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AnHoTanus. B crathe npuBeJeHbI CBeIeHHsI O Pe3y/IbTaTax TeOPETHUECKOTO UCC/IeA0BaHusI CUJT,
JIefCTBYIOIINX Ha CeMeHa, JBIDKYIIHeCs BHYTPH CepryecKoro 31eMeHTa, 3aKperyieHHOTo Ha
BHYTpeHHel noBepxHoCTH bapabaHa Jpa)kKHUpYIOILEro yCTPOUCTBA, a TAaKXKe UX JABH)KEHHsl BOKPYT
cdeprueckoro 3jemMeHTa. Pe3yibTaThl TEOPETHUECKHMX UCC/IE0BAHU# TIOKA3a/TH, UTO
MaKCHMaJibHOe 3HaueHHe JIalbHOCTH I10J1eTa CeMsIH 0CTUraeTcs rpu sin 2a=1, T.e. a= (1/4).
[To3TOMY HECKOJIBKO CJIOEB CEMsH, YApUBIIUXCS O CheprHUecKUil 3/IeMeHT, rocjie
COTIPUKOCHOBEHHUsI C HUMU BBIHY>K/IeHbI COBEPIIIATh BPAIlaTeIbHOE BIKEHHUE M0/, OTpe/ie/IeHHbIM
yryioM. IT0CKO/IBKY cdepruecKre 31eMeHTHI PacIioyioKeHbI B IIaXMaTHOH opme, ceMeHa 1ocsie
y/iapa o MepBbIi cepruuecKuii 31eMeHT COBEpIIAIOT BpalljaTe/ibHOe IBIKeHUe, YapsIoTCs O
C/le/lytOlIMi, CHOBA BPALLAIOTCS U TaK Jiajiee. ITO MPUBOAUT K 3P (PeKTUBHOMY U TIOIHOMY
TlepeMeIlIMBaHNIO CeMSH U COKpAIL|eHHI0 BpeMeHH, 3aTpauiBaeMoro Ha TeXHOJIOTMIeCKHH IpoLecc.

KroueBbie cioBa: paxupyroiuii 6apabax; chepruueckuii 371eMeHT; 00BO/IaKUBaHNe; [BIKEHNE;
MaTepHasbHasl TOUuka; AuddepeHLnanpHOe ypaBHeHHe; 000/10uKa; 3G (heKTHBHOE; KauecTBO

1. INTRODUCTION

Introduction. It is known that drum devices of plate-shaped
design have been developed for hulling agricultural crop seeds with
various protective and nutritional compounds, the most common of
which are drum hulling devices [1, 2]. In particular, drum casing
devices were proposed by E.B. Beisenbayev [3], A.M. Zhukov,
V.A. Panchenko, A.V. Shushlyakov [4], S.D. Sheruda, I.Ya.
Ostashevsky, V.S. Budko [5], A. Sokhta [6], N. Rashidov, A.
Khojiev, B. Eserkepov [7, 8], I.F. Borodin [9], A.T. Rosaboev, U.B.
Imomkulov [10, 11, 12], A.T. Mamadaliev [13], and others.

It is proposed to install various devices and elements inside the
drum hulling units to ensure the efficient process of sowing seeds.
To ensure the efficient turning process in the drum casing device we
propose, a thin metal sheet with spherical elements is attached to the
inner surface of the cylindrical drum. Since the geometric
dimensions of the seeds are much smaller than the diameter of the
drum, they move uniformly in a straight line when striking a
spherical element. In this case, when seeds moving in a circle hit a
spherical element, the direction of movement changes; that is, they
first begin to ascend along the slope and, while sliding along a
spherical surface with or without reaching the top point, perform a
rotational motion to the right or left and overturn. At the same time,
the lower part of the seeds, which is rubbed against the surface of
the drum, i.e., which is difficult to separate with compounds, also
has the opportunity to be contaminated. As a result, the quality of
sowing seeds with various protective and nutritional compounds
improves, the time spent on it is reduced, and electricity
consumption is saved [14, 15, 16].

The aim of the research. Theoretical study of the movement of
seeds around a spherical element attached to the inner surface of the
seed hulling drum and substantiation of its positive impact on the
technological process of hulling.

2. RESEARCH METHODS AND MATERIALS

Research methods and materials. The theoretical study of the
movement of the seed peeling device around a spherical element
fixed to the inner surface of the drum was conducted based on
mathematical analysis using the laws and rules of theoretical
mechanics and higher mathematics. Based on the results of the
theoretical research, conclusions were formulated and a proposal

was made to use a welding element attached to the inner surface of
the casing device drum.

3. RESULTS AND DISCUSSION

Discussion of the research results. When the drum of the peeling
device rotates, the following movements of the seeds can be
observed:

- rotation along the internal surface;

- after hitting a spherical element, it also performs rotational
motion around its axis for a short time.

In other words, the seeds undergo a complex movement inside
the hulling drum.

Figure 1 shows a diagram of the drum’s movement at an inclined
angle and the forces acting on the seeds.

Fig. 1. Barabanning og‘ma burchak ostidagi harakati va ta’sir etuvchi
kuchlar sxemasi = Fig. 1. Movement of the drum at an inclined angle and
scheme of acting forces

Since the size of the seeds is very small compared to the drum
radius, we consider the small length around point O to be a flat
surface and consider their motion to be rectilinear for that point
[17].

Figure 2 shows a material point, i.e., the trajectory of the seed’s
movement.
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Fig. 2. Moddiy nuqta, ya’ni urug‘ harakatining trayektoriyasi
Material point, i.e. the trajectory of the seed’s movement

Fig. 2.

Considering the family as a material point M, let us assume that
it is thrown from some point O at an angle « to the horizon with an
initial velocity Vo.

Let us consider the motion of point M, assuming that a
centrifugal force mw2R acts on it in addition to the gravitational
force G, which constitutes mgcosf3. Taking point O as the origin, we
direct the X-axis to the right in the horizontal plane and the Y-axis
upward in the vertical plane. Let us write the differential equation of
the motion of a point.

Ex_g
@ )
5 i
m A mg cos f—mw R‘ (2)
We reduce expressions (1) and (2) to m
£x_
ar’ ; (3)
i O,
e gcos f—w R‘ (4)
Integrating expression (3), we obtain
dxldt=C,’ (5)

Based on the equation of the velocity projection onto the
coordinate axes,

V,=dx/dt=C,. (6)

The projection of the velocity of point M onto the X-axis always
has the

same magnitude, i.e.,

C,=V,=V,cosa. (7)

From expressions (6) and (7), we get:
dx/dt=V - cosa. (8)
Integrating this equation, we get:

x=V,t-cosa+C,. (9)

If t =0, x = 0, then the constant C2 = 0.

The final result will be as follows:

x=Vt-cosa. (10)
By integrating equation (4), we get:
Vy=dy/dt:7glcosﬁfszHCy (11)

Substituting t = 0 into this equation, we find the constant of
integration C3.

C,=V, =V, sina.

(12)
So,
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dy/dt=VUsinafgtcosﬁfszt' (13)
By integrating expression (13) once more, we obtain:
—v tsina—9C cosp- @R 2
y=V,tsina 7 cosf3 > t°+C,. (14)
If t =0,y = 0, then an arbitrary constant C4 = 0.
As a result
—V tsina—9E cos g RE
y=Vtsina > cosfB (15)

Thus, the equation of motion for point M, directed at an angle «
relative to the horizontal plane and possessing an initial velocity
V0, is expressed as follows.

x:VUt»cosa; (16)
v 2 g2
y:Votsina—%cosﬁ—wZRt 2 (17)

To determine the trajectory of point M, we substitute the values
of t into expressions (16) and (17).

From equation (16), we find t.
= X
" (Vycosa)’ (18)
By substituting this value of t into (17), we obtain the trajectory
equation
gx?-cos B * Rx?
7(2v§c052a) 72v§cosza -
gx°-cos B—w’Rx? _
" 2v2cos’a -
x%(gcos B—w*R)
2vicos’a

y=x-tga
x-tga

x-tga—

(19)

The trajectory of point M is a parabola with a vertical axis of
symmetry. To find the flight time of point M, we substitute the
value y = 0 into equation (15). Then the equation takes the
following form:

. gt’ W’REZ_
V,tsina—<—-cos f———=0;
= =0 (20)
) (—g-cos p—w’R)t?
V,tsing ———————=0.
’ 2 (21)

From this, we find two values of time when the ordinate is zero.
2V sina
(—g-cosB—w’R)" (22)
The first time value corresponds to the start of the flight, and the
second to the end.

Duration of flight

2v,sina
L= =t,=— 2
—g-cosB—w"R

(23)
To find the flight distance of the seeds, we substitute the value of
t2 into the equation of motion (14).

(V,cosa-2V sina)
X, =V tc0saq=——————"——
(—gcosB—w?R)

or
Vg sin2a

(-gcosp-w’R)’

X,=

(24)
It is evident from this equation that the maximum value of the

flight distance Xmax is reached when sin2a = 1, i.e., a = /4.

Y%

(-gcosp-w®R)’

X max

(25)
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Let us determine the maximum height of point M, in which case
the projection of its velocity relative to the ordinate axis will be
Zero.

d—y:Vy:VOSiHtX*(*gCOSB*O)ZR)t:O.

dt (26)
From the last equation, we find t1.
i V,sina _Lz
. (—gcosB—w*R) 2" (27)

It is evident from expression (27) that it reaches its maximum
height in half the time, i.e.

X;=X,/2. (28)
Substituting the value of t1 in expression (27) into equation (19)

_Vysina-Vysina) (—gcosp-w’R)Visin’a

(—gcosp—w’R) 2(—gcosp-w’R)* (29)
In here
_ Vésinza
¢ 2(—gcosp-w’R)’ (30

As can be seen from the last expression, the point has the
maximum height

sin a = 1 or o=m/2, i.e. when the point is pointed vertically

upward, it is equal to
£

I mex 2(~gcosp-w’R)’ (31)

The parameters of the spherical element have a strong influence
on the quality of the seed moistening process with adhesive liquid in
the proposed shelling device. The height of the element can be
determined by expression (17) and the distance by expression (16).
The value of the slope angle ensures that spherical elements do not
adversely affect seed movement, i.e., successive seeds approach the
slope, encounter excessive resistance, and do not create congestion.
This is because its high values lead to excessive resistance from
successive seeds. This causes excessive friction forces, i.e., an
increase in the friction force of the seeds against each other, and a
decrease in their moisture quality.

Inside the existing hulling drum, the seeds move in several
layers. Several layers struck by a spherical element are also forced
to perform rotational motion at some angle after hitting it. Since the
spherical elements are arranged in a chess-like shape, the seeds take
a circular motion after the first spherical element, move to the next,
and rotate again, and so on. This condition leads to efficient and
complete contamination of the seeds.

4. CONCLUSION

Conclusion. Among the devices for hulling agricultural crop
seeds with various protective and nutritional compounds, the most
common type is the drum type, which is equipped with various
devices and elements to improve the quality of hulling. Therefore, it
is recommended to equip the inner surface of the drum with
spherical elements in order to increase the effectiveness of the
degree of shelling of difficult-to-spread seeds of agricultural crops
with various protective-nutrient compounds and to reduce their
damage. As a result, the seeds undergo complex movement, and
their surface is effectively and completely covered with protective-
nutrient compounds.
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