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The use of an electroseparator with bifilar winding for extracting

germ from crushed rape seed

Abstract. The paper presents the results of tests using the electroseparator for extracting the hull from crushed rape seeds. For this purpose, a
prototype electroseparator was built that uses a bifilar winding in its construction. The winding is wound on a rotating drum and is supplied with a
high DC voltage. The conducted research proves that there are differences in the efficiency of hull and germ separation up to 40% with suitably
selected operating parameters of the electroseparator and appropriate parameters of the particulate material

Streszczenie. W pracy przedstawiono wyniki badan elektroseparatora do wydzielania tupiny z rozdrobnionych nasion rzepaku. W tym celu zostat
zbudowany elektroseparator z uzwojeniem bifilarnym. Uzwojenie to nawinigte jest na obracajgcy sie beben zasilany wysokim napigeciem. Badania
dowiodly réznice w sprawno$ci separacji tupiny i zarodka. - Wykorzystanie elektroseparatora z uzwojeniem bifilarnym do wydzielania zarodka z
rozdrobnionych nasion rzepaku. (Zastosowanie elektroseparatora do wydzielania tupiny z rozdrobnionych nasion rzepaku)
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Introduction

Among the many crops raised in Poland, a significant
part is rapeseed. It is estimated that the share of rapeseed
in the national sown area is approximately 8% [1]. Among
oilseeds, this gives Poland the first place, while in the world
it is third after soy and cotton [2]. The area of winter rape
cultivation in Poland, according to the data of the Central
Statistical Office, has in recent years amounted to 635-
900,000 ha, for example in 2016 it was 786,000 ha, while in
2017 it rose to over 900,000 ha [3]. Such results give
Poland the third place in Europe in the production of rape
after Germany and France [1].

After Poland's accession to the European Union, a
constant increase in rapeseed production is observed. This
is due to the growing demand for this raw material from the
domestic and foreign biofuel sector. Rape seed is a source
of esters, which are added to conventional fuels [1]. The
seed is also used in many industrial fields, such as the agri-
food or pharmaceutical industry [4].

The problem to be solved remains obtaining a
homogeneous material free of impurities and undesirable
fractions. Each insertion affects the technological value of
rape seeds, so it is important to remove these inclusions.
The quality of harvested seeds should be taken care of
throughout the whole production process, starting with the
harvest of plants [5, 6], through appropriate storage
conditions [7, 8].

When the seeds are already collected, numerous
methods are used to purify them. In addition to conventional
ones using sieves, triads or pneumatic separators, more
and more often devices are found using the electrical
properties of the material being cleaned. Among the
electrical properties that can serve as a distribution criterion
may be electric permeability or electrical conductivity [9].
Numerous solutions of electroseparators for separating
selected seed fractions from electrical properties have been
described in the literature [10, 11]. One can recall the work
[12] in which a pneumatic-electric separator for extracting
perennial grass seeds was used. On the other hand, [13,
14] present research on the purification of wild radish seeds
(Raphanusraphanistrum L.) from buckwheat seeds
(Fagopyrumesculentum L.). There is also a publication in
which an electric field is used to separate mechanically
damaged rape seeds in order to obtain a uniform material
[15].

Rape seeds in their structure consist of hull and germ
with different physicochemical properties. According to the

study by [16], the germ contains about 10 times more fat, 3
times more protein, 6 times less crude fiber. If these two
fractions are separated from each other, a more
homogeneous material will be obtained, which is important
in further processing. The literature describes works in
which attempts have been made to separate these two
components [17].

This paper presents a prototype model of an
electroseparator, which uses a bifilar winding as the source
of an electrostatic field. This issue is presented in the work
by Majcher [18]. The use of bifilar winding in cleaning
processes is also known from the literature [19].

The designed electroseparator is to be characterised by
the possibility of continuous operation, low voltage
supplying bifilar winding and smooth regulation of operating
parameters.

Materials and methods

The research used seeds of the Sherlock variety of
population rape, harvested in 2017. The moisture content of
the seeds during the harvest ranged from 7.2-8%. The
seeds were stored in the warehouse for a period of eight
months. The seeds were then crushed using a roller
crusher. The gap between rollers was reduced every 0.2
mm to prevent oil from rape seed being pressed out. The
next step was to manually separate the hull fragments from
the germ fragments so that the efficiency of the
electroseparation for each fraction was investigated
separately. Such a procedure gives the opportunity to
assess the differences in the efficiency of separation of both
fractions, and thus the possibility of separating one material.
One of the important factors affecting the dielectric
properties of shredded rape seeds is their moisture, which
is why this parameter was determined using the weight
method.

The construction of the test stand is shown in Figure 1.
It consists of a rotating drum with a radius of R = 100 mm,
and a working width of 65 mm. The drum is wound with a
bifilar winding along the. Bifilar winding is made of DY wire
(single core with PVC insulation). The transfer of the supply
voltage to the rotating drum is carried out by means of slip
rings. The material is fed to the rotating drum by means of a
vibratory feeder, with smooth adjustment of the material
supply. The seeds from the feeder go to a rotating drum
wound with a bifilar winding, which is fed with high DC
voltage. A non-homogeneous electrostatic field is produced
around the winding that affects the rape seed.
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Fig. 1. Test stand: 1 - HV power supply, 2 - DC power supply for
drum drive, 3 - material feeder, 4 - electroseparator with bifilar
winding, 5 - moisture analyser, 6 - divisible container for 2
chambers

Then the seeds go into a container, which is divided into 2
chambers. The container is arranged in such a way that the
seeds that have been electrified reach chamber 2, while the
remaining ones go into chamber 1. Figure 2 shows the
principle of operation of the electroseparator.
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Fig. 2. Electroseparator model: 1 - material feeder, 2 - electric
separator with bifilar winding, 3 - HV power supply, 4 - container
divided into 2 chambers

To calculate the efficiency of the separation
process, a coefficient was introduced, which was calculated
from the following formula:

— E — Hp=mm
(1) =g r10080 = S 1009

where:
my— mass of particles in chamber 2,
my— particle mass set,
my— mass of particles in chamber 1.

Results and discussion

The intensity of the electrostatic field between the bifilar
winding is influenced by the voltage supplying the bifilar

winding. Therefore, in the first stage, the influence of the
voltage supplying the bifilar winding on the efficiency of
separation was examined. Due to the control capabilities of
the PSU, the voltage was changed in steps. The test results
are presented in Figure 3.
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Fig. 3. Efficiency of separation as a function of the voltage
supplying the bifilar winding

The remaining parameters of the electro-separator
operation were kept constant and amounted respectively to:

e seed moisture 7,8%,

e cross-section of bifilar winding wires — 1 mmz,

e rotational speed of the drum — 13,4 revolutions

per minute.

On the basis of the test results, it can be noticed
that with the increase of the voltage supplying the bifilar
winding the efficiency of separation increases. In the
absence of the supply voltage, part of the seeds goes into
chamber 2, which can be explained by the jamming of seed
fragments between the bifilar winding. The biggest
differences in separation efficiency were noticed at the
voltage supplying the 500 V bifilar winding.

The next stage of the research was to examine the
impact of the moisture content of the fragmented material
on the efficiency of separation. Due to the differences in
moisture content of the hull and the germ, the humidity of
both materials was tested separately. The test results are
shown in Figure 4.
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Fig. 4. Efficiency of separation as a function of humidity
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The biggest differences in the efficiency of
separation of both factions were obtained for humidity in the
range of 9-15%. With further increase in humidity, the
efficiency differences decrease, which may be due to the
higher water content in the crushed fractions and thus
similar electrical properties. At low humidity values,
differences in efficiency are lower and the field effect on
separation efficiency is also lower.
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Conclusion

1. It is possible to use an electrostatic field to extract hull
from rape seeds.

2. Bifilar voltage winding can be used as a source of
non-homogeneous electrostatic field.

3. The value of the voltage supplying the bifilar winding
affects the efficiency of separation. The higher its value, the
higher the efficiency. The largest differences in the
separation efficiency of the hull and the germ were
observed at voltages of several hundred volts.

4. Moisture of shredded rape seeds has an effect on the
efficiency of separation: the largest differences in efficiency
were obtained for material moisture of 9-15%.
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