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ANALYSIS OF THE USE OF MECHANICAL PROCESSING EQUIPMENT
IN THE PROCESS OF OBTAINING TEXTILE RAW MATERIALS

The production of the same type of fiber involves the processing of raw linen with the aim of removing the fiber from
it with maximum cleaning of it from fire and other non-fibrous impurities with minimal damage. The article analyzes the
theoretical prerequisites for obtaining the same type of fiber with the use of various aggregates during the mechanical
processing of material stalks. In order to improve the processing conditions of the stems in the milling part of the unit,
the raw materials must first be parallelized with the location of the layer elements in the axial direction of the unit.
Parallelization of the stems is achieved by extracting a layer of the processed material due to the difference in the linear
speeds of the grinding pairs; at the same time, the speed of material movement in each subsequent grinding pair is greater
than in the previous one.

The layer of material pre-washed in the grinding part of the unit enters the tripping part. From the last grinding pair,
the layer enters the feed unit, which feeds the material to the triple drum. The working organs of the triple drum are the
radially arranged hammer bars and combs.

When using corrugated rollers, the stems follow the path of a broken line. When processing fiber on shaking machines
with an upper comb field and a needle conveyor, the speed of movement of the material in the shaking part of it is determined
by the angle of advance, the amount of shaking needles between the conveyor needles and the speed of the conveyor.

When the triple drum rotates at a high speed, the impact bars and combs alternately affect the layer of the material
being processed, and due to the change in the direction of the relative speed, the absolute speed of the layer elements
changes under the action of the bar and combs. It has been established that in order to enhance the crushing process,
the upper rollers are rotated from the lower rollers due to the friction of the grooves through the layer of the processed
material, and not with the help of gears.

The efficiency of the shaking machines depends on a number of factors, which include the speed of material advancement
in the comb field, the number of swings of the comb roller needles per unit of time, the density of the material loading, the
advance angle, the swing of the needles and the position of the grid in relation to the tips of the needles. When the depth
of penetration of the grooves increases, the pressure on the layer of the processed material increases.

The expediency of using planar-type milling rollers in the process of obtaining the same type of flax fiber with a
gradual increase in their circumferential speed in the direction of material movement, which ensures the sliding of the
material relative to the edge of the groove of the roller, and ensures the intensification of the process of breaking the bond
between the fiber and the wood of the stem, is substantiated.
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AHAJII3 BUKOPUCTAHHA MEXAHOOBPOBHOTI'O OBJIA/THAHHA
B IPOIIECI OTPUMAHHS TEKCTWJIbHOI CHPOBUHHU

Bupobnuymeo oonomunnoco eonoxkuma nepedbauae nepepoOKy JUIAHOI CUPOBUHU 3 MEmOK 6UOANeHHs 3 Hel 0NOKHA
3 MAKCUMANIbHUM OYUWEHHAM U020 6i0 bazamms ma IHWUX HEeBONOKHUCIUX OOMIUOK NPU MIHIMATLHUX YUIKOOICCHHSIX.
Y emammi npoeedeno ananiz meopemuunux nepedymos ompumanHs 00HOMUNHO20 600KHA 3 3ACMOCYBANHAM PISHUX acpe2amie
nio yac mexaniunoi obpodku cmeben mamepiany. s nokpawents ymog o6pooku cmeben y MSANbHIN Yacmuni aspezany,
CUPOBUHY NONEPeOHbO HEOOXIOHO NApANenizyeamu 3 po3SMAULy8anHaAM eleMeHmie wapy 8 0CbO80MY HANPAMKY acpe2anty.
Tapanenizayis cmeben 00caeaemvcs GUMANCKOI Wapy 0OPOOIHEAHO20 MaAMepiary 3a PAXyHOK PI3HUYL TTHIHUX WEUOKOCMell
MATLHUX NAp,; NPU YboMY WEUOKICHb PYXY MAMEPIAy 8 KOMHCHIN NOOanblill M sLIbHIl napi 6Libuia, HidC Yy NONepeoHill.

Ilonepeonvo npom'amuii y m'anerill yacmumui aspecamy wap mamepiany HaA0Xooums 00 MPINATLHOI YACUHU.
3 ocmannvoi m'sbnol napu wap Haoxooume 00 8y31a HCUBILEHHS, WO Noode Mamepial 00 MPINAIbHO20 bapabaua.
Pobouumu opeanamu mpinaneno2o bapadana € padianbHo po3mawiosani OUnbHi ni1aHKu ma epeden.

Ilpu obepmanni mpinanbHoeo bapabana 3 6enUKOI WEUOKICIIO OUNbHI NIAHKU | 2pebeHi nouepeo60 6NIUEaOMyb HA
wap mamepiany, uo 06pobIAEMbCA, I 3a PAXYHOK 3MIHU HANPAMKY 8IOHOCHOT WUOKOCMI 8i00Y8AEMbCS 3MIHA AOCOTIOMHOL
weuoKocmi enemenmis wiapy npu Oii niauku i epedenis. Ilpu 30inbuenHi eTUOUHU 3aX00HCEHH PUPIi6 NiosuUUyeEmMbCs
MUCK HA Wap Mamepiany, wjo 06poonacmucsi.

Tpu euxopucmanni pugrenux 6arvyie cmebia nPpoxoossms WIIsIX aamanoi ainii. Ipu 06pobyi 6010KHA HA MPACUTLHUX
MAWUHAX 3 6EPXHIM 2pebeHedUM NoLeM | 2014ACIMUM MPAHCHOPIMEPOM, WIBUOKICIb PYXY Mamepiary 8 MpACUIbHIN YaACTHUHI
11020 BUBHAUAEMBCSL KYTNOM GUNEPEONCEHHS, GeNUUUHU 3AXOOHCEHHS MPACUTLHUX 20JIOK MIdIC 20IKAMU MPAHCHoOpmepa ma
weUuoKicmio mpancnopmepa.

Bcmanoeneno, wo 0ns nocunenus npoyecy mM'amms 6epxui 6anbyi NPUBOOAMbCs 8 00ePMAanHs 8i0 HUNCHIX 8abYIE
3a605KU 3UenieHHIO punie uepes wap o6podII06aH020 Mamepiany, a He 3a O0ONOMO20I0 ulecmepeHs.

Edexmuenicmo pobomu mpaCcuibHUX MAWUH 3a1exicums 6i0 psady axmopis, 00 AKUX HALedcamv WUOKICMb
nPOCYSanHs Mmamepiany 6 2pebenegoMy Nojli, KIIbKICIb XUMAHb 20110K 2PeDeHeUx 8aIUKI8 3a OOUHULIO YACY, WiTbHICMb
3a6aHMAICEHHS MAMEPIANLY, KYM BUNEPEOICEHHS, PO3MAX 200K MA NONOICEHHS PEUIMKU U000 KIHYUKIG 2010K.

O61pyHmosano 0oYinbHiCMb GUKOPUCAHHSL Y NPOYECi OMPUMAHHSL OOHOMUNHO20 BOJIOKHA JIbOHY M'SIbHUX 6ANbYIE
NAAHYACMO20 MUNY 3 NOCMYNOGUM 30iTbUEHHAM IX OKDPYICHOT WBUOKOCMI Y HANPSIMKY DYXY Mamepiany, wo 3abe3neuye
KOB3AHHSL MAMepPiany wooo KpOMKU puis eanvys, ma 3abesneuye inmencughikayilo npoyecy pyuHyeanHs 363Ky Midic
80/I0KHOM Ma Oepesunolo cmebid.

Knrwowuosi cnosa: oonomunua cupoguna, KOCmpuys, npoyec M’ simms, npoyec minanHA-4ecants, npoyec mpsaciuHs.

Formulation of the problem

The short fiber produced in modern flax mills is a by-product because the long fiber is more important. In this regard,
the processes of harvesting flax and preparing flax require a special set of machines, which have their own specifics, aimed
at maximally preserving the parallelism of the stalks and their minimal stretching behind the comb. The low productivity
of harvesting equipment, high fuel losses and energy consumption lead to a high production cost [1, 9].

The use of flax fiber in secondary and advanced processing has changed significantly. Today, short flax fiber is widely
used in the textile industry in a mixture with other natural and chemical fibers, for the production of textile products,
modern composite materials, for cotton wool, insulation and for other purposes.

Analysis of recent research and publications

In literary sources, we find information about changes in the technologies of collecting and obtaining fiber, which
are primarily aimed at saving resources. Thus, when harvesting flax, adapted, high-performance agricultural machines
of general purpose are used: harvesters, combine harvesters, roll turners, roller presses and other equipment. The use of
such equipment allows you to fully mechanize the processes of collecting and processing raw materials, and significantly
reduce material and energy costs. One more positive feature of this technology should also be noted, for example, har-
vesters are used during harvesting, which cut the stalks at a height of 5—7 ¢cm from the soil surface, leaving low-quality
fiber in the field, and in this way, the overall quality of the fiber obtained from the trust increases. Taking into account the
above, it is relevant to obtain flax fiber from flax in the form of short (uniform) with low cost [2, 8].

Many different methods and devices are known for the production of the same type of fiber. A characteristic feature
of them is that these units are designed for the processing of the wastes of the tap and are not adapted for the direct pro-
cessing of the stems of the trust. These units consist of a large number of machines and mechanisms. At the same time,
the stability of the implementation of the technological process is determined by the reliability of the component parts of
the units.
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Based on the above, the task of creating a unit for processing linen trust with a chaotic arrangement of stems in the
mass arises. It should include a minimum number of highly effective mechanical actions on flax stalks while ensuring
effective fiber cleaning from pith and other non-fibrous tissues [7, 10].

Setting of the task

The production of the same type of fiber involves the processing of raw linen with the aim of extracting fiber from
it with the maximum possible cleaning of it from lint and other non-fibrous impurities with minimal damage. Flax fiber
is very diverse in its properties, the raw material contains stems of different lengths, there are short stems no more than
300 mm long, and long ones — more than 1000 mm [6, 10].

The strength and stiffness of the fiber contained in the raw material also depends on the properties of the trust being
processed. Due to the significant heterogeneity of the initial material used for the preparation of short fiber, its process-
ing is very time-consuming. It is practically very difficult to increase the homogeneity of the physical properties of such
material by sorting, besides, sorting is an economically impractical technological operation, since the costs for it do not
justify themselves.

It becomes necessary to investigate the next technological process — the technology of obtaining the same type of flax
fiber from non-oriented stems of the flax plant [7].

Presenting main material

Obtaining the same type of fiber from the trust involves the processing of dried raw materials on technological equip-
ment (crushing, pounding, shaking).

Consider the crushing process. It is known that the initial raw material for obtaining the same type of fiber is very
heterogeneous. At the same time, it has a chaotic arrangement of stems in a layer relative to the axis line of the unit. Thus,
cases are possible when individual stalks will be located parallel to the axial lines of the grinding rollers. Such stalks are
not subject to processing, as a result of which the technological effect of the further processing process (tumbling and
shaking) is significantly reduced. To improve the processing conditions of the stems in the milling part of the unit, the raw
materials must first be parallelized with the location of the layer elements in the axial direction of the unit.

To enhance the crushing process, the upper rollers are rotated from the lower rollers due to the friction of the grooves
through the layer of processed material, and not with the help of gears. Depending on the depth of the grooves, the pres-
sure on the layer of processed material increases. When using corrugated rollers, the stems follow the path of a broken
line (Fig. 1). The length of the section of the stems, which is subject to bending in one rotation of the rollers, is called the
perimeter of the fracture P..

P=Z1, 1)

where P, — fracture perimeter, mm

Z — number of flutes of rollers;

t,, — step of the trust, mm

Then the speed of movement of the material in a pair of rollers will be equal to:

n-Z-t,

v o= s 2
1000 @

where n — rotation frequency of rollers, min ™"

Fig. 1. Scheme of the interaction of the grooves of a pair of rollers and the stem
Source: [6]
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The operating mode of the grinding part of the unit is set depending on the physical properties of the processed raw
materials [4, 6]. Let's consider the process of stamping. The layer of material previously washed in the grinding part of
the unit enters the heating part. From the last grinding pair, a layer of material enters the feeding unit, which feeds the
material to the grinding drum. The working organs of the tipal drum are radially located hammer bars and ridges (Fig. 2).

fiber

1 — smooth rollers; 2 — feeding roller; 3 — feeding tray; 4 — combing drum; 5 — grill grate

Fig. 2. Technological diagram of the combing and combing part
Source: [6]

During the rotation of the tapping drum at high speed, the impact bars and combs alternately affect the layer of the
processed material, and due to the change in the direction of the relative speed, there is a change in the absolute speed of
the elements of the layer under the action of the bar and combs. Together with a change in the absolute speed of the strand
elements at the moment of their interaction with the edge of the punch bar, there is a large acceleration of the elements of
the material layer in the area resting on the edge.

The forces of inertia caused by these accelerations reach a significant value and change in proportion to the square of
the speed of the working edges of the impact strips. Inertial forces, and together with them other forces (friction, pressure,
tension) arising in the layer of material during tamping, ensure the removal of burrs and other non-fibrous impurities from
the processed material.

The mode of operation of the heating part with a high throughput capacity of the unit should ensure a sufficiently high
degree of cleaning of the fiber from the pile. The degree of cleaning of fiber from pits in the process of beating depends on
the following factors: the frequency of rotation of the beating drum, the speed of feeding the layer of processed material
by the feeding unit, the gap between the slats and the grate, the thickness and structure of the material layer, as well as the
quality of the material passing through the milling machine [3, 4].

The number of actions on the processed material in the heating part of the unit depends on the time the layer element is
in the heating zone. The path that an element of a layer of material passes through the treading zone is equal to the length
of the section of the layer bent by the hammer bar. The residence time t of this area in the treading zone is equal to the
time of movement of the material layer in the treading zone:

/
t=—, 3

v 3)
where [ — length of the bent section of the layer, m;
V — feed rate, m/min
During time ¢, the elements of the processed material layer receive k actions:

k=m-n- L “4)
V 2

where k — is the number of actions. pieces;
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m — the number of percussion strips on the drum, pcs.;

n — drum rotation frequency, min. ..

The gap between the hammer bar and the grate in the tamping unit is an adjustable value. When it is reduced, the
degree of fiber cleaning increases due to the increase in the bending angles of the layer along the slats of the grate, when
it is increased, it is the opposite.

Then, for better processing, it is desirable that this zone be minimal. The intensity of processing the material layer also
depends on the length of the fibers in the layer and the degree of their parallelization [5, 6].

Consider the shaking process. Shaking is used to clean short fiber from pith, which is carried out on shaking machines,
as a result of which, by repeated shaking, the short fiber is freed from bulk pith and other non-fibrous impurities.

All existing shaking machines can be combined into two groups: machines with a lower comb field and machines with
an upper comb field (Fig. 3).

s &umwr
TryrerTTT—

2

a) with the lower comb field; b) with the upper comb field
1 — needle ridges; 2 — needle conveyor; 3 — shaft

Fig. 3. Schematic diagrams of shaking machines
Source: [6]

Shaking machines with a lower comb field (Fig. 3, a) include those in which the needles point upwards. In machines
with an upper comb field (Fig. 3, b), the tips of the needles are directed downwards. In addition, machines with an upper
comb field differ in that they have needle conveyors 2, thanks to which the processed material receives additional move-
ment. The needles of the comb field 1, located above the surface of the needle conveyor due to the difference in the speed
of the conveyor and the swinging of the needles, provide partial removal of the pitting associated with the fiber, and also
contribute to the parallelization and loosening of the fiber, while an increase in the intensity of actions is observed [6].

The fiber entering the deboning machine with the lower comb field is supported in the comb field on a special grid.
The size of the gaps between the slats of the grid is such that the firewood falls freely down, and the fiber is retained on the
grid. The grating in shaking machines with a lower comb field is located in an inclined plane, with a rise in the direction of
the movement of the material. The centers of the axial lines of the comb shafts of shaking machines with the lower comb
field are in one inclined plane at an angle of 6° to the horizontal plane.

In fig. 4 shows the diagram of the mutual location of the needles 1 of the comb shaft and the grid 2. The needles of the
comb field, mounted on the comb shafts, receive an oscillating motion through the crank-rod mechanism. The tip of the
needle has a different speed of movement, changing from zero at the extreme position of the needle (position of point A)
and then from a maximum to zero at the extreme position of the needle along the movement of the material (position of
point B).

Therefore, the speed of movement of the material on the grid will also be uneven, and this, in turn, causes the appear-
ance of accelerations and inertial forces that act on the processed material. The inertial forces acting on the piece of fiber
at the tip of the needle can be reduced to two forces: the centrifugal force and the force caused by tangential acceleration.
Centrifugal force is directed along the needle from the swing axis to the top. The force caused by tangential acceleration
(change in velocity in magnitude) is directed perpendicular to the needle. Centrifugal force reaches its greatest value in
the case when the speed of movement of the needle is maximum. And the tangential force, on the contrary, has maximum
values at the extreme positions of the needle.

When studying the forces of inertia, it is necessary to take into account the forces of gravity, under the influence of
which the material tends to shift along the needle. Tangential forces during one revolution of the crank reverse their direc-
tion four times. These changes occur in a short period of time, which ensures a strong shaking of the material layer and
the release of the core.
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1 — needle; 2 — grid

Fig. 4. Diagram of the mutual location of the needles of the shaft and the grid in a shaking machine
Source: [10]

When moving the needle from the extreme position against the movement of the material, the tangential acceleration
changes from maximum to zero, and the needle in this area increases its speed from zero to maximum. At the same time,
the needle creates a load on the material, which resists its movement, so the fiber loosens in this area. When the needle is
further moved from the OD position to the extreme position in the direction of material movement (point B position), the
tangential acceleration changes from zero to a maximum. The speed of the needle decreases from the maximum to zero,
as a result of which the reverse phenomenon occurs — the needle resists the movement of the material. As a result of the
action of these inertial forces, voids are formed, which facilitates the separation of the core from the fiber.

The forces that create a load on the material are proportional to the square of the speed of the needle and vary along
the needle, increasing from the plane of the grid to the tip of the needle. These forces reach their maximum value at the
tip of the needle. The speed of the needles is determined by the rotation frequency of the crank. The speed of movement
of the material on the grid, regardless of the speed of the needle tip, varies depending on the angle of advance, the amount
of departure of the needle in the extreme position in the direction of movement of the material, the radius of the crank, the
thickness of the layer of the processed material and the moisture content of the material. The angle of advance is called the
angle located between the perpendicular to the lattice and the bisector of the sweep angle. This angle at a constant position
of the grid is adjusted using a connecting rod; as the length of the connecting rod increases, the advance angle increases,
and vice versa. At the same time, the height of the tip of the needle in the extreme position in the direction of movement
of the material relative to the lattice plane will change. The position of the tip of the needle relative to the grid plane can
be adjusted by changing the position of the grid itself.

With an increase in the radius of the crank at a constant position of the grid, the speed of movement of the material
increases, because the distance from the tip of the needle (in the extreme position of the needle in the direction of move-
ment of the processed material) to the plane of the grid decreases. In the case when the needle pitch remains unchanged,
the speed of the material decreases as the crank radius increases. This position is explained by the fact that with an
increase in the radius of the crank, the circular speed of the needles increases and the time of free movement of the mate-
rial on the grid decreases, as a result of which the needle quickly returns to the position from which the material started
free movement.

When processing fiber on shaking machines with an upper comb field and a needle conveyor, the speed of movement
of the material in the shaking part of it is determined by the advance angle, the amount of shaking needles between the
conveyor needles and the speed of the conveyor [10]. The efficiency of shaking machines depends on a number of factors,
which include the speed of the material in the comb field, the number of swings of the comb shaft needles per unit of time,
the density of the material loading, the advance angle, the swing of the needles and the position of the grid relative to the
tips of the needles.

Conclusions

On the basis of the combination of mechanical processes of crushing with sliding, stamping with combing and shak-
ing, a resource-saving technology for extracting flax fiber from unoriented stalks of the plant without dividing the fiber
into long and short is proposed.

Theoretically and experimentally, the expediency of using in the process of obtaining the same type of flax
fiber, plate-type grinding rollers with a gradual increase in their circular speed in the direction of movement of the
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processed material, which ensures the sliding of the material relative to the edge of the groove of the roller, which
intensifies the process of breaking the bond between the fiber and wood stems. Reducing the pitch of the edges of the
plate rollers and increasing the intersection between them ensures a gradual increase in the intensity of mechanical
actions on the material.
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