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Abstract. The aim of the research was to make the mechanical and technological process of calibrating confectionery sunflow-
er seeds with a vibrating sieve more effective by giving reasons for its rational methodical and technological parameters. The study
of calibration of confectionery sunflower seeds had two stages: numerical simulation and experimental verification. For the first
stage, the physical models for numerical simulation (in the STAR-CCM+ software package) of the movement of seeds with a vibrat-
ing sieve were: k-e model of separated flow turbulence, gravity field, Van der Waals real gas model, discrete elements model, multi-
phase interaction model. The second stage, experimental verification of the models obtained, was carried out on a calibration ma-
chine (sizer) OKMF. Sieves of three types were selected: perforated sieves, rod sieves, and precision sieves (produced by laser cut-
ting). The numerical simulation of moving the confectionery sunflower seeds with a vibrating sieve has allowed determining how
changes in total concentration and productivity depend on the way of the input of the seeds, the sieve angle, the vibration frequency
and vibration amplitude of the sieve. To make the seed separation process effective, the vibrating sieve is to operate with the maxi-
mum productivity equal to the seed input (1,202 kg/h), with the maximum total seed concentration (10.83%). Experimental studies
of moving the seeds of confectionery sunflower with vibrating sieves of different types (perforated screens, rod sieves, and precision
sieves) have allowed establishing how changes in total concentration, productivity, and consumed power of the calibrating machine
depend on the seed input, sieve angle, and frequency of vibrations of the sieve. To make the seed separation process effective, the
vibrating sieve is to operate with the maximum productivity equal to the seed input (perforated screens — 1.116 kg/h, rod sieves —
1,518 kg/h, precision sieves — 1,781 kg/h), with the following total seed concentrations: perforated sieves — 14.54%, rod sieves —
12.45%, precision sieves — 10.41%, and power P (perforated sieves — 0.24 kW, rod sieves — 0.30 kW, precision sieves — 0.35 kW)
consumed by the calibrating machine must be minimum. Precision sieves (produced by laser cutting) have the best characteristics of
their performance (q=1781 kg/h) and quality (6=10.41%). For this, the frequency of their vibrations should be 5.9 Hz, and their an-
gle should be 5°.
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Biisn TeXHIKO-TEXHOIOTTYHOTO 3a0€3IIeYeHHs] HACIHHUIITBA

[HCTHTYT ONMilHMX KyIeTyp HamionansHoi akaieMii arpapHux Hayk YkpaiHn

ByJ. [HcTHTYTCBKA, 1, ¢. CoHsuHe, 3amopi3bKuii p-H, 3amopizbka 06i1., 69093

AmnoTamist. MeToro 10ciipKeHb OyJI0 MiBHIIEHHS e()eKTHBHOCTI MEXaHIKO-TEXHOIOTTYHOTO TPOLECY KaliOpyBaHHS HAaCiHHS
KOHJIUTEPCHKOTO COHSIIHKMKY IIi Mi€l0 BiOpYIOUOro pelnera, IUIIXOM OOIPYHTYBaHHS HOTO palliOHAIBHUX PEXHMHO-
TEXHOJIOTIYHUX TapameTpiB. JlociimkeHHs npoliecy KaniOpyBaHHs HACiHHSI KOHIUTEPCHKOTO COHSIIHUKY MPOBEICHO B JBa €Talu:
YHCeNTbHEe MOJEIIOBAHHS i eKCIIepUMEHTaIbHA NepeBipka. J{iist mepiroro eramy B sKOCTI (i3MYHUX MOJENe [UIsl YMCeNIbHOTO MOJIe-
JIFOBaHHS MPOIIECY MepeMillieHHsT HAaCIHHS MiJ Ai€r0 BiOpyrodoro peniera B mporpamHomy maketi STAR-CCM+ o6paHo HacTymHi:
k-€ Mozestb TypOyIEHTHOCTI PO3IiNICHOT Teuil, TT0JIe CHITH TSHKIHHS, MOJIENb PEATBHOTO rasy BaH-nep-Baasbca, MOJIeNb TUCKPETHHX
eNIeMEHTIB, MoielIb GararodasHoi B3aemoii. J[pyrHii eram — eKcrepuMeHTaIbHy IIepeBipKy OTpHMaHUX Mojeneil OyJI0 HpoBeIeHO
Ha KamiOpysanpHil MammHi OKM®. Pemrera 06paHo TphOX BHIIB: MPOOUBHI, IPYTKOBI 1 TOUHI (BUTOTOBJIEHI MIISIXOM JIa3epHO] pi-
3KH). Y pe3yNbTaTi YMCEeTEHOr0 MOJIETIOBAHHS IIPOLIECy MepeMillleHHs] HACIHHS KOHAUTEPCHKOr0 COHSIIHUKY MiJ] AI€I0 BiOPYI0UOro
pelera, OTPHUMAHO 3aJIKHOCTI 3MIHM CyMapHOi KOHIIEHTpallii i MPOXyKTHBHOCTI Bijl OJa4i HACIHH, KyTa HAXWIy pellera, 4acTo-
TH KOJIMBaHb pelleTa i aMIUTITYI1 KOJIMBaHb peleTa. 3a yMOBH 3a0e3neyeHHs e(heKTUBHOCTI MPOLECY PO3IIICHHs HACIHHS Mif [i-
€10 BiOpyroJoro pemiera, HeoOXiHO 11100 HOro MPOIYKTUBHICTH Oylia MaKCHMAbHOIO i JOpiBHIOBaJIa 3HAYEHHIO MOJa4i HACIHHS
(1202 xr/rof), Ipy IbOMY CyMapHa KOHLICHTpAIlisl HACiHHS MOBHHHA OyTH MakcuManbHOIO (10,83%). ¥V pesynbrati ekcriepuMenTa-
JBHUX JOCTIPKEHBb IMPOLECY TEPEMIlIeHHS! HACIHHSA KOHIWTEPCHKOTO COHSIIHUKY TiJ| Hi€F0 BiOpPYHOYOro pemieTa pi3HHX BHIIB
(IpoOUBHI, IPYTKOBI, TOYHI) OTPUMAHO 3aJIEXHOCTI 3MIHHA CyMapHOI KOHIIGHTpAIlil, IPOAYKTUBHOCTI i HOTYKHOCTI, IIIO CIIOXKUBA-
€ThCS KaiOpyBaJIbHOIO MAIINMHOIO, BiJl TI0Ja4i HACIHHS, KyTa HaXIJIy 1 YaCTOTU KOJIMBaHb perera. 3a yMOBH 3a0e3nedeHHs edek-
THBHOCTI TIPOLIECY PO3IIJICHHS HACIHHS MiJ] Ai€l0 BiOPYIOUOro penrera, HeoOXiIHO 100 HOro NPOSYKTUBHICTE OyJia MAaKCUMAJIEHOO
i TOpiBHIOBaJIa 3HAUEHHIO 1oyl HaciHHs (pobuBHi — 1116 kr/rox, npyTtkosi — 1518 kr/rox, Touni — 1781 kr/rox), npu 1s0My Cy-
MapHa KOHLEHTpawist HaciHHs (mpoOuBHi — 14,54 %, npyTkoBi — 12,45 %, Touni — 10,41 %) i motyxHicts P (ipobusHi — 0,24 kBT,
npytkoBi — 0,30 kBT, Touni — 0,35 kBT), 1110 cHIOXKKBAEThCS KaniOpyBaIbHOIO MAIIMHOO, TOBHHHI OyTH MiHiMansHUMHU. TouHi pe-
nreTa (BUTOTOBJICHI IIISIXOM JIA3epPHOI Pi3KM) MArOTh HAMIMII TTOKAa3HWKU 3a MpOXyKTHBHICTIO (q=1781 Kr/rom) i fKiCTIO
(6=10,41%). ITpu mpoMy vacToTa IXHIX KONMBaHb MOBUHHA cKiagath 5,9 I'n, a KyT ixHBOrO HAXMITy — 5°.

KimiouoBi c10Ba: HaciHHS, COHAIIHMK, BiOpyIOUe pelIeTo, KaliOpyBaHHs, YUCEIbHE MOICITIOBAHHS.
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Introduction. Formulation of the problem

Research materials and methods

Separating the seeds of confectionery sunflower by
their size is very important for calibration [1]. One of the
methods of separating the seeds is to move them on vi-
brating sieves, with a fluidized layer created [2]. Substan-
tiating the technological parameters of seed calibration
with a sieve and developing the corresponding physical
and mathematical models are problems to solve.

Analysis of recent research and publications

As shown by an analysis of literary sources and pro-
fessional scientific publications [2-4], a lot of theories
and methods for calculating the positions of the seeds are
devoted to the study of the process of material movement
caused by a vibrating sieve. In [5], a mathematical model
of seed distribution on flat screens is developed, which
uses the theory of dimensional analysis, but describes the
separation process rather superficially. In the studies [6],
the index of quality of separating seeds into fractions is
introduced as a criterion of efficiency. The studies [7]
were aimed at creating mathematical models that deter-
mine how the main parameters of the process kinematics
influence the seed separation efficiency. The basis of the
research [8] is the physical and mathematical tools to cal-
culate and describe the movement of a material point act-
ed upon by various forces, which does not take into ac-
count the interaction of particles having random initial
positions. The works [9-10] suggests solving such sys-
tems with the finite element method, which is imple-
mented during modelling in the software package STAR-
CCM +. However, no experimental validation of these
studies has been found.

The aim of the research is to make the mechanical
and technological process of calibrating confectionery
sunflower seeds with vibrating sieves more effective by
establishing the practical parameters of its technology
and operation modes.

The objectives of the research:

1. To carry out a numerical simulation of moving seeds
with a vibrating sieve, using the software package
STAR-CCM+, and determine how the changes in
the total concentration, productivity, and power
consumption of the calibrating machine depend on
the factors researched.

2. To study experimentally the movement of seeds
acted upon by a vibrating sieve, and determine how
the changes in the total concentration, productivity,
and power consumption of the calibrating machine
depend on the factors researched.

3. To make statistic calculations of the obtained data,
and to compare the results of the numerical
simulation and experimental studies.
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The calibration process of sunflower seeds was stud-
ied in two stages: numerical simulation and experimental
verification.

The research was conducted in seeds of
confectionery sunflower of the Smak variety (bred by the
Institute of Oilseeds Crops of the National Academy of
Agrarian Sciences of Ukraine) [11].

At the first stage, the following models were
selected [12-13] as physical models for a numerical
simulation (using the software package STAR-CCM+) of
the movement of seeds on a vibrating sieve: k-¢ model of
separated flow turbulence, gravity field, Van der Waals
real gas model, discrete elements model, multiphase
interaction model.  To construct a physical and
mathematical model, it is necessary to assume that
sunflower seeds have the form of identical ellipsoids with
a defined density and effective diameter.

According to the previous studies of the physical
and mechanical properties of the confectionery sunflower
(the Smak variety) [14-15], the following average values
were taken for the numerical simulation: Poisson’s
ratio— 0.5; Young’s modulus— 0.2 MPa; density —
800 kg/m?; stiction coefficient — 0.8; normal COR — 0.5;
tangential COR — 0.5; coefficient of rolling resistance —
0.3. The properties of the environment were as follows:
medium — air; dynamic viscosity — 1.85508-10° Pa-s;
turbulent Prandtl number — 0.9; acceleration of free fall —
9.8 m/s% temperature — 293 K; pressure — 101325 Pa.
The size of a modelling grid cell was 0.001 m.

For the numerical simulation, a calculation scheme
was developed for the movement of confectionery
sunflower seeds on a vibrating sieve. This scheme is the
basis of the operations of various seed clearing and
calibrating machines (Fig. 1).

According to seed processors’ requirements, the
best sold fraction of sunflower seeds is “fraction 3.6 +”
(pass of the sieve 3.6x20 mm). That is why, the further
research is based on this sieve. According to the previous
studies [9], the most rational length of the sieve L=2 m
was chosen. The relative useful area of the sieve was
0.56. The sieve operates periodically in two coordinates
according to the law:

X=Acoswyt, y=Asinyt, (1)

where A — vibration amplitude, m; y — vibration
frequency, s™.

The seed flow was represented by 5 seed fractions of
the same quantity, with different thickness D, in the
range 3.0-3.8 mm, in increments of 0.2 mm. As the
factors of numerical modelling, the most important
technological parameters were taken: seed input— Q,
angle of the sieve — a, sieve vibration frequency — v,
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sieve vibration amplitude — A (range of variations is
presented in Table 1). Numerical simulation was
performed on a complete factorial study with a total

number of experiments — 3* = 81. The exposure started at
100 s.

Seed thickness D,, mm
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Fig. 1. Calculation scheme of the movement of confectionery sunflower seeds by the action of a vibrating sieve

Table 1 - Variation levels of factors of numerical simulation
of moving confectionery sunflower seeds with a vibrating sieve

Variation levels of - - Faptors — - —
factors Seed input Sieve Sieve V|brat|or_11frequency Slevg vibration
Q, kg/h angle a,° A amplitude A, m
-) 1100 1 4 0.008
(0) 1600 4 5 0.01
(+) 2100 7 6 0.012
Interval 1100 1 4 0.008

As a result of the simulation, a study was carried out
of the concentration of each seed fraction that reflected
from the surface of the sieve (residue) 0" and passed
through it (passage) 0°. Due to the fact that the size of the
sieve opening has been 3.6 x 20 mm, the condition nec-
essary for the proper separation of the seed mixture is
minimizing the values of the concentrations of seed frac-

tions: the fraction 3.8 mm — by passage (9%p=3.s), and
the fractions 3.0 mm, 3.2 mm, 3.4 mm, 3.6 mm — by res-
idue (©b,=30, 0D, =32, Ob,-34, Ob 36, respective-
ly). So, the total concentration of residue and passage

seeds was taken as a research criterion and calculated by
the formula:

a1 r r r r
0= er=3.8 +0p,-36 +0p,-34 +0p 32 +0p _30 (2)

As a quantitative criterion to assess the effectiveness
of sunflower seeds separation with a vibrating sieve, the
total residue and passage productivity was taken:

9=9"+q' (3)

The second stage, the experimental verification of
the models obtained, was carried out on the experimental
installation based on the calibration machine OKMF
(Fig. 2). Sieves, with the mesh size 3.6 x 20 mm, were of
three types: perforated sieves, rod sieves, and precision
sieves (produced by laser cutting). The deviations of the
sizes of the sieve meshes were 0.09 mm, 0.03 mm, and
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0.001 mm, respectively. The relative useful areas of the
sieves were 0.42, 0.56, and 0.56, respectively.

The following methodical and technological
parameters were taken as experimental research factors:
seed input — Q, sieve angle — a, sieve vibration
frequency — y (variation limits are presented in table 1).
According to the results of the numerical simulation in
the first stage of the research (equation (4)—(5)) it was
established that the vibration amplitude of sieve A does
not significantly affect the total productivity g (the
influence of the factor — 8.1%). However, the total seed
concentration 0 is the smallest in the investigated range
of factors, with the sieve vibration amplitude A=0.012 m,
which is accepted as a condition for experimental studies.
The experimental studies were carried out according to
the D-optimal Box — Behnken design for three factors,
with the number of experiments 15. The exposure of
each experiment was 20 minutes.

The seed input was being changed by means of the
calibrated valve on the hopper. The angle of the sieve
was determined by adjusting the respective levers and
controlled by the electronic angle meter Digital
inclinometer. The frequency of sieve vibrations
coincided with the vibration frequency of the vibratory
motor 1V-104B-6 (n=1000 min*, P=0.53 kW, 3 phases)
and was being changed with a control unit based on the
Danfoss VLT Micro Drive frequency converter. The
relation between the vibration frequency of the sieve v
and the frequency of the electric power supply f powered
by the wind turbine I1V-104B-6 is presented as:
f [Hz]=(50 Hz)-(60 s)-y [Hz]/1000 (min ")=3-y [Hz].
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Fig. 2. Structural and technological scheme (a) and general view (b) of the experimental installation based
on the calibration machine OKMF

Each experiment was accompanied by measuring
the fractional composition of confectionery sunflower
seeds at the input, passage, and output by means of a set
of sieves (3.0 mm, 3.2 mm, 3.4 mm, 3.6 mm, 3.8 mm),
and a laboratory plansifter RLU-3 in accordance with the
generally accepted methodology (GOST 10854-88).

For the research, a seed mixture of the confectionery
sunflower of the Smak variety was taken (harvested in
2017, Sonyachne, Zaporizhzhia district, Zaporizhzhia re-
gion), with the moisture content 7.6-8.1% and a fraction
composition close to the theoretically accepted: 3.0 mm —
19.1%, 3.2mm- 22.3%, 3.4 mm- 20.1%, 3.6 mm-
18.2%, 3.8 mm — 20.3%. The mixture heterogeneity by
fraction composition was 2.6 %. For each experiment,
300 kg of the seed mixture was passed through the cali-
bration machine.

According to the data obtained, it has been determined
how the total concentration of seeds, according to the formu-
la (2), and total productivity, according to the formula (3),
depend on the factors of research. To compare the depend-
encies obtained at the two stages of the study, the correlation
coefficient was used.

A Danfoss VLT Micro Drive frequency converter
was used to determine the dependence of the power con-
sumed by the calibrating machine on the factors of re-
search.

The research results have been processed with the
software package Wolfram Mathematica, with the use of
correlation and dispersion analysis.

Results of the research and their discussion

According to the first stage, the simulation has re-
sulted in obtaining a visual representation of the techno-
logical process of the movement of oilseed crops seeds
under the action of a vibrating sieve (Fig. 3). The histo-
gram of Figure 3 illustrates the distribution of the seed
concentration of a corresponding fraction at the output of
the residue 6° and the passage 6", as well as the corre-
sponding value of the total productivity g.

Accordingly, for each seed fraction at the output and
during the passage, the concentration has been deter-
mined, and the total concentration for a corresponding
experiment 0 has been calculated.

e Q=1100 kg/h a=7°
= > - 1 s 9 2
. 32);?&&&%%%

Residue -

Passage ‘

75%

50%

25%

3 3.2

34

B

D..

————
3.8

3.6 m

Fig. 3. Distribution of seed fractions at the input, output,
and during the passage under the action of the vibrating sieve

Using the Mathematica software package, a math-
ematical expression has been created that links the

q=- 6637.82 + 162.22 0.+ 33577.7 A + 0.013423 Q + 2433.85  — 32.444 o,y + 0140125 Q y — 227.453 2
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productivity g with the research factors in the follow-
ing form:

4)
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A visual interpretation of this dependence (4) is pre-
sented in Figure 4.

From Figure 4, it can be seen that with the increase
in the seed input Q and the sieve vibrations amplitude A,
the productivity q increases linearly; with the decrease in
the sieve angle a, the efficiency g does not significantly
increase linearly; when increasing the frequency of vibra-

tions of the sieve v, the productivity q increases parabol-
ically.

With the Mathematica software package, a mathe-
matical expression has been created that links the total
concentration of seeds 6 with the research factors in the
following form:

0=198.853 — 1.733 0.— 14055.2 A + 284999 A% + 0.00852581 Q — 39.653 y + 0.303737 .y + 1364.8 A y — )
0.00170516 Q y +2.27037 w2

A visual interpretation of this dependence (5) is
presented in Figure 5.

From Figure 5, it can be seen that with the increase
in the seed input Q, the total seed concentration 0
increases linearly; with a decrease in the sieve angle a,
the total seed concentration 0 increases linearly; and with
reduced frequency of sieve vibrations y and sieve
vibrations amplitude A, the total seed concentration 0
increases parabolically.

As the analysis of these dependencies proves, it is
necessary to solve a tradeoff problem: in order to ensure
the effectiveness of seed separation with a vibrating
sieve, its productivity g should be maximum and equal to

— for perforated sieves:

the seed input Q, with the minimum total seed
concentration 0:

a@Q o, y,A) =Q — max, .
0(Q, o, w, A) — min. (6)

With the Mathematica software package, it has been
determined that the solution of the system of equations (6)
for the results of the numerical simulation is 6=10.83%, Q=
= 1202 kg/h, a=1°, y=5.62 s, A=0.012 m.

For the second stage, according to the data obtained
from the experimental studies, the Mathematica software
package has compiled a mathematical expression that
links the productivity of g with the research factors in the
following form:

q=-5592.57 + 0.527369 Q + 177.915 o — 35.583 s o + 2113.22 y — 179.262 v @

— for rod sieves:

q=—7202.09 +0.706424 Q + 171.881 o — 34.3762 y 0. +2670.95 y — 229.179 %, ®)

— for precision sieves:

= _7277.2+0.642679 Q + 177.512 0 — 39.6273 y o + 2721.17  — 232.098 /. ©)

Comparing the experimental models obtained (7) —
(9) with the numerical simulation model (4), we can
assert their mutual correlation, which is confirmed by the
corresponding  correlation  coefficients R (8)=0.91,
R (8)=0.92, R (9)=0.91.

— for perforated sieves:

0 =109.431 + 0.00867581 Q — 0.00173516 y Q — 2.68759 0. + 0.43346 y o — 30.9058 v + 2.56031 y*

— for rod sieves:

0 = 98.6656 + 0.00845081 Q — 0.00169016 y Q —2.31106 o + 0.392071 y o — 28.0976 v + 2.33626 v,

— for precision sieves:

0 = 88.203 + 0.0111675 Q — 0.0022335 y Q — 2.17078 o + 0.384571 \ 0. — 26.2659 s + 2.32216 /.

Comparing the experimental models obtained (10) —
(12) with the numerical simulation model (5), we can
assert their mutual correlation, which is confirmed by the
corresponding correlation coefficients R (10) = 0.79, R
(11)=0.78, R (12) = 0.81.

According to the data obtained from the
experimental studies, the Mathematica software package
has compiled a mathematical expression that links the
power P with the research factors in the following form
(Fig. 6):

— for perforated sieves:
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According to the data obtained from the
experimental studies, the Mathematica software package
has compiled a mathematical expression that links the
total concentration of seeds 0 to the factors of research in
the following form:

(10)
(11)
(12)
=-0.00351984 + 0.0000625 Q + 0.03125y  (13)
— for rod sieves:
P =0.0803921 + 0.000106 Q +0.0111 vs; (14)
— for precision sieves:
P =0.0913286 + 0.0000793333 Q +0.0198333 y  (15)

As can be seen from the dependences (13) — (15),
the power P is linearly influenced only by the seed input
Q and the frequency of sieve vibrations .
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The statistical analysis of the experimental data and

ble 2, and their graphical interpretation in Fig. 4-6.
the mathematical models (7) — (15) are presented in Ta-

Table 2 — Statistical analysis of the experimental data and models obtained

Sieve type Productivity g, kg/h Total seed concentration 0, % Power P, KW
yp Cochran’s Q test F-test Cochran’s Q test F-test Cochran’s Q test F-test
G=0.1918 F=1.85 G =0.1010 F=1.62 G=0.1215 F=134
Perforated < 60_05(2, 15) = < F0_05(9, 30) = < G0.05(2, 15) = < F0_05(8, 30) = < G0.05(2, 15) = 1 am —
=0.3346 221 =0.3346 227 =0.3346 < Fops(11, 30) =2.13
G=01144 F=1.39 G=0.1320 F=1.15 G=0.1461 F =149
Rod <Gogs(2, 15) = | <Foes(9,30)= | <Gpps(2,15)= | <Fops(8,30) = < Gogs(2, 15) = 1 a0) =
=0.3346 231 0.3346 =237 =0.3346 <Fogs(11,30) = 2.13
G =0.1207 F=1.88 G=0.1350 F=1.26 G =0.1368 F=137
Precision < Go'o5(2, 15) = < Fo.05(8, 30) = < G0,05(2, 15) = < Fo.05(8, 30) = < G0.05(2, 15) = 1 o —
20,3346 227 20,3346 227 20,3346 < Foss(11,30) =2.13

Q, kg/h
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Q. kg/h
1

2000

3
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%
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a=1°

1 2000 4.0

3

1 —numerical simulation data; 2 — perforated sieves; 3 — rod sieves; 4 — precision sieves
Fig. 4. Dependence of the productivity g on the seed input Q, sieve angle a, and sieve vibration frequency
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2 2000

y=4s'!

1500

Q. kg/h
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a=1
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J 4.0
1 —numerical simulation data; 2 — perforated sieves; 3 — rod sieves; 4 — precision sieves
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The analysis of the empirical dependencies present-
ed proves the necessity of solving the following tradeoff
problem: in order to ensure the effectiveness of seed sep-
aration with a vibrating sieve, its productivity g should be
maximum and equal to the seed input Q, while the total
seed concentration 0 and the power P consumed by a cal-
ibrating machine should be minimum:

4(Q, o, y) =Q - max,
0(Q, a,y) > min, (16)
P(Q,a, y) — min.

With the Mathematica software package, a solution
of the system of equations (16) has been obtained for the
results of the experimental studies. It is presented in Ta-
ble 3.

Table 3 — Practical technological parameters of the mechanical and technological process
of calibration of confectionery sunflower seeds with a vibrating sieve

Sieve type Q=q, kag/h a,’ vy, Hz 0, % P, kw

Perforated 1116 45 55 14.54 0.24
Rod 1518 6.2 55 12.45 0.30

Precision 1781 5.0 5.9 10.41 0.35

Table 3 shows that the precision sieve (produced by
laser cutting) has the best performance characteristics (g
= 1781 kg/h), quality (6=10.41%), and energy consump-
tion (P=0.35 kW). In this case, the frequency of its vibra-
tions should be y=5.9 Hz, and its angle of inclination
0=5°.

Conclusions

As a result of the numerical simulation of the pro-
cess of moving the confectionery sunflower seeds on a
vibrating sieve, dependences of the change in the total
concentration 0 and the productivity q on the seed input
Q, sieve angle a, sieve vibration frequency v, and sieve
vibration amplitude A have been obtained. Provided that
the seed separation process with the use of a vibrating
sieve is effective, the productivity g should be maximum
and equal to the seed input value Q= g =1202 kg/h, with
the maximum total seed concentration 6=10.83%, and
0=1°, y=5.68 s*, A=0.012 m.

As a result of the experimental studies of the
movement of confectionery sunflower seeds on vibrating
sieves of different types (perforated, rod, precision), it

has been determined how the change in the total
concentration 6, productivity g, and power P consumed
by the calibrating machine depends on the seed input Q,
sieve angle a, and sieve vibrations frequency y. Provided
that the seed separation process with the use of a
vibrating sieve is effective, its productivity q should be
maximum and equal to the seed input Q (perforated
sieves— 1116 kg/h, rod— 1518 kg/h, precision —
1781 kg/h), while the total seed concentration 0
(perforated sieve — 14.54%, rod — 12.45%, precision —
10.41%) and power P (perforated sieve — 0.24 kW, rod —
0.30 kW, precision— 0.35kW ) consumed by the
calibrating machine should be minimum, and o=4.5-
6.2°, y=5.5-5.9s.

Precision sieves (made by laser cutting) have the
best performance (q=1781 kg/h) and quality (6=10.41%)
characteristics. The frequency of their vibrations should
be y=5.9 Hz, and their angle o=5°.

Comparing the experimental models with the nu-
merical simulation model, we can assert their mutual cor-
relation, which is confirmed by the correlation coefficient
R=0.79-0.92.
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