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B oannoin cmamve npedcmagnen meopemuueckuii aHaiu3 eo3oeicmeus 3y0o-
€6 nuibl HA B0JI0KHA OUCKPEemU3Upyouiezo 0apadanyuka nHeeMOonpAOUIbHOU
Mawiunvl. Ommeuaemcsa, Ymo nPu CIAUUKOM GbICOKOU CKOPOCMU 8pauieHus Ouc-
Kpemu3upyrwuiezo 06apadanuyuka 60J10KHA MO2Ym PACROIAZAMbCA 8 HONEPEeUHOM
HanpaeieHuu u yxyowiams cmpykmypy npaxcu. Illoamomy e xooe uccnedosanus
yacmoma epauieHus, COOMEENCmayuiaa yeiny HAKAoHa 3y0a nuivl, AHATUZUPO-
6a1ach U3 4aAcmomol 6PAUIEHUA OUCKPEMHO20 0apadana nHeeMonpPAOUIbHON MAa-
wunvt 6000-11000 mun. Ipu ananuze nepemewiernue 6010KoH noO 3y0bam onpe-
densaemca evicomoii 3y0vee nunl, ¢ cayuae hi1.1=1,6 mm; h1.1=1,8 mm; h1.11=2mm u
h2.=1,2mm; h2.11=1,4 mm; h2.11=1,6 mMm yuumvieanuce cKkopocmu GHEWIHUX CUI,
oeiicmeyrouwiux Ha 60a0kna. Ilpu nuneinoii ckopocmu packpwléarouiezo 8anuUKa
v=35 m/c u evicome 3yovee¢ hi.n=1,8 mm u h2.1=1,4 mm 6onoxkmna, 3axeaueHHnvle
3y0bAMU, HENPEPBIGHO NEPEOAIONICA 8 Padouyl0 Kamepy.

This article presents a theoretical analysis of the effect of saw teeth on the fibers of an
openingroller of a rotor spinning machine. It isnoted that when the rotation speed of the
openingrolleristoo high, the fibers can be located in the transverse direction and deteri-
orate the structure of the spunyarn. Therefore, during the research, the rotation fre-
guency corresponding to the angle of inclination of thesaw tooth was analyzed from
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6000-11000 mirr? rotation frequency of the openingroller of the rotor spinning ma-
chine. During the analysis, the movement of the fibersbased onthe teethis determined
by the height of the saw teeth in the case of h1./=1.6mm; h1.n=1.8mm; h1.1u1=2mm and
h2.1=1.2mm; h2=1.4mm; h2,u=1.6 mm, the velocities due to external forces acting on the
fibers were considered. When the linear speed of the opening roller isv=35m/s and the
heights of the teeth are h1i=1.8mm and h2y=1.4mm, the fibers caught by the teeth are
continuously transferred to the working chamber.

KiroueBrblie cioBa: nMCKpe TH3HPYIOIMA 0apa0aH4YHK, THEBMOMeXaHUYe CKoe
npsijieHue, TMCKPeTHOCTh BOJIOKOH, BbICOTA 3y0ObeB MWJIbl, CKOPOCTH IMCKPeTH-

3upyomero 0apadéaH4ymka.

Keywords: opening roller, rotor spinning machine, opening the fiber,

height of saw teeth, opening roller speed.

One of the yarn's most important physical
and mechanical properties is its strength. This
indicator is one of the decisive factors in
determining the stability of the spinning
process, and the assortment and quality of
finished products. The low strength of the
manufactured yarn is a process characteristic
of rotor spinning [1, 2], and this situation is
explained by the fact that fibers are not
equally involved in the structure of the yarn
during yarn formation.

The most elastic fibers participating in the
yarn structure are initially involved in the
strength of the yarn produced by the ring
spinning machine, and after the breaking of
these fibers, it leads to the redistribution of
tension in the remaining fibers and new
breaks in the more elastic fibers [3, 4].

In some scientific studies, it was shown
that the relative tensile strength of the yarn
obtained by the rotor spinning method is 25-
30% lower than the tensile strength of the
yarn produced by the ring spinning machine.
The strength of rotor-spun yarns is reduced as
a result of the accumulation of fibers that do
not have the same tension around the core
fibers. The relationship between the number
of curved and loop-like fibers and their
strength in the yarn structure of rotor spinning
method was studied [5, 6, 7].

It is stated that the relative breaking
strength depends on the grouped fibers [8].
One of the reasons for the low relative
breaking strength of the rotor vyarn is
explained by the low fiber density in the yarn.
Such a situation means that the fiber friction

force involved in the rotor yarn strength is
less than the fiber friction force in the ring-
spun yarn[9, 10].

The shape of the sliver fiber tuft in the
chamber of rotor spinning machines is similar
to the arc shape of the fiber tuft of ring
spinning machines. They differ from each
other only quantitatively [11], because the
ratio of thickness and width of the spindle in
ring spinning machines is 1/80.

The process of twisting fiber tufts in rotor
spinning has several features. The most
characteristic of them, as mentioned above, is
the lack of forces on the surface of the
spinning chamber of the fibers in the yarn to
have sufficient strength with the fiber tufts, in
the rotor spinning method, the twisting
triangle is not formed due to the lack of
support points of the fiber tufts. Since
individual opened fibers are involved in the
twisting process in the process of vyarn
formation in the rotor spinning method, their
strength is low. The number of actual twists
of the yarn obtained by the rotor spinning
method is observed to decrease mainly due to
the lack of a reference point, and the low
friction force between the chamber wall and
the fibers [12, 13]. In addition, during
twisting, the fiber bundles can slide on the
chamber wall under the influence of
centrifugal forces, because the fibers in the
belt are connected to the collecting surface
only by frictional forces, which also directly
affects the number of turns.

Some other factors affect the stable
operation of the rotor spinning process and
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the quality indicators of the produced yarn. It
is also studied the process of discretization
and the effect of this process on the physical
and mechanical properties of the produced
yarn[14, 15, 16]. According to the results of
the conducted research, it was found that
imperfections in the supply of raw materials
in the spinning unit of BD-200 rotor spinning
machines harm the quality indicators of the
yarn, mainly its breaking strength, coefficient
of variation, and degree of contamination. In
the process of opening, the level of fiber
damage increases as a result of the
parallelization of fibers in the flow of opened
fibers and the interaction of the fibers with the
teeth of the opening roller. At the same time,
the awverage length of the fibers decreases,
which  undoubtedly harms the breaking
strength of the yarn, however, it is possible to
reduce the degree of fiber damage
(shortening) by choosing the right raw
materials and adjusting the parameters of the
machine. Based on the conducted research, it
was determined that fiber breakage occurs
mainly in fibers with a length of 34 mm and
above. By improving the structure of the
supplied semi-finished product (sliver), it is
possible to reduce the speed of damage to the
fibers, increase the strength, and reduce the
level of breakage.

It should be noted that preparation for the
opening process is important for the produc-
tion of high-quality yarn. In recent years, sci-
entists have been conducting many studies on
improving the quality of produced yarn
[17...21].

Rotor spinning machines are equipped by
leading  machine-building companies  with
opening rollers with different garnitures, de-
pending on the type of processed raw materi-
als, the optimal profile of the garniture and
the geometry of the teeth are selected. Dia-
mond and nickel plating are optimal in terms
of the absence of tangles in the product and
good separation of fibers in the sliver. When
the frequency of rotation of opening roller
teeth is from 6000-8000 min' to 11000 min,
the opening flow of continuous fibers is sepa-
rated into individual, unconnected fibers,
simultaneously cleaning them from impurities
and defects. The essence of opening consists

of dividing the provided product into separate
fibers, moving them between each other, and
sorting them according to their length (see
Fig. 1).

Opening roller performance is affected by:
feed rate, roller rotation speed, product linear
density, and air velocity in the confusor. If
these are not at the standard level, the fibers
in the sliver are not opened, and many knots
are formed, fiber complexes are formed from
them, and this hurts the quality of the spun
yarn.

Feed rolier

Fig.1

In the process of discretization, the param-
eters affecting the fibers of the recommended
saw tooth set are analyzed. In addition to the
correctly selected garniture, it is important to
correctly select the frequency of rotation of
the opening roller. As a result of the increase
in the frequency of rotation, the discretization
of fibers is improved, and the separation of
fibers from the set and their transmission is
improved, but at the same time, the number of
damaged fibers may also increase. When the
speed of the opening roller is too high, the
fibers can be located in the transverse direc-
tion and deteriorate the structure of the spun
yarn. Therefore, from 6000-11000 min'? of
the opening roller of the rotor spinning ma-
chine mentioned above, the rotation frequen-
cy corresponding to the angle of inclination of
the saw tooth was analyzed. The opening roll-
er is affected by the following forces during
the separation of fibers from the product;
Aerodynamic resistance force along the radius

vector (F*,.), aerodynamic resistance force act-
ing along the effort (F;), centrifugal force
(F..z.), Coriolis force (F..,), effort and radius-
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vector direction resistance coefficient (f.) and
(), fiber flow surfaces (5,) and (5.), air re-
sistance (p), test speed (¥.), radius-vector
speed (1,.), air speed along the test (7).

The above-mentioned parameters, which
are formed during the separation of the prod-
uct into fibers, were analyzed. The effort on
the fibers based on the tooth and the aerody-
namic resistance forces acting on the fibers on
the radius vector were determined as follows.

F. = =£.5,00,%, (1)
Fo==fSp@+8)". ()

The saw tooth-based velocities of discrete
fibers along the effort and radius vector were
calculated.

e E = 7 e E e H
0, =—=rh =r—=r¢.(3)

Pole radius and pole angles were intro-
duced as a function of time in the study of the
motion flow of discrete fibers.

mi + F_. = tF,

mré + F o, = F, 4)
here the centrifugal and Coriolis forces
F'c.f.:m-‘lq"f and F_,, =—2mh¢ were de-

termined as a result of the movement of fibers
along the arc on the tooth base.

i +ré? = tar?,
ré —2ip =+(@-re)>.  (5)

F.00)

zZ B 2 2 2 2 HBH =2
#

05 06 07 o8 09 1 11 12 p(rad)

Values at =0 were determined using the
initial condition, that is, in the process of sep-
arating the product into fibers.

(M) g=0 = ho; (8 )g=0 = T80 () p=0 = Fro-

Using the initial conditions, the rotation
frequency of the opening roller of the rotor
spinning machine recommended for determin-
ing the overall movement speed of fibers is
n=6500min; np=7000min"t; at values of
n=7500mint, the height of the teeth is
h11=1.6 mm; hy.n=1.8 mm; hijn=2 mm and
h2.=1.2 mm; h2.n=1.4 mm; At the values of
h2.n=1.6 mm and the linear velocities of the
fibers corresponding to the values vi=30 nvs,
v.=35 m/s, vs=40 m/s, the fiber velocities are
as follows

If b = h, then

= 0.1rve _5'”9':"_’20},’11@&”'?5.

If h <hg, then @ = 0.1rv is determined.
Here, v is the rotation frequency, h: and hy
are the lengths of the saw teeth, and ho is the
starting distance of the saw teeth. By relating
the external forces acting on the fibers to the
parameters of the recommended opening roll-
er, the velocities of the fibers were analyzed.

The obtained values (see Fig. 2-5) indicate
the movement of the fibers based on the teeth,
the height of the saw teeth, in the case of
hi=1.6mm; hye.n=1.8mm; hy=2mm and
ho1=1.2mm; hz=1.4mm; h2.n=1.6 mm, the
speed due to external forces acting on the fi-
bers was considered.
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During the discretization process, when
analyzing the parameters affecting the fibers
of the recommended saw tooth garniture, it
was found that in addition to the correctly se-
lected garniture, the correct selection of the
rotation frequency of the opening roller is
considered important. As a result of the in-
crease in rotation frequency, the discretization
of fibers is improved, and the separation of
fibers from the set and their transfer are im-
proved. Still, at the same time, it was found
that the number of damaged fibers may also
increase. When the rotation speed of the
opening roller is too high, the fibers may be
located in the transverse direction and deterio-
rate the structure of the spun yarn.

In conclusion, based on the analysis of the
conditions of fiber retention with the opening
roller garniture teeth, the height of the garni-
ture saw teeth, at values hi=1.6mm;
hin=1.8mm; hi.m=2mm and hz;=1.2mm;
h2.u=1.4mm; hz.11=1.6 mm, at the distance from
the process of separating the product into fi-
bers to the working chamber, the twist angle
is ¢=0-1.2 rad, when the linear speed of the
opening roller is v.=35 m/s and the height of
the teeth is hy =1.8mm and h2=1.4mm ensure
continuous transmission of the fibers caught
by the teeth to the working chamber. Also, it
is determined that the parameters of the saw
tooth are of great importance in providing
uniform and continuous fibers.
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