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control of the winding processes on cylindrical forms with
Abstract— This paper presents a simulation of the rewinding rounded ends, which is proposed to ensure the stability of
process using SolidWorks Motion. The study focuses on the the winding body geometry and uniform tension of textile
interaction between various rolling-in rollers and accumulated |\ \atarials made  from composite fibres. The authors

packages, comparing simulation results with analytical . . . - .
calculations. It includes determining the package stiffness investigated the impact of winding angles on the fibre

experimentally and modelling the winding dynamics, tension distribution depending on the packaging body. They
considering factors like friction, roller radius, rewinding speed, also considered the conditions for the equilibrium of forces
and other parameters. Simulations were performed for four acting on the fibre, which ensure the maximum static
roller types and different package body thicknesses. The friction to prevent slipping between the fibre and the surface
results demonstrated the model's accuracy, showing a 95% ¢ 1he package. The proposed discrete approach to analysing

approximation to analytical calculations. Key findings include . . .
the reduction of slipping with element rollers and the effect of the influence of the packaging diameter allows for

package body thickness on contact length. These results canModelling the winding process, which will be used in this
help optimise rewinding processes and improve the design of study.

rewinding machines and friction gears. Further research is Similarly, the study [4] aims to improve the quality of
needed to analyse the rebound or loss of contact between therewinding processes. It proposed algorithms and a device for
roller and the package. measuring yarn tension, enabling the determination of

Index Terms— Computer simulation modelling, packaging, . . - - .
bobbin, bobbin holder, rolling-in roller, geometric slipping, thread tension and the displacement of the guide ring. This

winding mechanism allows for real-time analysis of the dynamics of twisting and
winding processes, enhancing production stability and
|. INTRODUCTION improving the quality of the yarn formation process by

. . . twisting multiple fibres (threads).
OMPUTER modeliing of technological processes in In [5], the influence of filament thickness, used as the

machinery and the developing technologies fo

producing high-quality materials, including threads anéa§e for. co_rr_1p03|te yarm, on the regldual torque O.f the yam,
yams, is one of the promising directions in moderHVthh significantly affects its quality, was studied. The

mechanical engineering. In studies [1, 2], rational choices rqsults confirmed a statistically significant relationship

technologies are proposed, substantiated by their extenS|0e:\nN eoesr:teﬂIZTnesnta;[Igl\/(\:/li(r?eizr ?nnoO:ethreecrigzlcci)u?ilm;[g;?ilcj)i oc;f
application and relevance depending on specif@1 P yamns, 9 P P
their production processes.

technological tasks. . . .
. . . The findings from studies [4, 5] can only be applied to
The study [3] examines an approach to effective quallttz\/isting maghines and do [not ]allow fo?l a ql?rEIitative

evaluation of technological parameters while rewinding
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significant curvature, enabling the optimisation of thenagnitude of the roller slippage on the packaging [9, 10].
guiding surfaces' geometry to minimise tension and improve The reduction of slippage and the use of element rollers
the quality of technological processes. The findings fromwith uniform load distribution have been proposed [17], and
studies [6] and [7] indicate that the curvature of surfaces atite study of this design forms the basis of this work.
thread tension forces significantly impact other rewinding In [10], the design of the element roller [17] is analysed,
parameters. and the slip dependences of the Rolling-in roller on the
Parallel to this, studies in [8-10] are dedicated tpackage are obtained, determining the relative slip rates v
modelling the rewinding process on winding machinesjowever, the calculations take into account only the
particularly investigating the sliding effect in the frictiongeometric feature of the design, but do not take into account
pair between the conical packaging and the cylindricéthe physical parameters and 3D contact of the package and
winding drum (pressing roller). However, the proposethe Rolling-in roller (material, mass of elements of the
methods consider only the rolling centre position withouRolling-in roller, pressing forces (Fn), friction coefficients
accounting for the elastic properties of materials. Similarlyf), material elasticity, roller elasticity (C), etc.). In addition,
the mathematical model of geometric sliding presented in the calculations of the slip value of the Rolling-in roller
[11] provides dependencies of relative sliding speeds afitD], assumptions were made that determine the
evaluates the friction moment during sliding. However, imechanism's operation under boundary conditions. For
calculations, the rolling pole is chosen as the geometgxample, when the coupling margin coefficigatl [10],
centre of the distance between the wheels withouthen the Rolling pol®i is located on the geometric middle
considering contact parameters with the surface. of the generating rolling-in roller (or its element) — 0.5 x bi,
The application of mathematical models [3-11] does naind the values of the angular velocity of the elements of the
always guarantee high accuracy, as transitional kinemaRolling-in roller were assumed to be constant [8, 9].
and dynamic processes, such as rotational frequencyThe obtained calculation results are approximate and
changes, loss of contact between bodies, 3D body contacluable for objectively evaluating various mechanism
changes in force factors, the physical and mechaniagsigns that work on a similar principle under the same
properties of materials, are often not considered. Accountiggnditions.
for these parameters is a complex engineering task andin actual (physical) friction mechanisms, the position of
economically unjustified due to significant timethe pole Pi depends on the pressing force (Fn) of the leading
expenditures. Thus, researching technological processexl trailing rollers. The rollers interact with a constant
using computer modelling is a progressive and relevas¢paration from the bobbin surface, which causes the
method. appearance of different values of torsional moments at
The study of technological processes using computdifferent ends of the rolling-in roller [10] or its elements. At
modelling is an important engineering task, ensuring titee same time, these factors affect the qualitative formation
high adequacy of computer models to real-world conditionsf the package, the value of the coupling margin coefficient
This is confirmed by the results of analysing rotationgB) and the choice of the optimal clamping force (Fn).
mechanical systems using computer modelling in [12], For an in-depth study of the operation of the Rolling-in
which correlate with analogous results obtained analyticaltpller in the winding mechanism of the rewinding machine,
and experimentally in [13], demonstrating the high accuradiiere is a need for experimental (physical study) [5, 6] or
of mathematical models (on average, 0.95). The relevancecoimputer modelling [1, 12, 13]. At the same time, the
applying computer analysis and modelling methods for levapplication of a multi-pronged approach to the complex
mechanisms is confirmed by studies [14-16], which shoanalysis of mechanisms and machines allows you to
high precision of the obtained results. compare the results of similar calculations obtained by
Using computer technologies accelerates research resulifferent methods, determine the amount of deviation and
optimising processes and mechanism parameters dependimg specific influence of model factors on the calculation
on their design and the physical and mechanical propertiesult, and evaluate the accuracy of calculations.
of the material. Furthermore, applying automated designIn addition, a comprehensive analysis will allow you to
systems eliminates the need to produce prototypes in tidentify the causes of slipping of the Rolling-in roller and
early stages of development, enabling the creation of virtuevaluate the effectiveness of the proposed methods for its
prototypes for comparison and ensuring high calculatioglimination. Computer modelling will provide an
accuracy [12-16]. opportunity to study various operating modes and roller
During thread rewinding, the primary task of the pressindesign options, significantly reducing Experimental
roller is to ensure the required density and structure of tlesearch's cost. This approach to studying the winding
packaging (bobbin) [2, 3]. The winding process leads tmechanism of the rewinding machine will allow you to get
changes in packaging thickness, affecting the rotationadore accurate and reliable results. It will contribute to
speed of the pressing roller and contact conditiorfarther improvement of production technologies and
(magnitude and force of pressing, contact zone, threattrease their efficiency.
tension, and force constancy), as confirmed in studies [6he paper proposes to conduct a comprehensive analysis of
10]. The findings from studies [8-11] allow for thethe slip value of a rolling-in roller on a conical package,
determination of slippage parameters of working elementsing the example of a machine of the "Polycon” type, by
and confirm that the reliable operation of the frictioncomputer modelling, considering a complex of factors of a
pressing roller depends on the balance of friction forcqmhysical machine.
(moments) and other factors influencing the nature and
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Il. EXPERIMENTAL SUBSTANTIATION The distribution of the observation results follows a

To consider the rigidity of the bobbin packaging in th&ormal distribution [18]. The mean square value and
computer model, its value was determined experimentall%?v'at.'on were calculateq according to the method [19], and
For this purpose, an experimental setup was used (Fig. 1, f stifness was determined by the formula:
which includes a tripod 1, in which the indicator of the clock C :E' 1
type is fixed (with a division price of 1 micron), a set of A @)

arm 5 with a rod 6. is the difference in instrument readings, m.

Each series of measurements was performed in the
following sequence: Ill. PROBLEMSOLVING

+ The rod 6 of the rocker arm 5, by moving the tripod 1, When performing computer modelling of winding
was installed at points P1, P2, and P3 (Fig. 1, a) locatedr&@cesses, it is necessary to achieve maximum compliance

different radii of the package along the forming Package 4:0f the solid-state computer model of the rolling-in roller
with physical models, which will allow comparing the

results of a physical experiment on existing equipment with
analytical calculations and determine the magnitude of the
influence of factors that were taken arbitrarily or by
recommendations.

The assumptions and description of the computer model
factors are as follows:

1. The mass and geometric dimensions of the computer
model's roller should correspond to the physical values of
the roller (elements);

2. The resistance arising from friction in rolling bearings
and inertial characteristics of the roller at the initial moment
of start-up is neglected since its influence on the modelling
result will be minimal when the speed is set;

3. The geometric 3D model of the package is a two-part
model in which each element is assigned its material: the

Fig. 1. Installafilon for measuring package sti?‘fness: a-Experimental Ioas(ﬁOOI I..S STEV’.and the packag_e I$ the material of the.yam
diagram: b - experimental installation ylon". T_he th|ckne_ss of t_he winding body was taken into
account discretely with an interval of 10 mm and built in the

« Rocker arm 5 was loaded with a heavy 3 weighing 10@'m of model configurations developed according to the
gr. and the data of indicator 2 were recorded; methodology [20, 21]. The outer surface of the package is
. After that, a weight 3 with a weight of 150 g wasSmooth, and the thread winding structure is not considered.

installed on the rocker arm 5, and the indicators of indicator4' The rolllng-m _roIIer IS an qssembly unit containing an
) axle and a rolling-in roller (solid or elemental) assembled
2 were removed;

.with rolling bearings. Thus, the value of the mass of the

* At each point, 10 measurements were made by WrnibGiiers coincides with the values of the mass of the rollers of
the package for each heavy value. The measurement reSEHESphysical model:

are shown in Table 1. 5. The force of pressing the rolling-in roller against the
TABLE 1 _ package (bobbin) depends on the thickness of the winding
Results of measurement of package stiffness ___ body (its value varies by about 10%), therefore, to bring the
indicator readings, microns distribdte .0 ter model closer to the physical (actual) mechanism
Load — 1,0H Load — 1,5H over the

h of and simplify calculations, F = 3.6 N is taken (obtained by
1|2 | 3 javerag 1| 2 | 3 javeragglength off a5 rement and corresponds to the average value for the
poinipoinipoint poinipointpoint packagel pojvcon machine):

stiffness, 6. Assume that the contact of the rolling-in roller with the

H/(m) package is carried out along the entire length of the
36.035.042.0 37.7 | 75.085.0103.0 87.7) 1.0-10 generative cone of each configuration of the package

30.030.035.0 31.7 | 57.070.0100.0 75.7| 1.1-10| (spool), the friction coefficients between the bodies

25.030.040.0 31.7 | 58.065.069.0| 64.0 | 1.5-10 | correspond to the materials used, the stiffness at the contact

32.025.045.0 34.0 [ 60.065.0100.0 75.0] 1.2-#0| of the package body with the rolling-in roller corresponds to

25.025.035.0 28.3 | 75.085.0102.0 87.3| 8.5-F0| the experimental values C = M@ N/m. All parameters are

32.037.043.0 37.3 |77.082.090.0] 83.0 | 1.1-10 | considered by setting the "3D contact" option of the

30.033.045.0 36.0 | 60.070.0100.0 76.7| 1.2-¥0| SolidWorks Motion calculation system [20, 21].

25.035.040.0 33.3 | 72.083.0101.0 85.3| 9.6-10 7. To simplify the computer model, the analysis excluded

30.035.042.0 35.7 | 60.070.0100.0 76.7| 1.2-70| the mechanism parts that do not significantly affect the

BSlo|o|~N|o|o|s|w|n| | Ne experiment

28.034.045.0 35.7 | 58.074.098.0] 76.7 | 1.2-16 analysis results, such as fasteners and rolling bearing parts.

Package stiffness value 1.1-10d Instead, their influence on the system was replaced by

external forces, and bushings replaced the bearing supports

The distribution of the observation results follows avith the appropriate coefficient of friction and stiffness
normal law. [20, 21].
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The assumptions made mainly take into account the
actual physical properties of the materials of the winding
mechanism during the winding of the package and the
interaction force between the package and the rolling-in
roller, the value of which depends on the current system
parameters, as well as the physical properties of the parts.
The modelling of the package winding process took into
account the actual physical properties of the winding
mechanism materials and the forces of interaction between
the package and the rolling-in roller. To create a 3D
computer model of the winding mechanism, the contact of
the rolling-in roller and the package along the cone face was
used, where the position of the rotation axes of the rolling-in
roller and the package were set using 3D contact. To carry
out simulation modelling of the winding process, 20 variants
of 3D models of winding mechanisms with different types S o d _
of rollers (modifications M1, M2, M3, M4) and a package Fig. 2_.Conf|gurat|ons _of ss)lld-state"_compgter SD models of the rgelln_g
. . . . echanism for the machine “Polycon”: a - with a single-element rolling-in
with a fixed instantaneous bOdy thickness (t:O! 10, 20, 36e|>ller (M1); b - with a two-element rolling-in roller (M2); c - with a three-
40 mm) were created (Fig. 2). element rolling-in roller (M3); d - with a four-element rolling-in roller (M4)

To verify the moving masses of the 3D models of the
rolling-in rollers (elements) and the rocker (Fig. 3), the
SolidWorks "Mass Properties" application was used, and the
results are shown in Table 2.

b

Fig. 3 Design of the roller: a - physical models of the elements of the
rollers; b - computer solid models of the elements of the rollers and their
mass-inertial parameters

TABLE 2
Mass and inertial parameters of the links of the roller device

Modification of the Weight of the rolling-in roller
rolling-in roller assembly, kg
Physical model computer mode]|
M1 0,10 0,097
M2 0,090 0,083
M3 0,093 0,084
M4 0,091 0,083
rocker arm 0,860 0,845
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As the measurement results show, the mass differeribe geometric slip rate reaches its maximum at the value
does not exceed (3+7%) of the mass of the mechanism pants
used in the "Polycon” machine. To implement the kinematic b
analysis, we used the configurations of the 3D model of the %= iE' (4)

mechanisms (Fig. 2). As an example, Fig. 4a Shows gerei _ s the number of rolling elements;—is the length of
computer model ,Of a Wlnd[ng mechanlsm_ V_V'th specifiethe contact line of the rolling element along the packer face, m.
material properties and imposed restrictions  on bviously, for the outermost elements of the rolling-in
movement of elements for a three-element rolling-in rollefyier, the length of the contact line along the tangent will
(modification M3) with a winding body thickness bf 30 depend on the thickness of the package body t and the
mm. ‘number of elements in the rolling-in roller.

The rotation frequency of the package (spool) IS Taking into account (3) and (4), the sliding speed of the
n=1650 min* (©=172.78 rad), and the direction is i, element of the rolling-in roller:

counterclockwise, which corresponds to the operating speed
of the machine “Polycon” (Fig. 4b). v, = 2[q0-51| _ m)D{’i . (5)
pI
The geometric slip of the elemental roller will be equal
to the sum of the geometric slips of each element and,
according to [10], will be as follows:
£ = _ZOBJI—m (6)
i=1 Ipi -m
The frequency of rotation of theé-th element is
determined by taking into account the pure rolling and the
value of the gear ratio:
= ., Bin(a) N a = I Bln(a)w' @)
a > P
where ni, n — respectively rotational speeds of théh
element of the rolling-in roller and the packer, Hin
wi, ® — the angular frequencies of thtéh element of the
rolling-in roller and the packer,*sr> - radius of the
rolling-in roller (rz=11103 m);
a — the angle of inclination of the forming cone of the
packaging & =3.27 degrees).
For the analytical calculation of the slippage rate, the
geometric parameters of 3D models of the package (Figure 6)
were determined according to the method [10], and the
parameters of contact between the elements of the rollers and
b the package (Tables 3 and 4) were determined according to
Fig. 4. Kinematic parameters of the winding mechanism: a - setting tl 20, 21] The beginning of the numbering of the roller

parameters of the spool speed and direction from the computer model of Bments is from the larger diameter of the package cone
mechanism; b - indicators of the operating speed on the “Polycon” machine ’

R
The relative value of sliding« of the cylinder on the cone is
determined by the expression [10], taking into account t 5 " o
sign: g’{ gt: T TS é:ﬁfii
ARV @ = o P £
pi
o L p3
i n_lnt (X -m ) B L p2
Vsi - \/I‘nax _ \{mm' Vimax,mln = pll—Vpi , (3) X X L o1
pi ‘/

where ¥ - sliding speed, m/s; a

Vpi — speed in the rolling pole, m/s; &

V™ ™ — are, respectively, the maximum and minimun P
speeds of theth roller, m/s. . s

Ipi — is the distance from theth rolling poleP; of thei-th ; th
element of the rolling-in roller to the top of the packin¢ L - ! gv
cone; E _

m —is the value of the displacement of the i-th rolling pol . 11=676,23
Pi. b=134,87 -« >

For the extreme case wheR=Fnf/ and =1 [10],
coordinatem coincides with the geometric centre of the _ _ b o
contact line of thé-th element of the rolling-in roller, while Fig. 6. Geometrical parameters: a - contact with-heelement of the

rolling-in roller and the packaging; b - théh package
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TABLE 3
Geometrical parameters of the package depending on the thickness of the winding body t
, I The angle
Thickness of the Minimum cone = Maximum cone Thea?:ll?g]it?r: ?r:‘ethe, Lengg](:féhe of the
No package body, t diameter, [in diameter, [hax r%lling gole, D F():one,gb package
conea
103m degree
1 0 48,8 65,9 57,0 150,1
2 10 69,5 84,8 77,0 1349
3 20 90,3 104,0 97,0 119,5 3,27
4 30 111,2 123,1 117,0 104,1
5 40 132,1 142,2 137,0 88,8

TABLE 4
Geometrical parameters of the contact between the package and the first element of the rolling-in roller, mm
Modifications | Body thick-
of the rolling- | ness of the bl b2 b3 | b4 Ipl dpl Ip2 dp2 Ip3 dp3 Lp4 | dp4

in roller package, t
t0 160 | - - - | 502,7 57,4 - - - - - -
tl 134,9 - - - | 676,2 77,2 - - - - - -
M1 t2 1195 - - - | 8515 97,2 - - - - - -
t3 104,1 - - - | 1036,8| 117,16 - - - - - -
t4 88,8 - - - | 1208,1 137,16 - - - - - -
t0 80 | 80 - - | 539,9 61,6 464,853,1 - - - -
t1 68,2 66,8 - - | 709,7 77,1 642,273,266 - - - -
M2 t2 60,5 59,00 - - 881 100,5821,3| 93,7 - - - -
t3 52,8/ 51,3 - -| 1052,4 120,1000,4 114,1 - - - -
t4 452| 21,8 - - | 12239 139,8179,5134,6 - - - -
t0 53,3 53,3] 53,3 -| 5532 63,2 502,B7,4 451,5 51,54 - -
tl 41,6/ 53,3 40,0 -| 7229 825 676,77,2 6288 71,78 - -
M3 t2 339 53,3 32,3 -| 8943 102,1851,5 97,2 807,9 92,14 - -
t3 26,2/ 53,3 246 -| 10658 121,6026,8 117,2 987,1| 112,3 - -
t4 18,5/ 53,3| 16,9 -| 1237,2 141,2208,1 137,2 1166,2132,02 - -
t0 40 | 40 | 40| 40 559,8 63,9 521,%9,6/ 481,9 55,0 444,8 50,8
tl 28,2 40| 40| 26,7 729,6 83,2 6955794 6555 74,8| 622,1 71,0
M4 t2 20,5/ 40| 40| 19,1901,0 52,8/ 870,7 99,4 830,7 94,74 801,3 91,4
t3 12,8/ 40 | 40 11,81072,4| 124,41046,0 119,4 1006,1 114,46 980,4/ 111,5
t4 55| 40| 40 3,6 1243,9 141,9221,3139,41181,3133,761159,5131,3

The position of théd-th rolling pole Pi of a particular winding body -t, a series of calculations was performed for
element of the rolling roller relative to the apex of th@€0 models in total. The results of the computer simulation of
packaging cone can be obtained based on its angulae modified M4 winding mechanism, taking into account

velocities ¢, using equation (7): the thickness of the package bdg20 mm, are shown in
Fig. 7.
odel.
|;’i'°de'- = off : 2 . (8) The curves in Fig. 7 show the rolling-in roller elements'
w sin(a) maximum speed and acceleration time (accelerast at

The coordinatesn of the rolling poleP; of thei-th the moment of start-up). In addition, it was found that
element for the computer model are found as the differengring the movement at the set speed, speed fluctuations
between the values of its geometric distance to the top of @cur ¢ =0 s?); these fluctuations can be caused by various
packing condpi (Table 4) and the same value obtained frorfctors, such as slipping of the roller elements, changes in
the expression (8): bearing surfaces, or interaction between different parts of

) = [Model _ | Theor the mechanical system. The data obtained allow for a more
" P detailed engineering analysis of the mechanical system,
I [(]a}w oo —Cq’ThEO') which can be used to improve its performance.
- wsin@) ©) To compare the results of the computer experiment and

. aintain the integrity of the assumptions made and the
Expression (10) shows how the parameters of the 3 gny P

. ) equacy of the comparison result, we take the value of the
contact, the force of the roller pressing against the packagfeeq of the roller as the arithmetic mean at the set speed
and other factors affect it. when the acceleration is<0 s?. The calculation results and
other values of the angular velocity of the roller elements
depending on the thickness of the package bbdyre
The computer experiment was carried out for differergresented in Fig. 8.
modifications of the rolling-in roller depending on the

or

IV. RESULT
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The values of the total sliding speed and relative slip
were determined by expressions (4) and (5), taking into
account (8) and (9). Diagrams of the average values of the
sliding speeds of the rollers of modifications M1-M4 are
shown in Fig. 9.

The angular velocity values obtained are used to
determine the value of the rolling pole displacement
Fig. 10.
The results of solving the problem of computer modelling
made it possible to determine the level and nature of the
distribution of the rolling-in roller rotational speeds, as well
as the value of the pole displacement - mi of the rolling
centre of a cylindrical roller on a conical package, which
ultimately makes it possible to assess the effect of the
rolling-in roller pressing force on the rolling centre a
displacement and determine the adhesion coefficient.

Fig. 7 shows the results of computer modelling of the
roller (elements), namely, graphs of the values of the
rotational speeds of the rollers and their oscillations arising
from the difference in the linear speeds of the roller and the
ends of the package. It should also be noted that the
maximum value of the rotation speed is reached in different
time intervals, which indicates a close acceleration of each
roller in relation to the current value of the bale diameter.

Changing the diameter of the bobbin and increasing the
number of rollers leads to a change in he frequency of their
rotation. At the same time, the acceleration value will be
different for different rollers, with a simultaneous increase
in the diameter of the package for the outermost elements of
the roller, the length of the contact line along the face
decreases and, accordingly, the speed difference at its ends
decreases (the valug, - 0). At the same time, the inner

rollers have a constant value of the constituent's length;
accordingly, the slip value is directly proportional to the
value of the diameter of the package in the pole.

d
Fig. 8. Diagrams of the angular velocity of the rollers depending on the
number of elements obtained theoretically and by computer modelfipa (c
- Diagram of the angular velocity of the M1 modification rolling-in roller; b
- Diagram of the angular velocity of the elements of the rolling-in roller of

] ] b ] ) the M2 modification; ¢ - Diagram of the angular velocity of the elements of
Fig. 7. Diagrams of the angular velocity of the rolling elements of the the rolling-in roller modification M3; d - Diagram of the angular velocity of
M4 modification roller at=20 mm the elements of the rolling-in roller of the M4 modification
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The modelling results can be successfully applied in
further research on winding mechanisms and in the design
and construction of new equipment
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