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Abstract

Separation of seed mixtures plays a very important role in obtaining high-quality seeds, which is
characterized by the absence of hard-to-separate admixtures of weeds. The aim of the work was to
improve the quality of seed mixtures of perennial grasses due to the use of the drum separator in
the process of their additional cleaning.

The conducted studies determined the basic geometric dimensions of the components of seed
mixtures of perennial grasses and their coefficients of friction on various materials. The difference in
their values was insignificant, as a result of which it was found that separating by these indicators is
inappropriate. We can intensify the separation of the studied mixtures by using a drum vibro electric
separator, where the separation takes place in a combination of frictional and electrical properties of
the components.

The main adjustable parameters of vibro electric separation established by previous studies
were: the drum speed f = 8 rpn; the electric field of corona discharge E = 3.0 kV/cm; the oscillation
frequency of the drum f, = 50 Hz; drum amplitude A = 1,6 mm. With such parameters of separation
we achieved the purity of the seed of the clover and the timothy grass in the range of 97...98 %, which,
respectively, for 22.5% and 17.5 % exceeds the purity of the original mixture.

Keywords: perennial grasses, seed mixtures, hard-to-divide impurities, separation process, vibro
electric frictional separator, adjustable parameters, seeds’ purity
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INTRODUCTION

Cleaning and sorting of perennial grasses seed
mixtures is implemented by using different
technologies of postharvest handling and
technical means (Bartneev ¢t al.., 2013; Buhaiov,
2012; Druncha et al, 2010). However, seed
separating machines, in most cases, do not provide
the prescribed quality of cleaning, that is why
they can not obtain the sowing seed material that
would meet the requirements of existing standards

(Ukrainian State Standards, 2010). This is primarily
due to the presence of hard-to-divide of weeds
and all sorts of injured seeds. These impurities are
not significantly different in the basic physical,
mechanical and aerodynamic properties of seeds
of cultivated plants, through which the process of
separation is hampered.

To avoid these shortcomings and improve
the efficiency of separation of seed mixtures of
grasses we must implement a series of measures
aimed at improving their postharvest processing.
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These measures should include: deep study of
the physical and mechanical, aerodynamic, electrical
and other properties of seed mixtures of perennial
grasses components; to identify, through research,
the properties of new features of divisibility;
improvement and development of the working
bodies of the separators, which could ensure
the separation of mixtures of perennial grasses
due to the new features of divisibility (Ch'ng et al.,
2013; Kovalyshyn et al.., 2014; Molenda et al., 1995;
Molenda et al.., 2000; Tarasenko et al.., 2009; Zaika,
2006; Zare et al., 2013).

Nowadays, the most common technology of
postharvest handling of seed mixtures provides
primary, secondary and additional treatment. For
the seeds of perennial grasses the most important
step is the very additional treatment .

In order to increase the efficiency and
achieve the seed material which would meet
the requirements of existing standards, we
must provide the seed cleaning machines with
as an additional working body - electric field
(Kovalyshyn et al., 2013; Tarushkin, 1987). Electric
separation is based on the interaction of charged
particles of a seed mixture with a working body of
the separator. Because weed seeds and cultivated
plants ones belong to different species, their
electrical properties are different. So they will get
a different charge and different ways to interact
with the working body of the separator. Under
these conditions, we can expect a positive result
from the process of separation of hard-to-divide
impurities and various mixtures of damaged seeds
of perennial grasses.

Promising in terms of additional cleaning of
perennial grasses is the use of drum separators.
To create their advanced design is possible by
the use of superposition of forces principle of
different physical nature (Kovalyshyn et al., 2014;
Kovalyshyn et al, 2013). We can achieve this in
condition of the cumulative effect on the particles of
seed mixtures of vibrations, electric field strength,
gravitational forces and so on (Tarushkin, 1987).
But separation under such conditions, especially
in the working cylinder bodies, are not studied
properly enough and requires theoretical and
experimental studies.
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MATERIALS AND METHODS

Inorderto determine the effectiveness of separation
in the drum separator we studied seed mixtures of
the most common perennial legume grass - clover
and its hard-to-divide impurities — English plantain
(Plantago lanceolata) and horse sorrel (Rumex confertus),
and grasses — timothy-grass (Phleum pratense) and its
main impurity - scentless mayweed (Tripleurospermum
inodorum).

The study included: assessment of the external
surface using photographs taken at the electron
microscope; identification of key physical and
mechanical properties of cultivated seeds and
weeds; establishing the degree of pollution of
grasses seed mixtures in the original and in
separated fractions; determining the effectiveness
of electric separation.

Assessment of the state of the outer surface of
the studied seeds of cereals, legumes and weeds
were performed by analyzing their photographs.
These photographs were taken on an electronic
scanning microscope (SEM) JEOL-T220A. When
taking a picture using the increase from 35 to
50 times. Preparing the samples for research
in the SEM included two procedures - fixation
and metallization of the sample’s surface. Due
to the SEM photographes we obtained images
of the studied grass seeds that allow us to
evaluate the state of the surface, damages, detect
the characteristic morphological features that
distinguish the possibility of separation.

Basic gecometric parameters - length, width,
thickness were measured using bilateral caliper
SHTS-1; friction properties — internal and external
coefficients of friction on steel, metal foil, glass,
thick canvas - belting and coefficient of internal
friction - the Jenike’s device; 1000 seeds weight — on
an analytical balance WA-31.

Coefficients of external friction and of the angle
of internal friction of seeds of the examined groups
were determined on glass, steel, aluminium, and
belted surfaces.

The determinations were made with the use of
the Jenike apparatus (Fig. 1) in conformance with
the method recommended by (European committee
for standardization, 2006).
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1: Schematic diagram of experimental procedure for determination of the wall friction coefficient (u) according to (European committee
for standardization, 2006). N- consolidation stress (kPa), T, T, - shear stress obtained for two different values of consolidation stress (kPa),
H-height of the probe in direct shear tester (mm), L-displacement of upper ring of tester during measurement (mm)
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The principle of operation of the Jenike apparatus
consists in recording the force of the movement of
two rings relative to each other in the horizontal
plane. A consolidated sample is placed in
the chamber composed of two rings.

The Eurocode 1 standard recommends that
the strength parameters of a granular material:
the angle of internal friction ¢, effective angle
of internal fraction § and cohesion ¢ should be
determined in the Jenike apparatus according
to a simplified procedure including preliminary
consolidation and shearing of the sample (Fig.
2). The strength para-meters of a granular
material should be determined on the basis of
two separate tests performed in accordance with
the procedure: one sample consolidated and
sheared at normal stress o, and a second sample,
consolidated at reference pressure o, and then
sheared at normal stress % o.,.

The diameter (D) of the shear chamber should be
at least 40-fold larger than the maximum dimension
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of a single kernel of the sample studied, and height
H should be within the range of 0.3-0.4D.

For the experiments with the division of the bulk
of clover and timothy-grass weeds and their
hard-to-divide additives we used an advanced
design of drum vibro electric separator, it's
structure and technological scheme of work is
presented in Fig. 3.

The proposed vibro electric separator works as
follows. From the supply bunker 1 the seed mixture
using a rotating roller 2 with pits (not indicated in
the figure) is fed to a parabolic ramp conductive
plane 4, which has a grounding pin 5. The parabolic
shape of ramp 4 is selected due to the speeds control
of the cultivated seeds and seeds of their impurities
in their admission to the zone of the electric field
of the space charge. Such speed regulation should
provide their maximum difference. Such speed
difference together with the difference in electric
charge of the cultivated culture seeds and seeds of
the impurities are formed by the electric field on
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2: Determination of shear strength parameters according to (European committee for standardization, 2006). t—shear stress (kPa),
t,,—shear stress obtained for consolidation stress o, (kPa), t, - shear stress obtained for consolidation stress 1/2, (kPa), p—angle of internal
friction, 5—effective angle of internal fraction
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3: Scheme of electric crown drum separator
1-supply bunker; 2 - small seeded mixture; 3 - drum shaft assembly; 4 - inclined parabolic plane; 5 - grounding pin;
6 - flat potential electrode; 7 - dielectric bracket; 8 - drum; 9 - smooth electrical surface; 10 - crowning coaxial needle
electrode; 11 - dielectric bracket; 12 - frame; 13 - horizontal beam; 14 - bracket; 15 - bolts with nuts; 16 - vertical slit;
17 - elastic dielectric laying; 18 - 22 receiving cells; 23 - high conductive wireless connection; 24 - broom; 25 - vibration
exciter; 26 - spring
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the inclined parabolic plane 4, which is created
by the potential electrode 6 as a conductive plate
attached to the dielectric bracket 7.

Having obtained negative in sign and magnitude
different electric charges, the weed seeds and seeds
of cultivated plants are coming down at different
speeds from the plane 4, they get into separating
rotating drum 8 which has a smooth grounded 5
conductive surface 9.

Drum spindle is fixed by two springs 26. One
side of the drum has vibration exciter 25 which has
a separate drive (not shown on diagradm). Mentined
vibration exciter provides possibility to perform
drum bibrations.

Over the drum 8 coaxially to its surface a crowning
needle electrode 10 is installed. This electrode
generates an electric corona discharge, resulting
that the seeds arrived on the surface of the drum,
in addition to already existing their electric charge,
are dynamically charged with negative ions which
are generated in the interelectrode airspace by
the electrode needles 10 under the influence of their
high potential. Seeds with different kind of damages
or explicit grooves or sharp edges are receiving its
greater value because the ions are concentrated
precisely on these areas. Thanks to this they are
strongly pressed by the electric field to electrically
conductive plane of the drum and with it are moved
to the waste receiver 20-22.

Quality seeds get smaller charge because their
surface is smoother and without defects, they are
less attracted to the surface of the drum, resulting
that they fall in the course into the first receiver 18.
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The proposed drum vibro electric separator’s
main adjustable parameters that affect the quality
of separation were: speed of the drum (f, rpn),
the electric field of corona discharge (E, kV/cm),
the oscillation frequency of the drum (f,, Hz) and its
amplitude (A, mm).

RESULTS

The possibility of effective separation of
hard-to-divide grass seed mixtures of weed
impurities and various damaged seeds was
established on the basis of experimental data of
their morphological features and characteristics,
physical and mechanical properties, the range of
these properties’ changes etc. Summarizing the data,
we can find some new signs of divisibility, improve
and develop operational structure of separators that
ensure separation on these grounds.

The evaluation of morphological characters of
the studied seed varieties of perennial grasses and
their hard-to-divide impurities made based on
the analysis of electronic pictures of their surfaces
(Figs.4...5).

By the results of this analysis we can state that
as part of the seed mixture of clover we find seeds
of hard-to-divide impurities - English plantain
and horse sorrel (Fig. 4b, 4c). By the external signs
of hard-to-divide seed impurities we have certain
similarities with signs of clover seed. All of them are
dark brown; ellipsoid-shaped; bulging. However,
they present some differences. English plantain
seeds are more elongated. On one of its sides, along

Se@Em Q00012

4: Electronic photos of the outer surface of the seeds of the legume grasses - clover (a) and its hard-to-divide impurities - plantain lanceolate
(b) and horse sorrel (c)

a)
5: Electronic pictures of the outer surface of the seeds of the cereal grasses of timothy-grass (a) and its main impurity - scentless mayweed (b)
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the entire length there is a small groove (Fig. 4b).
Horse sorrel seed has well-seen three sharp edges

(Fig. 4c).
Observation of timothy-grass seeds and its
impurity - scentless mayweed seeds pictutes

demonstrates some differences of their forms.
The timothy-grass seeds are rounded (Fig. 5a)
and scentless mayweed seeds are characteristicly
elongated with three ribs (Fig. 5b).

These morphological features form the basic
precondition in the choice of technical means to
separate these mixtures of perennial grasses. In
this case, we are to use electric separators that as
additional working body operates with an electric
field of corona discharge. It is in the grooves or on
sharp edges of seeds during electric separation
where the ions will concentrate, resulting that
hard-to-divide impurities will get stronger
charge and will gravitate to the working surface
of the separator much more than the grass seed.
As a result, they will move on the surface of
the working body on different trajectories, which is
the main precondition for their effective separation.

The results of studies of physical and mechanical
properties of the investigated grass seeds and and
their hard-to-divide impurities weeds seeds are
shownin Tab. 1.

Shown in Tab. I dimensional characteristics
analysis showed that the difference components
of the studied seed mixtures in length, width

and thickness are insignificant. This indicates
that to separate English plantain and horse
sorrel, and grasses — timothy-grass and its main
impurity — scentless mayweed by size is not
advisable and possible.

Determined coefficients and angles of friction
of the studied cultivated seeds and their impurities
suggest the following. Values for friction angles
of the studied seeds of grasses and weeds on glass,
steel and aluminum foil are almost the same and
make 12-15°. Based on this we can conclude that
out of clover and timothy-grass seeds we can not
distinguish the studied hard-to-divide impurities
in a separator, where as working body the friction
surfaces are used.

The exception is the angle of external friction
of timothy-grass and its main impurity — scentless
mayweed on aluminum foil. The difference angle
value for these components makes 8°, which
confirms the possibility of their effective separation
on the friction surface, based on aluminum foil.

Summing up the values of physical and
mechanical properties of the studied species
of perennial grasses and their hard-to-divide
impurities we can state that use of friction working
bodies of seed separating machines or sieves for
separating them is impractical. The reason for
this is the inability to use the form, geometric
dimensions, surface condition of a mixture as a sign
of divisibility.

I: Physical and mechanical properties of perennial grasses’ seeds and their hard-to-divide impurities

Ratlfo(ar}gle of external 8 - Geometrical dimensions, mm
riction, degree = B S E
£ £ S g
] ~ & 2
Grasses £ ,E E - 5 g ’:go g ‘fb % E
— = E £ 2 = o 8 =] o =}
&b @ = en.2 g = g =
c cRs =
Clover &foﬁ/ 120;2178/0/ 1;"3‘2‘61/0/ 20144% 17412% (15..22)+2% (07...1.2)+24% (11...1,7)+2.8%
X 0 X 1. (o] X 4. (o]
Tymothy-grass loz'zfgﬁ/ 120'3?8/0/ 1303301/0/ 31.5+4.1% 0,6+32% (1.3...2.1) £ 2.5% (0,6...09)+ 1.2% (0,7...09) +2.1%
. (o] I 4. 0 - . 0
Horse sorrel 1?'3‘%@ 130'33126{0/ 12%;71/‘% 283+15% 0,7+12% (18...24) + 1.9% (09...1,5)1.5% (09...1.3)+ 1.3%
L . (o] X ! 0 . . 0
fj;grﬂzli‘n 130;2317/? 120.393@ 130%2‘27/9 272+22% 08+15% (10...25)+ 1.5% (09...1.2)£2.1% (0.7...1.0)+1%
pu . (o] X .. 0 Ly . 0
Islfz;‘;ltf:; 1?'+2?g/cy 14?'3207/0/ Sofzégﬁ/ 36.8+2.7% 0,5+1.7% (1.5...2.5) + 1.8% (0.7...1.2) £ 2.5% (0.5...0.7) = 2.8%
X . (o] u . 0 I . (o]

+% — mean square deviation of the studied parameters

IL: Results vibro electric separation of seed mixtures of perennial grasses in drum separator

Seed purity, %

+/% before initial material

Type ({f Electric Electric Electric Electric
perennial Initial Separation vibro separation - vibro
grasses mixture  Ha 6apadani inpa dram  Scparation ina drum IrFa drum  S€Paration
inadrum Ha 0apabani
Clover 74.5 78 86 98 3.5 6.5 23.5
othy-grass . . . .
thy-g 79.5 82 88 97 2.5 8.5 17.5
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In order to intensify the separation process
of the studied mixtures it is advisable to use
a drum separator (Fig. 1), in which on the top of
the aluminum cylindrical surface we impose an
electric field of corona discharge.

The first results of the studied separation of
mixtures of herbs in the separator testify its
effectiveness (Tab. II). The main adjustable
parameters of vibro electric separation established
by previous studies were: the drum speed f = 8 rpn;
the electric field of corona discharge E =15 kV/cm;
the oscillation frequency of the drum f, =50 Hz;
drum amplitude A = 1,6 mm.

Seed purity, separated from the mixture, is
characterized by the content of hard-to-divide
impurities and having been purified on a drum
vibro electric separator increased comparedly with
the original mixture to 11.5% and amounted as
for clover to 86 %, and timothy-grass — 88%. Much
more higher the seed purity value is reached when
to the surface of the drum we impose an electric
field of corona discharge of vibration fluctuations.
Under these conditions, the purity of clover seeds
or timothy-grass ones make 97...98%, which is
by 22.5% and 17.5% higher than the purity of
the initial mixture.

DISCUSSION

Hard-to-divide  impurities of  seed-bearing
material of perennial grasses are separated in
seed clearing machines intended for additional
purification. A significant part of them is
clectromagnetic machines, in which the separation
is based on the interaction of a magnetic field with
a magnetic powder deposited on the surface of
the seeds (Ciobanu, et al., 2017; Karpin, et al., 1993;
Yunuson, et al., 2001 ). However, in many cases,
the use of electromagnetic seed cleaning machines
does not give the desired result, as the components
of herbal mixes differ a little in roughness, which
prevents them from applying a magnetic powder of
varying intensity. On the other hand, this method is
costly and negatively affects the environment.

Another niche of additional cleaning are
air-grid-tricer ~ machines, which work in
the grain-cleaning complexes KOC-0,5, KOC-0,5M
and KOC-2 produced in Germany However,
the purification of sowing material of small-seeded
crops is ineffective because of significant losses of
the main culture in the waste (Buhayov, et al.., 2012;
Kovalyshyn, 2013; Kolisnik, et al.., 2007).

For example, when cleaning seeds of perennial
herbs is lost from 30 to 50% of their gross collection
(Erk, 1981; Kovalyshyn, et al., 2016).

Somewhat better results of separation of seed
mixtures of herbs are achieved when using
friction and vibro-friction separators, in which
the separation of components passes through their
elastic properties, roughness and form of the seed
surface (Zaika, et al., 1988). However, in most cases,
these indicators of hard-to-divide impurities are
almost the same as seed grasses, which greatly
complicates the process of their separation.

Thus, it can be argued that the essential similarity
of the basic physical and mechanical properties of
seeds of perennial grasses and their heavily separated
weeds is a major disadvantage that prevents effective
separation (Ovsyannikova, et al.., 2009).

To increase the quality of sowing material of
perennial grasses becomes possible by separating
from it hard-to-divide seeds of weeds with the help
of separators, in which the seeds are imposed to
different natural forces — gravity, electric, forces
of inertia. Separation in this case is carried out
as a result of the selective aggregate action of
these forces on the components of the separating
mixture. It is precisely this principle that has
been implemented in the drum vibro electric
separator proposed in this paper. By optimizing
its adjustable parameters - the speed of rotation of
the drum, the tension imposed on it by the electric
field of the corona discharge, the frequency
and amplitude of oscillations, we can achieve
a significant difference between the combined
effect of these forces on the seeds of grass and
hard-to-divide weeds. It is under such conditions
that their separation is the most effective. This is
confirmed by the results of purification of the seed
material of the clover and the timothy grasses seeds
on the proposed drum vibration electro-separator.
They confirm that the purity of the seed material
of these crops after cleaning on the content of
hard-to-divide weed admixture is significantly
higher than that of the initial mixture and
corresponds to the existing standard (Ukrainian
State Standards, 2010).

The obtained results can be used in the process
of separation research on the drum vibro electric
separator for other hardly separated seed mixtures. In
addition, their practical value is also that they serve as
source information for the development of technical
and design documentation for the manufacture of
drum vibration electro-friction separator.

CONCLUSIONS

1. Researches of geometric dimensions: weight of 1000 seeds, different angles of friction on friction
surfaces of perennial grasses seedsand their hard-to-divideimpuritiesindicate insignificantdifferences
of the obtained values, which also indicates some difficulties in the process of their separation.

2. In order to improve the quality of separation of seed mixtures of perennial grasses we can use vibro
electric separators during their additional cleaning. Thanks to supplying their working bodies with
selective force effect into components of seed mixtures a quality of their separation is observed.
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3. Preliminary experiments established that by use of drum vibro electric separators we achieve
clover and timothy-grass seeds purity at 97...98%, thus meeting the requirements of existing
standards for content of hard-to-divide impurities.
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