
Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 2/7 ( 110 ) 2021

74

1. Introduction

The interaction between the working bodies of a saw-
type grate section and the processed raw cotton product 
largely determines the efficiency of cleaning machine op-
eration. However, when the fiber material hits the grate, 
in some cases, along with the intensive removal of litter 
and crushing of technical complexes (when processing thin 
cotton), mechanical damage to cotton elements may occur. 
This negatively affects their spinning properties. Therefore, 
investigating the process of impact interaction is of interest 
both from the point of view of the mechanics of weed particle 
removal and from the manufacturing point of view ‒ obtain-
ing better raw materials with less loss of spinning fibers.

The pre-cleaning section of raw cotton from large weeds 
is essentially an element of a large litter cleaner of the mount-
ed type built into the cotton harvester. Pre-cleaning raw 

cotton in mounted cleaners could improve the operation of 
cleaning machines, which are part of the regulated techno-
logical process.

Devising a theory of raw cotton behavior at impact and 
using the basic patterns of mechanics in relation to the 
manufacturing processes of primary cotton processing in 
large litter cleaners of the mounted type has made it possi-
ble to experimentally determine the force of a cotton fly’s 
impact against the grate with a flat working face. Thus, all 
cotton harvesting machines for medium-fiber raw cotton 
are not equipped with a satisfactory structure of the cotton 
cleaner. Reducing the amount of weeds in harvested raw 
cotton, which would shorten the technological process of 
its cleaning at cotton mills, is a relevant task whose solu-
tion is predetermined by the accelerating scientific and 
technological progress in the production and processing of 
raw cotton.
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This paper reports a theoretical study into the saw-type-
grate section of a large litter cleaner in mounted cleaners that 
operate on a cotton harvester, as well as the theoretical and 
experimental justifications for its parameters. The effect exerted 
by a mounted cleaner on the process of cleaning raw cotton when 
processing in a cotton gin has been studied.

A theoretical model of the impact of grates on weeds in clean-
ing processes has been developed. A condition for repelling the 
litter by grates and removing it from a cotton technological flow 
has been studied. The use of grates with a flat-shaped front edge 
allows for a steady reduction in the amount of damage in the 
raw cotton fiber, which improves the fiber quality and leads to a 
decrease in the number of defects and debris.

The experimental and theoretical studies have produced evi-
dence that enables the efficient operation of mounted-type clean-
ing machines in the cotton-cleaning industry.

The movements of raw cotton as a viscoelastic body at the 
free impact of litter with the teeth of the saw against a stationary 
surface of the grate were investigated; the force schemes between 
the grates and saws were considered. The effect of a saw-type 
drum on the technological properties of raw cotton was investi-
gated, namely on seed damage and the formation of the free fiber. 

A model of interaction between weed particles and grates 
was considered; the trajectories of the litter flight were shown 
in the function of the slope of the grate and the recovery factor.

The issues of the relationship between the physical-mechan-
ical properties of raw cotton, the elastic characteristics of raw 
cotton, and the impact force of cotton flies against the grate with 
a flat working face. Solving these issues could make it possible to 
determine the optimal structure of the raw cotton cleaning mech-
anisms, which would improve the effectiveness of cleaning raw 
cotton from weeds.

Based on the identified functional links, it has become pos-
sible to construct new or improve existing structures of the saw-
type grate section of mounted cleaners. Practical experience 
shows that the use of the designed structure in large litter clean-
ers of the mounted type produces a significant increase in the 
cleaning effect of the machine
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2. Literature review and problem statement

The first theoretical and experimental justifications 
for the parameters of the large litter cleaner were given in 
works [1, 2]. Their authors revealed the physical essence of 
throwing raw cotton onto the drum’s saw-type surface and 
fixing it with brushing devices. However, there is no broad 
description of all the factors that influence the cleaning pro-
cess; the general methodology for studying saw-type cleaners 
is set out.

Paper [3] reports the result of studying the cleaning 
process, treating raw cotton fibers and seeds on cleaning 
machines while subjected to multiple dynamic influences. 
However, the study was not carried out properly in terms 
of selecting the frequency of the system’s natural vibrations, 
and, at a minimum, the impact force values derived in the 
cited paper are an order of magnitude higher than those that 
are actually observed.

The most profound and significant theoretical and exper-
imental studies to substantiate the parameters of capturing 
elements, grate bodies, the diameter and speed of drums are 
described in work [4]. Experiments have shown that with 
the increase in the speed of the drum at an equal number of 
grates the cleaning effect increases but the crushing of seeds 
and the amount of free fiber increases dramatically.

Paper [5] provides the basics of the mechanics of the pro-
cess of interaction between cotton-raw flies and the working 
bodies in the section of large litter cleaner. The authors in-
vestigated the processes of fixing and removing raw cotton 
from the saw-type gear, as well as the pulses of impact inter-
action between the flies and the grate. At the same time, the 
transition to the laws of deformation and change of shape, 
the volume of raw cotton under the influence of static and 
dynamic loads have not been investigated.

Paper [6] mainly aimed at optimizing individual nodes 
in a grate-saw-type section but addressed the theoretical 
and experimental justification of the profile, the inclination 
angle of the front face, and other indicators of the drum’s 
teeth, as well as comparative tests of different teeth. The 
application of cleaners made with such a drum increased the 
removal of fibrous material with weeds.

Study [7] considered the choice of an optimal profile 
of the saw’s tooth in terms of improving the cleaning effect 
while reducing the amount of free fiber and seed damage. A 
formula has been proposed to determine the distance between 
the rows of saws and the pitch of teeth in large litter cleaners. 

Based on studies reported in [6, 7], a distance of 
12.5‒13 mm between the rows of teeth was recommended. 
It has been established that a decrease in the tooth profile 
leads to an increase in the fragmentation of seeds while the 
increase negatively affects the technological reliability (cap-
ture of flies) and the cleaning effect of the machine.

It was found in [8] that the construction of cleaners for 
medium-fiber raw cotton did not take into consideration the 
possibility of cleaning thin-fiber raw cotton, which has a 
lower strength of attaching fiber to seeds. In order to clean 
the thin-fiber raw cotton, such speed modes must be found 
for the cleaner at which the natural physical and mechanical 
properties of fiber and seeds would be preserved.

A series of studies [9, 10] investigate the fixing of cotton 
flies on the drum gear; there are recommendations for in-
stalling two fixed brushes to ensure that the fiber material is 
placed satisfactorily on the gear. The theoretical justification 

of the brush was given, taking into consideration the emerg-
ing forces based on the theory of changes in the amount of 
movement, taking into account elastic properties. Based on 
the practical application of American cleaners, elongated 
brushes were recommended. However, as shown by compar-
ative tests, these brushes demonstrate worse fixing proper-
ties, which negatively affects the technological reliability 
(capture of flies) and the cleaning effect of the machine.

Much attention in the cited works, especially [11, 12], is 
paid to the impact process of the interaction between the fly 
and the grate, as well as the process of separating the litter 
from the fly. Based on the theorem of change in the amount 
of motion, a formula was derived to determine the difference 
in the impact pulse, explaining the process of separating 
litter from the fibrous mass. However, the main drawback 
of the cited studies is obvious ‒ the essence of the impact 
was not defined, therefore, it is impossible to estimate such 
important parameters as the force and time of impact.

The comprehensive study covers the full range of prob-
lems, and it is impossible to dwell on all in detail. The theory 
of fly’s impact against working bodies, the synthesis and 
analysis of grates, experimental determination and exper-
imental-theoretical assessment of impact parameters have 
not been studied. The issues of contact fiber destruction, 
the matrix prediction of process technology, new ways, and 
cleaning methods are still to be examined. 

Thus, up to now, the issue related to studying a grate-
saw-type large litter cleaner of the mounted type has re-
mained unexplored.

3. The aim and objectives of the study

The aim of this work is to study the effect of a grate-saw-
type large litter cleaner of the mounted type on the techno-
logical process of cleaning raw cotton during processing 
in a cotton gin. This would reduce the amount of litter in the 
harvested raw cotton that could shorten the process of its 
cleaning in cotton gins.

To accomplish the aim, the following tasks have been set:
‒ to build a theoretical model of the influence exerted by 

grates on weeds in cleaning processes; 
‒ to assess the dynamic characteristics of the saw-type 

grate section; 
‒ to determine the influence of the inclination angle of 

the grate on its cleaning effect.

4. Procedure to study the process of cleaning raw cotton 
from weeds using mounted cleaners

The theoretical part of this study on selecting the incli-
nation angle of grates and the condition for repelling weed 
particles in order to effectively remove them from a tech-
nological flow is based on the application of a generalized 
model of the cleaning process.

A gentle technology has been chosen that makes it possi-
ble to fully enough preserve the natural properties of cotton 
while reducing the natural fading of process efficiency.

The selection of an actual drum cross-section has been 
scientifically justified; the dependence of the cleaning effect 
exerted by working bodies on the cleaned raw material has 
been refined. 



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 2/7 ( 110 ) 2021

76

We have experimentally determined the impact force 
of cotton flies against a flat grate and obtained the general 
differentiated characteristics of the cleaning process in the 
grate-saw-type section under the raw cotton harvesting 
conditions and at a laboratory bench.

The experimental results have been treated by the meth-
ods of mathematical statistics and compared with theoreti-
cal models. It is shown that the inevitable fading of cleaning 
process efficiency in the interaction with subsequent similar 
working bodies can be eliminated by changing the direction 
and force of the impact.

The rational choice of an actual cross-section of the drum 
has allowed it to be effectively used as a separating working 
body while creating a gentle environment for cotton to inter-
act with the saw-type gear. A new procedure for calculating 
the cleaning effect for each of the cleaner’s litter-repelling 
elements has been devised, allowing for an objective assess-
ment of the participation of each element in the cleaning 
process. The cleaner’s grate is designed on the basis of the 
study of the impact process and the conditions for the most 
favorable removal of litter from the technological flow.

In order to simulate the process of transporting raw cot-
ton directly in a cotton harvester, a special laboratory set-up 
(Fig. 1) was designed, equipped with a centrifugal fan with 
an elliptical inlet. The set-up provides for the possibility of 
changing the performance of the installation, gaps between 
the grates, and their inclination angles. The designed set-up 
makes it possible to simulate the cleaning process according 
to the chosen scheme in a cotton harvester. 

Fig. 1 shows the diagram of the laboratory set-up.
The installation includes storage bunker 1 to be filled with 

a certain amount of raw cotton. The raw material in the bunker 
falls into the gap between feed rollers 2, which, rotating to-
wards each other, capture the raw cotton and feed it into pipe-
line 3, which has a valve to regulate the amount of air absorbed 
by fan 4, as well as the speed of the airflow to the cleaner.

One of the axes of the feed roller is equipped with a vari-
ator to regulate its number of revs, thus the performance of 
the cleaner. Next, the raw cotton is sucked by the air stream 
created by fan 4, pumped into pipeline 5 of the rectangular 
cross-section, then, by hitting it and gliding over brush 7, 
falls on saw-type-perforated drum 6.

The saw-type-perforated drum is assembled of a seg-
mented reinforced saw. The drum revolves around a pipe 
that, being an axis, simultaneously serves as a partition 
inside the drum. At the same time, the air with small weed 
impurities passes through the gap between the saw-type gear 
and is discharged outwards, while the raw cotton, picked 
up by the teeth of saw-type-perforated drum 6, is leveled 
and wound with still brush 7. Then the slices and flies from 
the raw cotton, grabbed by the teeth of the saw-type-per-
forated drum, are subjected, when rotating, to repeated 
impact-shaking influence from grates 8, installed in a special 
sector with the help of brackets that make it possible to ad-
just the gap and inclination angle of the grates.

As a result of shaking, the bond between the raw cotton 
and litter is weakened, the weeds fall through the gaps be-
tween the grates into garbage can 10. The raw cotton from 
the teeth of saw-type-perforated drum 6 is removed by re-
movable drum 9. 

The designed set-up makes it possible to simulate the 
cleaning process according to the chosen scheme in a cotton 
harvester.

Current studies into impact processes mainly consider 
the impact of a single fly against a grate. The force of im-
pact is measured using a tubular sensor, the procedure for 
which is reported in [3]. The experiments that involved the 
cotton-raw variety “T-1”, machine-harvested, grade 1, with a 
moisture content of 7.8 %, were performed according to the 
following procedure: a cotton fly was fixed on the saw-type 
drum, with a length of the link between the fly and the drum 
of 20∓0.5 mm. Rotating the saw-type drum at a linear teeth 
speed of 7 m/s, impacts against the flat grate were executed, 
which was built into the tube sensor with a frequency of its 
natural vibrations of 3,000 Hz. At the same time, the flat 
grate was installed at different angles γ0 with the help of a 
specially designed rotary device.

The signals were acquired from tensor gauges, attached 
to the tubular sensor in the form of a half-bridge. These sig-
nals were then amplified by an amplifier and sent to a loop 
oscilloscope with self-developing ultraviolet photographic 
paper. The signal from the oscillograph was recorded, after 
the self-development of photographic paper in the light, it 
was possible to process the study results.

Our research into the use of mounted cleaners on cotton 
harvesting machines makes it possible to get closer to solv-
ing the task of obtaining high-quality machine-harvested 
raw cotton by reducing the content of litter. 

This ensures the high quality of raw cotton both after 
field cleaning and under the conditions of a cotton gin 
involving its natural processing based on the shortened 
technology.

The main drawback of these devices is that it is im-
possible to determine the cleaning effect of each grate 
because the weeds released into the gap between the 
grates are collected in one or more compartments, which 
is why the experiments do not take into consideration the 
following:

a) a change in the raw cotton litter content during a 
transition from one grate to the next one in the process of 
cleaning;

b) the effect of the gap between the grates, the shape 
and size of the grates on the cleaning effect of the grate and 
the grate section.

The variances in these parameters are given in Ta-
bles 1, 2. Fig.	1.	Diagram	of	the	laboratory	set-up
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The theoretical study of the cleaning process has shown 
that an important reserve for the process intensification 
could be a variation in the angle γ, which indicates that it is 
possible to revive the fading process of cleaning under the 
repeated influence of the grates on raw cotton.

5. Results of studying a grate-saw-like cleaner of large 
litter of the mounted type on the technological process of 

cleaning raw cotton 

5. 1. Theoretical study into the effects of grates on 
weeds in cleaning processes

Work [9] reported a theoretical model of the cleaning 
process involving an impact against the grate, which is 
close to the actual one. A series of assumptions have been 
adopted: a link between the fly and litter is linear-elastic; 
a weed particle, lying at the outer open surface of the fly, 
can execute radial and tangent movements relative to the 
center ‒ the seed of the fly. At the same time, both move-
ments and the impact force influence are considered to 
be located in the same plane. That simplifies the problem 
by reducing the weed particles to a system with one mass 
mc and two orthogonal elastic elements with the stiffness 
ratios c1 and с2, exposed at a random angle α to the impact 
force (Fig. 2).

For this model, in order to move from the known impact 
force P(t) to the unknown effect on the litter, it is necessary 
to calculate the transfer function. 

Consider the non-steady forced fluctuations of the sys-
tem in each direction of the x and y axes similar to a system 
with one degree of freedom:

( )
1

sin
'' ,

P t
x p x

mc

α
+ =  

( )
2

cos
'' ,

P t
y p

mc

α
+ =     (1)

where p1 and pr are, respectively, the frequencies of the nat-
ural oscillations of elements in the absence of friction, they 
are equal to:

1
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c

c
p

m
=

 

2
2 ,

c

c
p

m
=     (2)

considering

( ) 0 sin .P t F= α    (3)

The total value of the maximum movement of a weed 
particle along a given direction is to be determined if one 
designates:

max max max ,q x V y= ⋅ ⋅  

( )0
max 2

2

2 1 cos .y

c y
y

F
q t

m t P P
t

π
= − α

 π− 
 

  (4)

At the maximum displacement qmax, a weed particle is 
exposed to the maximal effect exerted by an elastic element 
along the predefined direction, defined as follows:

max max .R cq=     (5)

By designating the transfer function via M and by defin-
ing it as the ratio of the maximum force quantities Rmax and 
F0, taking into consideration formulae (3) to (5), we obtain:

max

0

.
R

M
F

=      (6)

The existing cleaning process does not make it possible to 
control the values of ty, c, and mc, and, therefore, the Mc quan-
tity. The necessary cleaning effect is obtained by increasing 
the impact force Fo, that is due to loosening the bonds between 
the litter and fiber by changing the random angle α. 

And, at the same time, as a result of repeated influences, 
the bond between the litter and fiber would be somewhat dif-
ferently (due to a change in the direction of force) loosened. 
Taking into consideration the possibility of moving a weed 
particle along the x and y direction at c=c1 and c=c2, respec-
tively, we could obtain the value for the transfer function Mx 
and My when fitting rigidity values in formula (6). 

Given the non-simultaneous nature of the maximum 
influence of both elastic elements, their geometric sum is 
determined as follows:

2 2 2 2
max max sin cos .x yR P M M= + α     (7)

At α=0 and α=π/2, weed particles are exposed to both 
radial or tangential elements, and the weed particles come off 
the surface of a cotton particle in radial or tangent directions. 

The values of Mx and My are random; each has its own 
statistics, which depend on the breed grade of cotton, the 
degree of its maturity, which significantly affects c, the raw 
cotton moisture content. As a result, at the same value of the 
external influence Pmax, the angle α, and the constant time of 
the impact, the weed particles of the same mass mc would be 
exposed to a different magnitude of the force F0.

Fig.	2.	A	model	of	the	transmission	of	the	dynamic	effect	to	a	
weed	particle	through	raw	cotton
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In addition, cotton has different mc and α statistics. 
For a given value of 1,a  1,c  2,c  ,m  yt  at a mean value 
of the maximal impact force Pmax, we can note the mean 
reaction Rmax with respect to the mean value of dynamic 
strength.

The r value, closely related to the dynamics of the clean-
ing process and the physical-mechanical properties, should 
be larger and, at r>1, provide for the removal of litter from 
the open surfaces of structural particles.

The cleaning process is not limited to a single load ap-
plication as discussed above. Moreover, the re-application of 
force P(t) can in all respects coincide with the previous one 
in order to loosen the strength of the bond ( ) ( 1) 1

1 ,n n
sc scF F S S e−β − − = − − ⋅  with the litter 

not removed from the cotton earlier. This is done in the sec-
tion of large litter cleaner with consistent interaction with 
the identically shaped and placed grates.

If the model considered assumes the constancy of the 
characteristics of rigidity, mass, it is obvious that in the in-
teraction with any successive grate the impact force can be 
considered constant.

At the same time, the criterion of cleaning process effi-
ciency increases with an increase in the number of impacts, 
which means a decrease in the average strength of the fiber 
grip with litter during repeated influences. Physically, it is a 
statistical law: unlike a single exposure with a small number 
of load cycles, a decrease in the average strength of the fiber 
grip with litter can be achieved. This occurs in the section 
of large litter cleaner in the consistent interaction with the 
identically shaped and placed grates.

Given the variability in Fs, with an increase in the num-
ber of influences n from a certain starting value to a limit, 
tending to zero or some constant quantity, it is possible to 
adopt this very model of the transmission of dynamic influ-
ence to a weed particle through raw cotton (Fig. 2). 

The process exponentiality corresponds to the nature of 
the phenomenon and the static nature of it:

( ) ( 1) 1
1 ,n n

sc scF F S S e−β − − = − − ⋅       (8)

where S, β are the constants of a two-parametric exponent; 
n is the number of cycles of exposure to the same type of 
working bodies on raw cotton. 

At n=1, ( ) ( 1) 1
1 ,n n

sc scF F S S e−β − − = − − ⋅ 
n

sc scF F=  at n→∞ ,n sc
sc

F
F

S
=  that is, it means a  

 
multiplier of grip strength from n=1 to n→∞and can reach 
large values. 

Considering (8), the expression from [10] is rewritten 
for nr  as follows:

( ) ( 1) 2 2 2 2max 1 sin cos .n
n x y

sc

P
r S S e M M

F
−β − = − − α + α   (9)

It is obvious from formula (9) that with a growth in 
n the value of nr  increases, and, at some value of n, can 
reach the value that provides for the necessary degree of 
raw cotton cleaning. 

The change can reach the variable of the average α val-
ue that is achieved in existing cleaners when the cleaned 
material moves from one nr  section to another.

In order to implement this idea and revitalize the process 
to change the monotony of the influence α, we propose grates 
with different locations of the front face (angle γ0) relative to 
the saw-type drum. 

It is important to assess how much the tilt of the grate 
and its variation affects the condition for the removal of lit-
ter from the cleaning area and other dynamic characteristics 
(the force of impact).

5. 2. Estimating the dynamic characteristics of a saw-
type-grate section

It is known that the impact interaction between material 
bodies is characterized by the magnitude of pulse S, a com-
prehensive dynamic characteristic that is an integral

( )0 d ,
tyS P t t= ∫     (10)

where P(t) is the force of impact in a time function t; ty is the 
time of impact.

The impact to solids refers to a dynamic process whose 
duration is less than 0.0001 seconds, and can even last for 
millionths of a second.

Formula (10) is used in the elementary theory of impact 
when the time of impact is practically impossible or very 
difficult to measure. In these cases, one describes the state 
of the system before and after the impact, using the known 
recovery factor Ky as an internal characteristic of energy 
dissipation during an impact. 

This theory does not make it possible to estimate such 
important characteristics as the time of impact ty and the 
maximum impact force Pmax. The application to cotton of 
Hertz theory, which takes into consideration internal phe-
nomena, as well as wave theory, is problematic.

According to data given in [1], the time of the fly’s impact 
against the grate or pin is 0.0025–0.006 s, which makes it 
inappropriate to use (10) to such problems [13]. 

In the cited works, the blow of the fly with the grate is 
considered as an element of the vibrational motion of elastic 
(linearly or nonlinearly) particles possessing mass m and 
initial speed Vn.

And, their authors considered a variety of problems 
involving several elastic elements, orthogonal or mutually 
dependent.

It is shown that the main value that controls the impact 
of a “fly” is the elasticity of the fibrous cover of the seed, 
which makes it possible, for the practical purpose, to confine 
ourselves to the simplest linear model (Fig. 3).

In a general case, the fly is at some angle β to the surface. 
This angle is complemented to the right angle of falling θm:

.
2n

π
θ + β =    (11)

Fig.	3.	Linear	model	of	the	fly’s	oblique	impact	against	a	still	surface
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These angles predetermine the speed component that 
implements the impact V0:

0 cos sin .n n nV V V= θ = β   (12)

Assume the following:
1. A fly is considered linearly elastic with a ratio of mal-

leability δ. 
2. Its mass is concentrated in the center.
3. The time when the elements of the system come into 

contact is considered much less than the time of the impact. 
Then, by D’Alembert, the equation of movement along the x 
axis takes the following form:

2

2 0,
d x x

m
dt

+ =
δ

   (13)

derived from the condition of equality between the forces of 
inertia and the reaction of the grate. 

By denoting

1
,P

m
=

δ
     (14)

we shall transform (14) into a canonical form

2
2

2 0.
d x

P x
dt

+ =     (15)

A solution to (16), as it is known, P2>0, takes the follow-
ing form:

( )sin cos sin ,x A pt B pt C pt= + = + ϕ    (16)

where A, B, C, φ are the constants that depend on the initial 
conditions.

It is obvious from (15) that p is a physical constant 
termed a circular oscillation frequency related to the T peri-
od via the following ratio:

2
.T

p
π

=    (17)

Fig. 4 shows that in the accepted model the impact is 
executed over only half the period of fluctuations, that is

,y

T
t m

r
π

= = = π δ
ρ

   (18)

at t=0 (before the impact) x=0.

From (16), we obtain B=0, 0 ,
V

A =
ρ

 and the law of dis-

placement takes the following form:

0 sin .
V

x pt=
ρ

  (19)

Of interest is not only the law of motion (it is harmonic) 
but also the maximum of the deformation and force. It is 
obvious that

0
max 0 ,

V
x V m= = δ

ρ
   (20)

and the impact force is

max 0
max 0 .

x V m
P V= = =

δ ρδ δ
  (21)

Thus, from (18), (20), and (21), it is obvious that the 
force of impact, the maximum deformation at impact depend 
on the mass, the malleability ratio δ, and the initial speed of 
the impact V0. 

Therefore, adjusting the dynamic parameters of the im-
pact against a grate is possible only through the variation in 
V0, and not even in the value of V0 but the angles at which a 
fly meets a grate β (or θn). 

Therefore, we shall rewrite (20), (21) in a more conve-
nient form considering formula (3):

max cos ,n nx V m= δ θ   (22)

max cos .n n

m
P V= θ

δ
  (23)

The ratio of dynamic rigidity is defined in [1, 3]:

δ=0.00564…..0.0202 m/n.

To determine θn, we shall consider the impact of the fly 
with a radius of rd with the link length l, carried by a saw-
type drum of radius R, against a flat grate (a still surface), 
forming angle γ0 with the drum’s radius (Fig. 5).

At the same time, the fly moves at speed Vn and is de-
flected from the drum at angle φ0; it forms angle γ0 with the 
drum’s radius. As shown in Fig. 5,

0 .
2
π

ϕ = ϕ +   (24)

The radius of the fly center ρ is, according to the cosine 
theorem:

2 2 2 2
02 cos 2 sin .l R lR l R lRρ = + − ϕ = + + ϕ  (25)

In a simplified form, ρ can be expressed as follows:

0sin .R lρ = + ϕ   (26)

Fig.	4.	Characteristic	of	a	fly’s	elastic	deformation	during	
impact:	1	‒	the	fly	touches	the	grate;	2	‒	the	moment	the	fly	

detaches	from	the	grate

x 2 

t 

𝑡𝑡� =
𝜋𝜋
𝑝𝑝

𝑡𝑡� =
2𝜋𝜋
𝑝𝑝
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The inclination angle of the grate to the drum’s 
radius at the point of the fly’s impact (or the center of 
the fly) γ is equal to (Fig. 6):

0 ,γ = γ + η   (27)

where η is the angle between the radii passing through 
the center of the fly and the end of the grate. 

Fig. 7 shows that the angle η can be determined 
from the sine theorem:

( )1
0

0

tg
,

sin sin

drl +
π − γ ρ

=
η γ

  (28)

where l1 is the length of the fly’s contact path with the 
grate, whence

( )1
0

0

tg
arcsin sin .

drl +
π − γ

η = = γ
ρ

 (29)

Considering formula (29),

( )1
0

0 0

tg
arcsin sin .

drl +
π − γ

γ = γ + γ
ρ

  (30)

To determine η and γ1 from formulae (30), (31), one 
needs to determine ρ; to this end, we shall consider ∆ОВА:

( ) ( )

( ) ( )

22

2
1

0

0
0 0

sin tg

2 cos .
1sin tg

d d

d d

r r
R h l

r r
R h l

  
ρ = + − + + −  π − γ π − γ   

 
− + − + γ π − γ π − γ 

 (31)

By solving this square equation without opening brack-
ets and then transforming it, we determine l1

Considering formula (25)

We shall determine the value of l1 at the following 
data: R=240 mm, l=mm, rd=10 mm, γ0=140÷180°, 
φ0=40÷70° or φ=130÷160° based on data from [14]. 

The l1 values calculated from formula (33) are 
given in Table 1.

Table	1

The	length	of	the	fly’s	contact	arc	with	the	grate	
depending	on	a	change	in	φ0	and	γ0

The fly’s contact path length (mm)

φ0

γ0
140° 150° 160° 170° 180°

40° 9.63 6.967 4.79 2.9 1.32

50° 12.54 9.54 7.99 5.24 3.65

60° 16.56 11.67 9.25 7.56 5.51

70° 18.12 13.29 10.64 8.65 6.87

As one can see from Table 1, with increasing the 
inclination angle γ0 of the grate, l decreases. With an 
increase in φ0, that is the gap between the grates at 
the same values of γ0, l increases; as a result, there is 
an increase in the force of friction. If the saw-type 
drum carries a fly consisting of more than two pieces, 
the possibility of overlapping increases, therefore, the 
removal of the flies increases.

Based on the found values of l1, we shall determine the 
values of angle η and γ from the respective formulae (29) 
and (30).

Given that the speed of a fly is perpendicular to the 
radius of the drum at the moment of impact, taking into 
consideration Fig. 8, we determine that the angle of the fly’s 
fall is equal to:

0 0180 .θ = − γ   (34)

The magnitude of the fly impact force against a grate, 
calculated from formula (23), is given in Table 2 for the T-1 
grade fly with a mass of m=0.17 g; and for a fly with litter ‒ 
mc=0.92 g. In this case, Vn=7.8 m/s.

Table 2 shows that with an increase in the grate’s incli-
nation angle, the force of the impact increases; at γ=180°, it 
accepts the maximum value, that is, a direct impact of the fly 

Fig.	5.	Scheme	of	the	fly’s	path	over	the	surface	of	a	flat	grate
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   (32)
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is executed. The lowest values of force from φ0 are insignifi-
cant, so we provide data for φ0=40° and φ0=50°.

Table	2

The	fly’s	impact	force	value

Angle value Pmах

φ0 γ0 Θ0 at m at mc

400

140° 36° 0.56–1.12 0.89–1.78

160° 17° 0.62–1.23 0.98–1.97

170° 7° 0.69–1.38 1.10–2.2

180° 0 0.7–1.39 1.12–2.23

500

140° 36° 0.56–1.12 0.89–1.76

160° 26° 0.62–1.33 1.06–2.12

170° 20° 0.76–1.38 1.10–2.2

180° 0 0.7–1.39 1.11–2.22

5. 3. The influence of the grate’s inclination angle on 
its cleaning effect

As we know from [8], the litter that hits a still surface, 
together with a fly at speed Vn at angle θn, is repelled from 
it, changing its direction and magnitude at speed Vom and at 
angle θom (Fig. 6). 

At the same time, the tangents that make up the speeds 
of falling and repelling are almost the same, and their value 
is equal to:

sin ,r n nV V= θ  (35) 

while the normal one is damped by the value proportional to 
the recovery rate Kу, then

0' cos .n yV V K= ⋅ θ ⋅  (36) 

Fig. 6 shows that the tangent of the inclination angle is 
equal to

0

tg
tg ,mr

om
y y

V
V K K

θ
θ = =

⋅
 (37)

whence

0

tg
tg arc arctg .

y

mr
om

y

V
V K K

θ
θ = =

⋅
 (38)

The absolute speed value is:

2 2 2 2 2
0 sin cos .om r y n n y nV V V K V K= + = θ + θ   (39)

Determine the values of θom and Vom for different γ0 from 
formulae (38) and (39), taking into consideration that Vk= 
=7.6 m/s at φ0=50° (Fig. 8). We calculate for Ky=0.1÷0.4, tak-
ing into consideration a change in the mass and recovery rate 
of weeds although, according to data given in [5, 8], Ky=0.33. 

Based on the found values, we build a dependence chart 
Vom=f(γ0) (Fig. 7) and θn=f(γ0) (Fig. 8) for various values of 
Ky where plots I–V correspond to Ky=0.1; 0.2; 0.3; 0.33; 0.4.

As Fig. 7 shows, an increase in γ0 leads to a decrease in 
Vom at all Ky. 

At the same time, up to γ0=165°, this change is almost linear. 
With an increase in Ky at the same angles γ0, Vom increas-

es. Fig. 6 shows that an increase in 0γ  leads to a decrease in 
θom for all Ky.

The charts in Fig. 7, 8 show that a decrease in γ0, Vom, 
and θom leads to an increase in the possibility of the removal 
of weeds. However, this reduces the force of the fly’s impact 
against a grate, as well as, therefore, the possibility of break-
ing a bond between the weed and fly, which is undesirable. 
At γ0=180° θom=0 for all Ky, there is a slip of the weed par-
ticles over the plane of the grate. As one can see from Fig. 8, 
the maximum value of the inclination angle γ, at which a 
weed particle is repelled, is γ0=175°.

These data are given in Table 3.
As one can see from Table 3, as the values of the angles 

φ0 increase, γ0θn decreases. Moreover, with a change in γ0 
the value of θn changes significantly; at γ0=180°, θnm=0, for 
φ0 ‒ slightly. 

After a weed particle is repelled at speed Vom, the gravity 
G=mq and the air drag Sb (Fig. 9) act on it during the flight.

Determine the trajectory of a weed particle’s flight 
without taking into consideration the force of aerodynamic 
resistance (if it is taken into consideration, the solution to 
the problem would be much more complicated). 

Fig.	6.	Estimation	of	kinematic	characteristics	before	and	
after	an	impact
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Fig.	7.	Dependence	chart	of	rebound	speed Vom	on	angle	γ

Vom

5 

4 

3 

2 

V 

IV 
III 

II 
1 

I 

γ0  140  150  160  170  180 



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 2/7 ( 110 ) 2021

82

Table	3

The value of fall angle θn depending on γ0 and φ0

Angle value θn

γ0

φ0
40° 50° 60° 70°

140° 36°87 36°48 35°90 35°67

145° 32°00 3148° 31°50 31°35

150° 2726° 299° 2678° 26°63

155° 2240° 2218° 22°01 21°09

160° 20°44 20°25 17°21 17°13

165° 17°51 17°34 12°39 1232°

170 7°62 7°48 7°54 7°5

175 2°66 2°59 2°07 2°65

180 0 0 0 0

Taking the rebound point for the coordinate origin, con-
sider the movements of a weed particle relative to the hori-
zon (Fig. 9). The position of the weed particle at any time t is 
determined by the following coordinates:

0cos ,omx V t= ⋅ θ

2

0sin ,
2om

qt
y V t= ⋅ θ −  (40)

and the trajectory equation is written in the following form

2
0 2 2

0

tg ,
2 cosom

q
y x x

V
= θ −

θ
  (41)

where θ0 is the angle of the weed particle discharge. 
As shown in equation (41), the trajectory of the weed 

particle is a parabola.
At the same Vom, the shape of the trajectory depends 

on the angle θ0. 

According to data in (5), and, as seen in Fig. 8, this angle 
is equal to:

0 90 ,omθ = γ − − θ − α   (42)

where α is the central angle that determines the position of 
the grate relative to the horizontal axis running through the 
center of the drum.

Taking into consideration the value of the angle γ0:

0 0 90 .omθ = γ + η− − θ − α   (43)

The θom curves, depending on the data for γ0, φ0, are 
shown in Fig. 8 for different values of Ky. 

As the angle α0 increases, the θ0 value decreases and 
takes a negative value. The smaller Ky, the earlier it happens.

For the grates located at the bottom of the horizontal 
axis and moving away from it, θ0 increases.

As one can see from Fig. 10, the weed particles are 
thrown in the direction of the saw-type drum. At the same 
time, the weed particles are partially carried away by airflow 
into the inter-grate gap, as well as discharged by centrifugal 
force into one of the following gaps between the grates. This 
phenomenon occurs if a weed particle is thrown up from 
the horizon, and the direction of the flight would be in the 
opposite direction to the drum movement.

If the direction of the flight is downwards from the hori-
zontal, that is, towards the movement of the drum, the weed 
particles are pressed to the saw-type surface by a fly when 
passing the gap between the grate and the drum, that is, they 
penetrate the fibrous mass again.

Fig.	8.	Dependence	chart	of	rebound	angle θom	on	angle	γ0	at	
different	values	of	the	recovery	factor Ky
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Fig.	9.	Scheme	of	the	trajectory	of	the	free	flight	of	a	weed	
particle	after	an	impact
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In addition, the fly closes the possible way for litter when 
it is removed by centrifugal force in subsequent gaps. 

It follows that for the grates located above the horizontal 
axis, their inclination angle γ0 should increase in proportion 
to the distance, that is when α0 increases. This fact was taken 
into consideration in the design of the grate for a mounted 
cleaner.

6. Discussion of results of studying the effect of a 
mounted cleaner on the cleaning process

The applied theoretical methods for studying the effect 
of grates do not contradict the elementary theory of impact, 
which makes it possible to qualitatively reveal the essence of 
the process of energy dissipation when the fly hits the grate. 
While this phenomenon is characterized by the recovery 
factor Ky in elementary theory, within the elastic model 
examined in this work this phenomenon is quantitatively 
associated with viscous resistance (Kvz), the time of impact 
tу, as well as the values of γо and δ.

Our analysis is crucial for assessing the technological 
characteristics of the grates in a cleaning section of large-lit-
ter cleaners. This makes it possible to give a theoretical as-
sessment of the repelling ability of the grates in large-litter 
cleaners with flat faces, to assess the space across which the 
repelled weed particles and cotton flies move after having 
lost contact with the saw-type drum.

Given the development of spindle harvesting of raw 
cotton and the deterioration in its quality, intensive work 
is underway to clean cotton from large and small weeds. 
However, the successful solution to the problem is hampered 
by the high speed of transporting cotton in the pneumatic 
cleaner, which leads to its damage; this problem is compli-
cated by a series of structural issues related to the difficulty 
of arranging cleaning units on a cotton harvester, the need 
to effectively regenerate raw cotton and reduce its losses. 
These problems cannot be successfully solved because until 
recently there were no theoretical foundations for the design 
of mounted field cleaners.

The disadvantage of existing cleaners was the increased 
removal of cotton flies and a low cleaning effect. However, as 
a result of the introduction of mounted field cleaners, whose 
cleaning effect reached up to 50 % in the technological pro-
cess in a cotton gin, the quality of the fiber has improved 
with the number of defects decreased by 10‒20 %. When us-
ing mounted cleaners, the following technological cleaning 
scheme was recommended: two cleaners KhChE, installed 
in parallel, and 5–6 BCh-2M cleaners, the screw cleaner 
6A-12M manufactured in the Uzbek Republic.

This could provide for the measures that need to be taken 
to remove litter from the area of the grate. 

We have experimentally investigated the impact inter-
action between the cleaner’s saw teeth and raw cotton par-
ticles. The time of build-up and the magnitude of the impact 
load have been determined, which are 0.0025‒0.006 s and 

0.60‒1.30 n, respectively, at a change in the speed of raw 
cotton fly from 7.8 to 12.8 m/s (Table 2).

The equations (18), (20), and (21) that we built clearly 
indicate that the force of the impact, the maximum deforma-
tion at impact depend on the mass, the malleability ratio δ, 
and the initial speed of the impact V0. 

Table 1 demonstrates that as the inclination angle of the 
grate γ0 increases, the value of l decreases. With an increase 
in φ0, that is, in the gap between the grates at the same values 
of γ0, l increases; as a result, there is an increase in the force 
of friction.

The nature of the phenomenon has been revealed on the 
basis of a linear elastic-plastic model when the angle of fall is 
less than the angle of repelling and is associated with energy 
losses at impact, that is, depends on the recovery rate Ky.

Based on the theoretical studies of (37) to (39), a dia-
gram of the trajectories of the litter repelled by the grates 
(Fig. 6) was considered. It is shown that at no angle γ it is 
possible to directly remove the litter without returning it to 
the surface of the saw-type drum.

Table 3 gives the values of the fall angle θn depending on 
γ0 and φ0, which show that as the values of angles φ0 and γ0 
increase, the θn angle decreases. Moreover, when γ0 changes, 
the value of θn changes significantly, and, at γ0=180°, θn=0; 
at φ0 ‒ slightly.

We have considered the mechanics of the process of 
interaction between a raw cotton fly and the working bod-
ies in the section of a large-litter cleaner of the mounted 
type. The processes of fixing and removing raw cotton 
from the saw-type gear have been investigated, as well as 
pulses of the impact interaction between the flies and the 
grate. The dynamics of the process have been brought to 
the calculation of values for the impact pulse. At the same 
time, it is necessary to move to the magnitude of the impact 
force, requiring the knowledge of the characteristics of the 
dynamic rigidity of the material and the construction of a 
model that would be adequate in its essence to the scheme 
under consideration.

8. Conclusions

1. The theoretical model of the generalized cleaning 
process has shown that an important reserve for process 
intensification could be a variation in the angle of the grate, 
which would make it possible to revive the fading cleaning 
process at a repeated influence of the grates on raw cotton.

2. Based on the linear elastic-plastic model, the nature 
of the impact process of the interaction between a fly and a 
grate has been revealed, when the angle of fall is less than the 
angle of repelling and is a function of energy losses at impact, 
that is, depending on the recovery factor.

3. It has been established that no inclination angle of 
the grate could make it possible to directly remove the litter 
from a technological flow without its temporary return to 
the surface of the saw-type drum.
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