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Poszpooneno cxemy scueunvnuxa, 0e nopsad 3 mpaouyiinumu
JlonamesuMu 6anAMU BUKOPUCMOBYIOMBC POINYWYBATNLHI GATUKU
Koko6i abo koaxoeo-naawuami. B cueunvnuxy oanoi xoncmpyr-
uii docszaemvca Ak naaeHe i pieHomipie JHCUGAEHHI Mawunu 6a6o6-
HO10, MAK i 3MIHA MEXHONOIMHUX XapaKmepucmux 6aso6HU-Cupyio.
odamxkosi earuxu npuzeodamo 00 3MiHU MEXHON0IMHUX XapaKkme-
pUCmuK 6a606HU CUPUIO, MUM CAMUM CHEOPIOIONb NPOUEC THMEHCUG-
Ho20 eudinenns Oyp smucmux domiwox. /Jocnidxceno mexawixy npo-
uecy 63aemo0ii poGouUx enemMenmie HCUBUTILHUX NPUCMPOIE 3 WAPOM
Mamepiany, w0 MpaHCnOPMYEMvbCs, a MAKONC NOWYK CUCeM Xapyuy-
6ANHHS 3 CNPAMOBAHOIO 3MIHOI0 MEXHONOZIMHUX 8AACMUBOCMeEl 6A806-
HU-cupyo.

Zosedeno, wo eucoxuii ouucnuii epexm mosice 6ymu docsenymuii
He MiNbKU 3a paxyHoK inmencudixayii npoyecy ouuwenus, a i cnps-
M0O6AH010 3MIHOI0 MEXHON0IUHUX 6llACMUBOCMEl 0A80GHU-CUPUIO NPU
oo0nouacnomy 30epescenti a6o NOINWEHHT AKOCMI KiHUe8020 Npo-
dyxmy. Oueeuono, depopmauis, wo OMPUMYEMbCS UACMKOBO 6 PO3-
eaanymii cxemi, Gyde MAKCUMANLHO MONCAUGOI0, 2PAHUMHOIO, MAK
AK KOHCMPYKYIA BUKIIOUAE NPOCAUIAHHA NMPOOYKMY 6 30HAX MIdC
Jlonamesumu i PO3NYuY8aIbHUMU BANUKAMU, WO He BUKTIOHAEMbCS
8 peanvHill KOHCMPYKUii.

Hocnidscerno mexnonoziuni 61acmueocmi 6a808HU-CUPUIO AK Mame-
piany ouuuwieHHs, GUEUeHi CMPYKMYpHi Xapakmepucmuxu 0ae06HU
i 36’A3KY ix Kinemukxu 3 ouucHumu npouecamu. Bcmanosneno 3anesc-
Hocmi Koeiuienma cmpyxmypu 3 6eAUMUHOIO 6IOKPUMUX NOBEPXOHD
cmpyxmyprux oounuup 6a8oenu-cupuio. Busueno npocmoposi xaparx-
mepucmuxu 3acmivenocmi 6a6o06HU-CUPYIO i YM06 63AE€MO0ii 80J10KHA
i cmimmas 6 06ca3i 3acmivenoi 6asoenanoi macu. Jlano eapianmu noeo-
HAHHS HCUBTAMUX BATIUKIG 3 PIZHUMU KOHCMPYKUIAMU KOJIKOBUX 8ATU-
Ki6, AKi 003601410Mb CHOPMYNI06AMU OCHOBHI WAAXU THMeHCUiKa-
Uil ICHYIOUUX | CMEOPEHHS HOBUX MEXHOJI0ZIUHUX NPOUECIE OUUULEHHS
oasoenu-cupyio.

Ha ocnosi sussnenux ynxuionanvnux 36’°a3xkie 6i0xpueacmocs
MONHCAUBICMD CMBOPEHHA HOBUX AGO 600CKOHANCHHA ICHYIOUUX KOH-
cmpyxuyitl Koakoeux cexuit ouucnux mawun 4UX-3M1. Ompumanuii
00cei0 noxasye, wo 3aCMOCYBAHHA POPOONEHOT CXEMU HCUBUNLHUKA
6 OUUCHUKAX 6eNUK020 cmimms 04€ 3HauHe 30LIbUEHHA OUUCHO20
epexmy mawunu

Knrouosi crosa: eonoxnucmuii mamepian, enuxe cmMimmsi, K0JaKoe6i
eanuxu, ejemenm 6a606HU, POINYUYBANLHI 6ANUKU
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1. Introduction

An important reserve for improving the process that
cleans raw cotton from large impurities is a new direction in
raw cotton processing technology — preparing raw cotton for
cleaning processes by the targeted change of its technological
properties. Technological properties of the processed material
are understood to be those properties that directly affect the
efficiency of a given process. The experiment demonstrates
that the use of systems that control technological properties
in cleaners from large impurities produces a significant in-
crease in the cleaning effect of the machine.

The regulated technological process of primary process-
ing of cotton provides for a complex of cleaning equipment,
which ensures that the product is released at cotton mills
in the predefined amounts. However, increasing prices for

equipment, energy, and components, make, at present, clean-
ing lines almost inaccessible to the consumer. In addition,
a significant fleet of inefficient equipment involved in the
technological process eventually leads to the increased me-
chanical influence of working bodies on cotton and, as a re-
sult, degrades its physical and mechanical characteristics and
leads to defects in the fiber and damage to the seeds.

The cotton growing regions of the CIS cultivate hard-to-
clean varieties of cotton, which typically yield a high class
of fiber. In this regard, in order to meet the requirements to
products, additional cleaning equipment is included in the
technological chain, which leads to an unjustified increase in
capacity and an increase in the cost of manufactured goods.
Under these conditions, the best solution to the problem
is the development of high-performance technology and
equipment, the price of which could be compensated by the



achieved effect. Given this, it is advisable to design cleaning
tools that, at equal labor cost, would provide such an effect
compared to existing cleaners from large impurities.

2. Literature review and problem statement

Paper [1] reports results from studying the parameters of
basic working bodies in a cleaner, namely: the diameter and
peripheral speed of a pinned drum, the angle of inclination of
pins and their number, the gap between a pin and a drum, the
profile of a tooth. The cited paper derived a formula, by using
Koenig and Lagrange equations of the second kind, to deter-
mine the emerging shock pulses when a cotton «fly» particle
hits the pins, taking into consideration the deviation of the
«fly» particle, captured by the pins. The diameter of a pinned
drum is chosen based on that the force of impact of cotton
«fly» particles against pins at different diameters of the pinned
drum is different, which led to an increase in seed damage.

A comprehensive study of the technological capabil-
ities of raw cotton cleaning lines and combined units for
removing large and small impurities was conducted in [2],
in particular, to investigate the impact of multiplicity and
sequence of cleaning on raw cotton indicators. The need to
improve the productivity of mills led to an attempt to clean
the medium-fiber raw cotton at the rate of drums increased
to 500 rpm. The result of the work, however, did not achieve
the required cleaning effect in terms of large impurities.

Of interest here are the results from a study that demon-
strated the impact of raw cotton structure on the stability
and efficiency of the process. The cause of the emergence of
soft defects, as indicated in [3, 4], is the presence of struc-
tural units in cotton that contain up to 8—10 «fly» particles,
elongated in the form of a garland, which twist and overlap
each other, thereby acquiring axial torsion, and lead to the
emergence of harnesses in the cleaned fiber. All this suggests
that it is appropriate to conduct a study on estimating the
kinematic and geometric parameters of loosening rollers in
the cleaners of raw cotton from large impurities.

Paper [5] established that when a cotton «fly» particle
hits the working face, the «fly» particle and impurities are
reflected differently from a pin. The direction and speed of
reflection are determined by the angle at which the pins are
set along the radius of a pinned drum. It was experimentally
found that the best results are obtained when installing the
pins at an angle of 155-157° to the radius of the pinned
drum. However, the calculations did not take into conside-
ration the deviation of a «fly» particle from the tooth at the
pinned drum rotation and the speed of the tooth surface.

The most up-to-date studies of processes taking place
in the zone «pinned drum — pins» zone are reported in
work [6, 7]. The result of theoretical research by the author,
who considered the phenomenon of interaction between cot-
ton «fly» particles and a pin, included the sliding of a cotton
«fly» particle on its surface. He also investigated transitional
processes of reflecting a «fly» particle as a result of the im-
pact and its returning to original position. A scientifically
sound choice of structural and technological parameters for
a pinned cleaning section was given. A variant to overcome
related difficulties might be the need for theoretical precon-
ditions to justify the parameters.

Significant contribution to the scientific foundations of
raw cotton cleaning technology was made in studies [8, 9].
They examined the dynamics of the process based on basic

elements of interaction between working bodies and raw
cotton. It was shown that the process and its effectiveness
are determined by two counter factors — the quality of raw
cotton and the effectiveness of impurity removal. This ap-
proach has remained the general direction in studying the
existing, and creating new, cleaning processes. The duality
of the process is characteristic — increasing the intensity and
multiplicity of impact of the pinned roller increases at the
same time the cleaning effect. The damage to fiber and seeds
with the formation of collateral defects in the fiber always
presents a difficult task for process researchers on increasing
the intensity of cleaning while preserving the natural proper-
ties of the material.

Papers [10, 11] suggest a more advanced design of a clea-
ner from large impurities. In this structure, under the sawed
drums, there are many fixed pins with a flat working face set
at a certain angle to the radius of the pinned drum. That was
the basis for constructing the first Azerbaijani cleaner from
large impurities, brand ChKh-3, consisting of two sections,
which surpasses its predecessors in terms of performance and
cleaning effect.

The removal of weeds in the cleaners of these types is
carried out through the impact of cotton «fly» particles, cap-
tured by the teeth of the pinned drum.

Work [12] found that the construction of cleaners for
medium-fiber raw cotton did not take into consideration
the possibility of cleaning the thin-fiber raw cotton, which
has a lower strength of attaching the fiber to the seeds.
Cleaning the thin-fiber raw cotton requires determining the
high-speed cleaner modes, which would preserve the natural
physical and mechanical properties of fiber and seeds.

However, the calculations do not take into consideration
the friction of a «fly» particle against the surface of a pin, and
the time of impact is taken to be conditional.

The practice of processing thin-fiber raw cotton has
shown that cleaning raw cotton in cleaning machines is ac-
companied by significant damage to seeds, which increases
the amount of defects in fiber due to a fiber skin and broken
seeds [13, 14]. Therefore, the rotation rate of drums was re-
duced at many mills in order to improve the quality of fiber
and seeds [15].

Most of the cited studies are of an applied character and
focus on examining particular designs of cleaners from large
impurities. The scientific literature has almost no generaliza-
tions of main attributes of the feasibility of loosening rollers
and a mathematical description of the effect on the characte-
ristics of the cleaning process.

3. The aim and objectives of the study

The aim of this study is to determine the effect of kinema-
tic and geometric parameters of loosening rollers on the quali-
ty of raw cotton in cleaners from large impurities. That would
make it possible to find the optimal combination of feed rollers
with different structures of pinned rollers, which could im-
prove the effect of cleaning raw cotton from weed impurities.

To accomplish the aim, the following tasks have been set:

—to determine the conditions for capturing raw cotton
particles by a pin of loosening rollers when cleaning raw cot-
ton from large impurities;

—to determine the conditions for the self-discharge of
raw cotton particles by a pin of loosening rollers when clean-
ing raw cotton from large impurities;



— to determine the dependence of the technological cha-
racteristics of raw cotton on loosening process;

— to investigate experimentally the effect of kinematic
and geometric parameters of loosening rollers on the charac-
teristics of cleaning process and the quality of raw cotton.

4. Determining the condition for capturing raw cotton
particles by a pin of loosening rollers when cleaning raw
cotton from large impurities

The pins introduced to the fibrous mass have a significant
speed of 1.8-2.3 m/s at the end of the pin, which makes it
possible to deform particles of raw cotton. Let us consider
this process in detail.

Fig. 1 shows a diagram of forces acting on an element of
cotton weighing m captured by the pin; in this case, in the
first diagram, the friction force prevents the particle from
being removed from the pin, and in the second — to the
particle of mass m being shifted to its base. This phase of the
process directly follows the above-considered introduction
of pin to the fibrous mass, while the external force acting on
a particle (N) represents resistance of the pin’s end to the
deformation and stretching of structural particles. Obviously,
the stretching forces here are already absent or negligible,
and therefore the force N is directed either strictly vertically
or with a slight deviation at angle &.

The element is exposed to the reaction Q and friction
force Frp<pQ from the side of the pin.

The inner force is the centrifugal force of inertia P. = mor”
while weight mg can be neglected.

For Fig. 1, at £=0, we have equilibrium conditions:

> P, coso, +Ncosh,,
uQ =P cosa, cos l} 1)

Q=-Psino, +NsinA,.

For case in Fig. 2, at £=0, we have equilibrium conditions:

(2)

uQ>-P coso, +Ncos(n—k5),}

Q=-Psino, +Nsin(n-2, ).

Fig. 1. Schematic of forces acting on a cotton element
captured by the pin at friction against the base of the pin

P

c

Fig. 2. Schematic of forces acting on a cotton element
captured by the pin at friction against the base of the pin

The first system could produce a balance condition in
the form:

S
Q +mwyr, sina,

tgh > s 3

8he 1Q —mwir, cos o, )
and the second:
tg(n—%")zw. (4)
7 uQ + mor, cos o,

Since:

oA, <0, N, >0, )
ou ou

an increase in W increases the range of change in angle
Ao=7Yo+o, during which the strand is on the pin in the equi-
librium state and whose extreme values are determined from
conditions (2) and (3).

If the magnitude P. can be neglected, these conditions
are simplified: A’ and A” become a function of the friction
coefficient:

LAY P (6)
m n
T T
A >——p; AM'<—+p. 7
(2o TR ASTEP (7

Extreme values for angles in (7) determine the range of
change in A, and its corresponding value of @:

b T
E—PSKEZYOHPSE“LP’ 8

whose magnitude is the doubled angle of friction:
Ae22p, )

as indicated above.



If one accepts the deviation of force N from the vertical
to the right at angle &, it will correspond to change in condi-
tions (8) reduced to the form:

T T
E—p—éﬁkrégw—&z. (10)

Obviously, the magnitude of range of change in A, will
remain the same, and its lower and upper boundaries will
shift to the beginning of the process at &;=&».

5. Determining a condition for the self-discharge
of raw cotton particles by a pin of loosening rollers
when cleaning raw cotton from large impurities

The result of introduction of pins to the tuft of raw cotton,
the capture of structural particles by pins of the loosening rol-
ler and their deformation is the enlargement of structural units
of significant size. Another result is the removal from the entire
mass of cotton of smaller particles, slightly deformed due to
the presence of a field of friction forces in loosened cotton.

This process is ordinary, implied by the technology of pre-
paring raw cotton for cleaning. At the end of these processes,
the particles still held by rollers’ pins must lose contact with
the cotton beard and proceed to the next section unhindered
as a result of self-discharge.

The conditions for self-discharge are reduced to similar
for the self-discharge of a fibrous material by the teeth of
sawed tools, established for the fiber-cleaning machine.

In this case, angles oy and o of a given scheme correspond
to the negative value of the frontal angle at the end and at the
base of a pin.

One accepts with sufficient accuracy, in the saw, given the
large difference between the height of a tooth and the radius
of the saw, the permanence of the frontal angle, although it is
shown that the distortion of the value of this angle at the top
of a tooth can reach a significant magnitude. Here (Fig. 3)
the magnitude of the angle is:

(11)

T
Y, =00, = oc—arcsm[smoc).
r,
2

One can find from (11) and (8) the values for the specified
angle for any intermediate position of a particle on the pin.
By projecting the forces acting on a raw cotton element,
we obtain, along the orthogonal coordinate axis (Fig. 4), the
conditions for the self-discharge (a particle rests at the end
of a pin):
(12)

Q = wjr, (cr, cosa, —msino, ) —mgcos@ < 0;}
b

nQ = wr, (cr,cosa, +msino, )+ mgsing,

where the air resistance factor is denoted via c.

The first of conditions (12) means the disruption of
a contact between a cotton particle and the pin’s surface, the
second — the descent of a particle along the pin’s surface as
a result of sliding from the base to the end, under condition
the first condition is not met in this case.

If mg is neglected, the first condition is recorded in
the form:

tgoy, >%, (13)

which corresponds to roller rotation at a considerable speed.
At low speed, this condition will take the form:

n
O<oy<—-. (14)
2
The second condition is more convenient to convert:
. mg .
crysinal, +mcos o, +—=>-sin @
7.
n< o : (15)
cr, coso, —msino, + Tgcos (0]
W7
which is also simplified at low weight:
cr,tgo, +m
8 +m (16)
cr,—mtgoy
and is solved relative oy:
cr,—m
tgo, > Ben—m 17)
cr, —Wm

These conditions hold when one changes the sign of 0.
In this case, since (17) and (14), respectively:

J(tgo,) cm(uz +1)

= > Or 18

I, (ret+pm) (9

a(tga1):£ (19)
or, m’

at the same time as 7, decreases and o increases, the right-
hand sides of expressions (13) and (17) decrease.

From (17), at low air resistance (¢=0), there is an obvious
possibility of negativity of angle oy, but in general, it follows
both from (14) and from (18) that at pcry>m the tilt of the
pins is justified to the side inverse to rotation.

P —

Fig. 3. Analyzing the conditions for self-discharge —
dependence between angles oy and y
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Fig. 4. Schematic of forces at particle self-discharge

The formation of windings on pinned rollers occurs in
cases when the raw cotton particles, captured by a pin, in the
zone of stable equilibrium at the pin’s surface A.>0 do not have
time to lose contact with the cotton tuft due to destruction or
exit from the field of friction forces. In this case, the balance of
a cotton particle on the cylindrical surface of the pin is dis-
turbed and, if condition (4) or a second condition (6) is not met,
it shifts. having overcome the threshold value of friction force,
to the base of the pin. Subsequently, at the turn of a pinned rol-
ler, the tail part of the specified structural particle can be cap-
tured by the following pin, resulting in a fairly stable system.

A statically indefinable system may form, where one end
of the structural particle is captured by the frontal pin and
shifted towards its base, the second — by the following one
that holds the particle by a rear end, while the structural
particle itself is pulled by the force, caused by its initial defor-
mation. Obviously, the strength of such a system can be signi-
ficant and, therefore, the particle self-discharge will not occur.

The main condition for the exclusion of windings on pinned
rollers remains ensuring the destruction of bonds between the
captured structural units of cotton and a layer of raw cotton.

6. Determining a dependence of the raw cotton
technological characteristics on a loosening process

It was previously noted that the raw cotton structure indi-
cator m, and its density Yo define in a combination one of the
main technological characteristics of cotton as a cleaned ma-
terial through the value of effective open surface. The require-
ments to this characteristic appear to be variable for all stages of
raw cotton processing. For example, it is problematic to exces-
sively loosen cotton at ginning the medium-fiber cotton, and,
at the same time, at roller ginning, it is better, as shown in [8],
to have loosened raw cotton, with a low structure indicator.

To determine the extent of impact exerted by various
variants of the structures of loosening rollers and existing
feeders, as well as by their kinematic parameters, on a change
in m, and v,, a series of experiments were performed in-
volving raw cotton of T1, 1D grades, machine-collected, with
technological humidity W=7.9 %.

The speed of feed rollers was adopted based on the most
typical performance, n=8 rpm. At the same time, the rota-
tion rate of loosening rollers varied: n=200-600 rpm. The
cleaning section was fed at the starting density of raw cotton
Yx0=72 kg/m? characteristic of the storing mines. The den-
sity of cotton that passed through the feed device was also
measured — y,1. Ratio:

b, =T (20)
Yt
was accepted as a criterion for the effectiveness of the raw
cotton loosening process in a given feed scheme.

Fig. 5 shows schematics of variants combining feed rollers
and loosening rollers of different design.

>d <49
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Fig. 5. Variants of combining feed rollers and pinned rollers
of different designs
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Our analysis of experimental results, shown in Fig. 6 in
the form of charts, has revealed an overall decrease in the
density of raw cotton. In this case, &, increases with an in-
crease in 75 and in the number of pins on a roller. This is due
to an increase in the number of impacts of pins on the same
mass of raw cotton, and the increase in the number of pins by
2 times for all variants of angular speed n, leads to an average
increase in density by 5 %.

Comparison of diagrams 4-7 shows that with the in-
crease in angle o the degree of raw cotton loosening decrea-
ses, progressively at that, which confirms the conclusions
from a theoretical analysis.

The growth of £, with the increase in ny is also consistent
with the conclusions from a boundary problem, in which the
limiting deformation of structural particles of raw cotton
is observed in the zone of pinching the feed rollers, which
is transported at the rate w7 to the loosening rollers [15].
From the moment when its lower end is in the pinching zone,
the deformation process begins, as the lower end of a particle
leaves the zone at speed myry>w71. The process is comple-
ted when the top end of the particle leaves the zone of feed



rollers or the particle collapses. Obviously, the deformation
experienced by a particle in the considered scheme would
be maximally possible, limiting, because the model excludes
the slippage of a product within zones of feed and loosening
rollers, which is not excluded in an actual structure.
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Fig. 6. Change in k, for variants of pinned rollers designs
(for schemes 1—7, Fig. 5) as a function of frequency n,

Approximately the same dynamic was observed in the
study of the kinetics of structural coefficient m,.. This is
a dimensionless coefficient of change in the average size of
structural particles or the degree of breaking up raw cotton
particles into smaller units, measured in the laboratory. For
some cleaning sections of machines, the structure of cotton
changes is more complex. For example, the pinned and sawed
sections of ChKh-3M1 break up the structural particles of
cotton more intensely in comparison with OKh-E. The intro-
duction of characteristic m. and the study into its kinetics in
cleaners have made it possible to re-examine the effectiveness
of cleaning processes, because there is a close relationship be-
tween them. The higher the degree of breaking up raw cotton
into smaller units, the easier it is to remove large and small
impurities from the fibrous mass. In addition, the more in-
tense the value of m, decreases in a given cleaning process, the
more the bonds between fiber and weed particles are loosened.

Fig. 7 shows the kinetics of structural coefficient m,
as a function of ny for schemes 1-6, depicted in Fig. 6. It
demonstrates that the intensity of the deformation process
and breaking up the structural particles of raw cotton into
smaller units is proportional to the extent to which the pins
act on fibrous material. Here, on notes the influence of the
number of pins on the intensity of decrease in m,, though less
significant. And if one takes into consideration that with an
increase in the number of rows of pins on a loosening roller
with a slight increase in the effect of loosening the product
there is a significant increase in the effects on cotton, accom-
panied by a deterioration in the quality of the material, the
optimal number of rows of pins should be 3.

The introduction of blades (scheme 2) leads to a more
intensive process of change in k, than in the structure
(scheme 4) where the blades are absent.

In parallel with a study into the effect of parameters of
the feed unit on the efficiency of change in the technological
characteristics of raw cotton, a series of experiments were

performed on the technological reliability of loosening rollers
at values a=0; 15°; 30° and 45°. It turned out that at frequen-
cy n3=200-600 rpm and o=0 and 15° raw cotton, having
favorable characteristics k,, often forms windings that grow
progressively and are difficult to eliminate. At a=30°, even
more so at 45°, there was no formation of windings over the
entire range of possible values v, and k,. Therefore, the value
of oo was accepted to be 30°.
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Fig. 7. Kinetics of structural coefficient m. as a function
of n, (for schemes 1—6, Fig. 6)

Taking into consideration the variation in the magnitude
of filling the accumulators of cleaners from large impurities
and, therefore, the density of raw cotton 7y,, we have ex-
perimentally examined the effect of this magnitude on the
technological reliability of a feed system and values vy, and
m at y,0=60-105 kg/m?.

Over the entire range of change in v, the structure of
the feed unit demonstrated reliable performance. With an
increase in starting density, there was a significant increase
in loosening coefficient k, (Fig. 8) of raw cotton, while the
coefficient of structure m, (Fig. 9) slightly decreased. This
has a simple explanation, because an increase in the starting
density of a material leads to an increase in the intensifica-
tion of loosening and deformation processes. The processes
become more intense with a random factor excluded to
a large degree.
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Fig. 8. Change in &, as a function of n; for scheme 6 (Fig. 5):
1—4 — at 7,0=60, 72.90 and 105 kg/m3, respectively
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Fig. 9. Kinetics of m, as a function of n, for scheme 6 (Fig. 5):
1—4 — at 7,0=60, 72.90 and 105 kg/m3, respectively

7. Experimental study of the effect of loosening elements
on the characteristics of the cleaning process
and the quality of raw cotton

Experiments were conducted at an experimental bench,
using T-1 cotton of grades 1, 2, machine-collected, clogged
by 5.3 % (including large impurities, 3.4 %), with seed dam-
age of 1.59 % and at the initial amount of free fiber 0.1 %.
The feed was carried out at rate ;=8 rpm at Y,0=72 kg/m?.
Experiments were carried out at the installation (Fig. 10);
the diameter of the loosening roller was selected at 90 mm
based on the condition for minimizing the interaxial distance
between the pinned and lobed rollers; the minimum spread
between the ends of the pins was 15 mm, which ensures the
unhindered exit of structural particles, captured by pins,
from the loosening zone.

Fig. 10. A general view of the experimental bench to study
the feed process and the process of cleaning raw cotton
from large impurities

In order to eliminate the accidental effect of the working
bodies of the preliminary and main cleaning sections on the
results of comparative tests, at the first stage of experiments,
analysis of the quality of raw cotton was carried out for a ma-

terial that passed only a feed device with different variants of
the rotation frequency of pinned roller 75. The main variants
of the schemes of feed rollers, shown in Fig. 5, were studied,
except for scheme 2. The experimental results from testing
different feed schemes are summarized in Table 1.

Table 1

Results from studying the effect of various variants
of the pinned roller rotation frequency on the damage
to seeds and the release of free fibers

Impurities, not associated with | Damage | Free
, Feed cotton, % to overall amount | o seeds, | fiber,
rpm | scheme o 9
large total % %
1 9.7 10.3 1.65 |0.120
2 9.6 9.7 1.65 0.120
200 3 8.7 9.2 1.64 0.113
4 8.5 8.7 1.61 | 0.100
5 7.4 8.1 1.61 0.100
6 6.0 6.5 1.59 0.099
1 14.0 13.3 1.72 0.143
2 13.2 12.5 1.70 | 0.136
3 13.0 12.2 1.66 | 0.127
400
4 11.8 11.8 1.58 |0.123
5 11.1 11.0 1.54 0.11
6 8.6 9.4 1.52 | 0.10
1 17.3 16.3 1.79 0.200
2 15.9 15.3 1.78 ]0.183
600 | 3 15.3 15.1 17r | 0.180
4 14.3 14.9 1.72 | 0.180
) 13.3 14.0 1.69 0.140

Here there is an obvious dependence of the number of im-
purities, which have lost contact with the fiber and are ready
for discharge, on the effectiveness of the impact of pins of the
loosening roller, depending on 7y and the number of rows
of pins on the roller. Similar to the previously investigated
technological characteristics &, and m, here the efficiency of
the process falls with an increase in angle o. This, together
with the previously stated, confirms the close relationship
between the examined technological characteristics of raw
cotton and the possibilities for impurity removal.

However, the possibilities to intensify preparation are
not limitless — the criterion for optimizing the geometric
and kinematic parameters of the device is the quality of
a processed product. With an increase in 75, almost all vari-
ants of schemes demonstrate an increase in seed damage and
the amount of free fiber in raw cotton, so this work adopted
an acceptable rate ny=400—450 rpm.

With an increase in o in variants 4—7, these characte-
ristics change at first quite progressively, but already at 30°
and 45° they are almost identical. Therefore, the conclusion
about the optimality of o=30-35°, drawn earlier based on
theoretical assumptions and experiments, has been fully
confirmed here.

One significant observation should be made: a slight in-
crease in the amount of free fiber in cotton-raw as a result of



breaking up its structure into smaller units is, to a significant
degree, if not decisive, the consequence of the separation of
units into «fly» particles, and inevitably must accompany any
process in which the coefficient m is reduced.

At the second stage, analysis of the operation of stan-
dard feed rollers and the optimized structure of the system
(with loosening rollers paired with lobed feed rollers) was
carried out in combination with two designs of pre-cleaning
section drums — pinned (ChKh-3M2) and pinned-planked
(ChKh-3M). The results of comparative tests of different
feed systems are summarized in Table 2.

Table 2

Results of studying the effects of different study variants
on damage to seed and the release of free fibers

Impurities, not associ- 4 Free
Characteristic of the | ated with cotton, % to 3;;_ fiber, %
study variant overall amount age, % to total
large total ' mass
(l;eed rollers — pinned 2.3 10.2 182 0177
rum
Feed rollers =pinned |y / 135 | 1.69 | 0.193
rollers — pinned drum
Feed rollers —
pinned-planked drum 16.4 16.8 1.92 0.213
Feed rollers — pinned
rollers — pinned- 20.1 19.2 1.97 0.238
planked drum

Analysis of data from Table 2 showed that the system
with pinned drums demonstrates a softer mode of operation
than that with the pinned-planked drums and less inten-
sively removes impurities while providing a gentle mode of
cotton processing. The introduction of an additional pinned
loosening pair for both drum structures increases the amount
of impurities extracted from a fiber material by 2.5-3.7 %,
and large impurities by 3.8—-4.1 % (in absolute values). In this
case, the preparation reduces seed damage, which ultimately
reduces the number of defects in the fiber. With the introduc-
tion of a loosening system, for natural reasons, the amount of
free fiber in raw cotton becomes somewhat larger.

This is the essence of significant effect from preparing raw
cotton to a cleaning process. A high cleaning effect could be
achieved not only by intensifying the cleaning process, but
also by the directed change in the technological properties of
raw cotton while maintaining or improving the quality of the
resulting product.

8. Discussion of results of studying the method
for estimating the kinematic and geometric
parameters of loosening rollers on the quality
of raw cotton

Already at the stage of testing a feeder for the cleaner
from large impurities, equipped with an element of pre-
loosening and breaking up structural particles of raw cotton
into smaller units, the issue arose about ways to improve it.
The main drawback of this system is the inability to break
up particles with a small number of «fly» particles due to the
distance between the zone of exposure to the loosening pair
and the region of pinching raw cotton by lobed blades.

In order to eliminate the specified drawback, a new feed
system was tested in the laboratory, with the trajectories of
feed and loosening rollers executed as intersecting, where the
blades of a feeding roller have slits through which the pins of
a loosening roller move freely.

The study has shown that such a feed system quite inten-
sively loosens raw cotton (values of &, for ny — 300, 400, and
500 rpm are, respectively, 1.33, 1.37, and 1.40) and reduces
the size of structural particles (at starting m=3.45 the values
for a structure coefficient were 2.75, 2.65, and 2.45, respec-
tively, to the enumerated values for n,) at a slight increase
in free fiber.

The lobed feed rollers paired with pinned ones showed,
for the specified range of frequencies, the values of S,z: 0,72.5;
0.769; 0.828, and the pinned feeders at ny equal to 300 and
500 rpm, respectively, 0.642 and 0.713.

Another reserve of the process — ensuring a more even
uniformity of feed to the machine — is that the improvement
of the accepted scheme of removal of large impurities is im-
possible without formulating theoretical foundations for the
condition of self-discharge of raw cotton particles by a pin
of loosening rollers considering the synthesis of an equilib-
rium condition and the analysis of particles on a pin. Here
one needs to find rational combinations of feed rollers and
different designs of pinned rollers in terms of compliance of
technology with the laws of impact on a processed product.

The feed system, which is a combination of lobed rollers
and loosening rollers, even though the lobed rollers them-
selves have a low coefficient Sy, ensures a higher uniformity
of product feed [10, 11].

The pinned feed rollers also showed instability in feeding
a material and sensitivity to the characteristics of raw cotton
in an accumulator. While demonstrating a better characte-
ristic of feed uniformity, they cannot provide for a reliable
retention of a product layer, which, as a result, reduces the
evenness of feeding a product to the machine.

There is also an overall increase in the uniformity of feed
with an increase in the frequency of ny, which is natural. The
overall increase in the uniformity of raw cotton feed to the
machine is 42-53 % for S, relative to the conventional feed
system at 75=400—500 rpm. And this is another reserve for
improving the efficiency of cleaning processes.

An important reserve for improving the process is a new
direction in the technology of processing raw cotton — prepa-
ration of raw cotton for cleaning processes by the directed
change in its technological properties. Technological prop-
erties of the processed material are understood to be those
properties that directly affect the efficiency of a given pro-
cess. The results obtained from experiments on testing diffe-
rent feed schemes in terms of seed damage and the release of
free fibers (Table 1) show that the use of systems that control
technological properties in the cleaners from large impurities
produces a significant increase in the cleaning effect of the
machine. Analysis of the experimental results (Fig. 6) has re-
vealed an overall decrease in raw cotton density. In this case,
k, increases with an increase in 7y and the number of pins on
a roller. The main thing is that the use of systems that com-
bine feed rollers with different structures of pinned rollers
(Fig. 5) makes it possible to reduce the degree of impact of
the machine on raw cotton, thereby eliminating an excessive
damage to a processed material.

The proposed feed system has solved the boundary prob-
lem on deforming the structural particles of cotton; the opti-
mal magnitudes have been determined by estimations, as well



as experimentally, for setting, angles of inclination of pins for
loosening rollers in the processes of introduction, capture,
deformation, and self-discharge.

9. Conclusions

1. The equations have been derived for the forces that act
on a cotton element captured by the pin at friction, both to
the base and from the base of the pin, taking into conside-
ration the conditions of equilibrium. It has been proven that
an increase in the friction coefficient between the pin and
a cotton element increases the range of change in the angle
of inclination to a layer’s surface, where the pin additionally
deforms raw cotton by its side surface.

2. To study the variants of the cleaner’s feed system with
aloosening structure, the effects of the kinematic and geomet-
ric parameters of the system on the technological properties
of raw cotton have been determined - its structure and vo-
lume mass. The study has shown that such a feed system quite
intensely loosens raw cotton at values k, for 7,=300, 400
and 500 rpm, respectively, 1.33, 1.37, and 1.40, respectively.
This reduces the size of structural particles at a certain
growth of free fiber. The introduction of the loosening system

results, for natural reasons, in that the amount of free fiber in
raw cotton becomes somewhat larger.

3. Schemes have been proposed of the variants of combi-
nation of feed rollers with different designs of pinned rollers.
The systems have been developed to assess the uniformity of
feed to cleaners and the requirements to the characteristics
of feed plants in terms of preparing raw cotton for the basic
technological process. The mechanics has been investigated
of the process of interaction between working elements of
feed devices and a layer of the transported material, which
makes it possible to search for feed systems with a directed
change in the technological properties of raw cotton.

4. Several variants have been examined of rollers with
a different number of pins, in a combination of pins with
planks, with a different inclination of pins (a=15°, 30°, 45°);
loosening rollers have been explored in a combination with
lobed and pinned feed rollers. With an increase in 7, almost
all variants of schemes demonstrate an increase in seed dam-
age and the amount of free fiber in raw cotton. Therefore, this
work has adopted acceptable speed 75=400+450 rpm. Ana-
lysis of results from the study has revealed that the system
with pinned drums has a softer mode of operation than that
with the pinned-planked drums, it removes impurities less
intensively, but provides a gentle mode of cotton processing.
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