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ABSTRACT

The rational succession of technological operations of all-purpose grain cleaning machines was
substantiated at the Department of Agricultural Engineering at Central Ukrainian National Technical
University. The original design of a separating conveyor used in the first stage of the proposed cleaning
scheme was created. The experimental separating conveyor allows extracting large impurities before feeding
the grain mass to aspiration, reducing the resistance of the system and creating optimal conditions for air
cleaning.

The objective of our research was to identify rational parameters and operating modes of the
suggested separating conveyor. The objective was achieved by studying the influence of the basic
parameters of the conveyor: the inclination angle a, sieve hole diameter d, buckets velocity v, as well as the
specific loading of the sieve width unit gg on one of the most important qualitative indicators which is grain
separation fineness. The fineness is characterised by the content of full-value grains in fodder waste.

The experimental device and methodology for laboratory research were developed to identify the most
influential factors on the separation fineness. During the research, the matrix of the full factorial experiment
of the 2* type was implemented. The basic level and intervals of factors variation were chosen based on the
analysis of theoretical studies results and experimental research preliminary data.

The obtained regularities confirmed the efficiency of the suggested design and allowed identifying the
rational parameters of the separating conveyor to ensure acceptable separation fineness of grain.

PE3IOME

Ha kagpedpi cinbcbkoaocrnodapcbko2o MawuHobydygaHHs LleHmparnbHOyKpaiHCbKO20 HauioHanbHo20
mexHi4Ho20 yHigepcumemy 6yrno obrpyHmMogaHo pauyioHasrbHy MocnidoeHiCMb MexHoo2iYHUX ornepauil e
36PHOOYUCHUX MalluHax 3a2ajlbHO20 MPU3Ha4YeHHs i CmeopeHOo opuaiHaibHy KOHCMPYKUi0 mpaHcrnopmepa-
cernapamopa, WO 8UKOPUCMOBYEMbLCS Ha repwoMy emarni 3arnporoHo8aHoi cxemu oquweHHs. [ocmidHul
mpaHcrniopmep-cenapamop 00380sig€ audinumu KpyrnHi domiwku neped nodavyero 3epHO80i macu 0o
acniipayjii, 3MeHWy4U onip cucmemu i CmeoprorYU onmumalsbHi ymoeu 05151 MO8impsHO20 OHYUULEHHS.

Memoro Hawux docnidxeHb 6yr10 8CmMaHOBIEHHS pauioHanbHUX rnapamempig i pexumie pobomu
3anporoHo8aHo2o mpaHcriopmepa-cernapamopa. [JocszHeHHs1 nocmaesnieHoi Memu 30iliCHI08aI0Cs WIISIXOM
8UBYEHHS 8rnugy 020 OCHOBHUX rnapamempie: Kyma Haxury a, Oiamempa meipHux pewema d, weudkocmi
nepemiweHHs Koswig V, a makox MUmoMO20 3asaHMaxXeHHs1 OOUHUUi WUPUHU pewema Qg, Ha OOUH 3
Halbinbw eaxnueux SKICHUX rOKasHUKIe — 4imkicmb cenapauyii 3epHa, Wo xapakmepusye emicm
0BHOUHHO20 3epHa y hypaxHux gidxodax.

Lns ecmaHoeneHHs Halbinbw ennugosux hakmopie Ha 4imkicms cenapauii 6yno po3pobreHo
eKcriepuMeHmarsibHy yCmaHO8Ky | cKkrnadeHO mMemoduky nabopamopHux AdocnioxeHb. B xo0i nposedeHHs
docnidxeHb peanizoeaHo Mampuuk MO8HO20 (hakmopPHO20 exkcriepumermy mury 2°. OcHoeHull pieeHb ma
iHmepsasnu eapitosaHHs hakmopie obpaHi Ha OCHO8I aHari3y pe3ynbmamie meopemuyHux 00crnidXKeHb ma
riornepedHix OaHUX eKcriepumMeHmaribHUX O0CTiOXEHb.

OOdeprkaHi 3akoHOMipHOCMI A038071UU NMidmMeepOUMU eheKmMuUBHICMb 3arpPornoHO8aHOI KOHCMPYKUIT i
8cmaHo8UMU pauioHasnbHi napamempu mpaHcrnopmepa-cenapamopa 051 3abesneyeHHs1 dornycmumoi
yimkocmi cenapauii 3epHa.

63



Vol. 57, No. 1 /2019 INMATEH: - Agricultural Engincering

INTRODUCTION

The market of agricultural machines constantly develops and is updated with new models of
machines. The vast majority of the national manufacturers often copy best models of the well-known
international brands. A small number of the Ukrainian machine builders develop their own designs, test them
and eliminate failings. A smaller number of manufacturers create original designs of machines and
mechanisms on the basis of scientific research. However, this category of manufacturers has long-term
prospects for creating truly competitive products for the world market.

MATERIALS AND METHODS

Several designs of all-purpose grain-cleaning machines were created at the Department of Agricultural
Engineering of Central Ukrainian National Technical University through the conduct of scientific research.
One of the main operating elements of each design is a separating conveyor (Moroz S. M., 2014; Moroz S.
M., 2011) which is installed at the beginning of the technological cycle of the machine and allows the grain to
be cleaned from large impurities at the stage of loading.

The experimental device (Fig.1, 2) consists of the frame 1, to which the housing of the separating
conveyor 2 with the drive mechanism is fixed on the joint 10. The sieve with circular longitudinal baffles 3 and
upper (driving) and lower (driven) drums 4 and 5 on bearing spherical supports are fixed to the sides of the
housing inside the separating conveyor. The grain comes from hopper 11, equipped with dispenser 12 and
slide gate 13 in the grain pipe 8. Under the sieve, there is a receiver for grain fraction pass-through 7. The
separating conveyor is actuated by the electric motor 14 with the help of a V-belt drive and the six-speed
gearbox 15 that provides the change of the buckets velocity v from 0.5 to 2.83 m/s.
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Fig. 1 - Schematic layout of the experimental device

The change of the housing inclination angle a of the separating conveyor relatively to the horizon was
carried out by its rotation relatively to the joint 10 with the fixation in the required position. The control and
measurement of the conveyor inclination angle relatively to the horizon was carried out using angle gauge 9.

The sieves with longitudinal baffles of round shape with the diameters of 1.3 and 5 mm (Fig. 3, 4)
serve as surfaces for the separation.
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Fig 3 - Schematic view of the sieve

Fig 4 - General view of the sieve

During theoretical and experimental studies, the dependences of the influence of its constructive
parameters values and operation modes on the grain separation completeness were established (Dryncha
VM, 2006; Kotov BI, 2017; Kroulik M., 2016; Levdanskiy El, 2008; Piven M., 2015; Stepanenko S., 2017,
Tishchenko L., 2014; Tishchenko L., 2016). However, the separation fineness, which characterizes the
content of the full-value grain in large impurities, has not been studied in detalils.

The objective of the research is to determine the influence of the design parameters and the
operating mode of the suggested separating conveyor on the separation fineness. The research will give
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grounds for identifying rational values on conditions that the agro-technical requirements regarding the
content of the full-value grain in the fodder waste are provided.

Separation fineness Y — the relative content of full-value grain in the waste was determined by
sieving and weighing. To identify the influence of the investigated factors on the separation fineness and to
determine the direction of motion to the part of the response surface, where the conditions of the process
were optimal, the matrix 2* was applied (Borovikov V.P., 2003). Independent variables, variation intervals,
and planning matrix are presented in Table 1.

Table 1
Planning of the experiment while studying the separation process
_Angle pf Diameter of the Speed of Specific
Investigated factor |ncI|n§t|on cross-cut. baffle of scrapers, | productivity,
of a sieve, the sieve, v. mlc gs, kg/(mxc)
a, deg. d, mm ’ ’
Basic level 30 3 1 11
Variation interval +10 +2 +0,5 +3
Code designation X1 X2 X3 X4 Yu S.°
Experiment 1 + + - + 16.10 0.012
Experiment 2 + - + - 3.91 0.012
Experiment 3 - + - - 1.03 0.0031
Experiment 4 + - + + 8.95 0.0052
Experiment 5 - - + 4.13 0.0031
Experiment 6 + + + - 6.05 0.0043
Experiment 7 - - + + 6.08 0.011
Experiment 8 + + + + 20.10 0.280
Experiment 9 - - - - 0.15 0.0019
Experiment 10 - - + - 1.50 0.0013
Experiment 11 - + + + 11.2 0.317
Experiment 12 - + + 4.90 0.210
Experiment 13 + + - - 4.10 0.0077
Experiment 14 + - + 7.80 0.0067
Experiment 15 + - - + 9.10 0.280
Experiment 16 + - - - 1.85 0.0037

The basic level and intervals of factor variations were selected based on the analysis of theoretical
studies results and experimental research preliminary data.

RESULTS
After conducting experiments, the regression equation was obtained. This equation describes the local
area of the response surface, which characterizes the separation fineness:
Y =6.864 + 2.08X1 + 2.006X2 +1.152X3 + 3.748X4 + 0.592X1X2 - 0.169X1X3 +
+1.044X1X4 + 0.501X2X3 +1.142X2X4 - 0.002X3X4

1)

The verification of the obtained model adequacy (Table 1) was carried out according to Fisher's
criterion (F-criterion). The calculated value of the F-criterion, which is F=0.211, is less than the value in the
Table F=2.561 (selected for p=0.95; f,;=11; f,=32) (Vasylkovskyi O., 2016). Thus, the hypothesis of the
linear equation adequacy is confirmed and can be used to describe the process.

The significance of the obtained coefficients was checked by Student's criterion (t-criterion) to ensure
the reliability of the assessment — 0.95 and the number of degrees of freedom f=15. The analysis of the
confidence interval shows that in the studied interval there are statistically insignificant regression
coefficients b;ib,, b;bs, bobs and bsb,.

The statistically significant coefficients include all the coefficients except for the coefficients b;b,, b;bs,
b,bs and bsb,.

The response surfaces and maps of lines of equal output (fig. 5-10) allow not only to reveal the
coherent influence of factors on the separation fineness, but also to determine the direction of movement to
rational design and technological parameters of the investigated operating element.
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Fig 3 - Dependence of the separation fineness on the sieve inclination angle and diameter
of the sieve cross-cut baffle
a — basic level of factors; b — lower level of factors
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Fig. 4 - Dependence of the separation fineness on the sieve inclination angle
and the initial velocity of the material motion

a — basic level of factors; b — lower level of factors
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Fig. 5 - Dependence of the separation fineness on the sieve inclination angle and material feeding
a — basic level of factors; b — lower level of factors
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Fig. 6 - Dependence of the separation fineness on the diameter of the sieve cross-cut baffle

and the initial velocity of the material motion
a — basic level of factors; b — lower level of factors
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Fig. 7 - Dependence of the separation fineness on the diameter
of the sieve cross-cut baffle and material feeding
a — basic level of factors; b — lower level of factors
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Fig. 8 - Dependence of the separation fineness on the initial velocity of the material motion and material feeding
a — basic level of factors; b — lower level of factors
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In the experiments, a natural heap of winter wheat with a moisture content of 14.6% and a total
contamination of 12.2% was used.

The analysis of the results allows the following as a whole to be argued. The increase in the angle of
inclination (x;), the diameter of the sieve cross-cut baffle (x;), the speed of the scraper (x3) and the specific
productivity (x,) increase the degree of separation clarity. This is observed in experiments where the
remaining factors are at the main level of variation (fig. 3a-8a). In the case where the remaining factors are at
the lower level, the pattern is slightly different. In particular, it turns out that the diameter of the sieve
transverse cross-sections does not affect the clarity of separation (fig. 3b, 6b). This pattern can be explained
by the increased time on grain sifting as a result of a small specific feed and speed of movement.

After analyzing the Pareto-cards (fig. 11), we can conclude that all factors influence the separation
fineness ¢. In addition, the interaction of factors was also influential: the inclination angle and the feeding
X1X4; diameter and feeding x.x4. The feeding x, has the greatest influence and the initial velocity of the chaff
motion X3 has the smallest influence.
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Fig. 11 - Standardised Pareto-card for separation fineness Y(¢)

CONCLUSIONS

The analysis of experimental data made it possible to identify the nature of the change of factors and
to analyse their mutual influence on the optimization criterion. With an increase in the specific grain loading
X4 (gB), the separation fineness decreases proportionally. It was found that increasing the inclination angle of
the sieve x; (a), the diameter of its baffles x, (d), and the initial velocity of the grain material motion x5 (v)
cause a decrease in separation fineness.

It has been identified that the specific grain loading x4 (qB) should not exceed 7 kg/(m-s), the initial
velocity of the grain material x5 (v) is at the level of 0.5-1.2 m/s and the inclination angle of the sieve x; (a)
ranges within 20-30°. According to the above-mentioned factors, the rational diameter of the sieve baffles x,
(d) should not exceed 1-3 mm. By these parameters, it is possible to achieve separation fineness at the edge
limit of 2%.

REFERENCES

[1] Borovikov V.P., (2003), Statistica. The art of computer data analysis: for professionals. 688 p., St.
Petersburg/Russia;

[2] Dryncha V.M., (2006), Research on grain separation and elaboration of machine technologies for their
preparation, Publishing house NPO «MODEK>, 384 p., Voronezh/Russia;

[3] Kotov B. I., Kalinichenko R. A., Stepanenko S. P., Shvyda V. O., Lisetsky V. A., (2017), Modelling of
technological processes in typical objects of after-harvesting processing and storing of grain
(separation, drying, active ventilation and cooling): monograph. Publisher Private Entrepreneur
Lysenko M. M. 552 p., Nizhyn/Ukraine;

[4] Kroulik M., Hdla J., Rybka A., Honzik 1., (2016), Pneumatic conveying characteristics of seeds in a
vertical ascending airstream. Research in Agricultural Engineering, Vol.62, pp. 56-63, Prague/Czech
Republic;

69



Vol. 57, No. 1 /2019 INMATEH: - Agricultural Engincering

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

Levdanskiy E.l., Levdanskiy A.E., Chyrkun D.l., Opymakh E.V., (2012), Design and research of grain
cleaning machine with air separator. Scientific works of Odessa national academy of food
technologies, Issue. 41(2), pp. 124-129, Odessa/Ukraine;

Lukaszuk J., Molenda M., Horabik J., Szot B., Montross M.D., (2008) Airflow resistance of wheat
bedding as influenced by the filling method. Research in Agricultural Engineering, Vol.54, pp. 50-57,
Lublin/Poland;

Moroz S.M., Vasylkovskyi O. M., Anisimov O. V., (2014), Technical means for simultaneous loading
and separation of grain chaff according to the sizes. Collection of Scientific Works of Kirovohrad
National Technical University. Machines in agricultural production, branch engineering and
automation. No. 27. pp. 181-186. Kirovograd/Ukraine;

Moroz S. M., Vasylkovskyi O. M., Goncharov V.V., (2011), Analysis of multi-layer grain motion on the
fixed inclined working surface. Design, production and operation of agricultural machines. A national
interdepartmental scientific and technical collection of works, Vol.41, Part.l, pp. 203-207,
Kirovohrad/Ukraine;

Piven M., (2015), Grain flow dynamics on vibrating flat sieve of finite width. TEKA. Commission of
motorization and energetics in agriculture. Vol. 15, No. 3, pp. 113-119, Lublin/Poland

Stepanenko S. P., Shvyda V. O., Popadyuk I. S., (2017), Analysis of the development of constructions
of pneumatic separating systems of the separators. Mechanization and electrification of agriculture,
Vol. 5, pp. 132-142, Glevakha/Ukraine;

Tishchenko L. N., Piven M. V., Bredykhin V. V., (2014), The study of the inner-layer motion of the grain
mixtures. Journal of Kharkov National Technical University named after P. Vasylenko, Vol.152, pp. 5-
11, Kharkiv/Ukraine (DOI: 10.15587/1729-4061.2016.65920);

Tishchenko L., Kharchenko S., Kharchenko F., Bredykhin V., Tsurkan O., (2016), Identification of a
mixture of grain particle velocity through the holes of the vibrating sieves grain separators. Eastern
European Journal of latest technology, Vol.2, No.7 (80), pp. 63-69, Kharkov/Ukraine;

Vasylkovskyi O. M., Leshchenko S. M., Vasylkovska K. V., Petrenko D.I., (2016), The textbook of a
researcher. Study guide for students of agro-technical specialties, 204 p., Kharkov/Ukraine.

70



