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Abstract

In the process of separating the fiber from the seed, the density of the seed
roll in the roll box of the saw gin is constantly changing. With an increase in
the density of the seed roll, the quality indicators of fiber and seed deteriorate,
energy consumption increases, machine breakdowns increase, and with a de-
crease in density, the productivity of the machine decreases. For this reason,
the regulation of the density of the seed roll is one of the important problems
in the ginning process. For this, the speed of rotation of the feed rollers
changes, which, with an increase in speed, the mass of cotton increases, and
with a decrease, it decreases. Thus, the density of the seed roll is controlled.
The article describes the problem of regulating the density of a seed roll in a
saw gin of the DP series, an overview of the work on regulating the operation
of the machine is given. In this work, the force of cotton pressure between
two feed rollers is also theoretically investigated. Graphs of changes in the
force of cotton pressure between two rollers are plotted depending on various
initial pressure forces. The results of the study will be used in the further im-
provement of the cotton feeding regulation in order to maintain the optimum
density of the seed roll, which will preserve the quality of the fiber and seeds
while increasing the productivity of the machine.
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1. Introduction

The Republic of Uzbekistan pays great attention to the rapid development of
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production of finished products with added value based on deep processing of
cotton raw materials, providing competitive cotton products in the domestic and
foreign markets based on the modernization of the cotton ginning industry.

Maintaining the primary quality indicators of fiber and seed in the process of
fiber ginning, the creation of simple designs of equipment for the processes of
separating fiber from seed and feeding with raw cotton, with low material con-
sumption and energy consumption, is an important task [1] [2].

Research work carried out to date has been aimed at solving some problems of
improving the processes and machines for separating cotton fiber from the seed,
as well as improving the process of feeding saw gins with cotton, regulating the
feeding of saw gins, as a result of which, to some extent, technology and the
technology of the primary processing of cotton, the qualitative and quantitative
indicators of the products obtained have been improved. However, the problems
of creating a resource-saving technology for power management of the ginning
process with raw materials, in accordance with the density level of the seed roll
of saw gin while preserving the natural properties of cotton, have not been suffi-
ciently studied [3] [4].

In the study [5], the process of ginning on gins of the DP brand was consi-
dered, a device for regulating the density of a seed roll by changing the speed of
the motor of the feed rolls with an inverter was proposed, a device for regulating
the position of the roll box depending on the current load of the saw cylinder
motor was proposed, experiments were carried out on determination of the de-
pendence of the load current of the motor of the saw cylinder and the movement
of the roll box.

At present, the gin of the DP series is the most widely used in the cotton gin-
ning industry of the CIS countries, which has rather good technological indica-
tors. But the problem of regulating the density of the seed roll has not been
completely solved [6]. The problem of optimizing the density of the seed roll can
be solved by improving the geometry of the feed hopper and adjusting the fre-
quency of rotation of the feed rolls of the feeder [7]. The analysis carried out to
select the law for regulating the frequency of rotation of the feeding characteris-
tics of the controlled object is the multi-capacity of the fiber separation line, a
relatively large delay in regulation, and the smoothness of the nature of the load
change [8].

In the article [9], it was proposed to install side accelerators that control the
speed and density of the seed roll in the roll box of the saw gin.

When studying processes in equipment, there is a definition and change of
speeds, loads, operating time and other working bodies. In saw gins, the speed of
the feed rollers is changed to adjust the density of the seed roll. We proposed
changing the speed of the feed rolls by an inverter. Another advantage of the in-
verter is the ability to observe some of the working bodies during operation [10].
When the signal arriving at the inverter changes, the speed of the feed rollers
changes synchronously. This shows the possibility of using a inverter as a regu-
lator of the mass of seed cotton entering the roll box of the saw gin [11].
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The work [12] provides information on the influence of the density of the seed
roll formed in the roll box on the load of the saw cylinder drive, machine per-
formance, on the quality of fiber and seeds. As a result of research in order to
maintain the density of the seed roll in the optimal range, the author proposes a
saw gin with a system for regulating the density of the seed roll [13].

Maintaining the optimum density of the seed roll in the saw gin is the most
important technological and economic norm that can be solved by adjusting the
speed of the electric drives of the gin feeders. To solve this problem, a regulator
has been developed, the structure of which is given in [14] [15]. Tests carried out
in production conditions have shown that the use of the developed device allows
to ensure a stable density of the seed roll in optimal conditions in relation to
without operator intervention, in accordance with the instructions, provides an
improvement in the quality of cotton fiber by an average of one class [16].

In the article, stake accelerator has proposed on the side of the roll box in or-
der to increase the productivity of the gin machine [17]. The effect to the raw ma-
terial of the proposed stakes was studied. Movement differential equation of the

seed roller was made up and necessary graphics were taken based on laws [18] [19].

2. Materials and Methods.

The condition of the material between the star-shaped feed rollers in the feed
zone is determined by the pressure 7, density p and speed V of the cotton. Its
parameters are assumed to be dependent on the coordinate variable x. Here the
origin of coordinates is set in the middle of the section of the feeding zone, and
the axis oxis directed from bottom to top (Figure 1).

We will take the process stationary and assume that the distance between the
rollers is filled with raw material. Let’s separate the element dx from the cotton

mass and compose the Euler equation for this element [9] [20]:

b§p%/=—d(dib)+pg(sina+9-fcosa) (1)

here, b=5, +%; sina = %; cosa =1; by =1-2R; f—friction force between
roller and cotton, N.

Equation (1) consists of the unknown pressure P, density p and speed V of
the raw material between the rollers. To determine them, we will use the follow-
ing conditions:

1) The law of conservation of mass of flow motion in a stationary mode

O = pVbL = Q, = const (2)

here, Q—mass of flow moving per unit of time (feeder productivity), kg/h;
L—roller length, mm.
In Equation (1), the quantity € is related to the sign of the relative speed ¥
(V, —is the speed of the saw cylinder) and is determined as follows:
At z>0, 6(z)=1;
At z<0, (9(2):—1.
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Figure 1. Scheme of movement of raw material between two rollers.

2) The equation of state of cotton as a whole medium, expressing the rela-

tionship between pressure and density

P=p,(1+4(P-R)) (3)

Using (2) and (3), we establish a relationship between pressure and speed:

) 0, .9
Lbp,[(1+A(P-R))] Lpyb

[1-4(P-BR)] (4)

From this equation we get the following:

drv ' AdP
A N ®
dx Lp,| b b dx
Using (2), (3) and (5) we write Equation (1) in relation to pressure P(x) :
2 '
£t n i
a ' (6)
’ X
= —ab—pb +p0gb[1+A(P—PO)}(E+¢9fj}, 0<x<a
Equation (6) is reduced to the following form:
%zF](x)P+F2(x), 0<x<a @)
b'+F,
F(x)= _M,
b, (x)

Ry ()R +Eo ()8 + R 3407 |p

bF, ()

F, (x) =

>

_ 04

_FZPO’ Fy =1-F,(x),

10
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on(x)=Eo(x)b’—%gAb[§+ef).

Equation (7) is a variable linear differential equation with respect to P(x),
we integrate it under the boundary conditions P=P,, x=0.

Let us carry out a qualitative analysis of the movement of the cotton mass in
the feeding zone to select the sign of the variable & at the coefficients of Equa-
tion (7).

Consider the right roller. Here, the speed of rotation of the points of the segment
x=0 is greater than the speed @R alongthearc 4,C,B, (@ —angular velocity
of the roller; R—radius of the roller).

The relative speed of the parts in the feed zone (V' >V ) is positive and there-
fore the direction of the friction force has a positive direction of the axis OX. For
this reason, for this segment, we take the sign € in the tangency zone along the
arc B,C, to be positive. The second end point x=a has a critical speed wR,
i.e. the relative velocity in the feeding zone of the cotton will be negative, which
means that in the zone of contact with the segment x=a (alongthearc C,4,)
the friction is directed towards the negative side of the axis OX. In this zone &,
you must accept with a minus sign. In this zone, the mass is clamped between
the feed rollers, the friction force will be active and directed in the opposite di-
rection of the axis OX. The friction force in another zone of contact with the
segment x =0 resists the movement of the mass, so it is directed in the oppo-
site direction of the axis OX.

The segment x=c (0<c<R), the speed of which is equal to the linear
speed of the roller, is the boundary of the above zones. If at the boundaries
x=0 and x=a applied pressures equal P=0 and P=P,, then to deter-
mine P(x) inthezone 0<x<a,Equation (7) must be integrated in the zone
x>0 under the condition P(0)=0 for 6 accepting the plus sign, under the
condition P=PF, for @ taking the minus sign. If for P(x) a given mass in
the feeder moves, in the zone x=c from the condition of equality of pressure
B(x) (x>0)and P(x) (x<a), the curved lines intersect with the abscissa
at a point x =c. This point is the border of two zones. If we find this point,
then from the equation LwRp (c)b(c) =, we determine the required speed
of the rollers to obtain the required performance of the feeder

9%
= Lpe)b(o)R ®

According to the above conditions of Equation (7), for each zone, we write the

following:
% = FO ()P + O (x) = £ (x) 4 FY (x), x> 0 ©)
here’ E(l) (x) = _bLZI(x) .
bF, (x)
Fy (x) B+ F, (x)b'+Pog(x+fjb
0 () = R .
£ (x)= ;
bF, ()
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Fy (x) = Fio (x)b'—E)gAb[%—i-fj.

We integrate Equation (9) under the condition A (O) =0 and obtain the fol-

lowing:

In the zone 0< x <a, we write Equation (7) as follows:
CER )P ()
here, F) = —%2&(;);
Fa()R + Ry (x)0' P -1 o

F(Z) — ;
’ bF, (x)

F,=F, (x)b’—POgAb(%—fj,

The solution to the last equation, satisfying the condition P, (@)= P, , has the

following form:

p =@ { P e—dz’(a)je—a”’(x) EO () dx} .

X

The zone boundaries x=c are defined by the following equation:
(1) 6 O @), I R AP
hi (C)IFz(l)(x)e A0 gy = of (){Poe A7 )_Ie A )FZ(Z)(x)dx}
0 c

Using the obtained equations, we will construct graphs (Figure 2)
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Figure 2. The regularity of the change in the force of pressure of cot-
ton between two rollers depending on different initial forces of pres-
sure P, =620H/m* (a), P,=700H/m* (b), P,=780H/m* (c):
1— A4=0.0017 Pa™;2— 4=0.009 Pa™'; 3— 4 =0.0022 Pa™" .

For calculations, we will use the following initial data: Q, =0+6000 kg/h;
a=70mm; R=70mm; b, =100mm; f=02; p,=64kg/m*;
L=2335mm, n=0+14rpm. A—coefficient of elasticity of cotton mass,
A=0.0017 Pa~';0.009 Pa~';0.0022 Pa™".

DOI: 10.4236/eng.2021.139035 499 Engineering


https://doi.org/10.4236/eng.2021.139035

A. Umarov et al.

3. Conclusions

As can be seen from Figure 2, the force of cotton pressure between the feed
rollers, with an increase in the coefficient of porosity, obeys the regularity of
growth along the coordinate x. This growth remains constant starting from x =
0.05mmat A4=0.0022Pa".

The force of pressure of the cotton between the rollers, with an increase in the
initial forces of pressure, obeys the regularity of growth along the coordinate x.
This growth remains constant starting from x=0.05mm at 4=0.0022Pa"".
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