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Abstract. The results of a study on the purification of soybean seeds by
the combined use of a gravity column with a zigzag channel formed by a
cascade of installed combs and a pneumatic separation channel with a
vertically ascending air flow and with narrowing partitions installed in it
are presented.

1 Introduction

The main working body for soybean separation is the sieve, on which the separation of
impurities is a simple, proven technology. Nevertheless, sieve machines have their own
disadvantages. For example, cleaning material from small impurities leads to clogging of
sieve holes, which in turn leads to a decrease in productivity, therefore, special cleaning
devices are used, which complicates the design of the machines and increases their energy
and metal consumption [1-5]. In addition, for high-performance machines with high
dynamic loads, the construction of special foundations is required, which leads to the cost
of complexes for post-harvest soybean processing.

The search for new methods for separating soybean seeds can create conditions for the
development of a new type of cleaning technologies that eliminate the disadvantages of
traditional machines, as well as achieve more profitable technical and economic indicators
of grain cleaning equipment [6-10].

The research aim is justify the design parameters of a treatment plant for highly efficient
separation of soybean seeds.

2 Material and methods

The researches were carried out on the prototype of cleaning soybean seeds installation
developed at *Federal Scientific Agro-Engineering Center VIM (Figure. 1.).

Installation works as follows. The source material | (soybean after harvesting) is loaded
into the receiving funnel 1, from which it flows by gravity into the gravity column 2. Under
the action of gravitational forces, the material inside the column moves up and down along
the zigzag channel formed by a cascade of installed combs, as a result of which the bulk of
the grains passes in the gaps between the fingers of the combs, and a large impurity 11
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(stones, pieces of land, unfinished soybean pods) immediately descends from the combs
and is removed from the machine through the corresponding pipe. The bulk of the soybean
then flows by gravity to the supporting grid 5 of the pneumatic separation channel 3, where
in sections 7, 8 and 9 with narrowing partitions 4 under the influence of vertically
ascending air flows Il created by fans 11, light impurities V are released. as well as halves
of soybean VI and sorted soybean VII with the lowest specific gravity of seeds.

Fig. 1. The scheme of a prototype of installation for the separation of soybean seeds: 1 - receiving
funnel; 2 - gravity column; 3 - pneumatic separation channel; 4 - narrowing partitions; 5 - supporting
grid; 6 - outlet pipe; 7, 8and 9 - 1, 2 and 3 sections of a pneumatic cleaning channel; 10 - sedimentary
chambers; 11 - fans with electric motors; 12 - a dust collector; 13 - conveyor; | - source material; Il -
air flow; 111 - large impurity; IV - peeled soybean seeds; V is a light impurity; VI - halves of soy; VII
- sorted soybeans for forage; VIII - dust.

The cleaned material IV, moving along the supporting grid, is removed from the
machines through the corresponding pipe 6.

The impurities emitted by the air streams are carried out into the sedimentation
chambers 10 and discharged through the corresponding valves, which are closed by the
vacuum formed in the chambers.

The air flow from the sedimentary chambers, passing through the fan, is cleaned of dust
in the cloth filters of the dust collector 12. The separated dust V111 is collected in a special
collection, from where it is discharged by the conveyor 13.

It were substantiated in experiments:

1. The number of combs N in the gravitational column and the gap C between the

bars of the combs.

2. The optimal ratio of the width b of the narrowing partition and the depth d = 150 mm
of the channel section (b/d) while the specific grain load in the channel was 3 kg / (cm? -h),
the width of the partitions: 0 (without partitions) 30, 60, 90 and 120 mm, while the angle a
of the bevel of the partition adopted 45 degrees.

After substantiating the main parameters of the narrowing partitions, studies were
carried out to determine the completeness of € coarse impurities in the gravity column, light
impurities in the | section of the channel, soy halves in the 1l section of the channel, small
and puny soy seeds (not more than 4 mm) in Il sections of the channel with different
supply of material for cleaning.



E3S Web of Conferences 193, 01043 (2020)
ICMTMTE 2020

https://doi.org/10.1051/e3sconf/202019301043

The amount of soybean seeds taken into the waste in the research corresponded to the
initial requirements (IR) for the main technological operations of post-harvest seed

treatment [11].

We used a grain mixture with a moisture content of 11.9%, consisting of soybean seeds
with a purity of 96.11%, coarse impurities (stones and ground pieces) - 0.68%, light
impurities (shell of beans) - 1.33%, small and full soybean seeds (passage through a sieve
@3 mm) - 0.71%, broken soybean seeds (halves) - 1.17%.

The experiments were carried out in triplicate, the relative error of the sample mean
(accuracy of the experiments) was less than 5% with a confidence level of 0.9.

3 Results and discussion

Graphs of the dependence of the separation efficiency E of large impurities on the number
of combs N at various gaps C between the bars of the combs are showed in the Figure. 2.
The graph shows that the optimal number of combs for the gravitational column is 10 pcs.
with gaps between the bars of the combs 10 mm, while the separation efficiency is 99.3%,
i.e. in this case, with 100% separation of large impurities, the loss of the main component is

0.7%, which corresponds to IR [11].

The low cleaning efficiency (Ec=g.n = 82.3% at N = 14 pcs. And Ec=12., = 77.9% at N
= 8 pcs.) is due to the fact that in the first case, the gaps between the bars of the combs are
small, so some soybeans does not pass through the combs and gets into the waste together
with the impurity (large losses of soybeans), and in the second case the gaps are large,
therefore large impurities pass through the combs along with the main material (the

completeness of the admixture decreases).

In Figure 3 shows graphs of the dependence of the completeness of the separation of
impurities € on the ratio of the width of the narrowing septum b and the depth of the section
d of the pneumatic separation channel. The graphs show that the optimal b / d ratio with a
maximum of curves for each impurity is approximately 0.37, hence the width of the

narrowing partitions will be 55.5 mm.
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Fig. 2. The efficiency of the separation E of a large impurity depending on the number of combs N at

various clearances C between the bars of the combs.
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Fig. 3. Graphs of the dependence of the completeness of the separation of impurities € on the ratio of
the width of the narrowing septum b and the depth of the section d of the pneumatic separation
channel.

In Figure. 4 shows graphs of the dependence of the completeness of the separation of
impurities € on the supply of material Q to the prototype of a treatment plant. The graphs
show that the optimal supply of soybean is 2.5 t / h, while the completeness of selection in
the pneumatic channel is not lower than 98%, and large impurities are not lower than 95%.

S
TS

95 X/ \é

= \
L 925
W
/ ®light impurities
90

+ halves of soy

100 —
L M

97,5
h-..._._\

~

Y

A S

A fine soybean (not

875 —x more than 4 mm) )\
% large impurities
85 1 t t
0 1 2 3 4 5 6 7 8
Q, th

Fig. 4. Graphs of the dependence of the completeness of the separation of impurities € on the supply
of material Q to the prototype of a cleaning installation
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4 Conclusion

It was shown that soybean cleaning is possible by the combined use of a gravitational
column with a zigzag channel formed by a cascade of installed combs and a pneumatic
separation channel with a vertically ascending air flow and narrowing partitions installed in
it. It was found that the optimal number of combs for a gravity column is 10 pieces with
gaps between the bars of the combs 10 mm, while the separation efficiency is 99.3%, that
is, with 100% separation of large impurities, the loss of the main component is 0.7%; the
optimal supply of soybeans is 2.5 t / h (the completeness of release in the pneumatic
channel is not lower than 98%, and large impurities not lower than 95%). This constructive
solution makes it possible to increase the productivity and efficiency of soybean cleaning
by at least 20%, reduce material consumption by 2.3-4.8 times, energy intensity - by 4.2-6.1
times and the required volume of premises - by 4 , 2-6.1 times.
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