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ABSTRACT: This article examines the shaft strength of a spiked cylinder, a device designed to separate 

spinning fibers from fibrous waste (lint) produced at a gin. The study studied the number of fractions in the fiber 

mixture produced at the plant, as well as the characteristics of short fibers, developed a technological scheme of 

the new fiber separation device and gave the principle of its operation, the main factors influencing its operation. 

Then the strength of the spiked cylinder shaft, which is the main working body of the device, was studied. The 

study determined the resistance of the shaft to vibration as a result of periodic loading and the frequency of 

vibration along its axis through the critical rotational frequency. 
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I. INTRODUCTION 

It is known that cotton fiber plays an important role in the economy of Uzbekistan. This issue has been 

highlighted not only in modern research, but also in many scientific studies conducted in any period of the 

Republic [1,2,3]. 

The industrial grade of cotton fiber is determined by the indicators of tensile strength, maturity, defects and 

contamination, moisture content (as a percentage of dry weight). Tensile strength and maturity are the most 

important criteria in determining the industrial grade of cotton fiber. The indicators of the introduction of cotton 

fiber in this or that industry navigation according to the state standard are given in Table 1 [4,5,6]. 

During the processing of cotton seeds, the complete hairs of the cotton seeds and their residual fiber (after fiber 

separation) are analyzed. And if the less hair is covered, the more oil is extracted from cottonseed in the 

production of oil or the more sprouts are grown in agriculture. 

Place tables as close as possible to the text they refer to and aligned center. A table is labeled Table and given a 

number (e.g., Table 1. Sample Datasheet with Attributes in Linguistic Term) it should be numbered 

consecutively. The table label and caption or title appears 12pt space above the table, 6pt space after the text or 

paragraph if any; it should be uniforms fonts and font size, and use 10pt font size and Helvetica style, 

capitalized similar to paper title, aligned center and bold face. Sources and notes appear below the table, aligned 

left. All tables must be in portrait orientation. 

Table 1. Indicators describing the type of cotton fiber 

Indicators 
Norms by sorts 

higher I II III IV V VI 

Breaking 

strength 

4.6 and 

more 
4.8-4.4 4.3-3.4 3.8-3.4 3.3-3.0 3.9-2.5 

Less 

than 2.5 

Maturity 

coefficient 
2.1 2.0 1.8 1.6 1.4 1.2 

no less 

than1.2 

Defects and 

pollution, in % 
1.9 2.1 2.6 3.5 5.3 8.6 12.8 

Moisture  

relatively  to 

dry fiber 

weight, in % 

8.0 8.0 9.0 10.0 11.0 12.0 12.0 
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(for all 

cotton-growing 

districts) 

 

In addition, the size of the seed coat is of great importance for its proper use in industry as a fiber raw material. 

The lower the hair coverage of the processed seed, the more short fibers are obtained from the fiber coating of 

the seed. 

Before fiber separation depending on the quality of cleaning the seeds, the growing conditions of the cotton, and 

the maturity of the seeds that brought in for processing, the short fiber will have different amounts of specific 

grains. According to the state standard, short-fiber industrial varieties are determined by the following quality 

indicators: maturity, staple length, contamination, ash content, seed weight and moisture [7,8]. 

Short fiber is divided into varieties, sorts and qualities depending on the above mentioned indications. 

Short fiber is divided into three types depending on the length of the staple. Type I - staple length more than 20 

mm; Type II - staple length from 11 to 20 mm; Type III - staple length less than 11 mm; and is obtained from 

not more than 11 percent hair-covered seeds. Short fibers type I and partially type II are mainly used in industry 

for downy hair. 

Short fiber type III is used in the chemical industry. The main requirement for the quality of the hair used in this 

network is its cleanliness - very little contamination with external impurities and uniformity of length. It is not 

allowed for 3 types of short fibers to contain fibers with a length corresponding to another type [9].  

In the production of textile products from cotton fiber, part of the raw materials delivered to the enterprise are 

separated into waste. In particular, the amount of waste in spinning according to the spinning system is on 

average about 20% of the mixture, 12-18% in the card spinning system and 32% in the re-spinning system. 

When weaving fabrics from yarn, the amount of waste is up to 5% [10]. 

If we take into account the waste generated in the process of dyeing and dyeing of fabrics, the production of 

garments from fabric, it is clear that the average amount of waste generated per year is several tens of thousands 

of tons. In addition, if we take into account the volume of non-consumable products used by the population of 

the Republic in many areas of industry, medicine and technology, and textiles that are no longer suitable for 

direct use, this amount will increase several times. 

At present, the textile and light industry enterprises face great challenges. In particular, programs and measures 

are being developed for the production of cotton yarn and fabrics that can meet the requirements of world 

standards [11,12]. 

In ginnery, gin and linters are separated from the gutters, cyclone and dust chambers, fluff, fiber cleaners and 

saw-cylinder cleaners. The fiber extracted from the processing of fibrous waste is used as a raw material in the 

textile industry and other industries. 

II. RESEARCH METHODS 

According to the State Standard, fibrous wastes of ginneries are divided into three types depending on their 

quality: fibrous cotton regenerated (re-separated) cotton fiber, cotton wool. 

In spinning mills, the spinning fibers in the lint-bearing mass are also pressed. The long fibers in the fleece are 

the result of incomplete separation of the fibers of the cotton seed by gin machines. Completely ginned seeds are 

usually separated from the total mass using a regenerator and returned to the gin machine. But this condition 

reduces the productivity of gin labor, leading to an increase in seed damage. As a result, fiber quality also 

deteriorates. In addition, it is unlikely that the partially ginned seed fiber will be completely separated from the 

total mass. Therefore, the bulk of such seeds return unchanged from the gin machine chamber. For this reason, 

most ginners do not use regenerators and the half-cleaned seeds are sent to a linter machine and the long fibers 

are scraped off the seed surface together. As a result, long-spinning fibers are formed in the fleece. This, in turn, 

leads, firstly, to the transfer and destruction of valuable textile raw materials into the fleece composition, and 

secondly, to the deterioration of quality as a result of the loss of uniformity in the length of the fleece 

composition. 

The presence of long fibers in the wool makes it difficult to process in the chemical industry and usually 

requires cutting and shredding long fibers. This leads to additional costs [13]. 

In order to overcome these shortcomings, reduce fiber loss and improve fluff quality, it was proposed to install 

equipment to separate long fibers from the air-fluff mixture in the fluff conveyor pneumatic duct after the 1st 

stage linter machine. It has been suggested that the equipment should consist of a separating cylinder and a 
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brush cylinder separating the longer fibers, lined with a headset in the form of a Spiked or solid metal saw tape 

(YAMAL) with a linear velocity greater than the air velocity during rotation of the working bodies [14]. 

The proposed device consists of the following main elements: 1 inlet pipe, 2 straight Spiked cylinder, 3 outlet 

pipe for short fiber, 4 limiter, 5 curved Spiked cylinder, 6 brush cylinder, 7 outlet pipe for long fiber, 8-pin 

cylinder electric motor, 9-brush cylinder electric motor (Fig. 1). 

 

Figure 1. Double cylinder fiber separation device 

 

Figure 2. A view of the new device 

The main working bodies of the new device are spiked cylinders, and the specified task can be achieved through 

the efficient use of these working parts. In this research, the strength of their shafts was examined in order to 

ensure that the spiked cylinders operated smoothly [15-18]. 

This method of calculating the spiked cylinder shafts of the new device is based on the laws of material 

resistance, the diameter of the dangerous section of the shaft is determined on the basis of the given torque, and 

the given torque is determined on the basis of bending and twisting torques. 
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When selecting the calculation scheme, the shaft supports can be of three different types: a fixed hinge, a 

moving hinge, and a one-way compressed state. In this case, it is recommended to take a fixed hinged support 

on the bearing under the influence of radial and longitudinal forces, and only under the influence of radial forces 

on a movable hinged support. In addition to the moments acting on the defined method of calculating the 

strength of the shafts, the safety factor for the dangerous section is determined by taking into account the 

accumulation of stresses in the hazardous sections, the geometric dimensions of the shaft and the effect of 

surface roughness on the stress value [19-23].  

The shafts are rated for strength, stamina, and vibration resistance. The calculation of the strength of the shafts is 

done to prevent the formation of plastic deformation and premature breakage. It is known that such cases occur 

when the shafts are in motion with overload. The main reason for this is random factors and the start-up period. 

The purpose of the calculation of virginity is to determine the elastic deformation under the influence of load 

and compare it with the allowable value [24]. 

The purpose of calculating vibration resistance is to determine the vibration resistance of the shafts as a result of 

periodic loading. The calculation of the shafts for stiffness and vibration is not shown here, as they fall into 

special cases (spindles of metalworking machines, long transmission shafts, etc.). 

The aim of the study was to study the resistance, stiffness and vibration resistance of spiked cylinder shafts to 

bending torque and torque. 

Certain methodologies [25,26] were used to perform the calculations and a shaft model was created for small 

experiments. 

III. RESULTS AND DISCUSSION 

The calculation of the strength of the shafts was performed in the following order: By drawing a sketch of the 

shaft, using an empirical formula for the approximate calculation, or taking into account the torque effect and it 

can be determined by the following equation [27]: 
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Where: иM - bending moment of the shaft; KнноК MM 2max  - maximum and short-term torque; d - 

diameter of the porous part of the d-shaft; 21, - coefficients of friction along the axis and in rotation; l - the 

length of the detail-forming joint. 

The contact pressure acting on the surfaces of the attached part in a tight fit is determined from the following 

equation: 
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In this case: 

2

1
2

r

r
K  - the inner and outer radius of the shaft cavity; The X-coefficient can be considered as

1X ; 1
1


d
; 21, EE - modulus of viscosity of shaft and shaft material;  - is the tight transfer index 

between the parts. 

Based on the strength condition of the transitions between details: 

икn PP                                                                                  

(3) 
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Figure 3. Scheme for calculating the critical rotation speed of the shaft:a) a variable section of the shaft on two 

supports on which the details are fastened, b) is a constant section of the equivalent shaft 

Assuming that the elastic line of the shaft is sinusoidal, we write: 

l

X
fy


sin                                                                             (4) 

Where: u is the bending of the shaft in the x section; 

In Figure 3 (a), we replace the variable shear beam (b) with a continuous shear beam, resulting in: 
ekvq - the 

specific equivalent mass of the shaft; 

ekvJ  - Equivalent moment of inertia of the shaft and im  and 
iJ - moment of inertia of the details attached to 

the shaft and their relative to the free axis of the shaft; l  is the distance between the shafts. 

In this case, the specific rotation frequency of the system:  

L

U O2
                                                                              

(5) 

In this case: OU - the potential energy of the displacement amplitude of the shaft 
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Displacement of the first mass: 

l

x
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(7) 

Rotation of the first mass: 
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(8) 

Taking into consideration the specific gravity of the shaft, the total shear amplitude and its deflection are: 
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If we take OU  from (6) and L from (9) and put into Equation (5), we obtain: 
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To find a convenient solution to the equation, we introduce the following notation: 
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We need to find zevJ  and ekvq  to solve Equation (11): 
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Figure 4. Shows a graph of the 








l

a
 function 

We can find the specific oscillation frequency of the shaft by substituting  the obtained values zevJ  and 

ekvq
 the into equation (11). 
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Given the tensile stress along the shaft axis, it looks like this: 
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Where: А0 is the longitudinal force acting on the shaft; Рk is the critical force acting on the shaft, the shaft 

bending corresponding to the plane of oscillation of the shaft; 

Determination of the critical velocity in the transverse vibration of the Spiked cylinder shaft. Spiked cylinder 

shaft: in the form of Spiked heads, covers, washers and nuts under the influence of a generally equally 

distributed tension G=100 Н, the cantilever part of the shaft should be under the influence of gravity by the 

couplings and pulleys. 

To perform the calculation, we use the scheme below (Figure 5). 

 

Figure 5. Scheme for determining the critical rotational speed of the spiked shaft 

The following is the calculation data: 

Viscosity modulus of shaft material: 
27 /,101,2 smNE   

The ratio of the weight of the clutch and pulleys to the weight of the equivalent shaft: 

574,0
17410854,1980
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Figure 6. Graph of the relationship of the critical rotational speed of a shaft to the oscillation frequency along its 

axis 

We accept certain definitions for the calculations [28] and obtain the following result: 
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Figure 7. Graph of the relationship of the specific mass of an equivalent shaft at different diameters of the shaft 

to the equivalent moment of inertia 

If we consider the tensile strength of spiked heads along the shaft axis: .20000 NA   
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Figures 6 and 7 show graphs of the relationship between the critical rotational speed of the shaft to its oscillation 

frequency along its axis and the relationship of the specific mass of the equivalent shaft at different diameters of 

the shaft to the equivalent moment of inertia, respectively. 

V. CONCLUSIONS 

As a result of the calculation of the shaft resistance to vibration and vibration, it was determined that the shafts 

are resistant to vibration as a result of periodic loading. Through the critical rotational frequency of the shaft, the 

oscillation frequency along its axis was determined and it is: vkr=10,3 Hertz 
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