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Abstract: In the article, the interaction of the pile with the cotton in the improved new pile auger
installed in the cleaning shop of cotton mills is theoretically calculated and the recommended
parameters are presented. Equations allowing to create a new model of the screw conveyor were
obtained through theoretical calculations. Using the obtained equations, connection graphs were
constructed and it was proved that the increase in the radius of the auger leads to an increase in the
cotton cleaning time.
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In all cotton ginning factories located in our republic, cotton raw materials are first of all cleaned of
small and large impurities. As we know, all the machines and aggregates in the cleaning shop are
becoming obsolete today, and the creation of new generations of them is the demand of the times.

The process of cleaning cotton raw material from small impurities is based on impacting the raw
material by a drum with a pile and carrying it through a mesh surface by a pile. Due to the fact that the
piles do not reliably hang the cotton raw material, the cotton gets tangled as a result of the cotton
rolling along the mesh surface. In order to prevent this, a construction of a pile with increased hanging
properties was developed and its effect on the cleaning process was theoretically considered.

The following forces act on the cotton raw material along the surface of the cleaner mesh with a pile
with increased hanging capacity (Fig.1.):
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G- raw cotton weight,; C- centrifugal force; R- aerodynamic force;
F1- force of friction of raw cotton on the front surface of the pile;
F, — force of friction of raw cotton along the mesh surface;
N- pile reaction; P- the force resulting from the screw movement of the pile; f - coefficient of friction;
t- time; m-mass.
Fig.1. The scheme for determining the conditions for hanging cotton raw material by the pile

Figure 1 shows that forces G, C and F; try to separate the raw cotton from the pile and roll it, while
forces R and F; try to compress the cotton into the pile.

Let the piece of cotton be at the point My(Xo, Yo) at moment t=0. The XOY axis is shown in the figure,
the OX axis is horizontal, the OY axis is directed perpendicular to it, and the initial position of the
piece of cotton is:

Xo =T COS @y Vo = T'oSin @,
Here r and ¢- pole is a coordinate system, ¢ — angle is the angle formed by a piece of cotton with the
OX axis. Assuming that a piece of cotton moves along the surface of the pile, at certain values of the
forces F1, F2, R, N, G, the piece of cotton may separate from the pile or there will be no contact with
the mesh surface.
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There may be no contact on the mesh surface, it is necessary to determine such conditions. At an
arbitrary moment t > 0, we express the coordinates of a piece of cotton by the angle ¢ and the radius r:
X=r €0S (o + ® t), Y=r Sin (po+ o t);

x =1 cos(p, + wt) — rwsin(p, + wt);

y = rsin(@, + wt) + rw cos(@, + wt);

r —we consider the radius as a generalized coordinate and determine the kinematic energy of a piece of
cotton as follows.

T= %m(a’cz +y2) = %m {[r cos(g, + wt) —rwsin(p, + wt)]*> + [rsin(g, + wt) + rw cos(p, +

wt)]?} = %m(r2 + r2w?) @)
r- coordinate satisfies this Lagrange equation of type II.
d (DT DT

=) -%=0 )
or (2) equation takes the following form:

mi =mr? +Q ©))

Here Q- is the generalized force, whose value is equal to the sum of the forces acting on the particle
along the pile when r<I. (I=rg+lo) ro — drum radius; lo — pile length; to is time, it is determined from the
equation r(t0) = 1) we determine the force Q based on the condition 0<t<ty:

Q, = mg cos(@, + wt) (4)

A piece of cotton moving on the face of the pile, in addition to the centrifugal force mriw, we
determine the following force of gravity and the friction force created by its influence (Fig. 2):

Fy = mg [sin(p, + wt) - f cos(p, + 08)]  (5)

Fig.2. The scheme for determining the conditions for hanging cotton raw material by the pile
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It can be seen from this scheme that the resistance force is perpendicular to the direction of the relative
speed t, and the friction force under its influence is as follows:

0< (g, + wt) < % normal force is not taken into account in this condition.

F, =2mfro (6)

R- The aerodynamic force acts on the pile in the normal direction, which also generates the following
force of friction:

E. = mgsin(gp, + wt) (")

Putting the sum of these forces into equation (3), we get the equation of motion along the pile of
coordinate (r):

mi¥ = mw?r — 2mfrw + mgsin(g, + wt), < (g - (po)% (8)
Initial conditions: t =0 r= 1, ¥ =0

If % < (g, + wt) < m in this case, the normal force is taken into account. m# = mw?r — 2mfrw +

mg sin(@, + wt) — fmg cos(p, + wt) 9)

P+ 2frw —rk(k — fc,) = g[sin(g, + wt) — cos(¢, + wt)]  (10)
k _w _ C

Here: = =,

(10) equation r = ry<l, = 0 is integrated under, r(tp) = | and when the particle moves along the mesh
surface, therefore t> to at its speed is equal to the linear speed of the pile rno, if it moves separately, its
equation of motion is as follows.

mS = —fmi—2 + mg(sm% +wt) —f cos(% + wt)] (112)
0

Here: S = rop of a piece of cotton t > to current value; ¢ > @1, @1 t=to the value of the angle ¢ fi in order
to separate the piece of cotton from the pile in the time interval t < to, the following condition must be
met:

g(sin(p, + wt) — f cos(p, + wt) = rk(k — fC,) — 2frw) >0 (12)

If this condition is not fulfilled, the pile will have attached the piece of cotton, and the piece will be in
contact with the mesh surface at t = to. At high pile speeds, the particle is usually in motion with the
pile. The following condition must be fulfilled for it to separate above the mesh surface:

g[sin(p, + wt) — f cos(@, + wt)]) > ryw? (13)
From this inequality, we determine the time it takes for a piece of cotton to move up the pile:

_1 . Tow? _ _ . f
ty == 8+ arcsm\/rf2 ®o] B = arcsm\/sz (14)

t;- The value of is this t, < t; <% determined from the condition. If t, > t; will, at the hold,

buttermilk b¥lakchasi kozikchadan azhralgan byladi, if t; > %ﬂ will, taking into account the periodicity
of the process, a piece of buttermilk is removed from the pile.

With the help of this equation (14), it will be possible to determine the angle that ensures the retention
of the cotton fabric by the pile in its movement along different surfaces.
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The radius of the conveyor screws can be expressed by the following equation.
r=Ae "1t + Aye k2t + A sin(g, + wt) + By cos(@, + wt)  (15)

_ g . _ af
0™ 2w2(14£2)’ Bo = 2w2(1+£2) (16)

r=Ae it + A e ket — ﬁ [(1 + f?)sin(@, + wt) + (1 = f) cos(p, + wt)]  (17)

Initial conditions: t, =0 r=0 =0

. . 1+
A = ﬁ [k, (sin g, + fcos ¢,) + (cos ¢, — fsing,)] _rol (18)
A = st (ke (sin @, + feos 95) + (cos @ = f5ing,)] + (19)
If r = R if the condition is fulfilled, then the equation will be in the following form:
R = Aje *ito + A,e~k2to 4 m [sin(p, + wt) + f cos(@, + wt)] + klr_okz (20)

If equation (20) is relative to ty t =ty <t =%(§—(po), mass motion if has r=R, r=0
according to the law.

t > t; (9) can be integrated as follows:

# —rw? + 20f7 = g[sin(g, + wt) + f cos(@, + wt)] (21)
r, = Bie ¥1(t=t0) 4 B, e~k2(t=t0) 4 C\[sin(¢, + wt) + Dy cos(@, + wt)] (22)
_ 9a-f*

{ 2Cow? + 2fw?Dy = g ° = 2uz14s2) 23)
_ZfCO(UZ + Z(UZDO = gf D — —gf

0™ 202(14£2)

1 = Bje F1(t=t) 4 B e~k2(t=to) 4 m [(1 = f?)sin(p, + wty) + +2f cos(p, + wty)] (24)
By and B, constants 7;(to) = r(ty), #(te) = 7(t,) determined from the conditions.
B; +B, = Zw"‘(sz [(1 — f?)sin(p, + wty) + 2f cos(@, + wty)] + 7(tp)
k,B; + k;B, = W[(l f?)cos(p, + wty) — 2f sin(p, + wty)] + 7(to)

From this system, the constants B; and B; are determined.

(25)

Based on the given data, we can see the dependence of time on the radius, that is, the distances of
cotton hanging and falling, in the following graph (Fig.3.):
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Fig.3. A graph of the screw conveyor radius versus the time of hanging and dropping cotton

It can be seen from the given graph that in the cleaner with a screw working body, mathematical
models were obtained that express the dependence of the angle of inclination of the axis vy, the radius r,
the angle of elevation of the screw line a, the angular velocity, the angle of twisting of the cotton layer
in the direction of rotation of the screw working body, the friction coefficients f; and f,, and as a result
of calculations, indicators r=230 mm; a=300; f,;=0.3; f,=0.4; no=260 min™; When ¢=62°, it is ensured
that the cotton does not rotate with the pile.

Summary. Thus, it is possible to choose such geometric parameters that ensure reliable holding of raw
cotton in the pile. In this case, the frictional forces on the mesh surface are interrupted and the
possibility of rolling of the cotton piece is lost, thereby reducing the possibility of tangling of the
cotton during cleaning.

While the cleaning efficiency of screw cleaners is high, it has been shown that their main disadvantage
is the high probability of cotton tangling. As a result of the theoretical studies carried out in order to
prevent this, it is possible to emphasize the expediency of using piles of screw cleaners with an

increased ability to hang cotton.
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