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ABSTRACT

The paper presents the methods and technical means to improve the efficiency of grain cleaning
machines. The object of research is the process of sifting grain mixtures on sieves that implement the
separation of components by size. The experience of using sieves with rectangular holes in the cleaning and
sizing of grain mixtures of corn, pumpkin and other crops, where the separation is carried out according to
the thickness, shows their low efficiency due to the flat forms of the latter. In the technological process of
grain cleaning machines work, flat grains fall on a larger plane on the sieve. This greatly reduces the
likelihood of their separation by thickness. To improve the efficiency of sieving grain mixtures with flat seeds,
sieves with size activators, which have a riffle appearance, were proposed. Activators lift flat grains and
orient them into the holes by their thickness. The grain mixture moving along the sieve is affected by
activators and is divided into components. In order to determine the optimal parameters of activators,
mathematical modeling and experimental studies were carried out. The movement of a flowing fluid mixture
of pseudo-liquefied grain mixtures is considered as the dynamics of a bubbly liquid. This made it possible to
obtain the velocity field of the grain mixture and the dependence of the performance of the sieves on their
structural kinematic parameters. The obtained research results are universal and can be used to improve the
efficiency of sieve sifting of agricultural crops grain mixtures on various grain cleaning machines.

PE3IOME

B pabome nipusedeHbl MemoduKka u mexHu4Yyeckue cpedcmea Orsi nosbiueHUs aghghekmusHocmu
pabomsbi 3epHooqucmumersnbHbix MawuH. Obbekmom uccriefosaHull s8MSOMCS POUECChl NpoceusaHust
3epHo8bIX cMecell Ha pewemax, Komopble peanusytom pasdesieHuss KOMIoHeHmMos8 no pasmepam. Onbim
UCrob308aHUsI pewem ¢ MpsIMOY20/IbHbIMU 0ME8ePCMUsIMU MPU O4YUCMKe U Kanubposke 3epHOo8bIx cmecel
KYKypy3bl, mbikebl U Op. Kynbmyp, 20e pasdeneHue rnpoucxodum o monwuHe, rnokasbieaem ux HU3KYH
agphekmusHocmb  U3-3a [7I0CKUX ¢popm rocrnedHUxX. B mexHosoaudyeckomM rnpouecce pabomei
3epHooqUCMUMeEsbHbIX MawuH /0CKUe 3epHa Jioxamcs 6onbwel MIockocmblo Ha pewemo. 3mo
3Ha4yumesnbHO yMEeHbWaem B8eposmHOCMb  UX pa3desieHus Mo monwuHe. [nsa  nosbiweHust
aghghekmusHOCMU poceusaHUsT 3epPHO8bIX cMecell C MIOCKUMU 3epHaMu rpedrioxXeHbl pewema ¢
06beMHbIMU akmusamopamu, Komopbie umerom eud pucbnel. AKkmusamopbl MpurnodHUMaom MIocKue
3epHa U opueHmupyrom ux 8 omeepcmusi Mo monwuHe. 3epHosas cmechb, dsuezasicb 800/b pewema,
ucrnbimeigaem 803delicmeue akmueamopoe U pa3desigemcsi Mo KoMroHeHmam. [ns onpedeneHus
onmumaribHbIX — NapamMempo8 akmueamopos poeedeHo Mamemamuyeckoe ModenuposaHue U
aKcriepuMmeHmarbHble uccredosaHusi. [euxeHue cbinydeli nce8OOCKUXEHHOU 3epHO80U CcMecu o
subpopewemam pacCMOMPEHO Kak QUHaMUKa My3bipbKO8oU Xudkocmu. Omo Mo38071UsI0 oy4yums rose
CKopocmu 3epHO80U CMecu U 3asucuMocmu [pou3eooumesibHOCMU pewem Om UX KOHCMPYKMUGHO-
KuHeMamud4eckux napamempos. [lonyyeHHble pe3yibmamai ucciedosaHul Aesomcs yHugepcaabHbIMU U
Mo_2ym ucrosib308aHb! 0115 108bILEHUST 3¢hgheKmMUBHOCMU PelemHO20 poceusaHusi 3epHO8bIX cMecel C.X.
Kynbmyp Ha pasiudyHbIX 3ePHOOYUCMUMEbHbLIX MauUHaXx.
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INTRODUCTION

For grain mixtures cleaning and calibration, during their post-harvest processing, sieve grain-
cleaning machines are used. The sieves consist of cross connections and round, rectangular (oblong) or
triangular holes. The separation of grain mixtures occurs by size: thickness, width and length. However, the
separation of flat grains of grain mixtures of corn, pumpkin and other crops have low productivity rates of
grain cleaning machines. This is due to the difficult conditions for sifting flat grains by thickness through
rectangular holes (Fig. 1). In practice, this is compensated by repeated passes of grain mixtures or an
increase in technological capacity (the addition of grain cleaning machines). Repeated passes of grain
mixtures through grain cleaning machines leads to injury to the grain, which in turn negatively affects the
process of their storage and the biological potential of the seed stock. As a result, we have an increase in
operating costs for cleaning or calibrating grain, reducing its quality.

Fig. 1 - Basic sieve for the separation of the grain mixtures

In order to increase the efficiency of sifting grain mixtures with flat seeds, sieves with volumetric/size
activators have been developed (Kharchenko S.A., 2015) (Fig. 2). Activators are made in the form of riffles;
they orient the grains by their thickness, lifting them. The chess arrangement of activators makes it possible
to provide multiple effects on the particle of grain mixtures. This allows you to increase the number of grains
that are sifted through the sieve holes, while increasing its performance.

Fig. 2 - Sieve with the volumetric activators for the separation of grain mixtures with flat grains

The use of sieves with activators significantly improves the performance of grain cleaning machines,
but the result is not constant and depends on a number of factors. As a result of theoretical and experimental
studies (Kharchenko S.O., 2017), it was found that the following significant factors also influence the
efficiency of vibrate-sieve sifting of grain mixtures: specific productivity (expressed in the thickness of the
mixture layer); sieve type; kinematic and design parameters of sieves, activator parameters; properties of the
mixture.

Thus, the specification of the parameters of the significant factors of the grain mixtures sifting process
will make it possible to develop practical recommendations for the effective operation of sieves with
activators for grain cleaning machines. The aim of the work is to study the influence of the grain shape on
the screening process through the vibrating screen holes, to develop the means of the corresponding
processes intensification.
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MATERIALS AND METHODS

For describing the dynamic processes of bulk media in terms of vibro-sieves, in terms of the adequacy
of the results, there are the following directions: analogies with hydrodynamic models (Tishchenko L. N.,
Olshanskii V. P., Olshanskii S. V., 2011); continuum mechanics (Paolotti D., Cattuto C. at. al.,, 2002);
calculation of the probability of sieving particles by various methods, including the Monte Carlo method
(Pascoe R. at. al., 2015); discrete element method (Boac J. M. at. al., 2014). However, these studies are not
related to the dynamic processes of sifting various corn mixtures through the sieve holes and do not take into
account the parameters of the sieves and the shape of the grains.

In order to study the dynamics of grain mixtures on flat vibrating sieves, mathematical models of a
bubble pseudo-fluid mixture were obtained. For the basis we take the Navier — Stokes equation for a fluid,
which is supplemented by a number of refinements and assumptions (Tishchenko L. and Kharchenko S.,
2013). So, among such assumptions we can see: the grain mixture is considered as a bubble pseudo-liquid
with two effective viscosity coefficients; the surface of a vibrating sieve is presented as a two-dimensional

periodic structure with a period |1 along an axis X; and with a period I2 along an axis X, ; a basic cell of a
sieve is arectangle —| /2<x <I| /2, —1,/2<x,<l,/2,onwhich openings are located N with an area

Sl,SZ,,_,,SN. Corresponding schemes for modeling have been adopted (Fig. 3). The periodic structure

(vibrating sieve) is obtained by translation of the basic cell along the axes X, and X, .
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Fig. 3 - Diagrams of a sieve (a) and its basic cell with the mathematical simulation
of grain mixtures sifting process (b)

A sieve consists of basic cells (Fig. 3, b) of sizes |1 and |2 with openings of the area S. For the

modeling of grain mixtures sifting on oblong openings, the parametric superellipse (Lame curve) equation is
accepted with the parameters a;=0.006 m and b;=0.02 m.

As a result, equations were obtained that were solved using the following algorithm: initial basic
equations, boundary and initial conditions; representation of the solution of equations in the form of Fourier
series in basis functions with unknown coefficients; obtaining equations for unknown coefficients; using the
Laplace transform for the equations in a time variable and obtaining ordinary differential equations (second
order); obtaining equations in an explicit form (analytical form); the establishment of finite expressions for the
velocity field of a bubble pseudo-environment using the Laplace transform and the residue method,;
numerical calculation of the dynamics of a bubble pseudo-liquid medium.

Sieve performance was theoretically determined by the expressions:

Q = QD + QP (1)
where: Q,, Q, — performance of descent and passage fractions of bubble pseudo-medium:
Qb :Vlavh* H, Qs :V;“’Sp, 2)

where: h* — averaged thickness of grain mixture layer; H — the sieve width;
S_p — the area of «live» section (area of openings) of the sieve;
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2 V;‘" — components of the speed averaged by the volume of the bubble pseudo-medium:
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where: Sp— the area of openings on the basic cell of a vibro sieve; g —acceleration of gravity; § — angle of

inclination of a flat sieve; V —average effective kinematic viscosity coefficient of bubble pseudo-medium:
v=ulp, p=p(1-56,)+ ppS,. where p — density of gaseous medium of bubbles; § - volume

concentration of solid particles of pseudo-medium; - effective coefficient of dynamic viscosity of the

bubble pseudo-medium; A, w— amplitude and frequency of sieve vibrations, respectively; VO— average
speed of passage of bubble pseudo-medium through openings of sieves, determined during the performance

_ - +th(y,,h*)
(Tishchenko L.N. et. al., 2016); 5 __ 7mh* vy =21
™ mh *Hth () -1 T
_ . . . . —i27z[ﬂx1+mx2j
an—coeffluent, considering the parameters of openings and activators: an = .[ e L=l dxldxz.
S

P
The effective coefficient of the dynamic viscosity of bubble pseudo-medium, which determines its
properties, determined according to the expression (Kharchenko S. A. and Tishchenko L.N., 2013):

az(p+2pp)a)C
2,5
az(p+2pp)a)C 'uB+[ 9(y-a)B, (5)
= — 1+ 6, >
9(y-a)B, a’(p+2p,)aC

Hg + -
9(y-a)B,
where (I — the coefficient of dynamic viscosity of a gaseous medium of bubbles (area between solid

particles of grains); 58 — the coefficient of volume concentration of bubbles; B, = (3§ fgzpcos 6’) /4a;

CZ{z(pp —,O)AQ)ZJ_ (Z(pp _p)sz] . D=3§fp7zycost9(h—a)_ppgsin9;

I P 4a

vV=h _w; f — the coefficient taking into account porosity of the bubble pseudo-medium; f—
3T pr
coefficient of mixture internal dry friction; g = k, .a* and Py — averaged radius and density of grain mixture

grains, respectively; k., a* — shape factor and real radius of grains, respectively; Y — a coordinate by the

f?

thickness of the layer of a bubble pseudo-medium.

RESULTS

As a result, the dependences of volume productivity of sieves with activators (Fig. 4) during the
separation of corn grain mixtures are obtained, which consider both the properties of the grain and design-
kinematic parameters of the sieves. An example of calculation of one of the variants (Fig. 4) is carried out at
the following parameters of the process: the amplitude and frequency of sieve oscillations (Fig. 3, a)
A=0.0075 m, w=48.12 rad/s; the basic cell size (Fig. 3, b) 1;=0.008 m; 1>=0.025 m; bubble concentration ratio

(pores between solid grains) 58 =0.36; density of grain mixture L =700 kg/m?; the shape factor k=1.8;
average grain size a=0.0025 m; the opening’s width and length a;=0.006 m, b;=0.02 m; the friction
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coefficient f =0.55; inclination angle of a sieve 6=8°; the rate of mixture passage through the opening
V0=0.45x10 m/s; the sieve’s length and width L=1 m, H=1 m.
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Fig. 4 - Dependences of volume productivity of a flat sieve with activators
on average thickness of grain mixture layer:
—=&— — productivity of descent fraction Qp;
= ®= _ productivity of passage fractions Qp;
—-&-- _ overall productivity of sieves Q

By analyzing the simulation results (Tishchenko L.N. at. El., 2011; Tishchenko L.N. at. El., 2014), an
increase in the performance of sieves with activators was obtained by separating corn grain mixtures by
25 ... 35% compared to basic sieves with rectangular holes.

As shown by numerical modeling, a significant factor that affects the efficiency of sieving is the shape
of the mixture grains. It has been established that within the framework of a single crop, the shape of grains
can vary depending on the variety, climatic conditions and the quality of the technological operations carried
out when they are grown. According to the shape, the grains of various agricultural cultures differ. Thus, an
elongated ellipsoid shape with a longitudinal groove is characteristic of cereal crops. The shape of most
seeds of leguminous crops: sorghum, peas, chickpeas is considered to be spherical. The form of buckwheat
seeds is close to a tetrahedron or triangular pyramid.

The analysis of the dimensional characteristics shows that the corn grains of various varieties and
hybrids have a predominantly flat appearance (Yeskova OV, 2005; Kirpa MY at. El., 2013; Kirpa MY at. El.,
2012; Osokina NM and Kostetska KV, 2013; Babis L. at. El., 2013). This also applies to pumpkin seeds and
zucchini. The flat shape of the grains of these crops negatively affects their sifting through the rectangular
openings of sieves, which requires additional study.

Taking into account the analysis, current and future production of crops in the world, the following
grain mixtures were selected for experimental studies:

- “Kharkovsky 329" three-linear corn hydride: 1000 seeds weight - 290 g, grain unit - 750 g/l, density of
the substance of grains - 1.31 g/cm3, humidity - 11.5%;

- middle-early hybrid of corn "Kharkovsky 291": 1000 seeds weight - 250 g, grain unit - 790 g/l, density
of the substance of grains - 1.25 g/cm?, humidity - 12.1%;

- “Donor MV” ternary modified corn hybrid: 1000 seeds weight 300 g, grain unit 740 g/l, grain density
1.29 g/cm3, humidity 10.8%;

- corn hybrid "PR39A50": mass of 1000 seeds - 310 g, grain unit - 730 g/l, density of the substance of
grains - 1.38 g/cm?, humidity - 10.1%;

- pumpkin variety “Volga Gray”: the mass of 1000 seeds is 285 g, the humidity is 5.5%, the density of
the substance is 360 kg/mé;

- a variety of zucchini “Kashnik”: the mass of 1000 seeds is 135 g, humidity is 5.2%, the density of the
substance of grains is 450 kg/m3.
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The grain mixtures of agricultural crops selected for the study have a complex shape, which depends
on the variety (hybrid), climatic conditions (humidity, temperature, intensive rainfall, etc.), the quality of agro-
requirements for technological operations, etc.

The geometric characteristic of grain is defined by: linear sizes of grain, its volume Vg, area of external
surface Fg, the shape of grain. The sphericity indicator , used to estimate the shape of grain, represents
the relation of the area of a sphere, equal on volume, to the area of the grain external surface. Different

expressions are used for its determination (Zaika P.M., 2006; Dufty James W., 2003).
For example, for corn the area of grains and its volume are determined according to the expressions:

F, :ﬂR'[R'+ I92+(R')2J; V, =kaa, ©)

where R’ — equivalent radius of grain; K — coefficient considering features of the grain’s shape: for wheat —
0.52; for corn — 0.55.

Then, taking into account the given mathematical expressions and the known data about the sizes of
grains, geometric characteristics of grain mixtures are obtained (Table 1).

Table 1
Geometric characteristics of corn grains
Crop Volume, mm?3 Area of external surface, mm? Sphericity
Corn 140-260 80-162 0.55-0.8

However, the use of the sphericity coefficient is justified only in the separation of grain mixtures
components by width. For flat components of grain mixtures, the use of this coefficient is impractical.
Especially when assessing the influence of the grains shape on the process of sifting them by the width
through rectangular sieve holes.

The analogy of the corn shape to spherical used in the existing studies is not correct. An analysis of
the studies of corn kernels size characteristics (Table 2) found that most seeds have a flat shape (Yeskova
0.V., 2005; Kirpa M.Y. at. el., 2013; Kirpa M.Y. at. El., 2012; Osokina N.M. and Kostetska K.V., 2013; Babis
L. at. El., 2013).

Table 2
Dimensional characteristics of corn seeds of some hybrids (grades)
Name of grade/hybrid Sizes, mm coltzalf(’fiit:i:f K Reference
width thickness length f
Kadr 267 MV 7.2 5.8 10 1.24
Dneprovsky 337 MV 7.8 6.9 111 1.13 Kirpa M.Y. at. el., 2012
Kadr 443 CB 8.7 6 10.6 1.45
Borozensky 277 MV 8 55 10.42 1.45
Solonyansky 298 SV 9.43 5.78 10.32 1.63 .
K M.Y. at. el., 2013
Pyatikhatsky 270 SV 9.62 6.27 9.83 153 pa M.Y. at ek,
Zbruch 9 6.98 9.25 1.44
Osokina N.M. and
DKS 4685x1390 7.6 4.5 10.3 1.69 Kostetska K.V.. 2013
Dneprovsky 310 MV 7.35 4.39 0.4 1.67 Yeskova O.V., 2005
NS 640 (New Garden) 7.37 4.66 9.71 1.58
NS 6010 7.43 4.31 10.43 1.72
NS 4015 8.32 4.38 10.23 1.90
Babic L. at. el., 201
ZP 434 (Zemun Field) 7.65 433 9.78 177 abicL. at el, 2013
ZP 677 7.04 3.87 11.25 1.82
ZP 684 8.19 4.81 9.6 1.7

In order to take into account the shape of grain mixtures components in mathematical models, it is
proposed to use the flatness coefficient K.
Moreover, for flat grains it is proposed to use average flatness coefficient, which is the ratio of grain’s
width to its thickness (Table 2):
ki= ailaz (7)
where: a1, a — width and thickness of grains, respectively.
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Determining seed size is a laborious operation and the most common method is direct measurement.
The model method is assumed with the use of measuring tools: rulers, caliper, microscope, etc. When
measuring the length, width and thickness, all the grains of the sample are measured. Along with great
laboriousness, there is also a human factor, which ambiguously affects accuracy and labour productivity.

To determine the dimensional characteristics of corn mixtures components, a new method has been
developed and implemented (Tishchenko L.M.et. al., 2015). The difference from the existing method is that
image processing is performed using the developed computer program “ImgToVal”’, which automatically
recognizes an object and splits it according to a given grid. Further, the program determines the maximum,
minimum and average dimensions in millimetres in two mutually perpendicular planes. The program
automatically recognizes the images of seeds from the camera and lays the grid on it with a given step. By
setting the required quality (number of pixels) in each grid sector, the program automatically converts it to
millimetres, while determining the size of the seeds with a given accuracy.

Determination of the size characteristics of corn hybrids, pumpkin and zucchini varieties, which were
adopted for experimental studies, was carried out using the developed method with computer software
"ImgToVal" with a sample of 100 pieces. The measurement accuracy of the developed method was up to 5
characters. The results are presented in Table 3.

Table 3
Average grain sizes of corn mixes, pumpkin, zucchini mixtures
Crop/hybrid Width Thickness Length FIgtn_ess
ai, mm az, mm I3, mm coefficient, ks
Corn DKS 4408 8.92322 4.31215 11.7308 2.08
Corn Donor MV 7.64948 4.29888 9.58465 1.78
Corn Podykh MV 7.98198 4.70482 10.7365 1.70
Corn PR39A50 7.80577 4.73105 10.8958 1.65
Pumpkin Volga gray 12.1763 4.0225 22.5423 3.03
Zucchini Kashnik 8.2724 2.6062 15.2388 3.17

Analyzing the obtained values of flathess coefficient (Table 3) and the results of the known studies
(Table 2) it is established that the majority (68.5%) of corn hybrids have a coefficient of flatness
k=1.65...2.08, and only 31.6 % — k; <1.6. These results can be taken as initial ones in the mathematical
modeling of processes of sieving grain mixtures through openings as basic sieves and developed with
activators. As a result of experimental studies (Table 4) efficiency of grain mixtures components separation,
expressed by the «completeness of separation» index is obtained depending on loading and shape of
grains.

Table 4
Dependence of grain mixtures separation completeness on the specific load of sieves
Name of corn hybrid Pumpkin Zucchini
DKS 4408 Donor MV Podykh MV PR39A50 «Volga gray» «Kashnik»
(] (%] (2] (2] (2] (%]
Loading 5 5 5 S S 5
of sieve, k) g k) g o g o g © g k) g
kg/dm2h @ S @ 5 @ S @ 5 8 3 @ b5
o @© o @ o @© o @© o @© o ©
= = = = = =
= = E E E =
k=2.08 k=1.78 k=1.7 k=1.65 k=3.03 k=3.17
5 62 65.4 65 69.4 74 82.6 73 87.2 8.3 54.7 9.17 51.1
8 65 70 69 75 80 87 77 94 9.5 58.2 10.44 53.84
11 66 71.1 72 76.8 83 88.7 82 96.7 10.7 61.7 11.71 56.5

The completeness of the separation is the ratio of the component amount in the pass fraction to its
amount in the initial mixture. At the same time, experimental data were obtained on the efficiency of sifting
both through basic sieves and those developed with activators.

The analysis of dependencies revealed that the flat shape of the grains and the loading of the sieves
significantly affect the efficiency of grain mixtures sifting. It has been established that the efficiency of the
developed sieves with activators exceeds the efficiency of the basic ones by 1.52 ... 6.5 times, depending on
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the grain shapes and loading. So, the ranges of completeness of grain mixtures separation on the developed
sieves with activators were: for corn PR39A50 (ki=1.65) 65.4...71.1%; for Podykh MV corn (k=1.7)
69.4...76.8%; for Donor MV corn (ki=1.78) 82.6...88.7%; for corn DKS 4408 (ki=2.08) 87.2...96.7%; for the
pumpkin Volga gray (k=3.03) 51.1...56.5; for the Kashnik zucchini (k=3.17) 54.7...61.7%.

For the practical application of the obtained results, diagrams of the completeness of grain mixture
separation from the coefficients of the grain shape and the loading of the sieves have been created (Fig. 5).
So, after analyzing the form of the initial mixture (averaging the values) and accepting the specified sieve
load, we can predict the complete separation of the mixture from the diagrams obtained.

E, % 0
96,80
73,90
69,32
64,74

)
E, %
kf Fss,oo kf
1legos 29
2704
] 100153,08
25
2,351
e ] 1 1 38,12
"_7{_7 20
2,001 23,16
1‘65:; .8,200 16
5 5 1

60,16
55,58
51,00
7 9 11 7 92
g, kg/dm’h g, kg/dm’h
a) b)
Fig. 5 - Dependences of the completeness of corn grain mixtures separation

on their shape factor and flat sieves load:
a — base sieves; b — sieve with activators

Thus, by analyzing the existing data and the obtained experimental results (Fig. 5), it was found that
increasing the flatness of the grain shape within the studied range (k=1.65...3.17) results in a decrease in
the separation efficiency of 10.1 times on the basic sieves and 1.9 times on the developed ones. This is due
to the complicated conditions of grains sifting by thickness. It was also found that the use of developed
sieves with volumetric activators, regardless of the values of the grain shape factor, leads to an increase in
screening up to 6.5 times. This effect is due to the activation of the screening process using volume
activators, which orient the grains into the holes and send pulses to the grain mixture, increasing the bubble
concentration ratio (pores). The obtained dependences of the separation completeness allow us to predict
the effectiveness of the process of sifting grain mixtures with flat grains, having previously determined their
shape factor according to the developed method.

Thus, the developed methods allow us to determine the shape of the grains, on which the efficiency of
the process of sifting grain mixtures on sieves significantly depends. The developed laboratory equipment
and software can improve the quality of the measurement process (accuracy), take into account the
peculiarities of the geometric shapes of the grains, significantly reduce labour costs and time for
measurements.

To determine the effect on the efficiency of grain mixtures sifting process, experimental studies were
carried out on a Cimbria DELTA 128 calibrator (Denmark) and PETKUS K 218 separator. During the tests of
the developed sieves, based on the research program, we carried out adjustments of the separator load and
determined the quality of the initial and output grain material in the certified laboratories.

Tests of developed sieves with activators for the separation of corn grain mixtures were carried out on
the basis of the holding company Agrotrade (Kharkiv region, Ukraine) at the seed plant Cimbria on separator
Cimbria DELTA 128 (Fig. 6, a). Separator Cimbria DELTA 128 is designed for sorting grain crops and seeds
(Fig. 6). According to the manufacturer's recommendations, the separator productivity on cleaning corn grain
mixtures is reduced by 1.25 ... 2.3 times, and is 6-12 t/h, compared to the cleaning of wheat mixtures
(14-15 t/h). This confirms the relevance of research and indicates the problem of the separation of grain
mixtures flat grains on sieves.
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Fig. 6 - Experimental studies of the developed sieves
a) on Cimbria DELTA 128 separator on the base of the seed plant «Cimbria» Kharkiv region, Ukraine;
b) on PETKUS K 218 separator

When calibrating corn grain mixtures (hybrids Capital, Vimpel, Kristel), basic flat sieves with
rectangular openings 6 x 25 mm are replaced with sieves with volumetric activators. For a given period, the
modernized Cimbria DELTA 128 separator processed 60 tons of corn seed. Production tests have confirmed
the increase in the efficiency of grain mixture sifting process: the completeness of separation on the
developed sieves with volumetric activators increases when calibrating corn grain mixtures by 1.28 ... 1.35
times.

Production tests of the developed sieves with activators during the calibration of pumpkin and zucchini
grain mixtures were carried out on a PETKUS K 218/1 separator (Fig. 6, b) based on the KHNTUA “Central”
training field (Pershotravneve, Kharkiv district, Kharkiv region) with participation of employees of the Institute
of Vegetable and Melon-Growing of the Ukrainian Academy of Agrarian Sciences.

Production tests confirmed an increase in the efficiency of the sifting process of grain mixtures: the
completeness of separation on the developed sieves with activators increases during calibration of pumpkin
grain mixtures by 4.8 ... 5.5 times, zucchini - 5.7 ... 6.5 times.

CONCLUSIONS

1. The possibility of increasing the efficiency by 1.5 ... 6.5 times by sifting grain mixtures through holes
when using sieves with volumetric activators was confirmed.

2. A method has been developed for determining the shape of grain mixtures components, which,
using laboratory and software tools, allows to determine the geometric parameters of grains with sufficient
accuracy. The coefficients of the flatness of corn, pumpkin and zucchini were obtained. The grain flathess
coefficients were experimentally obtained: corn ki=1.65...2.08, pumpkin k=3.03, zucchini k=3.17.

3. It has been established that the effectiveness of sieves depends on the shape of the grains and the
load. As a result of the research, it was established that the completeness of grain mixtures separation on
the developed sieves with activators ranges: for corn PR39AS50 65.4... 96.7%; for pumpkin Volga gray 51.1
... 56.5; for Kashnik zucchini - 54.7 ... 61.7%.

4. The dependences of the separation completeness on the grain shape and the specific load of
sieves, which make it possible to predict the separation efficiency of the components of grain mixtures on the
sieve of grain cleaning machines, are established.

5. Long-term tests under production conditions revealed an increase in the completeness of the
separation of corn grain mixtures by 1.28 ... 1.35 times, pumpkins by 4.8 ... 5.5 times, zucchini - by 5.7 ... 6,
5 times due to use of the developed sieves with activators..
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