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ABSTRACT

The quality of seed dosage to the furrow depends on the uniformity of seeds location on the seed
disk. A new design of a seeding machine which provides better sowing was suggested at the Department of
Agricultural Machinery of Central Ukrainian National Technical University. The main feature of the new
seeding machine is the application of the seed disk with a peripheral arrangement of cells with the blades on
its inner surface. The blades are used for the forced seizure of the seeds by the disk in the working chamber
and their further transportation to the dropping zone.

In order to determine the rational parameters of the seed cells of the seed disk, an experimental
appliance was made and studies were conducted to determine the desired value of the coefficient of filling
cells with seeds of different sizes. The experiments were conducted using disks with cell radii of 5.0 mm and
6.0 mm which correspond to their areas of 9.6 mm? and 16.3 mm?, respectively. The vacuum in the vacuum
chamber was 0.2 kPa and the peripheral velocity of the cells was 2 m/s.

Taking into account the experiments conducted, it can be stated that in order to ensure the seeding of
sugar beet, the radii of the cells’ rounding should be within the limits of 5...6 mm which in general is
consistent with the results of theoretical studies. According to them the radius of the whole is 5.7 mm.

PE3IOME

Skicmb  003ysaHHSI HaciHHS 00 60pOo3HU 3anexumbs, 8 repuwy 4epeay, 8i0 pieHOMIPHOCMI
po3maluyeaHHs HaciHUH Ha eucieHoMy Oucky. Ha kaghedpi cinbcbkozocrnodapcbkoeo MawuHobyOdyeaHHs
LieHmparnbHOyKpaiHCbK020 HauyjioHanbHO20 yHieepcumemy 3arnporoHO8aHO HO8Y KOHCMPYKUI 8UCIBHO20
anapama, sikul 3abesneyqye binbw sikicHe 003y8aHHsI HacCiHHSA. [0/108HOK 0CObIUBICMIO HOBO20 BUCIBHO20
arnapama € 8UKopuCmaHHs 8UCIBHO20 QucKa 3 nepucghepiliHuM po3mally8aHHSIM KOMIPOK, 3a SKUMU Ha (020
8HYMPILWHIL M08EPXHIi po3MilueHi nonamku 0715 NPUMyCO8020 3axOMnfeHHs HaciHHsi OUCKOM 8 pobouill kamepi
ma nodasibwozo lioeo mpaHcrnopmygaHHs 00 30HU CKUOaHHS.

3 Mmemor 8u3HauyeHHs1 pauyioHallbHUX rapamMempie KOMIPDOK 8ucieHO20 Oucka 8u20mossieHa
eKcriepuMeHmarnbHa ycmaHoeka | rnpogedeHi OOCNIOXeHHSI 10 BU3HAYEHHIO MOMmMpibHO20 3HaYeHHs
KoegbiyieHma 3arno8HeHHs1 KOMIiPpOK HaCiHHSIM pisHUX poamipie. [Jocnidu npoeodusnu, sUKOpUCMO8YOYU OUCKU
3 padiycamu meipHux komipok 5.0 mm ma 6.0 mm, ski eidnogidatoms ix nnowam 9.6 mM® ma 16.3 mv®
8i0rMoeiOHO. Po3pidxeHHs y 8aKkyyMHili kamepi cmaHosursio 0.2 Klla, a koroga weudKicmb KOMIPOK — 2 M/C.

Ha nidcmasei nposedeHux docnidie MoxHa cmeepdxysamu, wio Ors 3abesriedeHHs1 8uci8y HaCiHHS
Uykpoeozo bypsiky, padiycu 3aoKpyaneHHsI meipHUX KOMIPOK o8UHHIi 3Haxodumuck e Mexax 5...6 MM, uo 8
uinomy y3200XyembCsi 3 pesyribmamamu meopemuyHuUx 00CiOxeHb, 32i0HO 3 SKUMU 8u3HadyeHul padiyc
meipHoi cmaHosume 5.7 Mm.

INTRODUCTION

The exact seeding - is a necessary condition for obtaining evenly placed on the area of the field of
plants, which in this case have the same area plant nutrition and developing well. The quality of seed dosage
to the furrow depends on the uniformity of seeds layout on the seeding disc. That is why the approach for
selection the form of the holes on the disc is the determinant initial condition for equal dosage (Sysolin P V.,
2004; Vasylkovska K., 2014).

The main characteristic of the new seeding machine (fig. 1) is the use of the seeding disc with
peripheral location of the cells. Behind them, on the disc internal surface, there are blades for the forced
taking of the seeds by the disc in the working chamber and their further transportation to the release zone
(Mursec B., 2007; Petrenko M. M., 2011; Petrenko M. M., 2013).
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The main parameter of the cell of the experimental disc is the bending radius of generatrix which
influences not only the hole area and seeds’ suction process but also the capability of a suctioned seed to
leave the cell at release location right in time without any delay or wedging.

Fig. 1 - Suggested pneumatic and mechanical sowing apparatus
a) the drawing;  b) the three-dimensional model
1 - seeding disc; 2 — cell; 3 — blade; 4 — driving shaft; 5 — housing; 6 — seeds exit;
7 — passive appliance for extracting excessive seeds; 8 — vacuum chamber; 9 — seeds

MATERIALS AND METHODS

The proposed seed disk, due to the presence of blades, allows more securely seize and move of the
seeds to the discharge zone at elevated rotational speeds of the cells. However, the question arises of
defining their parameters.

To prevent seeds from sticking and moving into the vacuum chamber, we shall use the following
formula:

S,<Ss (1)

K
where S, — is the area of cell suction, [m?];
S, is the area of the projection of the seed, [m?].
Using the well-known formulae proposed by A. Budagov (Budagov A., 1971) and V. Chichkin
(Chichkin V., 1984), we shall write:

$,.=0,7-S, @)
We shall determine the approximate area of suction of the cell:
2
-
§=""x_3 3)
K 4 1

where r, is the radius of the rounding of the cell, [m];
S1 is the cross-sectional area of the standout, which is defined as S;=r, -h , [m?];

where h is the height of the rack in the case of the seeding machine between the working chamber
and the chamber of dilution, h=0.002 m (fig. 2).
Then:
12

K _ h
4 e 4)

For seeds of sugar beets, the area of the projection of the seed S;is taken in the form of a circle.
Therefore, taking into account (4), the expression (2) will take the following form:

7-d2

S,=

T2

-r.-h=07-
where ds is a conditional diameter of the seed, [mm].
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a) b)

Fig. 2 - Scheme for determining the suction area of a peripherally located cell
a) the view of the cell with a seed; b) the three-dimensional model
1 - blade; 2 - cell; 3 - seed; 4 - rack

The radius of a rounding cell will be:

2
2- h+\/h2+7z~0’77:ds

I = ®)
7T
The dependence of the cells’ area for different types of cultivated crops was obtained (Table 1).
Table 1
Parameters of the cells for different types of cultivated crops
Seeds of perennial crops Radius of rounding cells r,, mm Area cell S, mm?
Sugar beets 5.7 14.1
Soybean 7.4 28.2
Sunflower 7.6 30.2
Maize 8.5 39.7
Haricot 9.4 50.6

The dependence of the radius of the seeding disk cell of the experimental pneumatic and seeding
machine on the conditional diameter of different types of cultivated crops seeds (Fig. 3) was identified.
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Fig. 3 - Dependence of the radius of the seeding disk cell on the conditional diameter of cultivated crops

The number of cells on the seeding disk is determined by their interval &:
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7= 6)

By setting the step & of cells location on the disk, the productivity of the seeding machine can be
determined by the formula:

v

K]
N__.k ?

where [V,] is the maximum permissible rotational velocity of the cells.

It is obvious that when k=const, the increase in productivity of the seeding machine can be achieved
either by increasing the rotational velocity of the cells, or by reducing the interval of their location on the
seeding element. (Rybar R.,1999; Voytyuk D.G., 2017).

To confirm the theoretical assumptions made by us, experimental research was conducted to
determine the optimal size of the seed disk cell for different seed types.

Characterization of rational parameters of seeding disc cells was done through calculation of the
necessary coefficient value of filling the cells with seeds of various sizes. For that purpose, the sort seeds of
sugar beetroot “Bilotserkivskyy odnonasinnyy 45" were divided into four sub-fractions with the help of sieves
with round holes (3.5-4.0 mm; 4.0-4.5 mm; 4.5-5.0 mm; 5.0-5.5 mm) (fig. 4).

Fig. 4 - General view of sub-fractions of sugar beetroot seeds
Dilution AP in the vacuum chamber was 0.2 kPa, and peripheral speed of the cells V,— 2 m/s.

The experiments were carried out using discs with radiuses of tangent cells 5.0 mm and 6.0 mm,
which correspond to their areas 9.6 mm 2 and 16.3 mm 2 correspondently (fig. 5).

a) b)
Fig. 5 - General view of the cells on the sowing disc
a) the cell with the generatrix radius 5 mm; b) the cell with generatrix radius 6 mm.

RESULTS

The criterion for defining the rational parameters of sowing disc is the coefficient of cells filling by the
seeds of corresponding sub-fractions (first — 3.5-4.0 mm; second — 4.0-4.5 mm; third — 4.5-5.0 mm; fourth —
5.0-5.5 mm).

To take into account the influence of the possible presence of twins, video recording of the seeding
process was carried out (fig. 6).
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CONCLUSIONS

The disc with the radius of generatrix cell of 5 mm is characterised by nearly 100% of filling cells for
the second sub-fraction (4.0-4.5 mm) and decrease of the filling coefficient for the third sub-fraction (4.5-5.0
mm) and the fourth sub-fraction (5.0-5.5 mm). The disc with the radius of generatrix cell of 6 mm is
characterized by the presence of duplicates for the second sub-fractions (4.0-4.5 mm), almost 100% of cell
filling for the third sub-fraction (4.5-5.0 mm) and the decrease of the filling coefficient for the fourth sub-
fraction (5.0-5.5 mm).

Taking into account the experiments it is possible to state that in order to provide sowing of sugar
beetroot, the bending radiuses of generatrix cells should be allocated within 5...6 mm, which generally
corresponds to the results of theoretical research with the defined generatrix radius of 5.7 mm (Mostypan
M.l., 2017).
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