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DEVELOPMENT OF THE METHOD
OF CONSTRUCTING THE GRAPHIC
MODEL OF TEXTILE PACKAGES
BY EXPERIMENTAL DATA
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1. Introduction

Improving the quality and competitiveness of the fini-
shed products of textile enterprises directly depends on the
systematic and effective quality control of semi-finished
products and raw materials at all stages of textile produc-
tion. One of the significant stages of textile production
is the formation of cross-wound bobbins, which are ob-
tained either on spineless winders or by rewinding cobs
obtained on circular spinning machines. The quality of
the packages of cross winding is determined by a whole
set of parameters, which includes:

— density of winding and its uniformity in radius and

generatrix;

— the form of the package and its deviation from the

required one;

— the presence of structure defects in the form of com-

pacted sections, bundle and tape winding, etc.

At present, there are no proven effective methods for
controlling all parameters of the packages of cross-winding
that affect their quality. Systematically, only the diameter
of the bobbins and their average density, which is es-
timated by the weight of the wound yarn at a known

diameter of the winding, are controlled in the preparatory
department of weaving.

The second important component of the quality of
packages is the winding structure, with which the form
of the package is closely related. The presence of defects
in the winding structure leads to an increase in discon-
tinuity during winding, which leads to a decrease in the
efficiency of warping and weaving. Timely detection of
such defects will eliminate the causes of their appearance
by appropriate adjustment of equipment, and bobbins with
defects sent to re-rewind. At the same time, the costs as-
sociated with additional rewinding are much lower than the
costs associated with the elimination of cliffs in walking
and weaving.

Thus, the creation of a method for automated control
of the winding structure and its introduction in production
will increase the efficiency of the processes of knitting
and weaving and improve the quality of the fabric by
eliminating the defects that accompany the elimination
of breakages.

In this regard, the research aimed at developing a me-
thod for constructing a graphic model of textile packages
based on experimental data seems to be relevant.
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2. The ohject of research
and its technological audit

The object of research are textile packages, formed
on machines with separated processes of obtaining yarn
and its winding, which are the most common spinning
equipment to date. For the formation of packages on such
machines, as a rule, winding mechanisms with a frictional
drive of packages are used.

Due to a number of objective reasons related to the
peculiarities of the operation of such devices, in certain
packages specific characteristics of the structure may appear
in the packages, which are accompanied by a distortion
of the specified shape of the packages. It is possible to
evaluate the quality of the packages and the work of the
winding mechanism on which they are obtained, on the
basis of an analysis of the deviation of the shape of the
packages from the specified one.

Techniques and equipment for instrumental control of the
form of textile packages are practically absent at present.

To obtain complete information on the shape of the
bobbins, it is necessary to have profile images along the
sections at the ends and the generatrix. The most promising
for obtaining such images is the shadow projection method
in combination with the means of automated pattern re-
cognition. The implementation of this method is based on
the use of a device for obtaining a shadow projection image
and a device for recording this image and digitizing it.
In turn, to work the last of them, special software is needed
to recognize the image of the bobbins on the image and
build a three-dimensional model of the package [1, 2].

Device has been designed and manufactured for recei-
ving primary data on the package shape [3, 4]. The basis
of its work is based on the method of shadow projection.
The scheme of the device is shown in Fig. 1. The device
consists of a frame 1, on which the bracket 2 and the
tripod 3 are fixed. On the bracket 2, the drive 4 of the
bobbin holder 5 is rotatably mounted about the axis 6. The
drive is a synchronous motor-reducer RD-09 (RF produc-
tion) with a speed of the output shaft, equal to 7.8 min~',
on which the bobbin holder is located.

Fig. 1. The scheme of the device for the receiving the primary data
on the shape and dimensions of the package

The bracket 2 after the rotation can be fixed in one
of the positions located at an angle of 90° to each other.
On the tripod are fixed: digital camera 7, illuminator 8
with halogen lamp and shutter 9. The design provides
for adjusting the mutual position of the digital camera,

curtain and illuminator in relation to each other and to
the bobbin 10 installed on the bobbin holder 5.

With the help of adjustments, the optical axis of the
camera is aligned with the axis of symmetry of the package.
The digital camera 7 is connected to the computer via
a USB port. The general view of the device is shown in
the photo (Fig. 2).

Fig. 2. Type of device for the receiving the primary data on the shape
and dimensions of the package

The device also includes a control unit for the electric
motor and illuminator (not shown in Fig. 1). To accu-
rately determine the conversion scale near the controlled
surface of the profile, in the field of view of the digital
camera, there is a measuring label with a width of 1 cm.

The device works as follows. The package 10 is mounted on
the bobbin holder 5, which is in an upright position (Fig. 2).
On the package at an angle of 45° to the analyzed surface
a parallel beam of light is directed from the illuminator 8.
A curtain 9 with a straight edge is installed in the path
of light. The shade from the curtain is located on the
controlled surface of the package. Its length depends on
the height of the relief on the profile of the package. The
shape of the shadow on the scale reproduces the section
of the package at the point where the shadow falls. The
shadow image is fixed by a digital camera and transmitted
to the computer for further processing. During the receiving
primary data, the bobbin installed on the bobbin holder
receives a continuous rotation from the drive. Receiving
data on the surface profile is continuous, while the digital
camera is operating in the video mode. The duration of the
shooting process is equal to the duration of one revolution
of the package. The beginning and the end of the process
of removing primary data is determined by the image of
the label printed on the package surface. Upon completion
of the receiving primary data of the end surface of the
storage of the bobbins, the holder 5 rotates around the
axis 6 by 90° and the data is taken from the side surface
of the package. The duration of the process is also equal
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to the duration of one revolution of the package. At the
end of the process, the bobbin holder is set to its original
position, the bobbin is turned 180° relative to the axis of
rotation, after which the data from the opposite end of
the package are taken. After completion of the process of
receiving primary data, they are transferred to a computer
for further processing, construction of a three-dimensional
model and calculation of indicators characterizing the form
of the package.

The data obtained as a result of the operation of the
device contains sufficiently complete information about the
actual shape of the bobbin. After appropriate processing,
they can be used to obtain quantitative estimates of vari-
ous winding defects and to visualize the bobbin in the
form of a three-dimensional model. Enlarged scheme of the
algorithm for acquiring initial data and their processing
in order to obtain a visual model and quality indicators,
characterizing the shape of a bobbin, is shown in Fig. 3.

The primary information received by the software and
hardware complex is video clips captured with a digital
camera. The clips are recorded in QuickTime format with
the .mov extension, which is determined by the software
of the digital camera. This format is the standard for
working with video images on MacOS operating systems
on Macintosh computers [5].

1 Shooting the

a mark is placed on the bobbin, positioned so that it can
be seen both when shooting both ends of the package,
and when shooting the side surface of the bobbin. For the
construction of the model, the resulting section profiles of
the package are located in the planes obtained by rotat-
ing each subsequent plane, relative to the previous one.

To create a graphical model of bobbins, it is necessary to
obtain information on the shape of a series of its meridio-
nal sections. Analysis of technical solutions shows that the
most promising for obtaining information on the shape of
individual sections is the shadow projection method in com-
bination with the means for automated pattern recognition.

3. The aim and ohjectives of research

The aim of research is ensuring the quality of textile
packages due to timely and objective control of their shape.

To achieve the aim, the following tasks are set:

1. To develop a device based on the method of shadow
section for automated reading of data on the form of
packages.

2. Development of a graphical model that allows pro-
cessing the results of controlling the form of the package
in real time.

4. Research of existing solutions
of the prohlem

It is known that if the conditions for the
formation of bobbins violate, a number of de-
fects arise that complicate its processing at
subsequent technological transitions. One of

9
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the important components of the quality of
the bobbins of the cross winding is its shape,
for example:

1. Maximum deviation of the butt end from
straightness. The surface of the butt ends of
the package is never flat, and its generatrix
is straight. The reason for the non-flatness of
the butt ends of the package is the extrusion
of coiling layers located closer to the cartridge
by layers wound above them [6-8].

2. Edges at the butt ends of the package are
formed when the bobbin holder is not rigid
enough, when it is possible to shift it during the
winding of the bobbin. When winding chemical
filaments that have a high stress relaxation, the
cause of the formation of ledges at the ends can
be interruptions during the winding process.

3. Edges on the bobbin generatrix arise for
two reasons. The first reason is that in the reverse
direction of the yarn feeder (near the ends of
the pack), more material is being stacked in the
body of the winding than in the middle [7-10].
As a result of this, edges are formed near the
ends, on the lateral surface of the bobbins.
Because of the roll-out of the side surface of
the bobbin, the winding shaft (or drum) com-

Fig. 3. The enlarged scheme of the algorithm for receiving the initial data and their

processing for obtaining a visual model and quality indicators

For the construction of a three-dimensional model,
the profiles of the package surface must be located in
certain planes, and the plane count must coincide when
constructing the lateral and end surfaces. To do this,

pact these projections and locally increases the
winding density.

The second reason for the formation of the edges on
the generatrix is a violation of the yarn layout, its re-
peated flight from the groove of the slotted drum or the
loss of the yarn of the yarn guide.

5
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4. The filament winding. It occurs when the movement
period of the yarn feeder is a multiple of the period of
the bobbin movement [7, 11-13], that is, the gear ratio
between them is expressed by an irreducible fraction m/n.
In this case, the yarn is placed in the same place un-
til the diameter of the winding is increased so that the
value of the gear ratio changes. As a rule, the yarns are
laid on the same place with a periodicity equal to the
denominator n in the ratio between the bobbin and the
yarn feeder. It is shown in [14-16] that the larger n,
the fewer threads in the bundle and the lesser danger it
presents for the appearance of breaks when the bobbin is
unwound. Externally, the bundle winding is manifested in
the form of protrusions on the side surface of the pack-
age, located at an elevation angle — a turn to the axis
of the package.

5. Corrugations on the ends of the package are formed
near the cartridge, and are small loops of threads that
have lost tension. The reason for their occurrence is the
loss of tension in the yarns located in the inner layers
of the winding body, under the influence of the pressure
of the overlying layers.

6. Deflection of the bobbin from taper. The change in
the taper of the bobbin occurs when the chuck axis is
skewed relative to the axis of the winding shaft. The actual
taper is determined by the formula:

C Tmaxao ~ Tminao
= 7[ ,
av

where 7pin a0 and 7y 00 — the average values of the minimum
and maximum radius of the package; [, — the average value
of the length of the package generatrix.

To assess the correctness of the shape of the bobbins,
a number of instruments based on contact methods have
been developed, but they have limited application, mainly
for scientific research. Recently, foreign firms [17—-19] have
proposed instruments and control and sorting complexes,
which work is based on the removal of primary informa-
tion on the shape of the bobbins by methods of technical
vision, followed by processing it on a computer with the
help of special software. At the moment, work is under
way to create such complex. Let’s consider in general the
range of problems, which solution is required in this case.

5. Methods of research

The essence of the method of shadow projection in
combination with the means of automated pattern rec-
ognition is that knife 1 is installed above the measured
surface (Fig. 4) [11, 20]. Parallel beam O;—O; of light is
directed at an angle o to the normal n—n. The shadow
from knife b, falling to the surface, repeats its profile a.
The shape and dimensions of the section are judged from
the apparent shadow image in the observation device,
which optical axis Oy—0, is inclined at an angle B to
the normal n—n.

As a recording device, a digital camera with a CCD
array (short of a «charge-coupled device») or a CCD-matrix
(abbreviated from English CCD, «charge-coupled device»)
is used. Such matrix with a small resolution consists of
2 million pixels — 1600 x 1200 pixels. This number of
elements allows to obtain an image with a resolution of
10 lines/mm. The apparent diameter of the cotton yarn

with a linear density of 50 tex is 0.25 mm. Thus, the
resolution of inexpensive digital cameras is small for fixing
individual filaments. Currently, almost all digital cameras
have the ability to shoot video. As a rule, the recording
is made first into the internal memory, and then trans-
ferred to the installed memory module. The duration of
such record is 20 seconds, although this figure may vary
depending on the amount of internal memory. The shoot-
ing takes place with a resolution of 320 x 240 pixels. The
experimental data show that at this resolution a scale of
1 mm 2 pixels is obtained. It is obvious that with such
scale it is impossible to distinguish a single string, but
this is quite enough to determine the presence of defects
in the shape of the package.

n
@) o 8
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Fig. 4. Scheme for receiving information on the shape
of individual sections

Using the video recording of a rotating bobbin, one
can obtain a meridian cross-sectional image of one of its
surfaces at different angles of rotation. To obtain complete
information on the shape of the meridian section of the
bobbins, the survey is performed three times, for each end
and for the side bobbin. Based on these data, a three-
dimensional model of bobbins is constructed.

Further processing of the image is carried out by means
of special software [21, 22], which provides the solution
of the following tasks:

— definition of the scale of the image;

— division of the video into frames;

— training for processing;

— determination of the package contour on the sec-

tional image;

— building a 3D model;

— reading of single error parameters of the bobbin

shape;

— formation of a complex quality index of the bobbin

shape.

Let’s consider in more detail the methods for solving
some of them. To determine the scale, the user enters
the coordinates of the beginning and the end of a 1 c¢cm
long measuring section along the image. For this, when
shooting a video clip, a ruler with a standard measuring
segment is installed on a bobbin level. As a result, the
program receives the coordinates of two points on the
image and calculates the number of pixels between them.
The scale is defined as the number of pixels in one cen-
timeter. The scale is saved after processing the package
in the program settings, and the user can’t override the
value until processing of another bobbin begins.

At the second stage there is a process of splitting the
videos into frames. To do this, let’s use a set of control
commands from the library QuickTime, which is designed
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to work with video images stored in the format MOV.
Each video is divided into frames, which are stored in
a graphic file with a standard BMP extension.

At the third stage, the process of preparing the received
frames for reading the profile coordinates takes place. This
process consists in removing from the frame an image that
is not related to the package, which makes it possible to
speed up the process of obtaining coordinates. The process
of clipping image elements that are not related to the
package can be carried out in two ways. The first works
on the basis of standard functions for processing files of
type BMP and selects the working area of the image
automatically. In the second way, the user must define
the boundaries of the workspace for each clip.

The solution of the task of determining the package
contour is isolation of the package area in the image that
is brighter than the background. In order for the software
product to correctly determine the margin of the bobbin
profile, it is necessary to specify the color that the bob-
bins will determine. The user must determine the point
with the darkest color belonging to the package. This
is done by specifying the image of the bobbin with the
mouse. This parameter is also necessary to determine the
start point of the bobbin image on the frames. All pixels
that are darker than the specified color will not belong
to the area of the bobbins. Search for the boundaries of
the profile is done by scanning the image on the columns,
starting with the top points, which always belong to the
background, until the first point belonging to the bobbin
is detected. The coordinate of this point is taken as the
coordinate of the bobbin section profile.

6. Research results

The background image can contain defects in the form
of separate points of bobbins that are close in color to
the color, which can be taken by the program for the
point of the profile of the package. To exclude them,
a special parameter is entered at the image processing
stage — the maximum gap. It determines the maximum
possible deviation of the read coordinate from the previous
one, in centimeters. If the current point has a gap greater
than the specified, it does not belong to the bobbin and
the search for the profile point in the current column
will continue until the correct coordinate is found. The
resulting profile coordinates are stored as a vector.

After reading the coordinates and writing them into
memory, the stage of constructing the three-dimensional
model follows. When building a model, it is necessary
to ensure that the images of the butt ends and the side
surface of the package match. To do this, when shooting
on the bobbin surface, a mark is placed, which is visible
on each of the original rollers. The frame count is made
from this label. The angle between adjacent sections in the
construction of the model is determined by the formula:

v =360°/n,

where n — the number of frames per one revolution of the
package.

A schematic representation of the package model ob-
tained from the program results is shown in Fig. 5. After
processing the measurement results, the packing profiles
are obtained in the YOZ coordinates. The three-dimensional

model of the package is constructed in the coordinate
system OX'Y’Z’. The axis OZ" coincides with the axis OZ.
The plane YOZ for each section is obtained by turning
the plane Y’OZ’ relative to the axis OZ’ by the angle ny,
where n — the profile number. Fig. 5 shows the construc-
tion of the second profile.

XI

Zl
~ Z

Fig. 5. The scheme for constructing a volumetric graphic model
of the package

The point A having on the profile, that is, in the
coordinate system YOZ, the coordinates y, z, in the coor-
dinate system OX'Y’Z’ will have the coordinates x’, v/, 2/,
which can be calculated by the formulas:

x’ =y sinny,
Yy’ =y cosny,
Z' =z,

where x, y, z — the coordinates of the point of the bobbin sur-
face in the coordinate system associated with the meridional
section passing through this point; 1, y’, 2 — the coordinates
of the same point in the coordinate system in which the
graphic model of the package is constructed.

The visual construction of the model is implemented
using the OpenGL library [13, 23]. After the construc-
tion, the corresponding points of the profiles are joined
together, forming a reticular surface consisting of quad-
rilaterals. When implementing the software, there are
3 ways to display a three-dimensional model of the package:

1) only profile points without connecting lines are
displayed,

2) the profile points and their connecting lines are
displayed;

3) the points and polygons connecting them are dis-
played.

According to the above algorithms, software is developed
that allows to obtain graphic models of packages based
on the control of their shape by the shadow projection
method. To demonstrate the capabilities of the model to
reflect the actual shape of the package with all its inherent
defects, the samples are taken from packages of different
machines, with defects and without them. In Fig. 6, and
a model of the package produced on the R-40 pneumo-
mechanical spinning machine from Rietter (Germany) is
presented. The bobbin with a small taper (2°) has an
almost perfect shape, without any defects at the ends and

s
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the lateral surface, and in Fig. 6, b is a graphic model
of the package wound on the pneumomechanical spinning
machine PPM-120 (Russia) to the bundle diameter. The
model clearly shows the yarn formations and the convex-
ity of the butt ends.

a b

Fig. B. Graphical model of the package wound on
a pneumomechanical spinning machine: a — B-40 from BRieter (Germany);
b — PPM-120 (Russia) with bundle winding

Graphic models have an auxiliary value when analy-
zing the quality of packages. The main evaluation of the
availability of bobbins for further processing should be
based on quantitative indicators characterizing individual
defects in the shape of packages and the generalized index
characterizing the shape of the bobbin as a whole.

As initial data for the calculation of single indica-
tors, data on the form of the package, obtained from the
processing of video clips, can be used. The method of
obtaining a three-dimensional graphic model of the package
is described in [23, 24].

7. SWOT analysis of research results

Strengths. The constructed model can be saved in a da-
tabase for accumulating statistics, as well as the subsequent
restoration of the parameters of the bobbins for analysis
by other methods. As the database core, Microsoft Jet
is selected, which is used in Microsoft Access database
management system (DBMS).

Weaknesses. A considerable amount of time is required
to calculate the parameters using this technique.

Opportunities. According to the constructed model, it
is possible to calculate a number of single indicators cha-
racterizing the deviation of the shape of the bobbins from
the given one and on the basis of them in the future to
form a complex index for evaluating the quality of the
package shape. Comparing the values of the complex index
with the given one, it is possible to produce automated
bobbin sorting, similar to that performed by the device
described in [10].

Threats. To implement the obtained research results,
it is necessary to purchase licensed programs and train
staff how to work on them.

1. On the basis of the shadow section method, a device
for automated construction of a graphic model of bobbins
has been developed, which makes it possible to analyze
the package shape for the timely detection of winding
defects. Its peculiarities are obtaining primary data in

the form of video clips with the image of the butt end
and side surfaces of the bobbin. Due to such features, it
is possible to process an array of coordinates of points
characterizing the bobbin shape.

2. Thanks to the development of the graphical model
of the package form, it became possible to evaluate the
results obtained in real time, providing operational func-
tions of quality control of the technological process.
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INCREASING THE TECHNICAL LEVEL
OF A TORQUE FLOW PUMP BY CHANGING
THE GEOMETRY OF A FLOWING PART

O6’cxmom docnidncenns € nacoc OuHamiunozo npunyuny 0ii, a came invrnosuxposuil nacoc muny <«TURO»
(Illseiiyapis).

Ocro6HuM HeOONIKOM BLIBHOBUXPOBUX HACOCIE € OLIbW HUSbKE 3HAUeHHs Koeiyicnmy Kopuchoi Oii nopiensno 3
gidyenmposumu nacocamu. Ile nosicnioemuocs ocobaugicmio ix po6ouozo npoyecy — ymeopenus y iivHill Kamepi Ha-
€0Ca NO3008HCHBOZO BUXOPY, HA NIOMPUMAHHS K020 Ul BUMPAYAETNHCL YACMUHA CHONCUBAHOT HACOCOM NOMYHCHOCTII.

Amnaniz anpiopnoi ingpopmauii ceiouumv npo 0uiIbHICMb BUKOPUCTIAHHS 3MIHU 2€0MeMPTi NPOMOUHOT YaCmUHU
Hacoca sax cnocody 6NAUSY Ha 1020 HANIPHY Ma enepzemuuny xapaxmepucmuxy. Budosicenmns vacmunu ronamei
P060U020 Koneca y vy Kamepy 0036086 GUKOPUCIMAMU i HACOCT KomOinosanuil pobouutl npoyec (1onamesuil
ma euxposuil), wo 003604UMsb NIOBUWUMU eKOHOMIUHICMb HACOCa 0e3 6mpamu HUM iICTOMHUX nepesaz, nPuma-
MAHHUM HACOCAM OAHO020 MUNY.

Buzomosneni excnepumenmanvni poboui xojeca ma nposedene sunpooyeanis na 0ociionomy cmendi. Ompu-
Maui pesyavmamu ceiduamov npo MONCAUBICMb NIOBUUEHHS HANOPY Ma Koepiyienmy xopuchoi 0ii nacoca npu
36epescenii MiCuesHaxo0Hcents ONMUMALLHOZO PENCUMY.

Busnauena nomenkiamypa noKasHUKie SKOCmi, 3a AKUMU NPOBOOUMBCsL NOPIGHIHHS CMEBOPEHO20 HACOCY MA
nacocy-ananozy. O6pano memod Xapinemona (memod <baxcanoi Qynxuiis) is susnauenus 6a306020 NOKA3HU-
Ka sxocmi. Busnaueno xoeiyienmu 6azomocmi 01sk NOKA3HUKIE AKOCMI i PO3PAXOBAHO THMEZPAILHUL NOKAZHUK
MEXHIYH020 PIBHS CMBOPEHO20 HACOCY MA HACOCY-AHALOZY.

O6rpynmosarno suxopucmanus SST-modeni mypoyrenmuocmi st npogedents YUci08020 MOOEIIOBANIA Meuii
Y NPOMOUHTI YACMUHI BLILHOBUXPOB020 Hacoca. TIposedeno Yuci06uUll PO3PAXYHOK MA OMPUMAHO iHMEZPALbHI
NOKA3HUKU HaACOCa.

3anpononosana KoHCMPYKYisi 0036015€ CMEOPUMU HOBE HACOCHE 00NAOHAHHS 3 NOKPAUEHUMU NOKAZHUKAMU
ma Givll BUCOKUM MeXHON02IuHUM PisHem abo nideuwumu 6i0no6i0HI NOKA3HUKU ICHYI04020 00NA0HANH ULLIXOM
BHECEHH S 3MIH I KOHCIPYKUiH PoOOU020 Koleca. Brazami 3sMinu He 8UMAZaOms SHAYHUX SUMPA ma He nompedy-
10Mb UKOPUCTANNS CKIAOH020 00AA0NAHMSL i MONCYMb OYymu peanizosani 6e3nocepeonvo na Micyi excniyamayii
BILACHUMU CULAMU NIONPUEMCTNEA YU eKCNAYAMYHOUOT Op2anizauii.

Kmouesi cnosa: 6i1bH06UXPOBULL HACOC, POOOUE KOJLECO, MEXHIUHULL PiBeHb, MOOesb MYPOYIeHMHOCTII.

Panchenko V.,
Ivchenko A.,
Dynnyk 0.,
Drach 0.

Analysis of the components of the pumping equipment
and the main trends of the pump market development
lifecycle point advantage torque flow pumps (TFP) [1]
during transfer:

— liquids with a high content of abrasive particles;

— suspensions with a high solids content and fibrous

impurities;

1. Introduction

Torque flow pumps (Fig. 1) is a type of pumping equip-
ment with an easy-to-use design and provide high relia-
bility, durability and economic efficiency when working
on pumps. They are also used in the transport of various
solids and products [1-3].
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