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Abstract

The article proposes the modeling technique
for the uniform distribution of particles by a
throwing unit. The material is devoted to the
substantiation of rational parameters and
operating modes of vertical throwing units to
distribute the particles of fertilizers and seeds.

Resumen

El articulo propone la técnica de modelado
para la distribucion uniforme de particulas por
una unidad de lanzamiento. El material esta
dedicado a la fundamentacién de parametros
racionales y modos de operacién de unidades de
lanzamiento vertical para distribuir las particulas

de fertilizantes y semillas.
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Resumo
O artigo propde a técnica de modelagem para a distribuigdo uniforme de particulas por uma unidade
de arremesso. O material é dedicado a comprovagiao de pardmetros racionais e modos de operagao de

unidades de arremesso vertical para distribuir as particulas de fertilizantes e sementes.

Palavras-chave: fertilizantes minerais, veiculos de arremesso vertical, maquinas combinadas,
modelagem probabilistica, distribuicao uniforme de particulas, calculo dos parametros do veiculo lancador.
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Introduction

The introduction of high technologies is one of the reserves to increase yields and gross grain harvest.
The peculiarity of high technology is the use of a large amount of fertilizers, plant protection products and
the exact observance of the norms, terms and methods of their introduction, as well as the rational
distribution of seeds (Khizhnyak & Yatsenko, 2017) and fertilizers over field area.

Mineral fertilizers, especially nitrogen fertilizers, or the seeds must be embedded in soil immediately
after sowing, therefore, the development of combined machines with simultaneous processing of soil and
the sowing of fertilizers or seeds is urgent. LEHNER company produces "Super Vario" seed drill, which is
attached to the front hitch of a tractor and works in the aggregate with a tillage machine, for example, as
a disc tool. The most suitable is a vertical throwing device to distribute fertilizer particles and seeds for a
combined tillage sowing machine.

Vertical throwing devices have several advantages. Their drive is carried out without the use of bevel
gear speed reducers, since the shafts of the rotors are horizontal and parallel to the power shaft. The flight
paths of fertilizer or seed particles ejected at negative angles to the horizon are shorter than those of
horizontal vehicles. This reduces the effect of wind on sieving uniformity. The coverage width of the tillage
aggregate is limited by the tractor traction capabilities, so it is important that a fertilizer and a seed
applicator ensure uniform sieving of fertilizers and seeds across the tillage width (Morozova, 2018;
Morozova, 2016; Zhokhova, 2015).

In this regard, the purpose of the presented research is to develop the method of rational parameter
and operating mode calculation for throwing machines of a combined tillage sowing machine.

Research Methodology

The study is based on the method of probabilistic modeling (Chernovolov & Sherstov, 2016a), which
uses deterministic and random factors. The response function is the uniformity of fertilizer and seed sowing
when the condition for a given width and application rate is satisfied.

The operation scheme of the vertical throwing apparatus is shown on Figure |. The particles ejected
at the angle y are distributed over the field with the probability density f(X, Y/y). The change of the angle
y causes the change of the sieving zone position. With the increase of y up to 30 ... 350, the zone moves
away from the device, and with its further increase it approaches the device, sowing the same platforms
again.

After the dropping of all particles from the blade as the result of multiple overlaps of conditional
distributions f(X, Y/y), the field area will be sown bounded by the f(X, Y) line.

Two-dimensional probability density f(X, Y) of area X, Y coordinates characterizes the intensity of
particle introduction in different points of the sieving zone at Vm = 0.
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Fig. |. Diagram of particle distribution process by the vertical apparatus
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The intensity of particle introduction on the site dF at Vm = 0 can be found by the integration of
conditional densities f(X, Y/y) over the angle y, taking into account their mass f(y) and by the multiplication
of the result by the flow rate Q.

In order to analyze the transverse distribution only, the following dependence was obtained
(Chernovolov & Sherstov, 201 6a)

¥ max
0= = T F(FCX 7).
VM Ymin
where Vm — the unit speed, m/s;
Q - particle consumption, kg/s;
y — throw angle, grades;
f(X, y) — probability density function, m-1.

Further, they considered the design of the apparatus for the work in a combined tillage unit. The unit
consists of a disc tool with the coverage width of 10 m and a mounted spreader of fertilizers and seeds. It
is required to coordinate the effective sieving width of fertilizers (using carbamide) and the seeds with the
tool coverage width.

In order to obtain the parameters and the modes of throwing apparatus operation, it is necessary to
conduct the study of three most significant factors (Table |). The results of a multifactorial experiment are

used for the calculations of rational parameters and operation modes.

Table |. Variation factors, levels and ranges

Factors, levels N Transverse
Blade inclination . .
_ ) Rotor speed coordinate of particle
angle to the initial radius )
guide
Natural designation W, grades n, min"' X3,mm
Lower level -40 400 -20
Zero level -30 600 0
Upper level -20 800 +20
Coded designation X, X, Xs
Lower level -1 -1 -1
Zero level 0 0 0
Upper level +1 +1 +1

Calculation procedure

In order to determine the range of the particle throwing at the horizontal ejection with a given effective
sieving width, it is necessary to use the ratio between an effective sieving width and the throwing range
using the following source data as an example: fertilizer type - granulated carbamide of grade B;
introduction dose - 200 kg/ha (kg/m2); sail ratio - 0.22 m-I; unit speed - m/s; an effective sieving width -
Ve = 10 m; the number of rotors - 2; allowable irregularity - 10%.

It is known that Bs/Mx(0) = 3, therefore, at Bs = 10 m let's calculate Mx(0) = 10/3 = 3.33 m.

Let's give the algorithm to determine the parameters and the modes of a throwing device operation.

. To determine the speed of particle throwing to obtain a given range. To do this, you need to use
the program Mx|I(y) (Figure 2, a). We set the initial speed v0 at the beginning of the program and display
the result. We change speed prior to the desired range obtaining.

2. In order to determine the vector of angle I throwing and to calculate the range of throwing
corresponding to each value of the angle I (Figure 2, b).

3. To interpolate the values of the VT'| vector (Figure 3).

4. To calculate the values of dose vectors (Chernovolov & Sherstov, 201 6b) at various input parameters
(Figure 4).

Encuentre este articulo en http://www.udla.edu.co/revistas/index.php/amazonia-investiga ISSN 2322- 6307

672




673

},\L&;j'ﬂ = |Voe 10 0
Vox « Vo-cosly) i=0.13 g =18
; 1| -135
VO}' = \"o-sin' -:-) I_I =13025-16 2 11
| G .
vivX,vy) « '.v'\'xl +vy© VI3 = Mxl{T) -
o 4| 08
X0 &
r-|8| 03 V1
Ho « 0.8 6 0.1
kp « 022 7| 015
g« 9.81 8| 04
PRy 9| 063
ug 10/ 09
Vox 11| 115
YO
Ho 12 14
Voy
01 \ Figure 2,6 — The results of
—kp-v(yoy.y03)-yor carbamide particle flight range calculation at
D(t,yo) « — -1
o K, =022 m"
—&— kp-v(yoy.yo3)-yos3
To« 0 (Ev0) 0
(81 -= coplise{ [ VI1)  7i=-16,-15.16  Aly):=
Tk ¢ 2 s ;
1:=0..20 axly)
L « Rkadapt{vo,To.Tk.1000.D) .
2 T T ;,'..74440'.‘_:"<
Me |1e 1000 A ~
for ic0..n VT P
. e s
lei if (L¥). 20 M)
break otherwise 18
. 1 1.4 1 0.4 0 0.4 1
M (L), It
/ A(0) = 3,104
(L'v) '
I
Mx1(0) = 3.109
Fig. 2,a. Carbamide particle flight range calculation Figure 3. Interpolation of VI vector
program at Kp =0,22 m". values

Mc=0 gr=03 i:=0.10 Xlji=1

amin, = My - 3-0y max = Mr+30r Q=018 Vm =

Q Mmax
QIf(My, o7, X1) = \,— doorm(7, My, oy)-dnorm( X1, Aly)

o

QIf(0.1,0.3.3) = 0.023 1:=0.10

0.03

QILf(0,0.45 . X1;)
Bl 0.02
QIf(-0.05,0.4,X1,)

Qif(0.1,0.4.X1) o0t

-

X1
Fig. 4. Carbamide dose introduction schedules

3. The second option is rational, we select it and create the vector of doses Vd4, taking into account
the operation of two rotors. In this case, let's assume that QIf(X) = QIf(-X). Next, using F4(n)
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program, we perform the summation of doses on the overlap areas and calculate the non-
uniformity of sieving taking into account the overlap (Figure 5). In the F4(n) program, the number
of overlaps on each sideisn + |I.

4.

3. According to Figure 5, the optimal sieving width is 10 meters with the non-uniformity of 6.06%.
According to the task, the sieving width should be equal to 10 meters and the sifting unevenness should
not exceed 10 percent. They performed the requirements of the task on width and dissemination
uniformity.

. var(F4(n)) 4
n:=0,1.6 Vi(n) i= ———- 100 Bed(n) ;= [last(Vd4) + 1 — (n+ 1)-2]
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Fig. 5. The calculation of non-uniformity and the optimal width of particle dissemination

4. Let's determine the rotor speed. From the structural reasoning, the rotor diameter is assumed to
be 0.25 mm, therefore

V
= ,C'
21R

where n is the rotational speed, s™';
V — throwing speed, m/s;
R — rotor radius, m.

At the throwing speed of 10 m/s, we get N = 12,74C_l (764 min™).
Using the data in Table | according to coding formulas, we get

)(2 — M =0,82.

200
5. Then they determine the blade inclination angle and the coordinates of the particle guide tray. In
the calculation we use the regression equations for the numerical characteristics of the throwing angle
(Chernovolov & Sherstov, 2017).

Ym =-12,3+6,44X, +6900X, +1178X, + 0512X,X, ~15X2 +0843X,”

n

g 2

Q)
Yo =19,974+0,235X, +2,305X, +0,414X,. ()
where X, Xy, X3 are the factors; Xl = ﬂ; X2 = w ; X3 = ﬁ
10 200 20
At X2=0,82 the equations are the following ones:
Ym = —7,644+6,44X, +11,78X,, +0,512X, X, +0,843X,,’. 5)
Yo = 21,864+ 0,238X, +0,414X,. ©

According to the simulation results, it is necessary to obtain Ym = —0,05paz[ (2,87°) n
Yo = 0,4 Pala (22,9°). The solution of the equations (5) and (6) does not give a result, since this system
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of equations is incompatible. A compromise problem will be solved by the imposition of function graph
Ym = —0,05 panx (2,87°) and Y G =22 The coordinates of the intersection point are considered

to be the rational values of the factor X, and X;. They obtained X, = — 0,69; X3 =0,765. The check of
solution correctness is performed by the substitution of these values into the regression equations. The
following results are obtained:

Ym(-0,69;0,765) =-2,853;  Yo(-0,69;0,765) = 22,016 .

The values of natural factors are found by coding formulas.

The blade inclination angle is 36.9°, the transverse coordinate of the particle guide makes x; = 15.3
mm.

The device can work with a switchgear if the width of the tillage machine is about five meters. At the
coverage width of ten meters it is necessary to use two devices for a uniform distribution of particles
(Chernovolov & Sherstov, 2013; Chernovolov & Sherstov, 2014; Chernovolov & Sherstov, 2015).

Conclusions

Thus, they obtained the method to determine the rational parameters of a vertical throwing apparatus
with a longitudinal horizontal rotation axis for the surface application of mineral fertilizers and seeds. The
calculation is performed on the basis of sieving width and uniformity, as provided by the technical task.
After the proposed algorithm implementation, they determine the inclination angle, the rotational speed
of the rotor, the position of the particle guide, the optimal width and the minimum irregularity of fertilizer
and seed sowing.
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