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1. Introduction

One of the most common types of textile packages are the
cross-wound packages [1]. That is explained by the fact that
they meet a wide range of requirements that technologists
put forward to them. These requirements include: a compact
flow of threads when processing at subsequent transitions,
uniform permeability when treated with solutions, suitabi-
lity for long-term storage and transportation without loss of
quality. Meeting these requirements is ensured by the corre-
sponding properties of the cross-wound package: its shape,
structure, and the stressed-deformed state of a package’s
body. Those properties of packages that satisfy technological
requirements are considered to be essential. Maintaining
them at the required level is a criterion for choosing rational
structural parameters for winding mechanisms and techno-
logical modes of winding. The indicators characterizing these

properties shall be adjusted in accordance with the require-
ments to a particular package.

In this regard, it is a relevant task to conduct a study
aimed at developing algorithms in order to automatically
determine individual indicators for estimating the shape of
cross-wound packages.

2. Literature review and problem statement

It is known that violating the conditions for bobbin
formation results in a series of defects that complicate its
processing at subsequent technological transitions. One of
the most important components of the cross-wound bobbin’s
quality is its shape. Paper [1] theoretically substantiated the
relationship between the structure of winding, detachment of
turns from the end of the package, and the number of breaks




when winding a package. Authors of [2] reported results of
their study into distortions in the package shape related to the
violation of winding structure. It is shown that they can lead
to a violation of the thread layout law, which in turn results
in additional distortions in the shape of the wound bobbins.
This effect is similar to a positive feedback in the systems
of automatic control, which leads to a loss of the system’s
stability. Paper [3] reported results from modeling a process
to unwind a thread from the package. It was shown that vio-
lating a package shape leads to uneven tension that adversely
affects the process of knitting at knitting machines where
bobbins are used as carriers of a feeding thread. Patent [4]
was issued on a device designed to eliminate uneven tension
that always occurs when unwinding bobbins with defects in
their shape. Article [5] gives an example of an opto-electronic
system for inspection of defects on a thread, which often arise
as a consequence of violating the shape and structure of the
package. The two latter sources show that an attempt at pro-
cessing bobbins with defects requires considerable complexity
of technological equipment implying the introduction to it of
specialized controlling devices, designed to address the nega-
tive consequences related to the violation of a package shape.

The main types of the winding structure defects, ma-
nifested in the form of the violation of its shape, are: yarn
winding; deviation of the end side from straightness; ledges
at end faces of a package; ledges on the forming; flutings at
the end sides of a package; deviation of bobbin from cylin-
dricity or taper.

Each of the specified defects is estimated based on an
individual indicator, many of which do not make it possible
to derive the assessment of quality.

For the most common defect, yarn winding, we suggested
a quantification procedure [1]. It implies the following.

Schematic arrangement of thread turns when the unwan-
ted structures form, for example, in yarn winding, is shown
in Fig. 1. When forming yarn winding, the thread turns are
stacked at the same place with a frequency equal to denomina-
tor 7 in the transfer ratio of bobbin to the yarn guide. Paper [6]
shows that the larger n, the fewer threads in a yarn, and the less
dangerous it is for causing breakages at unwinding the bobbin.
Visually, a yarn winding manifests itself in the form of projec-
tions at the lateral surface of the package. The paper addresses
the procedure to control the shape of completed packages.
In this case, it is not possible to check the existence of plait
winding by analyzing the shape of a lateral surface, because
plaits typically form at smaller diameters of winding and are
hidden by threads above. It is possible to check the presence of
plait winding based on analysis of the shape of end sides.

As shown in [7], plait winding is accompanied by vio-
lation of the law of thread placement, specified by the yarn
guide. That results in that most threads go beyond a pack-
age’s end side, which has a negative impact on the capability
of packages to unwind. In addition, plaits have a greater den-
sity than that of the main body in winding, which leads to
uneven dyeing of threads in packages.

Paper [8] shows that plait winding leads to a distortion
in the profile of the shape-forming bobbin relative to the
shape of the profile of the generating bobbin. Authors of [9]
have confirmed the specified relationship using an analysis
of the graphical model of a package as an example, and have
demonstrated that the plait winding is accompanied by that
the threads go beyond the end of the package. The turns that
go beyond the end side represent local increases in the height
of the profile, which could be detected by analyzing data on

the coordinates of the end-side’s profile for each of the cross
sections. The harmful effect of plait winding on the subse-
quent processing of bobbins increases with an increase in the
number of threads in the plait. This increases the height of
the irregularity at the side end of the package, caused by that
the threads go beyond it. An indication that an irregularity
at the side-end surface is due to plait winding, rather than to
other reasons, could be that it is not observed along all me-
ridional cross sections and that thicker sections are formed
simultaneously at both end-sides of the package.
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Fig. 1. Schematic of plait winding

To determine the number of threads per a plait, we define
the way this magnitude relates to the height of an irregu-
larity at the end side of the package that accompanies plait
winding. When forming a plait and when approaching the
end side, the threads theoretically should be placed on top
of each other. It is clear that such a structure is unstable and
the threads to be laid later would tumble down, forming the
structures depicted in Fig. 2. Dependence of height 4 of the
structure, which forms in this case, on the number of threads
in it, can be calculated from formula:

h=d[1+(n—1)\£§:|, (1)

where n is the number of threads in a plait, d is the condi-
tional estimated thread diameter [10].
In this case, parameter d is derived from expression:

d= 0.0357\/2 2)

where Tis the linear density of threads, tex, 8 is the volumet-
ric weight of a material mg/mm?.
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Fig. 2. Arrangement of threads in the plait’s cross-section
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Let us denote K, = 1+(n—-13/2, hereafter we term it
a structural factor, since it depends only on the arrangement
of threads in a plait.

Collapse of threads in a contact is defined by their trans-
verse rigidity and pressure forces. We account for them using
a coefficient Ky, which must be determined experimentally.
Consequently, in order to calculate the height of plait forma-
tions, we derive the following formula:

h=KK,d. 3)

Values for coefficient K; that depend on the number of
threads in a plait are given in Table 1.

Considering coefficient Ky to be an argument, and the
number of threads in a plait to be the function, it becomes
possible, following the approximation of values given in
Table 1, to derive a dependence to determine the number
of threads in a plait on the height of structures formed by
threads when they go beyond the end side of the package. We
applied parabola as an approximating function:

h=dK1(a+bn+cn2), (4)
where a, b, and ¢ are the coefficients whose values are equal
to a=-0.0748; b=0.928 and ¢=0.673.

Initial data and result of the approximation are demon-
strated by the chart in Fig. 3.

The resulting pattern (4) underlies determining the de-
cisive rules for calculating the magnitude for an individual
indicator to characterize the plait winding.

For other defects, decisive rules are stated in [10].

Paper [11] suggested an indicator characterizing the
structure of cross-wound winding throughout the entire
package. To derive it, the package must be unwound. This is
unacceptable under industrial conditions because it requires
a fairly large amount of time and it is a destructive method
of control. The unwound thread does not return to the pro-
duction process.

Number of threads in plait

4.0
Coefficient K1

Fig. 3. Dependence of number of threads in a plait
on coefficient Kj

Study [12] describes a real-time system that controls stac-
king of a fiber thread in winding when forming cylindrical parts
made of composite materials. The system makes it possible to
control deviations in the shape of winding due to cylindricity.
Control of other defects in the shape is not implied by the system.

Paper [4] reported a technical solution for winding bobbins
of a strictly defined shape that provides their easy replacement
at equipment that utilizes them as feeding packages. Resolving
such a task required control over the shape of winding; however,
the individual indicators used for this task were not revealed.

Study [13] shows a winding density control system that
applies the individual indicator «tiered winding density».
The application of such an indicator for assessing the quality
of winding ensured the alignment of winding density along
the radius of the bobbin. However, other indicators of quality
were not taken into consideration that made it impossible to
estimate it for the package in general.

Work [14] reports data about quality control that comp-
lies with the ISO service requirements. It is noted that these
requirements could be met only by developing appropriate
integrated indicators based on a series of individual indica-
tors that make it possible to quantify properties of an object.

Individual indicators, to be found by the decisive rules
stated in [15], do not make it possible to estimate the shape
of a package in general. This is primarily due to that the in-
fluence of individual indicators on the quality of a package as
a whole is not uniform. In addition, there may be occasions
when some packages have a low value for certain indicators
and high for others; in this case, comparing their quality
is difficult. To address this issue, it is necessary to devise
a generalized integrated indicator, which would take into
consideration the extent to which each of the individual in-
dicators affects quality of the package. Analysis of individual
indicators suggest the appropriateness of applying a method
of expert estimates as a basis for constructing a generic quality
indicator for the cross-wound packages.

Table 1
Dependence of coefficient K; on the number of threads in a plait
Num-
berof |1[2[3|4 (5|67 8|9 [10|11[12(13|14(15]|16|17|18[19|20(21|22(23|24|25[26|27(28|29(30|31|32(33|34(35
threads
Number
oflayers, [1 |12 (22|33 |3|3|4|4|4|4(4|5|5|5|5|5|5|6|6|6|6|6|6|6|7|7|7|7|7|7|7|7
n
K 111]1.9(1.9]|1.9]2.7|2.7|2.7|2.7(3.6(3.6|3.6|3.6(3.6|4.5|4.5|4.5|4.5|4.5|14.5|5.3|5.3|5.3|5.3|5.3|5.3|5.3]6.2[6.2(6.2|6.2(6.2(6.2|6.2 6.2




3. The aim and objectives of the study

The aim of this study is the construction of algorithms
in order to automatically determine individual indicators for
assessing the shape of cross-wound packages and in order to
form an integrated indicator on their basis.

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

— to build a system of a series of individual indicators to
assess the shape of cross-wound packages;

— to derive decisive rules for the algorithmic calculation
of the proposed individual indicators;

— to propose and substantiate a formula to calculate the
integrated quality indicator for a bobbin shape;

—to analyze a batch of packages that could confirm
the reproducibility of the process for assessing the shape of
a package using the proposed integrated indicator.

4. Procedure of construction and results of studying
the integrated indicator to characterize the quality
of cross-wound packages

4. 1. Development of a system of individual indicators
for assessing the shape of cross-wound packages

The method of expert estimations [16] that underlies the
procedure for constructing an integrated indicator implies
that experts perform an intuitive-logical analysis of the
problem followed by the quantification of judgments and by
the formal processing of results. A comprehensive use of in-
tuition (unconscious thinking), logical thinking, and quanti-
tative assessments followed by their formal treatment, makes
it possible to obtain an effective solution to the problem. The
generalized opinion of experts, obtained from processing,
is accepted as a solution to the problem.

To implement the procedure of an expert survey, a group
of experts was formed. A general requirement to the forma-
tion of the group of experts was a capability to deal effective-
ly with the problem.

Reliability of a group expert assessment depends on the
total number of experts within the group, the fractional
composition of various professionals in the group, on the
characteristics of experts.

To estimate individual indicators describing the shape of
the package, we formed a group of 18 experts. Nine experts
were employees from quality control departments at the
Mingechaur textile plant (the city of Mingechaur, Azerbaijan
Republic). The other nine are specialists from the Azerbaijan
University of Economics (UNEC) (the city of Baku, Re-
public of Azerbaijan). The UNEC experts are specialists in
textile technology and statistical methods for quality control
in manufacturing.

When compiling a group of experts, we took into con-
sideration their experience in work related to the direction
of the survey, as well as their experience of scientific work
in the field of quality assessment in textile industry. In ad-
dition, we took into consideration the capability of experts
to judge independently. According to the classification of
types of tasks addressed in expert surveys, as shown in [16],
the task of this work refers to the quantification of specified
objects.

Among such types of survey used in a collective exa-
mination as discussion, questioning, interviewing, a collec-
tive method for generating ideas, we selected a questioning
without feedback. The questioning was carried out in a single

step and the experts were not informed about the results
of the survey. Selection of this very variant of a survey is
explained by that the survey is the most effective and most
common type of survey because it makes it possible to com-
bine in the best way the information support to experts and
their autonomous creativity.

Paper [16] that addresses this issue recommends using
a scale of assessment with an odd number of points. In our
case, we used a nine-point scale for a more accurate assess-
ment of the impact of defects in the shape of a package on its
suitability for the further processing.

When conducting a survey, the experts were given a ques-
tionnaire given in Table 2. Based on a preliminary survey, we
chose 6 criteria that estimate the quality of package winding
using its shape. To estimate each parameter, we set individual
indicators and stated decisive rules to define them.

Table 2

Expert survey questionnaire

Using a nine-point scale, specify the degree of negative impact
of each of the identifies defects in yarn winding on its suitability
for further processing in weaving production in the form
of a weft or warping

No. | Defect name Point

Maximum deviation of end side from straight-
ness, mm

2 | Ledges of bobbin’s end side, at height, mm 11215

3 [ Slub at end sides (at slub width), mm 315 |10

4 | Plait winding, number of threads 510120

5 Cprrugations at ends near the cartridge at 5 110120
width, mm

6 | Deviation of bobbin from taper, degrees 05| 1|2

Each criterion (defect in winding) was assigned three
fixed values for an individual indicator. An expert had
to rank each of these values for a criterion based on a nine-
point scale.

4. 2. Derivation of decisive rules for the algorithmic
computation of individual indicators

To build a generic package quality indicator based on
its shape, one must have the fullest information on each
criterion. To this end, we calculated averaged values of ranks
for each fixed value and, paired with respective values for
criteria, we used them for the interpolation by a straight-line
equation applying a least square method. Functions that
are obtained by interpolation are the decisive rules the for
algorithmic computation of the proposed individual indica-
tors. They were calculated using the embedded function of
MS Excel; results are given in Table 3.

Based on the data acquired, we constructed dependence
charts. The charts are shown in Fig. 4-9. These charts testify
to the impact of an individual criterion on the quality of
winding.

When ranking objects, experts typically disagree in opi-
nions about the problem being solved. Given this, there is
aneed to quantify the degree of agreement among experts. To
this end, a coefficient of concordance, or agreement, among
experts is computed [16].



Table 3 where D is the actual variance of the summary (ordered)
Dependence equations estimates given by experts; Dp.x is the variance of sum-

Devend . mary (ordered) estimates for the case when expert opinions
ependence equations L2
No. Title of individual of point-based estimate completely coincide.
of L R
indicator Y; on X; — individual
entry L 6
indicator
| ?/Iaxlmurp deviation of end side Y =083 X +0.34 s
rom straightness, mm ! 1
9 Helght of ledge at bobbin’s end Y =292. X —0.48
side, mm 2 ) 4
3 Wldth of slubs at bobbin’s end Y =0.59-X —0.05 2
side, mm 3 3 £ 5
o
4 | Plait winding, number of threads Y, =0.23-X,+4.28
. . 2
5 Wldth of corrugations at end Y =035-X +1.78
sides near the cartridge, mm 5 5
foti ; p 1
6 Deviation of bobbin from taper, Y =338.X —0.56
degrees 6 6
0
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Fig. 5. Ledges in bobbin’s end side 0 . . ; | . | | : |

Concordance coefficient W is defined from expression: mm

Fig. 8. Corrugations at end sides near
W=D/D,., (®)) the cartridge at width



points

0 02 04 06 08 1 12 14 16 18 2
degrees

Fig. 9. Deviation of bobbin from taper

The concordance coefficient magnitude can vary from 0
to 1. At W=0, there is no coherence, that is the link between
estimates by various experts is missing. At W=1, experts’
opinions fully coincide.

To decide on using the assessments received from experts,
it is necessary that the coefficient of concordance (W) should
exceed the specified (normative) value for W, that is:

W>Ww,. (6)

We can accept W,=0.5.

It is believed that at W>0.5 the activities by ex-
perts are coordinated to a better degree rather than not
consistent.

The result of calculation in line with formula (6) is the
following derived value for the coefficient of concordance, for
the survey performed: W=0.86.

X, =m(n-1)W, )

where 7 is the number of criteria, m is the number of experts.
At the number of degrees of freedom v=n—1, we find
a tabular value for X7,,. If it turns out that X2, > X7, , the
hypothesis on the consent among experts is accepted.
Because the estimated value for X2, =263 at the number
of degrees of freedom v=17 and the significance level =95 %
turned out to exceed the tabular value X7, =27.59, the hy-

pothesis about consistency of experts is accepted.

4. 3. Substantiation of the formula to calculate the in-
tegrated indicator for the quality of a bobbin’s shape

To build an integrated indicator characterizing the shape
of a package, it is necessary to establish the desirability of
accounting for each of the individual indicators. Because the
desirability of integrating each indicator was not specified by
experts, we can use as such a characteristic the mean value of
points per an indicator (Table 4).

Next, we computed the indicators’ weight coefficients in
line with a procedure given in [17].

The weight factor of the i-th indicator is equal to:

m;=———, (®)

where a; is the point estimate of the i-th indicator, #z is the
number of indicators that can be taken into consideration
when assessing the quality of a product.

The weight coefficients obtained are given in Table 5.

Table 4
Point estimates of indicators
No. Point-based esti-
of Title of individual indicator mate to account
entry for indicator

{ Maximum deviation of end side from 50
straightness, mm ’

2 | Height of ledge at bobbin’s end side, mm 5.4
3 | Slub width at bobbin’s end side, mm 3.5
4 | Plait winding, number of threads 7.0

5 Width of corrugations at end sides near

the cartridge, mm 59
6 | Deviation of bobbin from taper, degrees 3.4
Table 5
Weight coefficients
Noi of Title of individual indicator We.ig.h t ,
entry coefficient
1 Maximum deviation of end side from straight- 0167
ness, mm
2 | Height of ledge at bobbin’s end side, mm 0.178
3 Slub width at bobbin’s end sides, mm 0.117
4 | Plait winding, number of threads 0.231
Width of corrugations at end sides near the
5 . 0.195
cartridge, mm
6 Deviation of bobbin from taper, degrees 0.112

A comprehensive assessment of product quality can be
obtained using a method of the weighted average [17]. The
weighted average is constructed as a dependence whose argu-
ments are quality indicators and parameters for their weight:

Q=F(m;q,), ®)

where ¢; is the relative value for the i-th indicator.

The relative value for g; is chosen based on the signifi-
cance of the indicator. If an indicator is positive, that is, an
increase in it leads to an increase quality, then:

qi:Xi/va (10)
where X; is the value for the i-th quality indicator; X}, is the
value for the i-th basic indicator. If the indicator is negative,
then the inverse relation holds.

Proceeding from data in Tables 2,4, one can express
a comprehensive indicator of quality. It is the sum of indi-
cators, since each indicator affects the quality of a product,
regardless of a value for another indicator. The value for the
basic indicator defines the lower limit of the scale based on
which we measured parameters:



Q- 01672 0178 SZ{Q}:(m1—1)Sf{Q}+(m2—1)522{Q}:
0.83-X,+0.34  292-X,-0.48 my+m,—2
_ 2 _ 2
L om73 02315 _ =000+ T =004 _, 101 40 (13)
0.59-X,-0.05 0.23-X,+4.28 6+6-2
0.195-5 0.112:0.5

where mq and ms are the number of repetitions in the respec-
tive samples.
Next, we determined the estimated value for a Student’s

+ . 11
0.35-X,+1.78  3.36-X,-0.56 ab

The higher the value for this indicator, the higher the

quality of the controlled package. It should be noted that
a given indicator can accept values in the range from 0 to 1,
and the criteria’s values are always greater than zero.

4. 4. Analysis of reproduci-
bility of the process to assess
the shape of a package when ap-
plying the proposed integrated

criterion:

to= |QCP1 _Qcpzl mm,

=0.071.

P

NERT))

m;+m,

(14)

Table 6

Integrated indicators to assess the shape of different packages

indi Batch Characteristics of Package | Integrated | Mean value per | Root mean square
indicator ) o No. packages in a batch No. indicator Q; a batch, Qcp deviation Sg
To estimate the applicability -
Tapered package with 1 0.964
of the constructed method to ana- a small angle of taper 5 0973
lyzing the package shape, we mea- 2°. Larger diameter :
sured several batches of packages 280 mm. Wound at the 3 0.918
with both cylindrical and conical 1 | spinning pneumo- 4 0.947 0.925 0.04
shape, and produced at different mechanical machine 5 0.859
machines. Given the results of R 40 OE made by 6 0917
measurements based on the es- Rieter. Yarn, greige,
. . . linear density 25 tex 7 0.898
tablished values for point esti- 1 =
mates and the weight coefficients 0.956
for each indicator, we calculated 2 0.897
a comprehensive indicator from 3 0.917
formula (11). 2 | Same as batch No.1 4 0.943 0.927 0.049
The results derived are sum- 5 0.972
marized in Table 6. 6 0.967
Batches of packages No. 1 and 7 0.834
No. 2 were .produced under the Conical package with 1 0.748
same conditions. They were ana- a taper angle 13°. 2 0.856
lyzed in order to determine the Larger diameter 250 mm. 3 0.776
reproducibility of the process for 3 | Wound at the winder 4 0.809 0.806 0.067
determining the integrated indi- machine M-150. 5 0.926
cator of shape when using the gOttf’tn' g’gin’ linear 6 0.729
ensity ex
proposed method. 7 0.802
The variances in samples were S 1 0.71
3 . Cylindrical package
compared based on the Fisher cri- for dyeing, Diameter 2 0.777
terion [18]. 200 mm. Wound at the 3 0.731
It was established that the es- 4 | winder machine 4 0.701 0.691 0.055
timated value for the Fisher cri- MM-150. Bleached 5 0.624
terion is: linen yarn, linear 6 0.659
density 56 tex 7 0.633
2 :
F,=-5=1.501, (12) Cylindrical package. ! 0.687
Si Diameter 250 mm. 2 0.802
. Wound at the spinning 3 0.718
less than the tabular value for this 5 | pneumo-mechanical 4 0.751 0.737 0.041
criterion Fr=4.28 with confidence machine PPM-120. 5 0.774
probability pp=0.95 and the num- Cotton yarn, linear 6 0.980
ber of degrees of freedom for out- density 29 tex 7 0728
put parameters f1=/,=6. Hence, 1 0.699
the difference between variances Cylindrical package. 9 0.674
is statistically negligible. \]?]lamedter 2?10 mm. 3 058
ound at the spinning .
The mean values Qcp for both o 0oL Ty aassne. [ 4 0.489 0.645 0.113
samples were compared based on .
ere con PAN yarn, linear 5 0.791
a Studen‘F s criterion [18]. density 32x2 tex, 5 0747
To this end, we calculated va- painted in red :
riance: 7 0.534




The tabular value for this criterion was determined at
confidence probability pp=0.95, and the number of degrees
of freedom f=my+my—2=10. It amounted to t7=2.228. Since
tp<tr, the difference in the mean values is statistically neg-
ligible and the shape control process is reproducible when
applying the proposed integrated indicator.

Visual assessment of the shape of packages from batches
No. 1-6 suggests that they generally meet the requirements
of technologists. However, this evaluation is not accu-
rate and does not make it possible to compare the quality
of packages.

Quantitative evaluation based on an integrated indicator
is more convenient when adjusting the equipment. It pro-
vides for a finer gradation of quality assessment.

It follows from the data given in Table 6 that they can be
successfully used to control the shape of packages made from
cotton, linen, and staple fibers.

3. Discussion of results of applying the integrated quality
indicator for cross-wound packages

The developed comprehensive package quality indicator
makes it possible to quantify the shape of a package and to
judge its suitability for the following technological stages.
This is due to that the comprehensive quality indicator
makes it possible to obtain a quantitative estimate, which is
more sensitive to adjustable parameters.

Special features of the method imply the establishment
of correspondence between the results of organoleptic eva-
luation given by experts and the instrumental estimation for
each individual indicator.

The proposed method is limited by the accuracy of in-
strumental procedures that underly determining individual
indicators and by the stochastic character of properties of
textile materials.

A possible drawback of the method is the use of linear
models to establish a link between the point-based and in-
strumental evaluations of individual indicators. It should
be noted that increasing the accuracy when moving to more
complex models might not substantiate the costs associated
with their construction.

The main application of the proposed method for the
evaluation of quality of cross-wound packages is associated
with that it could be used when adjusting equipment under
industrial conditions. It is known that the package shape is
largely influenced by a thread linear density, its elastic-defor-
mation, and frictional characteristics. Therefore, the winding
mechanism should adapt to processing threads of respective
kind. Such adjustments are enabled at winding mechanisms
in many machines by adjustment settings. Some of them are
given in Table 7. There are no recommendations regarding
the establishment of specific values for these parameters,
except for a winding tension.

The method for the integrated quantitative estimation of
the package shape, described in the present work, makes it
possible to conduct the optimization experiments and, based
on them, to assign such adjustable parameters that would
make it possible to receive packages of the required quality.

When designing new spinning and winding equipment,
the application of the proposed method is even more effi-
cient, because a newly developed structure has a much larger
number of adjusted design parameters than that in standard
equipment. Each of them must be set in such a way as to

ensure the required quality of a package, both in in terms of
shape and in other technological parameters.
Table 7

Adjustment of winding mechanisms at certain machines
for spinning and weaving preparatory production

No. | Adjusted parameter P1le\(;l- 2]30135 %I(') I\fgg' /}g/(l)'
1 | Shift in layout + + - - -
2 | Taper + + + + +
3 | Angle of layout + + - _ _

Tension (advance-
4 | ment of winding + + + + +
relative to release)

5 Periodicity in the

angle of layout " B B - -
6 Pressing by load — - + + +
effort by spring | — B ~ - N
7 | Dry friction damper | — + - - -
9 | Electric breaker - _ + + +

6. Conclusions

1. Based on an expert survey, we devised a system of six
individual indicators for evaluating the shape of cross-wound
packages:

— Maximum deviation of the end side from straight-
ness, mm;

— Ledges in a bobbin’s end side, at height, mm;

— Slubs at end sides (at slub width), mm;

— Plait winding, number of threads;

— Corrugations at end sides near the cartridge at
width, mm;

— Deviation of a bobbin from taper, degrees.

The specified indicators make it possible to move from
a subjective assessment to qualitative instrumental.

2. We have built decisive rules that represent functions
to convert the quantitative estimates of defects in winding,
selected as individual indicators, into a point-based estimate
of the adverse effect on a winding quality. Decisive rules were
obtained by using a method of expert estimations; they make
it possible to algorithmize the calculation of a point-based
estimate for the proposed individual indicators and thus
significantly accelerate the procedure for obtaining them, as
well as exclude influence of an operator’s subjectivity on the
results of assessment.

3. We have suggested and substantiated a formula to cal-
culate the integrated indicator for a bobbin’s shape quality,
which makes it possible to raise the procedure of quality as-
sessment to the qualitatively new level, to significantly acce-
lerate it, and completely eliminate the subjectivity of results.

4. We have analyzed a batch of packages and confirmed
the reproducibility and the adequacy of assessment of the
package shape when using the proposed integrated indicator.
This allows us to recommend the method for assessing the
shape of packages, using an integrated indicator, for appli-
cation under industrial conditions to adjust technological
equipment and when designing new models of winding me-
chanisms for textile machinery.
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