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Abstract

In the article, the motions of the magpies inside the fibrous material are stu-
died in the presence of an elastic bonding force and the force of dry friction.
It is assumed that the volatility of raw cotton in the form of a ball hits the ini-
tial velocity about the grate, and after the impact the velocity of the center of
mass of the volatility is zero. Until the moment of impact, the mote is located
along the beam, which tilts to the horizon and has the same velocity with the
center of the fly, and after the impact it moves along this ray. The case is con-
sidered when the coefficients of dynamic rigidity, adhesion strength and coef-
ficient of friction depend on the temperature difference between the initial
and the current, and it is assumed that these parameters decrease with in-
creasing temperature difference. Accordingly, in the equation of motion of
the mote, the sign of the speed of movement of the magpies is taken into ac-
count in the direction of the force of contact between it and the fibrous mass.
Different stages of the motion of the speck along the ray are considered. On
the basis of the equations obtained, the trajectories and the geometric locations
of the points of location of the magpies located along the ray are established.
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1. Introduction

The productivity of the machine, the humidity, the contamination, the degree of
preparedness of the material for cleaning [1], which relate to both raw cotton
and cotton fiber, lint and fibrous waste, have a great influence on the efficiency
of isolating impurities from the fibrous material. A number of researchers estab-

lished the dependence of the cleaning effect on the named parameters, and rec-
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ommended the optimal moisture parameters of the material and the productivi-
ty of the corresponding machine, depending on the initial contamination and
moisture content of the material being processed [2] [3] [4] [5]. However, the
mechanism for extracting weedy impurities from the composition of the pulp
has not yet been fully disclosed, and factors that affect the coupling of trash with
fibrous material have not been established. The proposed recommendations are
not sufficiently substantiated (especially theoretically). Theoretically, the effect
of temperature on the process of recovering impurities is not studied. The expe-
rimental data obtained in [2] [3] [4] show a significant decrease in the magni-
tude of the contact force between impurities and the pulp. There are still ways to
increase the efficiency of the cleaning process from weeds; it is required to estab-

lish the optimum temperature and humidity condition of raw cotton.

2. Main Part

Let the particle of raw cotton strike with the initial speed v, about the grate.
We assume that after impact the velocity of the center of mass (the seed nucleus)
is zero. Prior to the impact, the mote with mass m is located along the beam,
which forms an angle ¢, with the horizon. Before the impact, the mote has the
same speed with the core and after the impact it moves along the OM, beam.

Then, after the impact, the equation of motion of the speck along the ray is writ-

ten as:
x
md7=—clx+mgsin(p0—[flmgcosq)o+q1].signx 1)
.. |+l x>0
signx =
-1 x<0

where: 7 —time, x—movement of a speck along the ray OM,, ¢—dynamic
stiffness; g—coupling force; m—mass of trash, fi—coefficient of friction, be-
tween the trash and fiber.

Consider the case where the coefficient of dynamic stiffness ¢, the adhesion
force g, and the coefficient of friction £ depend on the temperature difference.
According to [6], with increasing temperature these parameters decrease, so we

can use such dependences
¢ = Coe*%(T*TO) , ¢ = qoe’“q(r’ro) , fl — foe""/(T*TO) 2)

Here: ¢, = A Ty), ¢ = ¢(Tp), £= £(T;) a, a, a—are the coefficients characte-
rizing the rate of decline of the coefficients, determined experimentally; 7;—is
the initial temperature; 7= 7(7)—is the current temperature, dependent on time.

The action of the elastic force and the frictional force of the contact to deter-
mine the relative displacement of the trash along the fiber is shown in Figure 1.

Initial conditions

x=0,x=v,sing, >0 at 7=0 (3)

Equation (2) is written in dimensionless form
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y

Figure 1. The action of the elastic force and the frictional force of the contact
to determine the relative displacement of the trash along the fiber.

2
% =~ ) 4 ging, — [f e ) cos g, + qeiaqmroqugné )
1

where: gzc—ox,rl :r‘fc—o,qzﬂ.
mg m mg

Equation (4) for a given temperature variation with respect to time and coor-
dinate {’is integrated numerically.

If we assume that 7= T;, (in the absence of temperature difference), then the
coefficient of Equation (4) does not depend on time and its solution in a dimen-

sionless form is written down

¢ =[sing, — fcosg, —q|(1-cost, )+ ¥, sing,sint, (5)

where: 170:‘)—0 /C—O
g\m

Expression (5) describes the law of motion of a speck between fibrous spaces
after impact of volatiles on the grate. In the presence of a frictional force on the
part of the fibrous mass, the mote at a certain instant of time stops. Its further

movement depends on the initial impact velocity.
2
my,
In the process of motion, part of the initial kinetic energy TO of the mote

passes into the potential energy of compression of the pulp, while the other part
proceeds to dissipation due to friction [7] [8].

If the initial velocity is insufficient, then it is possible that all the acquired po-
tential energy of the pulp goes only to dissipation and, therefore, no further
movement of the mote is possible, that is, the process does not purify the impact
[9] [10]. At some speeds, the accumulated potential energy of the pulp will be
sufficient to inform the mote of the motion in the opposite direction. In this
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case, the next stage of the movement begins, in which the mote makes move-
ment with respect to the center of the volatility according to the vibrational law.
Further movement towards the center of the flying, as noted above, again de-
pends on the initial speed.

From (6) we find the speed of the mote

¢ =[sing, — f cosg, —q|sinz, +v, sin g, cos,
At some point in time, the mote stops, that is
¢ =[sing, — f cos g, — g sinz, +¥, sin g, cos 7, =0
From which we get:
Ty=n—0

v, Sin @,

a

where: « =arctg

When 7>7, moving in the opposite direction is possible with the condition

if signé=-1, £<0 at 7>r7, which gives
=& +sing, + fcosp,+g <0 (6)

where: &, =¢&(7,)=a(l-cosz,)+v,sing, -sinz,, a=sing,—b,
b= fcosg,+q.

Inequalities (6) give

(sing, — fcos@, +q)(1—cost,) -0, sing, sinz, +sing, + f cosg, +g <0
or
—acost, + U, sin @, -sint, >2b

Hence we obtain the condition for the velocity

\Ja’ +u} -sin’ @, >2b (7)

If condition (7) is not satisfied, then the mote is further in a state of rest.
When condition (7) is satisfied, the motion of the mote is described by equation
(:E == —a

where: @, =sing, + fcosg,+q =sing, +b.
The solution of this equation with the initial conditions
$=%0>» =0
has the form:
E=(&y—a)cos(t—175)+q
This stage of the movement continues until the time & =0 at which, whence
we have
r=tV=2n-q

The next stage of the movement (that is, movement of the mote from the cen-
ter) is possible, if

&Ep+a=0
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where: &, =&(z7,) or &,—2a,+a>0.
We get

&o22a,—a=sing,+3fcosg,+q =sing, +3b

substituting the value ¢, we obtain condition

\Ja’ +o; -sin’ @, > 4b

The remaining stages of the motion of the mote are determined in a similar

way, for example, before the n th stage of the motion is possible, if

Ja* +0, -sin’ @y >2nb (n=1,2,3,-")

If a<0 is b>sing,, then the time at which the speed of the mote turns to
zero is determined by the formula

U, Sin @,

7, = arctg b—sing
0

the remaining formulas remain unchanged.

With the help of the obtained dependences, it is possible to establish a condi-
tion when performing a certain mote does not penetrate deep into the pulp. Let
us consider the case a <0. Let the mote at = 0 be at a distance &, from the
surface of the seed. Then, after the impact, it moves away from this position by a

distance

£ =&, =a+4Ja’ +sin’ ¢, =sing, —b+\/(sing00 —b)2 +u] sin® g,

if the conditions
2 =2 =2 D ) RC
Na +u, -sin“@, 22b, &£ +&, <R, R=

where: R, —is the radius of the fibrous mass ball.

Then the mote makes a reverse movement to the center and the depth of

maximum penetration will be equal to
&y =2a,—&, =sing, +3b—4/a’ + 0, -sin’ g,

If &, >0, then the mote becomes deeper into the mass before reaching its
original position &,.If &, <0 it will be introduced into the depth of the ball.

In the first case we have:

2b<\Ja* +0; sin® @, <3b+sing,
@’ +0; -sin’ @, >3b+sing,

in the second case

Nowletus a>0 set
a=+A"=sing,—b, (b<sing,)

then

Eop=JA +0; sin g, — A7 :\/(b—singoo)2 +ug sing, +b—sing,
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£ =28, - £y =2(sing, +b)—[(b—sing, )’ + D2 -sin’ @, —b+sing,

=2sing, +2b—\/(b—sin(00)2 +0; sin’ @, —b—sing,

=3sing, +b—\/(b—singo0)2 +D, -sin’ @,

Thus, if

2bs\/(b2 —singoo)2 +0, sin’ @, <b+3sing,

then the mote does not reach its original position. If

2
\/(b2 —singoo) +D, sin’ @, > b +3sing,

then there are additional depressions of the mote into the fibrous mass.

To assess the effect of changes in the stiffness coefficients ¢;, £ and the adhe-
sion force g, on temperature, experimental studies were carried out [6].

For constants £ and g, with a change in the stiffness coefficient ¢, according to

Formula (1), we should write Equation (4) in the form:

d’¢

i Ce ) 4 sin g, — (f cosg, +q)signg (8)
T
and the solution of Equation (8) at 7'= 7, = const can be represented in the
form:
¢ =(sing, — fcosg,—q)(1-cos{r, )+ 0, sing, sin 7, 9)
~a.(Ti-Tp)

where: £ =e .

3. Analysis of Results

As can be seen, the solutions of the equation of motion of the mote, in each stage

are presented in an analytical form, which includes mechanical parameters.

Comparing the types of solutions (9) with (5) that correspond to the 1 and 2

stages of the movement, we note that the change in the stiffness factor affects the

stop and mobility time values at each stage, the movement of weed impurities.
T

For example, the stopping time of the mote changes by an amount — because
1

¢, < 1, then the stopping time increases. For a constant value of the stiffness

. —a.(T-T
coefficient ¢ =c,-¢ "™

, the parameters £ and ¢, in a range of temperature
variations were represented by the dependences (1) where ¢, =0.1 1/deg is
assumed, 7'= 7, = const, calculations show that the temperature change signifi-
cantly affects the parameters z; and the mixing of the mote.

Thus, the obtained data show that as the temperature of the fibrous cover in-
creases, the intensity of excretion of impurities from cotton increases.

On the basis of the equations obtained, it is possible at an arbitrary time to es-
tablish the trajectory and the locus of the points of finding the magpies along the
rays OM,. These trajectories make it possible to determine the number of iso-

lated trashes, depending on the depth of their lying in the fibrous mass.
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At small angles ¢,, the mote at low temperatures (Figure 2, Curves 1, 2)
makes one oscillation toward the positive direction. As the temperature rises, the
mote can move in the opposite direction, and due to the decrease in the resis-
tance force it can make two oscillations (Curve 5). In this case, the amplitudes
have the greatest value in positive directions, and the effect of the temperature
drop on the values of these amplitudes is insignificant. The results presented in
Figure 3 and Figure 4 show that the orientation of the speck with respect to the
horizon can largely affect the character of the movement of the mote in the
composition of the pulp. In this case, active movement of the mote is detected in
both positive and negative directions. In this case, the mote can make several os-
cillations along the beam. The maximum value of the amplitude of the oscilla-
tions in the positive direction is practically independent of the temperature drop,
while the penetration of the mote into the interior of the fibrous mass occurs
with smaller amplitudes. Thus, when cleaning the pulp from the mote, it is ra-
tional to choose the direction of impact and the value of the temperature drop.

Figures 2-4 show a graph of the change in the movement of the mote located

in a fibrous medium, in the case of inequality

a>0 and 6b£,1a2+1702-sin2¢0 <8b

at different temperatures (1. 7= 20°C; 2. 7=30°C; 3. T=40°C;4. T=50°C; 5. T
=60°C) and angle ¢,

It is shown that as the temperature of the fiber increases, the amplitude of dis-
placement of the litter increases. For example, at a fiber temperature £; = 20°C,
the amplitude of the trash displacement ends in the second stage, and at a fiber

temperature t; = 50°C on the third.
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1,2, 3,4, 5, respectively, t, =20°C; 30°C; 40°C; 50°C; 60°C

Figure 2. The movement of litter within the pulp at various temperatures and
angles ¢, = 15°.
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Figure 3. The movement of litter within the pulp at various temperatures and
angles ¢, = 30".
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Figure 4. The movement of litter within the pulp at various temperatures and
angles ¢, = 45".

4. Conclusions

Thus, under impact, a part of the garbage that is on the surface of the cotton
particle is removed, and some of it moves into the inside of the particle. The
depth of garbage deposition on impact increases or decreases depending on the
location of their relatively hitting surfaces and the temperature of the fiber.
Theoretical studies of the process of cleaning raw cotton under shock effects,

taking into account the effect of temperature, show that as the temperature of
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the fiber increases, the amplitude of movement of the mote increases, located in

the fibrous medium, and intense sorption of the pulp from the pulp takes place.
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