 
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where GL is the mass of cotton raw material in the 

working chamber, kg; KL - coefficient of support for 

the linting process. 

The production efficiency of the cotton linting 

process is determined by the following expression 
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where C is the product acceptance level. 

Comparative standard of cotton linter machine 

based on variable frequency electric drives 
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The installed power of the 5LP cotton linters 

cleaning machine is 30,6 kVt·h. The electricity 

consumption of 26,93 kVt·h is determined by the 

frequency-controlled power source in the application 

circuit and technological process. Also, As a result of 

scientific research carried out at cotton linting 

enterprises in our country, the energy efficiency 

indicators of 5LP type cotton linting machines were 

determined. 

Based on the methodology for determining the 

energy efficiency of a cotton linter machine, the 

following technical and economic indicators were 

achieved, shown in table 1. 

The final sentence of a caption must end with a 

period. 

Table 1: Energy efficiency indicators of 5LP type cotton 

linter machines 

№ 

Electricity 

consumption, 

W (kVt·h) 

Operating 

time of the 

installation 

in the 1st 

shift, 
hours (fur 

coat) 

Plant 

productivity 

in the 1st 

shift, Q 
(kg) 

Comparative 

consumption 

rate per unit 
of 

production, 

N (kVt·h/kg) 

1. 161,58 

4-6 

1300 0,124 

2. 162,96 1350 0,121 

3. 164,7 1400 0,118 

4. 166,62 1450 0,115 

5. 167,46 

6-8 

1500 0,112 

6. 168,72 1550 0,109 

7. 169,38 1600 0,106 

8. 169,92 1650 0,103 

9. 171,06 1700 0,101 

10. 171,78 1750 0,098 

11. 172,44 1800 0,096 

12. 173,16 

8-10 

1850 0,094 

13. 179,64 1900 0,095 

14. 181,68 1950 0,093 

15. 183,78 2000 0,092 

 

Based on the use of frequency-controlled electric 

drives on a cotton linter machine type 5LP, the 

following technical and economic indicators have 

been achieved, shown in table 2. 

Table 2: Energy efficiency indicators of 5LP type cotton 

linter machines based on the use of frequency-controlled 

electric drives 

№ 
Main parameters of the 

cotton linting machine 

without 

frequency 
converter 

by 

frequency 
converter 

1. 
Electricity consumption, 

W (kVt·h) 
211,35 183,78 

2. 
Operating time of the 
installation in the 1st 

shift, hours (fur coat) 

9,78 8,5 

3. 
Plant productivity in 

the 1st shift, Q (kg) 
1740 2000 

4. 

Comparative 

consumption rate per 

unit of production, N 
(kVt·h/kg) 

0,083 0,092 

5. Power coefficient, cosφ 0,83 0,94 

6. Efficiency, η 0,72 0,86 

 

Based on the tables above, are graphs of energy 

efficiency indicators for a 5LP cotton linter machine 

was constructed, shown in Fig. 3, 4. 

 

 

Figure 3: Energy efficiency chart of the 5LP cotton linter 

machine based on the energy consumption rate. 

 

Figure 4: Graph of the energy efficiency indicator of a 5LP 

cotton linter machine based on variable frequency electric 

drives. 



In fig. 3 and 4, the graphs of the energy efficiency 

indicator of a 5LP type cotton linter machine based on 

variable frequency electric drives is built on the basis 

of the electrical energy W of the linter machine, the 

comparative rate of consumption per unit of production 

N and the efficiency of the cotton linter machine Q. As 

a result of these graphs, the energy consumption of the 

lint cleaning device type 5LP was reduced from 30,6 

kVt·h to 26,93 kVt·h, and savings in electricity 

consumption by an average of 15% were achieved. 

4 CONCLUSIONS 

Using a method for determining the energy efficiency 

of a cotton linter machine based on frequency-

controlled electric drives, the following conclusions 

were made. 

1. Based on the determination of various operating 

modes, technological and operational influencing 

factors affecting the energy efficiency of the 5LP 

linter cotton linter machine, the law of frequency 

regulation of electrical circuits has been determined. 

In particular, the frequency regulation range of 

frequency-controlled electrical circuits of this cotton 

linter machine and power supply device 1:1.6 is 

defined in the range of 30-50 Hz. 

2. Taking into account the various operating 

modes of a 5LP type cotton linter machine and 

feeding device, a methodology has been developed 

for determining energy-saving operating modes and 

energy efficiency of a cotton linter machine based on 

frequency-controlled electrical circuits. As a result of 

these studies, the installed power of the cotton linter 

machine was reduced from 30,6 kVt·h to 26,93 kVt·h 

by an average of 15% of electricity consumption. 

3. Analytical formulas for automatic feeding and 

sawing of cotton products based on variable 

frequency electric drives, taking into account 

technological and operational factors of the cotton 

linting process, the main stages of the cotton linting 

process and the method of determining energy. 

efficiency of the linter cotton cleaning machine based 

on the practical results of the work of cotton cleaning 

enterprises. Taking into account the reliable data 

obtained, this research work will serve to improve the 

energy efficiency of cotton cleaning enterprises in our 

country. 
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