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ANALYTICAL METHOD OF MONITORING OF FABRIC
STRUCTURE PARAMETERS

Purpose. Development of a method for non-destructive testing of fabric structure
parameters in the dynamics of maintenance.

Methodology. The research was based on the use of methods of comparative analysis,
analytical calculations, experimental studies. The determination of structural characteristics was
carried out using a digital microscope and computer equipment.

Findings. It was developed a non-destructive method for monitoring the fabric structure
parameters, which allows checking the quality of textile materials at all stages of production,
maintenance, and also in the sales.

Originality. It was obtained an analytical dependence for calculating the surface weight of
cotton fabrics.

Practical value. The results can be used to improve the control over the change in the
products properties during their maintenance and to prevent the falsification of information on the
product characteristics.
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Introduction. The manufacture of the garment is based on the use of a number of textile
materials: bottom, lining, interlining, finishes. Each of these layers has a complex of properties
which can change in a wide range within their product category. The design of garments,
technological parameters of their manufacture, maintenance conditions depend on the properties of
these materials significantly. Ignoring fabric properties leads to defects at the production or
maintenance stages.

Given the current relationship between suppliers of textile, manufacturers, distribution
networks, as well as the lack of equipment with special measuring devices, it is often necessary to
identify the causes of a number of deficiencies or defects at the finished product stage. Therefore,
the methods of non-destructive testing of basic properties become topical.

Problem definition. The importance of structural characteristics in a complex of general
properties is due to the fact that the mechanical, physical properties of materials depend on them, as
well as the technological conditions of their processing and maintenance behaviour. The structural
characteristics in materials science traditionally include linear dimensions (width, length and
thickness), yarn parameters, fabric weight, fabric weaves and some others [1].

One of the most important factors of the woven fabric structure is the surface weight. This
factor is strictly regulated in the standards and technical documentation for materials. The deviation
actual fabric weight from the normative one is considered as a defect and indicates to a discrepancy
from the standards.

Fabric weight is one of the key characteristics by confectioning of materials for clothing,
since from its value are depend such important properties as product weight, durability, hygiene,
saving of shape and dimension of product after multiple washing, ironing and dry-cleaning. Fabric
weight has a direct influence on reliability factors: stiffness, wrinkle resistance, elasticity, tensile
strength, abrasion resistance.
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The fabric weight should be checked at the stage of their incoming inspection. Usually such
inspection is carried out based on standard methods by weighing samples of materials of specified
sizes and recalculating the received mass per unit area. It is clear that such a checking is possible
only if samples of materials are available. Concerning finished product and the control of its
properties in the dynamics under the influence of maintenance factors - conducting such
investigations is always connected with attracting a number of finished products and their
destruction, which leads to additional costs.

According to the foregoing, the task of this study was the development of a method for non-
destructive testing of fabric structure characteristics, such the fabric weight, at the stage of product
maintenance.

Results of the research. There are some classical measuring methods to determine the
fabric weight, which are traditionally used in textile industry.

Also for a investigation of fabric structure characteristics are widely used optical methods,
which differ in the principles of data processing and collecting. Optical systems for analyzing the
geometric structure of textiles are primarily based on the use of optical sensors that respond to a
missed or reflected by textile material light. Such this are methods of light microscopy, photo- and
video grammetry, electronic method (2D and 3D-scanning) [2-6].

Promising is use of information technologies for data measurement and processing. Such
methods are based on the information processing about the measurement object that was received
by means of various installed directly on processing equipment sensors. Also it becomes common
methods with use of the latest optoelectronic devices, allowing to carry out quickly express-control
of structural characteristics of textile materials. Development of computer technologies allows to
determine geometrical characteristics of textile materials structure automatically by the digital
image of the material that can be taken with sufficient enlargement. As the repeating structure of
textile can be simulated by simple geometrical figures, distances can be easily measured in them.
Complexity consists only in finding of adequate model of the initial image [7-8].

The disadvantages of these methods include: difficult process of sample preparation, need
for specific equipment and software for research, use of complicated mathematical calculation for
the final determination of parameters.

Therefore a development of a simple and available way for determining of fabric structure
parameters are research problem that is relevant now.

In the course of studying on the given problems, it was established that the fabric weight,
Mp, can also be determined analytically using the equation (1):

M, =0,01(1,T, + II,T))a , (1)
where T,, Ty — warp and weft yarn count (tex);

I1,, IT; — the number of yarns per 10 cm on the warp and weft;

a — coefficient which depends on the fabric type, a=1.04 for cotton plain fabrics [1].

The yarn count can be calculated by converting the equation to determine the nominal
diameter of the yarn, d:

d = 0,0357,/T/3, (2)

where 9§ - the average density, tabular value, 6=0.9 for cotton yarns [1].

From (2) we receive value of warp and weft yarn count:
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T, = (d,*8)/0,0013 , (3)

T, = (d,?8)/0,0013 . 4)

Based on the above equations, the problem of determination of fabric weight comes down to

definition of number of warp and weft yarns on 10 cm and diameters of warp and weft yarns.

Traditional methods of measurement of these parameters are connected with mechanical destruction

of fabric structure [2]. In our work, it is proposed to use a digital microscope with the ability of

photo and video recording to set the fabric density and the diameters of textile yarns. The use of

microscope allows us to obtain an enlarged image of the fabric surface with the indication of the
zoom options. Measurements can be taken on any part of the product without its destroying.

For the purpose of this research, 12 cotton fabrics of the same plain weaves were taken.

The resulting digital images of the surface were used to count the number of textile yarns per length

unit and to establish their diameter. The calculations were performed by determining the average

statistical index of the results of 10 measurements within the confidence interval (table 1).

Table 1.
Characteristics of the tested fabrics
Ne | Composition | Thickness, | Nominal yarn Number of Yarn count, tex
sam mm diameter, mm threads per
ple 10cm
do dy 11, I, T, Ty
1 100% cotton 0,2 0,16 0,14 570 340 11,57 8,86
2 80% cotton; 0,2 0,19 0,24 380 297 16,32 26,03
20% PES
3 100% cotton 0,2 0,17 0,29 267 239 13,06 36,71
4 80% cotton; 0,2 0,19 0,22 380 240 16,32 17,01
20% PES
5 100% cotton 0,2 0,21 0,23 260 220 19,93 23,91
6 80% cotton; 0,2 0,20 0,17 312 348 18,26 13,06
20% PES
7 55% PES; 0,2 0,18 0,19 320 300 14,64 14,50
45% cotton
8 80% cotton; 0,2 0,16 0,15 400 570 11,71 10,17
20% PES
9 100% cotton 0,2 0,15 0,15 590 442 10,58 9,63
10 | 100% cotton 0,2 0,14 0,16 592 520 9,11 12,16
11 | 100% cotton 0,2 0,19 0,16 378 322 16,32 11,57
12 | 100% cotton 0,3 0,21 0,26 270 251 18,99 31,02

By comparing the values of the fabric weight obtained by the analytical method and the
actual value obtained by the method of weighing the point sample, a certain discrepancy was
established. It is clear that the difference in results is caused by ignoring of consideration
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Figure 1. Correlation between the experimental and

theoretical values of fabric weight

in the calculations of a number of
important factors, such fiber den-
sity, the factor of fiber packing in
the yarn, the weave repeat, the
number of effect-changes in the
repeat, the position of
intersection points in the weave
repeat and the flexibility
coefficient of yarns. However,
correlation analysis of the
experimental and theoretical
values shows a close relationship
between the given parameters

(Fig. 1).

Correlation analysis of initial data shows too, that values of the actual yarn diameter
correlates with nominal yarn diameter, and they differ each other on the value of the linear
dependence coefficient, that is equal to 1.25. Thus, the resulting coefficient value can be used to
recount M,, for a given fabric group.

After substituting (3) and (4) in equation (1), as well as taking into account the defined
coefficient, the analytical dependence for calculating the fabric weight took the form:

My =5-(11,d3 +11,d%) - a6,

(1)

To verify the obtained dependence was carried out re-comparison the calculated values of
the fabric weight, Mp, with the experimental values of Mp, the results of which are given in table 2.

Table 2.

Analysis of deviations in fabric weight calculations

Sample M,, r/m” My, r/™M° AM, %

number
1 99,5 101,8 2.3
2 144,3 142,3 1,4
3 127,0 130,0 2.3
4 105,4 103,3 2,0
5 108,1 112,3 3,7
6 106,1 106,9 0,8
7 99,2 94,4 5,0
8 108,5 113,2 4,1
9 108,7 113,2 3,9
10 1213 122,4 0,9
11 102,4 100,0 2,4
12 133,7 133,6 0,1
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As it shown, the deviation value does not exceed 5%, on the basis of which it can be
concluded that the results obtained are sufficiently reliable.

Conclusions. Based on these results, it can be concluded that the analytical way for
calculating the fabric weight can be used for check and the subsequent monitoring the fabric weight,
and also other fabric structure parameters. To ensure that the values of the analytically obtained
fabric weight correspond to the experimentally obtained value, it is necessary to introduce an
additional coefficient into the analytic dependence, taking into account a number of important
factors, such fiber density, the factor of fiber packing in the yarn, the weave repeat, the number of
effect-changes in the repeat, the position of intersection points in the weave repeat and the
flexibility coefficient of yarns. The received values of structure parameters can be used for further
prevention of a number of characteristics of mechanical and physical properties, such as air-
permeability, bursting strength and others.
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AHAJITHYHUA CIIOCIE MOHITOPHUHT'Y ITIOKA3HUKIB
CTPYKTYPHU TKAHUH
CAJZIPETJAIHOBA H. B., APTEMEHKO T.II.

Kuiscokuii HayionansHuil yHisepcumem mexHono2iti ma ou3atiny

Mema. Pospobka cnocoby HepyUHIGHO20 KOHMPONIO CMPYKMYPHUX XAPAKMepUucmux
MKAHUH 8 OUHAMIYI eKCHIyamayii.

Memoouka. J[ocnioxcenns 6a3y8anucs Ha 6UKOPUCTNAHHI MemMOOi8 NOPIBHANbHOSO AHANI3Y,
AHANIMUYHUX —~ PO3PAXVHKIGB, ~ eKCNePUMEHMANbHUX — 00CHi0XHCeHb.  Busnavenns cmpykmypHux
Xapaxkmepucmux nposoouUCy i3 3aCmMoCy8aHHAM OUSIMATbHO20 MIKPOCKONY mda KOMN 10MepHOi
MExXHIKU.

Pezynomamu. Po3pobneno HepylHigHULl MemoO MOHIMOPUH2Y NOKA3ZHUKIE CMPYKMypu
MKAHUH, KU 0d€ 3M02y Nepesipsamu sAKiCMb MeKCMUIbHUX Mamepianie Ha 6Cix cmaoisax
BUPOOHUYMEA, eKCRAYyamayii, a maxkoxic 8 mepexici 30ymy.

Haykosea nosusna. Ompumano auanimuyny 3a1eHCHICMb 011 PO3PAXYHKY HOBEPXHEGOI
2ycmunu 6a808HAHUX MKAHUH.

Ilpakmuuna 3nauumicme. Pezynemamu modxcymes Oymu GUKOPUCMAHI O NONINUEHHS
KOHMPONIO 30 3MIHOIO 6lacmusocmetl 6upobie 6 npoyeci ix ekcnayamayii ma 3ano0ieauHs
Ganvcugirayii inpopmayii npo xapakmepucmuxu mosapis.

Knruoei cnoea: nosepxnesa 2ycmuna, memoo HepyUuHiGHO20 KOHMPOJIO.

AHAJIMTUYECKHUM CIIOCOB MOHUTOPUHTI A IIOKA3ATEJIEN
CTPYKTYPBI TKAHEHN
CAJIPETIMHOBA H. B., APTEMEHKO T.IL.

Kuesckuil HayuonanbHulll yHUuepcumem mexnono2ull U Ou3aiHa

Ilens. Paspabomka cnocoba nepaspyuiaiowe2o KOHMpPOask CMpPYKMYPHbIX XapaKmepucmux
mKauetl 6 OUHAMUKe IKCNILYamayuu.

Memoouxa. Hccnedosanus 6a3uposanucy Ha UCNOIb30BAHUU MEMOO08 CPASHUMENIbHO20
AHANU3A,  AHATUMUYECKUX  PACYemos8, IKCHEPUMEHMANbHbIX — ucciedosanui. Onpedenenue
CMPYKMYPHBIX  XAPAKMEPUCTUK NPOBOOUTUCH C NPUMEHEHUEM OUSUMAIbHOU MUKPOCKONA U
KOMNbIOMEPHOU MEeXHUKU.

Pesynomamut. Paspaboman Hepaspywiarowuii.  Memoo MOHUMOPUHed Nokaszameel
CMPYKmMypbl MKAHel, NO3680JAIWUL NPOGePsIMb Ka4ecmeo MeKCMUIbHbIX MAmepualod Ha 6cex
CMAOUsIX NPOU3BOOCMEA, IKCAIYAMAYUU, d MAKxice 8 cemu cobima.

Hayunasa noeusna. Ilonyuena ananumudeckas 3a8UcUmMocms 0Jis paciema no8epXHOCMHOU
NJIOMHOCMU XIONYAMOOYMANCHBIX MKAHEIL.

Ilpakmuueckasn 3nauumocms. Pezyiomamor mozym 6vimv UCNONL308AHBL 051 YIYYULEHUS
KOHMPOJIsL 34 UBMEHEeHUeM CE0UCME U30elull 8 npoyecce ux KCHIYamayuu u npeoomspauetiis
Ganvcugurayuu uHpopmayuy 0 XapaKxmepucmukax mosapoas.

Knrouesvie cnosa: nosepxnocmuas niomHocms, Memoo Hepa3pyuaroue20 KOHmpoJis.
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