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PO3MAMYBAHHA HUMOK NPU iX YKAAOAHHI HA NOBEPXHIO NAKYGAHHS.
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aK Kym nidilomy eumxa, 6i0cmans Minc mouKamu po3eopomy eum-
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moei ymeopenns. Y pasi, axwo wacmomu pyxy 600inu i HUMK060-
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WiabHO 00Ul 00 001020, 8 UbOMY BUNAOKY (POPMYEMbLCA CMPIUKO-
6éa namomyeanns. JPiceymosa Hamomyeanns CynpoeooxNcyemocs
padom aeuw, AKi He2aMUBHO NO3HAUAIOMBC HA AKoCcmi hopmosa-
Hux naxyeanv. Ilpu yvomy napamempu 3cysy i 3MiweHHs 6UHA-
yaromovcsa na niocmaei emnipuunux danux. JIna o6rpynmoeaiozo
nioxody 00 6UOOPY MEXHONOZIMHUX NAPAMEMPIE MAKUX MEXAHI3-
Mi8 nposedeno meopemurHull AHANI3 NPoyecy Popmyeanus 0xicey-
MOGUX CMPYKMYpP 3 MOUKU 30pY CUNOBUX 63AEMOOTU Humok. /s
npogedenns marxozo 6uGOpy HeoOXiOHo mamu iHCMPYMeHMA bHY
Memoouxy KinvKiCHOi OUiHKU napamempic cmpyxmypu namomy-
AN, MOMY 0eMAIbHO PO3AAHYMI Memoou ix peecmpayii
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Papers [1, 2] give convenient criteria to categorize the

The relevance of the further development of issues related
to forming the cross-wound packages for spinning machines
is predetermined by the increased requirements to the qua-
lity of packages. This is especially true for packages formed
at machines that implement the new spinning techniques —
rotor and pneumatic-mechanical, as well as the spinning-tor-
sional and torsional ringless machines.

2. Literature review and problem statement

The structure of winding is understood in this paper as
the mutual arrangement of threads. In this case, the win-
ding’s structure parameters are the following quantities:

— thread’s turn lifting angle B;

— central angle ¢ between the points of reversal of turns;

— a distance between thread turns A in the direction per-
pendicular to the turn;

—a distance between the turns of thread Ag in radial
direction.

structure of winding. Thus, the filament winding is the
winding at which the distance between the turns of a thread
is smaller than its diameter d,, that is:

A<d.. (1)

The tape winding is the winding at which the distance
between the turns of a thread is less than three diameters of
the thread:

A<3d,. 2)

For commonality of reasoning, we assume that the defec-
tive winding structures are formed when:

A=kd, 3)

t

where % is the number from 0 to 3, denoting the strictness
of requirements to the winding structure. At 0<k<1, the
winding is the filament one, and at 1 <k<3, this is the tape
winding.




Next, we consider the process of defect formation in the
winding structure. Fig. 1 shows the developed view of a bob-
bin surface. A turn is laid on the bobbin surface in the form of
a periodic curve whose wavelength is denoted via L.

The origin for measuring the length of the circumference
of the package is taken to be a point of the turn reversal
at one of the ends. If one finds that any of the turn rever-
sal points Ay, Ao, ..., A, exactly matches one of the points
By, By,..., B,, which are at a distance multiple to the length
of the bobbin’s circumference, it would mean that the turn is
laid at the same place, thereby forming the filament winding.
This will occur in any case if:

mL=mnDn, (4)

where m and 7 are the integers.

If condition (4) is not satisfied, then the distance A, bet-
ween turns, as it follows from Fig. 1, can be calculated from
formula:

mL—nDn=A,. )
The number m that is equal to the number of double
runs over which the turn is laid on the original place, shall

be termed a layout cycle. Because in determining a defect of
the structure there appears the magnitude A, we can record:

(mL—nDn)sinp=A,,

(mL—nDn)sinp|<kd,. 7

Expression (4) can be re-recorded in the form:
L m

= 8

nD n )

Then, by dividing the numerator and denominator from
the left side of the equation by the bobbin surface circum-
ferential speed, we obtain:

==, ©)

m

=S

where 7, and T, are the periods of motion of the bobbin and
the spreader.
Given that T=1/f, where f is the frequency, (9) can be

rewritten in the form:

A

10
7 (10)

_n
m

mL

Expression (10) makes it possible to consider the process
of filament formation as a process of interference, that is,
adding two wave processes, one with the wavelength L, and
the other with a wavelength of ©D. Given these patterns, one
can see that the numbers m and n have a definite physical
meaning. If one cuts a plane through the bobbin, perpendi-
cular to its axis, the number of pairs of intersections between
this plane and the line of the turn is m. The developed view
of the bobbin surface shows this plane as a straight line a—a.
The number 7 equals the number of points of intersection
with the forming bobbin over a full laying cycle.

Cylindrical cross-wound packages, produced at spin-
ning machines the type of PPM-120, PR-150, PK-100 and
PSK-225 SHG, are used in weaving or knitting industries.
Depending on the purpose of yarn, packages are delivered
as a weft or a base to textile production after preliminary
rewinding or directly from the above-specified machines.
Twisted yarn from the unit PSK-225 SHG undergoes addi-
tional twisting at the torsional machines of double twisting.
The need for a preliminary rewinding of the package before
using is defined by the yarn mass on the package. Thus,
warping from the bobbin PK-100 was not practically applied,
despite the efforts in trying.

The quality of package winding significantly affects thread
breakage during the specified operations in textile production.

Consider specific examples. The textile park in Sumgait
(Azerbaijan) employs as the base in the manufacture of mus-
lin the 20 Tex yarn, produced at machines PPM-120. Results
of monitoring the breakage of this yarn at warping machines
are given in Table 1. It follows from analyzing it that the
causes of breakage related to defects in winding accounted
for 22 % of the total number of breakages.

To determine the reasons for breakages that are cate-
gorized in technological practice as breakages due to a vio-
lation of the shape of a bobbin and the flyoffs of turns, we
additionally monitored the breakage at warping machines.
In this case, we controlled a diameter of the winding that
experienced a breakage. Control was executed after 8 rollers
worked 330 threads each. The averaged results for two rollers,
which corresponds to working out a full bobbin, are shown
in Fig. 2. The shading indicates the breakages due to defects
in winding. The results of breakage measurements (Fig. 2)
were compared with the diagram of the winding structure
for machine PPM-120 [3, 4], which quantitatively shows
the distribution of the winding structure defects along the
radius of winding. Comparison has shown that the region of
greatest breakage, located between the winding diameters of
140-200 mm, coincides with the largest number of defects in
the winding in the form of harnesses and tape.
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Table 1

Results of monitoring the breakage at warping machines.
Muslin, base 20 Tex., 330 threads

Bregkage due Total due to
to irregular Turn .

No. Breakage shape of flyoff de'fefit's n

per roller bobbin winding
qty. %% qty %% qty. %%
1 37 6 16 - 6 16
2 35 8 23 - - 8 23
3 30 6 20 4 13 10 33
4 29 5 17 6 20 1 37
5 25 4 14 - - 4 16

6 28 2 7 - - 2 7
7 29 5 17 - - 5 17
8 31 6 19 2 6 8 25
9 30 7 23 4 13 11 36
10 37 6 16 6 16 12 32
1 40 8 20 6 15 14 35
12 36 6 16 4 11 10 27
13 40 6 15 - - 6 15
14 43 3 7 2 5 5 12

15 36 2 5 - - 2 5
16 30 6 20 - - 6 20
Mean 33.5 5.4 16 2 6 7.4 22

Fig. 2 also shows the peaks in breakage at diameters of
80—110 mm and 210-230 mm, which, as demonstrated by
diagram [3], corresponds to the harness diameters as well.
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Fig. 2. Dependence of breakage when winding
cylindrical bobbins wound at machine PPM-120
on the diameter of winding

This allows us to conclude that the violations of the
winding shape and the flyoffs of turns accompany the braid
formation and could possibly be its consequence.

To verify this provision, we monitored the breakage at
winding machines during winding the bobbins obtained at
the spinning-torsional machine PK-100M3. Based on these
data, the breakage of thread due to defects in the winding
is 58 % on average. In this case, the main defect of winding
at machine PK-100M3 is the flyoffs of turns that typically
accompany braid winding.

Fig. 3, 4 show photographs of ends of packages from ma-
chines PK-100M3 and PSK-225 SHG. They clearly demon-
strate defects in the form of turn flyoffs and show that they
form at the end surface of the package a roll of threads laid in
a braid (shown by arrows).
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Fig. 3. End side of the package wound at machine PK-100M3

Fig. 4. End side of the package wound
at machine PSK-225 SHG

The effectiveness of measures aimed at the elimination of
defects in winding depends on labor-intensity of the elimi-
nation of breakages during the operations where packages,
formed in spinning production, are applied. The smallest
effect will be produced, in this case, when packages are re-
wound, and the greatest — in the process of post-twisting
the yarn at the double twisting machines, at warping and at
spinning units where yarn is used as weft.

Consider the estimation methods for assessing the pa-
rameters of a winding structure. The winding structure
parameters depend on design of the winding mechanism and
affect many technological properties of the package and its
capability to processing.

In the case of stationary motion of the system «winding
shaft — bobbin» the kinematic ratios between the number of
runs of the thread guide and the number of rotations of the
bobbin, at which distance A=0 are stated in papers [5, 6].
Study [7] reports results of the simulation of the yarn un-
winding process from the package and the influence of de-
fects on its quality.

Paper [8], in order to assess the structure of the winding,
applies distance Ag in the circumferential direction between
successive turns. It is determined by calculation under



conditions of the nonstationary motion of the system
«winding shaft — bobbin» only when the gear ratio between
the bobbin and the winding shaft is i =1. This method cer-
tainly cannot be employed to estimate the structure of the
winding of the entire package.

In many cases, these parameters are determined by the
kinematical ratios in the winding mechanism, which is why
their analysis employs calculation methods. The reported
procedure is designed to calculate the angular and linear
distance between the turns of a thread based on the kine-
matical scheme of the winding mechanism depending on the
diameter of the package winding. A linear distance between
adjacent turns defines such a defect as the braid winding
when neighboring turns are stacked on top of each other.

A drawback of the described procedure that should be
noted is the lack of orientation towards the use of compu-
tational equipment, which makes it impossible to check the
formation of a braid winding for all diameters.

Papers [9, 10] describe the procedures for analyzing the
winding structure using a computer. Study [10] suggested
two criteria to analyze the presence of a braid winding:
the degree of a turn fixation and the uneven distribution
of the turn reversal points along the circumference of the
bobbin. The first criterion is defined as the distance e along
the generatrix of the bobbin between point K of the in-
tersection of two adjacent turns and the extreme position
of the thread guide U (Fig.5), which can be found from
equation:

dw e
_e 1
W oo (11)

where H is the thread guide path; W =/ f is the ratio of the
angular rotation frequency of the bobbin to frequency of the
thread guide motion (a winding ratio), dW is the relative
change in the winding ratio.

H

Fig. 5. Diagram of arrangement of thread turns
at a bobbin surface

If this distance is less than the assigned magnitude, the
turn is considered poorly fixed thereby making it possible
to break the law of laying the turns set by the thread guide.
Article [10] gives an example of the permissible distance
e=2mm.

The second criterion is the uneven distribution of the
reversal points along the outer surface of the bobbin, which
is determined as follows. A bobbin is divided into 5 sectors.
One then calculates how many reversal points are in each
sector at a particular diameter of the bobbin. A numerical

characteristic of the non-uniform distribution of reversal
points is the magnitude:
S — nmax _ nmin

n,

(12)

where 7, and 72, are the maximum and minimum number
of turn reversals in the sector; n, is the mean number of re-
versals in the sector.

Paper [10] gives dependence graphs of these magnitudes
on order of the braid, that is, on the diameter of the winding,
for different thread guide’s motion disturbance laws that
apply to disperse winding defects. Using the described proce-
dure, the authors analyzed efficiency of different techniques
for dispersing defects in the structure. An analysis of one of
the dispersion techniques is given in [11].

To assess the negative effect of the braid winding, it is
necessary to obtain a method to analyze the structure of
winding in order to determine any possible diameters for
braid formation, to define the intensity of this formation, or
the thickness they would acquire. In addition, it is desirable
that such a method should make it possible to compare the
structures of winding, obtained using different winding
mechanisms or the same winding mechanism under different
modes of its operation.

3. The aim and objectives of the study

The aim of this study is to develop quality control me-
thods to estimate the structure of cross-wound packages,
which would ensure qualitative winding at spinning machines.

To accomplish the aim, the following tasks have been set:

— to clarify the reasons for the formation of defects in
the winding structure in the form of the braid and tape
winding;

—to investigate experimentally impact of the winding
structure defects on suitability of packages for processing
during subsequent operations;

—to state the generalized criterion for the estimation
determination of the winding type;

— to explore two variants of structure formation — with
and without dispersion of braid structures.

4. Procedure for the elaboration of quality control
methods to estimate the structure
of cross-wound packages

4. 1. Reasons for the formation of defects in the struc-
ture of winding in the form of the braid winding and tape
winding

To solve the set problem, we shall solve inequality (7)
relative to the parameter D:

K _pemy, K (13)

m
—L- < £,
nnsin

mn msinp

If one requires, when solving (13), an exact match
between positions of the successive and preceding turns,
that is, =0, we obtain values for braid diameters:

p=""1.
mn

(14)



Subtracting from the right side of expression (13) its left
side, we obtain a range of diameters over which the inequa-
lities are satisfied:

=72k,d‘ . (15)
nnsinB

According to (8), structure defects arise when the ratio
of the layout wavelength L to length of the bobbin’s circum-
ference mD is an irreducible fraction.

At a constant turn lifting angle B this ratio depends
only on diameter of the winding D. In the L-nD coordinate
system, each ratio L/nD will be matched by a beam passing
through the coordinate origin (Fig. 6).
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Fig. 6. The L-nD diagram:

a, 1 and 2 — beginning and end of winding for machines
PSK-225 SHG and PR-150, 3 and 2 — beginning and end of
winding for machine for MM-150-2, 4 and 5 — beginning and

end of winding for machine MM-150-L2; b — for machine

PK-100 at different angles of lifting the turn

The number of structure defects can be determined based
on the number of irreducible combinations m/n, confined
inside the angle between beams L/mDp, and L/mDax.
In Fig. 6, q, line 1 illustrates the winding formation using
a cut-through drum with a diameter of 90 mm (2 turns) at
a winding diameter of 56 mm. Line 2 gives the same, but at a
winding diameter of 200 mm, which corresponds to winding

at machines PSK-225SHG and PR-200SH. All the irre-
ducible combinations m/n, confined between straight lines 1
and 2, correspond to the winding structure defects.

By analyzing the diagram one can also estimate the
strength of the defect. To this end, consider expression (13),
from which it follows that the intensity decreases in propor-
tion to the number n. Hence, Fig. 6 shows that the strongest
braid m/n=1 under specified conditions forms at the diame-
ter, close to the maximum diameter of the package. Thickness
of the formations that occur when n=2 and n=3, that is,
m/n=1/2, m/n=1/3 and m/n=2/3 is accordingly 3 times
less. Defects that are generated at large values for n are of
a smaller thickness. The observations found that the defects
generated when 7> 6 do not affect the quality of the winding,
and at n>10 they cannot be detected visually.

Because the L-nD diagram can be built in the dimension-
less magnitudes m-#n, it can be used to compare the structure
of the winding of packages generated at different machines
or at the same machine at different settings of the bobbin
winder. Fig. 6 shows (line 3) the winding on a cut-through
drum with a diameter of 90 mm (2.5 turns) around a 90-mm
diameter cartridge, which corresponds to the winding at
machine MM-150-2. The resulting winding diameter at this
machine is 200 mm. It is shown by line 4. Fig. 6 demonstrates
that an increase in the diameter of the cartridge made it
possible to eliminate the defect generated when m/n=1/3,
as well as seven more, less significant, defects. At the same
time reducing the thickness of the winding layer decreases
the number of defects, for example, at machine MM-150-1.2
(lines 5 and 6 in Fig. 6, a).

Fig. 6, b shows diagrams for machine PK-100M3 with diffe-
rent values of the lifting angle of the turn. The diagram demon-
strates that the choice of the turn lifting angle B can somewhat
improve the structure of the winding. Thus, when winding at
an angle of p=14.22°, the worst defect at m/n=1/1 is missing,
although there are defects at m/n=1/4 and m/n=1/5. Thus,
the structure of winding when B =14.22° is more favorable for
subsequent processing than that at f=15.25°.

4. 2. Impact of the winding structure defects on the
suitability of packages for processing at subsequent ope-
rations

Paper 4] shows the relationship between the turns flying
off to the end of the package and the winding structure de-
fects. Study [12] pointed to the experimentally established
fact of the emergence of flyoffs at the ends, which could be
partially eliminated by selecting the angle of turns cros-
sing. This is consistent with the result obtained, however
study [12] fails to provide a theoretical explanation of this
phenomenon.

We estimate a range of diameters AD, ever which a de-
fective winding forms, for example, at machine PK-100M3.
In this case, we assume n=1 and £=3. The required estimated
diameter of the thread can be obtained by employing known
formula:

d, =0.00357JT/3, (16)
where T'is the linear density of the thread, tex.; A is the volu-
metric weight of textile material (for cotton yarn).

Calculation results are summarized in Table 2. Table 2
shows that increasing the thickness of the wound thread and
decreasing the lifting angle of a turn leads to an increase in
the thickness of braid formations. This could possibly explain



a decrease in the number of thread flyoffs that contribute
to the braid formation at an increase in the lifting angle of
a turn. which was practically established during operation of
machine PK-100-M3.

Table 2
Thickness of braid winding in mm for machine PK-100-M3

2B oqor57| 230 | 240217 | 260387 | 28277 | 300317

T, (d, mm)

7.4x2(0.15) 1.55 | 143 | 136 | 1.24 | 116 | 1.09

10x2 (0.17) 176 | 163 | 154 | 141 | 132 | 1.23
11.5%2(0.19) 197 | 1.82 | 172 | 1.58 | 147 | 1.38

18.5x2(0.24) 249 | 230 | 217 | 199 | 186 | 1.74
25%2(0.27) 280 | 259 | 244 | 224 | 209 | 1.96
29%2 (0.29) 3.01 | 278 | 262 | 241 | 225 | 2.10

The tendency observed is opposite to that observed ear-
lier in terms of the number of defects in the structure, that
is, increasing the lifting angle of a turn leads to an increase
in the number of defects, although their thickness decreases
in this case. And, as Table 2 shown, this reduction within the
range of regulation, permitted by the design of a machine,
is quite substantial.

Values for the thickness of a braid winding, given in Table 2,
correspond to n=1, that is, to the strongest formation. For
other values of n, the thickness decreases proportionally and,
at n=10, is roughly equal to a thickness of the thread, that
is, it will not exert any significant impact on the process of
winding.

All the above relates to the friction winding in the absence
of dispersing mechanisms. Mechanisms of dispersion intro-
duce disturbances to the motion of a thread guide or a bob-
bin, which disrupt the described process of forming the braid
structures and improve the quality of winding in general.
However, it is not possible to analyze the structure of winding
in the presence of a dispersion mechanism of braid winding by
applying the described method. That requires a method that
takes into consideration the arrangement of reversal points of
turns at the end of the package, as well as the actual
change in winding thickness over time.

4. 3. Generalized criterion for the estimated
determination of the type of winding

As shown above, in order to describe the struc-
ture of winding in general, in the presence of dis-
persion mechanisms, it is convenient to adopt, as
a criterion, the distance between turns. In this case,
to assess the thickness of the winding defect, one
must have an actual dependence characterizing a
growth in the diameter of winding due to the number
of double runs by a thread guide. Applying time as
an argument [13, 14] is not advisable in this case. It
is much more convenient to use for this purpose the
number of double runs by a thread guide [15-16].

4. 4. Analysis of the structure of winding in the
presence of dispersing devices

Let a bobbin be rotated at some elementary
angle do, then the thread of the following weight will
be wound around it:

TDd ¢

m=—t9 A7)
2000cosf
where T is the linear density of the thread wound, tex,;
D is the current diameter of a winding body, m; B is the lifting
angle of a turn averaged over a cycle of operation of the dis-
persing mechanism.
In this case, we assume that the thread weight is in the
cylindrical layer of thickness dD/2 at the surface of the
package, then:

_my(D)HDdD
2

dm : (18)

where vy is the winding density, g/m? H is the width of
a package, m.

Equating the right sides of (17) and (18), we obtain an
equation to determine the new value for the diameter of
the package. Since we are interested in the increment of the
diameter over a single double run of a thread guide, then we
integrate for do in the range from @; to:

8H
=@+ ————— (Fig.7),
P =9 (D,+D,,)teB (e
that is:

R [

i+l r TDd

| my(D)HDAD= | ﬁ' "
| ) cosP

The dependence y=y(D) is determined by a large number
of factors, both structural and technological. The physical
processes by which these factors affect the winding density
have not been fully revealed up to now. Therefore, we assume
that the dependence y=y(D) was obtained empirically and
represents the polynomial:

y=AD*+BD+C, (20)

where A, B, and C are the empirical coefficients.




This kind of dependences were defined by many
authors [17-19] for practically all types of winding me-
chanisms currently used in the industry. Not a single ana-
lytical dependence between the density of winding and the
package structure, which could specify the law of change in
the density of winding due to an increase in its diameter, has
been found so far.

Following the substitution (20) in (19) and integration,
we obtain equation:

%+%+CD _Lm_
3 2 i+ 3
_BD 8T

CD, - m—)) 1)
2 1000n(D, + D,,,)sin

When estimating the structure of the generated layer, we
assumed that the lifting angle of a turn over a single double
run by the thread guide remains constant, and its change is
due to a jump to the beginning of the new double run. This
assumption makes it possible to dramatically reduce the cost
of computer time to analyze the structure and does not entail
significant errors. That is explained by that the duration of
the thread guide’s double run is very short in comparison not
only to the time for forming a package, but also to the opera-
tion cycle of the dispersing mechanism.

It is more convenient to adopt as the points that define
the position of a turn the reversal points of the turn at one
of the package ends. The criterion for estimating the struc-
ture of winding in this case is the distance between the
points of turn reversal, measured along the arc of circum-
ference of the bobbin Ag. Inequality (7) in this case takes
the form:

(22)

To calculate, we take a cylindrical coordinate system
(r,y, @) associated with bobbin (Fig. 7). Arc length L at the
outer surface of the package with diameter D, upon which
a thread is laid over a single double run by a thread guide, is
determined from:

=2 (23)
tgp
where B is the current value of the layout angle, defined by
the kinematic parameters of the braid winding dispersion
mechanism.
This arc is matched by a central angle:
A¢, =2L/D. (24)
Thus, following a single double run by the thread
guide, the reversal point of the turn will accept coordinate

Qi =0, +AO.
Subtract the part, multiple to 2r, from it:

Piviyr = Pt —21‘cint(%), (25)

where @11y is the normalized angular coordinate of the
reversal point.

Linear distance between two adjacent reversal points of
the turn along the arc on the outer surface of the bobbin is:

_ Phiyn Qi
0= D .

i

A (26)

Because the formation of a defective winding may result
in that not only each subsequent turn overlays the preceding
one, but the following turns overlay each other in one, two
or more turns, Ag should be determined repeatedly at each
double run of the thread guide from expression:

_ Puiyr = Puvmyn
Aem - D

i

) (27)

where Ag,, is the distance along the outer surface of the
package between the newly laid turn and the turn, laid ear-
lier by m double runs. The number m has the same physical
meaning as the number m in expression (8), and it represents
a multiplicity of braid winding.

When analyzing the structure of winding using the me-
thod described, we adopt 1<m<6, because structures of
higher multiplicity are of an insignificant thickness, and thus
do not affect the technological parameters of packages.

Expressions (21), (27) are, in essence, the algorithm for
calculating the distance between the reversal points of turns,
while expression (22) is a criterion for estimating the struc-
ture of winding. They underlie the method for an analysis of
the winding structure in a kinematic aspect.

The method implies the calculation of distances Ag,, for
each double run by the thread guide when forming a winding.
In this case, we preliminary determine the turn lifting angle
B, the layout width H, and other quantities that can vary by
the dispersing mechanism in the process of forming a pack-
age. Given a certain number of double runs by the thread
guide, we calculate the number of instances for meeting
condition (22) and we plot it as a coordinate in the diagram
describing the structure of the winding (Fig. 8). Abscissa is
the diameter of winding, determined from equation (21).

Condition (22) is checked not only for the two consec-
utively laid turns, but also for the following ones, laid in 1,
2..6 turns.
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Fig. 8. Diagram of the winding structure, generated
at machine PK-100M3 at B =10.75°

Comparative analysis of the calculation results shows
that they agree well. Despite its complexity, the method is
more informative. Indeed, the height of bars in the diagrams



shows the number of threads, stacked sequentially, one next
to another, while the width of these bars corresponds to the
range of diameters over which such a defect forms.

The proposed method enables to quantify the effective-
ness of operation of the mechanisms of dispersion. Such an
evaluation can be based on the height of bars in the winding
structure diagram. However, operation of the dispersing
mechanism may have a different impact on the braid struc-
tures generated on different diameters of winding. Therefore,
in order to clarify the technological modes in the formation
of a package, it is necessary to apply the methods of multicri-
teria optimization.

As shown in [20, 21], a winding structure analysis is easier
to run by analyzing the movement of the working bodies of
the winding mechanism directly during package formation.
In the experimental setup, described in that work, the lever
of the bobbin holder, close to the chuck, and near the winding
shaft and a spreader, hosted the Hall sensors, bursting the
pulses when a magnetic tag passed them. The number of pul-
ses from sensors was calculated by digital electronic counters,
which could determine the ratios of a thread guide motion
frequency & to rotation frequency f/f; of the winding shaft
and to rotation frequency f/fg, of the bobbin.

In addition, the counters made it possible to measure
consecutive time intervals between pulses from the sensors
located next to the bobbin and thread guide ¢, ¢+, tj+9, as
well the motion periods of the thread guide and a bobbin.

Pulses from the sensors at the bobbin and thread guide
were transmitted to a recording oscilloscope, making it pos-
sible to visually monitor in the screen the distance between
the adjacent turns of the winding.

Data from the counters were used for a winding struc-
ture analysis and to estimate efficiency of dispersing a braid
winding from inequality:

L
T

spi

nxd

; (28)
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where Ty, is the bobbin rotation period; x is the magnitude
in the range of 0—3 mm characterizing a distance between
threads; dy is the thread diameter; L is the thread length,
released over a single double run of the thread guide; o is the
turn lifting angle; n, m are the integers 1-5, characterizing
the multiplicity of braid winding.

Processing the results of measurements involved specia-
lized software at the computer Wang-2000, which received
data directly from the counters. The results of processing
the data acquired were sent to the printer in the form of
a bar diagram. The diagram shows dependence of the number
of moves of the thread guide at which the distance between
the threads is less than that specified on the relative radius p
over a certain time interval. In this case, value for p is cal-
culated from:

pP=r/n (29)
where 7 is the current radius; 7, is the radius at which the
braid winding forms with a multiplicity of 1.

The latter method of control has a number of advantages.
Given that the initial data are acquired from the working
bodies rather than a thread, as is the case for the instruments
described in [22-24], there are no errors that might be
caused by the deformation of a thread and the difference in
the motion laws for the thread and thread guide.

In contrast to the analytical methods described in the
present work, a given method takes into consideration all
the factors influencing the structure of winding. These in-
clude those neglected in calculations: irregularity of slippage,
thread tension, bobbin clamp force to the winding shaft, etc.

However, the technique to control the winding structure
parameters by controlling the movement of working bodies
in winding mechanism has its limits, since it does not make
it possible to estimate quality of the packages delivered for
production from other factories. In this regard, the scope of
its application is rather limited.

5. Discussion of results of studying the methods
of control over a winding structure

To set the winding mechanisms, both under industrial
conditions and when testing new equipment, the most ac-
ceptable are instrumental methods, based on an analysis of
the package itself. The first step towards constructing such
methods is to determine the actual curve of the turn arrange-
ment on a winding body.

The specified drawbacks have been eliminated in the
instrument ABA-R3060 made by Rothschild [25]. It is
proposed to upgrade the instrument AVA-R3060 to process
measurements results on a computer, which undoubtfully
improves the efficiency of the measuring process. It should
be noted that the described device is not without a sub-
stantial shortcoming, inherent in similar designs. Because of
the considerable distance between the point where a thread
leaves and the eye of a thread guide and its changes during
operation, the instrument is not capable to reproduce the
actual curve of laying a turn at the reversal. In this case, the
curve itself is often disrupted due to that, that when forming
a braid, the braid itself takes the role of a spreader, leading
the thread away from the position defined by the thread
guide motion.

We describe the procedure to register position of the
thread at the reversal site, which implies rolling the package
over an adhesive tape; in this case, a thread is glued, from
a bobbin to the tape, in line with the position at which it was
laid in the winding. A distance from the point where a thread
leaves the package to the tape, which fixes it, is zero. It should
be noted that such a procedure is suitable only to analyze the
violations of the turn arrangement at the reversal site and
cannot be applied to analyze the dispersing mechanism due
to considerable time cost and tape consumption. To quantify
defects in the winding structures, we introduce the notion
of «the intensity of braid winding», that is, the number of
threads per unit width of the defective structure.

This characteristic was determined in the following way. If
one finds a defect in the process of unwinding, the unwinding
is terminated; two needles are applied to the body of the
winding so that a structural defect is located between them,
while the straight line, passing through the points at which
the needles have been inserted, is perpendicular to the threads
at the surface of the package. The application of the needles is
followed by unwinding manually, in this case, we calculate the
number of threads & located between the needles.

The ratio of the number of threads in a defect to distance /
between the needles can be termed the intensity of braid
winding ¢, that is:

q=*k/l (30)



This magnitude makes it possible to categorize a flaw in
the winding as a tape or a braid. Indeed, braid winding is, by
definition, the one at which the distance between threads is
less than the thickness of the thread, while tape winding is
the one at which this distance is the thickness of the thread.
Intensity indicates how many threads are hosted per unit
width of a winding defect and is the inverse magnitude rela-
tive to the distance between threads.

Fig. 9 shows dependence chart of intensity of braid win-
ding ¢ on a winding diameter for machine PSK-225 SHG.
The dashed lines demonstrate diameters for the respective
ratios m/n, according to the model for forming the braid
winding.
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Fig. 9. Dependence of intensity of braid winding g
on a winding diameter for machine PSK-225 SHG

Fig. 9 shows that the model quite accurately predicts the
strongest formations observed at diameters of 60, 90, and
180 mm. Some differences can be attributed to the presence
of slippage in the pair «bobbin — winding shaft» and to the
subjectivity of the described experimental method.

Braid formations that form at multiplicity m=2 (m/n=2/5
and m/n=2/3) demonstrate lower intensity, which that is
also consistent with the findings obtained from the analysis
of mathematical models derived in chapter 4.1.

The formations that form when m=3 possess a less in-
tensity than that at m=2 and merge with the rest formed at
larger multiplicities. The magnitude of the intensity of braid
winding for them is ¢ < 3 threads/mm, that is, a 1-mm width
of the defective structure hosts less than 3 threads. That
indicates that such a formation is unlikely to have a signifi-
cant impact on breakage at winding, on the process of laying

a thread, or other processes, which are negatively affected by
braid winding.

The described procedure for the experimental evaluation
of braid winding allows the quantification of the winding
structure of packages, formed through different mechanisms
of dispersion. It should be noted, however, that it has a fairly
high degree of subjectivity and requires that a researcher
should have certain skills. Indeed, when unwinding the
packages, the pattern of a winding structure at the package
surface changes constantly, and a researcher is required to
demonstrate a certain reaction in order to timely terminate
the unwinding process. In this case, the researcher may miss
some formations considering them not significant. In this
connection, there is a task to develop such a procedure that
would make it possible to monitor the surface of winding at
its continuous unwinding and to record indicators correlated
with the number of threads in the braid. At the same time, the
current package diameter must be measured and recorded.

6. Conclusions

1. It was established that the cause of defect formation
in the structure of winding in the form of braid winding
and tape winding is the multiplicity of thread guide motion
periods and the bobbin rotation frequency, which made it
possible to reasonably address the development of a method
for estimating defects in winding.

2. We have formulated a generalized criterion, the num-
ber of turns, stacked sequentially at a distance not exceeding
the specified one, for the estimation determination of defects
in the winding structure that would make it possible to esti-
mate their impact on quality of the package.

3. We have experimentally confirmed the negative effect
of structure defects in the winding on suitability of packages
for processing at subsequent operations. Thus, the breakage
caused by defects in the winding is up to 22 % of the total
breakage, on average.

4. We have constructed an estimation method to analyze
the structure of winding that is generated without disper-
sing the braid structures, enabling the representation of re-
sults based on the normalized dimensionless indicators, com-
paring the structure of winding formed at different machines
under different conditions of winding. In addition, it makes
it possible to choose the rational structures of winding
mechanisms.

5. We have constructed a calculation method to analyze
the structure of winding that is generated with the dispersion
of braid structures, enabling the quantification of effective-
ness of their dispersion and finding the rational technological
modes employing methods of multi-criteria optimization.
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