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Від зрілості залежить вплив пружних характеристик 
бавовни-сирцю на механіку живлячих валиків у очищувачах 
дрібного сміття. У очищувачах дрібного сміття застосову-
ються механізми, в яких використовуються колкові валики 
з асиметричним розташуванням лопатей. Асиметричність 
розташування живлячих валиків з прямолінійними лопатя-
ми можна характеризувати значенням кута θ відставан-
ня або випередження лопатями одного валика лопатей іншо-
го. Відносною характеристикою величини асиметрії може 
служити відношення модуля θ до його граничного значення 
kаs = q/p, інтервал зміни якого 0 ≤ kas ≤ 1. Аналіз показав, що зі 
збільшенням кас у очищувачах дрібного сміття спостерігаєть-
ся погіршення якості очищення бавовни-сирцю. Запропоновано  
матричний метод аналізу механізмів бавовно-переробних 
машин, в тому числі живлячих валиків у очищувачах дрібного 
сміття і розроблено алгоритм його комп’ютерної реалізації. Зі 
збільшенням асиметрії колкових валиків (kаs) розпірні сили, що 
виникають між валиками, зменшуються на 20–25 %, що при-
зводить до зниження очисного ефекту машини.

Розроблено схему живильника, де поряд з традиційними 
лопатевими валиками використовуються колкові або кол-
ково-планчаті розпушувальні валики. B живильнику даної 
конструкції можна виявити як рівномірне живлення машини 
бавовною, так і зміна технологічних характеристик бавов-
ни-сирцю. Додаткові валики призводять до зміни технологіч-
них характеристик бавовни-сирцю, тим самим створюють 
процес інтенсивного виділення смітних домішок. Очевидно, 
деформація, що отримується часткою в схемі, яка розгляда-
ється, буде максимально можливою, граничною, так як нова 
конструкція виключає прослизання продукту в зонах між 
лопатевими і розпушувальними валиками, що не виключа-
ється в реальній конструкції.

Отриманий досвід показує, що застосування розробленої 
схеми живильника у очищувачах дрібного сміття дає значне 
збільшення (18 %) очисного ефекту машини

Ключові слова: очищувач дрібного сміття, живлячі вали-
ки, колкові валики, лопать, деформація шару, розпірні зусил-
ля, якість очищення бавовни-сирцю, структурні частки
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1. Introduction

A highly important issue for the cotton-ginning indus-
try is to intensify the process of removing impurities from 
raw cotton. A high quality of cotton fiber and seeds can be 
achieved as a result of developing improved designs of clea
ners from small impurities, finding new ways of cleaning raw 
cotton from small and large contaminations, and choosing 
modes of cleaners.

A careful study is necessary to specify the mechanics of 
the interaction of the working elements of the feed devices 
with a layer of transported material, and it is essential to 
search for new designs of such charging systems with a direc-
tional change in the technological properties of raw cotton.

An 80–90 % increase in the cleaning effect of these tech-
nological processes allows obtaining fiber with the amount 
of impurities and defects within the norms. It is actually 
important to develop a system for assessing the uniformity of  
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supply for cleaners and to determine the requirements for the 
characteristics of feed devices for preparing raw cotton for 
the main technological process. It requires creating effective 
cleaners for raw cotton and increasing the cleaning effect 
with a minimum number of cleaning machines.

2. Literature review and problem statement

In [1], the issues of cleaning medium-fiber raw cotton 
are investigated; in particular, the emphasis is placed on the 
strength of retaining volatiles by the roller set. A theoretical 
formula is proposed for calculating the efforts of separating 
volatiles from the blades, which has some discrepancy with 
the results of the experimental study. However, the effect 
of elastic characteristics of raw cotton is not taken into 
account, and in addition, the scheme does not consider the 
friction forces and does not take into consideration the 
interaction of volatiles with the asymmetrical arrangement  
of the blades.

In [2], tests are carried out to improve the mechanism of 
the feeder of spike rollers to study the interaction of a peg 
with a piece of raw cotton of a fibrous bond with a canvas 
formed by the feed rollers with a symmetrical arrangement of 
the blades. However, the results of the work do not show the 
desired cleansing effect on small impurities.

Raw cotton containing structural parts of a spherical 
shape with several volatile particles has been proposed to 
be considered in the processes occurring in the cleaners of 
coarse and fine contaminants [3]. Indeed, the conditions for 
the formation of such a cotton ball occur in the pre-cleaning 
section. On the basis of this model, an attempt is made to 
disclose the conditions for the material to be thrown onto 
the blade and to be fixed with a brush roller, taking into ac-
count the deformation of the raw cotton shreds. Solving the 
considered problems, the author reasonably focuses attention 
on the need for a uniform charging of the cleaners, in parti
cular, on a largely unresolved problem of the influence of the 
elastic characteristics of raw cotton on the adhesion with an 
asymmetrical arrangement of the blades.

In [4], the question of the interaction of impurities with 
cotton is investigated; however, the influence of the elastic 
characteristics of raw cotton on the adhesion in cleaners of 
small admixtures with cotton is not studied.

In [5], the ways of increasing the efficiency of raw cotton 
cleaning from small impurities are investigated by improving 
planar spike rollers. However, changing the profile of the 
mesh surface does not improve the effect of cleaning cotton 
from small impurities.

In [6, 7], the fundamentals of the mechanics of the pro-
cess of interaction of raw cotton sheaves with the working 
bodies of a large impurity cleaner section are given. However, 
the mechanics of the process of interaction of the working 
elements of the feed devices with the layer of the transported 
material are not investigated, and the search for charging 
systems with a directional change in the technological pro
perties of raw cotton is not considered.

In work [8], dedicated to the choice of parameters of the 
geometry for the blades of the feed rollers, a process model is 
used that can illuminate the interaction of volatiles with the 
spike roller of the purifier and a number of reasons for the 
malformation of the process. However, there is no research 
on the effect of the asymmetrical arrangement of the blades 
on the elastic characteristics of raw cotton and, ultimately, 

on the quality indicators. The development of this direction 
can be considered in [9], in which the question of the effect of 
harvest time on the maturity of raw cotton is studied.

In [10, 11], this question is investigated only for raw 
cotton of machine harvesting. The authors do not consider 
the friction forces and the influence of the elastic charac-
teristics of raw cotton with an asymmetrical arrangement 
of the blades. As a result, the desired cleaning effect is  
not achieved.

All this leads to a conclusion that the issues of the 
influence of the elastic characteristics of raw cotton on 
the spacer efforts, as well as ensuring the even charging of 
cleaners of small contaminants, remain open. Therefore, it 
is important to develop these studies in the part that relates 
to the possibility of creating a machine suitable for cleaning  
medium-fiber varieties with certain optimal parameters and 
mode of operation. Now for the cleaning of raw cotton from 
small impurities of medium-fiber varieties, the working 
section includes mainly a spike roller and a grate, which 
has a small cleaning effect on small impurities. This leads to 
a  decrease in the fiber quality. When creating an appropriate 
design of spike rollers, the predicted increase in the cleaning 
effect in the technological processes can be up to 98–99 %. 
This, in turn, can help obtain fiber with the amount of impu-
rities and defects within the regulated norm.

3. The aim and objectives of the study

The aims of the work are to study the process of feeding 
raw cotton in mechanisms of spike rollers with an asym-
metrical arrangement of the blades and to determine the 
magnitude of the spacer forces acting on the feed rollers. 
This will give the opportunity to develop a new design that 
will allow high-quality cleaning of raw cotton from small  
impurities.

To achieve the aim, the following objectives were set and 
done:

– to identify the dynamics of the process of interaction 
with the raw cotton of the feed roller of the cleaner with an 
asymmetrical arrangement of the blades;

– to develop a new design of the mechanism for charging 
cotton machines, focused on changing the technological 
properties of raw cotton;

– to determine the methodology for assessing the utmost 
capabilities of the new system when deforming the structural 
particles of raw cotton;

– to study the process of deformation of structural par
ticles by loosening rollers.

4. The study of the dynamics of the process of interaction 
between raw cotton and a feed roller cleaner with  

an asymmetrical arrangement of the blades

When the blades of rollers are asymmetrical (Fig. 1) 
relative to the layer of processed product S at the points of 
contact, along with the local deformations, general move-
ments of the layer occur, leading to a decrease in the values 
of the spacer efforts, and this has been largely established 
experimentally [10]. In the diagram, there is a general de-
crease in the stiffness of the deformable layer, since general 
deformations by the layer axis shift are added to the local 
contact deformations.
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Fig. 1. A diagram of the interaction of asymmetrical 	
feed rollers

The asymmetry of the location of the feed rollers with 
straight blades can be characterized by the value of the  
angle θ of one roller blades’ lagging behind or advancing 
ahead of the blades of the other. It should be noted here that 
it is more convenient to count θ for an angle of less than or 
equal to half the angle between adjacent blades: θ ≤ π/2. The 
relative characteristic of the value of asymmetry can be the 
ratio of the modulus θ to its ultimate value:

kas =
θ
π

, 	 (1)

and the interval of change is 0 ≤ kas ≤ 1.
When kas = 0, the case is a symmetrical arrangement of 

the blades; with kаs = 1, the asymmetry of the feed rollers is 
maximal.

When kas > 0, the system of equations [11] is rewritten as:
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where Wr denotes the total displacement of the i-th point of 
the layer.

The question of determining Wi is an independent task 
related to the properties of the deformable layer. With insig-
nificant general displacements for this purpose, the equations 
of the elastic line of a deformable rod can be applied, and with 
significant ones, the equations on a rigid thread bending can 
be used [12–15].

In the general case, iW *  is the function of all acting forces, 
which indicates the complexity of the general task, with r ≥ 3 
becoming statically indeterminable.

If it is assumed that iW   is the linear function of Pi only, 
the circuit analysis will be simplified. From the scheme of  
a two-support rigid thread, assuming that the deflection of 
the elastic flow axis is small, the total deflection can be de-
termined as follows:

W P
W W
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12
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where iW  and ( )iW + ¢1
  are the deflections of the flow axis un-

der the blades of the right roller; Wi
0 is the deflection under 

the blade of the left roller; t is the distance between the ends 
of the blades of the left roller in the projection on the flow 
axis; (ЕJ)cond is the conditional stiffness of the cotton layer 
for bending. When kаs = 1, (3) can acquire the sign of exact 
equality.

Assuming the displacement of the axis of the layer to be 
symmetrical, the obtained function is:

W
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continuous, differentiable (twice); with kаs = 0, it has a mini-
mum equal to zero, and with kаs = 1, it has a maximum equal to:

W
Pt

E
i

i

j yc

max .0
3

24
= ( ) 	 (5)

The condition of non-negativity of iW   in (4) naturally 
follows from the non-negativity of Pi for λ > 0.

Taking into account (4) and ij ij jW P= δ , system (2) can  
be rewritten as a matrix equation:

W E Pj ij i= + ⋅( )⋅δ l , 	 (6)

jW , jδ  and iP  are matrices defined by [11]; E  is the unit 
matrix (r × r).

The solution of matrix equation (6) gives the expression:

P E Wi ij i= + ⋅( ) ⋅
−

δ l
1

, 	 (7)

where the square matrix δ lij E+ ⋅( )−1
 is the inverse matrix 

from δ lij E+ ⋅( ),  and their product is E .
For the previously considered example (r = 2), the fol

lowing is true:

iP
P

P
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2

;  jW
W

W
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2
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and according to the definition of the inverse matrix and the 
identical equalities ij jiδ δ= ,

−
+( ) =

+ −
− +

+( ) −

1

11 12

12 11
2

11 12
2ij Eδ l

δ l δ
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. 	 (9)

With 1 2 45 6W W= = .  mm and the Δij values known 
from [11],

P P

k
k k

c
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1 2

2

2 2

45 6
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2

= =

⋅
−( )−

.

.

,

which at kas = 0  gives P P
k1 2 3091 5
1

= = . .

In the case of r = 3, matrix equation (8) leads to a more 
complicated equation:
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Multiplication of the matrices in the numerator of (10) 
with a positive determinant in the denominator gives the 
necessary condition for touching the top of the layer of raw 
cotton with the first and third blades:

2

1

2

3

11

12

W
W

W
W

= £
+δ l

δ
,

which for the considered example is performed when:

l ³ ⋅ 
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−4 57 10 3. .k
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N

If λ does not satisfy this condition, the calculation of the 
expansion force at r = 3 reduces to the case of r = 1, for which:

P
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c
as as
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55
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2

Table 1 shows the dependences of the values of λ and 
the total spacer efforts for the considered examples at 
k = 23.0 mm2/H, ε = 0.5, and c = 108 mm in the function of kas.

Table 1

The results of calculating the spacer forces with an 
asymmetrical arrangement of spike rollers

k = 23.0 mm2/Н, ε = 0.5, and с = 108 mm

kas 0 0.2 0.4 0.6 0.8 1.0

P(N) 250 242 215 194 181 175

PΣ = P1+P2(N) 270 260 254 224 218 210

λ∙10–3 (mm/N) 0 1.43 3.75 6.4 8.54 9.2

With an increase in the asymmetry of the spike rol
lers (kas), the spacer forces arising between the rollers de-
crease by 20–25 % (Table 1). This proves that with insig-
nificant general displacements, the equations of the elastic 
line of a deformable rod can be applied, and with significant 
displacements, the bending equations of a rigid thread can 
be used.

5. Development of a new mechanism for the design of 
cotton machinery, focused on changing the technological 

properties of raw cotton

As shown above, the increase in the efficiency of cleaning 
processes is possible by directed changes in the technological 
properties of raw cotton: disaggregation of the structure of 
cotton, an increase in the total open surface of cotton par-

ticles due to deformation of structural units, and 
a  decrease in the density of its mass.

This purpose is served by the charging (feed) 
methods proposed in Fig. 2 and the design of the 
cleaner feeder, which embody the idea of connecting 
the charging system with the system of preparing 
raw cotton for cleaning processes.

The feeder diagram is shown in Fig. 2, where, 
along with the traditional paddle rollers 1, loosening 
rollers 2 are used, both spike and spike-slatted. 

Between the pairs of the rollers, a zone of directional 
change in the properties of raw cotton is formed – it is a fuzz 
of the product held by the blades of the feed rollers. Under 
the influence of pegs, structural particles of cotton with  
a large number of connected volatiles are loosened. With the 
pinch by one end in the feed zone, under the influence of pegs, 
a downsizing occurs in a rather mild mode. At the same time, 
for individual volatile particles and structural particles with 
a 2–3 volatile number, an almost unhindered passage into the 
machine is possible: these particles are only shaken by the 
pegs, fluffing and losing contact with impurities.

In the feeder of this design, both uniform feeding of the 
machine with cotton and a change in the technological cha
racteristics of raw cotton are thus achieved.

 𝛾𝛾𝛾𝛾 

B
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2h 
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Fig. 2. A diagram of a feed device with a system 	
for the directional measurement of the technological 

properties of raw cotton: 1 – bladed feed rollers; 	
2 – spiked loosening rollers

In the proposed design of the cleaner of small impurities, 
it is possible to achieve uniform charging with raw cotton 
and additional cleaning from small impurities. Additional 
rollers lead to a change in the technological characteristics of 
raw cotton, thereby creating a process of intensive cleansing.

6. Development of methods for assessing the utmost 
capabilities of the new system in the deformation of 

structural particles of raw cotton

Thus, it is essential to solve the general problem of es-
timating the ultimate possibilities of the system during the 
deformation of the structural particles of raw cotton.

It is assumed that the feed and spike rollers have a cylin-
drical shape and in the zone of the feed and exhaust steam  
ensure reliable pinching of the structural particle with 
a  length (before deformation) Z0. The radii of the feed 
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rollers and their angular velocity are denoted by r1 and ω1, 
respectively, and those for the spike rollers are denoted by r2  
and ω2 (Fig. 3); the length of the zone between the pinching 
points is marked as B.

𝜔𝜔1

𝜔𝜔2

𝜔𝜔1   

 𝜔𝜔2

B

a

b 

𝑟𝑟1 

𝑟𝑟2 

𝑍𝑍0 

Fig. 3. A design diagram of deformation of the structural 
particles of raw cotton by the feed and loosening rollers

A particle, having fallen into the pinch zone (a), is trans-
ported at a speed of ω1r1 to the loosening rollers. From the 
moment when its lower end is in the pinch zone (b), the de-
formation process begins, since the lower end of the particle 
is removed from the zone at a speed of ω2r2 >> ω1r1. The pro-
cess ends when the upper end of the particle leaves the zone 
a or the particle collapses.

Obviously, the deformation obtained by the particle in 
the flowchart under consideration will be maximally possi-
ble, ultimate, since the model excludes product slippage in 
the zones a and b, which is not excluded in the actual design.

In the elementary period of time dt after the start of the 
process, the elementary mass of the product is fed to the 
loosening zone:

dm r F dtx1 1 1 11
= γ ω , 	 (11)

to produce:

dm r F dt2 2 2 2 2= γ ω , 	 (12)

where, assuming a cylindrical shape of the cotton particles, 
γ x1

 and γ x2
 denote the density of raw cotton before and after 

deformation; F1 and F2 are the corresponding cross-sectional 
areas.

By the time a particle enters the pinch zone, there is  
a mass between the rollers:

m BFb x= γ
1 1, 	 (13)

an elementary change of which is determined by the ratio:

dm dm dmb2 1− = − . 	 (14)

With substituting in (14) the values of (11) and (12) 
as well as of dmb in (13) and integrating, the assumption 
produces γx2(t) and F2(t) (omitting index 2 in the variables):
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From γx and F, a transition can be made to the relative 
deformation e of the structural raw cotton particle:
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At the moment of B:
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the relative elongation reaches a maximum:
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Obviously, the longer the structural particle, the greater 
the relative elongation it experiences and the more likely its 
destruction.

The efficiency of deformation and loosening implies that:
– firstly, the geometrical parameter of the scheme is B,  

which determines both the minimum dimensions of the 
non-deformable particles and the magnitude of the maximum 
deformation;

– secondly, the ratio of the product speeds ω1r1/ω2r2 at 
the points a and b is a kinematic parameter.

7. Research on the process of deformation of structural 
particles by loosening rollers

From the overall picture of the process, let us proceed 
to considering the deformation of particles of raw cotton by 
splitting them by the pegs of the loosening rollers.

The process diagram is shown in Fig. 4, where at the 
point A the blades of the feed rollers pinch the raw cotton layer, 
and at the point D, which is at a distance X from A, a peg of the 
loosening roller affects a structural particle of the raw cotton. 
For the attachment point to the angle of the splitting point to 
the roller with the radius r, the symbol α is assigned, and it is 
positive in the direction opposite to the rotation of the roller.

A cotton layer is deformed by the feed rollers from 2H  
to 2h, which determines the value of the arc of rotation of the 
feed rollers А¢А², within which the fuzz of the elastic layer of 
raw cotton is clamped by the blades.

Since ω1r1 << ω2r2, it is assumed that the cotton layer 
remains pinched during the entire impact of the spikes on 
the fuzz, and the case when, in the process of deforming, the 
blades release the fuzz at the point A and it gets pinched by 
the next pair of blades is not considered because of the small 
specific weight.

Δ is used to denote half of the segment А¢А², and it is 
determined from the geometric ratio (Fig. 5):

Δ = ¢ ¢¢ = + − +( )A A
r r H h

2 1
2

2

2
.
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The process of a peg interacting with a raw cotton layer 
can be divided into three main phases. The first is the in-
troduction of the peg of the loosening roller into the cotton 
layer from the moment it touches it to the termination of 
the relative sliding of the fibrous material along the surface  
of the peg.

𝑟𝑟1

𝜔𝜔1𝜔𝜔1

  𝜔𝜔2
𝜔𝜔2  

A 

D

B
X

𝛼𝛼𝛼𝛼
r 

𝑟𝑟2

Fig. 4. A general diagram for calculating the deformation 	
of structural particles of raw cotton between the feed 	

and spike pairs

𝐴𝐴!

𝐴𝐴‼ 
𝑟𝑟1

2h 

 
 

𝐴𝐴! 

𝐴𝐴!! 2h 

 𝑟𝑟1 

∆ 

2H

∆ 

Fig. 5. A diagram for calculating the zone of a raw cotton 
layer pinching by the blades

The moment of the contact (Fig. 6) is determined by  
the ratio:

Δ1 2 0
2 2= − = − − −( )r r H hcos .γ 	 (19)

The moment of the stop of the cotton slipping on the 
surface of the peg occurs due to friction. If Amonton’s 
friction law is taken into account, then the slip will stop at 
the angle between the direction of movement and the axis  
of the peg:

l
π

ρ γ jc = − = +
2

, 	 (20)

where ρ is the friction angle; j is the angle of rotation 
from the moment of touching to the termination of sliding;  
γ = γ1–α1 is the angle between the peg and the cotton flow 
axis at the moment of contact; α1 is the angle between the 
axis of the peg and the straight line connecting the end of the 
peg with the axis of the roller.

h 
H 

∆1 

∆2 

𝜆𝜆𝑐𝑐=𝜋𝜋𝜋𝜋/2-𝜌𝜌𝜌𝜌 

𝑟𝑟2 𝛼𝛼1

𝛾𝛾𝛾𝛾0 
𝛾𝛾𝛾𝛾 

Fig. 6. A diagram to determine the moment when 	
a peg touches a layer of raw cotton and to show 	

the conditions for stopping the sliding of the fibrous 	
material on the surface of the peg

The moment of the stop of the cotton slipping corre-
sponds to the segment ∆2:

Δ2 2 1= −( )r sin .α ρ 	 (21)

Expression (20) can be derived from the equilibrium con-
dition of the cotton particle on the surface of the peg under 
the action of a force T parallel to the direction of motion. 
Indeed, with projecting T onto the peg axis and an axis per-
pendicular to it produces (Fig. 7), the result is:

π
ρ l

π
ρ

2 2
+ ³ ³ −c . 	 (22)

N 

T
𝜆𝜆𝑐𝑐 

𝛼𝛼𝛼𝛼1 𝜇𝜇𝜇𝜇∙N 
𝛼𝛼𝛼𝛼 

Fig. 7. Conditions of equilibrium of the cotton element 	
on the surface of the peg
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This phase of the movement is accompanied by some de-
formation of cotton particles, which can be neglected in the 
first approximation.

The second phase is the deformation of the cotton raw 
layer with relative rest of the clamped cotton particles and 
the spike surface. Conditions (22) correspond to this zone, 
and the maximum displacement of the pinch point is deter-
mined as follows:

Δ3 2 1= +( )r sin .α ρ 	 (23)

With a total initial length of the deformable particle X  
to the beginning of this phase of the process:

X B r r H h r= ± + − +( ) + −( )1
2

1

2

2 1sin ,α ρ 	 (24)

and the maximum value of the absolute deformation, redu
cible to the form, taking into account with some approxima-
tion the movement of the blades of the feed rollers during the 
rotation of the spike roller at an angle of 2ρ:

ΔX r r2 2 1 1
1

2

2max sin cos ,= ⋅ −






ρ α ρ
ω
ω

	 (25)

it is easy to determine the maximum value of the relative 
strain in this phase of the process:

e
ρ α ρ ω

ω

α ρ
2

2 1 1
1

2

1
2

1

2

2 1

2

max

sin cos

sin
=

⋅ −






− + − +( ) + −

r r

B r r H h r (( )
. 	 (26)

If we take into account that any previous blade goes be-
fore each blade considered, the maximum value of the initial 
length of X will be somewhat different, determined from  
the relation:

max sin arccos sin .X B r
r H h

r n
r= +

− +
−







+ −( )1
1

1
2 1

2π
α ρ 	(27)

In this case, indeed, it is necessary to meet the condi- 
tion that:

max .X L³ 0 	 (28)

In order to avoid the formation of nodules on the spike 
rollers, it is desirable to complete the process of dest
roying structural particles in this phase, for which, in (26),  
εmax should exceed the relative deformation of cotton parti-
cles when they are broken down as εx.

The third phase of the process is the contraction of the 
particles caught by a peg to its base. It occurs when condi-
tion (22) is violated on the left. Considering that λс = γ+j(t), 
the result is:

ΔX kr r3 2 1 1 1
1

2

= − + +( ) + +( )  −cos sin .α γ j ρ α j
ω
ω

	 (29)

By analogy, the relative deformation value can be ob-
tained:

e3
3=

ΔX
X

. 	 (30)

The total deformation in the second and third phases of 
the splitting interaction with raw cotton will be:

e e e e= + ³2 3max .x 	 (31)

The coefficient k < 1 accounts for the shift of the point of 
picking cotton particles to the base of the peg.

8. Discussion of the results of studying the effect of the 
elastic characteristics of raw cotton on the mechanics  

of the feed rollers in cleaners from small impurities

As a result of the research, interactions of small impu-
rities with fiber have been determined. For the proposed 
charging system, the ultimate problem of deforming structur-
al cotton particles has been solved; the optimal wiring values, 
inclination angles of the pegs of the loosening rollers in the 
processes of introduction, capture, deformation and self-re-
setting have been determined by calculation. The design of 
the feed device, which was developed and tested in the labo-
ratory of the mechanics of cotton machines, has the following 
parameters: r1 = 70; r2 = 45; B = 120; 2h = 60 (all dimensions are 
in mm); n = 6; α = π/6. The calculated initial length X of an 
element with μ = 0.35–0.48 (ρ = 0.337–0.447) and a thickness 
of 2H = 140 was determined by the range from Xmin = 48–53  
to Xmax = 118–123 with an average Xav = 83–88.

The analysis of the structural composition of raw cotton 
passing through the feed device under consideration has 
shown that particles with eight or more volatiles, whose 
dimensions are L0 = 100–140 mm, are almost completely 
disaggregated. The relative deformation of these particles 
reaches ε2 = 0.346–0.851 with μ = 0.48 and ε2 = 0.243–0.563 
with μ = 0.35.

If the deformation in the third phase of the process is 
also taken into account, then the total elongation for the 
listed friction coefficients at k = 0.5 and j = 0.175 will be  
ε = 0.526–1.293 and ε ≥ 0.438–1.015, respectively.

It is noteworthy that for the equations of the ulti-
mate process problems (16) and (17) with ω2r2/ω1r1 = 5.71, 
Z0 = 130 and Z0 = 140 mm, there is the deformation emax, equal 
to 5.59 and 18.2, respectively.

The advantages of this study in comparison with an-
alogues can be the fact that in order to improve existing 
structures and enhance the cleaning effect (18 %), a number 
of highly efficient designs of the feed roller blades were deve
loped, allowing to preserve the natural qualities of cotton and 
its seeds as much as possible. In the existing scheme of inter-
action of the feed rollers, in which at kаs = 1 the dependences 
of the values of λ and total spacer forces are specified, for 
the considered examples λ∙10–3 (mm/N) decreases by 25 %. 
The flowchart of the feeder of the new design provides, along 
with the traditional paddle rollers, for the use of loosening 
rollers, spike and spike-slatted. Typically, under the influence 
of pegs, structural particles of cotton with a large number 
of connected volatiles are loosened so that the particles are 
only shaken with pegs, fluffing out and losing contact with 
impurities. In this design, both the uniform feeding of the 
machine with cotton and the change in the technological 
characteristics of raw cotton are achieved.

With an increase in ω2r2 >> ω1r1, the cotton layer remains 
pinched during the entire time that the spikes impact raw 
cotton particles between the feed rollers, which increases the 
fiber damage by 0.25 %.
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In order to avoid the process of damage to the fibers 
on the rollers, it is desirable to carry out the process of de-
struction of the structural particles with the ratio of product 
speeds of ω1r1/ω2r2 ≤ 5.71.

9. Conclusion

1. The study has revealed the mechanics of the process 
of interaction of the feed roller blades with the transported 
layer of raw cotton. The geometric problem of deforming 
the layer by paddle rollers is solved, and the extremes of 
the total deformation are analytically determined. With  
ω2r2/ω1r1 = 5.71, when Z0 = 130 and Z0 = 140 mm, there is the 
deformation εmax, equal to 5.59 and 18.2, respectively. The 
matrix method was used for calculating the spacers and the 
shape of the deformable layer, based on the system of elastic 
characteristics of raw cotton.

2. One of the results is the comprehensive analysis of the 
feed system with an asymmetrical arrangement of the blades of 
the feed rollers; the power consumption of the feed rollers has 
been evaluated, and the positions of the stable and unstable 
equilibriums of the rollers have been determined (Table 1). 

The forces acting on the feed rollers with kаs = 0 and Р = 250 Н 
are PΣ = Р1+Р2 = 270 Н, and with kаs = 1 and Р = 175, they are 
PΣ = Р1+Р2 = 210 Н.

3. The study has suggested the principles of designing  
a charging system with elements of preparing raw cotton for 
cleaning processes, focused on changing the technological 
properties of cotton. The relative deformation of raw cotton 
reaches ε2 = 0.346–0.851 with μ = 0.48 and ε2 = 0.243–0.563 
with μ = 0.35.

4. For the proposed feed system, the ultimate problem of 
deforming structural cotton particles has been solved; the op-
timal wiring values, the tilt angles of the pegs of the loosening 
rollers in the processes of introduction, capture, deformation 
and self-resetting have been determined by calculation. The 
necessary conditions for touching the surface of a cotton 
raw layer with the first and third blades have been obtained. 
It has been shown that with an increase in the asymmetry 
of the spike rollers, the spacer forces arising between the 
rollers decrease by 20–25 %. This proves that with insig-
nificant general displacements, the equations of the elastic 
line of a deformable rod can be applied, and with significant 
displacements, the equations of bending of a rigid thread  
can be used.
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