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Abstract: The paper presents some aspects regarding the working process of a perforated sheet
metal screen with external conical surface having an oscillating circular movement on the hori-
zontal. The separation intensity curves were plotted on the sieve generator, and by regression
analysis with the normal distribution law the coefficients of the equation and the correlation with
the experimental data were determined. The movement of the material on the sieve and its working
process, in general, was appreciated by the position of the maximum distribution curve depending
on the oscillation frequency of the sieve.

Keywords: grain sieving, conical sieve, oscillatory circular movement, oscillation frequency, rape-
seeds, normal distribution law

1. Introduction

The separation of the material on the site with oscillating motion is a complex pro-
cess influenced by a wide range of factors related to both the physical properties of the
material subjected to separation and the geometry of the separation system and its kin-
ematic and functional parameters, [1]. Thus we can enumerate here the angle of internal
and external friction of the seeds on the separation surface, their humidity and density,
the shape of the material particles (seeds), their dimensions, the content of impurities in
the seed mixture, etc. The efficiency of the cleaning process is therefore influenced by
these parameters. For chickpea seeds, with average dimensions between 6.7-9 mm (av-
erage size 7.8 mm) and floating speed between 10-15 m / s (average speed 12.6 m / s),
with a coefficient of friction minimum of 0.28 per galvanized steel sheet, the efficiency of
a separating block with flat sieves with oscillating motion was over 84% when the im-
purity content was 5.75%, [2]. The angle of inclination of the sieves and the shape of the
material particles subjected to sieving are also the factors that indicate (show) the effi-
ciency of the sieving process, [3,4].

In the case of seed cleaning systems from combine harvesters that have straw grain
with oscillating movement, but also in the cleaning blocks of grain from mill silos (sep-
arators-vacuum cleaners), the frequency and amplitude of oscillations are the main fac-
tors that can appreciate optimal separation efficiency. For a traditional cleaning system
from grain harvesters, the optimal oscillation frequency is around 280-300 osc / min, [5,6].
By using circular oscillations at the sieve of a cleaning system, mounted on parallel
crankshafts, the effect of separating the seeds increases even at higher sieve loads, in-
stead the transport effect of the material remaining on the sieve is limited, which requires
the use of a air flow under the sieve to facilitate the transport of the material, [7].

Using the theory of dimensional analysis, a mathematical model was determined to
determine the degree of separation of small impurities from cereal seeds, under the in-
fluence of a number of seven main parameters involved in the work of a site with oscil-
lating motion, [8]. The oscillation of the sieve, the size and shape of the separation holes
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also influence the movement of the material on the sieve and the process of separating
the particles of material on the sieve, [9,10]. Given the heterogeneous physical properties
of the material subjected to separation, the constructive and functional parameters of the
separation systems show that the process of seed separation on the site with oscillating
motion has a random character that can be hardly described by mathematical relations.

Different types of statistical laws for the distribution of separation intensity along
the sieve length have been proposed and tested for the process of seed separation in
combine cleaning systems, [11]. A model of probabilistic beta density functions has been
proposed and verified by Tarcolea, Casandroiu and Voicu, [12,18], to describe the varia-
tion of seed separation intensity along the sieve length. The coefficients of the mathe-
matical equations used to describe the process of seed separation along the oscillating
motion sieve include the factors influencing the process given both the characteristics of
the seeds and their impurities, as well as the constructive and functional parameters of
the separation block, [5,6, 8,11,12,13].

2. Materials and methods

The experimental stand consists of a conical sieve suspended with a perforated sheet
metal separation surface with holes ¢ 4.2 mm having a horizontal inclination of 80, driven
in oscillating motion by a mechanism with eccentric arranged tangentially at distance d
(variable), front from the center of the site. The sieve is suspended at the top and bottom
by means of three metal cables with a diameter of 1.5 mm. The experiments were
performed with rapeseed with dimensions between ¢ 1.25-2.5 mm (over 95%), verified
using the sieves of a VAPO classifier. The seed moisture was 7.65-8.05%. Straw particles
with a size of 3-4 mm in a percentage of about 3% were introduced into the seed mixture
to be separated. The eccentric drive system allowed the change of the oscillation
frequency in three stages, thus 250, 520 and 790 osc / min. The diameter of the conical
sieve at its bottom was ¢ 430 mm and the density (density) of the circular holes on the
separation surface of about 2.25 holes / cm? (the living surface of the sieve of about 31%),
the diameter of the sieve supply hole with material was ¢ 25 mm. The scheme of the
experimental installation is presented in figure 1. The mass of the sample material
subjected to separation (rapeseed and impurities was 515 g - 500 g seeds and 15 g
impurities), [19].

For a certain amplitude of the sieve oscillation, the samples were performed in sets
of three experiments using three different flow rates for each of the three oscillation
frequencies, adjustable by the distance between the seed outlet and the surface of the
sieve at its top. The amplitude of the oscillations could be adjusted by moving the
eccentric mechanism horizontally by changing the clamping distance d. (see Fig.1). This
was calculated according to Figure 1, b, at the edge of the sieve, at its point of connection
with the rigid arm OoMo (at point No), assuming that the center of the sieve has
movement only on the Ox axis, its displacement being denoted by a. During the
experiments, the distribution of rapeseed collected under the sieve was especially
monitored because the impurities separated each time. Seed losses over the lower edge of
the sieve were relatively low.
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Figure 1. Scheme of the suspended conical sieve used in experiments



N =

O 0 NJ O\ Ul i W

10
11

Proceedings 2021, 68, x FOR PEER REVIEW 30f6

1.conical sieve with holes ¢4.2 mm; 2. height-adjustable feeding funnel; 3. actuating mecha-
nism with oscillating slide; 4. collection box; 5. elastic cables made of steel wire; 6. oscillating lever

3. Results

Main text paragraph The material collected in each of the concentric annular boxes
was weighed and reported to the initial mass of the sample to determine the percentage
of seeds separated at different distances from the top of the conical sieve (measured
horizontally). The values in grams, respectively in percentages, of each fraction collected
under the sieve for the material flow Q1 = 0.020 kg / s, four amplitudes of the sieve os-
cillations (3.58, 3.74 and 4.10 mm, considering the displacement of the sieve center only
on the horizontal axis Ox - fig.1, b), at each of the three oscillation frequencies mentioned
above are presented in Table 1.

12 Table 1. Variation of the amount of material collected under the sieve (%), for the feed rate Q=0.020kg / s and four amplitudes of the
sieve oscillation, at different oscillation frequencies

13

14
15
16
17
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19
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21

22

Nr. Frequency of Amplitude of UM The sieve range from which the seeds are collected. xc (m)
crt. oscillations oscillations o 0 0.04 | 0.07 0.1 0.13 | 0.16 | 0.205 | Over the sieve
Q1=0.020 kg/s

g 0 106 190 185 16 2 1 0
1 A1=3.58mm

% 0 21.2 38 37 3.2 0.4 0.2 0

g 0 147 2 140 12 1 0 0
2 F1 =250 osc/min A2=3.74 mm

% 0 29.4 40 28 2.4 0.2 0 0

g 0 161 201 123 15 0 0 0
3 A3=4.10 mm

% 0 322 | 40.2 | 24.6 3 0 0 0

g 0 113 120 140 125 2 0 0
4 A1=3.58mm

% 0 22.6 24 28 25 0.4 0 0

g 0 201 215 84 0 0 0 0
5 F2 =520 osc/min A2=3.74 mm

% 0 40.2 43 16.8 0 0 0 0

g 0 187 208 102 3 0 0 0
6 A3=4.10 mm

% 0 28 36.6 19 12 4 04 0

g 0 180 204 116 0 0 0 0
7 A1=3.58mm

% 0 36 40 23.2 0 0 0 0

g 0 216 205 79 0 0 0 0
8 F3 =790 osc/min A2=3.74 mm

% 0 43.2 41 15.8 0 0 0 0

g 0 186 225 89 0 0 0 0
9 A3=410 mm

% 0 37.2 45 17.8 0 0 0 0

The separate seed distribution curves on the sieve generator were plotted for the three
values of the oscillation frequency at the four values of the sieve oscillation amplitude
presented above. Such an approach was used by Ermolev in to show the influence of site
type on the separation process at different feed rates. (It should also be mentioned about
Regge's work).

In order to estimate the influence of the oscillation frequency on the seed separation
process on the sieve, the regression analysis of the experimental data (in%) with the

(x—¢)? 1)

normal distribution function was performed: p, (%) =a- e’
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where: px (%) represents the percentage weight of the separated material over a
sieve length range; a, b, ¢ - regression coefficients that depend on the parameters of the
working regime and on the physical characteristics of the processed material.

Thus, in relation (1), a represents the maximum percentage of material collected in
the boxes under the sieve, c represents the radius of the sieve corresponding to the
maximum percentage of separated seeds (or the average of the normal distribution func-
tion), and b provides dispersion data with respect to position of maximum. The values of
the coefficients of the regression equations, for the proposed function and the specified
working regimes (Table 1), a, b and c together with the values of the correlation coeffi-
cients x2 and R2? are presented in table 2. The influence of the frequency of the oscillations
of the sieve on the separation process and finally on the seed losses that reach and pass
beyond the lower edge of the sieve could be estimated by the position of the maximum
separation curves towards the top of the sieve (where the material is fed) In Figure 2,
under different working conditions determined by the regression analysis performed.

Figure 2. The influence of the oscillation frequency of the sieve on the seed separation process on the conical sieve generator, at the
flow rate Q1 = 0.020kg / s and four amplitudes of the oscillation

Separated seeds, %

et e | 00 F1=280 ascimin : j,.e--J_

O F1=250 ascimin

B F2=520 asc/min 35 el Wt L e F22520 ascimin

& F3=7490 asc/min & F3=790 ascimin
30
Q:=0.02 kgis Qz=0.02ka/s
25

A =358 mm Az =374 mm

Separated seeds, %
ha
v

T
0.05
Siewve collecting radius, m

T T T T
.10 0.05 .10 015 0.2

Siewe collecting radius, m

T T
0.15 024

x? and R?with the experimental data, for

the kinematic parameters modified at the feed rate Q1 = 0.020kg /s

No Test Working regime a b c X2 R?
1 F1=250 osc/min 43,281 0.078 0.029 24,569 0.971
2 A1=3.58 mm F2=520 osc/min 49,741 0.056 0.026 11,892 0.891
3 Fs=790 osc/min 49,979 0.063 0.029 14.104 0.937
4 F1=250 osc/min 42,485 0.069 0.030 13,578 0.914
5 A»=3.74 mm F2=520 osc/min 49,184 0.059 0.026 7,889 0.882
6 Fs=790 osc/min 49,746 0.056 0.0263 11,892 0.960
7 F1=250 osc/min 42,835 0.066 0.030 8,336 0.800
8 A=4.10 mm F2=520 osc/min 46,194 0.061 0.028 13.583 0.932
9 Fs=790 osc/min 49,143 0.061 0.026 4,899 0.937

The analysis of the data in the table shows a very good correlation of the experi-
mental results (weights of quantities of material collected under the sieve on its hori-
zontal radius in percent) with the proposed regression function (equation 1), for which
the correlation coefficient R2 had very good (R2=0.88), in most cases analyzed. 0.88),

For small feed rates (Q = 0.020kg / s) and the oscillation amplitude of the sieve of Al
= 3.58 mm, it is observed that with the increase of the frequency from F1=250 osc/min to
F2 =520 osc/min the position of the maximum curve of the distribution of the separated
material on the sieve generator (expressed by the value of the coefficient ¢ from equation
1) moves on the radius (generator) of the sieve from inside to outside (ie from supply to
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discharge, from c = 0.029 m to ¢ = 0.026 m, after which it approaches again to the supply
point (c = 0.029 m) at the frequency F3 =790 osc / min, from which it can be deduced that
at high oscillation frequencies the separation process is uneven.

4. Discussion

By changing the oscillation amplitude from Al = 3.58 mm to A2 = 3.74 mm there is
an improvement of the separation process, with the increase of the oscillation frequency
of the sieve, expressed by the position of the maximum distribution curve of the sepa-
rated material on the sieve generator. -from the outside to the center of the sieve (ie from
the outlet to the supply, from ¢ =0.030 m for the oscillation frequency of the sieve F1 =250
osc / min, to ¢ = 0.026 m, for the frequency F2 = 520 osc / min, respectively at 0.0263 m for
the oscillation frequency F3 = 790 osc / min The same phenomenon shows the movement
of the material on the sieve and for the amplitudes A3 and A4, respectively there is a
slight improvement of the movement of the material on the sieve with increasing fre-
quency of oscillation, which leads us to assume that the speed of the material moving
through the sieve increases, but although the maximum percentage of separated seeds on
the sieve generator is closer to the e separates later, so the dispersion is larger. Also, alt-
hough the feed rate is relatively low, due to the greater spreading of seeds on the sieve
there may be seed losses over the edge of the sieve, which is observed at the frequency of
520 osc / min and at higher amplitudes.

5. Conclusions

For a conical oscillating sieve suspended at the top and bottom in three points, di-
ameter ¢ 430 mm, at low material feed rates, the separation process is influenced by the
oscillating movement of the sieve, through its kinematic parameters: frequency of oscil-
lation and amplitude of oscillation. Various known distribution laws (Lorentz, Gauss,
gamma, beta, Weibull, etc.) can be used for regression analysis. It was found that the
normal distribution function, used by us in the regression analysis, correlates the ex-
perimental data well enough, the correlation coefficient R2 having in most of the ana-
lyzed cases values R2 = 0.88. In our experiments, the position of the maximum distribu-
tion curve changed with the change of the oscillation frequency, a higher oscillation fre-
quency generally leading to a faster movement of the seeds on the sieve, but there must
be enough time for them to pass through the holes. Our research was focused primarily
on the working process of a site with an external conical profile that we want to propose
as a machine for cleaning, separating and sorting seeds and other granular agricultural
materials. Therefore, we tried to find out the influence of some kinematic parameters of
the machine on the separation process and, finally, on its efficiency through the losses of
seeds over the sieve or through the purity of the separated material.

For the analyzed sieve, the results obtained in laboratory experiments lead to the
conclusion that such a sieve (conical, suspended, with reciprocating circular motion) can
be used successfully to separate impurities from seed mixtures, but there must be a cor-
relation corresponding between the kinematic parameters of the sieve, the diameter of
the holes and the physical characteristics of the separate material. The data presented in
this paper can be useful to specialists in the field of seed cleaning and conditioning in
order to choose the optimal working regime.

References

1.

Jun-xia Yan, Chu-sheng Liu, La-la Zhao, Dynamic characteristics of vibrating screen with determinate structure and
statistically indeterminate structure, Applied mechanics and materials, vols.34-35, 2010, pp.1850-1854.

Tabatabaeefar, H. Aghagoolzadeh, H. Mobli, Design and Development of an Auxiliary Chickpea Second Sieving and Grading
Machine, Agricultural Engineering International: the CIGR Journal of Scientific Research and Development, Manuscript FP 03
005, Vol. V., 2003



O 0 N O O B W N =

B W W W W W W W W W W DNDNDNDNDNDNDNDDNDDNDR R R 2 2 2 2 2 2= 2
S O O N O U B W DN R, O VW 0o N O G & WD RPR O VW o NN O U kWD~ O

Proceedings 2021, 68, x FOR PEER REVIEW 60f6

10.

11.

12.

13.

14.

15.
16.
17.

18.

19.
20.

T. Szymanski, P. Wodzinski, Screening on a screen with a vibrating sieve, Physicochemical Problems of Mineral Processing,
37 (2003), pp.27-36.

C. Elfverson, S. Regnér, Comparative precision of grain sieving and pneumatic classification on a single kernel level, Applied
Engineering in Agriculture, Vol. 16(5), 2000, pp.537-541.

Gh. Voicy, T. Casandroiu, Laura Toma, A multiple logistic regression statistical model to estimate grain losses on sieve
cleaning system from combine, Proceedings ”Actual tasks on agricultural engineering”, 2006, Croatian, pp.481-491.

Gh. Voicuy, T. Casandroiu, Laura Toma, Predictions regarding the influence of the material movement along the sieve on seeds
separation in cleaning systems from the cereal combine, Proceedings ”Actual tasks on agricultural engineering”, 2007,
Croatian, pp.155-166.

S. Rothaug, P. Wacker, W. Yin and H.D. Kutzbach, Capacity increase of cleaning units by circular oscillation, Electronic-only
Proceedings of the International Conference on Crop Harvesting and Processing, 2003, Louisville, Kentucky USA, ASAE
Publication Number 701P1103e, http://asae.frymulti.com/azdez.asp?JID=1&AID=15173&CID=chp2003&T=2

T. Casandroiu, M. Popescu, Gh. Voicu, A developing a mathematical model for simulating the seeds separation process on the
plane sieves, U.P.B. Sci. Bull., Series D, Vol. 71, Iss. 3, Bucharest, 2009, pp.17-29

H.P. Harrison, A. Blecha, Screen oscillation and aperture size — Sliding only, Transactions of the ASAE, USA, 1983, pp.
343-348.

I.Yu. Kichkar, Analysis of an assigned oscillatory trajectory of a vibratory drilling screen, Chemical and Petroleum
Engineering, Vol.46, Nos.1-2, 2010, pp.69-71.

Gh. Voicy, T.Casandroiu, Laura Toma, Adequate statistical models for distribution appreciation of seeds separation by the
cleaning system sieves of the combines, International Symposium “Integrated Systems for Agri-Food Production SIPA’05”,
Timisoara, Romania, 2005, pp.185-192.

Tarcolea, T. Casandroiu, Gh. Voicu, Stochastic models for simulating seed separation process on sieves, Proceedings ”Actual
tasks on agricultural engineering”, Croatian, 2008, pp. 293-306.

Gh. Voicy, T. Casandroiu, C. Tarcolea, Testing stochastic models for simulating the seeds separation process on the sieves of a
cleaning system and a comparison with experimental data, “ACS - Agriculturae Conspectus Scientificus”, Zagreb, Croatian,
2008, Vol.73, no.2, pp.95-101.

D. Stoica, Gh. Voicu, N. Ungureanu, P. Voicu, C. Carp-Ciocardia, Influence of oscillations amplitude of sieve on the screening
process for a conical sieve with oscillatory circular motion, Journal of engineering studies and research, vol 17, Romania, 2011,
no. 1, pp.83-89.

Jul. Ermolev, Main laws of operation of profile sieves in grain purification machines, Agrartechnik 10 (1983), 454-455.

Jul. Ermolev, On application of profiled bottom sieves in grain cleaning, Agrartechnik 4 (1987), 169-170.

H. Regge, V. Minaev, On eficiency characteristcics of profiled bottom sieves in grain cleaning machines, Agrartechnik 4 (1987),
171-172.

Stoica D., Voicu GH., Constantin G.A., C Carp-Ciocardia, Moise V., Kinematic study of a vibrating conical sieve for separating
impurities from seed of agricultural crops- Proceedings of the 41 International Symposium on Agricultural Engineering —
Actual Tasks on Agricultural Engineering - Opatija, Croatia 19-22. february 2013, pp. 290 — pp 300,

Stoica D., Orasanu N., Craifaleanu A., Conical vibrating sieve, U.P.B. Sci. Bull., Series D, Vol. 73, Iss. 4, 2011, pp 15-26

D. Stoica, G Stanciu - Influence the degree of sorting the separation process a conical sieve - Digest Journal of Nanomaterials

and Biostructures Vol. 8, No. 2, April - June 2013, pp. 513 — 518, ISSN 1842 — 3582.


http://chalcogen.ro/513_Stoica.pdf

	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	5. Conclusions
	References

