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Abstract. The article considers the possibilities of increasing the profitability of flax
production during the primary processing of trusts directly in the flax-sowing economy using
innovative technology. A substantiated layout design of a mobile block-modular unit for
processing flax straw into a single-type short fiber in a field mill and a hospital is presented.
The description of the structure is given.

1. Introduction

An analysis of the development of the domestic flax industry over the past decades shows that from
1990 to 2016, the flax sown area in the country decreased from 418.0 thousand hectares to 48.5
thousand hectares, that is, by 88.4%.

However, by 2020, flax sown areas in the country have increased to 53 thousand hectares.

Fiber flax producers in the Smolensk region also managed to stop the decline in its production and
stabilize work on the restoration of sown areas. The Smolensk region was one of the first in the
country to start developing the flax industry as part of the implementation of the State Program for the
Development of Agriculture and the Regulation of Agricultural Products, Raw Materials and Food
Markets, approved by Decree of the Government of the Russian Federation No. 446 dated 14.07.2007.
development of the industry over 730 million rubles. investment.

At present, the linen industry of the Smolensk region is represented by 16 flax-sowing enterprises.

In our country, the bulk of the trusts are processed into fiber at flax mills. At the same time, about
10% of the fibers are produced at the scutching and scutching stations directly on the farms.

From each hectare, on average, flax growers, if the requirements of the technology are met, receive
2.5 - 3.5 tons of flax straw. With an average purchase price of 4 thousand rubles. per ton of trust, each
hectare can yield 10-14 thousand rubles income.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



ESDCA-I1-2022 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1045 (2022) 012075 doi:10.1088/1755-1315/1045/1/012075

However, during the primary processing of trusts directly on the farm, you can get 12 - 15 centners
of fiber per hectare. With an average market value of a ton of fiber of 45 thousand rubles. the economy
will receive more than 60 thousand rubles. from one hectare.

The difference in the cost of sold products of primary processed trusts and trusts sold as the final
product will be more than 400%, and this is without taking into account the savings in resources for
transporting flax straw to a flax mill remote from the farm.

This income can remain on the farm, provided that the processing of the trust is organized at the
place of production. That is why investing in the introduction of innovative technical support in the
technology for producing flax fiber directly on farms can be extremely profitable.

At present, the trust is processed mainly by farms located at considerable distances from flax mills.
When organizing the primary processing of flax on farms, it is necessary to build a scutching and
scutching station, which requires significant financial investments, which, as a rule, is not
economically feasible given the small sown areas of flax and the seasonal nature of processing [3].

2. Materials and methods

In the process of developing an innovative technology for processing flax straw and designing a
mobile unit, calculation methods and design solutions for the arrangement of elements of existing
stationary processing lines were analyzed [1-5]. This made it possible to create a unified
computational design algorithm and determine the optimal set of elements of the complex.

The design of the main element of the mobile unit (cutting-separating turbine unit) has no
analogues, which required the development of an original method for calculating and designing this
element.

In the process of developing the design of the cutting-separating turbine unit, it was noted that the
device is to a certain extent similar to the design of the centrifugal fan stage. A special theoretical
study based on the analysis of the flat axial flow of the fire-fibrous air mixture in the flow part of the
impeller of the turbine unit made it possible to determine the pressure characteristic and calculate the
hydraulic characteristic of the pneumotransport network. This made it possible to calculate the
operating point of the inlet part of the pneumatic transport system and the turbine unit by calculation.
The calculated flow rate of the bone-fiber mixture was 18 m/s, which exceeds the speed of solid
particles in the mixture and, accordingly, ensures the reliable movement of the mixture in the initial
part of the pneumatic transport system without the formation of congestion and deposits. This
computational analysis made it possible to abandon the installation of a special blower at the inlet
section, which significantly reduces the energy costs for processing linen stock and, accordingly, the
cost of production [1; 6-9].

The results of theoretical studies were verified by experimental tests of the cutting-separating
turbine unit.

Experimental tests of the cutting-separating unit were carried out in accordance with the
cooperation agreement between the Smolensk State Agricultural Academy and JSC "Vitebsk
Interdistrict Repair Enterprise". The studies were carried out in accordance with the methodology
GOST 17.2.4.06-90 "Methods for determining the speed and flow rate of gas and dust flows from
stationary sources of pollution."

A schematic representation of the test stand is shown in figure 1.

This turbine unit consists of a suction pipe 1, a cutting-separating impeller with a collection
chamber (volute) 2, a vertical discharge pipe of the pneumatic transport system 3, an impeller drive
shaft 4. Flax straw enters the cutting-separating impeller through the suction pipe, where mechanical
separating the fibers from the wood of the stems and grinding the wood itself and mixing the bone-
fiber mixture with air. The impeller moves the bone fluff mass further along the collection chamber
and air ducts of the pneumatic conveying system.
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Figure 1. General view of the cutting-separating turbine unit.

Measurements of gas-dynamic parameters (Pitot tubes of full and static head) were made on the
suction pipeline 1 and on the discharge pipe 2.

3. Results

At the Department of Mechanization of the Smolensk State Agricultural Academy, an innovative
technology and design of a mobile universal block-modular unit for the primary processing of trust at
a field camp or in stationary conditions of the economy has been developed (figure 2).

Figure 2. Block-modular mobile unit BMA-1: 1 - mobile platform; 2 - roll unwinder; 3 - cutting-
separating unit; 4 - cyclone; 5 - shaking machine; 6 - press; 7 - fan; 8 - roll loader.

The entire mechanical system is located on a movable trailer chassis, which is moved by an
autonomous traction means. The unit receiving the straw from the roll unwinder performs the
functions of preparing and disintegrating, de-spitting the trust, as well as the function of post-cleaning
on a shaker to simultaneously remove the fire and staple the fiber without cutting and achieve an
average fiber length of more than 70 mm.

The BMA-1 unit consists of a mobile platform on which are mounted: dosing device; a device for
breaking the bond between fiber and wood stems; a device for separating fiber and fires; device for
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post-treatment of fiber; an aerodynamic system for transporting technological material, a control
system for mechanisms and a press for packaging the finished material.

The mobile platform 1 is a three-dimensional structure welded from steel profiles, resting on the
chassis and forming the main frame of the unit.

The dosing apparatus 2 consists of a decoiler for bales with a guide table.

The device for separating the fiber from the fire 3 is a welded body ("snail"), inside which is placed
the impeller and mounted power elements that impact the mass of flax. The impeller is mounted in a
bearing support mounted outside the housing.

The device for separating fiber and fire 4 is fixed on the air duct of the aerodynamic transport
system and consists of a body with an inlet and an outlet window of a special configuration that
separates the technological product based on physical and mechanical properties. The mechanism for
installing the device when transferred to the transport position allows you to fold the protruding
elements beyond the height dimensions and frame dimensions.

The aerodynamic system for transporting a technological product is a system of air ducts
connecting the fan and units into a single technological chain.

The principle of operation of the BMA-1 unit. When the machine is working in the field, the trust
packed in rolls is delivered by a vehicle and sent to the roll unwinder. The dosing device directs the
straw tape into the intake suction funnel with a confuser and then through the suction air duct enters
the device for separating the fiber from the fire (cutting-separating turbine unit) (figure 2). After the
disintegrator, the bonfire mass after the disintegrator is fed through the air duct into the device for
separating the bonfire from the fiber, consisting of a cyclone unloader and a shaker. In this device, the
fiber is separated from the fire, based on physical and mechanical properties. Next, the fiber is
collected in a pressing device, and the fire, blown by the air flow, is removed outside the site.

4. Discussion

Experimental studies were carried out on a cutting-separating unit manufactured by JSC "Vitebsk
Interdistrict Repair Enterprise” by order of a flax processing enterprise. This determined the
instrument installation scheme and the methodology for conducting experimental studies.

By conducting experiments and processing measurement results:

1. The results of the experiment confirmed the conclusions of theoretical developments.

2. Diagrams of the air flow rates and the bone-fiber air mixture in the suction and pressure nozzles
of the unit were obtained at various flow rates. This allows you to determine the productivity of the
combine in the process of designing new optimal designs and to establish the optimal operating modes
of its operation.

3. It has been established that the speed of the fibrous air flow exceeds the speed of the fibrous
substances, which ensures reliable transport of substances within the initial section of the pneumatic
transport system.

4. The pressure characteristic of the cutting-separating unit has been obtained, which makes it
possible to design the pneumatic transport system of a mobile block-modular flax harvester.

5. The presence of a pressure characteristic makes it possible to determine the operating point of
the unit as the intersection of the pressure characteristic of the unit and the characteristics of the
network, and to determine the reliability of the movement of the bone-fiber mixture in the first part of
the pneumotransport system of the combine without the formation of stagnant zones.

6. The pressure characteristic of the pneumatic transport network can be calculated according to the
method proposed in this paper, and depends on the design of the network connecting the cutting-
separating unit and the units following it (cyclone and shaker).

7. When completing a block-modular flax harvester, the calculation of the operating point makes it
possible to decide whether it is necessary to install an additional fan at the suction or discharge or do
without it, using only the discharge properties of the cutting separating unit. The latter depends on the
planned performance and the accepted design of the pneumatic transport system.
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5. Conclusion
The proposed technology and the developed design of a mobile block-modular unit for processing flax
straw allows you to have the following advantages:

e The unit can operate in stationary conditions as close as possible to the place of production of
trust. This makes it possible to reduce production costs for transportation costs associated with
the need to move large volumes of trust to the place of its processing, which, as a rule, is
located outside the farm at a considerable distance;

e Mobility of use allows to operate the unit all year round;

e After delivery of the block-modular unit to the flax processing site, the traction facility is sent
to perform other operations not related to flax production.

e The use of an electric drive in stationary conditions will significantly reduce the energy costs
of production;

e There is an opportunity to increase the employment of the rural population in the autumn-
winter period and to receive a significant additional income from the sale of flax fiber
produced in stationary conditions;

e Possibility during the operation of the debonding unit to simultaneously perform the functions
of stapling the fiber with the achievement of its average length of more than 70 mm, which
makes it possible to obtain fiber with the required parameters of technological quality.
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