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Abstract. The most important process that affects the quality of the product obtained during the processing of
buckwheat into cereals is peeling — the separation of films (outer shells) from the grain, which is carried out by
peeling machines that differ in different ways of affecting the grain and the design of working elements. The
Kazan State Agrarian University is working on developing devices with a reversible deck for peeling buckwheat
grains. Their practical significance lies in the fact that the use of such devices eliminates the need for preliminary
separation of grain into fractions according to geometric dimensions, and also increases the efficiency of grain
peeling due to the influence of a complex of balanced forces on it. We consider a new design of a device for
peeling buckwheat grain with a variable deck, which differs from existing devices in its compactness, low metal
consumption, and low energy costs. To determine the performance indicators of the proposed peeling device, a
laboratory prototype was created that allows, by changing the rotation frequency of the blade rotor and deck, to
determine the peeling coefficient (a quantitative indicator) and the core integrity coefficient (a qualitative
indicator). According to the results of the conducted experiments, the best indicators of peeling efficiency are
observed, when peeling buckwheat grain with the moisture content 14, and 15 % after hydrothermal treatment at
the rotor speed varied from 2100 to 2250 min~' and deck speed — from 950 to 1150 min™".
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Introduction

Industrial agriculture is a priority branch of economy, providing food security for any country.
The development of the agro-industrial section depends directly on the implementation of recent
advances in science and technology of crop and livestock production. Current research in the field of
improving agricultural machinery is based on fundamental investigations on the interaction of working
elements of agricultural machinery with material (grain, soil, plant, etc.), taking into account
theoretical developments in related fields of science [1-4].

At present, the processing and production of grain are often imperfect due to the low efficiency of
farming machinery and other equipment, which leads to economic losses associated with the inferior
quality product [5-8]. This fact applies, in particular, to the processing of buckwheat grain. The use of
existing industrial equipment does not allow efficient producing high-quality buckwheat cereals
without loss. The necessity of such production is dictated by a low purchase price of buckwheat for
processing enterprises, which receive the primary income from the sale of finished cereals. It is well
known that the final cost of buckwheat increases several times compared to the purchase price for the
manufacturer. It is possible to reduce the final cost by processing buckwheat in the plant farm using
adaptive technologies and equipment.

One of the primary operations of cereal production is grain peeling, which means the separation
of films (outer shells) from granules. Modern grain peeling machines (peelers), used in industrial
production, do not meet the requirements of the manufacturer. Thus, a new design of a grain peeling
machine with a variable deck and an original hopper is proposed, which allows intensifying the
peeling process and ensure the high quality of the finished product [9; 10]. At the same time, this
peeler has high efficiency of operation for agricultural producers. The device under study was
developed on the basis of an analysis of modern devices for grain peeling and theoretical surveys of
grain interaction with working elements [11-17].

Materials and methods
In accordance with previous studies [18-20], three key parameters that affect peeling efficiency
were identified:
1. moisture content of the grain W, %;
2. rotor speed n® min™';
3. deck speed n®, min”'.
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A prototype of a new device with the variable deck for peeling buckwheat grain was developed to
determine these parameters (Fig. 1, 2).

Grain
Air

Fig. 1. Scheme of the buckwheat peeling machine with the variable deck: 1 — casing;
2 — hopper; 3 — discharger; 4 — vertical shaft; 5 — blade rotor; 6 — drive; 7 — reversible variator;
8 — deck; 9 — top of the deck; 10 — bottom of the deck; 11 — metal gauze

T

Fig. 2. General view of the peeling machine with the variable deck

The peeler consists of a casing with a discharger, therein a blade rotor mounted on a vertical shaft,
a drive and a reversible variator, and the side surface of the rotary deck has the shape of a truncated
cone made of a metal gauze with a hole diameter smaller than an equivalent diameter of the grain. The
coefficient of the free area (the ratio of the mesh hole area to the total area of the side surface of the
deck) is 0.7. The peeler hopper is an outer pipe with a diameter d and an inner pipe with a diameter
d/3, besides, both pipes are coaxially connected by bridges. This design of the hopper provides the
material feed to the device through the outer pipe, while air freely enters the working zone of the blade
rotor through the inner pipe.

The operation principle of the device is as follows. As mentioned above, the grain is fed through
the outer pipe, and air flows into the working zone via the inner pipe. Further, the obtained air-grain
mixture is accelerated by the blade rotor, leaves it, and hits the side surface of the rotating deck. The
peeling process is carried out due to the impact of each grain with the deck, as well as particle
interaction between each other in the air-grain mixture. Grain films (outer shells) are removed from

1054



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2020.

the device through the discharger. An additional airflow entering through the inner pipe ensures fast
motion of the air-grain mixture and withdrawal of products from the device. Besides, it is used for
further separation of the product into fractions.

For the experiments, 150 g samples of “Kama” buckwheat grains were taken, which were
subjected to preliminary hydrothermal treatment and had the moisture content of 14, 15, and 16 %
(after cooling). The buckwheat grain had the hoodness of 22-23 % and size uniformity of 97-98 %.

Efficiency was determined after processing in the buckwheat grain peeling machine with the
variable deck according to the following parameters:

rotor diameter — 300 mm;

rotor height — 50 mm;

distance between the blade rotor and the deck — 95 mm;
motor power — 1.1 kW.

There are two indicators in evaluating the peeling efficiency: the peeling coefficient and the core
integrity coefficient. The first indicator K|, takes into account the quantitative side of the peeling and
shows the relative number of the shelled grains. The second indicator K. considers the qualitative side
of the process and indicates the relative yield of the obtained product.

Results and discussion

The experimental results of efficiency determination of peeling buckwheat grains using the
developed device are shown in Table 1.

Table 1
Working characteristics of the grain peeler

No. l\c/{:;:::;f Blade Rrotor.' s;l)eed, Degk sp.ee(ll, ¢ ozgt?iléir::it, Core. ifltegrity

W. % n', min n’, min~ K, coefficient, K
1 1500 750 0.576 0.430
2 1750 875 0.704 0.534
3 14 2000 1000 0.764 0.606
4 2250 1125 0.820 0.596
5 2500 1250 0.780 0.534
6 1500 750 0.680 0.474
7 1750 875 0.718 0.548
8 15 2000 1000 0.790 0.630
9 2250 1125 0.848 0.590
10 2500 1250 0.812 0.542
11 1500 750 0.580 0.454
12 1750 875 0.650 0.540
13 16 2000 1000 0.746 0.646
14 2250 1125 0.812 0.644
15 2500 1250 0.772 0.530

From the obtained results after statistical processing, the graphical dependencies were sketched
(Fig. 3, 4). They show the influence of the rotor and deck speed on the peeling coefficient and core
integrity coefficient.

From the analysis of the graph in Fig. 3, it can be determined that with an increase in the speed of
the rotor, the peeling coefficient grows for the different moisture contents of the grain. So, the peeling
coefficient reaches a maximum, when the moisture content of buckwheat is 14 %, and the minimum
K, occurs at W =16 %. Moreover, when processing buckwheat grain with the moisture content of
14 and 15 %, the maximum efficiency of peeling is achieved at the rotation speed above 2100 min™".
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Fig. 3. Dependence of the peeling coefficient on the rotor and deck rotation speed
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Fig. 4. Dependence of the core integrity coefficient on the rotor and deck rotation speed
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According to Fig. 4, the core integrity coefficient is reduced as rotor speed increases more than
2100 min~'. This fact can be explained by an increase in the impact of the grain on the working
surfaces of the peeling machine. Therefore, in order to achieve the high quality of the peeling process,
it is proposed to maintain the rotor speed in the range from 1900 to 2100 min ™.

Conclusions

1. The best peeling efficiency is observed, when processing buckwheat grain with the moisture
content of 14, and 15 % after preliminary hydrothermal treatment at the rotor speed varied from
1900 to 2100 min™" and the deck rotation speed — from 950 to 1050 min".

2. Rational parameters of the developed machine for peeling buckwheat grain with the variable deck
are the following: rotor diameter — 300 mm, rotor height — 50 mm, distance between the blade
rotor and the deck — 95 mm.
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